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In  r e c e n t  y e a rs  th e re  has been  a g re a t  d e a l o f  i n t e r e s t  in  d i s ­

c r im in a tio n  r e v e r s a l  le a rn in g . One o f  th e  s im p le s t  ty p e s  o f  r e v e r s a l  

s i t u a t io n s  r e q u i r e s  t h a t  th e  s u b je c t  le a r n  a tw o-cho ice  d is c r im in a t io n  

to  c r i t e r i o n .  A f te r  th e  s u b je c t  has reach ed  c r i t e r i o n ,  th e  r e in f o r c e ­

ment c o n tin g e n c ie s  a re  re v e r s e d ;  th e  form er p o s i t iv e  s tim u lu s  (S+) 

becomes th e  n e g a tiv e  s tim u lu s  (S -), th e  form er S - becomes th e  S+, and 

th e  s u b je c t  must l e a r n  t h i s  second d is c r im in a tio n . A ty p ic a l  f in d in g  

h a s  been, w ith  r a t s  a t  l e a s t ,  t h a t  s u b je c ts  ta k e  lo n g e r  to  l e a r n  th e  

d is c r im in a t io n  r e v e r s a l  th a n  th ey  d id  th e  f i r s t  d is c r im in a t io n  (e. g . , 

more t r i a l s  to  re a ch  r e v e r s a l  c r i t e r i o n  th a n  t r i a l s  to  re a c h  c r i t e r i o n  

on th e  f i r s t  d is c r im in a t io n ) .

D’Amato and Jagoda (1960) su g g es te d  t h a t  le a r n in g  th e  d is c r im i­

n a t io n  r e v e r s a l  r e q u ir e d  more t r i a l s  th an  le a r n in g  th e  i n i t i a l  d i s ­

c r im in a tio n , la r g e ly  b ecause  th e  anim al had to  e x tin g u is h  avoidance 

te n d e n c ie s  to  th e  fo rm er S-. They c h a r a c te r iz e d  e a r ly  r e v e r s a l  l e a r n ­

in g  as fo llo w s : By th e  end o f  th e  i n i t i a l  d is c r im in a t io n  ta s k  th e

s u b je c t  h as  b u i l t  up s iz e a b le  approach te n d e n c ie s  to  th e  S+ and r a th e r  

s tro n g  avoidance te n d e n c ie s  to  th e  S-. In  o rd e r  to  re v e rs e , th e  

s u b je c t  m ust e x tin g u is h  approach te n d e n c ie s  to  th e  fo rm er S+, b u t 

even more im p o rtan t, acco rd in g  to  D*Amato and Jagoda, th e  s u b je c t  m ust 

e x tin g u is h  avoidance te n d e n c ie s  tow ard  th e  form er S-. In  t h e i r  

o p in io n , th e  m ost im p o rtan t fu n c tio n  o f  rew ard  d u rin g  r e v e r s a l  i s  to  

a c t  to  e x tin g u is h  th e se  fo rm erly  le a rn e d  avoidance te n d e n c ie s .

I f  i t  i s  r e l a t i v e l y  more d i f f i c u l t  to  e x tin g u is h  avoidance 

te n d e n c ie s  to  th e  o ld  S- (new S+) th an  i t  i s  to  e x tin g u is h  approach 

te n d e n c ie s  to  th e  o ld  S+ (new S -) , th e n  r e in fo r c e d  t r i a l s  to  th e  o ld
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S- d u rin g  r e v e r s a l  sho u ld  f a c i l i t a t e  r e v e r s a l  more th a n  do n o n re in ­

fo rc e d  t r i a l s  to  th e  o ld  S+. One way to  a s s e s s  th e  e f f e c t s  o f  r e i n ­

fo rcem ent and th o se  o f  n o n re in fo rcem en t d u rin g  r e v e r s a l  i s  to  g iv e  

d i f f e r e n t  p ro p o r t io n s  ( r a t io s )  o f  r e in f o r c e d  t r i a l s  to  n o n re in fo rc e d  

t r i a l s .

Assuming t h a t  e x t in c t io n  o f  avoidance te n d e n c ie s  i s  th e  d i f f i ­

c u l t  component o f  a d is c r im in a t io n  r e v e r s a l  and t h a t  rew arded  t r i a l s  

s e rv e  to  e x t in g u is h  th e s e  te n d e n c ie s , th e n  R/NR r a t i o s  em ploying a 

h ig h  p ro p o r t io n  o f  r e in fo r c e d  t r i a l s  sh o u ld  f a c i l i t a t e  r e v e r s a l  more 

th a n  r a t i o s  em ploying a low p ro p o r t io n  o f  r e in f o r c e d  t r i a l s .  In  a 

t e s t  o f  t h i s  h y p o th e s is  A lfre d s  and Jagoda t r a in e d  r a t s  to  make a 

s im ple  b r ig h tn e s s  d is c r im in a t io n  in  an autom ated Y-maze (u n p u b lish ed  

s tu d y ) . A f te r  re a c h in g  c r i t e r i o n  on th e  i n i t i a l  d is c r im in a tio n , each 

s u b je c t  was a ss ig n e d  to  one o f  th re e  groups. A c o n t r o l  group was 

im m edia te ly  p u t  on f r e e -c h o ic e  r e v e r s a l ,  w h ile  two ex p e rim en ta l groups 

were g iv en  fo rc e d  r e v e r s a l  t r i a l s .  One o f  th e se  E groups re c e iv e d  a 

1 :3  R/NR r a t i o  w h ile  th e  o th e r  E group re c e iv e d  a  3 :1  R/NR r a t i o .

A f te r  com ple tion  o f  th e  fo rc e d  r e v e r s a l  t r i a l s ,  b o th  E groups were 

p u t  on f r e e -c h o ic e  r e v e r s a l  and ru n  to  c r i t e r io n .

R e s u lts  from t h i s  s tu d y  showed t h a t  each E group perform ed  s ig ­

n i f i c a n t l y  b e t t e r  th a n  th e  C group when m easured by e r r o r s  to  r e v e r s a l  

c r i t e r i o n .  However, th e  1 :3  R/NR group was s ig n i f i c a n t ly  s u p e r io r  to  

th e  3 :1  group on t h i s  m easure. This d i f f e r e n c e  betw een th e  E groups 

was in  th e  o p p o s ite  d i r e c t io n  from th a t  p r e d ic te d  by th e  o r ig in a l  

h y p o th e s is . Thus, the o r ig i n a l  h y p o th e s is  was r e je c te d ,  and th e  r e s u l t s  

o f  t h i s  s tu d y  were in te r p r e te d  as fo llo w s . Jagoda reaso n ed  t h a t  th ese  

r e s u l t s  su g g es te d  t h a t  the  c r i t i c a l  component o f  d is c r im in a t io n  r e v e r s a l  

le a r n in g  i s  th e  e s ta b lis h m e n t o f  avoidance te n d e n c ie s  to  th e  new S-



3

(fo rm er S+). L earn in g  to  av o id  th e  new S- i s  r e l a t i v e l y  more d i f f i ­

c u l t  th a n  le a r n in g  to  approach th e  new S+, and n o n re in fo rc e d  t r i a l s  

to  th e  new S- se rv e  to  e s t a b l i s h  avoidance te n d e n c ie s  to  t h i s  s tim u lu s . 

