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INTRODUCTION

The p u rp o se  o f  th e  p r e s e n t  s tu d ie s  i s  to  d e te rm in e  th e  e f f e c t s  

o f s t im u lu s  s i m i l a r i t y  (E xperim ent 1) and US m agnitude (E x p erim en t 2) 

on d i f f e r e n t i a l  c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g  o f  th e  r a b b i t ' s  ja w -  

movement re s p o n s e .

P av lo v  (1 9 2 7 ), i n  h i s  in v e s t ig a t io n s  o f  th e  c o n d it io n e d  r e f l e x ,  

p o s tu la te d  t h a t :  (a )  th e  a n t a g o n is t i c  and c o r t i c a l ly - b a s e d  f a c t o r s

o f  e x c i t a t i o n  and i n h i b i t i o n  r e s u l t  from  a c q u i s i t i o n  and e x t i n c t i o n  

m a n ip u la t io n s ,  r e s p e c t iv e l y ;  (b) a c q u i s i t i o n  o r  e x t in c t i o n  t r i a l s  

w ith  a  s p e c i f i c  CS r e s u l t  i n  e x c i t a t o r y  o r  i n h i b i to r y  im p u lse s  t h a t  

" i r r a d i a t e "  o r  s p re a d  o v e r  th e  c o r te x  w ith  d e c re a s in g  m agn itude  from  

th e  c o r t i c a l  lo c u s  o f  th e  CS to  a d ja c e n t  c o r t i c a l  p o in t s ;  and 

(c )  th e r e  i s  an  iso m o rp h ic  co rre sp o n d en ce  betw een  c o r t i c a l  t i s s u e  

and th e  p h y s ic a l  c h a r a c t e r i s t i c s  o f  s t i m u l i .  P av lov  i d e n t i f i e d  

e x c i t a t o r y  i r r a d i a t i o n  ( g e n e r a l iz a t io n )  from  th e  o b s e rv a t io n  t h a t  

fo llo w in g  a c q u i s i t i o n  t r a i n i n g ,  h i s t o r i c a l l y  n e u t r a l  s t im u l i  e l i c i t e d  

c o n d itio n e d  re sp o n d in g  w hich was p r o p o r t io n a l  to  t h e i r  p h y s ic a l  s im i

l a r i t y  to  th e  a c q u i s i t i o n  s t im u lu s .  S im i la r ly ,  he i d e n t i f i e d  i n h i b i 

to r y  i r r a d i a t i o n  ( g e n e r a l iz a t io n )  from  th e  o b s e rv a tio n  t h a t  fo l lo w in g  

r e p e a te d  e x t in c t i o n  t r i a l s  to  a  s p e c i f i c  CS, o rd e re d  re s p o n s e  d e c re 

m ents o c c u rre d  to  p r e v io u s ly  em ployed CSs a s  a  fu n c t io n  o f  t h e i r  

p h y s ic a l  s i m i l a r i t y  to  th e  e x t in c t i o n  CS.
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I n  a d d i t io n  to  P a v lo v 's  o p e r a t io n a l  s p e c i f i c a t i o n  o f  e x c i t a t i o n -  

i n h i b i t i o n ,  and s tim u lu s  g e n e r a l iz a t io n ,  h e  p o s i te d  a  number o f  

te m p o ra lly  l a b i l e  f a c t o r s  such  a s  p o s i t i v e  and  n e g a t iv e  in d u c t io n  

( i . e . ,  th e  m u tual i n t e n s i f i c a t i o n  o f  e x c i t a t i o n  and  i n h i b i t i o n  u n d er 

c e r t a i n  t r i a l  s e q u e n t i a l  c o n d i t io n s )  and e x c i t a t o r y  and - in h ib i to r y  

a f t e r e f f e c t s  ( i . e . ,  b e h a v io r a l ly  d i f f u s e  i n e r t i a - l i k e  f a c t o r s  

fo llo w in g  re in fo rc e m e n t and  n o n re in fo rc e m e n t) . P av lo v  n o te d  t h a t  

th e  d i f f e r e n t i a l  c o n d i t io n in g  parad igm  in v o lv e s  s t im u lu s  c o r r e l a t e d  

a c q u i s i t i o n  and e x t in c t i o n  p ro c e d u re s  and presum ed t h a t  e x c i t a t o r y  

and i n h i b i t o r y  te n d e n c ie s  and t h e i r  i r r a d i a t i o n  ( g e n e r a l i z a t io n )  

w ere  f a c t o r s  o p e ra t in g  t o  g overn  d i f f e r e n t i a t i o n  (p .  1 2 5 ). Y e t ,  

in  h i s  t h e o r e t i c a l  and e x p e r im e n ta l t r e a tm e n t  o f  d i f f e r e n t i a l  con 

d i t i o n in g  he  a s s ig n e d  a  c e n t r a l  r o l e  to  th e  te m p o ra l c o u rse  o f  

in d u c t io n  and a f t e r e f f e c t s .

C ontem poraneous A m erican t h e o r i s t s  ( e . g . ,  G u th r ie ,  1930, 1935; 

H u l l ,  1929, 1 9 3 9 ), q u ic k ly  in c o rp o ra te d  a  number o f  P a v lo v ia n  con

c e p ts  (and te rm in o lo g y ) w h ile  s p e c i f i c a l l y  r e j e c t i n g  P a v lo v 's  c o r 

t i c a l  th e o ry .  The t h r u s t  o f  A m erican th e o r i z in g  was t o  s e l e c t  and 

s y s te m a tiz e  P a v lo v ia n  c o n c e p ts  c o n g ru e n t w i th  a  fram ew ork em p h asiz in g  

such  s t a b l e ,  re sp o n se  s p e c i f i c  le a r n in g  f a c t o r s  a s  e x c i t a t o r y -  

i n h i b i to r y  re sp o n se  te n d e n c ie s  and s t im u lu s  g e n e r a l i z a t i o n .  W ith in  

t h i s  fram ew ork, Spence (1936, 1937) su b se q u e n tly  c r y s t a l i z e d  and  

e la b o r a te d  an  S-R a n a ly s i s  o f  d i s c r im in a t io n  le a r n in g  w hich p ro v id e d  

a  s i g n i f i c a n t  c o u n te r - f o r c e  to  v iew s in v o k in g  c o g n i t iv e  and p e rc e p 

t u a l  e x p la n a to ry  c o n c e p ts  ( e . g . ,  K o h le r , 1929; K rech ev sk y , 1 9 3 2 ). 

B a s ic  to  S p e n c e 's  fo rm u la tio n  w ere th e  fo llo w in g  a s s u m p tio n s :
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(a ) re in fo rc e m e n t and n o n re in fo rc e m e n t r e s u l t  i n  th e  fo rm a tio n  o f  

e x c i ta to r y  and in h i b i to r y  re sp o n se  te n d e n c ie s ,  r e s p e c t iv e l y ;  (b) 

e x c i ta to r y  and in h i b i to r y  te n d e n c ie s  g e n e r a l iz e  to  o th e r  s t im u l i  

a s  a  f u n c t io n  o f  p h y s ic a l  s i m i l a r i t y ;  and (c )  re sp o n s e  s t r e n g th  i s  

de te rm in ed  by  a lg e b r a ic  sum m ation o f  th e  m agnitudes o f  e x c i ta to r y  

and in h ib i to r y  te n d e n c ie s .

The i n i t i a l  e x p e r im e n ta l e v a lu a t io n  o f  S p e n c e 's  th e o ry ,  w hich 

was p i t t e d  a g a in s t  c o g n i t iv e - p e r c e p tu a l  a c c o u n ts ,  in v o lv e d  i n v e s t i 

g a t io n s  o f  p r e s o lu t io n  le a rn in g  and t r a n s p o s i t i o n  b e h a v io r .  Subse

q u e n tly ,  e m p ir ic a l  e v a lu a t io n s  o f  S p e n c e 's  fund am en ta l assu m p tio n s  

inv o lv ed  s y s te m a tic  a sse ssm en t o f  two p rim ary  f a c t o r s :  (a )  amount

o f  g e n e r a l i z a t io n  betw een d is c r im in a n d a  a s  a f f e c t e d  by s tim u lu s  

s i m i l a r i t y ;  and  (b) s t r e n g th  o f  c o n d i t io n e d  e x c i t a to r y  te n d e n c ie s  

a s  a f f e c te d  by m agnitude o f  r e in fo rc e m e n t .  Y e t, i n  c o n t r a s t  to  th e  

c a se  fo r  c l a s s i c a l  a v e r s iv e  and in s t ru m e n ta l  a p p e t i t i v e  c o n d i t io n 

ing  (B e e c ro f t ,  1966; K im ble, 1 9 6 1 ), s y s te m a tic  d a ta  on th e  e f f e c t s  

o f  s tim u lu s  s i m i l a r i t y  and US m agn itude  f o r  d i f f e r e n t i a l  c l a s s i c a l  

a p p e t i t i v e  c o n d i t io n in g  i s  la c k in g .

E x c i t a t i o n - I n h ib i t i o n  T h e o r ie s  o f  D i f f e r e n t i a l  C o n d itio n in g  

An a p p r e c ia t io n  o f  how A m erican t h e o r i s t s  m o d ifie d  th e  

P av lo v ian  c o n c e p ts  o f  e x c i t a t i o n - i n h i b i t i o n  and s t im u lu s  g e n e r a l i 

z a t io n  e n t a i l s  c o n s id e r a t io n  o f  P a v lo v 's  c o r t i c a l  th e o ry  (1 9 2 7 ).

In  P a v lo v 's  w r i t i n g  we can  d i s t i n g u i s h  two g e n e ra l  k in d s  o f  con

s t r u c t s :  (a )  h i s t o r i c a l l y  d e te rm in e d  CS-US c o r t i c a l  c o n n e c tio n s

w hich a r e  s t a b l e  and re sp o n se  s p e c i f i c  ( th e  c o n d i t io n e d - r e f l e x  a rc )
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an d ; (b ) c o r t i c a l  s t a t e s  o f  e x c i t a t i o n  and i n h i b i t i o n  w hich c o u ld  be  

te m p o ra lly  l a b i l e  and have  d i f f u s e  b e h a v io r a l  e f f e c t s .  W hile th e  

c o n c e p ts  o f  c o n d i t io n e d - r e f l e x  a r c  and c o r t i c a l  s t a t e s  w ere i n t e r 

r e l a t e d  i n  P a v lo v 's  th e o ry ,  e x p la n a to ry  p rim acy  o f te n  s h i f t e d  from  

one c o n ce p t to  th e  o t h e r .  G e n e ra l ly ,  a s  P a v lo v 's  in v e s t ig a t io n s  

p ro g re s s e d  from  s im p le  t o  more com plex b e h a v io r a l  phenom ena, th e  

c o n d i t io n e d - r e f l e x  a r c ,  a s  a c o n c e p tu a l to o l ,o c c u p ie d  a  d im in ish in g  

t h e o r e t i c a l  r o l e  in  c o n t r a s t  to  th e  in c r e a s in g  e x p la n a to ry  b u rd en  

a s s ig n e d  to  e x c i t a t o r y  and in h i b i to r y  p ro c e s s e s  ( c f .  K o n o rsk i, 1948 ).

F o r P a v lo v , a  c o n d it io n e d  r e f l e x  was presum ed to  r e f l e c t  th e  

d ra in a g e  o f  e x c i t a to r y  im p u lses  from  CS to  US c o r t i c a l  c e n te r s  v i a  

h i s t o r i c a l l y  d e te rm in e d  and perm anent c o n n e c t io n s .  The fo rm a tio n  o f  

th e s e  c o r t i c a l  c o n n e c tio n s  in v o lv e d  th e  c lo s e  s e q u e n t i a l  a c t i v a t i o n  

o f  CS and US c e n te r s ,  such  th a t  im p u lses  a r e  a t t r a c t e d  from  th e  f i r s t  

a ro u s e d  and w eaker (CS) t o  th e  se co n d ly  a ro u se d  and more a c t i v a t e d  

(US) c o r t i c a l  c e n te r .  F u rth e rm o re , P av lov  s p e c i f i e d  t h a t  n o n re in 

fo rcem en t o f  a  CS in  a  number o f  e x p e r im e n ta l parad igm s ( e . g . ,  

e x p e r im e n ta l e x t i n c t i o n ,  d i f f e r e n t i a l  c o n d i t io n in g )  r e s u l t s  i n  th e  

a c t i v a t i o n  o f  i n h i b i to r y  r a t h e r  th a n  e x c i t a t o r y  im p u lses  in  th e  CS 

c o r t i c a l  c e n t e r .  C e n t r a l  to  P a v lo v 's  f o rm u la t io n  was th e  n o t io n  

t h a t  e x c i t a to r y  and in h i b i to r y  c o r t i c a l  s t a t e s  w ere  a c t i v e l y  a n t a 

g o n i s t i c .  T hus, b e c a u se  o f  th e  perm anence o f  p re v io u s ly  e s t a b l i s h e d  

CS-US c o r t i c a l  c o n n e c t io n s ,  such  n o n re in fo rc e m e n t r e s u l t s  i n  th e  

t r a n s f o r m a t io n  o f  an  e x c i t a to r y  c o n d it io n e d  r e f l e x  in t o  an  i n h i b i to r y  

r e f l e x .  In  em phasiz ing  h i s  v iew  th a t  c o n d it io n e d  re sp o n se  d ecrem en ts  

w ere  due to  th e  m e d ia tio n  o f an  a c t iv e  p ro c e s s  o f  i n h i b i t i o n  r a t h e r
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th a n  m e re ly  d im in ish e d  e x c i t a t o r y  f a c t o r s ,  P av lo v  c i t e d  s u p p o r t iv e  

d o cu m en ta tio n  from  an e x te n s iv e  s e r i e s  o f  s tu d ie s  w hich  in v o lv e d  a  

sum m ation p ro c e d u re .  T h is  p ro c e d u re  in v o lv ed  th e  s im u lta n e o u s  

p r e s e n ta t io n  o f  a  s t im u lu s  o f  known re sp o n se  e l i c i t i n g  c a p a c i ty  

w ith  a  CS w hich  had  been  r e p e a te d ly  n o n re in fo rc e d ,  hence  p e rm i t t in g  

an  a sse ssm e n t o f  th e  a c t iv e  re sp o n se -d e c re m e n tin g  c a p a c i ty  o f  th e  

l a t t e r  by  th e  a ssu m p tio n  o f  a lg e b r a ic  sum m ation. A c c o rd in g ly , i n  

P a v lo v 's  a n a ly s i s  o f  a c q u i s i t i o n  and e x t in c t io n  e f f e c t s ,  h i s t o r i c a l  

f a c to r s  g o vern  b e h a v io r  v i a  two d i s t i n c t  c o r t i c a l  m echanism s:

(a )  th e  e s ta b l is h m e n t o f  perm anent CS-US c o r t i c a l  c o n n e c tio n s ,  and

(b) th e  t r a n s fo rm a t io n  o f  CS c o r t i c a l  c e n te r s  from  e x c i t a to r y  to  

i n h i b i to r y .

E a r ly  i n  h i s  i n v e s t i g a t io n s ,  P av lo v  (1927, p .  113) o b serv ed  

t h a t  when a  c o n d itio n e d  r e f l e x  i s  e s ta b l i s h e d  to  a  s p e c i f i c  CS, 

h i s t o r i c a l l y  n e u t r a l  s t im u l i  " sp o n ta n e o u s ly "  a c q u i r e  re s p o n s e -  

e l i c i t i n g  p r o p e r t i e s  i n  p ro p o r t io n  to  t h e i r  p h y s ic a l  s i m i l a r i t y  to  

th e  a c q u i s i t i o n  CS. He d en o ted  th e  e m p ir ic a l  phenomenon as  

" s t im u lu s  g e n e r a l iz a t io n "  and p o s tu la te d  c o r t i c a l  i r r a d i a t i o n  a s  th e  

u n d e r ly in g  m echanism . P av lo v  c i t e d  su p p o rt f o r  th e  n o t io n  o f  c o r t i 

c a l  i r r a d i a t i o n  from  th e  o b s e rv a t io n  t h a t  lo n g e r  CS-US i n t e r v a l s  

(w hich presum ab ly  p e rm itte d  a  w id e r  sp re a d  o f  c o r t i c a l  i r r a d i a t i o n )  

r e s u l t e d  i n  g e n e ra l iz e d  re sp o n d in g  to  a  w id e r ra n g e  o f  s tim u lu s  

v a lu e s  (p . 1 8 7 ). He f u r th e r  s p e c i f i e d  th a t  g e n e r a l iz e d  re sp o n d in g  

r e f l e c t e d  th e  fo rm a tio n  o f  th e  co rre sp o n d in g  c o r t i c a l  c o n n e c tio n s  

d u rin g  a c q u i s i t i o n  t r a i n i n g .  He su g g e s te d  th a t  d u r in g  a c q u i s i t i o n  

c o r t i c a l  p o in ts  c o rre sp o n d in g  to  th e  g e n e r a l i z a t io n  s t im u l i  a r e
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a c t iv a t e d  by e x c i t a t o r y  i r r a d i a t i o n ,  and l i k e  th e  a c q u i s i t i o n  CS, 

become p erm an en tly  connec ted  to  th e  US c e n t e r .

P a v lo v 's  t h e o r e t i c a l  a n a ly s i s  o f  th e  a c q u i s i t i o n  and e x t in c t i o n  

o f  c o n d itio n e d  r e f l e x e s ,  and s t im u lu s  g e n e r a l i z a t io n ,  fo c u se d  on 

r e l a t i v e l y  s t a b l e  b e h a v io ra l  m o d if ic a t io n s  and em phasized  th e  n o t io n  

o f  perm anent CS-US c o r t i c a l  c o n n e c tio n s .  In  c o n t r a s t ,  h i s  a n a ly s i s  

o f spon tan eo u s r e c o v e ry ,  g e n e r a l iz a t io n  o f  a f t e r e f f e c t s ,  and in d u c 

t i o n ,  w hich w ere  tim e -d e p e n d e n t, l a b i l e  phenomena, a s s ig n e d  a  c e n 

t r a l  r o l e  to  th e  "dynam ics" o f  c o r t i c a l  e x c i t a t i o n  and i n h i b i t i o n .  

Spontaneous re c o v e ry , in  P a v lo v 's  v ie w , r e s u l t e d  from  th e  d i s s i p a 

t i o n  o f  c o r t i c a l  in h i b i t i o n  w hich had  accum ula ted  d u r in g  th e  p r e 

v io u s  e x t in c t i o n  t r a i n i n g .  Pav lov  d ism isse d  " f a t i g u e "  a s  an  e x p la n a 

to r y  n o tio n  on th e  b a s i s  o f  h i s  o b s e rv a t io n s  t h a t  re s p o n s e  decrem en ts  

d id  n o t o ccu r d u rin g  a c q u i s i t i o n  s e s s io n s  and t h a t  a s in g le  US p r e 

s e n ta t io n  co u ld  r e i n s t a t e  an  e x t in g u is h e d  c o n d itio n e d  r e f l e x  

(p . 6 0 ) .  T hus, w h ile  a  CS cou ld  a c q u i r e  r e l a t i v e l y  perm anen t 

i n h i b i to r y  a t t r i b u t e s  by ex tended  t r a i n i n g ,  th e  im m ediate  e f f e c t  

o f a n o n re in fo rc e d  t r i a l  was a  c o r t i c a l  i n h i b i t i o n  t h a t  d i s s ip a t e d  

o v er tim e .

P a v lo v 's  g e n e ra l  concern  "with c o r t i c a l  p ro c e s s e s ,  c o u p led  w ith  

h i s  a n a ly s i s  o f  spon tan eo u s re c o v e ry , p re sag ed  a  s h i f t  tow ard  h i s  

su b seq u en t em phasis on tim e-d ep e n d en t phenomena. P av lo v  b e l ie v e d  

th a t  in v e s t ig a t io n s  in v o lv in g  th e  s t im u lu s  g e n e r a l i z a t io n  o f  

in h ib i to r y  a f t e r e f f e c t s  p ro v id ed  an  o p tim a l te c h n iq u e  f o r  a s s e s s in g  

th e  tim e  c o u rse  o f  in h ib i to r y  c o r t i c a l  i r r a d i a t i o n .  The g e n e ra l  

d e s ig n  o f  th e s e  s tu d ie s  in v o lv ed  d i f f e r e n t i a l  c o n d i t io n in g ;  a
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number o f  s tim u lu s  v a lu e s  w ere r e in f o r c e d  w h ile  a s i n g l e ,  in te rm e 

d i a t e  s t im u lu s  v a lu e  was c o n s i s t e n t ly  n o n re in fo rc e d  u n t i l  co m p le te  

d i f f e r e n t i a t i o n  was e s t a b l i s h e d .  S u b se q u e n tly , th e  n e g a t iv e  

( in h i b i to r y )  s tim u lu s  was p re s e n te d  and g e n e r a l iz e d  re sp o n se  

d ec rem en ts  w ere  a s s e s s e d  a f t e r  v a r io u s  tim e  i n t e r v a l s .  I t  was 

found t h a t  th e  d eg ree  o f  re sp o n se  decrem ent was p r o p o r t io n a l  to  th e  

s i m i l a r i t y  betw een  th e  i n h i b i to r y  s tim u lu s  and th e  t e s t  s t i m u l i .  

H owever, o f  p a r t i c u l a r  im p o rtan ce  to  P av lov  was th e  f in d in g  t h a t  

re s p o n s e  decrem en ts  i n i t i a l l y  in c re a s e d  o v e r tim e  th e n  s u b se q u e n tly  

d e c re a se d  and d is a p p e a re d  ( i . e . ,  i n h ib i to r y  a f t e r e f f e c t s ) .  P av lo v  

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

th e  t im e -c o u rs e  o f  th e  c o r t i c a l  i r r a d i a t i o n  o f  i n h i b i t i o n ,  w h ile  th e  

su b se q u e n t d e c re a se  was p o s i te d  to  r e f l e c t  th e  tim e -d e p e n d e n t 

r e c e s s io n  ( c o n c e n tr a t io n )  o f  i n h i b i t i o n .  To s tu d y  th e  tim e  c o u rse  

o f  e x c i t a t o r y  c o r t i c a l  i r r a d i a t i o n ,  P av lov  u sed  an  an a lo g o u s  d e s ig n  

(th o u g h  f a r  l e s s  e x te n s iv e ly )  f o r  s tu d y in g  s t im u lu s  g e n e r a l i z a t i o n  

o f  e x c i t a t o r y  a f t e r e f f e c t s .  A s in g le  CS v a lu e  was r e in f o r c e d  w h ile  

s im i l a r  s tim u lu s  v a lu e s  w ere c o n s i s t e n t ly  n o n re in fo rc e d  u n t i l  

d i f f e r e n t i a t i o n  was e s t a b l i s h e d .  Then, fo llo w in g  a  n o n re in fo rc e d  

p r e s e n ta t io n  o f  th e  p o s i t i v e  CS, g e n e ra l iz e d  re sp o n se  in c re m e n ts  

to  th e  p re v io u s ly  n o n re in fo rc e d  s t im u l i  w ere a s s e s s e d  a f t e r  v a r io u s  

tim e  i n t e r v a l s .  The f in d in g s  w ere a n a lo g o u s : g e n e r a l iz e d  re sp o n d 

in g  v a r i e d  w ith  s t im u lu s  s i m i l a r i t y  and i n i t i a l l y  in c re a s e d  o v e r  

tim e  th e n  s u b se q u e n tly  d is a p p e a re d  ( i . e . ,  e x c i t a t o r y  a f t e r e f f e c t s ) .  

A gain  P av lo v  em phasized th e  te m p o ra l f in d in g s  and in t e r p r e t e d  them
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a s  r e f l e c t i n g  tim e -d e p e n d e n t i r r a d i a t i o n  and su b se q u en t c o n c e n tr a t io n  

o f  c o r t i c a l  e x c i t a t i o n .

P a v lo v 's  su b se q u en t s tu d ie s  o f  te m p o ra l f a c t o r s  in  d i f f e r e n t i a l  

c o n d i t io n in g  re v e a le d  th a t  i f  a p o s i t i v e  CS was a p p l ie d  a lm o s t 

im m ed ia te ly  fo llo w in g  a  n e g a t iv e  s t im u lu s ,  i t  evoked augm ented 

re sp o n d in g . The e f f e c t  i s  o p p o s ite  to  t h a t  e x p e c te d  from  i r r a d i a 

t i o n  and a c c o rd in g ly ,  Pav lov  p o s i te d  an  a d d i t i o n a l  dynam ic c o r t i c a l  

f a c t o r .  He s u g g e s te d  th a t  in h i b i to r y  c o r t i c a l  a c t i v a t i o n  im m ed ia te ly  

ca u se s  in c re a s e d  e x c i t a b i l i t y  i n  a d ja c e n t  c o r t i c a l  p o in t s ,  w hich 

o ccu rs  b e f o r e  i n h i b i to r y  i r r a d i a t i o n  commences. The e m p ir ic a l  f in d 

in g ,  a s  w e l l  a s  th e  t h e o r e t i c a l  m echanism , was d en o ted  a s  " p o s i t iv e  

in d u c t io n ."  The f in d in g  th a t  th e  p r i o r  p r e s e n ta t io n  o f  a  p o s i t i v e  

CS r e ta r d e d  th e  r e - e s ta b l is h m e n t  o f  a c o n d itio n e d  r e f l e x  to  an  

e x t in g u is h e d  CS was deno ted  as " n e g a t iv e  in d u c t io n "  and in t e r p r e te d  

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

W hile P av lov  ten d ed  to  i d e n t i f y  s t a b l e  b e h a v io r a l  m o d if ic a t io n s  

w ith  CS-US c o r t i c a l  c o n n e c tio n s  and te m p o ra lly  l a b i l e  ones w ith  

dynamic c o r t i c a l  s t a t e s ,  he f a i l e d  to  c l e a r ly  s e p a r a te  th e s e  con

s t r u c t s  b o th  c o n c e p tu a l ly  and o p e r a t io n a l ly .  F o r exam ple , he  o f te n  

view ed th e  g e n e r a l i z a t io n  o f  in h i b i to r y  a f t e r e f f e c t s  as  a  p a r a l l e l  

to  s im p le  s tim u lu s  g e n e r a l i z a t i o n ,  th u s  b lu r r in g  th e  d i s t i n c t i o n  

betw een  tem porary  and s t a b l e  b e h a v io ra l  m o d i f ic a t io n s .  A c c o rd in g ly , 

th e  ab sen ce  o f  d i s t i n c t  o p e r a t io n a l  s p e c i f i c a t i o n s  re n d e re d  P a v lo v 's  

th e o r iz in g  more a c o l l e c t i o n  o f  g e n e ra l  c o n ce p ts  th a n  a  s y s te m a tic  

th e o ry .
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E a rly  A m erican le a r n in g  t h e o r i s t s  ( e . g . ,  G u th r ie ,  1930; H u l l ,  

1929) q u ic k ly  in c o rp o ra te d  a number o f  P a v lo v 's  g e n e ra l  p r i n c i p l e s  

w h ile  c o n c o m ita n tly  d is m is s in g  P a v lo v 's  c o r t i c a l  t h e o r i z in g .  The 

r e j e c t i o n  o f P a v lo v 's  c o r t i c a l  model stemmed p r im a r i ly  from  th e  

S-R b e h a v i o r i s t i c  c l im a te  w hich d isc o u ra g e d  th e  in v o k in g  o f  

"dynam ic" c o n s t r u c t s .  The g e n e ra l  A m erican re sp o n se  was t o  s e l e c t  

th o s e  a s p e c ts  o f  P a v lo v 's  work w hich  co u ld  be m ost e a s i l y  se v e re d  

from  dynamic c o r t i c a l  mechanisms and re -a n c h o re d  w i th in  an  S-R 

a s s o c ia t iv e  fram ew ork. S p e c i f i c a l l y ,  w h ile  th e  n o t io n  t h a t  r e i n 

fo rcem en t and n o n re in fo rc e m e n t g iv e  r i s e  to  a n t a g o n i s t i c  b e h a v io r a l  

f a c to r s  was in c o rp o ra te d  (a lo n g  w ith  th e  " e x c i t a t i o n - i n h i b i t i o n "  

te rm in o lo g y ) , th e  A m erican c o n ce p ts  o f  e x c i t a t i o n  and i n h i b i t i o n  

w ere p r im a r i ly  r e s t r i c t e d  to  encom pass s t a b l e ,  S-R c o n n e c tio n s  

w ith o u t tem p o ra l a f t e r e f f e c t s .  S im i la r ly ,  w h ile  much o f  P a v lo v 's  

work on s tim u lu s  g e n e r a l i z a t io n  c e n te re d  on th e  te m p o ra l f l u c t u a 

t io n s  o f  g e n e ra l iz e d  re sp o n d in g , th e  d e r iv a t iv e  A m erican c o n c e p t o f  

g e n e r a l i z a t io n  in v o lv e d  th e  im m ediate and d i r e c t  e s ta b l is h m e n t  o f  

e x c i t a to r y  and i n h i b i to r y  c o n n e c tio n s  t o  s im i la r  s t im u l i  w ith o u t 

in v o k in g  te m p o r a l ly - la b i le  le a rn in g  f a c t o r s .

The c o n n e c t io n i s t i c  m o d if ic a t io n  o f  P a v lo v ia n  c o n c e p ts  was 

e x e m p lif ie d  in  th e  r e a c t io n  to  L o u ck s ' (1933) c h a l le n g e  o f  P a v lo v 's  

d o cu m en ta tio n  o f  b o th  s tim u lu s  g e n e r a l i z a t io n  g r a d ie n ts  p e r  s e , 

an d , in  p a r t i c u l a r ,  th e  te m p o ra l f l u c t u a t i o n  o f  g e n e r a l iz e d  re sp o n d 

in g . A m erican in v e s t i g a t o r s  in  r e a c t in g  to  L oucks ' c r i t i c i s m  o f  

P a v lo v ia n  " i r r a d i a t i o n , "  fo cu sed  t h e i r  a t t e n t i o n  on s t im u lu s  g e n e r a l 

i z a t i o n  g r a d ie n t s ,  r a t h e r  th a n  on te m p o ra l f lu c t u a t i o n s  o f  g e n e ra l iz e d
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re sp o n d in g . F o r exam ple, B ass and H u ll (1934) and H ovland (1 9 3 7 ), 

w ork ing  w ith  th e  human GSR, co n cluded  th a t  b o th  e x c i t a t o r y  and i n h i 

b i t o r y  s t im u lu s  g e n e r a l i z a t i o n  g r a d ie n ts  w ere v i a b l e  b e h a v io ra l  

phenom ena, th u s  m ee tin g  th e  b ru n t o f  Loucks* c r i t i c i s m .  However, 

B ass and  H u l l ,  and H ovland c a r e f u l ly  d i s s o c ia t e d  th e m se lv es  from  

th e  P a v lo v ia n  n o tio n s  o f  c o r t i c a l  i r r a d i a t i o n  and c o n c e n t r a t io n  and 

t h e i r  a t t e n d a n t  im p l ic a t io n s  o f te m p o ra l f l u c t u a t i o n .

I t  was o r i g i n a l l y  Spence (1936 , 1937) who s y s te m a t ic a l ly  i n t e 

g r a te d  th e  co n c e p ts  o f  e x c i t a t o r y - i n h i b i t o r y  re s p o n s e  te n d e n c ie s  

and s t im u lu s  g e n e r a l i z a t i o n  and d e t a i l e d  t h e i r  im p l ic a t io n s  f o r  

a n a ly z in g  d is c r im in a t io n  l e a r n in g .  S p e n c e 's  (1937) b a s ic  p o s tu la te s  

w ere S p a r ta n :  (a ) re in fo rc e m e n ts  and n o n re in fo rc e m e n ts  in c rem en t

e x c i t a t o r y  and in h i b i to r y  te n d e n c ie s ,  r e s p e c t iv e l y ;  (b ) e x c i t a t o r y  

and i n h i b i t o r y  te n d e n c ie s  g e n e r a l iz e  as  a f u n c t io n  o f  p h y s ic a l  s im i

l a r i t y ;  and (c )  e f f e c t i v e  re sp o n se  s t r e n g th  t o  a  s t im u lu s  i s  th e  

a lg e b r a ic  sum m ation o f  e x c i t a t o r y  and i n h i b i to r y  te n d e n c ie s .  I n h i 

b i t o r y  a s  w e l l  as e x c i t a t o r y  te n d e n c ie s  w ere v iew ed a s  s t a b l e ,  

a s s o c i a t i v e  f a c t o r s ;  and w h ile  Spence (1936) p a r e n t h e t i c a l l y  su g 

g e s te d  t h a t  some sp o n tan eo u s  re c o v e ry  o f  d i f f e r e n t i a l l y  e x t in g u is h e d  

re s p o n s e s  o c c u r s ,  he f a i l e d  to  in c o rp o r a te  su ch  a  f a c t o r  in t o  h i s  

th e o ry .  In  c o n t r a s t  to  v iew s ( e . g . ,  K rech ev sk y , 1933; K o h le r , 1929) 

w hich  ad v o c a te d  t h a t  c o g n i t iv e  o r  p e r c e p tu a l  c o n c e p ts  w ere n e c e s s a ry  

to  e x p la in  s e l e c t i v e - l e a r n i n g  phenom ena, Spence (1937) p re s e n te d  an  

a n a l y t i c  to u r - d e - f o r c e  by d e r iv in g  t r a n s p o s i t i o n  phenomena from  h i s  

b a s ic  d is c r im in a t io n  p o s t u l a t e s .  T hus, an  h i s t o r i c a l l y  p iv o t a l  

a s p e c t  o f  S p en ce ’s (1936, 1937) w r i t in g s  was t h a t  h e  p ro v id ed  a
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c o n c e p tu a l and a n a l y t i c  b ase  f o r  an  S-R p o s i t i o n  w h ich  h e ld  t h a t  

d i s c r im in a t iv e  p e rfo rm a n ce , a l th o u g h  more complex, r e f l e c t s  o n ly  

b a s ic  a c q u i s i t i o n  and e x t in c t i o n  p r o c e s s e s .

Spence (1936 , 1937) e x p l i c i t l y  r e f r a i n e d  from  ty in g  h i s  

b e h a v io ra l  p o s tu la t e s  f o r  d i f f e r e n t i a l  c o n d i t io n in g  to  a  s p e c i f i c  

re in fo rc e m e n t m echanism  o f  l e a r n in g .  I n  a d d i t io n ,  by a d d re s s in g  

h i s  fo rm u la tio n  to  in s t ru m e n ta l  a p p e t i t i v e  s i t u a t i o n s ,  Spence d id  

n o t dev e lo p  i t s  g e n e r a l i t y  to  o th e r  le a rn in g  p a rad ig m s. S u b se

q u e n t ly ,  H u ll (1943) subsumed S p e n c e 's  a n a ly s i s  o f  d i s c r im in a t io n  

le a r n in g  w i th in  h i s  more g e n e ra l  b e h a v io r  th e o ry .  H u l l 's  s y n th e s is  

t i e d  th e  S p e n c ia n  p o s tu la te s  to  a  m o n is t ic  re in fo rc e m e n t mechanism 

( d r iv e - r e d u c t io n )  w hich  s y s te m a t ic a l ly  ex ten d ed  th e  sco p e  o f  th e  

d is c r im in a t io n  th e o ry  to  a p p e t i t i v e  and a v e r s iv e  in s t r u m e n ta l  and 

c l a s s i c a l  c o n d i t io n in g  p a rad ig m s, and p ro v id e d  o p e r a t io n a l  s p e c i f i c a 

t io n s  f o r  th e  d e te rm in a n ts  o f  e x c i t a t o r y  s t r e n g th  ( e . g . ,  amount o f  

r e in fo rc e m e n t ,  d e la y  o f  re w a rd ) . W hile H u l l 's  tw o - f a c to r  th e o ry  

o f  i n h i b i t i o n  e n t a i l e d  a  fo rm al m o d i f ic a t io n  o f  S p e n c e 's  o r i g i n a l  

p o s tu l a t e s ,  d iv e rg e n t  im p l ic a t io n s  w ere n o t e l a b o r a te d .  In  H u l l 's  

fo rm u la tio n  b o th  a s s o c ia t iv e  ( s I r )  and n o n a s s o c ia t iv e  a s p e c ts  o f  

i n h i b i t i o n  ( I r ) depended on mere re s p o n s e  e v o c a tio n  and  h e n c e , i n h i 

b i t i o n  was n o t o p e r a t io n a l ly  t i e d  s o le ly  t o  n o n re in fo rc e m e n t a s  in  

th e  S p en c ian  p o s t u l a t e s .  However, th e  a n a l y t i c  a p p l i c a t i o n  o f  

H u ll ia n  th e o ry  on g r a d ie n ts  u n d e r ly in g  d is c r im in a t io n  g e n e r a l ly  

in v o lv ed  c o n s id e r a t io n  o f a s s o c i a t i v e  in h i b i to r y  te n d e n c ie s  o c c u r

r in g  on n o n re in fo rc e d  t r i a l s  and t h e r e f o r e ,  f u n c t io n a l ly  r e f l e c t e d  

S p e n c e 's  o r i g i n a l  p o s tu l a t e s .  The H u lliam  fram ework a l s o  p ro v id e d  a
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s y s te m a tic  t h e o r e t i c a l  c o n te x t  f o r  an a n a ly s i s  o f  th e  e f f e c t s  o f  

m o t iv a t io n a l  v a r i a b le s  on d is c r im in a t iv e  p e rfo rm an ce . W hile H u l l 's  

i n t e g r a t i o n  o f S p e n c e 's  p o s tu la te s  w ith  h i s  a f f e r e n t  p h y s io lo g ic a l  

m odel f o r  s tim u lu s  g e n e r a l iz a t io n  p ro v id ed  l i t t l e  a d d i t io n a l  scope 

to  th e  d is c r im in a t io n  th e o ry ,  i t  c l e a r ly  anch o red  S p e n c e 's  fo rm u la 

t i o n  to  H u l l 's  e a r l i e r  n o tio n  (1929) t h a t  s t im u lu s  g e n e r a l iz a t io n  

i s  a fundam ental b e h a v io ra l  p ro cess  in e x t r i c a b ly  t i e d  to  le a r n in g .