Thus, R/NR r a t i o s  em ploying h ig h  p ro p o r tio n s  o f  n o n re in fo rc e d  t r i a l s  

a re  more e f f e c t iv e  th a n  R/NR r a t i o s  em ploying low p ro p o r t io n s  o f  non­

r e in f o r c e d  t r i a l s .

The e f f e c t iv e n e s s  o f  n o n re in fo rc e d  t r i a l s  to  th e  new S- has 

a lso  been  dem o n stra ted  by S tevens and F e c h te r  (1967). In  t h e i r  s tudy , 

r a t s  were t r a in e d  to  make a tw o-cho ice  s im u ltan eo u s b la c k -w h ite  d i s ­

c r im in a tio n  in  a t r a p e z o id a l  d is c r im in a t io n  box. As each s u b je c t  met 

c r i t e r i o n  on t h i s  i n i t i a l  d is c r im in a t io n  i t  was a ss ig n e d  to  one o f  

two E groups. One o f  th e s e  E groups re c e iv e d  tw enty  fo rc e d  n o n re in ­

fo rc e d  t r i a l s  to  th e  new S- (form er S+), w h ile  th e  o th e r  E group 

re c e iv e d  tw enty  fo rc e d  r e in f o r c e d  t r i a l s  to  th e  new S+ (form er S -) . 

A f te r  t h i s  fo rc e d  r e v e r s a l ,  f r e e -c h o ic e  r e v e r s a l  t r a i n i n g  was begun. 

D uring  f r e e -c h o ic e  r e v e r s a l  each t r i a l  c o n s is te d  o f  th e  s im u ltan eo u s 

p r e s e n ta t io n  o f  th e  new S+ and th e  new S-.

R e s u lts  from t h i s  s tu d y  showed th a t ,  d u rin g  f r e e -c h o ic e  r e v e rs a l ,  

th e  E group t h a t  had been  g iv en  n o n re in fo rc e d  t r i a l s  to  th e  new S- 

was s i g n i f i c a n t l y  s u p e r io r  to  th e  E group t h a t  had been  g iven  r e i n ­

fo rc e d  t r i a l s  to  th e  new S+. S tevens and F e c h te r  in te r p r e te d  t h e i r  

f in d in g s  as  o f f e r in g  su p p o rt f o r  t h e o r e t i c a l  p o s i t io n s  t h a t  s t r e s s  

th e  im portance  o f  i n h ib i t i o n  o r  th e  a c q u is i t io n  o f  avoidance te n d e n c ie s  

to  S- in  d is c r im in a t io n  le a rn in g .

W hile th e  A lfre d s  and Jagoda s tu d y  and th e  S tevens and F e c h te r  

s tu d y  have been  th e  on ly  ones which c le a r ly  dem o n stra ted  th e  e f f e c ­

t iv e n e s s  o f  n o n re in fo rcem en t o f  th e  in c o r r e c t  re sp o n se  d u rin g  r e v e r s a l  

s e v e ra l  e a r l i e r  s tu d ie s  had dem o n stra ted  th e  e f f e c t iv e n e s s  o f  n o n re in ­
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fo rcem en t d u rin g  th e  a c q u is i t io n  o f  s im ple  d is c r im in a t io n  ta s k s  t h a t  

d id  n o t  in v o lv e  r e v e r s a l  le a rn in g . In  an e a r ly  s tudy , Denny and 

Dunham (1951) t r a in e d  r a t s  in  a T-maze to  make a sim ple b la c k -w h ite  

d is c r im in a tio n . T h e ir r e s u l t s  showed t h a t  a group r e c e iv in g  4 non­

r e in f o r c e d  t r i a l s  and 2 r e in f o r c e d  t r i a l s  each day perform ed  s i g n i f i ­

c a n t ly  b e t t e r  th a n  a group which had  1 n o n re in fo rc e d  t r i a l  and 2 

r e in f o r c e d  t r i a l s  each day. In  a l a t e r  s tu d y , C antor and S p ik er 

(1954) o b ta in e d  s im i la r  r e s u l t s  w ith  c h i ld re n  in  a s im ple  tw o-cho ice  

d is c r im in a t io n  ta sk .

I n  b o th  o f  th e s e  e a r ly  s tu d ie s  th e  fo rc e d  groups had  unequal 

numbers o f  t o t a l  a c q u is i t io n  t r i a l s ,  b u t  su b seq u en t s tu d ie s  have 

h e ld  th e  t o t a l  number o f  a c q u is i t io n  t r i a l s  c o n s ta n t and v a r ie d  R/NR 

r a t i o s .  I n  th e  f i r s t  o f  th e se  s tu d ie s ,  B irch  (1955) combined fo u r  

R/NR r a t i o s  w ith  fo u r  d i f f e r e n t  amounts o f  fo rc in g . H is r e s u l t s  showed 

th a t ,  o v e r - a l l ,  a  1 :1  r a t i o  p roduced  o p tim a l le a r n in g  when r a t s  were 

r e q u ir e d  to  make a sim ple  b la c k -w h ite  d is c r im in a tio n .

W hile B irc h Ts r e s u l t s  d id  n o t  in d ic a te  t h a t  n o n re in fo rcem en t was 

more e f f e c t iv e  th a n  re in fo rc e m e n t, in  a l a t e r  s tu d y  Lachman (1961) 

c l e a r ly  d em o n stra ted  th e  e f f e c t iv e n e s s  o f  n o n re in fo rc e d  t r i a l s .  In  

Lachman*s s tu d y , r a t s  were t r a in e d  to  make a b r ig h tn e s s  d is c r im in a t io n  

in  an autom ated Y-maze. Three E groups were g iven  d i f f e r e n t  R/NR 

r a t i o s :  1 :3 , 1 :1 , o r  3 :1 . R e s u lts , as m easured by p e rc en ta g e  o f

c o r r e c t  re sp o n se s  d u rin g  f r e e -c h o ic e  t r i a l s ,  showed t h a t  th e  1 :3  group 

was s u p e r io r  to  th e  1 :1  group which, in  tu rn , was s u p e r io r  to  th e  3 :1  

group.

Thus, th e  o v e r - a l l  r e s u l t s  from th e s e  s tu d ie s  in  which th e  

e f f e c t iv e n e s s  o f  n o n re in fo rcem en t d u rin g  th e  a c q u is i t io n  o f  sim ple  

d is c r im in a t io n  ta s k s  was dem o n stra ted  su g g e s t t h a t  le a r n in g  to  av o id
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th e  S- may be r e l a t i v e l y  more d i f f i c u l t  th an  le a r n in g  to  approach 

S+. Furtherm ore, th e  r e s u l t s  o f  A lf re d s  and Jagoda and th o se  o f  

S tevens and F e c h te r  su g g e s t t h a t  d is c r im in a t io n  r e v e r s a l  ta s k s  a re , 

in  t h i s  r e s p e c t ,  e s s e n t i a l l y  no d i f f e r e n t  from any tw o-cho ice  d i s ­

c r im in a tio n  ta s k . T hat i s ,  l e a r n in g  to  avo id  th e  new S- may be 

r e l a t i v e l y  more d i f f i c u l t  th a n  le a r n in g  to  approach th e  new S+ j u s t  

as le a r n in g  to  av o id  th e  o ld  S- was r e l a t i v e l y  more d i f f i c u l t  th a n

le a r n in g  to  approach th e  o ld  S+.

In  o rd e r  to  examine f u r th e r  t h i s  view o f  d is c r im in a t io n  r e v e r s a l  

le a r n in g  and to  o b ta in  p re l im in a ry  in fo rm a tio n  f o r  th e  p re s e n t  study , 

two p i l o t  s tu d ie s  were perform ed. In  th e  f i r s t  o f  th e se , r a t s  were 

t r a in e d  to  make a b r ig h tn e s s  d is c r im in a t io n  i n  autom ated d is c r im in a ­

t i o n  s h u t t l e  boxes. A f te r  re a c h in g  c r i t e r i o n  on th e  i n i t i a l  d is c r im i­

n a tio n , each s u b je c t  was a ss ig n e d  to  a c o n tr o l  group o r  to  one o f

th re e  E groups. C o n tro l s u b je c ts  were p u t on f r e e -c h o ic e  r e v e r s a l

w h ile  a l l  E s u b je c ts  were g iv en  fo rc e d  r e v e r s a l  t r i a l s  p r i o r  to  f r e e -  

ch o ice  r e v e r s a l .  The th re e  R/NR r a t i o s  u sed  w ere: 4 :1 , 1 :1 , and

1 :4 . A f te r  th e  com pletion  o f  fo rc e d  r e v e r s a l  t r i a l s ,  each E s u b je c t  

was p u t  on f r e e -c h o ic e  r e v e r s a l  and ru n  to  c r i t e r io n .

When mean days to  r e v e r s a l  c r i t e r i o n  were analyzed , i t  was 

found t h a t  th e  1:4- group le a rn e d  th e  r e v e r s a l  in  s ig n i f i c a n t l y  few er 

days th a n  e i t h e r  th e  C group o r  th e  4 :1  group. A lso, th e  1 :1  group 

was s i g n i f i c a n t l y  s u p e r io r  to  th e  4 :1  group on t h i s  m easure.

U n fo rtu n a te ly , t h i s  f i r s t  p i l o t  was p o s s ib ly  confounded. D urirg 

fo rc e d  r e v e r s a l ,  th e  s u b je c t  was f r e e  to  re sp o n d  r i g h t  o r  l e f t ,  and 

an exam in atio n  o f  p o s i t io n  re sp o n d in g  d u rin g  fo rc e d  r e v e r s a l  re v e a le d  

t h a t  a lm ost a l l  o f  th e  s u b je c ts  had gone in to  p o s i t io n  resp o n d in g .

Thus, s u b je c ts  in  d i f f e r e n t  E groups had  d i f f e r e n t i a l  re in fo rc e m e n t
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and d i f f e r e n t i a l  n o n re in fo rcem en t o f  t h e i r  p o s i t io n  re sp o n se s . For 

example, a s u b je c t  in  th e  4 :1  group cou ld  have i t s  p o s i t io n  re sp o n se s  

r e in f o r c e d  80% o f  th e  tim e and n o n re in fo rc e d  20% o f  th e  tim e. A 

s u b je c t  in  th e  1:*+ cou ld , however, have been  r e in fo r c e d  20% o f  th e  

tim e and n o n re in fo rc e d  80% o f  th e  tim e fo r  i t s  p o s i t io n  resp ond ing .

T his d i f f e r e n t i a l  re in fo rc e m e n t and n o n re in fo rcem en t o f  p o s i t io n  

re sp o n d in g  m ight n o t have c o n s t i tu te d  a problem , e x cep t t h a t  days in  

p o s i t io n  d u rin g  f r e e  r e v e r s a l  were p o s i t iv e ly  c o r r e la te d  w ith  days 

to  re a ch  r e v e r s a l  c r i t e r io n .  The e f f e c t s  o f  re in fo rc e m e n t and non­

re in fo rc e m e n t m ight, th e re fo re ,  have o p e ra te d  m ain ly  on p o s i t io n  

re sp o n d in g  r a th e r  th a n  on re sp o n se s  to  th e  new S+ and to  th e  new S- 

s p e c i f i c a l ly .

In  o rd e r  to  av o id  t h i s  p o s s ib le  source  o f  confounding a second 

p i l o t  s tudy  was ru n  in  th e  same ap p ara tu s , b u t  a d i f f e r e n t  fo rc in g  

p ro ced u re  was used. W ith t h i s  new fo rc in g  p ro ced u re , th e  s u b je c t  was 

n o t ab le  to  respond  on th e  b a s i s  o f  p o s i t io n  d u rin g  fo rc e d  r e v e r s a l .

In  t h i s  p i l o t ,  a second v a r ia b le ,  number o f  fo rc e d  r e v e r s a l  

t r i a l s  was added. H a lf th e  s u b je c ts  re c e iv e d  120 fo rc e d  r e v e r s a l  

t r i a l s ,  w h ile  th e  o th e r  h a l f  re c e iv e d  240 fo rc e d  r e v e r s a l  t r i a l s .

For each l e v e l  o f  fo rc in g , h a l f  th e  s u b je c ts  re c e iv e d  a R/NR r a t i o  

o f  4 :1 , and th e  o th e r  h a l f  re c e iv e d  a R/NR r a t i o  o f  1:4-. A t th e  com­

p le t i o n  o f  th e  a p p ro p r ia te  number o f  fo rc e d  r e v e r s a l  t r i a l s  each 

s u b je c t  was p la c e d  on f r e e  r e v e r s a l  and ru n  to  c r i t e r io n .