The d is c r im in a t io n  th e o ry  embodied in  H u l l 's  (1943) fo rm u la 

t i o n  i s  o f te n  r e f e r r e d  to  a s  th e  "H u ll-S p en ce"  d is c r im in a t io n  th e o ry .  

H owever, su b se q u en tly  H u ll and Spence s e p a r a te ly  re v is e d  t h e i r  p o s i 

t i o n s  on b a s ic  le a rn in g  f a c t o r s ,  w hich lo g i c a l l y  e n t a i le d  m o d if ic a 

t i o n  o f  t h e i r  p o s i t io n s  on d i f f e r e n t i a l  c o n d i t io n in g .  H u ll (1 9 5 2 ), 

w h ile  r e ta in in g  a  re in fo rc e m e n t p o s i t i o n ,  added th e  in c e n t iv e -  

m o t iv a t io n a l  c o n s t r u c t  (K) f o r  in s tru m e n ta l  a p p e t i t i v e  c o n d i t io n in g .  

S in c e  K was d i r e c t l y  t i e d  to  an  a s s o c ia t iv e  f a c to r  ( r g ) and hence 

s u b je c t  to  s tim u lu s  g e n e r a l i z a t io n ,  th e  in c e n t iv e  f a c to r  sh o u ld  

have been  in c o rp o ra te d  in to  h is  th e o ry  o f  d i f f e r e n t i a l  c o n d i t io n in g .  

In  a more r a d ic a l  d e p a r tu r e ,  Spence (1956) p rop o sed  th a t  S-R c o n t i 

g u i ty  d e term ined  th e  le a rn in g  o f  in s tru m e n ta l  " h a b i t s , "  w h ile  a  

re in fo rc e m e n t mechanism governed  in c e n t iv e - m o tiv a t io n .  I n h ib i t io n  

was r e s t r i c t e d  to  th e  c o n t ig u i ty  f a c t o r  and was presumed to  r e s u l t  

from  th e  le a rn in g  o f com peting in s tru m e n ta l  re sp o n se s  on n o n re in 

fo rc e d  t r i a l s .  W hile in s tru m e n ta l  re sp o n d in g  and in c e n t iv e  m o ti

v a t io n  w ere b o th  t i e d  t o  a s s o c ia t iv e  f a c t o r s  and s u b je c t  to  th e  

law s o f  g e n e r a l iz a t io n ,  Spence f a i l e d  to  d e l in e a t e  th e  t h e o r e t i c a l  

im p l ic a t io n s  fo r  d i f f e r e n t i a l  c o n d i t io n in g .  Spence l a t e r  (1960)
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p roposed  a  f r u s t r a t i o n - b a s e d  view  o f  I n h ib i t i o n  w hich  he  n o ted  was 

q u i t e  s i m i l a r  to  A m sel's  (1958) fo rm u la tio n . A cco rd in g  to  t h i s  

v ie w , nonrew ard  in  a  c o n te x t  a s s o c ia te d  w ith  re w a rd , le a d s  to  th e  

c o n d i t io n in g  o f  a  f r u s t r a t i o n  f a c t o r  ( r f )  w h ich  m e d ia te s  m o tiv a 

t i o n a l  co nsequences  in  a d d i t io n  to  com peting  in s tru m e n a l  r e s p o n s e s .  

W hile S pence n e v e r  e la b o ra te d  th e  im p lic a t io n s  o f  f r u s t r a t i v e -  

i n h i b i t i o n  f o r  d i f f e r e n t i a l  c o n d i t io n in g ,  Amsel (1958, 1962) o p e ra t in g  

w i th in  th e  H u lliam  fram ew ork, has n o ted  some im p l ic a t io n s  o f  

f r u s t r a t i o n  th e o ry  f o r  d i f f e r e n t i a l  c o n d i t io n in g .

More r e c e n t ly ,  f in d in g s  o p p o s i te  to  th o s e  e x p e c te d  from  s im p le  

g e n e r a l i z a t io n  ( i . e . ,  b e h a v io r a l  c o n t r a s t )  h av e  fo cu sed  a t t e n t i o n  

on th e  in a d e q u a c y  o f  H ull~Spence d is c r im in a t io n  th e o ry  ( c f .  R ey n o ld s , 

1961; T e r ra c e ,  1966). A ty p i c a l  p ro c e d u re  em ployed by o p e ra n t 

i n v e s t i g a t o r s  ( c f .  Dunham, 1968) in v o lv e s  a  w i th i n - s u b j e c t  m ethod

o logy  w here  i n i t i a l l y  each  o f  two s u c c e s s iv e ly  p r e s e n te d  s t im u l i  i s  

in d e p e n d e n tly  a s s o c ia te d  w ith  a  s p e c i f i c  s c h e d u le  o f  r e in fo rc e m e n t .  

F o llo w in g  th e  e s ta b l is h m e n t o f  s t a b l e  re s p o n se  r a t e s ,  th e  r a t e  o f  

r e in fo rc e m e n t f o r  one o f  th e  s t im u l i  i s  v a r i e d  w h ile  th e  o th e r  

rem ains unchanged . I f  th e  r a t e  o f  re sp o n d in g  f o r  th e  unchanged 

s t im u lu s  c o n d i t io n  changes i n  a d i r e c t i o n  o p p o s i te  to  t h a t  engen

d ered  by th e  s h i f t e d  re in fo rc e m e n t c o n d i t io n ,  th e  phenomena i s  

d en o ted  b e h a v io r a l  c o n t r a s t .  In c rem en ts  o r  d ec rem en ts  i n  re sp o n d 

in g  d u r in g  th e  unchanged s tim u lu s  c o n d i t io n  a r e  f u r t h e r  s p e c i f i e d  

as p o s i t i v e  o r  n e g a t iv e  b e h a v io r a l  c o n t r a s t ,  r e s p e c t i v e l y ,  (how

e v e r ,  p o s i t i v e  b e h a v io ra l  c o n t r a s t  h a s  b een  much more e x te n s iv e ly  

i n v e s t ig a t e d ,  c f .  Dunham, 19 6 8 ). A ccord ing  t o  H u ll-S p e n c e  th e o ry ,
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a  change in  re in fo rc e m e n t w hich in c re m en ts  (o r  d ec re m en ts ) re sp o n d in g  

to  a s p e c i f i c  s t im u lu s ,  w i l l  le a d ,  v i a  g e n e r a l i z a t io n ,  t o  a  l i k e  

in c re m en t (o r  decrem en t) in  re sp o n d in g  to  a s im i la r  s t im u lu s  r a t h e r  

th a n  an  o p p o s ite  e f f e c t  a s  found i n  b e h a v io ra l  c o n t r a s t .  T e r ra c e  

(1966) i n  q u e s tio n in g  H u ll-S p en ce  th e o ry ,  h as  su g g e s te d  th a t  p o s i 

t i v e  b e h a v io ra l  c o n t r a s t  r e f l e c t s  th e  g e n e r a l i z a t io n  o f  a  f r u s t r a t i o n -  

b ased  m o t iv a t io n a l  f a c t o r  w h ile  le a v in g  n e g a t iv e  b e h a v io r a l  c o n t r a s t  

u n e x p la in e d . On th e  o th e r  h and , N ev in  and S h e t t le w o r th  (1966) have 

su g g e s te d  t h a t  a s p e c ts  o f  b e h a v io ra l  c o n t r a s t  e f f e c t s  a r e  m ed ia ted  

by in d u c t io n - l ik e  i n t e r a c t io n s  be tw een  e x c i ta to r y  and in h i b i to r y  

f a c t o r s .  W hile f r u s t r a t i o n  and in d u c t iv e  i n t e r a c t i o n  fo rm u la tio n s  

( i n s t i g a t e d  by b e h a v io r a l  c o n t r a s t )  in d i c a t e  g e n e ra l  t h e o r e t i c a l  

o r i e n t a t i o n s ,  th e y  have n o t been  s y s te m a t ic a l ly  d ev e lo p ed  in t o  c l e a r  

a l t e r n a t i v e s  to  th e  H u ll-S p en ce  d is c r im in a t io n  th e o ry .

T h e o rie s  o f  S tim u lu s  G e n e r a l iz a t io n  

P a v lo v 's  C o r t i c a l  T heo ry . P av lo v  (1927) re g a rd e d  g e n e ra l iz e d  

re sp o n d in g  a s  r e f l e c t i n g  a fund am en ta l a s p e c t  o f  an  o rg a n is m 's  

a b i l i t y  to  a d a p t to  i t s  en v iro n m en t. As such  he p ro p o sed  th a t  

s t im u lu s  g e n e r a l i z a t i o n  was a  b a s ic  b e h a v io ra l  p ro c e s s .  C e n t r a l  to  

h i s  s tim u lu s  g e n e r a l i z a t io n  th e o ry  w ere th e  fo llo w in g  a s su m p tio n s :

(a )  c o r t i c a l  p o in t s ,  c o rre sp o n d in g  to  p h y s ic a l  c h a r a c t e r i s t i c s  o f  

s t i m u l i ,  a r e  s p a t i a l l y  d i s t r i b u t e d  to  m i r r o r ,  in  a p o in t - t o - p o in t  

f a s h io n ,  p h y s ic a l  c h a r a c t e r i s t i c s  o f  s t im u l i ;  and (b ) over, t im e , 

e x c i t a to r y  o r  i n h i b i t o r y  im pu lses sp re a d  o v e r th e  c o r te x  w ith  

d e c re a s in g  m agn itude from  th e  p o in t  o f  i n i t i a t i o n  c o rre sp o n d in g  to
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th e  t r a i n in g  CS. In h e re n t  in  P a v lo v 's  f o rm u la t io n  i s  th e  n o t io n  

t h a t  p h y s ic a l  s i m i l a r i t y  i s  a p rim ary  d e te rm in a n t o f  th e  d e g re e  o f  

g e n e r a l iz e d  re sp o n d in g  w hich o b ta in s  " s p o n ta n e o u s ly "  a lo n g  a l l  

d im en sio n s  o f  a  s t im u lu s .

P a v lo v 's  a ssu m p tio n  re g a rd in g  c o r t i c a l  c o rre sp o n d e n c e  and  tim e -  

d ep en d en t c o r t i c a l  i r r a d i a t i o n  p rov ided  a  b a s i s  f o r  e x p e r im e n ta l 

e v a lu a t io n  o f  th e  th e o ry .  A ccording to  h i s  fo rm u la t io n ,  an  in d e 

p en d en t s e t  o f  o p e ra t io n s  f o r  id e n t i f y in g  c o r t i c a l  s p a t i a l  c o n t i 

g u i ty  p ro v id e s  a  b a s i s  f o r  p r e d ic t io n s  on g e n e ra l iz e d  re sp o n d in g .

An o f t e n - c i t e d  a r t i c l e  by G rant and D ittm e r  (1940) em ployed t h i s  

s t r a t e g y .  They co n c lu d ed  th a t  th e  known f a c t s  co n c e rn in g  th e  p r o 

j e c t i o n  o f  th e  s k in  s u r f a c e  on th e  p rim ary  so m atic  se n so ry  c o r te x  

d id  n o t y i e l d  iso m o rp h ic  g e n e ra l iz e d  re sp o n d in g  a lo n g  th e  s u r f a c e  

o f  th e  s k in .  G ran t and D ittm e r  a l s o  p o in te d  o u t t h a t  a s i m i l a r  

la c k  o f  c o rre sp o n d e n c e  betw een maps o f  th e  so m atic  c o r te x  and 

g e n e r a l iz e d  re sp o n d in g  was r e f l e c te d  in  th e  B ass and H u ll (1934) 

f in d in g s  on s k in - s u r f a c e  g e n e r a l iz a t io n .  S u b s e q u e n tly , M ednick and 

Freedm an (1960) a rg u e d  th a t  in  view o f  th e  n a tu re  and o r g a n iz a t io n  

o f  th e  a u d i to r y  c o r te x ,  f in d in g s  o f i n t e n s i t y  g e n e r a l i z a t i o n  

c o n t r a d i c t  P a v lo v 's  assu m p tio n  on c o r t i c a l  s p a t i a l  c o n t ig u i t y .

P a v lo v 's  n o t io n  o f  tim e-d ep en d en t c o r t i c a l  i r r a d i a t i o n  h a s  

r e c e iv e d  l i t t l e  e x p e r im e n ta l e v a lu a t io n .  N e v e r th e le s s ,  an  a r t i c l e  

by Loucks (1933) w h ich  q u e s tio n e d  P a v lo v 's  b e h a v io ra l  e v id e n c e  o f  

" s lu g g is h ” f l u c t u a t i o n s  i n  g e n e ra liz e d  re sp o n d in g  i s  o f te n  c i t e d  a s  

c h a l le n g in g  P a v lo v 's  n o tio n  of a tim e-d ep en d en t i r r a d i a t i o n .  How

e v e r ,  A m erican in v e s t i g a t o r s  have a p p a re n tly  n o t i n v e s t ig a t e d  th e
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e m p ir ic a l  b a s i s  f o r  P a v lo v 's  s u g g e s tio n  th a t  lo n g e r  CS-US i n t e r v a l s  

p e rm it w id e r  c o r t i c a l  i r r a d i a t i o n  and hence p roduce  g e n e r a l iz e d  

re sp o n d in g  to  a w id e r  ra n g e  o f  s t i m u l i .

H u l l 's  A f fe re n t  T h eo ry . H u l l 's  (1939, 1943) th e o ry  o f  p rim ary  

s tim u lu s  g e n e r a l i z a t io n  can  b e  v iew ed a s  a  m o d i f ic a t io n  o f  P a v lo v 's  

c o n c e p tu a l iz a t io n  w hich i s  s t r ip p e d  o f  i t s  a t te n d a n t  c o r t i c a l  sp e c u 

l a t i o n s .  H u ll (1 9 4 3 ), w i th in  an  a s s o c i a t i o n i s t i c  fram ew ork, p o s i te d  

t h a t  " . . .  th e  r e a c t io n  in v o lv e d  in  o r i g i n a l  c o n d i t io n in g  becomes 

co n n ec ted  w ith  a  c o n s id e ra b le  zone o f  s t im u l i  o th e r  th a n ,  b u t a d j a 

c e n t t o ,  th e  s tim u lu s  c o n v e n t io n a l ly  in v o lv e d  i n  th e  o r ig i n a l  

le a rn in g  (p . 1 8 3 ) ."  F or H u l l ,  th e n ,  as w ith  P a v lo v , th e  e s t a b l i s h 

ment o f  g e n e ra l iz e d  re sp o n se  te n d e n c ie s  o ccu rs  i n e x t r i c a b ly  and 

c o n c u r re n t ly  w ith  c o n d i t io n in g  to  th e  t r a i n in g  s t im u lu s .  However, 

f o r  H u l l ,  g e n e ra l iz e d  re sp o n se  tendencies>  l i k e  c o n d it io n e d  re sp o n s e  

te n d e n c ie s ,  in v o lv e d  o n ly  s t a b l e  b e h a v io ra l  m o d if ic a t io n s .  F u r th e r 

m ore, i n  th e  H u l l ia n  fram ew ork, th o s e  v a r i a b le s  p o s tu la te d  to  a f f e c t  

c o n d it io n e d  re sp o n d in g  w ere assumed to  s im i l a r l y  a f f e c t  g e n e ra l iz e d  

re s p o n d in g .

B a s i c a l ly ,  H u ll t r e a t e d  s tim u lu s  g e n e r a l i z a t io n  a s  a b e h a v io r a l  

axiom  w h ile  h i s  i n t e r e s t  i n  why g e n e r a l i z a t io n  comes a b o u t was 

seco n d ary  a t  b e s t .  N e v e r th e le s s ,  H u ll s u g g e s te d , in  a n o tio n  q u i t e  

s im i la r  to  P a v lo v 's  c o r t i c a l  c o rre sp o n d e n c e , t h a t  " a f f e r e n t  n e u r a l  

c o n t in u a "  m ir ro r  th e  p h y s ic a l  d im ensions o f  e x te r o c e p t iv e  s t im u l i .  

Then, i n  v e ry  g e n e ra l  te rm s , H u ll s h i f t e d  th e  presum ed lo cu s  f o r  

" h a b i t  s p re a d "  away from  P a v lo v 's  s p e c i f i c a t i o n  o f  th e  c o r te x ,  to  a  

seem ing ly  more p e r p h e r a l i s t i c  lo c u s  in v o lv in g  a f f e r e n t  c o n t in u a .
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H u ll  assum ed t h a t  g e n e r a l i z a t io n  g r a d ie n ts  w ere in f lu e n c e d  by th e  

d i f f e r e n t i a l  s e n s i t i v i t y  o f  th e  r e c e p to r  mechanism w h ich  was presum ed 

t o  b e  a  g iv e n , b i o l o g i c a l  c o n s ta n t .  He su g g e s te d  t h a t  p s y c h o p h y s ic a l 

p ro x im ity  ( i n  jn d  u n i t s )  may be  u sed  t o  a s s e s s  d i f f e r e n t i a l  r e c e p to r  

s e n s i t i v i t y  and th u s  t o  p r e d ic t  th e  form  o f  g e n e r a l i z a t i o n  g r a d i e n t s . .  

H owever, c l e a r l y ,  to  h av e  e x p la n a to ry  v a lu e ,  th e  o p e r a t io n s  f o r  

a s s e s s in g  r e c e p to r  s e n s i t i v i t y  m ust b e  in d e p en d en t o f  th o s e  f o r  

a s s e s s in g  g e n e r a l i z a t i o n .  Y e t, a s  Brown (1965) h a s  em p h asized , th e re  

i s  no c l e a r  d e m a rc a tio n  betw een  th e  m ethods o f  p sy c h o p h y s ic s  and o f  

g e n e r a l i z a t i o n .  B oth m ethods in v o lv e  t r a i n i n g  (o r  i t s  f u n c t io n a l  

e q u iv a le n t  in  i n s t r u c t i o n s )  and t e s t i n g  and b o th  y i e l d  e v id e n c e  o f  

how w e l l  s u b je c t s  r e a c t  d i f f e r e n t i a l l y .  A c c o rd in g ly , i n  th e  ab sen ce  

o f  in d e p en d en t o p e r a t io n s  f o r  a s s e s s in g  r e c e p to r  s e n s i t i v i t y  and 

" a f f e r e n t  c o n t in u a ,"  H u l l 's  m echanism  o f  g e n e r a l i z a t i o n  w ould ap p e a r 

to  red u ce  to  th e  more p r im i t iv e  a ssu m p tio n  th a t  p h y s ic a l  s i m i l a r i t y  

g o v ern s  s t im u lu s  g e n e r a l i z a t i o n .

Common E lem en ts  T h eo ry . The n o t io n  th a t  g e n e r a l iz e d  re sp o n d in g  

r e f l e c t s  a s s o c i a t i v e  c o n n e c tio n s  form ed d u r in g  c o n d i t io n in g  to  e l e 

m ents w hich a r e  common to  b o th  th e  t r a i n i n g  and t e s t  s t i m u l i  h a s  

ap p e a le d  to  a  v a r i e t y  o f  t h e o r i s t s  ( e . g . ,  G u th r ie ,  1930 , 1935; H u ll ,  

1920; T h o rn d ik e , 1913; D o lla rd  & M i l l e r ,  1950; O sgood, 1953; Brown, 

19 6 5 ). H i s t o r i c a l l y ,  th e  n o tio n  h a s  b een  p e rh ap s  m ost c lo s e ly  a s s o 

c i a t e d  w ith  th e  v iew s o f  G u th r ie  and  more r e c e n t ly  w i th  m a th e m a tic a l 

m odels o f  le a r n in g  ( E s te s ,  1950, 1959; Bush & M o s te l l e r ,  1 9 5 1 ). 

E s s e n t i a l l y ,  th e  n o t io n  in v o lv e s  c o n c e p tu a l iz in g  th e  s t im u lu s  a s  an 

a g g re g a te  o f  s e p a r a t e  s tim u lu s  e le m e n ts  o r  com ponents t o  w hich
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a s s o c i a t i v e  c o n n e c tio n s  may be in d iv id u a l ly  e s ta b l i s h e d .  The o b s e r 

v a t io n  o f  a g e n e r a l iz e d  re sp o n s e  i s  ta k e n  to  in d ic a te  th e  t e s t  

s t im u lu s  c o n ta in s  e lem en ts  common to  th e  t r a i n in g  s t im u lu s .  T hus, 

a s  i n  th e  P a v lo v ia n -H u ll ia n  fram ew ork, th e  e s ta b l is h m e n t o f  g en 

e r a l i z e d  a s s o c ia t iv e  te n d e n c ie s  o c c u rs  c o n c u rre n t ly  and in e x t r i c a b ly  

w ith  c o n d i t io n in g  to  th e  t r a i n in g  s t im u lu s .  The number o f  common 

e lem en ts  betw een t r a i n i n g  and t e s t  s t im u l i  i s  presumed to  v a ry  

d i r e c t l y  w ith  s t im u lu s  s i m i l a r i t y  and to  govern  re sp o n se  s t r e n g t h .  

H owever, a  g e n e ra l  s e t  o f  o p e ra t io n s  f o r  s p e c ify in g  th e  number o f  

common e lem en ts  s o le ly  in  te rm s o f  th e  p h y s ic a l  c h a r a c t e r i s t i c s  

o f  s t im u l i  has  e lu d e d  t h e o r i s t s .  A c c o rd in g ly , th e  common e lem en ts  

n o t io n ,  w h ile  e x e r t in g  w ide a p p e a l ,  can  b e  view ed as  a s u g g e s tiv e  

p r e - t h e o r e t i c a l  model f o r  a  mechanism o f  g e n e r a l iz a t io n .

L ashley-W ade. A q u e s tio n in g  o f  th e  P a v lo v ia n  a ssu m p tio n  t h a t  

s t im u lu s  g e n e r a l i z a t io n  r e p r e s e n ts  a  p rim ary  b e h a v io ra l  p ro c e s s  h a s  

p ro v id e d  th e  b a s i s  o f  an  a l t e r n a t i v e  e x p la n a t io n  o f  s tim u lu s  gen

e r a l i z a t i o n .  L ash ley  and Wade (1946) in d ic a te d  th e  g e n e ra l  t r e n d s  

o f  t h e i r  i n f l u e n t i a l  t h e o r e t i c a l  a n a ly s i s  o f  s tim u lu s  g e n e r a l i z a t i o n  

by c r i t i c a l l y  c o n t r a s t in g  t h e i r  p o s i t i o n  w ith  H u l l 's  "n e o -P a v lo v ia n "  

a p p ro a c h . L ash ley  and Wade h e ld  " . . .  th e r e  i s  no ' i r r a d i a t i o n '  o r  

sp re a d  o f  e f f e c t s  o f  t r a i n in g  d u rin g  p rim ary  c o n d i t io n in g " ;  and t h a t  

an  o rd e re d  g e n e r a l i z a t io n  g r a d ie n t  " .  . . i s  a p ro d u c t o f  v a r i a b l e  

s t im u lu s  th r e s h o ld s  n o t o f  sp re a d  o f  a s s o c ia t iv e  p ro c e s s  (p . 7 4 ) ."  

F o r L ash ley  and Wade th e n ,  fo llo w in g  t r a i n i n g  to  a  p a r t i c u l a r  

s t im u lu s ,  an o rg an ism  w i l l  respond  to  an  h i s t o r i c a l l y  n e u t r a l  

s t im u lu s  on ly  i f  th e  o rgan ism  " p e rc e iv e s "  th e  t e s t  s t im u lu s  as b e in g
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i d e n t i c a l  to  th e  t r a i n i n g  s t im u lu s .  S tim u lu s  g e n e r a l i z a t io n  t e s t i n g  

i s  v iew ed  a s  a  p sy c h o p h y s ic a l p ro ced u re  f o r  a s s e s s in g  w h e th e r  th e  

o rg an ism  i s  " p e rc e iv in g "  th e  t e s t  s t im u l i  a s  "same a s "  o r  " d i f f e r e n t  

from " th e  t r a i n i n g  s t im u lu s .  In  a p h ra s e ,  f o r  L ash ley  and Wade, 

s t im u lu s  g e n e r a l i z a t io n  i s  m ere ly  a  p sy c h o p h y s ic a l m easure o f  p e r 

c e p tu a l  p ro c e s s e s .

The Lashley-W ade " p sy c h o p h y s ic a l"  argum ent ( a ls o  r e c e n t ly  a r t i 

c u la te d  by P rokasy  and H a l l ,  1963) may be c o n s tru c te d  as  f o l lo w s ;

(1 ) a  n e c e s s a ry  c o n d i t io n  f o r  in v o k in g  a  co n cep t o f  " a s s o c i a t i v e  

sp re a d "  o r  t r a n s f e r - o f - t r a i n i n g  e f f e c t  i s  to  in d e p e n d e n tly  demon

s t r a t e  re sp o n d in g  to  th e  g e n e r a l iz a t io n  s tim u lu s  w h ile  th e  o rg an ism  

i s  " p e r c e iv in g "  th e  t e s t  s t im u lu s  as  d i f f e r e n t  from  th e  t r a i n i n g  

s t im u lu s ;  (2 ) p ro c e d u re s  f o r  a s s e s s in g  such  p e rc e p tu a l  p ro c e s s in g  

a r e  by p sy c h o p h y s ic a l m ethods; (3) s tim u lu s  g e n e r a l i z a t io n  t e s t i n g  

i s  m ere ly  a  v a r i a n t  o f  su ch  p sy c h o p h y s ic a l p ro c e d u re s  and t h e r e f o r e ;  

(4) a  g e n e ra l iz e d  re s p o n s e  i s  m ere ly  th e  i d e n t i f i c a t i o n  o f  s t im u lu s  

e q u iv a le n c e  and n o tio n s  in v o lv in g  " a s s o c ia t i v e  s p re a d "  a r e  s u p e r 

f lu o u s .  However, as  Brown, B ilo d e a u , and B aron  (1951) have a r t i c u 

l a t e d ,  th e  n o tio n  th a t  g e n e ra l iz e d  re sp o n d in g  i s  an  in d ex  o f  " p e r 

c e p tu a l  i d e n t i f i c a t i o n "  w hich  in  tu r n  i s  u sed  to  e x p la in  g e n e r a l iz e d  

re sp o n d in g  i s  c l e a r ly  c i r c u l a r  i n  th e  ab sen ce  o f  s p e c i f i c a t i o n  o f  

th e  d e te rm in a n ts  o f  " p e r c e p tu a l  i d e n t i f i c a t i o n . "  Such t e s t a b l e  

s p e c i f i c a t i o n s  a r e  s t i l l  w a n tin g . A l t e r n a t iv e ly ,  b eca u se  H u ll* s  

s t im u lu s  g e n e r a l i z a t i o n  p o s tu l a t e  i s  embedded w i th in  a  th e o ry  w hich  

o p e r a t io n a l ly  s p e c i f i e s  th e  d e te rm in a n ts  o f  a s s o c ia t iv e  and m o tiv a 

t i o n a l  f a c t o r s ,  i t  c l e a r l y  does n o t in v o lv e  c i r c u l a r i t y .  T h u s, i n
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c o n t r a s t  to  th e  Lashley-W ade '’e x p la n a t io n 11 o f  s t im u lu s  g e n e r a l i z a t i o n ,  

H u ll (1939) e x p l i c i t l y  d ev eloped  tw e n ty -n in e  t e s t a b l e  im p l ic a t io n s  of 

h i s  s tim u lu s  g e n e r a l i z a t io n  th e o ry .

A conceptually independent position elaborated by Lashley and 

Wade (1946) involved the notion that ’'attention'* to the stimulus 

dimension, which is determined by differential conditioning, is 

necessary to obtain ordered generalization gradients. They held 

that ”. . . the fundamental assumption of neo-Pavlovian theory, 

that in conditioning, all aspects of the stimulus are associated 

with the reaction, is demonstrably false . . . (p. 8 1 ) , ” rather 

”. . . a definite attribute of the stimulus is 'abstracted' and forms 

the basis of the reaction . . . (p. 8 1 ) . ” For Lashley and Wade, an 

organism must somehow perceive specific stimuli as points along a 

dimension before an ordered generalization gradient will emerge.

They state that such establishment of a stimulus dimension for the 

organism ”. . . does not occur in conditioning to a single stimulus 

value but is somehow a function of differential training with two 

or more stimuli on the same dimension (p. 8 1 ) .”  The latter state

ment would appear clearly testable: ordered generalization gradients

will not obtain following single stimulus training. However, Lashley 

subsequently qualified his position and apparently suggested that 

single-stimulus training may produce ordered gradients through the 

"comparison” of memory traces (see Lashley's quoted communications, 

in Hull, 1 9 4 7 ). Lashley's failure to specify the determinants of 

"memory traces” and "comparisons” renders his elaboration of the 

concept of "psychological dimensions" unanchored and untestable.
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A t t h i s  p o in t ,  i t  i s  u s e f u l  to  n o te  th e  h i s t o r i c a l  m in g lin g  o f  

th e  Lashley-W ade p o s i t i o n  th a t  a t t e n t i o n  u n d e r l i e s  o rd e re d  g e n e r a l i 

z a t io n  g r a d ie n ts  and S k in n e r 's  (1953) fo rm u la tio n  o f  " s t im u lu s  

c o n t r o l . "  S im i la r  to  L ash ley  and Wade, S k in n e r  s u g g e s te d  t h a t  an 

o rg an ism  may " a t t e n d  to "  o n ly  a p o r tio n  o f  th e  s t im u lu s .  F o r 

S k in n e r ,  a  s t im u lu s  i s  s a id  to  be  " a t te n d e d  to "  o r  t o  c o n t r o l  

b e h a v io r  when v a r i a t i o n s  i n  th e  s t im u lu s  p roduce  o rd e re d  v a r i a t io n s  

in  b e h a v io r  ( i . e . ,  an  o rd e re d  g e n e r a l i z a t io n  g r a d i e n t ) .  I n  c o n t r a s t  

to  L ash ley  and Wade, S k in n e r  ten d ed  to  t r e a t  a t t e n t i o n a l  f a c to r s  

sim p ly  a s  re sp o n se s  w hich can  be  " s h a p e d ."  S k in n e r  p o s i te d  t h a t  

" d i f f e r e n t i a l  re in fo rc e m e n t"  i s  a d e te rm in a n t o f  s t im u lu s  c o n t r o l .  

However, in  o p e ra n t te rm in o lo g y , " d i f f e r e n t i a l  r e in fo rc e m e n t” 

in c lu d e s  ( in  a d d i t io n  to  e x p l i c i t  d i f f e r e n t i a l  c o n d i t io n in g )  th e  

parad igm  where re in fo rc e m e n t i s  a v a i l a b l e  in  th e  p re se n c e  o f  th e  

e x p e r im e n ta l s t im u lu s  and i s  u n a v a i la b le  d u r in g  i t s  a b se n c e . That 

i s ,  " d i f f e r e n t i a l  re in fo rc e m e n t” in v o lv in g  s t im u lu s  p re se n c e  and 

ab sen ce  c o rre sp o n d s  to  th e  Lashley-W ade and H u l l ia n  s p e c i f i c a t i o n ,  

i n  " d i s c r e t e - t r i a l "  te rm in o lo g y , o f  s in g le - s t im u lu s  t r a i n in g  

( c f .  H u l l ,  1947). A c c o rd in g ly , w h a tev e r th e  s i m i l a r i t i e s  to  L ash ley  

and Wade, S k in n e r 's  fo rm u la tio n  w ould converge w ith  H u l l 's  to  th e  

e x te n t  o f  p o s i t in g  t h a t  ( d i s c r e t e - t r i a l )  s in g le - s t im u lu s  t r a i n in g  

can  p roduce  o rd e re d  g e n e r a l iz a t io n  g r a d i e n t s .

W hether o p e ra n t s in g le - s t im u lu s  t r a i n i n g ,  w here th e  s tim u lu s  

i s  c o n t in u o u s ly  p r e s e n t  d u rin g  th e  e x p e r im e n ta l s e s s io n ,  can  p roduce  

o rd e re d  g r a d ie n ts  in v o lv e s  a r e l a t e d  b u t  s e p a r a te  t h e o r e t i c a l  

i s s u e  th a n  t h a t  r a i s e d  by L ash ley  and Wade. However, th e  co n fu s io n
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betw een o p e ra n t and d i s c r e t e - t r i a l  te rm in o lo g y  h a s  b lu r r e d  th e  i s s u e .  

For exam ple , J e n k in s  and H a r r is o n  (1 9 6 0 ), i n  a t te m p tin g  to  e v a lu a te  

th e  H u l l ia n  and Lashley-W ade p o s i t i o n ,  c o n t r a s t e d  o p e ra n t and 

d i s c r e t e - t r i a l  s in g le - s t im u lu s  t r a i n i n g  w hich th e y  r e f e r r e d  to  a s  

" n o n d i f f e r e n t i a l "  and " d i f f e r e n t i a l ”  t r a i n i n g ,  r e s p e c t iv e l y .  They 

found t h a t  " n o n d i f f e r e n t i a l "  t r a i n in g  produced  r e l a t i v e l y  f l a t  g en 

e r a l i z a t i o n  g r a d ie n ts  i n  c o n t r a s t  to  th o s e  p roduced  by " d i f f e r e n t i a l "  

t r a i n in g .  I f  one a s s o c ia t e s  th e  Lashley-W ade p o s i t i o n  w ith  th e  

o p e ra n t te rm  " d i f f e r e n t i a l "  t r a i n i n g ,  th e n  th e  s tu d y  a p p e a rs  to  

su p p o rt th e  Lashley-W ade p o s i t i o n  in  c o n t r a s t  to  th e  H u l l ia n  on e . 

However, c l e a r l y ,  th e  d i f f e r e n t i a l  t r a i n i n g  parad igm  o f J e n k in s  and 

H a rr iso n  i s  f u n c t io n a l ly  e q u iv a le n t  to  H u l l 's  s p e c i f i c a t i o n  o f  

( d i s c r e t e - t r i a l )  s in g le - s t im u lu s  t r a i n i n g  f o r  w hich  H u ll o f  c o u rs e  

p r e d ic t s  o rd e re d  g e n e r a l i z a t i o n  g r a d ie n t s .  A l t e r n a t iv e ly ,  w h ile  

H u ll n ev e r e x p l i c i t l y  a d d re s se d  h im s e lf  t o  o p e ra n t s in g le - s t im u lu s  

t r a i n i n g ,  Brown (1 9 6 5 ) , a  H u l l i a n - o r ie n te d  t h e o r i s t ,  h as  su g g e s te d  

th a t  th e  o p e ra n t p ro c e d u re  w ould no t p roduce  " e f f e c t i v e "  a s s o c i a 

t i v e  s t r e n g th  to  th e  " e x p e r im e n ta l"  s t im u lu s  and w ould th u s  b e  

e x p ec ted  to  y i e ld  f l a t  g e n e r a l i z a t io n  g r a d i e n t s .  In  a  s i m i l a r  v e i n ,  

a H u ll ia n  t h e o r i s t  c o u ld  su g g e s t t h a t  i n  th e  o p e ra n t p ro c e d u re , th e  

t o t a l  s t im u lu s  com plex becomes a s s o c ia te d  w ith  th e  r e s p o n s e , and th e  

v a r i a t i o n  o f  a m inu te  p o r t io n  o f  i t  ( i . e . ,  th e  " e x p e r im e n ta l"  

s t im u lu s )  would h a rd ly  b e  e x p ec ted  to  p roduce  an  e f f e c t i v e  g e n e r a l i 

z a t io n  d ecrem en t.
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G en era l A ccounts o f  A s s o c ia t iv e  S tr e n g th

P a v lo v ’ s C o r t i c a l  T h eo ry . I n  P a v lo v ia n  th e o ry  (1 9 2 7 ), a s  p r e 

v io u s ly  in d i c a te d ,  h i s t o r i c a l l y  d e te rm in e d  CS-US c o r t i c a l  c o n n e c tio n s  

u n d e r l i e  th e  c o n d it io n e d  r e f l e x .  The c a p a c i ty  o f  th e s e  c o n n e c tio n s  

to  m e d ia te  c o r t i c a l  d ra in a g e  from  CS to  US c e n te r s  d e te rm in e s  th e  

s t r e n g th  o f  th e  c o n d it io n e d  r e f l e x .  The fo rm a tio n  and c a p a c i ty  o f  

CS-US c o n n e c tio n s  i s  govern ed  by th e  d eg ree  o f  a c t i v a t i o n  o f  th e  US 

c e n te r  w hich  P av lo v  o p e r a t io n a l ly  t i e d  to  m easu res  o f  UR s t r e n g t h .  

T hus, a c c o rd in g  to  P a v lo v , v a r i a t i o n s  in  th e  i n t e n s i t y  o r  d u r a t io n  

o f  th e  US w hich  augment UR a c t i v i t y ,  d i r e c t l y  g o v ern  th e  s t r e n g th  

o f  a p p e t i t i v e  and a v e r s iv e  c o n d it io n e d  r e f l e x e s .

P av lo v  s t i p u l a t e d  t h a t  m ere re p e a te d  p r e s e n ta t io n s  o f  th e  CS 

w i l l  e v e n tu a l ly  r e s u l t  i n  i t  a c t i v a t i n g  i n h i b i t o r y  r a t h e r  th a n  

e x c i t a t o r y  im p u lses  in  th e  CS c e n t e r ,  w h ile  re in fo rc e m e n ts  in  t h i s  

r e s p e c t ,  o p e ra te  p r im a r i ly  to  c o u n te r a c t  t h i s  dev e lo p m en t. H owever, 

mere CS p r e s e n ta t io n  i s  n o t s u f f i c i e n t  to  e s t a b l i s h  an  i n h i b i to r y  

r e f l e x  w hich  e n t a i l s  th e  d ra in a g e  o f  in h i b i to r y  im p u lses  from  th e  

CS t o  th e  US c o r t i c a l  c e n t e r .  I m p l i c i t  i n  t h i s  fo rm u la tio n  i s  t h a t  

e s ta b l is h m e n t  o f  an  in h i b i to r y  r e f l e x  e n t a i l s  some p r i o r  a c q u i s i t i o n  

t r a i n i n g  f o r  th e  fo rm a tio n  o f  th e  n e c e s s a ry  CS-US c o r t i c a l  connec

t i o n s .  In  l i n e  w ith  t h i s ,  P av lo v  su g g e s te d  t h a t  th e  ’’i n t e n s i t y ”  

o f  i n h i b i t i o n  i s  p r o p o r t io n a l  to  th e  s t r e n g th  o f  th e  US on w hich  i t  

i s  b a se d  (1927 , pp . 1 0 0 -1 0 1 ). The g e n e ra l  n o t io n  t h a t  th e  c o n d i

t io n in g  o f  i n h i b i to r y  f a c t o r s  e n t a i l s ,  and i s  a d i r e c t  fu n c t io n  o f ,  

a c q u i s i t i o n  t r a i n i n g  h as  s u b se q u e n tly  been  a s s o c ia t e d  w ith  a  v a r i e t y
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of theorists (e.g., Amsel, 1958; TConorski, 1948; Rescorla, 1969; 

Spence, 19 3 6 ).

G u th r i e 's  C o n tig u ity  T h eo ry . G u th r ie  (1930, 1935) q u e s tio n e d  

th e  n e c e s s i ty  o f  P a v lo v 's  c o r t i c a l  e x p la n a tio n  o f  th e  c o n d itio n e d  

r e f l e x  and a s s e r t e d  t h a t  th e  a s s o c i a t i o n i s t 's  p r i n c i p l e  o f  c o n t i 

g u i ty  was s u f f i c i e n t .  The u n d e r ly in g  p r in c i p l e  was t h a t  s t im u l i  

w hich a r e  a c t i v e  a t  th e  tim e  o f  a  re s p o n s e , te n d ,  on b e in g  re p e a te d  

to  e l i c i t  t h a t  re s p o n s e . A s s o c ia t iv e  co n n e c tio n s  a r e  th u s  formed 

when th e  CS (v ia  th e  a t te n d a n t  re sp o n se  produced  s t im u l i )  i s  con

c u r r e n t ly  a c t i v e  w ith  th e  UR. W hile th e  c o n d i t io n in g  o f  any s p e c i f i c  

e lem en t o f  th e  f u n c t io n a l  CS i s  presum ed to  o ccu r i n  an a l l - o r - n o n e  

f a s h io n ,  th e  e f f e c t  o f  r e p e a te d  t r i a l s  i s  a  c u m u la tiv e  in c r e a s e  in  

th e  number o f  e lem en ts  c o n d itio n e d  w hich i s  r e f l e c t e d  in  an  in c re a s e  

o f  c o n d it io n e d  re sp o n d in g . In  t h i s  v iew , th e  US i s  e f f e c t i v e  f o r  

c o n d i t io n in g  s o le ly  b eca u se  i t  a s s u r e s ,  o r  " f o r c e s "  th e  o c c u rre n c e  

o f  th e  UR. A c c o rd in g ly , q u a l i t a t i v e  o r  q u a n t i t a t i v e  v a r i a t i o n s  i n  

th e  US w hich  p o t e n t i a t e  UR a c t i v i t y  ( f o r  exam ple, a m p litu d e , d u ra t io n )  

w i l l  augment c o n d i t io n in g .

Guthrie proposed what is essentially an interference notion of 

inhibition. Nonreinforcement is presumed to result in the condi

tioning of a response to the stimulus elements which will interfere 

with the UR-based conditioned response. According to this view, the 

number of stimulus elements conditioned to an interfering response is 

directly governed by the number of trials-the CS is. presented without 

the US. Thus, in contrast to the Pavlovian notion that inhibition 

varies directly with underlying excitatory strength, contiguity
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th e o ry  e n t a i l s  t h a t  in h ib i to r y  s t r e n g th  i s  s o le ly  a f u n c t io n  o f  th e  

number o f  n o n re in fo rc e d  t r i a l s .  I t  may be n o te d  th a t  th e  l a t t e r  

o p e r a t io n a l  s p e c i f i c a t i o n  f o r  i n h i b i t i o n  was a l s o  p o s tu la te d  by 

Spence (1960, p . 110) w h ile  ta k in g  a  g e n e ra l  re in fo rc e m e n t p o s i t i o n  

f o r  c l a s s i c a l  a v e rs iv e  c o n d i t io n in g .  C o n tig u ity  th e o ry ,  on th e  o th e r  

hand , e x p l i c i t l y  p o s tu la te s  p a r a l l e l  r e l a t i o n s h ip s  f o r  b o th  c l a s s i c a l  

a p p e t i t i v e  and c l a s s i c a l  a v e r s iv e  c o n d i t io n in g .

H u l l 's  E f fe c t  T heory . H u ll (1 9 4 3 ), i n  p o s tu la t in g  a  m o n is t ic  

re in fo rc e m e n t mechanism h e ld  t h a t  th e r e  a r e  d r iv e - re d u c in g  ( r e i n 

fo r c in g )  ev en ts  t i e d  to  US p r e s e n ta t io n s  w hich  e s t a b l i s h  and 

s t r e n g th e n  an a s s o c ia t iv e  bond betw een th e  CS and th e  UR. The 

t h e o r e t i c a l l y  n e c e ssa ry  d r iv e - re d u c in g  ev e n t was s p e c i f i c a l l y  t i e d  

to  US o f f s e t  f o r  c l a s s i c a l  a v e r s iv e  c o n d i t io n in g ,  and more g e n e r a l ly ,  

to  US o n se t o r o c c u rre n c e  fo r  c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g .

H u ll  f u r th e r  p o s tu la te d  t h a t  h a b i t  (H) s t r e n g th  was a p o s i t i v e  fu n c 

t i o n  o f  th e  amount and number o f r e in fo rc e m e n ts .  H u l l 's  su b se q u en t 

(1952) r e v is io n  o f  h is  th e o ry  by th e  in t r o d u c t io n  o f  an  in c e n t iv e  

c o n s t r u c t  (K), a p p a re n tly  d id  n o t a l t e r  h i s  p re v io u s  p o s i t i o n  on 

c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g .  Thus K, w hich was d i r e c t l y  t i e d  

to  c l a s s i c a l l y - c o n d i t i o n e d  consummatory r e s p o n s e s ,  was p o s i te d  t o  

v a ry  a s  a  fu n c tio n  o f  th e  am ount, a s  w e l l  a s  th e  number o f  r e in f o r c e 

m ents .

H u ll p o s tu la te d  t h a t  mere re s p o n s e  e v o c a tio n  r e s u l t e d  i n  a  

n e g a t iv e  d r iv e  ( r e a c t iv e  i n h i b i t i o n  I r ) w hich d e p re s se d  p e rfo rm an ce  

on th e  re sp o n se  w hich produced i t  and sp o n ta n e o u s ly  d i s s ip a t e d  w ith  

i n a c t i v i t y .  F o r H u ll ,  th e  c o n d i t io n in g  o f in h ib i to r y  te n d e n c ie s
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(conditioned inhibition sIr) was a derived factor which resulted 

from a reduction in Ir attendant upon response cessation. While 

Hull's formulation for the conditioning of inhibitory tendencies 

formally involved responsivity, its application has generally been 

restricted to assuming that inhibition varies with the number of 

nonreinforced trials.

Empirical Review 

Cue Similarity

The effects of variations of cue similarity on discriminative 

performance are central to an empirical evaluation of Hull-Spence 

theory. The theoretical predictions are straightforward: (a) CS+

performance will be positively related to the physical difference- 

between the discriminanda due to decreased generalization of inhi

bition from CS-; and (b) CS- performance will decrease with 

increasing cue dissimilarity (due to diminished excitatory generali

zation). Moreover, in line with the theory, simple and differen

tial conditioning paradigms can be analyzed and contrasted within 

the common context of the discrimination postulates.

The effects of cue similarity have been most extensively inves

tigated in classical aversive conditioning. Consonant with Hullian 

theory, investigators using the human- (Qynther, 1957; Moore, 1964) 

and rabbit- (Frey, 1969) eyelid response have found that: (a) l e s s

similar CSs resulted in increased CS+ and decreased CS- performance;

(b) differential conditioning depressed CS+ responding compared with 

simple conditioning involving continuous reinforcement; and
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(c )  re sp o n d in g  i n  a  p a r t i a l  r e in fo rc e m e n t c o n t r o l  group  was i n t e r 

m ed ia te  b e tw een  CS+ and CS- p erfo rm an ce  o f  a c o n d i t io n  w hich  r e c e iv e d  

d is c r im in a b le  s t i m u l i .  T h is  p a t t e r n  o f  r e s u l t s  h a s  a l s o  been  found  

(Homzie, 1968) when d i f f e r e n t i a l  c o n d i t io n in g  i s  p re c e e d e d  by a c q u i

s i t i o n  t r a i n i n g  to  th e  p o s i t i v e  CS ( i . e . ,  s e p a ra te -p h a s e  d i f f e r e n 

t i a l  c o n d i t io n in g ) .  In  b r i e f ,  th e  r e s u l t s  from  c l a s s i c a l  a v e r s iv e  

c o n d i t io n in g  c l e a r l y  s u p p o r t th e  H u ll-S p en ce  th e o ry  o f  d i f f e r e n t i a l  

c o n d i t io n in g .

H owever, in  in s tru m e n ta l  a p p e t i t i v e  c o n d i t io n in g ,  th e  cue 

s i m i l a r i t y  v a r i a b l e  ap p e a rs  t o  p roduce  d i f f e r e n t  e f f e c t s  on S+ p e r 

form ance w h ile  m e d ia tin g  e f f e c t s  com parable  to  c l a s s i c a l  a v e r s iv e  

c o n d i t io n in g  on CS- p erfo rm ance  ( c f .  H anson, 1 9 5 9 ). H anson (1 9 5 9 ), 

w orking  w ith  o p e ra n t p ro c e d u re s ,  found th a t  when S+ and S - a r e  s im i

l a r ,  re s p o n s e  r a t e s  to  S+ a r e  enhanced  r e l a t i v e  to  s in g le - c u e  con 

t in u o u s  r e in fo rc e m e n t .  (The f in d in g  has  su b se q u e n tly  been  w e l l -  

docum ented and c o n s t i t u t e s  a  v a r i a n t  o f  p o s i t i v e  b e h a v io r a l  c o n t r a s t  

( c f .  Dunham, 1968). Runway in v e s t ig a t io n s  c o n t r a s t in g  p a r t i a l -  and 

c o n t in u o u s - re in fo rc e m e n t r e v e a l  a n o th e r  d is c o n f irn & to ry  f in d in g .  

G oodrich  (1959) and o th e r  in v e s t i g a t o r s  ( c f .  S pen ce , 1960) h ave  

found t h a t  50 p e r  c e n t p a r t i a l  re in fo rc e m e n t r e s u l t s  i n  f a s t e r  

a s y m p to tic  s t a r t  and ru n  sp eed s  th a n  100 p e r  c e n t  c o n tin u o u s  r e i n 

fo rcem en t i n  s p i t e  o f  th e  l a t t e r  r e c e iv in g  tw ic e  a s  many r e in f o r c e 

m en ts . P a r t i a l  re in fo rc e m e n t can  o f  co u rse  b e  v iew ed a s  d i f f e r e n t i a l  

c o n d i t io n in g  w ith  h ig h ly  s im i l a r  ( i d e n t i c a l )  d is c r im in a n d a . I n  con

t r a s t ,  runway in v e s t ig a t io n s  in v o lv in g  b la c k -w h i te  d i s c r im in a t iv e  

s t im u l i  ( e . g . ,  F r ie d e s ,  1957; M acKinnon, 1967) have found  S+
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perfo rm ance i n f e r i o r  t o  th a t  o f  a  co n tin u o u s  re in fo rc e m e n t c o n d i t io n .  

N e v e r th e le s s ,  p o s i t i v e  b e h a v io ra l  c o n t r a s t  and th e  "G oodrich  e f f e c t "  

a r e  c l e a r ly  n o t in  a c c o rd  w ith  a  g e h e r a l i z a t i o n - o f - i n h i b i t i o n  a n a ly s i s  

o f  d i f f e r e n t i a l  c o n d i t io n in g .  E x p la n a tio n s  o f  p o s i t i v e  b e h a v io ra l  

c o n t r a s t  (T e r ra c e ,  1966) and th e  "G oodrich  e f f e c t "  (S pence , 1960; 

A m sel, 1967) have  in v o lv e d  th e  assu m p tio n  th a t  n o n -rew ard  in  a p p e t i 

t i v e  s i t u a t i o n s  r e s u l t s  i n  f r u s t r a t i o n - b a s e d  m o t iv a t io n a l  e f f e c t s  

w hich e le v a te  in s t ru m e n ta l  re sp o n se  r a t e  o r  sp eed .

W hether th e  e f f e c t s  o f  cue s i m i l a r i t y  in  c l a s s i c a l  a p p e t i t i v e  

c o n d it io n in g  m ir ro r -  th e  ca se  f o r  c l a s s i c a l - a v e r s i v e  o r  in s t r u m e n ta l -  

a p p e t i t i v e  c o n d i t io n in g  has n o t b een  s y s te m a t ic a l ly  a s s e s s e d .

R ein fo rcem en t M agnitude

US D u ra tio n  in  C la s s ic a l  A v ersiv e  C o n d it io n in g . W hile e x te n d in g  

th e  d u r a t io n  o f  an a v e r s iv e  and an  a p p e t i t i v e  US i s  an  e x p e r im e n ta l ly  

analogous m a n ip u la t io n ,  th e re  i s  a marked t h e o r e t i c a l  d iv e rg e n c e  on 

th e  r o le  o f  n o x io u s  U S -d u ra tio n  in  th e  le a rn in g  p r o c e s s .  E f f e c t  

th e o r ie s  ( e . g . ,  H u l l ,  1943; M i l l e r ,  1951; M i l le r  & D o l la rd ,  1941) 

h o ld  th a t  US o f f s e t  i s  a d r iv e - re d u c in g  ( r e in f o r c in g )  e v e n t w hich  

m e d ia te s  le a r n in g  and th u s  m a in ta in  th a t  in c re a s e d  US d u r a t io n  w i l l  

r e t a r d  le a r n in g  due to  d e lay ed  re in fo rc e m e n t .  On th e  o th e r  h an d , 

some c o n t ig u i ty  fo rm u la tio n s  ( e . g . ,  M aier & S c h n e i r la ,  1942; M owrer, 

1947) p o s i t  t h a t  le a rn in g  is  p r im a r i ly  dependen t upon e v e n ts  con

n e c te d  w ith  US o n s e t and hence th a t  th e  d u ra t io n  o f  th e  US w i l l  have  

l i t t l e  e f f e c t  on le a r n in g .  W hile th e  m a jo r ity  o f  s tu d i e s  on US 

d u ra tio n  h ave  b een  e x p l i c i t l y  concerned  w ith  c o n t r a s t in g  th e  l a t t e r
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positions, it should be noted that both Pavlovian and Guthrian formu

lations entail that extending an aversive as well as an appetitive US 

will augment conditioning. For Pavlov, this augmentation follows 

from increased cortical arousal of the US centers, while for Guthrie, 

it results from increased UR activity which facilitates the condi

tioning of an increased number of elements.

W hile d i f f e r e n t i a l  p r e d ic t io n s  f o r  th e  e f f e c t s  o f  a v e r s iv e  US 

d u r a t io n  would a p p e a r  s t r a ig h t f o r w a r d ,  a  number o f  c o m p lic a tin g  f a c 

t o r s  have been  e l a b o r a te d .  M il le r  (1 9 5 1 ), sp eak in g  to  a d e l a y - o f -  

r e in fo rc e m e n t a n a l y s i s ,  h as  p o in te d  o u t t h a t  w ith  in c re a s e d  US 

d u r a t io n ,  th e  presum ed r e in f o r c in g  e v e n t may s t i l l  im m ed ia te ly  f o l 

low th e  re sp o n se  (UR), th u s  seem ing to  be  more an a lo g o u s to  o p e ra 

t i o n s  w hich  a f f e c t  th e  much le s s  s e n s i t i v e  g r a d ie n t  o f  w i th in - c h a in  

d e la y .  I n  a d d i t io n ,  M i l l e r  (1951) p o s tu la te d  two f a c to r s  w h ich  may 

o b sc u re  th e  d e c re m e n ta l e f f e c t s  o f d e la y e d  US te rm in a t io n  from  a  

d r iv e - r e d u c t io n  v ie w p o in t .  He s p e c u la te d  t h a t  te m p o ra l sum m ation 

may o p e ra te  to  augm ent th e  n o x io u sn ess  o f  th e  US and hence in c r e a s e  

th e  amount o f  d r iv e  r e d u c t io n  a t  US o f f s e t ,  o r  a l t e r n a t i v e l y ,  t h a t  

r a p id  i n t r a - t r i a l  a d a p ta t io n  to  th e  US may o c c u r ,  r e s u l t i n g  i n  some 

d e g re e  o f  p r e - o f f s e t  d r iv e  r e d u c t io n .  I n  a s i m i l a r  v e in ,  R u n q u is t 

and Spence (1959) em phasized  t h a t  in c re a s e d  US d u r a t io n  may augm ent 

m o t iv a t io n a l  l e v e l  and o f f s e t  th e  d e c re m e n ta l e f f e c t s  o f  r e ta r d e d  

le a r n in g  due to  d e la y e d  r e in fo rc e m e n t .  On th e  o th e r  s id e  o f  th e  

c o in ,  i n t e r - t r i a l  a d a p ta t io n  o r h a b i tu a t io n  may w e l l  o ccu r w i th  

a v e r s iv e  s t im u l i  and  b e  t i e d  to  t h e i r  d u r a t io n ,  h en ce  a  f a c t o r  w hich  

w ould  low er th e  c o n d i t io n in g  e f f ic a c y  o f  lo n g -d u ra t io n  USs.
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A t th e  e m p ir ic a l  l e v e l ,  th e  e f f e c t s  o f US d u r a t io n  on s im p le  

c l a s s i c a l  a v e r s iv e  c o n d i t io n in g  a r e  i n c o n s i s t e n t  (s e e  A ppendix A ). F or 

shock  USs, In c re a s e d  US d u r a t io n  a p p e a rs  to  have  l i t t l e  e f f e c t  on th e  

c o n d i t io n in g  o f  c a rd ia c  re s p o n s e s  o r  th e  GSR. On th e  o th e r  h an d , 

in c r e a s e d  d u r a t io n  o f  a i r - p u f f  USs a p p e a rs  to  p ro d u ce  a  s l i g h t  d e c re 

m ent f o r  human e y e l id  c o n d i t io n in g .  T h e o r e t ic a l  i n t e r p r e t a t i o n s  v i s  

a_ v i s  e f f e c t  and c o n t ig u i ty  th e o r i e s  have o f te n  in v o lv e d  p o s t - e x p e r i 

m e n ta l in v o c a t io n  o f  a  number o f  p o t e n t i a l  co n fo u n d in g  f a c t o r s  ( e . g . ,  

te m p o ra l sum m at-on, m o tiv a t io n  le v e l )  w hich may have a t te n u a te d  th e  

d e c re m e n ta l e f f e c t s  o f  d e la y  o f  r e in fo rc e m e n t .  C le a r ly ,  to  have 

s c i e n t i f i c  v a lu e ,  such  p o s t - e x p e r im e n ta l  i n t e r p r e t a t i o n s  r e q u i r e  in d e 

p e n d e n t e m p ir ic a l  s u p p o r t .

The a p p a re n t ly  s in g le  r e p o r te d  i n v e s t i g a t i o n  o f  US d u ra t io n  i n  

a  d i f f e r e n t i a l  c o n d i t io n in g  parad ig m  (A sh ton , B itg o o d , & M oore, 1969) 

em ployed th e  n i c t i t a t i n g  membrane re sp o n se  o f  th e  r a b b i t  i n  a  f a c t o r i a l  

d e s ig n  in v o lv in g  shock  d u r a t io n  (5 0 - and 350 m sec .)  and i n t e n s i t y  

( . 5 - ,  2 - ,  and 4 -m a .) .  The in v e s t i g a t o r s  r e p o r te d  t h a t  perfo rm an ce  

to  b o th  d is c r im in a t iv e  s t im u l i  v a r ie d  d i r e c t l y  w ith  in c r e a s e s  i n  US 

d u r a t io n  a s  w e l l  a s  w ith  i n t e n s i t y  w h ile  th e  d e g re e  o f  d i f f e r e n t i a l  

re sp o n d in g  was augm ented o n ly  by th e  l a t t e r .  However, from  th e  

g r a p h ic a l  p r e s e n ta t io n  o f  th e  d a t a ,  i t  a p p e a rs  t h a t  p erfo rm ance  was 

f a r  from  s t a b i l i z e d  when t r a i n i n g  was te rm in a te d . I n t e r p r e t a t i o n  i s  

f u r t h e r  c o m p lic a te d  by th e  f a c t  t h a t  th e  d u r a t io n  o f  th e  d i s c r im in a t iv e  

s t i m u l i  was confounded w ith  US d u r a t io n .

US I n t e n s i t y  in  C la s s i c a l  A v e rs iv e  C o n d it io n in g . A lthough th e y  

d i f f e r  f o r  US d u r a t io n ,  e f f e c t  ( e . g . ,  H u ll ,  1 9 4 3 ), c o n t ig u i ty
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( e . g . ,  G u th r ie ,  1935; Mowrer, 1947), and c o r t i c a l  (P av lo v , 1927) 

th e o r ie s  co n cu r i n  p o s i t i n g  th a t  in c re a s e d  US in t e n s i t y  w i l l  au g 

ment c o n d it io n in g  and a f a c i l i t a t i v e  e f f e c t  o f  US i n t e n s i t y  h a s  b een  

a w ell-docum ented  f in d in g  (se e  A ppendix A ). However, t h e o r i s t s  

o p e ra t in g  w i th in  a  H u l l ia n  fram ework m ust co n ce rn  them selves  w ith  

s e p a ra t in g  m o t iv a t io n a l  and a s s o c i a t i v e  e f f e c t s  o f  US i n t e n s i t y .  To 

t h i s  end, Spence (1958a) p o s tu la te d  t h a t  a v e r s iv e  USs e l i c i t  a  hypo

t h e t i c a l  e m o tio n a l re sp o n s e  ( r e ) w h ich  b r id g e s  ty p i c a l  i n t e r - t r i a l  

in t e r v a l s  and d i r e c t l y  governs d r iv e  (D) l e v e l .  S tu d ie s  by Spence 

and h i s  a s s o c ia t e s  (se e  A ppendix A) have p ro v id ed  su p p o r t f o r  th e  

fo rm u la tio n  t h a t  US i n t e n s i t y  augm ents C R -a sso c ia tiv e  s t r e n g t h  (H) 

above and beyond i t s  e f f e c t  on D.

As in  th e  ca se  f o r  s im p le  c o n d i t io n in g ,  H u llia n  o r ie n te d  

t h e o r i s t s  must a l s o  co n ce rn  th e m se lv es  w ith  m o tiv a t io n a l  a s  w e l l  a s  

a s s o c ia t iv e  e f f e c t s  o f  US i n t e n s i t y  on d i f f e r e n t i a l  c o n d i t io n in g .  

Spence (1958a) a d d re s se d  h im se lf  to  t h i s  concern  and d e t a i l e d  im p l i 

c a t io n s  o f  h i s  th e o r i z in g  on US i n t e n s i t y  f o r  d i f f e r e n t i a l  c o n d i

t io n in g .  Thus H, and v i a  th e  r e m echanism , D, w ere presum ed to  be 

a d i r e c t  f u n c t io n  o f  US i n t e n s i t y  and to  combine m u l t i p l i c a t i v e l y ,  

w h ile  i n h i b i t i o n  was presum ed to  v a ry  s o le ly  w ith  th e  number o f  

n o n re in fo rc e d  t r i a l s .  A ccord ing  to  S p e n c e 's  fo rm u la tio n , an  in c r e a s e  

i n  e i t h e r  H o r  D y ie ld s  th r e e  i n t e r r e l a t e d  p r e d ic t io n s :  augm ented

CS+ and CS- re sp o n d in g  and an  in c re a s e d  d eg ree  o f  d i f f e r e n t i a l  

re sp o n d in g .

Spence and T a n d le r  (1963) e v a lu a te d  th e s e  p r e d ic t io n s  i n  a n  

i n v e s t ig a t io n  o f  tw o - a ir  p u f f  i n t e n s i t i e s  w ith  th e  h u m an -ey e lid
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re s p o n s e  i n  a  d i f f e r e n t i a l  c o n d i t io n in g  p a rad ig m . They a t te m p te d  to  

e q u a te  D w h ile  v a ry in g  H by p r e s e n t in g  th e  a l t e r n a t i v e  US i n t e n s i t y  

on CS- t r i a l s  a f t e r  a n  i n t e r v a l  (2500 m sec .)  presum ed to  b e  i n e f f e c 

t i v e  f o r  c o n d i t io n in g .  A l l  th r e e  p r e d ic t io n s  w ere r e a l i z e d ;  in c re a s e d  

US i n t e n s i t y  w ith  t h e  p o s i t i v e  s t im u lu s  f a c i l i t a t e d  CS+ and CS- p e r 

fo rm an ce , and in  a d d i t io n ,  augm ented th e  d e g re e  o f  d i f f e r e n t i a l  

r e s p o n d in g . In  a  s im i l a r  and r e l a t e d  s tu d y  (R u n q u is t, S p e n c e , & 

S tu b b s , 1958), Ss r e c e iv e d  th e  same i n t e n s i t y  US on CS- a s  on  CS+ 

t r i a l s  b u t  a t  a d e la y e d  i n t e r v a l ,  h e n c e , in  te rm s o f  S p e n c e 's  th e o ry ,  

Ss d i f f e r e d  on b o th  H and D. A g ain , in c re a s e d  US i n t e n s i t y  augm ented 

p e rfo rm a n ce  to  b o th  d is c r im in a t iv e  s t i m u l i ,  how ever, i n  c o n t r a s t  to  

th e  e x p e c ta t io n  o f  g r e a t e r  d i f f e r e n t i a t i o n ,  th e r e  was no s i g n i f i c a n t  

e f f e c t  on th e  d e g re e  o f  d i f f e r e n t i a l  re sp o n d in g .

W hile S p e n c e 's  th e o ry  re c e iv e d  some s u p p o r t ,  a t  v a r ia n c e  w ith  

th e  Spence e t  a l .  f i n d in g s ,  a r e  th e  r e s u l t s  from  a  su b se q u e n t human- 

e y e l id  s tu d y  (S ubosk i & K h o sla , 1969) w h ich  in v e s t ig a t e d  th e  e f f e c t s  

o f  com parab le  p u f f  i n t e n s i t i e s  b u t  em ployed US o m iss io n  on CS- 

t r i a l s .  W hile in c re a s e d  US i n t e n s i t y  r e s u l t e d  i n  s u p e r io r  d i f f e r e n 

t i a t i o n ,  th e  i n v e s t i g a t o r s  su g g e s te d  th a t  th e  s u p e r io r i t y  w as la r g e ly  

d e te rm in e d  by th e  f a c t  t h a t  th e  h ig h  US i n t e n s i t y  group  d is p la y e d  

low er l e v e l s  o f  CS- p e rfo rm an ce  th a n  th e  low i n t e n s i t y  g ro u p .

The p rim ary  p ro c e d u ra l  v a r i a t i o n  may h ave  b e e n  th e  u se  o f  U S -om ission  

on CS- t r i a l s .  S u p p o rt f o r  t h i s  s u g g e s tio n  comes from  h u m a n -e y e lid  

i n v e s t ig a t io n s  o f  US i n t e n s i t y  w ith  p a r t i a l  r e in fo rc e m e n t (PR) 

s c h e d u le s ;  Ross and Spence (1960) em ployed a  US d e la y  p ro c e d u re  

o f  n o n re in fo rc e m e n t and  o b se rv ed  a  f a c i l i t a t i v e  e f f e c t  o f  US
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intensity while investigations which used a US-omission procedure with 

PR schedules (e.g., Boice & Boice, 1966; Runquist, 1963) have reported 

that increased US intensity decremented performance. Consequently, 

while a facilitative effect of US intensity in simple classical aver

sive conditioning has been well-documented, conclusions on the effects 

of this variable ..in differential conditioning differ.

Reward Magnitude in Instrumental Appetitive Conditioning. For 

simple instrumental conditioning, a positive relationship between 

performance and reward magnitude is expected by effect (e.g., Hull, 

1943), contiguity (e.g., Guthrie, 1935) and incentive (e.g., Spence, 

1956) formulations and has been a well-documented finding (e.g., 

Crespi, 1944; cf. Pubols, 1960). Initial investigations of reward 

magnitude in differential conditioning were primarily concerned 

with the implications of frustration-based notions of inhibition. 

Spence (1 9 5 8 b ), in noting some implications of his r^ theory for 

differential conditioning, suggested that the finding of an inverse 

relationship between S- performance and S+ reward magnitude would 

provide strong support for a frustration account of inhibition. 

Subsequently, two studies (Hunter, 1959; Trapold, 1961) from the 

Iowa laboratories using rats in a straight alley setting found 

that while the degree of differential responding was augmented by 

increased food reward, this augmentation primarily reflected 

facilitated S+ performance. Hunter found S- performance was 

unaffected by S+ reward magnitude and Trapold observed no effect 

on S- goal speeds but some facilitation on start and run measures.

In  a  s i m i l a r  i n v e s t i g a t io n ,  Bower and T rap o ld  (1959) a l s o  found
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t h a t  rew ard  m agnitude f a c i l i t a t e d  S+ b u t  n o t  S -  p erfo rm an ce  and s im i la r  

f in d in g s  have b e e n  o b ta in e d  w ith  v a r i a t i o n s  o f  s u c ro s e  c o n c e n tr a t io n  

and th e  r a t ' s  d i f f e r e n t i a l  b a r - p r e s s  re sp o n se  (S te b b in s ,  1 9 5 9 ).

A t th e  e m p ir ic a l  l e v e l  th e  r e s u l t s  ap p e a r r e l a t i v e l y  c o n s i s t e n t :  

in c re a s e d  rew ard  m agnitude f a c i l i t a t e s  S+ perfo rm ance  b u t  h a s  r e l a 

t i v e l y  l i t t l e  e f f e c t  on S - re sp o n d in g . The f a i l u r e  to  o b se rv e  a n  

in v e r s e  r e l a t i o n s h i p  betw een S - perfo rm an ce  and S+ rew ard  m agnitude 

was v iew ed  ( c f .  H u n te r, 1959) as p ro v id in g  l i t t l e  d i r e c t  s u p p o r t  f o r  

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

However, i t  sh o u ld  be no ted  th a t  i f  i n h i b i t i o n  i s  govern ed  s o le l y  by 

th e  number o f S - p r e s e n ta t io n s ,  perfo rm an ce  on S- w ould presum ably  

r e f l e c t  f a c i l i t a t i v e  e f f e c t s  o f  S+ rew ard  m agnitude v i a  s t im u lu s  

g e n e r a l i z a t io n .

An in v e s t ig a t io n  by Bower (1961). su b se q u e n tly  fo c u se d  e x p e r i 

m e n ta l a t t e n t i o n  on r e l a t i v e  d i f f e r e n t i a l  c o n d i t io n in g  parad igm s 

( i . e . ,  b o th  d is c r im in a n d a  a r e  r e in f o r c e d  b u t w ith  d i f f e r e n t i a l  

am ounts o f  r e w a rd ) .  Bower observed  t h a t  r a t s  w hich r e c e iv e d  d i f f e r 

e n t i a l  am ounts o f  food rew ard  s e p a r a te ly  a s s o c ia te d  w i th  two d i s t i n c 

t i v e  runways r a n  slow er in  th e  sm a ll- re w a rd  runway th a n  c o n t r o l  Ss 

who had re c e iv e d  only  th e  sm a lle r  m ag n itu d e . T h is  phenom ena, deno ted  

a s  a  n e g a t iv e - c o n t r a s t  e f f e c t ,  h as  b een  w e ll-d o cu m en ted  ( c f .  B la c k , 

1968; Dunham, 1968; McHose, 1970) and i s  presum ably  r e l a t e d  t o  th e  

f in d in g  o f  d e p re s se d  perform ance fo llo w in g  a  s h i f t  from  la r g e  t o  

sm a ll rew ards r e l a t i v e  to  u n s h i f te d ,  sm a ll- re w a rd  c o n d i t io n s .

Bower (1961) su g g e s te d  t h a t  n e g a t iv e  c o n t r a s t  e f f e c t s  i n  d i f f e r e n t i a l  

c o n d i t io n in g  can  be  e x p la in e d  by an  e x te n s io n  o f A m se l's  (1958)
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frustration theory to situations involving relative reductions in

reward. According to this formulation, each reward magnitude results

in the conditioning of a particular value of r , and primary frus-
J a

tration Rp is elicited when a small reward occurs in the presence of 

a large-value Tg.

As applied to Bower's study, the large-value r_ is presumed to
—a .

generalize from the large-magnitude (S+) runway to the small-magnitude 

(S-) runway; thus leading to the occurrence of Rp in the S- goal 

chamber. Repeated elicitation of Rp results in the conditioning of 

a fractional frustration response (r̂ ) which, via stimulus generali

zation and higher-order conditioning, is elicited by stimuli which 

antedate the goal. The r^ is presumed to mediate the negative con

trast effect because its stimulus consequence ŝ  leads to behavior 

which interferes with the instrumental response. According to this 

formulation, r^ and hence competing responses should be maximal 

nearest the goal box. However, negative contrast effects appear to 

be most pronounced in earlier sections of the runway where the £ 

is first exposed to the negative cues (cf. Ludvigson & Gay, 1966,

1967; Platt & Gay, 1 9 6 8 ). ludvigson and Gay (1967) proposed that 

primary frustration (and the attendent competing behavior) occurs 

shortly after presentation of the negative cue and then dissipates, 

so that performance later in the runway is less disrupted. It 

should be noted that both formulations focus on the response- 

interfering aspects of frustration while the implications of 

increased motivational aspects are not systematically considered.
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I n  a  p a ra m e tr ic  runway in v e s t ig a t io n ,  MacKinnon (1967) e q u a te d  

r a t s  on ,IS+" rew ard  m agn itude  (500 m g.) w h ile  in d e p e n d e n tly  v a ry in g  

"S -"  m agn itude  a t  v a lu e s  o f  0 - ,  3 7 - ,  9 0 - , 3 5 0 - ,  and 500-mg. o f  fo o d .

He found  t h a t  S - p e rfo rm an ce  was p o s i t i v e ly  r e l a t e d  to  rew ard  m agni

tu d e  on S - a s  was S+ p e rfo rm a n c e , w ith  th e  s u r p r i s in g  e x c e p tio n  o f  

th e  c o n d i t io n  w hich r e c e iv e d  nonrew arded S - p r e s e n ta t io n s .  I n  com

p a r is o n  to  th e  c o n d i t io n  w hich re c e iv e d  s m a ll  rew ard  (37 mg.) on S - ,  0 

re w a rd , w h ile  le a d in g  to  d ra m a t ic a l ly  s lo w e r S - p e rfo rm a n ce , p roduced  

f a s t e r  S+ p erfo rm ance  in  c o n t r a s t  to  p r e d ic t io n s  b a se d  on th e  g e n e r a l i 

z a t io n  o f  in h ib i to r y  f a c t o r s .  The r e s u l t s  a r e  p e rp le x in g  and su g g e s t 

an  a p p a re n t d i s c o n t in u i ty  betw een  th e  a f f e c t s  o f  0 rew ard  and com para

t i v e  sm a ll rew ard  in  d i f f e r e n t i a l  c o n d i t io n in g .

The employment o f  a c o n s ta n t ,  s ip a ll-m ag n itu d e  rew ard  on S - w h ile  

in d e p e n d e n tly  v a ry in g  S+ rew ard  m agnitude p a r a l l e l s  th e  d e s ig n  o f  

in v e s t ig a t io n s  o f  rew ard  m agn itude em ploying n o n re in fo rc e d  S - t r i a l s  

( i . e . ,  a b s o lu te  d i f f e r e n t i a l  c o n d i t io n in g ) .  I n v e s t ig a t io n s  em ploying 

t h i s  p ro c e d u re  ( e . g . ,  L udv igson  & Gay, 1966; M atsum oto, 1969; c f .  

McHose, 1970) have found an  in v e r s e  r e l a t i o n s h i p  be tw een  S - p e r f o r 

mance and S+ m ag n itu d e , w h ile  S+ p erfo rm ance  i s  r e l a t i v e l y  i n s e n s i 

t i v e  to  v a r i a t i o n s  in  rew ard  m ag n itu d e . In  te rm s o f  f r u s t r a t i o n  

th e o ry ,  th e  d ec re m e n ta l e f f e c t s  on S - re sp o n d in g  r e f l e c t s  o rd e re d  

am ounts o f d i s r u p t iv e  r ^  w h ich , v i a  s tim u lu s  g e n e r a l i z a t i o n ,  i s  a l s o  

presum ed to  acco u n t f o r  th e  in v a r ia n c e  o f  S+ p erfo rm ance  ( c f .