An a n a ly s is  o f  v a r ia n c e  on mean f r e e  days to  r e v e r s a l  c r i t e r i o n  

produced  one s ig n i f i c a n t  main e f f e c t ,  t h a t  o f  R/NR r a t i o ,  w ith  th e  

1 :4  group s u p e r io r  to  th e  4 :1  group. In  a d d itio n , th e  r e v e r s a l  

le a r n in g  cu rv es  showed t h a t  th e  1 :4  groups were c o n s is te n t ly  s u p e r io r  

to  th e  4 :1  groups th ro u g h o u t f r e e  r e v e r s a l .  The 240-t r i a l  groups
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were s l i g h t l y  s u p e r io r  to  th e  1 2 0 - t r i a l  groups on mean f r e e  days to  

r e v e r s a l  c r i t e r io n .

Number o f  fo rc e d  r e v e r s a l  t r i a l s  was added as a v a r ia b le  in  

o rd e r  to  o b ta in  p re lim in a ry  in fo rm a tio n  abou t th e  r o le  o f  th e  R/NR 

r a t i o  v a r ia b le  d u rin g  th e  co u rse  o f  a c q u is i t io n  o f  th e  d is c r im in a tio n  

r e v e r s a l .  The o n ly  s tu d y  which had v a r ie d  number o f  fo rc e d  t r i a l s  

a long  w ith  R/NR r a t i o ,  t h a t  o f  B irch  (1955), u sed  a sim ple  d is c r im i­

n a t io n  ta s k . His r e s u l t s  re v e a le d  a s ig n i f i c a n t  i n t e r a c t io n  betw een 

r a t i o  and days o f  fo rc in g .

The in c lu s io n  o f  number o f  fo rc e d  r e v e r s a l  t r i a l s  as a v a r ia b le  

a lso  p ro v id e d  an o p p o rtu n ity  to  o b ta in  some in d ic a t io n  o f th e  r e l a ­

t io n s h ip  betw een number o f  t r i a l s  and th e  n e g a t iv i ty  a s s o c ia te d  w ith  

th e  new S-. D*Amato and Jagoda (1960, 1961) su g g es ted  t h a t  th e  

n e g a t iv i ty  o f  S - d u rin g  a sim ple d is c r im in a tio n  ta s k  may d e c rea se  

as number o f  a c q u is i t io n  t r i a l s  in c re a s e s . They argued  th a t  s in c e  

th e  an im al does n o t go to  th e  S- v e ry  o f te n  d u rin g  l a t e  a c q u is i t io n  

o r, f o r  example, d u rin g  o v e r t r a in in g  t r i a l s ,  th e  n e g a t iv i ty  a s s o c ia te d  

w ith  th e  S- may d e c rea se  as a r e s u l t  o f  th e  reduced  e x p e rien ce  w ith  

t h i s  s tim u lu s .

However, D eutsch and Biederm an (1965) and Biederman (1967, 1968) 

have argued  t h a t  t h i s  assumed re d u c tio n  in  th e  n e g a t iv i ty  o f  th e  S- 

does n o t occu r b ecause  o f  red u ced  ex p e rien ce  w ith  t h i s  s tim u lu s .

They propose  t h a t  th e  S- i n i t i a l l y  fu n c tio n s  as th e  p rim ary  cue f o r  

d is c r im in a tio n , and i t s  n e g a t iv i ty  i s  h ig h  a t  t h i s  p o in t .  L a te r  the  

S+ presum ably ta k e s  over th e  p rim ary  cue fu n c tio n , and, as a r e s u l t ,  

th e  S- lo s e s  some o f  i t s  n e g a t iv i ty .  A lthough th ey  d is a g re e  w ith  

DTAmatoTs and Jag o d a ’ s i n t e r p r e t a t i o n  o f  why th e  n e g a t iv i ty  o f  S- 

d e c rea se s , th ey  do ag ree  t h a t  th e  n e g a t iv i ty  o f  S- does d ecrea se .
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In  a d d itio n , th ey  o f f e r  d a ta  th ey  i n t e r p r e t  as ev idence  in  su p p o rt 

o f  t h e i r  p o s i t io n  which m a in ta in s  t h a t  th e  n e g a t iv i ty  o f  S- does n o t 

in c re a s e  m o n o to n ica lly  o v e r th e  cou rse  o f  d is c r im in a t io n  t r a in in g .  

They argue t h a t  th e  r e l a t io n s h ip  betw een number o f  a c q u is i t io n  t r i a l s  

and th e  n e g a t iv i ty  o f  S- i s  a  nonm onotonic one.

A lthough Biederm an r e l a t e s  h is  r e s u l t s  to  d is c r im in a t io n  r e ­

v e r s a l ,  he does n o t in d ic a te  e x p l i c i t l y  w hether th e  same nonm onotonic 

r e l a t io n s h ip  sh o u ld  h o ld  f o r  th e  n e g a t iv i ty  o f  th e  new S - o v e r th e  

co u rse  o f  r e v e r s a l  le a r n in g  as presum ably h o ld s  f o r  th e  n e g a t iv i ty  

o f  th e  o ld  S- d u rin g  th e  a c q u is i t io n  o f  th e  i n i t i a l  d is c r im in a tio n .

In  th e  second  p i l o t  s tu d y  th e re  was, however, no in d ic a t io n  th a t  

th e  r e l a t io n s h ip  betw een th e  n e g a t iv i ty  a s s o c ia te d  w ith  th e  new S- 

and th e  number o f  fo rc e d  r e v e r s a l  t r i a l s  was nonm onotonic. In  f a c t ,  

th e  r e s u l t s  su g g es t t h a t  th e  r e l a t io n s h ip  may be a c u r v i l in e a r  one.

The pu rpose  o f  th e  p re s e n t  s tu d y  i s  to  in v e s t ig a te  d is c r im in a tio n  

r e v e r s a l  le a r n in g  as a fu n c tio n  o f  R/NR r a t i o s  d u rin g  fo rc e d  r e v e r s a l  

and number o f  fo rc e d  r e v e r s a l  t r i a l s .  I f  Jag o d a ’ s assum ption  t h a t  

le a r n in g  to  av o id  th e  new S- i s  r e l a t i v e l y  more d i f f i c u l t  th a n  l e a r n ­

in g  to  approach  th e  new S+ i s  c o r r e c t ,  th e n  r e v e r s a l  perform ance 

sh o u ld  be f a c i l i t a t e d  by R/NR r a t i o s  em ploying h ig h  p ro p o r t io n s  o f  

n o n re in fo rc e d  t r i a l s  to  th e  new S-. In  a d d it io n , i f  th e  n e g a t iv i ty  

a s s o c ia te d  w ith  th e  new S- i s  a m onotonic fu n c tio n  o f  th e  number o f  

fo rc e d  r e v e r s a l  t r i a l s ,  th e n  r e v e r s a l  perform ance sh o u ld  im prove as 

t o t a l  number o f  fo rc e d  r e v e r s a l  t r i a l s  in c re a s e s .
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METHOD

E x p erim en ta l D esign

The d e s ig n  can be summarized as a 3 x  3 f a c t o r i a l ,  th e  two 

in d ep en d en t v a r ia b le s  b e in g  r a t i o  o f  r e in f o r c e d  to  n o n re in fo rc e d  

t r i a l s  d u rin g  fo rc e d  r e v e r s a l  (4 :1 , 1 :1 , 1:4-) and t o t a l  number o f  

fo rc e d  r e v e r s a l  t r i a l s  (80, 200, 320). An a d d i t io n a l  group which 

had a l l  o f  i t s  r e v e r s a l  t r i a l s  as f r e e -c h o ic e  t r i a l s  se rv ed  as th e  

c o n tr o l  group. The s tu d y  was perform ed in  two r e p l i c a t io n s .