L udv igson  & Gay, 1966 ). However, nonrew ard i s  presum ably  m ere ly  an  

e x te n s io n  o f  red u ced  rew ard  to  a z e ro  v a lu e .  Y e t,  in  a b s o lu te  d i f 

f e r e n t i a l  c o n d i t io n in g  ( e . g . ,  Bower & T ra p o ld , 1959; T ra p o ld , 1961)
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increased S+ reward magnitude facilitates S+ performance while S- 

responding is relatively unaffected. The seeming dichotomy between 

the effects of S+ reward magnitude in absolute and relative differen

tial condition apparently awaits systematic theoretical resolution.

I t  sh o u ld  b e  n o te d  t h a t  th e  r_  mechanism i s  presum ed to  a f f e c t  

in s t r u m e n ta l  re sp o n d in g  v i a  i t s  re sp o n se  s t r e n g t h ,  r a t h e r  th a n  i t s  

u n d e r ly in g  h a b i t  o r  a s s o c i a t i v e  s t r e n g th ;  and a s  a re sp o n se  i t  sh o u ld  

r e f l e c t  th e  e f f e c t s  o f  a c q u i s i t i o n  and e x t in c t i o n .  A cco rd ing  to  

A m se l's  (1958 , 1967) fo rm u la t io n ,  w h ile  re p e a te d  n o n re in fo rc e m e n t o f  

r g r e s u l t s  in  th e  c o n d i t io n in g  o f  r j ,  i t  a l s o  in v o lv e s  some e x t in c 

t i o n  o f  r ^  i t s e l f .  As p r e v io u s ly  in d ic a te d ,  th e  e x p la n a to ry  b u rd e n  

o f  th e  d e c re m e n ta l e f f e c t s  o f  nonrew ard on in s t ru m e n ta l  re sp o n d in g  

i s  p r im a r i ly  p la c e d  on th e  i n t e r f e r i n g  re sp o n se s  e l i c i t e d  by th e  

r f - S f  m echanism  w h ile  th e  presum ed e f f e c t s  o f  d e c re a se d  r ^  a r e  g en 

e r a l l y  unem phasized . I t  i s  s p e c i f i c a l l y  p o s tu la te d  ( c f .  A m sel,

1967, p .  5) t h a t  no re sp o n se  c o m p e tit io n  o c c u rs  betw een r£  and r^, 

b u t o n ly  betw een  th e  re sp o n se s  e l i c i t e d  by t h e i r  r e s p e c t iv e  i n t e r o 

c e p t iv e  c u e s .  W hile  th e  p a ra d ig m a tic  re q u ire m e n ts  f o r  th e  e l i c i t a 

t i o n  and hen ce  c o n d i t io n in g  o f  f r u s t r a t i o n  can  presum ably  o b ta in  

w i t h i n - c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g  s i t u a t i o n s ,  th e  im p l ic a t io n s  

a r e  t h a t  f r u s t r a t i o n  g e n e ra te d  com peting re sp o n s e s  a r e  n o t o p e r a t iv e  

f a c t o r s  a f f e c t i n g  a p p e t i t i v e  CRs.

In view of the above comments, the implications are that the 

effects of US magnitude on CS+ and CS- performance in classical 

appetitive conditioning will reflect the functional relationships 

governing the effects of reward magnitude on the differential
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c o n d i t io n in g  o f  r „ .  I n  a d d i t io n ,  i t  sh o u ld  b e  n o te d  t h a t  in  i n s t r u -  

m e n ta l c o n d i t io n in g ,  an  in v e r s e  r e l a t i o n s h i p  be tw een  S - p erfo rm an ce  

and S+ rew ard  m agn itude has  b een  v iew ed a s  p re su m p tiv e  e v id e n c e  f o r  

f r u s t r a t i o n  e f f e c t s .  Such an  i n t e r p r e t a t i o n  assum es t h a t  th e  p e r 

form ance decrem en ts  i n  r „  r e s u l t i n g  from  S - p r e s e n ta t io n s  a re  gov ern ed
—A

s o le ly  by  th e  number o f  n o n re in fo rc e d  t r i a l s  ( a ls o  c f .  B ir c h ,  1961 

f o r  a  s i m i l a r  a n a ly s i s  o f  e x t i n c t i o n ) .  P resum ably  th e  a ssu m p tio n s  

re g a rd in g  th e  d e te rm in a n ts  o f  r „  can  be e v a lu a t io n  in  c l a s s i c a l
—A

a p p e t i t i v e  c o n d i t io n in g  p a rad ig m s.

US M agnitude in  C la s s ic a l  A p p e t i t iv e  C o n d it io n in g . Most s tu d ie s  

o f  US m agn itude  ( e . g . ,  G a n tt ,  1938; K lesch o v , 1936; W agner, S ie g e l ,  

Thomas, & E l l i s o n ,  1964) have in v e s t ig a t e d  th e  d o g 's  s a l i v a r y  

re s p o n se  to  food and have r e p o r te d  a  p o s i t i v e  r e l a t i o n s h i p  betw een  

s a l i v a r y  re sp o n d in g  and amount o f  fo o d . However, a p p e t i t i v e  in v e s 

t i g a t i o n s  o f  th e  d o g 's  s a l i v a r y  re s p o n s e  have commonly em ployed a  

p ro c e d u re  o f  US p r e s e n ta t io n  w hich  h a s  su b se q u e n tly  b e e n  q u e s tio n e d  

on th e  m e th o d o lo g ic a l grounds t h a t  th e  o p e ra t io n s  o f  re in fo rc e m e n t 

a r e  c o n t in g e n t  on an  a n c i l l i a r y  b u t  p r e r e q u i s i t e  in s t r u m e n ta l  

r e s p o n s e ,  th u s  in t ro d u c in g  a  p o t e n t i a l l y  o b sc u rin g  f a c t o r  in to  th e  

c l a s s i c a l  c o n d i t io n in g  parad igm  ( c f .  K ie ry lo w ic z , S o l ty s i k ,  & D iv a$ , 

1968; Gormezano, 1969). S p e c i f i c a l l y ,  in  th e s e  s tu d i e s  th e  r e c e i p t  

o f  th e  US on th e  r e c e p to r  s u r f a c e s  o f  th e  o r a l  c a v i ty ,  and hence 

UR e l i c i t a t i o n ,  was c o n tin g e n t upon re sp o n se s  o f  a p p ro a c h in g  and 

s e iz in g  th e  food from  a h o p p e r . The speed  o f  t h i s  p r e r e q u i s i t e  

in s t ru m e n ta l  re sp o n se  may w e ll  have been  p o s i t i v e ly  r e l a t e d  to  food
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m ag n itu d e , th u s  p ro v id in g  f o r  s h o r t e r ,  and p o s s ib ly  f a c i l i t o r y  

f u n c t io n a l  I S I s  f o r  th e  l a r g e r  m a g n itu d e  c o n d i t io n s .  H owever, 

m ore r e c e n t ly ,  S h e a fo r  (1970) in v e s t ig a t e d  US m a g n itu d e  em ploying, 

th e  jaw-movement re sp o n se  o f  th e  r a b b i t  to  i n t r a o r a l  w a te r  

p r e s e n ta t io n s .  Em ploying th r e e  l e v e l s  o f  US m agn itude  ( 1 - ,  5 - ,  

and 2 0 -c c ) ,  S h a e fo r  o b se rv ed  t h a t  p e rc e n ta g e  re s p o n d in g  was 

p o s i t i v e l y  r e l a t e d  t o  US m a g n itu d e . The f in d in g  i a  c o n g ru e n t w ith  

v i r t u a l l y  e v e ry  m a jo r p o s i t i o n  on c o n d i t io n in g  ( e . g . ,  G u th r ie ,  1930; 

H u l l ,  1943; P a v lo v , 1927).

As th e  in c o r p o r a t io n  o f  S p en ce’ s  (1937) m odel w i th in  H u l l ’ s  

(1943) b e h a v io r  th e o ry  i n d i c a t e s ,  an  e x c i t a t i o n - i n h i b i t i o n  a n a ly s i s  

o f  d i f f e r e n t i a l  c o n d i t io n in g  can  b e  in t e g r a te d  w ith  a l t e r n a t i v e  

m echanism s o f  g e n e r a l i z a t io n  and a s s o c i a t i v e  s t r e n g t h .  Y e t, c e n t r a l  

to  any  e x c i t a t i o n - i n h i b i t i o n  a n a l y s i s  i s  th e  amount o f  g e n e r a l i z a t io n  

betw een  d is c r im in a n d a . F u rth e rm o re , a s  th e  p re c e d in g  developm ent 

i n d i c a t e s ,  m a jo r th e o r i e s  o f  g e n e r a l i z a t i o n  ( e . g . ,  G u th r ie ,  1935; 

H u ll ,  1943; P a v lo v , 1927) converge  i n  o p e r a t io n a l ly  s p e c i f y in g  

s t im u lu s  s i m i l a r i t y  a s  a  p rim ary  d e te rm in a n t o f  g e n e r a l i z a t i o n .  

S im i la r ly  c o n t in u i t y ,  e f f e c t ,  and c o r t i c a l  th e o r i e s  o f  a s s o c i a t i v e  

s t r e n g th  co n v erg e  in  id e n t i f y in g  US m ag n itu d e  a s  a  b a s i c  d e te rm in a n t 

o f  e x c i t a t o r y  a s s o c i a t i v e  s t r e n g t h .  D e s p ite  th e  o p e r a t io n a l  

converg en ce  and th e  t h e o r e t i c a l l y  fu n d am en ta l s t a t u s  o f  c l a s s i c a l  

a p p e t i t i v e  c o n d i t io n in g ,  s y s te m a tic  d a ta  on th e  e f f e c t s  o f  cu e  • 

s i m i l a r i t y  and US m agn itude f o r  d i f f e r e n t i a l  c l a s s i c a l  a p p e t i t i v e  

c o n d i t io n in g  a r e  la c k in g .
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EXPERIMENT I

The p u rp o se  o f  th e  p r e s e n t  s tu d y  was to  a s s e s s  th e  e f f e c t s  o f  

cue s i m i l a r i t y  on s e p a r a te - p h a s e  d i f f e r e n t i a l  c l a s s i c a l  a p p e t i t i v e  

c o n d i t io n in g  o f  th e  r a b b i t ' s  jaw-movement re s p o n s e . A c o n t r a s t  c o n t r o l  

in v o lv in g  s in g le - c u e  c o n tin u o u s  re in fo rc e m e n t was a lso  in c o rp o ra te d  

w i th in  th e  d e s ig n .

F o r an  e x c i t a t i o n - i n h i b i t i o n  a n a l y s i s  o f  d i f f e r e n t i a l  c o n d i

t i o n in g  (H u ll,  1943; S pence, 1937), th e  p r e d ic te d  e f f e c t s  o f  cue 

s i m i l a r i t y  on d i s c r im in a t iv e  p erfo rm an ce  a r e  s t r a ig h t f o r w a r d :  (a)

CS- p erfo rm an ce  w i l l  b e  p o s i t i v e l y  r e l a t e d  to  cue s i m i l a r i t y  due to  

in c re a s e d  e x c i t a t o r y  g e n e r a l i z a t io n ;  and (b) CS+ perfo rm ance w i l l  b e  • 

n e g a t iv e ly  r e l a t e d  t o  cue s i m i l a r i t y  due to  in c re a s e d  i n h i b i t o r y  

g e n e r a l i z a t io n .  M oreover, a c c o rd in g  to  th e  th e o ry ,  s im p le  and 

d i f f e r e n t i a l  c o n d i t io n in g  parad igm s a r e  a n a ly z e d  and c o n t r a s t e d  w i th in  

th e  common c o n te x t  o f  th e  d is c r im in a t io n  p o s t u l a t e s .  F o r exam ple , 

s in c e  s im p le  c o n d i t io n in g  w ith  c o n tin u o u s  re in fo rc e m e n t in v o lv e s  no 

i n h i b i t i o n  to  C S-, i t  can  b e  an a ly z e d  a s  a  c a s e  f u n c t io n a l ly  e q u iv a le n t  

to  co m p le te  cue d i s s i m i l a r i t y  ( i . e . ,  no g e n e r a l iz a t io n  o f  i n h i b i t i o n ) .

I n  c l a s s i c a l  a v e r s iv e  c o n d i t io n in g ,  th e  r e s u l t s  a r e  co n so n a n t 

w i th  th e  th e o ry .  I n v e s t i g a to r s  u s in g  th e  human (G ynther, 1957 ;

M oore, 1964) and r a b b i t  (F re y , 1967) e y e l id  re sp o n se  h av e  found t h a t :  

(a )  l e s s  s im i la r  CSs r e s u l t e d  i n  d e c re a se d  CS- perfo rm ance and
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in c re a s e d  CS+ p e rfo rm a n ce ; and (b) d i f f e r e n t i a l  c o n d i t io n in g  d e p re s s e d  

CS+ p e rfo rm a n ce  com pared to  c o n tin u o u s  re in fo rc e m e n t .  The same 

p a t t e r n  o f  r e s u l t s  h a s  b een  found (Homzie, 1968) when d i f f e r e n t i a l  

c o n d i t io n in g  i s  p receed ed  b y  a c q u i s i t i o n  t r a i n i n g  to  th e  p o s i t i v e  

CS ( i . e . ,  s e p a ra te -p h a s e  d i f f e r e n t i a l  c o n d i t io n in g ) .  In  b r i e f ,  

th e  r e s u l t s  from  c l a s s i c a l  a v e r s iv e  c o n d i t io n in g  c l e a r l y  su p p o rt 

H u ll-S p en ce  th e o ry .

However, th e  c a se  f o r  in s t r u m e n ta l  a p p e t i t i v e  c o n d i t io n in g  

w ith  r e g a rd  to  th e  p o s i t i v e  cu e  may b e  d i f f e r e n t .  O peran t i n v e s t i 

g a to r s  ( e . g . ,  H anson, 1959; c f .  T e r ra c e ,  1966) h av e  r e p o r te d  t h a t  

d i f f e r e n t i a l  c o n d i t io n in g  in v o lv in g  s im i l a r l y  c o lo re d  keys p ro d u ces  

s u b s t a n t i a l l y  h ig h e r  r a t e s  o f  re sp o n d in g  t o  S+ th a n  d o es  c o n tin u o u s  

re in fo rc e m e n t ( i . e . ,  a  v a r i a n t  o f  p o s i t i v e  b e h a v io ra l  c o n t r a s t ) .

Runway in v e s t ig a t io n s  c o n t r a s t in g  p a r t i a l  and c o n tin u o u s  re in fo rc e m e n t 

r e v e a l  a n o th e r  d is c o n f irm a to ry  f in d in g .  G oodrich  (1959) and o th e r s  

( c f . ,  S pence, 1960) have found  t h a t  p a r t i a l  (50%) re in fo rc e m e n t l e a d s  

t o  f a s t e r  a s y m p to tic  p e rfo rm an ce  th a n  c o n tin u o u s  r e in fo rc e m e n t .

P a r t i a l  re in fo rc e m e n tc a n  o f  c o u rs e  b e  view ed a s  th e  l i m i t in g  c a s e  o f  

d i f f e r e n t i a l  c o n d i t io n in g  w ith  h ig h ly  s im ila r  ( i d e n t i c a l )  c u e s . I n  

c o n t r a s t ,  runway s tu d ie s  in v o lv in g  r e l a t i v e l y  h ig h ly  d is c r im in a b le  

s t im u l i  (b la c k  v s .  w h ite  g o a l  b o x es) have found S+ p erfo rm ance  

i n f e r i o r  t o  t h a t  o f  a  c o n tin u o u s  re in fo rc e m e n t c o n d i t io n  ( e . g . ,

F r ie d e s ,  1957; MacKinnon, 1 9 6 7 ). N e v e r th e le s s ,  p o s i t i v e  b e h a v io r a l  

c o n t r a s t  and th e  "G oodrich  e f f e c t "  a r e  c l e a r l y  n o t  in  acc o rd  w ith  a  

s im p le  g e n e r a l i z a t i o n - o f - i n h i b i t i o n  a n a l y s i s .  E x p lan a - ;• • '

t i o n s  o f  p o s i t i v e  b e h a v io ra l  c o n t r a s t  (T e r ra c e , 1966) and th e
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"G oodrich  e f f e c t "  (A m sel, 1962) have invoked  fo rm u la tio n s  w hich  assume 

t h a t  nonrew ard  in  a p p e t i t i v e  s i t u a t i o n s  p roduce  f r u s t r a t i o n - b a s e d  

m o t iv a t io n a l  e f f e c t s  w hich e le v a te  re sp o n d in g .

The above n o te d  d isc re p a n c y  betw een  th e  r e s u l t s  from  c l a s s i c a l -  

a v e r s iv e  and in s t r u m e n ta l - a p p e t i t i v e  c o n d i t io n in g  f u r th e r  em p h asizes  

th e  im p o rtan ce  o f  d e te rm in in g  th e  e f f e c t s  f o r  c l a s s i c a l  a p p e t i t i v e  . 

c o n d i t io n in g .  S p e c i f i c a l l y ,  does th e  t r a d i t i o n a l  a c c o u n t o f  s im p le  

e x c i t a t o r y  and in h i b i to r y  g e n e r a l iz a t io n  a d e q u a te ly  i n t e g r a t e  th e  

f in d in g s  i n  c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g  o r  a re  n o t io n s  in v o lv in g  

m o t iv a t io n a l  e f f e c t s  o f  n o n re in fo rc e m e n t in d ic a te d ?  A c c o rd in g ly , to  

a s s e s s  th e  e f f e c t s  o f  cue s i m i l a r i t y  on c l a s s i c a l  a p p e t i t i v e  

c o n d i t io n in g ,  th e  p r e s e n t  s tu d y  u sed  th e  s e p a ra te -p h a s e  d i f f e r e n t i a l  

c o n d i t io n in g  p ro c e d u re  o f  a sy m p to tic  a c q u i s i t i o n  t r a i n i n g  t o  a  

600-Hz to n e  fo llo w ed  by fo u r  in d e p en d en t m a n ip u la t io n s  o f  cue 

s i m i l a r i t y :  CS- to n e  freq u en cy  v a lu e s  o f  6 0 0 , 1000, and 2100 H z,

and a  c o n d i t io n  w ith  no CS- p r e s e n ta t io n s  ( i . e . ,  a  c o n t in u o u s -  

re in fo rc e m e n t g ro u p ) . The s e p a ra te -p h a s e  d e s ig n  was chosen  o v e r  th e  

s in g le - p h a s e  d i f f e r e n t i a l  c o n d it io n in g  p arad igm  b e c a u se  i t  p e r m i t s ,  

i n  te rm s o f  H u ll-S p en ce  th e o ry ,  a  more a n a l y t i c  e v a lu a t io n  o f  th e  

g e n e r a l i z a t io n  o f  e x c i t a t i o n  and th e  e f f e c t s  o f  th e  su b se q u e n t b u i l d 

up and g e n e r a l iz a t io n  o f  i n h i b i t i o n .  A d d i t io n a l ly ,  th e  s e p r a t e -  

p h ase  d e s ig n  i s  more s im i la r  to  some o p e ra n t  p ro c e d u re s  w hich h av e  

p roduced  b e h a v io r a l  c o n t r a s t  in  t h a t  th e y  in v o lv e  s t a b i l i z i n g  

re sp o n d in g  to  th e  p o s i t i v e  cue b e fo re  th e  n e g a t iv e  cue i s  in t ro d u c e d  

( e . g . ,  H anson, 19 5 9 ).
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Method

S u b je c ts

The Ss w ere 48 a lb in o  r a b b i t s  ( o ry c to la g u s  __

c u n ic u lu s )  w eigh ing  a b o u t 2 kg each  and w ere  80-100 days o ld  when 

p u rc h a se d  form  M o rr iso n ’ s  R a b b i try ,  W est L ib e r ty ,  Iow a. Upon
i

a r r i v a l ,  th e  a n im a ls  w ere  i n d i v id u a l ly  caged  and g iv e n  f r e e  a c c e s s  

to  food  and w a te r .

A p p ara tu s

The ap p a ra tu s -an d  r e c o rd in g  te c h n iq u e  w ere  th e  same a s  t h a t  

d e s c r ib e d  by  M itc h e l l  and Gormezano (1970) who d e t a i l  d e p a r tu r e s  

from  e a r l i e r  p ro c e d u re s  (Smith, D iL o llo , & Gormezano, 1 9 6 6 ). Tw elve 

v e n t i l a t e d  c o n d i t io n in g  cham bers w ere p ro v id e d  by  th e  m o d i f ic a t io n  

o f  f o u r  3 -d raw er l e g a l - s i z e d ,  f i r e - p r o o f  f i l i n g  c a b in e t s .  The f r o n t  

i n s i d e  p a n e l  o f  each  cham ber c o n ta in e d  a  6 .35 -cm . sp e a k e r  lo c a te d  

midway betw een  two 230-V , 10-W in c a n d e s c a n t  lam p s. The l a t t e r  w ere 

mounted b eh in d  d i f f u s i o n  g la s s  and p rod u ced  4 .3  f o o t - c a n d le s  o f  

i n t e r i o r  i l lu m in a t io n .

A P le x ig la s  b o x , d e s ig n e d  to  r e s t r a i n  r a b b i t s ,  was eq u ipped  w ith  

a  h e a d s to c k  and b ack  p l a t e  w hich  w ere a d j u s t a b l e ,  and a  foam -padded 

p in n e a  clam p ( c f .  F ig .  1 o f  M itc h e l l  & Gormezano, 19 7 0 ). The 

r e s t r a i n e d  S. was f i t t e d  w ith  headm ount s u p p o r t in g  a  t r a n s d u c e r  f o r  

r e c o r d in g  jaw  movements and a  L uer-L ock  c o u p le r  f o r  w a te r  d e l iv e r y  

t o  S /s  o r a l  c a v i ty .  The P le x ig la s  b o x , c o n ta in in g  th e  r e s t r a i n e d  jS, 

was p la c e d  i n  th e  c o n d i t io n in g  chamber su ch  t h a t  S /s  head  was a b o u t 

2 0 .3 2  cm from  th e  s t im u lu s  p a n e l .
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The jaw-movement t r a n s d u c e r  c o n s is te d  o f  a n  opaque r e c ta n g u la r  

f l a g  mounted on a  w ire  a x i s  w hich  was in te r p o s e d  be tw een  a  sm a ll l i g h t  

s o u rc e  and  a  pho to  t r a n s i s t o r .  A le n g th  o f  a n g le d  p ia n o  w ir e ,  con

n e c te d  to  th e  a x l e ,  was i n s e r t e d  in t o  a  p erm anen t w o u n d -c lip  a p p l ie d  

t o  t h e  t i p  o f  th e  £>'s lo w er ja w . Jaw movements r e s u l t e d  i n  f l a g  

r o t a t i o n  w hich  p roduced  a  v a r i a t i o n  in  th e  am ount o f  l i g h t  t r a n s m i t te d  

to  th e  p h o t o t r a n s i s t o r .  An e l e c t r i c a l  s ig n a l  p roduced  by th e  

r e s u l t i n g  co n d u c tan ce  ch an g es  i n  th e  p h o to t r a n s i s to r  was a m p lif ie d  

and re c o rd e d  i n  an  a d jo in in g  room on an O ffn e r  s ix - c h a n n e l ,  in k -  

w r i t in g  o s c i l lo g r a p h .

D i s t i l l e d  w a te r ,  w h ich  s e rv e d  a s  th e  US, w as c o n ta in e d  in  12 

s t a i n l e s s  s t e e l  r e s e r v o i r s  p r e s s u r iz e d  a t  10 p s i  above a tm o sp h e ric  

p r e s s u r e .  The US d e l iv e r y  sy stem  c o n s is te d  o f  tu b in g  ru n n in g  from  

th e  o u tp u t o f  th e  r e s e r v o i r s ,  th ro u g h  so u n d -p ro o fe d  s o le n o id  v a lv e  

j u n c t io n s ,  i n t o  th e  c o n d i t io n in g  cham bers w here  i t  was a t ta c h e d  

t o  th e  L uer-L ock  ju n c t io n  on th e  S /s  headm ount. A 15 .24  cm le n g th  

o f  . 3 175-cm d ia m e te r  Tygon tu b in g  co n n ec ted  to  t h e  L uer-L ock  ju n c t io n ,  

te rm in a te d  i n  a  b lu n te d  (No. 16) hypoderm ic n e e d le  w hich  was i n s e r t e d  

i n t o  a  p e rm a n en tly  im p la n te d  f i s t u l a  in  th e  S / s  ch ee k . The US was a  

p u ls e d  d e l iv e r y  o f  3 c c  o f  w a te r  i n t o  th e  S /s  o r a l  c a v i ty ,  w ith  ea c h  

in d iv id u a l  p u ls e  c o n s i s t i n g  o f  a  1 -cc  s q u i r t  d e l iv e r e d  o v er a  .3 - s e c  

i n t e r v a l .  The i n t e r v a l  be tw een  each  s u c c e s s iv e  1 -c c  s q u i r t  was .4 5  

s e c ,  and p ro v id e d  an a lm o s t u n in te r r u p te d  s tre a m  o f  w a te r .  Thus 

th e  t o t a l  d u r a t io n  o f  th e  US was 1 .8  s e c .

Tones o f  600, 660, 1000, and 2100 Hz, em ployed a s  CSs, had d u r a t io n s
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o f  500 msec and  w ere  d e l iv e r e d  th ro u g h  th e  sp e a k e r  a t  th e  f r o n t  o f

eac h  c o n d i t io n in g  cham ber. The to n e s  y ie ld e d  a  sound p r e s s u r e  l e v e l ,

a s  m easured  b y  th e  B s c a le  o f  a  G e n e ra l R adio  sound l e v e l  m e te r ,  o f
2

62 dB ( r e  .0002  dynes/cm  ) w hich  was 6 dB above th e  backg round  sound 

l e v e l  p roduced  by a w h ite  n o is e  g e n e r a to r .

The tw e lv e  c o n d i t io n in g  cham bers w ere d iv id e d  i n t o  two e q u a l 

sq u a d s , each  squad  r e c e iv e d  i t s  t r i a l s  d u r in g  th e  i n t e r t r i a l  i n t e r 

v a l s  o f  th e  o t h e r .  A punched p a p e r  ta p e  fe d  th ro u g h  a  W este rn  Union 

t r a n s m i t t e r  programmed i n t e r t r i a l  i n t e r v a l s  and r e c e i p t  o f  th e  

s t im u l i  whose d u r a t io n s  w ere c o n t r o l le d  by an  I c o n ix  tim e b a se  (Model 

6 2 5 5 ), p r e s e t  c o n t r o l l e r  (Model 6 0 1 0 ), a n d  s to r a g e / r e l a y  u n i t  (Model 

60 8 7 ).

P ro c e d u re

On th e  f i f t h  d ay  fo llo w in g  a r r i v a l ,  th e  Ss w ere  a n e s th e t iz e d  by 

an  i n t r a p e r i t o n e a l  i n j e c t i o n  o f  sodium  p e n ta b a r b i to l  (50 m g/m l).

A sm a ll h o le  l e n g th  w as punched i n  th e  Ŝ ’s  d e p i la te d  l e f t  c h e e k .

A s h o r t  le n g th  o f  p o ly e th e le n e  tu b in g  (PE 2 4 0 ), w hich  had  b e e n  h e a t  

f l a r e d  on one end and a  p o ly e th e le n e  w asher a t t a c h e d ,  was p a s se d  

th ro u g h  th e  punched h o le  o f th e  ch ee k  from  th e  in s id e  such  t h a t  th e  

f l a r e d  end and w ash er w ere f lu s h  a g a in s t  th e  in s id e  c h e e k . An 

a d d i t i o n a l  p o ly e th e le n e  w asher (.7 9 4 -cm  0D) was a t ta c h e d  to  th e  

p ro tru d in g  tu b in g  w h ich  was th e n  h e a t  f l a r e d  to  p e rm a n e n tly  s e c u re  

th e  c a n n u la . A 9-mm s t a i n l e s s  s t e e l  w o u n d -c lip  was th e n  a p p l ie d  to  

th e  t i p  o f  _S's lo w er jaw .

A f te r  a  4 8 -h  re c o v e ry  p e r io d ,  th e  r a b b i t s  w ere  r e s t r i c t e d  to
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90 c c  o f  w a te r  p e r  day f o r  th e  d u r a t io n  o f  th e  e x p e r im e n t. P r i o r  

to  th e  a v a i l a b i l i t y  o f  w a te r  on th e  f o u r th  d ay , th e  r a b b i t s  w ere  

a d a p te d  t o  th e  a p p a ra tu s  and t h e i r  b a se  r a t e  o f  jaw  movements re c o rd e d  

a t  tim e s  c o rre sp o n d in g  to  th e  o b s e rv a t io n  i n t e r v a l s  o f  su b se q u e n t 

a c q u i s i t i o n  s e s s io n s .  A c q u is i t io n  t r a i n i n g  began  on th e  fo l lo w in g  d a y .

D esign

Twelve Ss w ere random ly  a s s ig n e d  to  eac h  o f fo u r  g ro u p s . I n  

P h a se  I  ( a c q u i s i t io n  p h a s e ) ,  a l l  g roups re c e iv e d  i d e n t i c a l  a c q u i s i t i o n  

t r a i n i n g  w i th  a  600-Hz CS. The a c q u i s i t i o n  p h ase  in v o lv e d  e i g h t  

r e in f o r c e d  ( i . e . ,  CS-US) t r i a l s  p e r  d a i ly  s e s s io n  f o r  f o u r te e n  

c o n s e c u t iv e  d ay s .

D uring  th e  su b se q u e n t 24 days o f  P h ase  I I  ( d i f f e r e n t i a l -  

c o n d i t io n in g  p h a s e ) , a l l  g ro u p s  c o n tin u e d  to  r e c e iv e  e ig h t  r e in f o r c e d  

t r i a l s  p e t  s e s s io n  w i th  th e  600-Hz to n e  ( i . e . ,  CS^). The be tw een  

JS m a n ip u la t io n  o f  cue  s i m i l a r i t y  in v o lv e d  e ig h t  n o n re in fo rc e d  

p r e s e n ta t io n s  o f  a  d i f f e r e n t  to n a l  f re q u e n c y  ( i . e . ,  CS2 ) o f  66 0 ,

1000, and 2100 Hz, f o r  t h r e e  d i f f e r e n t i a l - c o n d i t i o n i n g  g roups (G roups 

6 6 0 , 1000, 2100) w h ile  t h e  f o u r th  group (Group N) r e c e iv e d  no 

n o n re in fo rc e d  s t im u l i  and th u s  m ere ly  in v o lv e d  a  c o n t in u a t io n  o f  i t s  

( e ig h t  CSj-US t r i a l s  p e r  d a i ly  s e s s io n )  a c q u i s i t i o n  t r a i n i n g  

p ro c e d u re .  The o rd e r  o f  CS^ and CS2  p r e s e n ta t io n s  was random ly  

v a r i e d  w ith  th e  r e s t r i c t i o n  t h a t  n o t  m ore th a n  th r e e  t r i a l s  o f  one 

ty p e  co u ld  o c c u r c o n s e c u t iv e ly  and in v o lv e d  i n t e r t r i a l  i n t e r v a l s  o f  

2 .0 ,  2 .5 ,  and 3 .0  m in w i th  a  mean o f  2 .5  m in . Group N in  P h ase  I I ,  

a s  w e l l  a s  a l l  g ro u p s i n  P hase  I ,  r e c e iv e d  th e  e i g h t  r e in f o r c e d
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t r i a l s  p e r  s e s s io n  a t  i n t e r t r i a l  i n t e r v a l s  w hich  m ir ro re d  th e  

i n t e r v a l s  betw een  CS^ t r i a l s  d u r in g  P h ase  I I .  T hus, th e  i n t e r v a l s  

betw een  r e in f o r c e d  t r i a l s  w ere e q u a te d  a c ro s s  b o th  p h a s e s  a s  w e l l  a s  

a c r o s s  th e  fo u r  tre a tm e n t c o n d i t io n s .

T hroughout th e  ex p erim en t, th e  CS-US i n t e r v a l  w as 500 msec w hich  

was a l s o  th e  d u r a t io n  o f  th e  CS on b o th  r e in f o r c e d  and n o n - r e in fo rc e d  

t r i a l s .  D e f le c t io n s  o f th e  r e c o rd in g  p en s o f  a t  l e a s t  1 mm from  

b a s e l in e  (c o rre sp o n d in g  to  .3  mm o f  jaw  movement) o c c u r r in g  d u r in g  

th e  500 m sec i n t e r v a l  fo llo w in g  CS o n s e t  w ere re c o rd e d  a s  CRs.

R e s u l t s

P hase  I

CR F req u en cy . F ig u re  1 p o r t r a y s ,  f o r  each  g ro u p , b a s e - r a t e  

re sp o n d in g  o n  th e  a d a p ta tio n  day  and th e  p e rc e n ta g e  CRs d u r in g  a c q u i

s i t i o n  t r a i n i n g  over seven , tw o-day  b lo c k s .  The f i g u r e  r e v e a l s  t h a t  

a d a p ta t io n -d a y  re sp o n d in g  d id  n o t  exceed  2% and t h a t  th e  g roups 

e x h ib i te d  q u i t e  s im i la r  a c q u i s i t i o n  f u n c t io n s .  F o r a l l  g ro u p s , 

re sp o n d in g  in c re a s e d  q u ic k ly  and  u n ifo rm ly  o v e r t h e  e a r l y  p o r t i o n  

o f  a c q u i s i t i o n  and re sp o n se  l e v e l s  o f  a b o u t 74% w ere  a t t a i n e d  by 

th e  f o u r th  b lo c k  and m a in ta in ed  d u r in g  th e  re m a in in g  a c q u i s i t i o n  p h a se . 

On th e  l a s t  d a y -b lo c k , n e a r ly  i d e n t i c a l  CR l e v e l s  o f  76.7% , 75.0%, 

74.8%, and 72.7% w ere  e x h ib ite d  b y  Groups 660, 1000 , 2100, and N, 

r e s p e c t iv e l y .  M oreover, in  te rm s o f  mean o v e r a l l  l e v e l s  o f  

re sp o n d in g  d u r in g  a c q u i s i t i o n ,  t h e  l a r g e s t  d i f f e r e n c e  be tw een  g roups 

was 2.3% (54.5%  v s .  56.7% f o r  G roups 1000, and N, r e s p e c t i v e l y ) .



www.manaraa.com

48

An a n a ly s i s  o f  v a r ia n c e  o f  th e  p e rc e n ta g e  CR d a ta  w ith  G roups 

a s  a  "dummy" v a r i a b l e  su p p o rte d  th e  o b s e rv a t io n  o f  com parab le  

a c q u i s i t i o n  p e rfo rm a n ce . T hus, w h ile  Days was a  s i g n i f i c a n t  s o u rc e  

o f  v a r ia n c e ,  n e i th e r  th e  G roups n o r  th e  G roups X Days e f f e c t  was 

s i g n i f i c a n t  (s e e  T ab le  1 ) .  To a s s e s s  w h e th e r a s y m p to tic  ( i . e . ,  s t a b l e )  

and com parab le  re s p o n s e  l e v e l s  had b een  a t t a i n e d ,  an  a d d i t i o n a l  

a n a l y s i s  o f  v a r ia n c e  was perfo rm ed  on th e  p e rc e n ta g e  CR d a ta  o f  th e  

l a s t  f o u r ,  tw o-day  b lo c k s  o f  a c q u i s i t i o n .  The a n a ly s i s  r e v e a le d  

t h a t  n e i t h e r  th e  D ays, G roups, n o r  th e  Day X Groups e f f e c t  was 

s i g n i f i c a n t  (Fs < 1) and th u s ,  s u p p o r ts  th e  o b s e rv a t io n  t h a t  a sy m p to tic  

p e rfo rm a n c e s  a s  w e l l  a s  com parab le  p erfo rm an ce  among g roups had  

o b ta in e d .

F ig u re  2 p r e s e n t s ,  f o r  each  g ro u p , mean p e rc e n ta g e  CRs o v e r  

f o u r  w i th in - s e s s io n  b lo c k s  d u r in g  a c q u i s i t i o n .  The f ig u r e  r e v e a l s  

t h a t  each  group d is p la y e d  r e l a t i v e l y  s t a b l e  w i th in - s e s s io n  re s p o n d in g ; 

y e t ,  a  p a t t e r n  can  be  d is c e rn e d  w hich in v o lv e d  an i n i t i a l  s l i g h t  in c r e 

m ent fo llo w e d  by a  m ore p ronounced , b u t  s t i l l  s l i g h t ,  w i th in - s e s s io n  

d e c re m e n t. The a n a l y s i s  o f  v a r ia n c e  p re s e n te d  in  T a b le  1 s u p p o r ts  

th e  o b s e rv a t io n  o f  com parab le  w i th in - s e s s io n  p erfo rm an ce  in  t h a t  

th e  Group X B locks e f f e c t  was n o t  s i g n i f i c a n t .  However, a s  T a b le  1 

r e v e a l s ,  o v e r a l l  w i th in - s e s s io n  v a r i a t i o n  (B lo ck s) was s i g n i f i c a n t .  

S ub seq u en t tr e n d  a n a ly s e s  o f  th e s e  o v e r a l l  mean w i th in - s e s s io n  

p e rc e n ta g e s  y ie ld e d  a  s i g n i f i c a n t  downward l i n e a r  com ponent (F = 5 .6 4 ;  

d f  = 1 , 132; £  < .0 5 ) and re v e a le d  t h a t  th e  q u a d r a t ic  and th e  c u b ic  

com ponents w ere n o t  s i g n i f i c a n t .
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Figure 1 Mean p e rc e n ta g e  CRs f o r  each  group on a d a p ta t io n  day  
and a s  a  f u n c t io n  o f  tw o-day  b lo c k s  d u r in g  th e  f i r s t  
p h a se : Exp. 1 .
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table 1
A n a ly s is  o f  V a rian c e  o f  P e rc e n ta g e  CRs i n  P h ase  I  

W ith G roups, D ay-B locks, and W ith in -S e s s io n  

B locks as F a c to r s :  Exp. I

Source d f  MS

Betw een:

Groups (G) 3

E r ro r  (b ) 44

W ith in :

Days (D) 6

D X G 18

E r ro r  (w^) 264

B locks (B) 3

B X G 9

E r ro r  (W2 ) 132

B X D 18

B X D X G 54

E r r o r  (w*) 792

.03195 .994

1.24642

14.76043 

.06560 

.11224 

.22814 

.03637 

.06083 

.09194 

.03094 

.03476

131.51**

.58

3 .75*

.60

2 .64**

.89

* *  £  < .0 1  

* £  < . 0 5



www.manaraa.com

Figure 2 Mean o v e r a l l  p e rc e n ta g e  CRs f o r  each  group a s  
fu n c t io n  o f  f o u r  w i th in - s e s s io n  b lo c k s  d u r in g  
th e  f i r s t  p h a se : Exp. I .
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CR O nse t L a te n c y . The mean CR o n s e t l a t e n c i e s  o f  each  g ro u p  

a s  a  f u n c t io n  o f  th e  l a s t  t h r e e , fo u r -d a y  b lo c k s  o f  a c q u i s i t i o n  a r e  

p r e s e n te d  in  F ig u re  3 ( th e  f i r s t  two days a r e  o m itte d  due to  th e  

v e ry  low  l e v e l s  o f  r e s p o n d in g ) . The f ig u r e  r e v e a l s  n e a r ly  i d e n t i c a l  

CR la te n c y  d e c re a s e s  o v e r t r a i n i n g  f o r  a l l  g ro u p s . The same f e a t u r e s  

a r e  r e v e a le d  i n  F ig u re  4 w h ich  p r e s e n ts  th e  g ro u p  f re q u e n c y  d i s t r i 

b u t io n s  o f  CR l a t e n c i e s  f o r  th e  l a s t  th r e e ,  fo u r -d a y  b lo c k s .  An 

a n a l y s i s  o f  v a r ia n c e ,  w ith  Groups a s  a  "dummy" v a r i a b l e  ( s e e  T a b le  2) 

s u p p o r te d  th e  o b s e rv a t io n  o f  a  com parab le d e c r e a s e  i n  CR la te n c y  o v e r  

t r a i n i n g  in  t h a t  th e  Days e f f e c t  was s i g n i f i c a n t  w h ile  th e  G roups 

and G roups X Days e f f e c t s  w ere  n o t .  The f in d in g  t h a t  CR la te n c y  

d e c re a se d  o v er t r a i n i n g  i s  c o n s i s t e n t  w ith  p re v io u s  o b s e rv a t io n s  

w ith  th e  jaw-movement re s p o n s e  ( e . g . ,  M i tc h e l l  & Gormezano, 1970; 

S m ith , D iL o llo , & Gormezano, 1966).

P h ase  I I

CR F req u en cy . F ig u re  5 p r e s e n ts  mean o v e r a l l  p e rc e n ta g e  CRs to  

th e  r e in f o r c e d  (CSj) and n o n re in fo rc e d  (CS2 ) s t i m u l i  a s  a  f u n c t io n  o f  

CS2  t o n a l  f re q u e n c y  d u r in g  th e  second  p h a se . I n  a d d i t i o n ,  th e  mean 

o v e r a l l  p e rc e n ta g e  CRs f o r  Group N i s  p r e s e n te d .  Looking f i r s t  a t  

re sp o n d in g  to  th e  r e in f o r c e d  s t im u lu s ,  th e  f i g u r e  in d i c a t e s  t h a t  

o v e r a l l  l e v e l s  o f  re sp o n d in g  to  CS^ w ere n o t  s u b s t a n t i a l l y ,  n o r  

s y s t e m a t i c a l ly ,  a f f e c t e d  b y  th e  CS2  m a n ip u la t io n .  O v e ra l l  r e s p o n s e  

l e v e l s  f o r  G roups 660, 1000, and 2100 w ere 78.7% , 70.1% , and 75.6% , 

r e s p e c t iv e l y .  An a n a ly s i s  o f  v a r ia n c e  o f  CS^ p e rc e n ta g e  CR d a t a  

r e v e a le d  t h a t  o v e r a l l  re sp o n d in g  was n o t  r e l i a b l y  d i f f e r e n t  among
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F ig u re  3 . F o r each  g ro u p , mean CR la te n c y  a s  a f u n c t io n  o f  th e  
l a s t  t h r e e ,  fo u r-d a y  b lo c k s  d u r in g  P hase  I :  Exp. I .
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F ig u re  4 . G roups fre q u e n c y  d i s t r i b u t i o n s  o f  CR l a t e n c i e s  f o r  th e  
l a s t  t h r e e ,  fo u r -d a y  b lo c k s  o f  th e  f i r s t  p h a se : Exp. I .
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T ab le  2

A n a ly s is  o f  V a ria n c e  o f  CR Onset 

L atency  i n  P hase  I  W ith Groups and 

D ay-B locks a s  F a c to r s :  Exp. I

SOURCE d f MS F

B etw een:

G roups (G) 3 142.29140 . 0 1

E r ro r  (b ) 44 10760.82621

W ith in :

Days (D) 2 34286.49827 45.56**

D X G 6 160.41752 . 2 1

E rro r (w ) 8 8

* *  2 . <-01  

* 2  < .0 5
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F ig u re  5 . Mean o v e r a l l  p e rc e n ta g e  CRs to  CSj and CS2  a s  a  fu n c t io n  
o f  CS2  to n a l  fre q u e n c y  and th e  mean f o r  Group N d u r in g  
P hase  I I :  Exp. I .
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th e  t h r e e  d i f f e r e n t i a l - c o n d i t i o n i n g  g roups ( s e e  T a b le  3 ) .  In  

a d d i t i o n ,  su b se q u e n t t r e n d  a n a ly s e s  ( a d ju s te d  f o r  th e  unequal 

f re q u e n c y  i n t e r v a l s )  r e v e a le d  t h a t  n e i t h e r  th e  l i n e a r  n o r q u a d ra t ic  

com ponents w ere s i g n i f i c a n t  (Fs < 1 ) .  I t  can  a l s o  b e  no ted  from  

F ig u re  5 t h a t  th e  o v e r a l l  l e v e l  o f  re sp o n d in g  f o r  Group N (67.8% ) was 

somewhat low er th a n  th e  CS^ re sp o n d in g  f o r  th e  d i f f e r e n t i a l -  

c o n d i t io n in g  g ro u p s . H owever, an  a n a ly s i s  o f  v a r ia n c e  o f CSj p e r 

c e n ta g e  CR d a ta  w hich  c o n t r a s t e d  Group N w ith  th e  d i f f e r e n t i a l -  

c o n d i t io n in g  g roups com bined re v e a le d  ne s i g n i f i c a n t  e f f e c t  (s e e  T ab le  4 ) .  

M oreover, a  D u n n e tt* s  t e s t  f o r  m u l t ip le  com parisons w ith  a  c o n t r o l  

r e v e a le d  t h a t  th e  o v e r a l l  re sp o n d in g  f o r  Group N was n o t s i g n i f i c a n t l y  

d i f f e r e n t  from  th e  CS^ re sp o n d in g  f o r  any o f  th e  th r e e  d i f f e r e n t i a l -  

c o n d i t io n in g  g ro u p s (p s  > . 1 0 ) .

Looking now a t  CS2  p e rfo rm a n c e , F ig u re  5 r e v e a ls  th a t  o v e r a l l  

re sp o n d in g  to  CS2  was d i r e c t l y  o rd e re d  w ith  s t im u lu s  s i m i l a r i t y .

O v e ra l l  re sp o n se  l e v e l s  f o r  G roups 660, 1000, and 2100 w ere 80.3% ,

43.0% , and 30.4%, r e s p e c t i v e l y ,  and a  s e p a r a te  a n a ly s i s  o f v a r ia n c e  

o f  CS2  p e rc e n ta g e  CR d a t a  r e v e a le d  a  s i g n i f i c a n t  G roups e f f e c t  ( s e e  

T a b le  5 ) .  A su b se q u e n t t r e n d  a n a ly s i s  c o r ro b o ra te d  th e  o b s e rv a tio n  

t h a t  CS2  p e rfo rm an ce  was d i r e c t l y  r e l a t e d  to  s t im u lu s  s i m i l a r i t y  

i n  r e v e a l in g  a  h ig h ly  s i g n i f i c a n t  downward l i n e a r  component 0? = 1 7 .8 7 ; 

d f  = 1 , 33; p  < .0 0 1 ) .

I t  i s  a l s o  a p p a re n t from  F ig u re  5 t h a t  th e  d e g re e  o f d i f f e r 

e n t i a t i o n  ( i . e . ,  CS^ m inus CS2 ) was r e l a t e d  to  CS2  d i s s i m i l a r i t y .  The 

mean o v e r a l l  p e r c e n t  d i f f e r e n t i a t i o n  f o r  Group 660 , 1000, and 2100
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Table 3
A n a ly s is  o f  V a ria n c e  o f  P e rc e n ta g e  CRs to  CS^ i n  P hase  I I  

W ith  G roups, D ay -B locks, and W ith in -S e s s io n

B locks a s  F a c to r s : Exp. I

SOURCE d f MS F

Between:

Groups (G) 2 1.08530 .2 6

E r ro r  (b ) 33 4 .11952

W ith in :

Days (D) 1 1 .10185 1.94*

D X G 2 2 .05013 .9 5

E r ro r  (w^) 363 .05257

B locks (B) 3 .69493 11.17**

B X G 6 .05902 .9 5

E r ro r  (Wg) 99 .06220

B X D 33 .05768 1.96**

B X D X G 6 6 .03225 1 . 1 0

E rro r  (w^) 1089 .02943

l
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T ab le  4

A n a ly s is  o f  V a ria n c e  o f  P e rc e n ta g e  CRs to  CS^ In  P hase  I I  

w ith  Group N v s .  th e  D i f f e r e n t i a l -  

C o n d it io n in g  S u b je c ts :  Exp. I

S ource d f MS F

Between:

G roups (G) 1 .04073 .4 6

E rro r  (b ) 46 .08673

* *  £  < .01 

* £  < .05
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was -1 .6 % , 27.1% , and 45.2% , r e s p e c t iv e l y .  An a n a ly s i s  o f  v a r ia n c e  on 

p e rc e n ta g e  CR d a t a ,  w ith  CS^ and CS2  a s  a  w i th in  f a c t o r ,  r e v e a le d  t h a t  

th e  CS^/CS2  X Groups e f f e c t  was s i g n i f i c a n t  ( s e e  T ab le  6 ) .  S ubsequen t 

a n a ly s e s  o f  s im p le  e f f e c t s  in d ic a te d  t h a t  s i g n i f i c a n t  d i f f e r e n t i a t i o n  

o c c u rre d  i n  Groups 1000 and 2100 (Fs = 3 6 .2 8  and 1 0 0 .9 3 , r e s p e c t iv e l y ;  

d f  = 1 , 11; p s ^ . O l ) ,  b u t  n o t  i n  Group 660 (F<* 1 ) .  A t r e n d  a n a l y s i s  on 

CSi m inus CS2  d i f f e r e n c e  s c o re s  p ro v id e d  d i r e c t  s u p p o r t  t h a t  d i f f e r e n t i 

a t io n  was o rd e re d  w ith  CS2  d i s s i m i l a r i t y  by  r e v e a l in g  a  h ig h ly  s i g n i f i 

c a n t  upw ard l i n e a r  com ponent (1? = 4 4 .9 8 ; d f  = 1 , 33 ; £ < \ 0 0 1 ) .

F ig u re  6  p r e s e n ts  mean p e rc e n ta g e  CRs, f o r  eac h  g ro u p , f o r  th e  l a s t ,  

tw o-day  b lo c k  o f  a c q u i s i t i o n ,  and to  CSĵ  and CS2  as a  f u n c t io n  o f  

tw e lv e ,  tw o-day  b lo c k s  d u r in g  th e  second p h a s e . Looking f i r s t  a t  CSj 

r e s p o n d in g , e x a m in a tio n  o f  th e  l e f t  p o r t io n  o f  th e  f ig u r e  r e v e a l s  t h a t  

th e r e  was a  s l i g h t ,  b e tw e e n -p h a se  decrem en t ( i . e . , betw een  th e  l a s t  

P h a s e - I  b lo c k  and th e  i n i t i a l  P h a s e - I I  b lo c k )  f o r  th e  d i f f e r e n t i a l  

c o n d i t io n in g  g ro u p s . G roups 6 6 0 , 1000 and 2100 e x h ib i te d  b e tw e e n - 

p h a se  decrem en ts  o f  9 .3% , 8 . 8 %, and 1.2%, r e s p e c t iv e l y .  An a n a ly s i s  

o f  v a r ia n c e  o f  th e s e  p e rc e n ta g e  CR d a ta  f o r  th e  d i f f e r e n t i a l -  

c o n d i t io n in g  groups in d i c a te d  t h a t  th e  b e tw e e n -p h a se  d ecrem en t was 

s i g n i f i c a n t  ( i . e . ,  a  s i g n i f i c a n t  Days e f f e c t ,  s e e  T ab le  7 ) .  F ig u re  6  

s u g g e s ts  t h a t  th e  d e g re e  o f  b e tw een -p h ase  d ecrem en t was r e l a t e d  to  

CS2  s i m i l a r i t y .  H owever, a  t r e n d  a n a ly s i s  b a se d  on th e  b e tw e e n -  

p h a se  d i f f e r e n c e  s c o r e s  r e v e a le d  th a t  th e  l i n e a r  component was n o t  

s i g n i f i c a n t  (I? = 1 .7 3 ;  d £  = 1 , 33 ; £ < . 0 5 ) .  As can  b e  n o te d  from  

F ig u re  6 , th e  d i f f e r e n t i a l - c o n d i t i o n i n g  g ro u p s  showed a  b e tw e e n - 

p h ase  d ecrem en t w h ile  Group N’ s re sp o n d in g
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Table 5

A n a ly s is  o f  V arian ce  o f  P e rc e n ta g e  CRs to  CS2  i n  P hase  I I  

With G roups, D ay -B locks, and W ith in -S e s s io n  

B locks a s  F a c to r s :  Exp. I

S ource d f MS F

Between:

Groups (G) 2 38.73341 1 2 . 6 6 **

E r r o r  (b) 33 3.05980

W ith in :

Days (D) 1 1 0.32060 4 .6 2 *

D X G 2 2 0.19311 2 .78**

E r ro r  (w j) 363 0 .06938

B locks (B) 3 1.21456 23 .08**

B X G 6 0.02486 0 .4 7

E r ro r  (w£) 99 0 .05263

B X G 33 0.05349 1.48*

B X D X G 6 6 3.21812 1 .35*

E r ro r  (w j) 1089 0 .03624

**  £

* £  < * 0 5
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T ab le  6  -

A n a ly s is  o f  V arian c e  o f  P e rc e n ta g e  CRs In  P hase  I I  

W ith G roups, CSj/CS2 , D ay-B locks, and 

W ith in -S e s s io n  B locks a s  F a c to r s :  Exp. I

S ource  d f  MS F

Between:

Groups (G) 2 23.82379 3 .61*

E r r o r  (b ) 33 6.59639

L th in :

cs1/cs2 (C) 1 48.02903 82.39**

C X G 2 15.99493 27.44**

E r r o r  (w^) 33 .58293

Days (D) 1 1 .13460 1.92*

D X G 2 2 .15717 2 .24**

E r r o r  (w2) 363 .07012

B locks 3 1.87224 28.81**

B X G 6 .03327 .51

E r r o r  (W3 ) 99 .06499

C X D 1 1 .28785 5 .55**

C X D X G 2 2 .08608 1 . 6 6 *

E r r o r  (W4 ) 363 .05183

C X B 3 .03725 .75

C X B X G 6 .05061 1 . 0 2

E r r o r  (w^) 99 .04983
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T ab le  6  c o n tin u e d

S ource d f MS F

D X B 33 .06047 1 .78**

D X B X 6 6 6 .04511 1 .33*

E r r o r  (wg) 1089 .03398

C X D X B 33 .05070 1 .60*

C X D X B X G 6 6 .03590 1 .1 3

E r r o r  (W7 ) 1089 .03168

**  £  < .0 1  

* £ < . 0 5
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in c re a s e d  s l i g h t l y  (1 .8% ). However, an  a n a l y s i s  o f  v a r ia n c e  on  th e  

b e tw e e n -p h a se  d i f f e r e n c e  s c o re  w hich  c o n t r a s te d  Group N w ith  th e  

d i f f e r e n t i a l - c o n d i t i o n i n g  groups combined in d i c a te d  no s i g n i f i c a n t  

e f f e c t  ( s e e  T a b le  8 ) .  I n  a d d i t io n ,  a  D u n n e t t 's  t e s t  f o r  m u l t ip l e  

co m p ariso n s w ith  a  c o n t ro l  in d ic a te d  t h a t  th e  b e tw ee n -p h ase  p e r f o r 

mance f o r  Group N d id  n o t  s i g n i f i c a n t l y  d i f f e r  from  th e  p e rfo rm a n ce  

o f  any  o f  th e  d i f f e r e n t i a l - c o n d i t i o n i n g  g ro u p s  (p s  > . 1 0 ) .

An e x a m in a tio n  o f  F ig u re  6  a l s o  s u g g e s ts  t h a t  su b se q u e n t t o  th e  

i n i t i a l  P h a s e - I I  b lo c k , CS^ re sp o n d in g  rem ained  r e l a t i v e l y  s t a b l e  o v e r 

th e  second  p h a se  o f  t r a i n i n g .  An a n a ly s i s  o f  v a r ia n c e  o f  th e s e  CS^ 

p e rc e n ta g e  CR d a ta  d u r in g  th e  second p h ase  f o r  th e  d i f f e r e n t i a l -  

c o n d i t io n in g  g ro u p s r e v e a le d ,  how ever, a  s i g n i f i c a n t  Days e f f e c t  

( s e e  T a b le  3 ) .  S ubsequent l i n e a r  t r e n d  a n a ly s e s  o v e r  a l l  tw e lv e  

d a y -b lo c k s  f o r  each  d i f f e r e n t i a l - c o n d i t i o n i n g  group  re v e a le d  a  

s i g n i f i c a n t  upward l i n e a r  component f o r  Group 660 (F = 1 3 .7 4 , d f  

= 1 , 3 63 ; p  K .0 1 ) ,  b u t  in d ic a te d  t h a t  th e  l i n e a r  com ponents f o r  

G roups 1000 and 2100 w ere n o t  s i g n i f i c a n t  (Fs = 2 .4 2  and 1 .6 3  

r e s p e c t iv e l y ;  d f  = 1 , 363; p s  51 .0 5 ) .

L ooking now a t  CS^ re sp o n d in g , F ig u re  6  r e v e a l s  t h a t  G roups 1000 

and 2 1 0 0  d is p la y e d  an in c re a s e  i n  CSg re sp o n d in g  o v e r th e  i n i t i a l  th r e e  

d a y -b lo c k s  and th e n  e x h ib i te d  a g e n e ra l  d e c re a s e  o v e r  su b se q u e n t 

t r a i n i n g  s e s s io n s .  In  c o n t r a s t ,  CS2  re sp o n d in g  f o r  Group 660 in v o lv e d  

a  s l i g h t  and g ra d u a l  in c re a s e  o v e r t r a i n i n g  s e s s i o n s .  An a n a l y s i s  

o f  v a r ia n c e  o f  th e s e  CS£ p e rc e n ta g e  CR d a ta  c o r ro b o ra te d  th e
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F ig u re  6 Mean p e rc e n ta g e  CRs, f o r  each  g ro u p , f o r  th e  l a s t ,  tw o- 
day  b lo c k  o f  a c q u i s i t i o n ,  and to  CS. and CS2  a s  a  
f u n c t io n  o f  tw o-day  b lo c k s  d u r in g  P h ase  I I :  Exp. I .



www.manaraa.com

71

\ \

9
\ /> «

/

s»
<1
1 \
♦ )
i

« ? ? ?

<5 A<!><b2

O O O x  
( O O O T .  <0 O -csjjSc

W>
u I I I

CM

0 >

CO

CO

in

to

CM

if)

O

3
CQ

O

o
£
H

- §  

-J _j
m

VO

o
CD

o
0 0

o
(V*

o
to

o
m o OIO

o
CM

sao 1N3D d3d

F
ig

ur
e



www.manaraa.com

72

Table 7
A n a ly s is  o f  V a r ia n c e  o f  P e rc e n ta g e  CRs to  CS^ on th e  

L a s t  D ay-B lock  o f  P hase  I  and th e  F i r s t  D ay-B lock 

o f P hase  I I  W ith G roups, D ay-B locks, and 

W ith in -S e s s io n  B locks a s  F a c to rs :  E x p .I

SOURCE d f MS F

Between:

Groups (G) 2 .02462 .0 4

E r r o r  (b ) 33 .63353

W ith in :

Days (D) 1 .27093 5 .3 6 *

D X G 2 .04502 .8 9

E rro r  (w^) 33 .05051

B locks (B) 3 .36703 6 .79**

B X G 6 .01954 .3 6

E rro r  (w p 99 .05409

B X D 3 .07006 2 .3 5

B X D X G 6 .04920 1 .6 5

E rro r  (w p 99 .02976

** £  < . 01 

* £  < .0 5
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Table 8
A n a ly s is  o f  V a ria n c e  o f  B etw een-Phase D if f e r e n c e  

s c o re s  w ith  Group N v s .  th e  D i f f e r e n t i a l -  

C o n d it io n in g  S u b je c ts :  Exp. I

SOURCE d f MS F

B etw een:

Groups 1 .10709 3 .6 8

E r ro r  (b) 46 .02903

* *  2  < .01 

* £  < .05
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o b s e rv a t io n s  o f  d i f f e r e n t i a l  p e rfo rm an ce  o v e r t r a i n i n g  i n  t h a t  th e  Days 

X Groups e f f e c t  was s i g n i f i c a n t  (s e e  T ab le  5 ) .  S ub seq u en t l i n e a r  

t r e n d  a n a ly s e s  o v e r  a l l  tw elve  d a y -b lo c k s  re v e a le d  a  h ig h ly  s i g n i f i c a n t  

downward l i n e a r  com ponent f o r  Groups 1000 and 2100 (Fs -  2 4 .8 9 , and 

3 7 .7 1 , r e s p e c t iv e l y ,  d f s  = 1, 363; jas <  .001) and a  s i g n i f i c a n t  upward 

l i n e a r  com ponent f o r  Group 660 (F ■= 5 .1 1 ;  d f  = 1, 363; £ _ <  .0 5 ) .  

A d d it io n a l  t r e n d  a n a ly s e s  o v e r th e  tw e lv e  d ay -b lo c k s  r e v e a le d  t h a t  

th e  c u r v i l i n e a r  component ( i . e . ,  d e v ia t io n  from  l i n e a r i t y )  was 

s i g n i f i c a n t  f o r  Group 2100 (F. = 2 .2 0 ;  d f  ■= 10, 363; £  <T .01 ) m a rg in a lly  

s i g n i f i c a n t  f o r  Group 1000 (1? = 1 .7 2 ; d £  = 10, 363; £  <C»10) and d id  

n o t  approach  s ig n i f i c a n c e  f o r  Group 660 (F < 1 ) .

As can b e  n o te d  from  F ig u re  6 ,  th e  i n i t i a l  in c r e a s e  i n  CS2  

re sp o n d in g  f o r  Groups 1000 and 2100 was q u i t e  m arked. On th e  f i r s t ,  

s e c o n d , and t h i r d  tw o-day b lo c k , Group 1000 e x h ib i te d  in c r e a s in g  

re sp o n se  l e v e l s  o f  43.9% , 48.4%, and 56.6% , r e s p e c t iv e l y .  Group 2100 

d is p la y e d  re s p o n s e  l e v e l s  o f 34.2% , 43.4% , and 48.3% , f o r  th e  f i r s t ,  

s e c o n d , and t h i r d  tw o-day b lo c k , r e s p e c t iv e l y .  T h is  o b s e rv a t io n  o f  

an  i n i t i a l  in c r e a s e  in  CS2  re sp o n d in g  f o r  Groups 1000 and 2100 was 

p ro v o c a t iv e  i n  view  o f th e  c o rre s p o n d in g  s t a b i l i t y  o f  CSj  ̂ p e rfo rm ance  

and  ap p ea red  t o  re sem b le  a  phenomemon f r e q u e n t ly  n o te d  by P av lo v  (1 9 2 7 ). 

A c c o rd in g ly , w h ile  r e a l i z i n g  th e  i n t e r p r e t i v e  c a u t io n s  n e c e s s i t a t e d ,  

l i n e a r  tr e n d  a n a ly s e s  w ere perfo rm ed  on th e s e  CS2  d a t a  o v e r  th e  i n i t i a l  

t h r e e  d a y -b lo c k s  o f d i f f e r e n t i a l  c o n d i t io n in g .  T hese a n a ly s e s  r e v e a le d  

s i g n i f i c a n t  upward l i n e a r  com ponents f o r  Groups 1000 and 2100
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(Fs = 5 .5 8  and 6 .8 7 ,  r e s p e c t iv e l y ;  d f s  = 1 ,  363; p s  < .025 ) b u t  

none  f o r  Group 660 (F < 1 ) .  P a r a l l e l  l i n e a r  t r e n d  a n a ly se s  w ere  

p e rfo rm ed  on th e  CS^ d a t a  f o r  th e  c o rre s p o n d in g  i n i t i a l  th r e e  d a y - 

b lo c k s  o f  Phase I I  and  th e s e  a n a ly s e s  in d ic a te d  t h a t  th e  l i n e a r  

com ponents were n o t  s i g n i f i c a n t  f o r  any o f  th e  t h r e e  g roups (Fs 

= 2 .5 0 ,  .0 6 , and .1 6 , f o r  G roups 660, 1000, and 2100, r e s p e c t iv e ly ;  

d f s  -  1 ,  363; p s  > .0 5 ) .

C o n s id e rin g  th e  e f f e c t s  o f  t r a i n in g  on th e  d e g re e  o f  d i f f e r e n t 

i a t i o n ,  i t  i s  a p p a re n t from  F ig u re  6 t h a t  d is c r im in a t io n  f o r  Groups 

1000 and 2100 g e n e r a l ly  in c re a s e d  o ver t r a i n i n g  v i a  d e c re a s in g  CS2  

p erfo rm a n ce  which c o n t r a s t s  w ith  th e  v i r t u a l l y  co m p le te  ab sen ce  o f  

d is c r im in a t io n  f o r  Group 660. T h is  o b s e rv a t io n  was c o r ro b o ra te d  by 

a n a l y s i s  o f  v a r ia n c e  i n  t h a t  th e  CS^/CS2  X Days X G roups e f f e c t  was 

s i g n i f i c a n t  (see  T ab le  6 ) .

F ig u re  7 p o r t r a y s  w i th in - s e s s io n  e f f e c t s  f o r  each  g ro u p , th ro u g h  

th e  p r e s e n t in g  o f  mean o v e r a l l  p e rc e n ta g e  CRs to  CS^ and CS2 , a s  a  

f u n c t io n  o f  fo u r w i th in - s e s s io n  b lo c k s  d u r in g  th e  second p h a se . I t  i s  

a p p a re n t  from  th e  f i g u r e  t h a t  each  group  f u n c t io n  d e s c r ib e s  a  

u n ifo rm ly  c o n s is te n t  p a t t e r n  o f  a s l i g h t  w i th i n - s e s s io n  d ec rem en t.

An a n a ly s i s  o f  v a r ia n c e  o f  CS^ p e rc e n ta g e  CR d a ta  re v e a le d  t h a t  th e  

w i th in - s e s s io n  d ecrem en t to  CS^ was r e l i a b l e ,  b u t  n o t  d i f f e r e n t i a l  

among th e  th re e  d i f f e r e n t i a l - c o n d i t i o n i n g  g ro u p s  a s  indexed  by a  

s i g n i f i c a n t  B locks e f f e c t  and a  n o n s ig n i f i c a n t  B lo ck s  X G roups e f f e c t ,  

r e s p e c t iv e l y  (se e  T a b le  3 ) .  S im i la r ly ,  an  a n a l y s i s  o f
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F ig u re  7 Mean o v e r a l l  p e rc e n ta g e  CRs f o r  each  group  to  CSj and CS2  

a s  a  fu n c t io n  o f  f o u r  w i th in - s e s s io n  b lo c k s  d u r in g  P h ase  I I :  
Exp. I .



www.manaraa.com

PE
R 

CE
NT

 
C

R
s
77

90

80

70

CS|
;0——H 660 D-—-O 
Mb- C  1000 o- O
A— A 2100 A---- A

60

50 o-

40

30

20

432
WITHIN-SESSION BLOCKS

F ig u re  7



www.manaraa.com

78

v a r ia n c e  o f  CS^ p e rc e n ta g e  CR d a ta  re v e a le d  a  r e l i a b l e  w i th in -  

s e s s io n  decrem en t to  th e  n o n re in fo rc e d  s t im u lu s  w h ich  was n o t  d i f f 

e r e n t i a l  among th e  t h r e e  g roups ( i . e . , a s i g n i f i c a n t  B locks e f f e c t  

and a  n o n s ig n i f i c a n t  B locks X Groups e f f e c t :  se e  T ab le  5 ) .  F i n a l l y ,  

a n o th e r  a n a ly s i s  o f  v a r ia n c e  in d ic a te d  t h a t  CS^ and CS2  w i th i n - s e s s io n  

p e rfo rm a n ce  in v o lv e d  a  com parable  decrem en t a s  in d ex ed  by  a  non-, 

s i g n i f i c a n t  CS^/CS2  X B locks e f f e c t  and t h a t  t h i s  c o m p a ra b i l i ty  

o b ta in e d  a c r o s s  d i f f e r e n t i a l  c o n d itio n in g  g roups ( i . e . ,  a  n o n s ig n i

f i c a n t  CS^/CS2  X B locks X Groups e f f e c t :  s e e  T ab le  6 ) .

CR O nse t L a te n c y . F ig u re  8  p r e s e n ts  o v e r a l l  mean CR o n s e t  l a te n c y  

to  CSj and CS2  a s  a  f u n c t io n  o f  CS^ to n a l  f re q u e n c y  and o v e r a l l  mean CR 

o n s e t  l a te n c y  f o r  Group N. C o n sid erin g  f i r s t  re s p o n s e  la te n c y  to  th e  

r e in f o r c e d  s t im u lu s ,  t h e  f ig u r e  i n d i c a t e s  t h a t  Groups 660 and  1000 

d is p la y e d  i d e n t i c a l  mean la te n c i e s  (294 m sec) w h ile  Group 2100 e x h ib i te d  

a  somewhat lo n g e r  mean la te n c y  (321 msec) and  Group N 's  was i n t e r 

m e d ia te  (307 m sec). An a n a ly s is  of v a r ia n c e  o f  th e s e  mean CR 

l a t e n c i e s  f o r  th e  d i f f e r e n t i a l - c o n d i t i o n in g  g ro u p s  r e v e a le d ,  how ever, 

t h a t  t h e r e  w ere  no r e l i a b l e  d i f f e r e n c e s  among th e  t h r e e  g ro u p s 

( s e e  T a b le  9 ) .  I n  a d d i t io n ,  sub seq u en t t r e n d  a n a l y s i s  on th e s e  CS^ 

d a t a  o v e r  to n a l  f re q u e n c y  in d ic a te d  th a t  n e i t h e r  th e  l i n e a r  n o r  

q u a d r a t ic  com ponents w ere  s ig n i f i c a n t  (F s < 1 ) .  F ig u re  8  a l s o  

r e v e a l s  t h a t  o v e r a l l  mean la te n c y  to  CS2  was an  in c r e a s in g  f u n c t io n  

o f  CS2  t o n a l  fre q u e n c y  w ith  mean la te n c i e s  o f  277 , 315 , and 339 msec 

f o r  G roups 660 , 1000, and 2100, r e s p e c t iv e l y .  However, a  s e p a r a t e
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F ig u re  8 . O v e ra ll  mean CR la te n c y  to  CS^ and CS2  a s  a  fu n c t io n  
o f  CS2 ~ to n a l  f re q u e n c y  d u r in g  P h ase  I I :  Exp. I .
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a n a l y s i s  o f  v a r ia n c e  o f  th e  d a ta  a l s o  re v e a le d  no r e l i a b l e  

d i f f e r e n c e s  a s  in d ex ed  by a  n o n s ig n i f i c a n t  Groups e f f e c t  ( s e e  

T ab le  1 0 ) . S ubseq u en t t r e n d  a n a ly s e s  on th e s e  CS2  d a ta  a l s o  

in d i c a te d  t h a t  n e i t h e r  th e  l i n e a r  (JF = 3 .8 9 ;  d f  = 1 , 33 ; j» > .05 ) 

n o r  th e  q u a d r a t ic  (F < 1) com ponents w ere  s ig n i f i c a n t .

Now, tu rn in g  to  d i f f e r e n t i a l  re sp o n se  la t e n c i e s  betw een  CSj and 

CS2 , F ig u re  8  r e v e a l s  t h a t  f o r  Group 660 , o v e r a l l  mean CR la te n c y  

was somewhat s h o r t e r  f o r  CS2  th a n  CS^ w h ile  th e  o p p o s ite  r e l a t i o n s h i p  

o b ta in e d  f o r  G roups 1000 and 2100. An a n a ly s i s  o f  v a r ia n c e  w hich  

in v o lv e d  CS^ and CS2  a s  a  w i th in  f a c t o r ,  c o rro b o ra te d  th e  above 

o b s e rv a t io n  a s  in d e x ed  by.-a s i g n i f i c a n t  Groups X C S ^ A ^  e f f e c t  

( s e e  T ab le  9 ) .  S ubseq u en t a n a ly s e s  o f  s im p le  e f f e c t s  r e v e a le d  

how ever, t h a t  d i f f e r e n t i a l  CS^ and CS2  re sp o n se  l a t e n c i e s  w ere  n o t  

r e l i a b l e  i n  any o f  th e  th r e e  g roups (F s = 2 .3 4 , 3 .7 0 , and 2 .6 9 ,  

f o r  G roups 660, 1000, and 2100, r e s p e c t iv e ly ;  <if * 1, 11; £ S '» .0 5 ) .

The to p  p a n e l o f  F ig u re  9 p r e s e n t s ,  f o r  each  o f  th e  f o u r  g ro u p s , 

mean CR o n s e t  l a te n c y  to  th e  r e in f o r c e d  s tim u lu s  as  a f u n c t io n  o f  

t h r e e ,  e ig h t-d a y  b lo c k s  d u r in g  th e  second  p h ase . (The d a t a  a r e  a ls o  

p r e s e n te d  i n  F ig u re  10 in  g r o u p - d i s t r i b u t io n  fo rm ). I t  i s  a p p a re n t  

from  F ig u re  9 t h a t  Groups N and 2100 showed a s l i g h t  d e c re a s e  i n  CR 

la te n c y  o v e r t r a i n i n g  w h ile  Groups 660 and 1000 showed a  m ore 

pronounced  i n i t i a l  d e c re a s e  fo llo w ed  by  a  s l i g h t  in c r e a s e .  An a n a ly s i s  

o f  v a r ia n c e  o f  th e  d a t a  f o r  th e  d i f f e r e n t i a l - c o n d i t i o n in g  g ro u p s  

in d i c a te d  t h a t  th e  d e c re a s e  in  CR la te n c y  o v er t r a i n in g  was r e l i a b l e  

a s  in d e x ed  by a  s i g n i f i c a n t  Days e f f e c t  (s e e  T a b le  9 ) .  H owever, t h e
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F ig u re  9 For each  g ro u p , mean CR la te n c y  to  CSj ( to p  p a n e l)  and 
to  CS2  (bo ttom  p a n e l)  a s  a  f u n c t io n  o f  e ig h t - d a y /  b lo c k s  
d u r in g  Phase I I :  Exp. I .
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F ig u re  10. Group freq u en cy  d i s t r i b u t i o n s  o f  CR l a t e n c i e s  f o r  e ig h t -  
day  b lo c k s  d u r in g  P hase  I I :  Exp. I .
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Table 9
A n a ly s is  o f  V a r ia n c e  o f  CR O nset L a te n c y  to  CSj 

i n  P h ase  I I  W ith Groups and D ay- 

B locks a s  F a c to r s :  E x p .I

SOURCE d f MS F

B etw een:

G roups (G) 2 8703.52738 .4 5

E r ro r  (b ) 33 19178.76898

W ith in :

Days (D) 2 7776.14780 6 .30**

D X G 4 1487.61123 1 . 2 1

E r ro r  (w) 6 6 1233.74424

** £  <.01 

* £  <. 05
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Table 10
A n a ly s is  o f  V arian c e  o f  CR O n se t L a ten cy  to  CS^ 

In  P hase  I I  W ith Groups and D ay-B locks 

a s  F a c to r s :  Exp. I

Source d f MS F

Between:

Groups (G) 2 34793.51861 2 .3 6

E r r o r  (b ) 33 14761.15675

W ith in :

Days (D) 2 1992.90218 .80

D X G 4 7359.22782 2 .9 6 *

E r r o r  (w) 66 2489.72732

** E  < * 01 

* £  < .0 5
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Table n
A n a ly s is  o f  V a ria n c e  o f  CR O nset L a ten cy  i n  P hase  I I  

With G roups, CSj/CS2 » and D ay-B locks 

as F a c to rs :  Exp. I

S ou rce d f MS F

B etw een:

G roups (G) 2 35641.93956 1 . 1 2

E r r o r  (b) 33 31807.66357

W ith in :

cs1/cs2 (C) 1 2940.96926 1 .3 8

C X G 2 7855.10643 3 .68*

E r r o r  (w^) 33 2132.26216

Days (D) 2 2578.66550 1 . 2 1

D X G 4 7482.53485 3 .5 1 *

E r r o r  (w2) 6 6 2130.34595

C X D 2 7190.38448 4 .5 1 *

C X D X G 4 1364.30420

vo00.