A ll  Ss were ru n  20 t r i a l s  p e r  day to  an a c q u is i t io n  c r i t e r i o n  

o f  90% c o r r e c t  re sp o n d in g  on th e  i n i t i a l  d is c r im in a tio n . D uring th e  

i n i t i a l  d is c r im in a t io n  th e  S+ was a b r ig h t  l i g h t  and th e  S- was a 

dim l i g h t .  (For th e  r a t io n a le  u sed  to  ru n  a l l  Ss to  S+ b r ig h t  and 

to  S- dim see  th e  d is c u s s io n  s e c t io n  pp. 5 8 -5 9 .) Upon re a c h in g  

c r i t e r i o n  each  S was a ss ig n e d  to  1 o f  th e  9 E groups o r to  th e  C 

group in  random ized b lo c k s .

Each S began r e v e r s a l ,  f r e e  o r fo rced , on th e  day fo llo w in g  

re a c h in g  th e  i n i t i a l  a c q u is i t io n  c r i t e r i o n .  Each E S began f r e e  

r e v e r s a l  on th e  day fo llo w in g  th e  com ple tion  o f  fo rc e d  r e v e r s a l .  

D uring r e v e r s a l ,  f r e e  and fo rced , th e  form er S+ was now th e  S- and 

th e  fo rm er S- was now th e  S+. The r e v e r s a l  c r i t e r i o n  was 90% c o r r e c t  

resp o n d in g . In  o rd e r to  o b ta in  r e v e r s a l  cu rv es, some Ss were ru n  

p o s t  r e v e r s a l  c r i t e r io n .

S u b je c ts

The Ss were 110 hooded fem ale r a t s  o b ta in e d  from Carworth, 

R ockland County, New York. A t th e  o u ts e t  o f  th e  experim ent, th e  

Ss were e x p e r im e n ta lly  n a iv e , and w ere 60-80 days o f  age. Ss were 

housed in  p a i r s ,  in  s te e l - w i r e  cages, 7" h ig h  x 7" wide x 9 -1 /2 ”
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deep. These cages were in  a room w ith  c o n t r o l le d  te m p e ra tu re  and 

hu m id ity , f i l t e r e d  a i r  and a 1 2 -h r. d a y -n ig h t cy c le . Throughout th e  

ex p erim en t th e  Ss were m a in ta in ed  on 23 h r . w a te r d e p r iv a tio n . P u r in a  

Food Chow was a v a i la b le  ad l i b .

A pparatus

The a p p a ra tu s  c o n s is te d  o f  s ix  i d e n t i c a l  Lehigh V a lley  s h u t t l e -  

boxes and BRS c o n tr o l  equipm ent. The sh u tt le b o x e s  were a p ro to ty p e  

d es ig n ed  fo r  t h i s  la b o ra to ry . The i n t e r n a l  d im ensions o f  each box 

were 7 -1 /2 "  h ig h , 18" long , and 8" wide. S ide w a lls  and a h in g ed  

l i d  were made o f  t r a n s p a r e n t  p le x ig la s s .  A s t e e l - g r i d  to g g le  f lo o r  

w ith  rem ote se n s in g  p ro v id ed  in fo rm a tio n  about which s id e  o f  th e  box 

th e  an im al was in . B eneath  th e  to g g le  f lo o r  was a t r a y  f i l l e d  w ith  

s a n ic e l l .  (See th e  fo llo w in g  page f o r  a  pho tograph  o f  one o f  th e se  

boxes. )

Each box had two rem ovable b a r r i e r s .  B a r r ie r  I  was aluminum 

and d iv id e d  th e  s h u tt le b o x  in to  two e q u a l com partm ents 7 -1 /2 "  h ig h ,

9" long , and 8" wide. The c e n te r  h o le  in  t h i s  b a r r i e r  was 2 -1 /2 "  

i n  d iam e te r. To g e t  back  and f o r th  from one s id e  to  a n o th e r th e  

S had to  go th ro u g h  t h i s  h o le . B a r r ie r  I I  d iv id e d  th e  s h u ttle b o x  

in to  fo u r  e q u a l com partm ents 7 -1 /2 "  h igh , 9" long , and *+" wide.

Each h o le  in  t h i s  b a r r i e r  was a lso  2 -1 /2 "  in  d iam eter.

A t each end o f  th e  s h u tt le b o x  was an in te l l ig e n c e  p a n e l w ith  

a  low r e f le c ta n c e  b la c k  s u rfa c e . The i n t e r n a l  d im ensions o f  each 

p a n e l were 8" x  7 -1 /2 " . There were two sm all s t im u lu s -re sp o n se -  

re in fo rc e m e n t chambers (SRE.C) on each p a n e l. Each chamber ex tended  

2 -1 /2 "  in to  th e  p a n e l and was 1 -1 /2 "  square .
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Photograph  o f  One o f  th e  Automated D isc r im in a tio n  S h u ttleb o x e s



12

The r e a r  p a n e l o f  each chamber c o n s is te d  o f  a t r a n s lu c e n t  s tim u lu s  

d i f f u s io n  p a n e l which was i l lu m in a te d  from b eh in d  by a b u lb  in  an 

a t ta c h e d  lam phousing. The o n s e t o f  th e  two s t im u l i  was s im u ltan eo u s. . 

On any one t r i a l ,  one o f  th e se  s t im u l i  co u ld  be b r ig h t  (26. 0 v) and 

th e  o th e r  dim (8. 5 v) o r  b o th  s t im u l i  co u ld  be b r ig h t  o r  b o th  cou ld  

be dim. The r i g h t - l e f t  p o s i t io n  o f  each s tim u lu s , when one was 

b r i g h t  and one was dim, was c o n tr o l le d  by a punched ta p e  w hich fe d  

in to  th e  c o n tro l  p a n e l o f  th e  box.

A re sp o n se  was re c o rd ed  when th e  s u b je c t ’ s head  in te r r u p te d  a 

th in ,  d a rk  r e d  beam o f  l i g h t  which p a sse d  h o r iz o n ta l ly  a c ro ss  th e  

chamber opening. R ein fo rcem en t was p ro v id ed  by a . 25 cc d ip p e r  which 

was programmed to  come up a u to m a tic a lly  when a c o r r e c t  re sp o n se  was 

made. I f  an in c o r r e c t  were made, th e  d ip p e rs  rem ained  down. At 

th e  o u ts e t  o f  any t r i a l ,  th e  s t im u l i  came on on th e  o p p o s ite  s id e  

o f  th e  box from where th e  s u b je c t  was. For example, i f  th e  anim al 

were on s id e  A o f  th e  box, th e  s t im u l i  would come on on s id e  B. I f  

th e  s u b je c t  were on s id e  B o f  th e  box, th e  s t im u l i  would come on on 

s id e  A. Once th e  s t im u l i  came on, th ey  rem ained  on u n t i l  th e  s u b je c t  

responded . I f  a c o r r e c t  re sp o n se  were made, th e  s t im u l i  s ta y e d  on 

f o r  the  d u ra tio n  o f  th e  re in fo rc e m e n t. I f  an in c o r r e c t  re sp o n se  were 

made, th e  s t im u l i  rem ained  on f o r  . 7 sec . Throughout a l l  p h ases  o f  

th e  experim en t th e  IT I was 10 sec .

Each BRS c o n tr o l  p a n e l f o r  each s h u ttle b o x  had an 8 -ch an n el 

p a p e r ta p e  re a d e r  w hich p ro v id e d  programming. T r i a l  by t r i a l  d a ta  

were re c o rd e d  on p r in t - o u t - c o u n te r s ,  and cum ulative  d a ta  were re c o rd ed  

on o th e r  c o u n te rs . The p r in t - o u t - c o u n te r s  d id  n o t o p e ra te  r e l i a b l y  

a l l  o f  th e  tim e, b u t  th e  cu m u la tiv e  co u n te rs  d id .
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The s h u ttle b o x e s  were in  a sm all room a d ja c e n t to  th e  room w ith  

th e  c o n tro l  p a n e ls . Each box was e n c lo se d  in  l ig h t - p r o o f ,  sound- 

ab so rb in g  housing . V e n t i la t io n  and m asking n o is e  were p ro v id ed  by 

a b low er in  each box. A one-way o b se rv a tio n  window in  each box cou ld  

be covered  by an opaque door when n o t i n  use.

Procedure

A d ap ta tio n , h a b i tu a t io n ,  and shap in g

A ll  Ss were p la c e d  on 23 h r. w a te r d e p r iv a t io n  fo r  one week 

p r i o r  to  shap ing . D uring t h i s  week each S was h an d led  f o r  a p p ro x i­

m ate ly  3 mins. each day. The Ss were g iven  one day o f  h a b i tu a t io n  

which c o n s is te d  o f  p la c in g  cage m ates in  th e  ap p a ra tu s  fo r  10 mins. 

B a r r ie r  I  was in s e r te d ,  th e  d ip p e rs  were r e t r a c te d ,  and th e  s tim u lu s  

l i g h t s  were o f f .  Each S was p la c e d  on one s id e  o f  th e  b a r r i e r  and 

h e r  cage mate was p la c e d  on th e  o th e r  s id e . Each S was f r e e  to  go 

back  and f o r th  th ro u g h  th e  b a r r i e r ' s  h o le .

Shaping c o n s is te d  o f  10 t r i a l s  g iven  on th e  day fo llo w in g  h a b i t ­

u a tio n . There was no b a r r i e r  u sed  d u rin g  shap ing . On each t r i a l  

b o th  s t im u l i  were b r ig h t .  The S cou ld  respond  r i g h t  o r  l e f t  and 

e i t h e r  re sp o n se  would be re in fo rc e d . The rew ard  d u ra tio n  was 10 sec. 

p e r  t r i a l  and th e  IT I was 10 sec . Both s tim u lu s  l i g h t s  came on a t  

th e  b e g in n in g  o f  a t r i a l  and rem ained  on u n t i l  th e  S responded  and 

f o r  th e  d u ra tio n  o f  th e  re in fo rc e m e n t

A c q u is it io n  o f  th e  i n i t i a l  d is c r im in a tio n

D isc r im in a tio n  t r a in in g  was begun on th e  day fo llo w in g  shap ing . 

B a r r ie r  I  was in s e r te d  and each  t r i a l  c o n s is te d  o f  th e  s im u ltaneous 

p r e s e n ta t io n  o f  th e  S+ and th e  S-. On any t r i a l  th e  S was f r e e  to  

resp o n d  to  e i t h e r  s tim u lu s . The IT I was 10 s e c . , re in fo rce m e n t 

d u ra t io n  7 s e c . , and re in fo rc e m e n t m agnitude was . 25 cc p e r  t r i a l .
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The S+ was programmed so t h a t  in  a s e r i e s  o f  20 t r i a l s  i t  was on th e  

r i g h t  s id e  on h a l f  o f  th e  t r i a l s ,  and i t  was on th e  l e f t  s id e  on h a l f  

o f  th e  t r i a l s .  The r i g h t - l e f t  sequence u sed  in s u re d  t h a t  no more 

th a n  two c o n se c u tiv e  r i g h t  re sp o n ses  o r two c o n se c u tiv e  l e f t  re sp o n ses  

would be re in fo rc e d . Each S was ru n  20 t r i a l s  p e r  day u n t i l  re a c h in g  

th e  c r i t e r i o n  o f  90% c o r r e c t  respond ing .

Forced  r e v e r s a l

D uring fo rc in g  B a r r ie r  I I  was in s e r te d .  Each S re c e iv e d  h a l f  o f  

h e r  fo rc e d  days on th e  f r o n t  s id e  o f  th e  b a r r i e r  and th e  o th e r  h a l f  

on th e  r e a r  s id e . A fo rc e d  t r i a l  c o n s is te d  o f  th e  p r e s e n ta t io n  o f  a 

s in g le  s tim u lu s , e i t h e r  th e  S+ o r th e  S- on each t r i a l .  On a fo rc e d  

t r i a l ,  th e  d is c r im in a t io n  was a su c c e ss iv e  one. T h e re fo re , th e  sub­

j e c t  co u ld  n o t respond  r i g h t  o r  l e f t  on a fo rc e d  t r i a l .  Forced  t r i a l s  

w ere programmed so t h a t  th e  th r e e  E groups re c e iv in g  a 4 :1  R/NR r a t i o  

had  4 r e in fo r c e d  t r i a l s  and 1 n o n re in fo rc e d  t r i a l  d u rin g  every  5 

t r i a l s .  The p o s i t io n  o f  th e  n o n re in fo rc e d  t r i a l  was n o t  th e  same in  

each  b lo c k  o f  5 t r i a l s .  For example, i f  n o n re in fo rcem en t o c cu rred  

on T r ia l  3 d u rin g  T r ia l s  1 -5 , th e n  i t  m igh t occu r on 7 f o r  T r ia l s

6-10, and on T r i a l  11 f o r  T r ia l s  11-15. For the  a c tu a l  sequence o f 

t r i a l s  u sed  d u rin g  fo rc in g  see  Appendix I . Twenty t r i a l s  p e r  day 

w ere g iv en  d u rin g  fo rc in g . Thus, f o r  each day o f  fo rc e d  r e v e r s a l  

th e  th r e e  4 :1  groups re c e iv e d  16 r e in f o r c e d  t r i a l s  and 4 n o n re in fo rc e d  

t r i a l s  p e r  day.