E r r o r  (wj) 6 6 1593.12561

** E. < * 0 1  

* £  < .0 5
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g r a p h ic a l  s u g g e s tio n  o f  a  d i f f e r e n t i a l  d e c re a s e  o v e r  t r a i n i n g  was n o t  

r e l i a b l e  a s  ev id en ced  b y  a  n o n s ig n i f i c a n t  Days X Groups e f f e c t  (se e  

T a b le  9 ) .

The b o tto m  p a n e l o f  F ig u re  9 p r e s e n t s ,  f o r  each  d i f f e r e n t i a l  con

d i t i o n i n g  g ro u p , mean CR o n s e t  la te n c y  to  CS2  a s  a  fu n c t io n  o f  th r e e ,  

e ig h t - d a y  b lo c k s .  (T h is  d a ta  i s  a ls o  p r e s e n te d  in  g r o u p - d i s t r i b u t io n  

form  i n  F ig u re  1 0 ). G e n e ra l ly ,  F ig u re  9 i n d i c a t e s  t h a t  CR la te n c y  

d e c re a s e d  o v e r t r a i n i n g  f o r  Group 660, in c r e a s e d  f o r  Group 2 1 0 0 , and 

rem ain ed  r e l a t i v e l y  s t a b l e  f o r  Group 1000. An a n a ly s i s  o f  v a r ia n c e  

o f  th e s e  CR o n s e t  d a ta  su p p o r te d  th e  above o b s e rv a t io n  as  in d i c a te d  

by a  n o n s ig n i f i c a n t  Days e f f e c t  and a  s i g n i f i c a n t  Groups X Days 

i n t e r a c t i o n  ( s e e  T ab le  1 0 ) . In  a d d i t io n ,  an  a n a ly s i s  o f  v a r ia n c e  o f  

th e  CR o n s e t  d a ta  o f  th e  d i f f e r e n t i a l  c o n d i t io n in g  g ro u p s , w hich  

in v o lv e d  CSj and CS2  a s  a  w i th in  f a c t o r ,  r e v e a le d  th a t  th e  CSj/CS 2  

X Days e f f e c t  was s i g n i f i c a n t  (s e e  T ab le  1 1 ) .

D isc u s s io n

The p r im a ry  f in d in g s  o f  th e  p r e s e n t  e x p e rim e n t f o r  s e p a r a t e -  

p h a se  d i f f e r e n t i a l  c o n d i t io n in g  w ere: (a ) re sp o n d in g  to  th e

r e in f o r c e d  cue was u n a f f e c te d  by  th e  d e g re e  o f  cue s i m i l a r i t y  and was 

n o t  d e p re s s e d  r e l a t i v e  to  a  c o n t r o l  c o n d i t io n  w hich  c o n tin u e  to  

r e c e iv e  s in g le - c u e  c o n tin u o u s  r e in fo rc e m e n t ;  (b ) re sp o n d in g  t o  th e  

n o n re in fo rc e d  cue was p o s i t i v e l y  r e l a t e d  to  th e  d eg ree  o f  cue s i m i l a r i t y  

w hich  p r im a r i ly  ac c o u n te d  f o r  th e  a d d i t i o n a l  o b s e rv a tio n  t h a t  th e  

d e g re e  o f  d i f f e r e n t i a t i o n  was an  in v e r s e  f u n c t io n  o f  cue s i m i l a r i t y ;
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(c ) re sp o n d in g  to  th e  n e g a t iv e  cue g e n e ra l ly  d e c re a se d  o v e r  d i f f e r e n t i a l -  

c o n d i t io n in g  t r a i n i n g  f o r  Groups 1000 and 2100 w h ile  a  c o rre sp o n d in g  

d e c re a s e  i n  re sp o n d in g  to  th e ' p o s i t i v e  cue d id  n o t  o b ta in ;  and (d ) r e - ,  

sp o n d in g  t o  th e  n e g a t iv e .c u e  f o r  Groups 1000 and 2100 in c re a s e d  o v e r  

i n i t i a l  d i f f e r e n t i a l - c o n d i t i o n i n g  t r a i n in g  d e s p i t e  p r i o r  a sy m p to tic  

t r a i n i n g  to  th e  p o s i t i v e  c u e , a lth o u g h  th i s  f in d in g  was su p p o rte d  by 

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

The p r e s e n t  f in d in g s  f o r  CS^ re sp o n d in g  a r e  n o t  i n  ac c o rd  w ith  

H u ll-S p e n c e  d is c r im in a t io n  th e o ry  ( H u l l ,  1943; S pence, 1937 ). A cco rd in g  

to  th e  th e o ry ,  d i f f e r e n t i a l  c o n d i t io n in g  in v o lv e s  th e  developm ent o f  

i n h i b i t i o n  to  th e  n e g a t iv e  cue w hich g e n e r a l iz e s  i n  p r o p o r t io n  to ' 

s t im u lu s  s i m i l a r i t y  to  th e  p o s i t i v e  cue and r e s u l t s  i n  a  p r o p o r t io n a l  

r e d u c t io n  i n  CS^ n e t  re sp o n se  s t r e n g t h .  The g e n e r a l i z a t i o n - o f - i n h i b i -  

t i o n  axiom  a l s o  r e q u i r e s  t h a t  d i f f e r e n t i a l  c o n d i t io n in g  w i l l  r e s u l t  i n  

decrem en ted  CS+ re s p o n d in g , r e l a t i v e  to  CS+ re sp o n d in g  u n d e r c o n tin u o u s  

re in fo rc e m e n t .  T hus, f o r  th e  p r e s e n t  e x p e r im e n ta l p a ra m e te r s ,

H u ll-S p e n c e  th e o ry  p r e d i c t s  th e  fo llo w in g  r e l a t i v e  o rd e r in g  on CSj 

re s p o n d in g : N 2100 >  1000 >  660. The p r e s e n t  e x p e rim en t found no

s i g n i f i c a n t  d i f f e r e n c e s  be tw een  CSĵ  perfo rm ance among th e  fo u r  c o n d i

t i o n s  and even th e  o rd e r in g  on o v e r a l l  CS^ re sp o n se  l e v e l s  w ere n o t  i n  

th e  p r e d ic te d  d i r e c t i o n :  660 (78 .7% ), 2100 (75 .6% ), 1000 (70 .1% ), and

N (6 7 .8 % ). S im i la r ly ,  t h e r e  w ere no s i g n i f i c a n t  d i f f e r e n c e s  on CS^ 

o n s e t  l a t e n c i e s  and t h e i r  r e l a t i v e  o rd e r in g  w ere  a ls o  n o t  i n  th e  

p r e d ic te d  d i r e c t i o n :  660 (2 9 3 .8  m sec ), 1000 (2 9 4 .1  m sec ), N (3 0 6 .7  m sec)

and 2100 (3 2 0 .9  m sec). In  l i g h t  o f  t h i s  absence  o f  s u p p o r t  f o r  

H u ll-S p e n c e  th e o ry ,  th e  t h e o r e t i c a l  boundary c o n d i t io n s  f o r  a d e q u a te ly
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a s s e s s in g  g e n e r a l i z a t i o n - o f - in h i b i t i o n  e f f e c t s  m e r i t  b r i e f  d i s c u s s io n .

An ob v io u s  re q u ire m e n t i s  th a t  the  amount o f  d i f f e r e n t i a l - c o n d i t i o n i n g  

t r a i n i n g  b e  s u f f i c i e n t  to  ensu re  th e  b u i ld -u p  o f  i n h i b i t i o n  to  th e  n eg a

t i v e  c u e . The p r e s e n t  f in d in g  o f  a  g e n e r a l  d e c re a se  in  CS2  re sp o n d in g  

d u r in g  th e  24 d ay s o f  d i f f e r e n t i a l  c o n d i t io n in g  f o r  Groups 1000 and 

2 1 0 0  ( s t a t i s t i c a l l y  confirm ed  by s i g n i f i c a n t  l i n e a r  downward tr e n d  

com ponents o v e r  d a y -b lo c k s )  i s  p resu m p tiv e  e v id e n c e , i n  te rm s o f  

H u ll-S p e n c e  th e o ry ,  t h a t  in h ib i to r y  c o n d i t io n in g  to  th e  n e g a t iv e  cue 

h ad  o c c u r re d . P eak  CS2  respond ing  (on th e  t h i r d  day b lo c k )  f o r  G roups 

1000 and 2100 was 56.5%  and 48.3%, r e s p e c t iv e l y ,  w hich d e c re a s e d  

r e s p e c t iv e l y ,  to  34.5% and 20.5% on th e  l a s t  day b lo c k .  I n  s p i t e  o f  

t h i s  e v id e n c e  o f  i n h i b i t o r y  c o n d itio n in g  to  CS2 , th e r e  was no in d i c a 

t i o n  o f  d ec re m e n tin g  CSj  ̂ perform ance o v er d i f f e r e n t i a l - c o n d i t i o n i n g  

t r a i n i n g .  An a d d i t i o n a l  req u irem en t f o r  d e te c t in g  a  d e c re m e n ta l 

e f f e c t  o f  g e n e ra l iz e d  in h i b i t i o n  i s  t h a t  th e  cues a re  s u f f i c i e n t l y  

s i m i l a r  to  e n s u re  t h a t  in h ib i to r y  g e n e r a l i z a t io n  d o e s , i n  f a c t ,  o b ta in .  

The p r e s e n t  ra n g e  o f  d i f f e r e n c e s  betw een th e  cues (6 0 - ,  4 0 0 - , and 1500 

Hz) w ere  com parab le  to  th o s e  used  i n  c l a s s i c a l  a v e r s iv e  c o n d i t io n in g  

in v e s t i g a t io n s  w hose r e s u l t s  c le a r ly  s u p p o r t  H u ll-S p en ce  th e o ry  

( e . g . ,  F re y , 1967; H om zie, 1968). In  s h o r t ,  th e  p r e s e n t  f a i l u r e  to  

d e t e c t  th e  p r e d ic te d  g e n e r a l i z a t i o n - o f - in h i b i t i o n  e f f e c t s  a p p a re n t ly  

c a n n o t b e  a t t r i b u t e d  to  in a p p ro p r ia te  p a ra m e te r s .  As p r e v io u s ly  i n d i 

c a te d ,  th e  p r e s e n t  CSj f in d in g s  a r e  a t  v a r ia n c e  w ith  th o s e  from  

s e p a ra te -p h a s e  d i f f e r e n t i a l  c l a s s i c a l  a v e r s iv e  s tu d ie s  w hich h av e  a l l  

in v o lv e d  human Ss ( e . g . ,  G yn ther, 1957; Hom zie, 1968) and c l e a r l y  

s u p p o r te d  th e  g e n e r a l i z a t i o n - o f - in h i b i t i o n  axiom o f H u ll-S p e n c e  th e o ry .
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The p r e s e n t  CS^ f in d in g s  a l s o  p ro v id e  l i t t l e  b a s i s  f o r  in v o k in g  

a  f r u s t r a t i o n - b a s e d  m o t iv a t io n a l  c o n s t r u c t  i n  d i f f e r e n t i a l  c l a s s i c a l  

a p p e t i t i v e  c o n d i t io n in g .  T here was no s i g n i f i c a n t  in d i c a t i o n  o f  

e f f e c t s  an a lag o u s  t o  p o s i t i v e  b e h a v io ra l  c o n t r a s t  i n  in s t r u m e n ta l  

a p p e t i t i v e  c o n d i t io n in g  ( i . e . ,  s u b s t a n t i a l l y  enhanced  S+ re sp o n d in g  

fo llo w in g  th e  in t r o d u c t io n  o f  d i f f e r e n t i a l  c o n d i t io n in g ) .  C o n c e iv a b ly , 

a  f r u s t r a t i o n  t h e o r i s t  cou ld  a rg u e  t h a t  re s p o n se -e n h a n c in g  m o t iv a t io n a l  

e f f e c t s  w ere  e q u a l to  th e  d ec rem en tin g  e f f e c t s  o f  n o n re in fo rc e m e n t, 

th u s  r e s u l t i n g  in  no s i g n i f i c a n t  p erfo rm an ce  v a r i a t i o n  among th e  

c o n d i t io n s .  However, g iv e n  th e  ran g e  o f  cue s i m i l a r i t y  i n  th e  p r e 

s e n t  s tu d y ,  such  a  s u g g e s tio n  i s  n o t  p e r s u a s iv e .

As p r e v io u s ly  n o te d ,  c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g  h a s  b een  

a  n e g le c te d  e x p e r im e n ta l a r e a .  C o n seq u en tly , c o n s id e r a t io n s  o f  why 

in c r e a s e d  cue s i m i l a r i t y  decrem en ts CSj re sp o n d in g  in  c l a s s i c a l  a v e r 

s iv e  c o n d i t io n in g ,  b u t  does n o t  a f f e c t  CS^ re sp o n d in g  in  c l a s s i c a l  

a p p e t i t i v e  c o n d i t io n in g  a re  n e c e s s a r i ly  h ig h ly  s p e c u la t iv e .  N ever

t h e l e s s ,  a  f in d in g  from  a  p re v io u s  s tu d y  w ith  th e  r a b b i t ’ s  jaw-m ovem ent 

re sp o n s e  (Holmes & Gormezano, 1971) w hich in v o lv e d  a c o n t r a s t  be tw een  

p a r t i a l  and co n tin u o u s  re in fo rc e m e n t i s  s u g g e s t iv e .  The Holmes and 

Gormezano (1971) s tu d y  found t h a t  50% p a r t i a l  re in fo rc e m e n t p ro d u c e s  

lo w er a sy m p to tic  re sp o n d in g  th a n  does c o n tin u o u s  r e in fo rc e m e n t .  T h is  

f in d in g  i s  co n so n an t w ith  H u ll-S p en ce  d is c r im in a t io n  th e o ry  s in c e  

p a r t i a l  r e in fo rc e m e n t i s  an a ly zed  a s  th e  l i m i t i n g  c a se  o f cue s im i l a r 

i t y  ( i . e .  , i d e n t i t y ) .  However, Group 660 i n  th e  p r e s e n t  e x p e r im e n t, 

w hich  d id  n o t  show d is c r im in a t io n  and can  th u s  be  view ed a t  one 

l e v e l  as  f u n c t io n a l ly  ..e q u iv a le n t to  a  50% p a r t i a l  re in fo rc e m e n t
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c o n d i t io n ,  e x h ib i te d  no in d i c a t i o n  o f  d e p re s se d  a s y m p to tic  perfo rm an ce  

r e l a t i v e  t o  th e  c o n tin u o u s  r e in fo rc e m e n t c o n t r a s t  c o n t r o l .  A s a l i e n t  

p ro c e d u ra l  d i f f e r e n c e  was th e  p r e s e n t  u se  o f  p r i o r  a c q u i s i t i o n  t r a i n i n g  

w ith  c o n tin u o u s  r e in fo rc e m e n t .  The g e n e ra l  im p l ic a t io n  f o r  d i f f e r e n 

t i a l  c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g  i s  t h a t  p e rh a p s  e x te n s iv e  p r i o r  

a c q u i s i t i o n  t r a i n i n g  w ith  th e  p o s i t i v e  cue s e rv e s  to  p r o t e c t  i t s  r e 

sp o n se  s t r e n g t h  from  th e  d e c re m e n tin g  e f f e c t s  o f  su b se q u e n t d i f f e r 

e n t i a l  c o n d i t io n in g .  An im p l ic a t io n  o f  t h i s  s p e c u la t io n  i s  t h a t  th e  

s e p a r a te - p h a s e  p ro c e d u re s  u sed  i n  c l a s s i c a l  a v e r s iv e  c o n d i t io n in g  

i n v e s t i g a t i o n s  d id  n o t  in v o lv e  th e  d e g re e  o f  f i r s t  p h a se  p o s t -  

a sy m p to tic  t r a i n i n g  to  th e  p o s i t i v e  cue com parab le  to  t h a t  em ployed i n  

th e  p r e s e n t  s tu d y .  In  t h i s  r e g a r d ,  i t  may b e  n o te d  t h a t  s e p a r a t e -  

ph ase  human c l a s s i c a l  a v e r s iv e  i n v e s t i g a t io n s  ( e . g . ,  G y n th e r, 1959; 

Homzie 1968) have  u sed  a  s i n g l e  a c q u i s i t i o n  s e s s io n  and l i t t l e ,  i f  

any , p o s t - a s y m p to t ic  t r a i n i n g .  T h is  c o n t r a s t s  w ith  th e  fo u r te e n  d a i ly  

a c q u i s i t i o n  t r a i n i n g  s e s s io n s  and ex te n d e d  p o s t - a s y m p to t ic  t r a i n in g  

o f  th e  p r e s e n t  e x p e r im e n t. What u n d e r ly in g  m echanism  c o u ld  acco u n t 

f o r  su ch  p o t e n t i a l  r e s p o n s e - p r o te c t iv e  a s p e c ts  o f  e x te n d e d  a c q u i s i t i o n  

t r a i n i n g  i s  u n c l e a r .  The above s p e c u la t io n  i s  o n ly  i n  te rm s  o f  p ro 

c e d u ra l  d i f f e r e n c e s .

On th e  o th e r  h an d , th e  p r e s e n t  f in d in g  t h a t  CS2  p e rfo rm an ce  was 

p o s i t i v e l y  r e l a t e d  to  cue s i m i l a r i t y  fo llo w s  d i r e c t l y  from  th e  

g e n e r a l i z a t i o n - o f - e x c i t a t i o n  axiom  o f  H u ll-S p e n c e  th e o ry  and i s  con

s i s t e n t  w ith  th e  f in d in g s  from  b o th  c l a s s i c a l  a v e r s iv e  ( e . g . ,  F re y ,

1967; H om zie, 1968) and in s t r u m e n ta l  a p p e t i t i v e  ( e . g . ,  F r i e d e s ,  1957; 

H anson, 1959) c o n d i t io n in g .  However, b eca u se  o f  p r i o r  a sy m p to tic



www.manaraa.com

94

t r a i n in g  to  th e  p o s i t i v e  cu e , e x c i t a t o r y  g e n e ra l iz a t io n  a lo n e ,  can n o t 

acco u n t f o r  th e  a d d i t i o n a l  f in d in g  t h a t  respond ing  to  th e  n o n re in fo rc e d  

cue in c re a s e d  o v e r  i n i t i a l  d i f f e r e n t i a l - c o n d i t i o n in g  t r a i n i n g  f o r  

Groups 1000 and 2100. S t r ik in g ly  s i m i l a r  f in d in g s  w ere f r e q u e n t ly  

n o te d  by  P av lov  (1927 , p p . 118-122) and he ana lyzed  them i n  term s o f  

" e x te r n a l  i n h i b i t i o n " .  The l a t t e r  phenomenon in v o lv e s  th e  tem porary  

su p p re s s io n  o r  i n h i b i t i o i i  o f  c o n d it io n e d  r e f le x e s  by n o v e l  s t im u l i  

w hich , fo llo w in g  r e p e a te d  p r e s e n ta t i o n s ,  lo s e  t h e i r  r e s p o n s e - s u p p re s -  

s iv e  c a p a c i ty .  W ith re g a rd  to  s e p a ra te -p h a s e  d i f f e r e n t i a l  c o n d i t io n 

ing,- P av lov  h y p o th e s iz e d  t h a t  th e  n e g a t iv e  cue can be  c o n c e p tu a l iz e d  

a s  in v o lv e d  two com ponents. One component in v o lv e s  com m onality  

w ith  th e  e lem en ts  o f th e  p o s i t i v e  c u e , th u s  p ro v id in g  th e  b a s i s  f o r  

e x c i ta to r y  g e n e r a l i z a t io n ,  w h ile  th e  o th e r  component in v o lv e s  "new" 

e lem en ts  o r  n o v e l ty  w hich  p ro v id e s  th e  b a s i s  f o r  re sp o n se  su p p re s s io n  

( i . e . ,  e x te r n a l  i n h i b i t i o n ) .  On i n i t i a l  p re s e n ta t io n s  o f  th e  n e g a t iv e  

cue, th e  n o v e l com ponent would th e n  o p e ra te  to  su p p re ss  CRs and mask 

th e  f u l l  a s se ssm e n t o f  e x c i t a t o r y  g e n e r a l iz a t io n .  Over r e p e a te d  

p r e s e n ta t io n s  o f  th e  n e g a t iv e  cu e , th e  n o v e l a sp e c ts  o f  th e  cue 

w i l l  h a b i tu a te  and hen ce  lo s e  t h e i r  re s p o n s e -su p p re s s iv e  c a p a c i ty .  

F o llow ing  h a b i tu a t i o n ,  e x c i t a t o r y  g e n e r a l iz a t io n  would th e n  be 

r e f l e c te d  in  in c r e a s e d  re sp o n d in g . Such an a n a ly s is  w ould ap p ea r to  

acco u n t f o r  th e  p r e s e n t  f in d in g s  o f  an i n i t i a l  in c re a s e  i n  CS2  

perfo rm ance f o r  Groups 1000 and 2100. The f in d in g  t h a t  Group 660 

(which n e v e r a c h ie v e d  d is c r im in a t io n )  d id  n o t  e x h ib i t  a  s i g n i f i c a n t  

i n i t i a l  in c re a s e  i n  CS2  p e rfo rm ance  i s  r e a d i ly  u n d e rs to o d  i n  te rm s 

o f  th e  n e g a t iv e  cue b e in g  so s im i la r  to  th e  p o s i t iv e  one (60 Hz
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d i f f e r e n c e )  t h a t  i t s  n o v e l  and h e n c e , s u p p re s s iv e  component was n e g l i 

g i b l e .  H ow ever,. th e r e  i s  a  seem ing in c o n s i s te n c y  betw een th e  p r e s e n t  

f in d in g s  and th e  phenomenon P av lov  (1927) d e s c r ib e d .  P av lov  (1927) 

r e p o r te d  t h a t  th e  in c r e a s e  i n  re sp o n d in g  to  th e  n e g a t iv e  cue in v o lv e d  

a b o u t th e  f i r s t  f iv e  t r i a l s  on w hich th e  n e g a t iv e  cue was p r e s e n te d .

I n  th e  p r e s e n t  s tu d y ,  in c re m e n ts  i n  CS2  re sp o n d in g  o c c u rre d  o v e r  th e  

f i r s t  f o r t y - e i g h t  CS£ p r e s e n ta t i o n s .  H owever, P a v lo v 's  d a ta  w ere 

b a se d  on s t im u lu s  d u r a t io n s  o f  3 0 -se c  w h ile  th e  p r e s e n t  s tu d y  in v o lv e d  

CS2  d u r a t io n s  o f  .5  s e c .  C le a r ly ,  i t  i s  r e a s o n a b le  to  s u g g e s t  t h a t  

s t im u lu s  d u r a t io n  d e te rm in e s  th e  r a t e  of. h a b i tu a t i o n  o f  th e  n o v e l 

and h e n c e , r e s p o n s e - s u p p re s s iv e  a s p e c ts  o f  a  s t im u lu s .
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EXPERIMENT I I

The p u rp o se  o f  th e  p r e s e n t  s tu d y  was to  i n v e s t i g a t e  th e  e f f e c t s  

o f  US m ag n itu d e  on s e p a ra te -p h a s e  d i f f e r e n t i a l  c l a s s i c a l  a p p e t i t i v e  

c o n d i t io n in g  o f  th e  r a b b i t ' s  jaw-movement re s p o n s e .

As p r e v io u s ly  in d i c a te d ,  th e  e x c i t a t i o n - i n h i b i t i o n  m odel o f  

d i s c r im in a t io n  le a r n in g  ( H u ll ,  1943; Spence, 1936, 1937) e s s e n t i a l l y  

in v o lv e s  th e  a lg e b r a ic  i n t e r a c t i o n  o f  e x c i t a to r y  and i n h i b i t o r y  

g e n e r a l i z a t io n  g r a d ie n ts  o f  re s p o n s e  te n d e n c ie s  a lo n g  a  p h y s ic a l  

d im e n s io n . T hus, th e  f i r s t  ex p e rim en t sough t to  a s s e s s  th e  model 

by a f f e c t i n g  th e  amount o f  g e n e r a l i z a t io n  v i a  th e  m a n ip u la t io n  o f  

s t im u lu s  s i m i l a r i t y .  The aim  o f  th e  p r e s e n t  e x p e rim e n t i s  to  a s s e s s  

th e  im p l ic a t io n  o f  th e  t r a d i t i o n a l  e x c i t a t i o n - i n h i b i t i o n  m odel by  

a f f e c t i n g  th e  s t r e n g th  o f  g e n e r a l iz e d  re sp o n se  te n d e n c ie s  v i a  th e  

m a n ip u la t io n  o f  US m a g n itu d e . M ajor e x c i t a t i o n - i n h i b i t i o n  t h e o r i s t s  

( e . g . ,  H u l l ,  1943; P av lo v , 1927; S pence , 1960) c o n cu r i n  p o s i t i n g  

t h a t  US m a g n itu d e  i s  a  p r im a ry  d e te rm in a n t o f  e x c i t a t o r y  s t r e n g th  

f o r  c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g .  P r e d ic t io n s  from  an 

e x c i t a t i o n - i n h i b i t i o n  a n a l y s i s  o f  d is c r im in a t io n  f o r  th e  e f f e c t s  o f  

US m ag n itu d e  on d i f f e r e n t i a l  c o n d i t io n in g  p e rfo rm a n ce  h in g e ,  how ever, 

on th e  f a c t o r s  assumed to  a f f e c t  i n h i b i t o r y  c o n d i t io n in g .  The s im p le s t  

a ssu m p tio n  i s  t h a t  th e  c o n d i t io n in g  o f  i n h i b i t i o n  to  CS- i s  s im p ly  

d e te rm in e d  by th e  number o f  n o n re in fo rc e d  p r e s e n ta t i o n s .  T h is  was
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H u l l 's  (1943) w ork ing  assu m p tio n  f o r  b o th  c l a s s i c a l  a p p e t i t i v e  

and c l a s s i c a l  a v e r s iv e  c o n d i t io n in g  and S p e n c e 's  l a t e r  p o s i t i o n  

(1 9 5 8 a ) , a t  l e a s t  w i th  re g a rd  t o  th e  c l a s s i c a l  a v e r s iv e  c a s e .

The p r e d ic t io n s  f o r  t h i s  p o s i t i o n  a r e  s t r a ig h t f o r w a r d :  in c re a s e d  

US m agn itude  w i l l  p ro d u ce  augm ented CS+ p e rfo rm an ce  a n d , v i a  

e x c i t a t o r y  g e n e r a l iz a t io n ,  augm ented p e rfo rm a n ce  on CS-. A nother 

p r e d i c t i o n ,  t h a t  th e  d e g re e  o f  d i f f e r e n t i a t i o n  w i l l  b e  d i r e c t l y  

t i e d  to  US m agnitude fo llo w s  from  th e  assum ed m u l t i p l i c a t i v e  r e l a 

t i o n s h i p  betw een " h a b i t "  (H) s t r e n g th  and u n d e r ly in g  m o t iv a t io n a l  

l e v e l  (D ). An a l t e r n a t i v e  p o s i t i o n  ( e . g . ,  P a v lo v , 1927; Spence, 1936) 

in v o lv e s  th e  added assum ption  t h a t  th e  am ount o f  i n h i b i t i o n  condi

t io n e d  to  th e  n e g a t iv e  cue i s  a  d i r e c t  f u n c t io n  o f  th e  amount o f 

e x c i t a t o r y  s t r e n g th  a s s o c ia te d  w ith  t h a t  s t im u lu s .  I n  t h i s  c a s e , 

u n iq u e  p r e d ic t io n s  fo r  th e  e f f e c t s  o f  US m ag n itu d e  on th e  r e l a t i v e  

o r d e r in g  o f  CS+ perfo rm an ce  and CS- p e rfo rm a n ce  a r e  p re c lu d e d  in  th e  

a b se n c e  o f  s p e c i f i c a t i o n  o f  th e  r e l a t i v e  c o n t r ib u t io n s  o f  th e  

e x c i t a t o r y  and in h ib i to r y  f a c t o r s .  However, th e  o b s e r v a t io n  o f  an  

in v e r s e  r e l a t io n s h ip  betw een US m ag n itu d e  and CS- p erfo rm an ce  would 

p ro v id e  seem ing ly  s t r o n g  s u p p o r t f o r  t h i s  " e x c i t a to r y - b a s e d "  n o t io n  

o f  i n h i b i t i o n .

Method

S u b je c ts

The Ss w ere 72 New Z ealand a lb in o  r a b b i t s .  - 

The a n im a ls  w ere abou t 100 days o ld  and eac h  w eighed ap p ro x im a te ly
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2 kg when th e y  w ere  o b ta in e d  from  M o rr is o n ’s  R a b b i t r y ,  W est L ib e r ty ,  

Iow a. Upon a r r i v a l ,  th e  a n im a ls  w ere  i n d i v i d u a l l y  caged  w i th  f r e e  

a c c e s s  t o  fo o d  and w a te r .

A p p a ra tu s

The a p p a ra tu s  w as th e  same a s  d e s c r ib e d  i n  E xperim en t I .  The 

l - , 3 - ,  and 9 -c c  US m ag n itu d e  v a lu e s  o f  th e  p r e s e n t  s tu d y  in v o lv e d  

d u r a t io n s  o f  .3 ,  1 .8 ,  and 6 .3  s e c  r e s p e c t i v e l y ,  w h i le  th e  d u r a t io n  

o f  th e  CS w as .5  s e c .

P ro c e d u re s

The s u r g i c a l  p r e p a r a t io n  o f  th e  S s , th e  i n i t i a t i o n  o f  th e  w a te r  

d e p r iv a t io n  re g im e , and a d a p ta t io n  t r a i n i n g  w ere th e  same a s  th o s e  

d e s c r ib e d  in  E xperim en t I .

D esig n

Tw elve Ss w ere  random ly a s s ig n e d  to  ea c h  o f  t h r e e  g ro u p s  

d e s c r ib e d  by  th e  l e v e l  o f  US m ag n itu d e  (1 ,  3 ,  and 9 c c )  u sed  on 

r e in f o r c e d  t r i a l s  (G roups 1 - ,  3 -  and 9 - c c ) . I n  P h ase  I  ( i . e . ,  

a c q u i s i t i o n  p h a se )  eac h  g roup  re c e iv e d  a c q u i s i t i o n  t r a i n i n g  w i th  i t s  

r e s p e c t iv e  US m ag n itu d e  w h ich  in v o lv e d  fo u r  r e in f o r c e d  t r i a l s  p e r  

d a ,ily  s e s s io n  f o r  f i f t e e n  c o n s e c u t iv e  d a y s . H a lf  th e  Ss  r e c e iv e d  

t h e i r  t r a i n i n g  w ith  a  600-Hz CS w h ile  th e  o th e r  h a l f  r e c e iv e d  t h e i r s  

w ith  a  2100-Hz CS. I n  P h ase  I I  ( i . e . ,  d i f f e r e n t i a l - c o n d i t i o n i n g  

p h a se )  each  g roup  c o n tin u e d  to  r e c e iv e  fo u r  r e in f o r c e d  t r i a l s  p e r  

s e s s io n  w ith  i t s  a c q u i s i t i o n  CS ( i . e . ,  CS^) e x c e p t t h a t  now, fo u r  

n o n re in fo rc e d  p r e s e n ta t io n s  o f  a  d i f f e r e n t  to n a l  f re q u e n c y  ( i . e . ,  CS2 )
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w ere in tro d u c e d  in t o  each  s e s s io n  d u r in g  th e  24 d ay s  o f  t r a i n i n g .

The to n a l  f re q u e n c y  o f  CS^  (600 o r  2100 Hz) was c o u n te rb a la n c e d  

w ith  r e s p e c t  to  to n a l  f re q u e n c y  f o r  CS^. The . o r d e r  o f  CS^ and CSg 

p r e s e n ta t io n s  was random ly  v a r ie d  w ith  th e  r e s t r i c t i o n  t h a t  n o t  m ore 

th a n  th r e e  t r i a l s  o f  one ty p e  co u ld  o c c u r  c o n s e c u t iv e ly  and 

in v o lv e d  i n t e r t r i a l  i n t e r v a l s  o f  2 .0 ,  2 .5 ,  3 .0  m in w ith  a  mean o f  

2 .5  m in . The i n t e r v a l s  be tw een  CS^ t r i a l s  d u r in g  d i f f e r e n t i a l  

c o n d i t io n in g  m ir ro re d  th e  i n t e r t r i a l  i n t e r v a l s  d u r in g  th e  a c q u i s i t i o n  

p h a se  o f  t r a i n i n g .  Thus, th e  i n t e r v a l s  betw een r e in f o r c e d  t r i a l s  

was e q u a te d  a c r o s s  a c q u i s i t i o n  and d i f f e r e n t i a l - c o n d i t i o n i n g  t r a i n i n g .  

T hroughou t th e  ex p e rim e n t th e  CS-US i n t e r v a l  was 500 m sec w hich  

was a l s o  th e  d u r a t io n  o f  b o th  CS^ and CS^. D e f le c t io n s  o f  th e  

r e c o rd in g  pens o f  a t  l e a s t  1  mm from  b a s e l in e  (c o r re s p o n d in g  to  

.3  mm o f  jaw  movement) o c c u r r in g  d u r in g  th e  500 m sec fo llo w in g  CS 

o n s e t  w ere  re c o rd e d  a s  CRs.

D u rin g  th e  c o u rse  o f  th e  ex p e rim e n t th r e e  a n im a ls  (one p e r  

g roup ) d ie d ,  a p p a re n t ly  due to  r e s p i r a t o r y  i n f e c t i o n s .  I n  a d d i t i o n ,  

one S_ i n  Group 1 -c c  was d is c a rd e d  f o r  f a i l i n g  to  g iv e  a  s i n g l e  CR

d u r in g  a c q u i s i t i o n  t r a i n i n g  and a c c o rd in g ly ,  one random ly  d e s ig n a te d

j> from  e a c h  o f  t h e  o th e r  g ro u p s  was d is c a rd e d  to  p ro v id e  an  e q u a l

number (10 ) o f  Ss p e r  t r e a tm e n t  c o n d i t io n .

R e s u l t s

P hase  I

CR F req u en cy . F ig u re  11 p r e s e n t s ,  f o r  each  g ro u p , b a s e - r a t e  

re sp o n d in g  on a d a p ta t io n  day and p e rc e n ta g e  CRs d u r in g  a c q u i s i t i o n
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t r a i n i n g  o v er th r e e - d a y  b lo c k s .  The f i g u r e  r e v e a ls  t h a t  a d a p ta t lo n -  

day  re sp o n d in g  w as l e s s  th a n  2 % and t h a t  a c q u i s i t i o n  p e rfo rm a n ce  

was n o m in a lly  o rd e re d  w ith  US m agnitude w ith  th e  9 -  and 3 -c c  c o n d i

t i o n s  e x h ib i t i n g  q u i t e  s im i la r  a c q u i s i t i o n  p erfo rm an ce  w hich  w as 

s u b s t a n t i a l l y  and c o n s i s t e n t ly  s u p e r io r  to  t h a t  o f  th e  1 - c c  c o n d i t io n .  

An a n a l y s i s  o f  v a r ia n c e  on th e se  p e rc e n ta g e  CR d a ta  r e v e a le d  t h a t  

th e  o v e r a l l  G roups e f f e c t  was s i g n i f i c a n t  ( s e e  T ab le  12) and a  

l i n e a r  t r e n d  a n a l y s i s  c o rro b o ra te d  th e  o b s e rv a t io n  t h a t  p e rfo rm a n ce  

was o rd e re d  w i th  US m agn itude in  r e v e a l in g  a  s i g n i f i c a n t  upward 

l i n e a r  component (F = 7 .4 5 ; d f = 1, 27; j> < * 05 ). A su b se q u e n t 

Newman-Keuls co m parison  t e s t  in d ic a te d  t h a t  th e  o v e r a l l  mean p e rc e n 

ta g e  CRs f o r  th e  1 -c c  c o n d i t io n  (29.9%) was s i g n i f i c a n t l y  lo w er 

(j>s < .0 1 )  th a n  th e  means fo r  th e  3 -c c  (57.6% ) and 9 -c c  (60.3% ) 

c o n d i t io n s  and t h a t  th e  l a t t e r  two means w ere n o t s i g n i f i c a n t l y  d i f 

f e r e n t  from  each  o th e r .