The th re e  E groups t h a t  had a 1 :4  R/NR r a t i o  had th e  same sequence 

o f  t r i a l s  as  th e  4 :1  groups, on ly  where a n o n re in fo rc e d  t r i a l  had 

o c c u rre d  f o r  th e  4 :1  groups, a r e in fo r c e d  t r i a l  o c cu rred  fo r  th e  1 :4  

groups. Thus, fo r  each day o f  fo rc e d  r e v e r s a l  th e se  groups had 4 

r e in f o r c e d  t r i a l s  and 16 n o n re in fo rc e d  t r i a l s  each  day.
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For th e  th re e  E groups w ith  a 1 :1  R/NR r a t i o ,  10 t r i a l s  were 

r e in f o r c e d  and 10 t r i a l s  were n o n re in fo rc e d  each day. The o rd e r  o f  

p r e s e n ta t io n  o f  re in fo rc e m e n t and n o n re in fo rcem en t w ith in  a b lo c k  

o f  10 t r i a l s  was random w ith  th e  r e s t r i c t i o n  th a t  th e re  m ust be an 

e q u a l number o f  r e in f o r c e d  and n o n re in fo rc e d  t r i a l s .

For each R/NR r a t i o  le v e l ,  one E group was g iven  4 days o f  

fo rc e d  r e v e r s a l ,  one E group was g iven  10 days o f  fo rc e d  r e v e r s a l ,  

and one E group was g iven  16 days o f  fo rc e d  r e v e r s a l .  D uring fo rc in g  

th e  IT I was 10 s e c . , th e  rew ard  d u ra t io n  was 7 sec. p e r  t r i a l  and 

th e  rew ard  m agnitude was . 25 cc p e r  t r i a l .  On th e  day fo llo w in g  the  

com ple tion  o f  th e  a p p ro p r ia te  number o f  fo rc e d  days o f  r e v e r s a l ,  each 

S in  each E group began f r e e  r e v e r s a l .

Free R ev e rsa l

D uring f r e e  r e v e r s a l  B a r r ie r  I  was in s e r te d .  Each S re c e iv e d  

20 t r i a l s  p e r  day, IT I 10 s e c . ,  rew ard  d u ra tio n  7 s e c . ,  and rew ard  

m agnitude . 25 cc. A f r e e  r e v e r s a l  t r i a l  c o n s is te d  o f  th e  s im ultaneous 

p re s e n ta t io n  o f  th e  S+ and th e  S-. The same sequence o f  t r i a l s  was 

u sed  d u rin g  r e v e r s a l  as  was u sed  d u rin g  th e  a c q u is i t io n  o f  th e  i n i t i a l  

d is c r im in a tio n , o n ly  now th e  S+ was th e  dim l i g h t ,  and th e  S- was 

th e  b r ig h t  l i g h t .  A ll  Ss were ru n  to  a r e v e r s a l  c r i t e r i o n  o f  90% 

c o r r e c t .  In  o rd e r  to  o b ta in  f r e e  r e v e r s a l  cu rv es, some Ss were run  

p o s t  c r i t e r i o n .  Each S was ru n  a minimum o f  14- days d u rin g  f r e e  

r e v e r s a l  in  o rd e r  to  o b ta in  r e v e r s a l  cu rv es  f o r  th e  f i r s t  2 weeks 

o f  f r e e  r e v e r s a l  le a rn in g .
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RESULTS

A c q u is i t io n  o f th e  i n i t i a l  d is c r im in a t io n

Mean days to  c r i t e r i o n  and s ta n d a rd  d e v ia t io n s  f o r  each group 

d u rin g  th e  i n i t i a l  d is c r im in a t io n  ta s k  a re  v e ry  s im i la r  as shown in  

T able 1. The o v e r - a l l  mean i s  3 .8 4  days and th e  o v e r - a l l  S. D. i s  

1. 65 days.

D isc r im in a tio n  r e v e r s a l

A nalyses o f  v a r ia n c e  were perfo rm ed  on fo u r  dependent v a r ia b le s :  

(1) mean f r e e  days to  r e v e r s a l  c r i t e r i o n ,  (2) mean t o t a l  days to  

r e v e r s a l  c r i t e r i o n ,  (3) mean e r r o r s  on day 1 o f  f r e e  r e v e r s a l  and 

(4) mean days i n  p o s i t io n  d u rin g  f r e e  r e v e r s a l .  S ince  th e  s tudy  

e n t a i l e d  two r e p l i c a t io n s ,  r e p l i c a t io n s  were t r e a t e d  as an indep en d en t 

v a r ia b le  in  th e s e  a n a ly se s . The on ly  s i g n i f i c a n t  e f f e c t  o f  r e p l i c a ­

t io n s  o c cu rred  f o r  e r r o r s  on day 1 o f  f r e e  r e v e r s a l .  S ince  th e re  was 

no s ig n i f i c a n t  r e p l i c a t i o n  e f f e c t  on any o f  th e  o th e r  th r e e  v a r ia b le s ,  

a n a ly se s  o f  v a r ia n c e  were perform ed  on th e se  v a r ia b le s  w ith  r e p l i c a ­

t io n s  combined.

Where a p p ro p r ia te , p a ir -w is e  com parisons betw een E groups were 

made u s in g  Tukey’ s HSD t e s t  as d e sc r ib e d  in  Runyon and Haber (1971).

(1) F ree days to  r e v e r s a l  c r i t e r i o n

The a n a ly s is  o f  v a r ia n c e  f o r  mean f r e e  days to  r e v e r s a l  c r i t e ­

r io n  i s  summarized in  Table 2. T h is a n a ly s is  produced  two s i g n i f i ­

c a n t main e f f e c t s :  R/NR r a t i o  and t o t a l  number o f  fo rc e d  t r i a l s .