F ig u re  11 a l s o  s u g g e s ts  th a t  each  g roup  app roached  i t s  r e s p e c t iv e  

p erfo rm an ce  a sy m p to te  by  th e  t h i r d  d ay -b lo c k an d  t h a t  t h i s  p e r f o r 

mance was m a in ta in e d  o v er sub seq u en t a c q u i s i t i o n  t r a i n i n g .  R esponse 

l e v e l s  on th e  l a s t  day b lo c k  w ere 45.5% , 69.2% , and 76.5% f o r  G roups 

1 - ,  3 - ,  and 9 - c c ,  r e s p e c t iv e l y .  To a s s e s s  w h e th e r s t a b l e  a sy m p to tic  

r e s p o n s e  l e v e l s  had been  a t t a in e d ,  an  a d d i t i o n a l  a n a l y s i s  o f  

v a r ia n c e  was p erfo rm ed  on th e  p e rc e n ta g e  CR d a ta  o f  th e  l a s t  t h r e e ,  

th r e e - d a y  b lo c k s  o f  a c q u i s i t i o n .  The a n a l y s i s  r e v e a le d  t h a t  w h ile  

th e  Groups e f f e c t  was s i g n i f i c a n t  (F =  6 .2 8 ; d f  = 2 , 27; £  < .0 1 )
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F ig u re  11. F o r each  g ro u p , mean p e rc e n ta g e  CRs on a d a p ta t io n  day  
and a s  a  f u n c t io n  o f th re e -d a y  b lo c k s  d u r in g  P hase  I :  
Exp. I I
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;T able~l2

A n a ly s is  o f  V arian c e  o f  P e rc e n ta g e  CRs In  Phase I  

W ith G roups, D ay -B locks, and W ith in -S ess lo n  

B locks as  F a c to r s :  Exp. I I

Source d f MS F

Between:

Groups (G) 2 2.83676 6 . 6 6 **

E r r o r  (b ) 27 .42640

W ith in :

Days (D) 4 4.02366 50.95**

D X G 8 1.0778 1.36

E r ro r  (w^) 108 .07897

B locks (B) 1 .07002 2 .16

B X G 2 .03014 .93

E r ro r  (w2 ) 27 .03237

B X G 4 .02848 1.65

B X D X G 8 .00966 .56

E r ro r  (wg) 108 .01727

** £  <  .01 

* £  C  .05
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n e i t h e r  th e  Days n o r  th e  Days X G roups e f f e c t  app roached  s ig n i f i c a n c e  

(F s < 1.) th u s  s u p p o r tin g  th e  e x p e r im e n ta l o b je c t iv e  o f  p ro d u c in g  

s t a b l e  and d i f f e r e n t i a l  re sp o n s e  s t r e n g th  among g ro u p s . I t  may a l s o  

be  n o te d  h e re  t h a t  th e  c o u n te r -b a la n c e d  f a c t o r  o f  to n a l  f re q u e n c y  

(600 and 2100 Hz) p roduced  com parab le  o v e r a l l  p e rfo rm an ce  (46% 

and 53%, r e s p e c t iv e l y )  and th e  d i f f e r e n c e  d id  n o t  ap p ro ach  s t a t i s t i c a l  

s i g n i f i c a n c e  (F 1 ) .

F ig u re  12 p o r t r a y s  f o r  each  g ro u p , th e  mean p e rc e n ta g e  CRs 

o v e r  two w i th in - s e s s io n  b lo c k s  d u rin g  a c q u i s i t i o n .  The f ig u r e  

i n d i c a t e s  s t a b l e  w i th in - s e s s io n  p erfo rm an ce  f o r  each  g roup  w ith  o n ly  

a  s l i g h t  w i th in - s e s s io n  d ecrem en t f o r  th e  3 -  and 9 -c c  c o n d i t io n s .

An a n a l y s i s  o f  v a r ia n c e  re v e a le d  th a t  th e  g r a p h ic a l  i n d i c a t i o n  o f  a  

w i th in  s e s s io n  d ecrem en t f o r  th e  l a r g e r  US m ag n itu d es  was n o t  

r e l i a b l e  i n  t h a t  n e i t h e r  th e  B lo c k s, n o r th e  B locks X G roups e f f e c t  

was s i g n i f i c a n t  (s e e  T ab le  1 2 ).

CR O nset L a te n c y . The p a n e ls  o f  F ig u re  13, p r e s e n t  th e  g roup  

f re q u e n c y  d i s t r i b u t i o n s  o f  CR l a t e n c i e s  f o r  f i v e ,  th r e e -d a y  b lo c k s .

The in d i c a t i o n  o f  th e  f re q u e n t ly -o b s e rv e d  phenomenon o f  a  d e c re a s e  

i n  CR la te n c y  o v e r  a c q u i s i t i o n  t r a i n i n g  can  be n o te d  from  th e  f i g u r e .  

(The r e l a t i v e l y  low CR fre q u e n c y  l e v e l  o f  th e  1 -c c  c o n d i t io n  

p re c lu d e d  a  u n ifo rm  s t a t i s t i c a l  a s se ssm e n t o f  th e  e f f e c t s  o f  

t r a i n i n g  on CR l a t e n c i e s  f o r  th e  th r e e  c o n d i t io n s ) .  In  a d d i t i o n ,  

a s  su g g e s te d  by th e  f i g u r e ,  th e  mean o v e r a l l  CR o n s e t  l a t e n c i e s  

d u r in g  a c q u i s i t i o n  g e n e r a l ly  co rresp o n d ed  w ith  th e  f re q u e n c y  m easu re  

i n  t h a t  th e  1 - c c  c o n d i t io n  e x h ib i te d  a  s u b s t a n t i a l l y  lo n g e r  mean
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F ig u re  12. F o r each  g ro u p , mean p e rc e n ta g e  CRs a s  a  f u n c t io n
o f  two w i th in - s e s s io n  b lo c k s  d u r in g  P hase  I :  Exp. I I .
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F ig u re  13. Group fre q u e n c y  d i s t r i b u t i o n  o f  CR l a t e n c i e s  i n  
f iv e - d a y  b lo c k s  f o r  P hase  I :  Exp. I I .
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Table.13
A n a ly s is  o f  V a rian c e  o f  Mean O v e ra ll 

CR O nset L a ten cy  In  P hase  I :  E x p .I I

Source d f MS F

Between:

Groups 2 14039.85108 6 .54**

E r ro r 27 2156.28861

** jg. < .01

* £  <.05
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l a te n c y  (420 msec) th a n  d id  th e  3 -  and 9 -cc  c o n d i t io n s  whose means 

w ere  q u i t e  s im i la r  (353 and 357 m sec, r e s p e c t i v e l y ) .  An a n a ly s i s  o f  

v a r ia n c e  o f th e s e  o v e r a l l  mean CR l a t e n c i e s  r e v e a le d  a  s i g n i f i c a n t  

G roups e f f e c t  (see  T ab le  13) and a  t r e n d  a n a l y s i s  o v e r U S-m agnitude 

v a lu e s  in d ic a te d  a  s i g n i f i c a n t  downward l i n e a r  com ponent 

(F = 7 .4 5 ;  d f  = 1, 27; £  < .0 5 ) .  A su b seq u en t Newman-Keuls 

co m parison  t e s t  re v e a le d  t h a t  th e  mean la te n c y  f o r  th e  1 - c c  co n d i

t i o n  w as s ig n i f i c a n t l y  (£s < .0 1 ) lo n g e r  th a n  t h a t  o f  th e  3 -  and 9 -c c  

c o n d i t io n s  and th a t  th e  l a t t e r  two means d id  n o t  s i g n i f i c a n t l y  d i f f e r  

from  ea c h  o th e r .

P h ase  I I

CR F requency . F ig u re  14 p r e s e n ts  mean o v e r a l l  p e rc e n ta g e  CRs 

to  th e  r e in f o r c e d  (CS^) and n o n re in fo rc e d  (CS2 ) s t im u l i  a s  a f u n c t io n  

o f  US m agn itude . C o n s id e rin g  f i r s t  re sp o n d in g  to  th e  r e in f o r c e d  

s t im u lu s ,  th e  f ig u re  i n d i c a t e s  t h a t  CS^ re sp o n d in g  d u r in g  d i f f e r e n t i a l  

c o n d i t io n in g  was o rd e red  w ith  US m agn itude w ith  th e  m ost pronounced 

e f f e c t  o b ta in in g  betw een th e  perfo rm an ce  o f  th e  1 - c c  and th a t  o f  th e  

l a r g e r  US-m agnitude c o n d i t io n s .  An a n a ly s i s  o f  v a r ia n c e  o f  th e  CS^ 

p e rc e n ta g e  CR d a ta  re v e a le d  a  s i g n i f i c a n t  G roups e f f e c t  (se e  T ab le  14) 

and a  l i n e a r  tre n d  a n a ly s i s  o v er U S-m agnitude v a lu e s  in d ic a te d  a  

s i g n i f i c a n t  upward l i n e a r  com ponent (F = 5 .2 6 ; df_ -  1 , 27 ; £  < .0 5 ) .

A fo llo w -u p  Newman-Keuls com parison  t e s t  r e v e a le d  t h a t  th e  CSj 

p erfo rm an ce  o f  th e  1 -c c  c o n d i t io n  (39.0%) was s i g n i f i c a n t l y  (£  < .0 5 )  

lo w er th a n  th a t  o f  th e  9 -c c  c o n d i t io n  (68.3%) b u t t h a t  th e  p erfo rm an ce
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Table 14
A n a ly s is  o f  V a ria n c e  o f  P e rc e n ta g e  CRs to  CS^ in  P h ase  I I  

W ith G roups, D ay -B locks, and W ith in -S e s s io n  

B locks as F a c to r s :  Exp. I I

S ource d f MS F

Between:

Groups (G) 2 3 .71070 3 .65*

E r r o r  (b) 27 1.00918

W ith in :

Days (D) 7 - .02344 .40

D X G
\

14 .04523 .77

E r r o r  (w^) 189 .05882

B locks (B) 1 . 0 0 0 0 1 . 0 0

B X G 2 .19651 . 4 .77*

E r r o r  (w£) 27 .04123 «

B X D 7 .04836 . 2 .09*

B X D X G 14 .02486- 1.07

E r r o r  (w j) 189 .02316

** £  < * 0 1  

* £  < -0 5



www.manaraa.com

.112

o f  th e  3 - c c  c o n d i t io n  (61.0% ) was n o t  r e l i a b l y  d i f f e r e n t  from  t h a t  

o f  th e  o th e r  two g ro u p s .

W ith  re g a rd  to  o v e r a l l  CS2  r e s p o n d in g , th e  f i g u r e  i n d i c a t e s  a  

s l i g h t  n o n -m o n o to n ic ity  w ith  re sp o n se  l e v e l s  o f  15.6% , 27.9% , and  

26.7% from  Groups 1 - ,  3 - .  and 9 -c c ,  r e s p e c t i v e l y .  A s e p a r a te  a n a l y s i s  

o f  v a r ia n c e  on th e s e  CS2  p e rc e n ta g e  CR d a ta  in d i c a te d  th e  G roups 

e f f e c t  was n o n s ig n i f i c a n t  (s e e  T ab le  15) and t r e n d  a n a ly s e s  o v e r  

U S-m agnitude v a lu e s  r e v e a le d  t h a t  n e i th e r  th e  l i n e a r  n o r q u a d r a t ic  

com ponents w ere s i g n i f i c a n t  (F = 1 .3 0 , and 2 .0 0 ,  r e s p e c t iv e l y ;  d f s  

= 1 , 27 ; £ s  > .1 0 ) .

F ig u re  14 a l s o  i n d i c a t e s  t h a t  th e  o v e r a l l  d e g re e  o f  d i f f e r e n t 

i a t i o n  ( i . e . ,  CS^ m inus CS2 ) was o rd e re d  w i th  US m a g n itu d e ; th e  

o v e r a l l  p e rc e n ta g e  d i f f e r e n t i a t i o n  f o r  th e  1 - ,  3 - ,  and 9 -cc  c o n d i t io n  

was 23.4% , 33.1%, and 41.6% , r e s p e c t iv e l y .  An a n a l y s i s  o f  v a r ia n c e  

w i th  CS^ and CS2  a s  a  w i th in  f a c t o r  in d i c a te d  t h a t  o v e r a l l  d i f f e r 

e n t i a t i o n  was h ig h ly  r e l i a b l e  ( s e e  T ab le  1 6 ) . A l i n e a r  t r e n d  

a n a l y s i s  o v er U S-m agnitude l e v e l s  b ased  on o v e r a l l  CS^ m inus CSg 

d i f f e r e n c e  s c o re s  r e v e a le d  a  s i g n i f i c a n t  upw ard l i n e a r  com ponent 

(F = 4 .2 4 ;  d f  -  1 , 27 ; £  < .0 5 ) .

F ig u re  15 p r e s e n ts  mean p e rc e n ta g e  CRs, f o r  each  g ro u p , f o r  

th e  l a s t  th re e -d a y  b lo c k  o f  a c q u i s i t i o n ,  and to  CS^ and CS2  a s  a  

f u n c t io n  o f  e i g h t ,  th r e e - d a y  b lo c k s  d u r in g  th e  second  p h a se . Exam

in a t i o n  o f  th e  l e f t  p o r t i o n  o f  th e  f ig u r e  s u g g e s ts  th e r e  was a  

s l i g h t  CS^ p erfo rm an ce  d ecrem en t betw een th e  l a s t  a c q u i s i t i o n  b lo c k  

and th e  i n i t i a l  P h a s e - I I  b lo c k . However, an  a n a ly s i s  o f  v a r ia n c e
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Table 15
A n a ly s is  o f  V a ria n c e  o f  P ercen tag e  CRs to  CS2  i n  P h ase  I I  

W ith G roups, D ay-B locks, and W ith in -S e s s io n  .

B locks as  F a c to rs :  Exp. I I

S ou rce d f

B etw een: 

Groups (G) 

E r r o r  (b) 

W ith in :

Days (D)

D X G 

E r r o r  (w^) 

B locks (B) 

B X G 

E r r o r  (w2 ) 

B X D 

B X D X G 

E r r o r  (W3)

2

27

7

14

189

1

2

27

7

14

189

MS

.73546

.44488

1 .65

.24854

.06110

.05620

1.02521

.11525

.04956

.05646

.01947

.02066

4 .42**

1.09

20 .69**

2 .3 3

2 .7 3 *

.9 4

** £  < - 0 1  

* 2 . <*05
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F ig u re  14. Mean o v e r a l l  p e rc e n ta g e  CRs to  CS. and CS2  a s  a
fu n c t io n  o f  US m agn itude  d u r in g  P hase  I I :  Exp. I I .
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t a b l e  16
m

A n a ly s is  o f  V arian c e  o f  P e rc e n ta g e  CRs In  Phase I I  

W ith G roups, CS1 /CS2 , D ay-B locks 

pnd W ith ln -S e s s io n  B locks as  F a c to rs :  Exp. I I

Source d f MS

Between: 

Groups (G) 

E r ro r  (b )  

W ith in :

CSL/CS2  (C) 

C X G 

E r ro r  (w^) 

Days (D)

D X G 

E r ro r  (v^) 

B locks 

B X 6  

E rro r  (wg)

C X D 

C X D X G 

E r ro r  (W4 )

2

27

.1

2

27

7

14

189

1

2

27

7

14

189

3.78661

1.16531

25.60522

.65955

.28875

.16123

.05264

.06873

.51415

.27669

.05017

.11074

.05369

.04629

3 .2 5

88. 68**

2 .2 8

2 .3 5 *

.77

10.25**

5 .5 1 * *

2 .3 9 *

1.16
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T ab le  16 c o n tin u e d

Source d f MS F

D X B 7 .05963 2 .33*

D X B X G 14 .03372 1.31

E r r o r  (w^) 189 .02564

C X D X B 7 .04519 2 .49*

C X D X B X G 14 .01060 .58

E r r o r  (wg) 189 .01818

** E. <  *01 

* £  < - 0 5
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F ig u re  15. Mean p e rc e n ta g e  CRs, f o r  eac h  g ro u p , f o r  th e  l a s t
th re e -d a y  b lo c k  o f  a c q u i s i t i o n ,  and to  CS^ and CS„ a s  
a  f u n c t io n  o f  e ig h t  th r e e -d a y  b lo c k s  d u r in g  P h ase  I I :  
Exp. I I .
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o f  th e s e  p e rc e n ta g e  CR d a ta  re v e a le d  t h a t  th e  b e tw ee n -p h ase  d i f 

f e r e n c e s  w ere n o t  r e l i a b l e  i n  t h a t  n e i t h e r  th e  Days n o r  t h e  Days X ■ 

G roups e f f e c t  was s i g n i f i c a n t  (s e e  T a b le  1 7 ) . The f i g u r e  a l s o  s u g g e s ts  

t h a t  CSj p e rfo rm a n c e , f o r  each  g ro u p , d id  n o t  v a ry  s u b s t a n t i a l l y  n o r  

s y s te m a t ic a l ly  o v e r  d i s c r im in a t io n  t r a i n i n g .  An a n a l y s i s  o f  

v a r ia n c e  on CS^ d a t a  su p p o rte d  t h i s  o b s e r v a t io n  in  t h a t  b o th  th e  

Days and  Days X G roups e f f e c t s  d id  n o t  a p p ro ac h  s ig n i f i c a n c e  

( s e e  T ab le  1 4 ) .

E xam ination  o f  th e  CS2  f u n c t io n s  i n  F ig u re  15 r e v e a l s  t h a t  

each  group  e x h ib i te d  an  i n i t i a l  in c r e a s e  in  CS2  re sp o n d in g  fo llo w e d  

by  a  g e n e ra l  s y s te m a t ic  d e c re a s e  o v e r  su b se q u e n t d i f f e r e n t i a l -  

c o n d i t io n in g  s e s s i o n s .  The p a ra d o x ic a l  n a tu r e  o f  an  i n i t i a l  in c r e a s e  

i n  CS2  re sp o n d in g  i n  th e  c o n te x t  o f  s t a b l e  CSj p e rfo rm an ce  (w hich 

w as a l s o  n o ted  in  th e  f i r s t  e x p e rim e n t)  i s  p e rh a p s  b e s t  i l l u s t r a t e d  

by  th e  1 -cc  c o n d i t io n .  F o r t h i s  c o n d i t io n ,  d i f f e r e n t i a t i o n  was 

v i r t u a l l y  p e r f e c t  d u r in g  th e  f i r s t  th r e e - d a y  b lo c k  in  t h a t  th e r e  

was v i r t u a l l y  no re s p o n d in g  (2.5%) to  th e  n e g a t iv e  c u e . CSj 

re sp o n d in g  f o r  t h i s  group  th e n  in c re a s e d  to  16.0% on th e  second  d ay - 

b lo c k  and to  23.2% on th e  t h i r d  d a y -b lo c k  from  w hich i t  s u b se q u e n tly  

d e c re a se d  o v e r t r a i n i n g  to  14.5% on th e  l a s t  d a y -b lo c k . A s im i l a r  

p a t t e r n  o b ta in e d  f o r  b o th  th e  9 -c c  c o n d i t io n  (25.3% , 38.3% , 42.6%, 

and 13.8%, f o r  t h e  f i r s t ,  seco n d , t h i r d ,  and l a s t  d a y -b lo c k , 

r e s p e c t iv e l y )  and th e  3 -c c  c o n d i t io n  (25.0% , 36.7% , 34.7% , and 13.9%, 

f o r  th e  f i r s t ,  s e c o n d , t h i r d ,  and l a s t  d a y -b lo c k , r e s p e c t i v e l y . )  .
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Table 17
A n a ly s is  o f  V a ria n c e  o f  P e rc e n ta g e  CRs to  CS^ on th e  

L a s t  D ay-B lock o f  P hase  I  and th e  F i r s t  D ay-B lock o f  P hase  I I  

W ith G roups, D ay -B lo ck s, and W ith in -S e s s io n  

B locks as  F a c to r s :  Exp. I I

S ource d f MS F

B etw een: 

Groups (G) 2 .82118 2 .8 0

E r r o r  (b) 27 .29298

W ith in : •

Days (D) 1 .07089 1.59

D X G 2 .01499 .34

E r r o r  (w^) 27 .04465

B locks (B) 1 .13222 5 .4 9 *

B X G 2 .00546 .23

E r r o r  <W2 > 27 .02407

B X D 1 .02650 1 .42

B X D X G 2 .00782 .42

E r r o r  (w j) 27 .01864

** £  < - 0 1  

* £  < . 0 5
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An a n a ly s i s  o f  v a r ia n c e  o f  th e  CS2  p e rc e n ta g e  CR d a ta  sum m arized in  

th e  f ig u r e  su p p o r te d  th e  o b s e rv a tio n  th a t  CS2  p e rfo rm an ce  v a r i e d  

i n  a  com parab le  m anner over t r a in in g  a s  in d ex ed  by a  s i g n i f i c a n t  

Days e f f e c t  and a  n o n s ig n i f i c a n t  Days X Groups e f f e c t  ( s e e  T a b le  

1 5 ). A l i n e a r  t r e n d  a n a ly s i s  o v er th e  e ig h t  d a y -b lo c k s  f o r  a l l  

g roups in d i c a te d  a  s i g n i f i c a n t  downward l i n e a r  com ponent o v e r  

t r a i n i n g  (F = 7 .9 2 ; d £  -  1 , 189; £  < .0 1 ) .  An a d d i t i o n a l  t r e n d  

a n a ly s i s  o v e r th e  e ig h t  d a y -b lo c k s  f o r  a l l  g roups r e v e a le d  t h a t  th e  

c u r v e l in e a r  com ponent ( i . e . ,  d e v ia t io n  from  l i n e a r i t y )  o v e r  t r a i n i n g  

was s i g n i f i c a n t  (F = 3 .8 4 ; d f  = 6 , 189; £  < *01). To m ore 

s p e c i f i c a l l y  a s s e s s  th e  r e l i a b i l i t y  o f  th e  i n i t i a l  i n c r e a s e  i n  

CS2  re s p o n d in g , an  a d d i t io n a l  l i n e a r  t r e n d  a n a ly s i s  was perfo rm ed  

on th e  g ro u p s  d a ta  o v e r th e  i n i t i a l  th r e e  d a y -b lo c k s  and  t h i s  

a n a ly s i s  r e v e a le d  a  h ig h ly  r e l i a b l e  upward l i n e a r  com ponent 

(F = 1 3 .4 3 ; d f  = 1 , 189; £  < .0 1 ) .

F ig u re  16 p r e s e n t s ,  f o r  each  g roup , th e  o v e r a l l  mean p e rc e n ta g e  

CRs to  CSj and to  CS2  d u r in g  Phase I I  a s  a  f u n c t io n  o f  two w i th i n -  

s e s s io n  b lo c k s .  Looking a t  CS^ d a ta  o n ly  f o r  th e  moment, i t  c a n  

be  n o te d  from  th e  f i g u r e  t h a t  th e re  was a v e ry  s l i g h t  w i th i n - s e s s io n  

decrem en t f o r  th e  3 -  and 9 -cc  c o n d it io n s  w h ile  th e  1 -c c  c o n d i t io n  

e x h ib i te d  a  s l i g h t  w i th in - s e s s io n  in c re m e n t. An a n a l y s i s  o f  

v a r ia n c e  o f  CS^ d a ta  r e v e a le d  a  s i g n i f i c a n t  B locks X G roups e f f e c t  

( s e e  T ab le  14) and su b seq u en t a n a ly se s  r e v e a le d  th a t  w i th in - s e s s io n  

v a r i a t i o n  was n o t  s i g n i f i c a n t  f o r  th e  3 -  and  9 -cc  c o n d i t io n s  

(F s  «= .7 6  and 2 .6 2 , r e s p e c t iv e ly ,  d f s  = 1 , 27 ; £ ‘ > .1 0 )  w h ile  th e
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F ig u re  16. F or each  g ro u p , mean o v e r a l l  p e rc e n ta g e  CRs to  CS^ and 
CS2  a s  a  f u n c t io n  o f  two w i th in - s e s s io n  b lo c k s  d u r in g  
Phase I I :  Exp. I I .
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w ith in - s e s s io n  in c r e a s e  f o r  th e  1 -cc  group  was r e l i a b l e  (F = 6 .2 1 , 

d f  = 1, 27 , j> < ' . 0 5 ) .  T urn ing  now to  CS2  re sp o n d in g , th e  f i g u r e  

i n d i c a t e s  w i th in - s e s s io n  d ec rem en ts  f o r  each  group and an a n a ly s i s  

o f  v a r ia n c e  o f  CS2  d a t a  re v e a le d  t h a t  w h ile  th e  w i th in - s e s s io n  

decrem en t was h ig h ly  r e l i a b l e ,  i t  was n o t  s i g n i f i c a n t l y  d i f f e r e n t i a l  

among g ro u p s ( i . e . ,  a  s i g n i f i c a n t  B locks e f f e c t  and a n o n s ig n i f i c a n t  

B lo ck s X G roups e f f e c t : s e e  T ab le  15).F i n a l l y ,  an  a n a ly s i s  o f  

v a r ia n c e  w hich  in v o lv e d  CS^ and CS2  a s  a  w i th in  f a c t o r  confirm ed  

th e  o b s e rv a t io n  o f  a  g r e a t e r  w i th in - s e s s io n  decrem ent on CS2  th a n  on 

CS^ p e rfo rm an ce  and r e v e a le d  t h a t  t h i s  r e l a t io n s h ip  was n o t  d i f f e r 

e n t i a l  among g ro u p s  ( i . e . ,  a  s i g n i f i c a n t  C S j/C Sj X B locks e f f e c t  and 

a  n o n s ig n i f i c a n t  CSj/CS 2  X B locks X Groups e f f e c t :  see  T ab le  1 6 ) .

CR O nset L a te n c y . F ig u re  17 p r e s e n ts  o v e r a l l  mean CR o n se t 

l a te n c y  d u r in g  P hase  I i  to  CS^ and CSg a s  a  fu n c tio n  o f  US m ag n itu d e . 

The f i g u r e  r e v e a l s  t h a t  th e  mean CR l a t e n c i e s  w ere in v e r s e ly  o rd e re d  

w ith  US m ag n itu d e  w ith  th e  m ost pronounced e f f e c t  betw een th e  

1 -  and 3 -c c  c o n d i t io n s  f o r  b o th  CSj (389 , 335, and 331 msec f o r  th e  

1 - ,  3 - ,  and 9 -c c  c o n d i t io n s ,  r e s p e c t iv e l y )  and CS2  (379, 357, and  

356 msec f o r  th e  1 - ,  3 - ,  and 9 -cc  c o n d i t io n s ,  r e s p e c t iv e ly ) .

S e p a ra te  a n a ly s e s  o f  v a r ia n c e  on th e  CS^ and CS2  la te n c y  d a ta  

r e v e a le d  t h a t  th e r e  w ere  no r e l i a b l e  d i f f e r e n c e s  among th e  g ro u p s  

f o r  e i t h e r  CS^ o r  CS2  l a t e n c i e s  ( s e e  T a b le s  18 and 19, r e s p e c t i v e l y ) .

A. l i n e a r  t r e n d  a n a l y s i s  o v er U S-m agnitude v a lu e s  f o r  th e  CS^ d a ta  

I n d ic a te d  th e  l i n e a r  component was n o n s ig n i f i c a n t  (F = 3 .1 5 ; d f  = 1, 27 ; 

j> > .0 5 ) ;  a s im i l a r  a n a ly s i s  f o r  th e  CS2  d a ta  a ls o  r e v e a le d  a  '  ^
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F ig u re  1-7. O v e ra l l  mean CR la te n c y  to  CSj and CS2  a s  a  fu n c t io n  
o f  US m agn itude  d u r in g  P hase  I I :  Exp. I I .
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7 able 18
A n a ly s is  o f  V a rian c e  o f  CR O nset 

L a ten cy  to  CS^ in  Phase I I  W ith  Groups and 

D ay-B locks as  F a c to r s :  Exp. I I

S ource d f MS F

B etw een:

G roups (G) 2 20803.43236 2 . 8 6

E r r o r  (b) 27 7263.24796

W ith in :

Days (D) 1 2149.60841 2 .89

D X G 2 7 .42914 . 0 1

E r r o r  (w) 27 742.90769

** £  < . 0 1  

* £  < . 0 5

\
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Table 19
A n a ly s is  o f  V arian ce  o f  CR O nset L atency  

(to CS2  I n  Phase I I  W ith Groups and 

D ay-B locks as F a c to r s :  Exp. I I

Source d f MS F

Between:

Groups (G) 2 3562.78753 .44

E r ro r  (b) 27 8123.09366

W ith in :

Days (D) 1 8356.59518 2 .35

D X G 2 18608.72030 5 .2 3 *

E r ro r  (w) 27 3561.11297

** £  <*.01 

* £  C  *05



www.manaraa.com

130

n o n - s ig n i f l e a n t  l i n e a r  com ponent (F < 1 ) . E x am in a tio n  o f  th e  f i g u r e  

a l s o  i n d i c a t e s  t h a t  th e  mean l a t e n c i e s  w ere somewhat lo n g e r  t o  

CS2  th a n  C5X f o r  th e 3 -  and 9 -cc  c o n d i t io n s  w h ile  t h i s  r e l a t i o n s h i p  

was r e v e r s e d  f o r  th e  1 -c c  c o n d i t io n .  A s e p a r a te  a n a ly s i s  o f  

v a r ia n c e  w hich in v o lv e d  CS^ and CS2  a s  a  w i th in  f a c t o r  r e v e a le d ,  

how ever, t h a t  d i f f e r e n t i a l  re s p o n se  l a t e n c i e s  w ere  n o t  r e l i a b l e  

( i . e . ,  n o n s ig n i f i c a n t  e f f e c t s  o f CSj/CS2  and CS^/CS2  X G roups: 

se e  T a b le  2 0 ) .

The to p  p a n e l o f  F ig u re  18 p r e s e n t s ,  f o r  each  g ro u p , mean CR 

o n s e t  l a te n c y  to  CSj a s  a  fu n c t io n  o f  tw o, tw e lv e -d a y  b lo c k s  d u r in g  

th e  second  p h ase  ( th e  d a ta  a re p re s e n te d  in  g r o u p - d i s t r i b u t io n  fo rm  

in  F ig u re  1 9 ). F ig u re  18 in d i c a te s  t h a t  th e r e  was s l i g h t  d e c re a s e  

o v e r t r a i n i n g  o f  CS^ l a t e n c i e s  f o r  each  group b u t  an  a n a ly s i s  o f  

v a r ia n c e  on th e s e  d a ta  r e v e a le d  th e r e  was no s i g n i f i c a n t  e f f e c t  

o v e r  d a y -b lo c k s  (se e  T a b le  1 8 ).

The c o rre sp o n d in g  la te n c y  d a ta  f o r  CS2  i s  p re s e n te d  in  th e  

bo ttom  p a n e l o f  F ig u re  18 ( th e s e  d a ta  a re  a l s o  p r e s e n te d . in  G roup- 

d i s t r i b u t i o n  form  in  F ig u re  1 9 ). I t  i s  a p p a re n t  from  th e  f i g u r e  

th a t  t h e r e  w ere no u n ifo rm  e f f e c t s  o f  t r a i n i n g  on CS2  l a t e n c i e s .

Over t r a i n i n g ,  th e  1 -cc  c o n d i t io n  e x h ib i te d  a  m arked d e c re a se  i n  

CS2  l a te n c y  and th e  3 -c c  c o n d i t io n  a  s l i g h t  d e c r e a s e ,  w h ile  th e  

9 -c c  c o n d i t io n  e x h ib i te d  a n  in c r e a s e .  An a n a l y s i s  o f  v a r ia n c e  o f  th e  

CS2  l a te n c y  d a ta  r e f l e c t e d  th e s e  o b s e rv a t io n s  i n  a  s i g n i f i c a n t  

Days X G roups e f f e c t  ( s e e  T ab le  1 9 ) .’.



www.manaraa.com

131

Table 20
A n a ly s is  o f  V arian c e  o f  CR O nset L a ten cy  

i n  P hase  I I  W ith G roups, CS^/CS2 » 

and D ay-B locks as F a c to r s :  Exp. I I

S ource d f MS F

B etw een:

Groups (G) 2 20792.01426 1 .6 7

E r r o r  (b) 27 12450.58558

W ith in :

CSi/CS2  (C) 1 4546.05936 1 .55

D X G 2 3574.20563 1 . 2 2

E r r o r  (w j) 2935.75603

Days (D) 9491.42779 4 .23*

D X G 9248.92467 4 .1 2 *

E r ro r  (w2) 2243.92396

C X D 1014.77580 .49

C X D X G 9367.22476 4 .5 5 *

E r r o r  (w2) 2060.09671

* *  £  < .0 1  

*  2 . <*05



www.manaraa.com

F ig u re  18. F or each g ro u p , mean CR la te n c y  to  CS^ ( to p  p a n e l)  
and to  CS2  (bo ttom  p a n e l)  a s  a  f u n c t io n  o f  tw e lv e -  
day b lo ck s d u r in g  P hase  I I :  Exp. I I .

/
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F ig u re  19. Group fre q u e n c y  d i s t r i b u t i o n s  o f  CR l a t e n c i e s  to  CS^ 
and CS2  i n  tw e lv e -d a y  b lo c k s  f o r  P hase  I I :  Exp. I I .
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D is c u s s io n

The p rim ary  f in d in g s  o f  th e  p r e s e n t  e x p e rim e n t w ere : (a )  

pe rfo rm an ce  d u r in g  s in g le - c u e  a c q u i s i t i o n  t r a i n i n g  and re sp o n d in g  

to  th e  p o s i t i v e  cue d u r in g  su b se q u e n t d i f f e r e n t i a l  c o n d i t io n in g  

was p o s i t i v e l y  r e l a t e d  t o  US m ag n itu d e ; (b ) re s p o n d in g  to  th e  

n e g a t iv e  cu e  was g e n e r a l ly  o rd e re d  w ith  b u t  n o t  s i g n i f i c a n t l y  

a f f e c t e d  by  US m a g n itu d e ; (c )  th e  d eg ree  o f  d i f f e r e n t i a t i o n  was 

p o s i t i v e l y  r e l a t e d  to  US m a g n itu d e ; (d) fo l lo w in g  a sy m p to tic  s i n g l e 

cu e  a c q u i s i t i o n  t r a i n i n g ,  re sp o n d in g  to  th e  p o s i t i v e  cue was n o t  

s i g n i f i c a n t l y  a f f e c te d  b y  d i f f e r e n t i a l - c o n d i t i o n i n g  t r a i n i n g ;  and 

(e )  n e g a t iv e - c u e  re sp o n d in g  f o r  a l l  U S-m agnitude c o n d i t io n s  

in c re a s e d  o v e r  i n i t i a l  d i f f e r e n t i a l - c o n d i t i o n i n g  t r a i n i n g  th e n  

d e c re a se d  o v e r  th e  su b se q u e n t t r a i n in g  s e s s i o n s .

The f in d in g  t h a t  p e rfo rm a n ce  d u rin g  s in g le - c u e  a c q u i s i t i o n  

t r a i n i n g  was a  p o s i t i v e  fu n c t io n  o f  US m ag n itu d e  i s  i n  ag reem en t w ith  

v i r t u a l l y  e v e ry  m ajo r th e o ry  o f  c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g  

( e . g . ,  G u th r ie ,  1935; H u l l ,  1943; P av lo v , 1 9 2 7 ). I n  a d d i t io n ,  th e  

f in d in g  i s  c o n s i s t e n t  w ith  th e  r e s u l t s  from  a  p r i o r  c l a s s i c a l  

a p p e t i t i v e  c o n d i t io n in g  o f  th e  r a b b i t ' s  jaw-m ovem ent re sp o n se  

(S h a e fo r , 1 9 7 0 ), a s  w e l l  a s  w ith  th e  e f f e c t s  o f  US i n t e n s i t y  i n  

c l a s s i c a l  a v e r s iv e  c o n d i t io n in g  ( c f . ,  Spence & P l a t t ,  1966) and 

rew ard  m agn itude  i n  in s t r u m e n ta l  a p p e t i t i v e  c o n d i t io n in g  ( c f . ,  P u b o ls , 

19 6 0 ).

However, s p e c i f i c  p r e d i c t i o n s  from  e x c i t a t i o n - i n h i b i t i o n  

th e o r i e s  f o r  th e  e f f e c t s  o f  US m agnitude on d i f f e r e n t i a l - c o n d i t i o n i n g
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p erfo rm an ce  depend on th e  f a c t o r s  assum ed to  in f lu e n c e  i n h i b i t o r y  

c o n d i t io n in g .  P r e d ic t io n s  from  H u l l 's  (1943) d is c r im in a t io n  th e o ry ,  

w h ich  in v o lv e s  th e  w ork ing  assu m p tio n  th a t  th e  c o n d i t io n in g  o f  

i n h i b i t i o n  to  th e  n e g a t iv e  cue i s  s im p ly  d e te rm in ed  by  th e  number 

o f  n o n re in fo rc e d  p r e s e n ta t io n s ,  a r e  m ost d i r e c t .  A cco rd in g  to  th e  

th e o ry ,  an in c r e a s e  i n  US m agn itude  y i e l d s  th r e e  p r e d i c t i o n s :  

augm ented CS^ and CS2  re sp o n d in g  and an  in c re a s e d  d e g re e  o f  

d i f f e r e n t i a t i o n .  The p r e s e n t  f in d in g s  t h a t  p e rc e n ta g e  CRs to  CSj 

and th e  d e g re e  o f  d i f f e r e n t i a t i o n  w ere  o rd e re d  w ith  US m ag n itu d e  

i s  c l e a r l y  i n  ac c o rd  w ith  th e  th e o ry .  W hile th e  p r e s e n t  i n v e s t i 

g a t io n  y ie ld e d  no s i g n i f i c a n t  e f f e c t s  o f  US m agnitude on CS2  re sp o n s e  

l e v e l s , i t  sh o u ld  be n o te d  th a t  th e  o rd e r in g  on CS^ p e rfo rm a n ce  was 

s im i l a r  to  t h a t  o f  CS^ p erfo rm ance  ( i . e . ,  s im i la r  re s p o n s e  l e v e l s  

f o r  Groups 9 - and 3 -c c  w hich w ere s u p e r io r  to  t h a t  o f  Group 1 - c c ) .

T hus, w ith  r e g a rd  to  th e  r e l a t i v e  o rd e r in g  on CS^ and CS2  p e rfo rm ance  

and  th e  d e g re e  o f  d i f f e r e n t i a t i o n ,  th e  o v e r a l l  p a t t e r n  o f  f in d in g s  

a p p e a rs  c o n s i s t e n t  w ith  H u l l ’ s  d i s c r im in a t io n  th e o ry . I t  may a l s o  

be  n o te d  t h a t  th e  g e n e ra l  p a t t e r n  o f  f in d in g s  a r e  i n  r e a s o n a b le  

ag reem en t w i th  th e  r e s u l t s  from  i n v e s t ig a t io n s  o f US i n t e n s i t y  i n  

c l a s s i c a l  a v e r s iv e  c o n d i t io n in g  ( e . g . ,  A sh to n , B itg o o d , & M oore, 1969; 

Spence & T a n d le r ,  1963; R u n q u is t, Spence & S tu b b s , 1958) and o f  

rew ard  m ag n itu d e  in  in s t ru m e n ta l  a p p e t i t i v e  c o n d i t io n in g  ( e . g . ,  Bower 

& T ra p o ld , 1959; H u n te r , 1959).

An a l t e r n a t i v e  p o s i t i o n  ( e . g . , P a v lo v , 1927; S pence , 19 3 6 ), 

in v o lv e s  th e  added assu m p tio n  t h a t  th e  amount o f  i n h i b i t i o n  c o n d itio n e d
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to  th e  n e g a t iv e  cue I s  a  d i r e c t  f u n c t io n  o f  th e  e x c i ta to r y  s t r e n g th  

a s s o c ia te d  w ith  t h a t  s t im u lu s .  F o r th e  p r e s e n t  ex p erim en t, th e  p r e d ic 

t io n  i s  t h a t  th e  d eg ree  o f  i n h i b i t o r y  c o n d it io n in g  to  th e  n e g a t iv e  cue 

w i l l  be  a  p o s i t i v e  fu n c tio n  o f  US m agnitude s in c e  i t  i s  assum ed th a t  

US m agnitude d e te rm in e s  th e  amount o f  g e n e ra liz e d  e x c i t a t i o n  a s s o c i 

a te d  w ith  th e  n e g a t iv e  c u e . H owever, i n  term s o f  th e  r e l a t i v e  o rd e r in g  

on CS]_ perfo rm an ce  and CS2  p e rfo rm a n c e , un ique p r e d ic t io n s  a r e  p re c lu d e d  

in  th e  ab sen ce  o f  s p e c i f i c a t i o n  o f  th e  r e l a t i v e  c o n t r ib u t io n s  o f  

e x c i ta to r y  and i n h i b i to r y  f a c t o r s .  In  a p p a re n t re c o g n i t io n  o f  t h i s  

p r e d ic t iv e  am b ig u ity , t h e o r i s t s  ( e . g . ,  Spence, 1958b) h av e  su g g e s te d  

th a t  su p p o r t f o r  th e  " e x c i ta to r y - b a s e d "  in h ib i to r y  assum ption  w ould b e  

p rov ided  by an in v e r s e  r e l a t i o n s h i p  betw een perform ance t o  th e  n e g a t iv e  

cue and re in fo rc e m e n t m a g n itu d e . Such a  r e la t io n s h ip  was n o t  o b ta in e d  

in  the  p r e s e n t  e x p e r im e n t. The " e x c i ta to ry -b a s e d "  i n h i b i to r y  assump

t io n  would a ls o  e n t a i l  t h a t  CS2  re sp o n d in g  d u rin g  d i f f e r e n t i a l - c o n d i 

t io n in g  t r a i n i n g  would d e c re a s e  more f o r  th e  l a r g e r -  th an  f o r  th e  s m a l l e r -  

US m agnitude c o n d i t io n s .  T here  was no s ig n i f i c a n t  in d i c a t io n  t h a t  

CS2  perfo rm ance f o r  th e  US- m agn itude  c o n d it io n s  d ec re ase d  d i f f e r e n 

t i a l l y  o v e r  t r a i n in g  in  th e  p r e s e n t  s tu d y . Thus, th e  p r e s e n t  r e s u l t s  

p ro v id e  l i t t l e  e v id en ce  f o r  an  " e x c i ta to r y - b a s e d "  in h i b i to r y  f a c t o r  i n  

c l a s s i c a l  a p p e t i t i v e  c o n d i t io n in g . '

A ccord ing  to  e i t h e r  H u l l 's  (1943) o r  S p en ce 's  (1936) v a r i a n t s  o f  

th e  e x c i t a t i o n - i n h i b i t i o n  m odel, th e  b u i ld -u p  o f i n h i b i t i o n  to  th e  

n e g a tiv e  cue d u r in g  d i f f e r e n t i a l - c o n d i t i o n i n g  t r a in in g  w i l l  g e n e r a l iz e  

to  the  p o s i t i v e  cue and r e s u l t  i n  a  decrem ent in  CSi p erfo rm ance  o v e r  

t r a i n in g .  The p r e s e n t  f in d in g  o f  a  g e n e ra l  d ec re a se  i n  CS2  p erfo rm an ce



www.manaraa.com

139

o v e r  t r a i n i n g  ( s t a t i s t i c a l l y  con firm ed  by s i g n i f i c a n t  l i n e a r  downward 

t r e n d  com ponents o v e r  d a y -b lo c k s )  i s ,  i n  te rm s  o f  H u ll-S p en ce  th e o ry ,  

p re su m p tiv e  ev id en ce  t h a t  i n h i b i to r y  c o n d i t io n in g  had o c c u r re d .  In  

s p i t e  o f  t h i s  i n d i c a t i o n  o f  th e  c o n d i t io n in g  o f  i n h i b i t i o n  to  CS2  o v e r  

t r a i n i n g ,  th e r e  was no c o rre sp o n d in g  decrem en t i n  CSj p erfo rm an ce  o v e r 

d i f f e r e n t i a l - c o n d i t i o n i n g  t r a i n i n g .

The in c r e a s e  i n  n e g a t iv e - c u e  re sp o n d in g  o v e r i n i t i a l  d i f f e r e n t i a l -  

c o n d i t io n in g  t r a i n i n g ,  w hich was a ls o  n o te d  in  th e  f i r s t  e x p e r im e n t, 

c a n n o t b e  acco u n ted  f o r  i n  te rm s o f  s im p le  e x c i t a t o r y  g e n e r a l i z a t io n .

The p a ra d o x ic a l  n a tu r e  o f  th e  phenomenon i s  p e rh a p s  b e s t  i l l u s t r a t e d  

by  th e  b e h a v io r  o f  th e  1 -c c  g roup . F o r t h i s  g ro u p , th e re  was n e a r ly  

p e r f e c t  d i f f e r e n t i a t i o n  d u rin g  th e  f i r s t  th r e e -d a y  b lo c k  in  t h a t  r e 

sp o n d in g  t o  th e  n e g a t iv e  cue was v i r t u a l l y  a b s e n t (2 .5% ). Y e t, d e s p i t e  

p r i o r  a sy m p to tic  t r a i n i n g  to  th e  p o s i t i v e  c u e , n e g a t iv e -c u e  re sp o n d in g  

in c r e a s e d  to  23.2% by th e  t h i r d  th re e -d a y  b lo c k .  A s im i l a r  p a t t e r n  

o f  i n i t q a l  in c re m e n t i n  CS2  re sp o n d in g  a ls o  o b ta in e d  f o r  th e  3 -  and 9 -c c  

c o n d i t io n s .  As p r e v io u s ly  su g g e s te d  w ith  r e s p e c t  to  E xperim en t I ,  

P a v lo v ’s  " e x t e m a l - i n h i b i t i o n "  a n a ly s i s  t h a t  th e  n e g a t iv e  cue i n i t i a l l y  

in v o lv e s  ’’n o v e l” a s p e c t s  w hich su p p re s s  re sp o n d in g  b u t  w hich h a b i tu a te  

o v e r  re p e a te d  p r e s e n ta t io n s  cou ld  i n t e g r a t e  th e  p r e s e n t  f i n d in g s .
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GENERAL DISCUSSION

A t l e a s t  p a r t  o f th e  t h e o r e t i c a l  em inence o f  th e  t r a d i t i o n a l  

e x c i t a t i o n - i n h i b i t i o n  model o f  d is c r im in a t io n  le a r n in g  (H u ll ,  1943; 

S pence, 1936, 1937) d e r iv e s  from  i t s  t e s t a b i l i t y  and th e  sm a ll number 

o f  axiom s in v o lv e d . E x c i ta to r y  and i n h i b i t o r y  g e n e r a l i z a t io n  g r a d ie n ts  

o f  re sp o n se  te n d e n c ie s  a re  e s t a b l i s h e d  a lo n g  a  p h y s ic a l  d im en sio n .

In  th e s e  te rm s , th e  cue s i m i l a r i t y  m a n ip u la t io n  o f  E xp erim en t I  

in v o lv e d  a  " h o r iz o n ta l "  d is p la c e m e n t o f th e  g r a d i e n t s ,  w h ile  th e  US- 

m agn itude m a n ip u la tio n  o f  E xp erim en t I I  In v o lv e d  a  " v e r t i c a l "  d i s 

p la c e m e n t.

The r e s u l t s  from  b o th  e x p e rim e n ts  p ro v id e  s u p p o r t  f o r  th e  g e n e r -  

a l i z a t i o n - o f - e x c i t a t i o n  axiom o f  th e  H u ll-S p en ce  th e o ry .  E xperim en t I  

y ie ld e d  c l e a r  s u p p o r t  f o r  th e  p h y s ic a l  s i m i l a r i t y  d im en sio n  i n  t h a t  

amount o f  re sp o n d in g  to  a  p a r t i c u l a r  n e g a t iv e  cue was d i r e c t l y  r e l a t e d  

t o  p h y s ic a l  s i m i l a r i t y  to  th e  p o s i t i v e  c u e . N e g a tiv e -c u e  p erfo rm an ce  

in  E xperim en t I I ,  w here th e  d e g re e  o f  e x c i t a t o r y  s t r e n g t h  to  th e  

p o s i t i v e  cue was m a n ip u la te d  v i a  US m a g n itu d e , was a l s o  c l e a r l y  in  

ac c o rd  w ith  th e  e x c i t a t i o n  ax iom s.

However, b o th  e x p e rim e n ts  f a i l  to  s u p p o r t  th e  g e n e r a l i z a t i o n - o f -  

i n h i b i t i o n  axiom . T hus, d e s p i t e  th e  e x te n s iv e  v a r i a t i o n  i n  th e  d e g re e  

o f  cue s i m i l a r i t y  i n  E xperim en t I ,  t h e r e  was no c o n f irm a tio n  o f  th e  

p r e d ic te d  in v e r s e  r e l a t i o n s h i p  be tw een  CS^ p e rfo rm a n ce  and CS2
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s i m i l a r i t y .  M oreover, th e  f i r s t  ex p e rim e n t p ro v id e d  no e v id e n c e  th a t  

d i f f e r e n t i a l  c o n d i t io n in g  i n  even th e  m ost s im i l a r  cue c o n d i t io n  

d e p re s se d  p o s i t iv e - c u e  perform ance r e l a t i v e  t o  t h a t  o f  a  s in g le -c u e  

co n tin u o u s  re in fo rc e m e n t c o n t r a s t  c o n t r o l .  I n  a d d i t io n ,  w h ile  a  

g e n e ra l  d e c re a se  i n  n e g a tiv e -c u e  re sp o n d in g  o v e r  d i f f e r e n t i a l - c o n d i 

t i o n in g  t r a i n in g  was o b ta in e d  in  b o th  e x p e r im e n ts  (e v id e n c e  o f  th e  

b u i ld -u p  o f  i n h i b i t i o n  i n  te rm s o f  th e  t h e o r y ) , th e r e  was no in d ic a 

t i o n  i n  e i t h e r  ex p erim en t o f  a c o rre sp o n d in g  d e c re a s e  i n  p o s i t iv e - c u e  

re sp o n d in g  as re q u ire d  by th e  g e n e r a l i z a t i o n - o f - i n h i b i t i o n  axiom .

Due to  th e  p a u c i ty  o f  d a ta  f o r  c l a s s i c a l  a p p e t i t i v e  c o n d it io n in g , 

i t  i s  n o t  c l e a r  w h eth er th e  p re s e n t  f a i l u r e  to  f in d  e v id e n c e  f o r  

g e n e r a l i z a t i o n - o f - in h i b i t i o n  i n  th e  s e p a ra te -p h a s e  p arad igm  i s  un ique 

to  th e  c l a s s i c a l  a p p e t i t iv e  c a s e , r e f l e c t s  e x te n s iv e  p r i o r  a c q u is i 

t i o n  t r a i n in g  to  th e  p o s i t iv e  c u e , o r  r e f l e c t s  a  hum an-infrahum an 

d i s c o n t in u i t y .  A th e o r e t i c a l  i n t e g r a t i o n  o f  th e  p r e s e n t  f in d in g s  

r e q u i r e s  r e s o lu t io n  o f th e s e  i s s u e s .

The a d d i t io n a l  f in d in g  in  b o th  e x p e rim e n ts  t h a t  CS2  re sp o n d in g  

in c re a s e d  o ver i n i t i a l  d i f f e r e n t i a l - c o n d i t i o n i n g  s e s s io n s  d e s p i t e  

p r i o r  a sy m p to tic  t r a i n in g  t o  th e  p o s i t i v e  cue p ro v id e s  c l e a r  su p p o rt 

f o r  th e  r e l i a b i l i t y  o f th e  phenomenon. T h is  phenomenon c an n o t be 

a c c o u n ted  f o r  s im p ly  in  term s o f  e x c i t a t o r y  g e n e r a l i z a t io n  w hereas 

P a v lo v ’ s e x t e r n a l - i n h ib i t i o n  a n a ly s i s  c o u ld  a c c o u n t f o r  th e s e  f in d in g s .  

No N o rth  Am erican in v e s t ig a to r  h a s  p r e v io u s ly  r e p o r te d  a  s im i l a r  

phenomenon w ith  th e  s e p a ra te -p h a s e  d i f f e r e n t i a l - c o n d i t i o n i n g  paradigm .

A c r i t i c a l  p ro c e d u ra l  p a ra m e te r  may b e  e x te n s iv e  s in g le - c u e  a c q u is i t io n
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t r a i n i n g .  W hile s p e c u la t iv e ,  t h i s  s u g g e s tio n  g a in s  some fo r c e  from  

P a v lo v 's  a p p a re n t ly  c o n s i s t e n t  u s e  o f  e x tre m e ly  e x te n s iv e  t r a i n in g  

p ro c e d u re s .
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A p p a re n tly  S u l l iv a n  (1950) conducted  th e  f i r s t  d i r e c t  i n v e s t i - .  

g a t io n  o f  c l a s s i c a l  c o n d i t io n in g  w hich em ployed v a r i a t i o n s  i n  US 

d u r a t io n  in  an a tte m p t to  e v a lu a te  th e  d e la y -o f - r e in fo rc e m e n t  n o t io n s  

o f  e f f e c t  t h e o r i s t s .  S u l l iv a n  o b serv ed  h ig h e r  human GSR c o n d i t io n 

in g  w ith  a  750-m sec th a n  w ith  a  4000-m sec to n e  US. However, h e  found 

t h a t  th e  p r e - t r a i n i n g  re s p o n se  l e v e l  o f  th e  b r ie f -U S  c o n d i t io n  was 

somewhat h ig h e r ,  th u s  m aking c o n c lu s io n s  t e n t a t i v e .  N o tin g  t h i s  

p o t e n t i a l  sam p lin g  b i a s ,  B it te rm a n , Reed and K rauskop f (1952) em

p lo y e d  a  w ith in -S  d e s ig n  i n  w hich a  .5 - s e c  and a  3 .0 - s e c  shock  US 

was s e p a r a t e ly  p a i r e d  w ith  each  o f  two random ly p re s e n te d  CSs, w hich 

w ere mounted lamps d i f f e r e n t i a t e d  by t h e i r  p o s i t i o n .  W hile th e s e  

i n v e s t i g a t o r s ,  o b se rv ed  no d i f f e r e n t i a l  e f f e c t s  o f  US d u r a t io n  on 

human GSR c o n d i t io n in g  o r  e x t i n c t i o n ,  t h e i r  d e s ig n  c l e a r l y  a d m itte d  

p o t e n t i a l l y  o b s c u r in g  e f f e c t s  o f  s tim u lu s  g e n e r a l i z a t io n .  Coppock 

and Chambers (1959) u sed  a  be tw een -g ro u p s s t r a t e g y  b u t  a l s o  

em ployed th e  human GSR and a  shock  US. W hile th e y  u sed  a  w ide 

ran g e  o f  US d u r a t io n s  ( . 5 - ,  3 . 0 - ,  and 15 se c )  th e y  r e p o r te d  no 

d i f f e r e n t i a l  e f f e c t  on th e  l e v e l  o f  c o n d i t io n in g  and co n c lu d ed  t h a t  

delayed-U S  te rm in a t io n  i s  n o t  an im p o rta n t d e te rm in a n t o f  GSR 

c o n d i t io n in g .  Wegner and Zeamen (1958) sum m arized th e  r e s u l t s  from  

a  number o f t h e i r  p re v io u s  s tu d ie s  o f  human h e a r t  r a t e  c o n d i t io n in g
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w hich  had u sed  v a r io u s  d u ra t io n s  o f  shock  USs ( . 1 - ,  2 . 0 - ,  6 . 0 - ,  and 

1 5 -se c  ) .  They r e p o r te d  t h a t  US d u r a t io n  had l i t t l e  d i f f e r e n t i a l  

e f f e c t  on e i t h e r  CR o r  UR m ag n itu d e . They a rg u ed  t h a t  s in c e  UR mag

n itu d e  was u n a f f e c te d  by US d u r a t io n ,  th e r e  was no in d i c a t i o n  t h a t  

te m p o ra l sum m ation o f  n o x io u sn ess  had  o b ta in e d . They a l s o  r e p o r te d  

t h a t  th e  to p o g rap h y  o f  th e  UR ( r a p id  a c c e le r a t io n  fo llo w e d  by a  

slow  r e t u r n  t o  b a s e l in e )  was r e l a t i v e l y  in v a r i a n t  a c ro s s  US d u ra 

t i o n s .  They re a so n e d  t h a t  i f  UR top o g rap h y  i s  a  v a l i d  in d e x  o f  

i n t r a t r i a l  a d a p ta t i o n ,  th e y  had  n o t v a r ie d  th e  d u r a t io n  o f  th e  fu n c 

t i o n a l  US, h en ce  p re c lu d in g  a  c o n t r a s t  betw een c o n t ig u i ty  and 

e f f e c t  t h e o r i e s .

R u n q u is t and Spence (1959) r e p o r te d  a  s e r i e s  o f  fo u r  ex p e rim en ts  

i n v e s t i g a t in g  th e  e f f e c t s  o f  US d u r a t io n  on th e  c o n d i t io n in g  o f  th e  

human e y e l id  r e s p o n s e .  In  th e  f i r s t  ex p erim en t two g roups w ere  d i f 

f e r e n t i a t e d  by th e  d u r a t io n  o f  th e  c o r n e a l- p u f f  US (50 v s .  1000 msec ) 

w h ile  r e c e iv in g  a 550 msec CS and a  500 msec I S I .  The second  e x p e r i 

ment m ir ro re d  th e  f i r s t ,  e x c e p t t h a t  th e  a i r - p u f f  US was a d m in is te re d  

to  th e  p a r a o r b i t a l  r e g io n  i n  o rd e r  to  p re c lu d e  S /s  c o n t r o l  o f  th e  

e f f e c t i v e  d u r a t io n  o f  th e  US. The second p a i r  o f  e x p e rim e n ts  w ere 

r e p l i c a t i o n s  o f  th e  f i r s t  p a i r ,  e x c e p t t h a t  th e  CS o v e rla p p e d  and 

e x ten d ed ,b e y o n d  US o f f s e t  by 50 m sec. A lthough  th e  in v e s t i g a t o r s  

d id  n o t s p e c i f y  th e  lo g ic  u n d e r ly in g  th e  C S -o v erlap  p ro c e d u re , i t  

may b e  n o te d  t h a t  a  d r iv e  r e d u c t io n  th e o ry  co u ld  p r e d i c t  t h a t  th e  

c o n t ig u i ty  o f  th e  CS w ith  US te rm in a t io n  would o p e r a te  to  m in im ize 

th e  d e c re m e n ta l e f f e c t s  o f  US d u r a t io n  r e l a t i v e  to  th e  f i r s t  

e x p e r im e n ts . A s l i g h t  s u p e r io r i t y  in  th e  p erfo rm ance  o f  th e  b r ie f-U S
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Ss was o b ta in e d  in  a l l  f o u r  ex p e rim e n ts . A lth o u g h  th e  d i f f e r e n c e  i n  

each  c a se  was s t a t i s t i c a l l y  n o n s ig n i f ic a n t ,  th e  in v e s t i g a t o r s  a rg u e d  

t h a t  th e  c o n s is te n c y  o f  th e  f in d in g s  p ro v id ed  s u p p o r t  f o r  a  d r iv e -  

r e d u c t io n  p o s i t i o n .  They a l s o  su g g ested  t h a t  th e  o b se rv ed  e f f e c t  

was r e l a t i v e l y  s l i g h t  b e c a u se  in c re a s e d  US d u r a t io n  may have au g 

m ented m o t iv a t io n a l  l e v e l s  and o f f s e t  th e  r e t a r d e d  le a r n in g  from  

d e la y e d  re in fo rc e m e n t .  On th e  o th e r  hand , i t  may b e  n o te d  t h a t  

i n t e r t r i a l  h a b i tu a t io n  to  th e  US (MacDonald, 1946) may b e  a  f u n c t io n  

o f  p u f f - d u r a t io n  w hich  w ould o p e ra te  to  d e p re s s  th e  p e rfo rm an ce  o f  

th e  long-US S s .

N o tin g  Spence and R u n q u is tfs argum ents, D u fo r t (1 9 6 7 ), i n  a  

c lo s e ly  r e l a t e d  s tu d y ,  a tte m p te d  to  eq u a te  m o t iv a t io n a l  l e v e l  b y  

u s in g  in t e r p o la t e d  US p r e s e n ta t io n s , .  Two g ro u p s r e c e iv e d  an  e q u a l  

number o f 5 0 - and 1000-m sec c o rn e a l  p u f f s ,  b u t  w ere  d i f f e r e n t i a t e d  

by th e  US v a lu e  w hich was p a ire d  w ith  th e  CS. I t  may b e  n o te d  t h a t  

i n t e r t r i a l  h a b i tu a t io n  to  th e  a i r  p u ff  would a l s o  b e  p resum ab ly  

e q u a te d  by t h i s  s t r a t e g y .  D u fo rt observed  t h a t  th e  g roup  w hich  

r e c e iv e d  th e  b r i e f  US on p a i r e d  t r i a l s  d is p la y e d  s i g n i f i c a n t l y  

s u p e r io r  a sy m p to tic  p e rfo rm a n ce . He concluded  th a t  th e  i n t e r p o la t e d  

US p ro c e d u re  m axim ized p erfo rm an ce  d i f f e r e n c e s  r e l a t i v e  to  th e  

Spence and R u n q u is t s tu d y  and hence h i s  r e s u l t s  p ro v id e d  c l e a r  su p 

p o r t  f o r  a  d r iv e  r e d u c t io n  th e o ry .

O verm eir (1966) in v e s t ig a t e d  US d u r a t io n  i n  a  s tu d y  co n ce rn ed  

w i th  com paring c a rd ia c  and in s t r u m e n ta l - t r a n s f e r  in d ic e s  o f  c o n d i

t i o n in g .  I n i t i a l l y  dogs re c e iv e d  s h u t t l e - b o x  a v o id a n c e  t r a i n i n g  i n  

w hich  a  v i s u a l  d i s c r im in a t iv e  s tim u lu s  was u s e d .  A f te r  a t t a i n i n g
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c r i t e r i o n  p e rfo rm a n c e , th e  Ss w ere im m o b ilized  w ith  c u r a r e  and 

r e c e iv e d  c l a s s i c a l  c o n d i t io n in g  w ith  two to n e s ,  one o f  w h ich  was 

p a i r e d  w ith  a  .5 - s e c  and th e  o th e r  w i th  a  5 0 -s e c  sh o c k . No 

d i f f e r e n t i a l  e f f e c t s  o f  US d u r a t io n  on c a r d ia c  c o n d i t io n in g  w ere 

o b se rv e d . H owever, a f t e r  re c o v e r in g  from  th e  c u r a r e ,  th e  Ss w ere 

p r e s e n te d  th e  to n e s  i n  th e  s h u t t l e  box  and f a s t e r  av o id a n c e  re sp o n se s  

w ere  o b se rv ed  w ith  th e  to n e  w hich had  b een  p re v io u s ly  p a i r e d  w i th  

long  USs. T h is  in c o n s is te n c y  betw een  c a r d ia c  and in s t r u m e n ta l  

in d ic e s  o f  c o n d i t io n in g  a p p a re n t ly  rem a in s  u n re s o lv e d .

R eview : US I n t e n s i t y  in  S im ple C la s s ic a l  A v e rs iv e  C o n d it io n in g

Pav lov  (1927) r e p o r te d  th a t  th e  m agn itude  o f  a s a l i v a r y  CR was 

p o s i t i v e l y  r e l a t e d  to  th e  UR e l i c i t i n g  p r o p e r t i e s  o f  v a r io u s  a c i d i c  

USs. However, th e  f i r s t  s y s te m a tic  i n v e s t i g a t io n  o f  US i n t e n s i t y  

was co n d u c ted  by P assey  (1948) who r e p o r te d  t h a t  th e  f re q u e n c y  and 

m agn itude  o f  human e y e b l in k  CRs w ere  an  in c r e a s in g  f u n c t io n  o f  fo u r  

a i r - p u f f  i n t e n s i t i e s .  S u b se q u e n tly , a  p o s i t i v e  r e l a t i o n s h i p  be tw een  

p erfo rm ance  and US i n t e n s i t y  has b e e n  c o n s i s t e n t ly  found  w i th  th e  

h u m an -ey e lid  re s p o n s e  ( e . g . ,  P o r te r  & Hug, 1968; P ro k a sy , 1967a; 

c f .  Spence & P l a t t ,  1966; c f .  P ro k a sy , 1967b) a s  w e ll  a s  w i th  th e  

n i c t i t a t i n g  membrane re s p o n s e  o f  th e  r a b b i t  ( e . g . ,  P a p s d o r f ,  

Gormezano, & P ro k a s y , ,1 9 6 4 ; S m ith , 1 9 6 6 ). The r e l a t i v e l y  few 

s tu d ie s  r e p o r t in g  d is c r e p a n t  f in d in g s  u sed  re sp o n se -m e a su re s  w hich 

in v o lv e d  b a s e l in e  d e r iv e d - d i f f e r e n c e  s c o r e s .  Thus, F i t z g e r a ld  and 

T e y le r  (1 9 7 0 ), who u sed  th e  r a t ' s  c a r d ia c  re s p o n s e  to  s h o c k , and two 

s tu d ie s  ( F e a th e r ,  D e ls e ,  & B ry so n , 1967; W a r s t le r  & O s t ,  1965) w h ich
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r e s p e c t iv e l y  u sed  th e  human and dog s a l i v a r y  re s p o n s e  to  a c i d i c  USs, 

o b se rv ed  a  non-m onoton ic  r e l a t i o n s h i p  betw een  p erfo rm an ce  and US 

i n t e n s i t y .  Y e t ,  th e  re a s o n s  f o r  such  d is c r e p a n t  f in d in g s  a r e  

u n c l e a r .

A t a  t h e o r e t i c a l  l e v e l ,  P a sse y  co n cluded  th a t  h i s  r e s u l t s  c o n - ' 

f irm ed  H u l l 's  (1943) p o s i t i o n  t h a t  amount o f  re in fo rc m e n t d e te rm in e s  

a s s o c i a t i v e  s t r e n g t h  (H ). S u b se q u e n tly , Spence (1953) to o k  i s s u e  

w ith  t h i s  i n t e r p r e t a t i o n  by em phasiz in g  th a t  w i th in  H u l l ia n  th e o ry ,  

p e rfo rm an ce  r e f l e c t s  a  m u l t i p l i c a t i v e  r e l a t i o n s h i p  betw een  H and 

m o t iv a t io n a l  l e v e l  (D ). He su g g e s te d  th a t  D was p o s i t i v e l y  r e l a t e d  

to  US i n t e n s i t y  and co n c lu d ed  th a t  P a s s e y 's  d e s ig n  may h ave  confounded  

a s s o c i a t i v e  and m o t iv a t io n a l  e f f e c t s  o f  US i n t e n s i t y .  In  an  a t te m p t 

t o  s e p a r a t e ly  a s s e s s  th e s e  f a c t o r s  in  h u m an -ey e lid  c o n d i t io n in g ,

Spence u sed  a  f a c t o r i a l  t r a n s f e r  d e s ig n . On th e  f i r s t  t h i r t y  t r i a l s ,  

h a l f  o f  th e  Ss re c e iv e d  a  weak a i r  p u f f  ( .2 5  l b / s q . i n . )  and th e  o th e r s  

a  s t r o n g  one (5 .0  l b / s q . i n . ) ,  w h ile  on th e  second  day o f  t r a i n i n g ,  Ss 

c o n tin u e d  e i t h e r  w ith  th e  same i n t e n s i t y  US o r r e c e iv e d  th e  a l t e r n a 

t i v e  US i n t e n s i t y .  C onsonant w ith  P a s s e y 's  s tu d y ,  Spence found p r e -  

and p o s t s h i f t  p e rfo rm an ce  r e f l e c t e d  th e  i n t e n s i t y  o f  th e  c o rre sp o n d in g  

US. M oreover, he  observ ed  p o s t s h i f t  p e rfo rm ance  was p o s i t i v e l y  o rd e re d  

w ith  p r e s h i f t  US i n t e n s i t y .  Spence s p e c u la te d  t h a t  th e  h i s t o r i c a l  

e f f e c t s  o f  p r e s h i f t  US i n t e n s i t y  may have r e f l e c t e d  e i t h e r  d i f f e r e n 

t i a l  CR h a b i t  s t r e n g th  o r  d i f f e r e n t i a l  D b a se d  on f e a r  c o n d i t io n e d  t o  

th e  s i t u a t i o n a l  c u e s .

I n  a  su b se q u en t t h e o r e t i c a l  p a p e r (1958a) S p e n c e 's  th in k in g  

o r ie n te d  tow ard  a  n o n a s s o c ia t iv e  nexus betw een  D and US i n t e n s i t y
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f o r  c l a s s i c a l  a v e r s iv e  c o n d i t io n in g .  He p o s i te d  t h a t  a v e r s iv e  USs 

a ro u se  a h y p o th e t ic a l  e m o tio n a l re sp o n se  ( r e ) , th e  s t r e n g th  o f  w hich  

i s  o rd e re d  w ith  US i n t e n s i t y  and  d i r e c t l y  go v ern s  th e  le v e l  o f  D.

The assum ption  was made t h a t  th e  m o t iv a t io n a l  e f f e c t s  o f  r e p e r s i s t  

o v e r  s h o r t  i n t e r v a l s ;  h e n c e , h e  p ro p o sed  a  t h e o r e t i c a l  schema by 

w hich  U S-induced D c a n  b r id g e  i n t e r t r i a l  i n t e r v a l s  w ith o u t in v o k in g  

l e a r n in g .  W hile S pence (1958a) acknow ledged th e  p o s s i b i l i t y  t h a t  

th e  m o t iv a t io n a l  e f f e c t s  o f  US i n t e n s i t y  may be m ed ia ted  by an  emo

t i o n a l  re sp o n se  w hich  i s  c o n d it io n e d  to  th e  s i t u a t i o n a l  c u e s , h e  

p la c e d  th e  e x p la n a to ry  b u rd en  o f  US m o t iv a t io n a l  e f f e c t s  i n  c l a s s i c a l  

a v e r s iv e  c o n d it io n in g  on th e  n o n a s s o c ia t iv e  r e m echanism .

Spence and h i s  a s s o c i a t e s  i n i t i a t e d  a  s e r i e s  o f  o f t e n - c i t e d  

in v e s t ig a t io n s  (S p en ce , H aggard , & R o ss , 1958a, 1958b; Spence & 

T a n d le r , 1963; T rap o ld  & S p en ce , 1960; Ross & H u n te r , 1959), d e s ig n e d  

to  s e p a ra te ly  a s s e s s  a s s o c i a t i v e  (H) and m o t iv a t io n a l  (D) e f f e c t s  o f  

US i n t e n s i t y  in  h u m a n -e y e lid  c o n d i t io n in g .  The g e n e ra l  t a c t i c  o f  

th e s e  s tu d ie s  in v o lv e d  d i f f e r e n t i a t i n g  Ss on H by m a n ip u la tin g  th e  

i n t e n s i t y  o f  th e  US u se d  on p a i r e d  t r i a l s ,  w h ile  presum ably  e q u a t in g  

th e  g e n e ra l  l e v e l  o f  D by  a p p r o p r ia te  p a ra m e te rs  o f  u n p a ire d  US 

p r e s e n ta t io n s ;  o r  a l t e r n a t i v e l y ,  e q u a t in g  p a i r e d  US in t e n s i t y  (and  H) 

and  v a ry in g  u n p a ire d  US i n t e n s i t y  and p resu m ab le  D ( e . g . ,  S p ence , 

H aggard, & R oss, 1958a; T rap o ld  & S pence , 19 6 0 ). The r e s u l t s  i n d i 

c a te d  th a t  perfo rm ance  was p o s i t i v e l y  r e l a t e d  to  th e  i n t e n s i t y  o f  th e  

US on p a ire d  t r i a l s ,  a s  w e l l  a s  on u n p a ire d  t r i a l s ,  f in d in g s  w h ich  

w ere  presum ed to  r e f l e c t  H and D, r e s p e c t iv e l y .  Spence and h i s  a s so ^  

c i a t e s  in t e r p r e te d  a  p o s i t i v e  r e l a t i o n s h i p  betw een H and US i n t e n s i t y
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a s  s u p p p r tin g  a  " r e in fo rc e m e n t- ty p e  th e o ry "  f o r  c l a s s i c a l  a v e r s iv e  

c o n d i t io n in g ,  w h ile  e x p l i c i t l y  ta k in g  no p o s i t i o n  on th e  u n d e r ly in g  

m echanism .

W hile th e  f a c i l i t a t i v e  e f f e c t s . o f  US i n t e n s i t y  have  b een  found 

t o  be  r e l a t i v e l y  i n v a r i a n t  a c ro s s  m a n ip u la t io n s  o f  CS i n t e n s i t y  

( e . g . ,  B eck , 1963; W alker, 1960), IT I  (P ro k asy , G ra n t, & M yers,

1958) and  IS I  (S m ith , 1966), th e  e f f e c t s  o f  US i n t e n s i t y  f o r  p a r t i a l  

r e in fo rc e m e n t (PR) sc h e d u le s  a p p e a r  to  depend on th e  p ro c e d u re  

em ployed on n o n re in fo rc e d  t r i a l s .  In  an  i n v e s t i g a t io n  o f  US in t e n 

s i t y  w ith  a  50% PR sc h e d u le  on th e  human e y e l id  r e s p o n s e ,  Ross and 

Spence (1960) em ployed a  d e la y  p ro c e d u re  on n o n re in fo rc e d  t r i a l s  i n  

w h ich  th e  US was p re s e n te d  a f t e r  an  i n t e r v a l  (2650 m se c .)  presum ed 

to  b e  i n e f f e c t i v e  f o r  c o n d i t io n in g  and th u s  f u n c t io n a l ly  u n p a ire d . 

W ith  t h i s  d e la y  p ro c e d u re , a p o s i t i v e  r e l a t i o n s h i p  was o b se rv ed  

be tw een  p e rfo rm an ce  and US i n t e n s i t y .  I n  c o n t r a s t ,  R u n q u is t (1 9 6 3 ), 

and B o ice  and B o ic e  (1 9 6 6 ), who em ployed US o m iss io n  on n o n re in 

fo rc e d  t r i a l s  i n  s tu d ie s  o th e rw is e  s im i la r  to  th e  p re v io u s  i n v e s t i g a -  

t a i o n ,  o b se rv ed  t h a t  in c re a s e d  US i n t e n s i t y  r e s u l t e d  i n  decrem ented  

p e rfo rm a n ce . N o tin g  t h i s  in c o n s i s te n c y ,  M inn ig rad e  and O 'C onnel 

(1968) d i r e c t l y  c o n t r a s te d  US o m iss io n  and d e la y  w ith  50% PR 

sc h e d u le  u n d e r two le v e ls  o f  US i n t e n s i t y  (1 .0  and 2 .0  l b / s q . i n . ) .

The US d e la y  i n t e r v a l  w as, how ever, lo n g e r  th a n  ones p r e v io u s ly  

em ployed (5000 msec ) .  T hese in v e s t i g a t o r s  o b serv ed  no e f f e c t  o f  

US i n t e n s i t y  n o r  n o n re in fo rc e m e n t p ro c e d u re  on p erfo rm an ce  and sp ecu 

l a t e d  t h a t  th e y  may n o t  have u sed  a  s u f f i c i e n t l y  la r g e  m a n ip u la tio n  

o f  US i n t e n s i t y .  F i n a l l y ,  H o ld s to c k  and Schw artzbaum  (1965)
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i n v e s t i g a t e d  th e  e f f e c t  o f  shock  i n t e n s i t y  ( .5  v s .  1 .5  ma ) w i th  th e  

r a t ' s  c a r d ia c  re sp o n se  em ploying a  50% PR o m iss io n  p ro c e d u re  and 

found  t h a t  perfo rm an ce  was in v e r s e ly  r e l a t e d  to  US i n t e n s i t y .  T hus, 

w h ile  th e  r e s u l t s  a r e  f a r  from  c o n c lu s iv e ,  th e y  su g g e s t t h a t  a  

f a c i l i t a t i v e  e f f e c t  o f  US i n t e n s i t y  w ith  PR s c h e d u le s  does n o t  

o b ta in  w ith  U S-om ission  in  c o n t r a s t  to  U S-delay  p ro c e d u re s  o f  

n o n re in fo rc e m e n t. W hile th e  re a s o n  f o r  t h i s  d is c re p a n c y  i s  u n c l e a r ,  

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

c o n d i t io n in g  parad igm  may in  t u r n  depend on th e  n o n re in fo rc e m e n t 

p ro c e d u re  em ployed.