The mean perform ance o f  each  r a t i o  l e v e l  a t  each t r i a l  l e v e l  i s  

shown g ra p h ic a l ly  in  F ig . 1. The R a tio  x T r ia l  in t e r a c t io n  was n o t 

s ig n i f i c a n t .

The e f f e c t s  o f  R/NR r a t i o  on f r e e  days to  r e v e r s a l  c r i t e r i o n
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TABLE 1

Days to  A c q u is i t io n  C r i te r io n

Group N Mean S.D.

C o n tro l 20 4 .15 1. 95
8 0 :4 :1 10 4 .10 1. 59
8 0 :1 :1 10 3. 70 1 .6 4
8 0 :1 :4 10 3. 80 1. 75

2 0 0 :4 :1 10 4. 00 1. 76
2 0 0 :1 :1 10 3. 80 2. 25
2 0 0 :1 :4 10 3. 60 1 .17
3 2 0 :4 :1 10 3 .60 1. 07
3 2 0 :1 :1 10 3. 60 1. 35
3 2 0 :1 :4 10 4. 00 2. 00



TABLE 2

A n a ly s is  o f  V ariance  o f  Mean F ree  Days 
 to  R ev e rsa l_C r i te r io n __________
a a B n s s B a a t o ^ H H t E B S H a s a a H B K B ^ B B x n p

Source_________d f________ MS_________F_________£

R a tio  2 638.400 55. 239 <  . 01
T r ia l s  2 563. 633 48. 769 <  . 01
R x  T 4 23. 583 2. 041 n. s.
W ith in  81 11. 557
T o ta l  89
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FIGURE 1. — Mean F ree Days to  R ev e rsa l C r i te r io n  f o r  Each R a tio  
L evel a t  Each T r ia l  L evel
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can be summarized as fo llo w s . The mean fo r  th e  th re e  E groups w ith  

a 4 :1  r a t i o  was 1 7 .3 , th e  mean f o r  th e  th re e  E groups w ith  a 1 :1

r a t i o  was 12 .1 , and th e  mean f o r  th e  th re e  E groups w ith  a 1:4- r a t i o

was 8 .1 . Each o f  th e se  means was s i g n i f i c a n t ly  d i f f e r e n t  from each 

o f  th e  o th e rs  (p <  .0 1 ) .  Thus, a 1 :4  r a t i o  r e s u l t e d  in  s ig n i f i c a n t ly  

few er days to  r e v e r s a l  c r i t e r i o n  th an  a 1 :1  r a t i o .  T his 1 :1  r a t i o ,  

in  tu rn , r e s u l t e d  in  s ig n i f i c a n t ly  few er days to  r e v e r s a l  c r i t e r i o n  

th a n  a 4 :1  r a t i o .

These f a c i l i t a t i v e  e f f e c t s  o f  d e c re a s in g  R/NR r a t i o  o c cu rred  

a t  each  l e v e l  o f  t r i a l s .  A lthough n o t a l l  o f  th e  d i f f e r e n c e s  among 

R/NR groups were s ig n i f i c a n t  a t  each t r i a l  l e v e l ,  many o f  them were. 

A t 80 t r i a l s  th e  1 :4  group was s i g n i f i c a n t ly  s u p e r io r  to  th e  1 :1  

group (p < . 0 1 ) ,  and t h i s  1 :4  group was a lso  s ig n i f i c a n t ly  s u p e r io r  

to  th e  4 :1  group (p <  . 01). At 200 t r i a l s ,  th e  1 :4  group was supe­

r i o r  to  th e  4 :1  group (p < , 0 1 ) ,  and th e  1 :1  group was s i g n i f i c a n t ly

s u p e r io r  to  th e  4 :1  group (p <  . 01). A t 320 t r i a l s ,  th e  1 :4  group

was s ig n i f i c a n t l y  s u p e r io r  to  th e  4 :1  group (p <  .0 1 ) ,  and th e  1 :1  

group was s i g n i f i c a n t ly  s u p e r io r  to  th e  4 :1  group (p <  .0 1 ) .

In  summary, th e  1 :4  groups a re  s ig n i f i c a n t ly  s u p e r io r  to  th e  

4 :1  groups a t  every  t r i a l ,  l e v e l ,  and a t  80 t r i a l s  th e  1 :4  group i s  

s i g n i f i c a n t l y  s u p e r io r  to  th e  1 :1  group. The 1 :1  groups a re  s i g n i f i ­

c a n t ly  s u p e r io r  to  th e  4 :1  groups a t  200 t r i a l s  and a t  320 t r i a l s .  

Thus, th e  l a r g e s t  e f f e c t s  o f  r a t i o  on t h i s  v a r ia b le  o c cu rred  betw een 

th e  1 :4  groups and th e  4 :1  groups and betw een th e  1 :1  groups and th e  

4 :1  groups.

The e f f e c t s  o f  t o t a l  number o f  fo rc e d  r e v e r s a l  t r i a l s  on mean 

f r e e  days to  r e v e r s a l  c r i t e r i o n  can be summarized as fo llo w s. The 

mean f o r  th e  th r e e  E groups w ith  80 t r i a l s  was 17 .17 , th e  mean f o r
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th e  th r e e  E groups w ith  200 t r i a l s  was 11. 73, and th e  mean f o r  th e  

th re e  E groups w ith  320 t r i a l s  was 8. 60. Each o f  th e se  means was 

s i g n i f i c a n t ly  d i f f e r e n t  from each  o f  th e  o th e rs .  The 320 t r i a l  

group was s ig n i f i c a n t ly  s u p e r io r  to  th e  200 t r i a l  group (p < . 0 1 ) ,  

and th e  320 t r i a l  group was s i g n i f i c a n t ly  s u p e r io r  to  th e  80 t r i a l  

group (p <  .0 1 ) .  The 200 t r i a l  group was s i g n i f i c a n t l y  s u p e r io r  

to  th e  80 t r i a l  group (p < . 0 1 ) .

These f a c i l i t a t i v e  e f f e c t s  o f  in c re a s in g  t o t a l  number o f  fo rc e d  

r e v e r s a l  t r i a l s  o c cu rred  a t  each r a t i o  l e v e l .  Not a l l  o f  th e  d i f ­

fe re n c e s  among t r i a l  groups were s ig n i f i c a n t  a t  each  r a t i o  le v e l ,  

b u t  many o f  them were. W ith a 4 :1  r a t i o  th e  320 t r i a l  group was 

s ig n i f i c a n t l y  s u p e r io r  to  th e  80 t r i a l  group (p <  .0 1 ) .  W ith a 1 :1  

r a t i o  th e  320 t r i a l  group was s ig n i f i c a n t ly  s u p e r io r  to  th e  80 t r i a l  

group (p <  . 01), and th e  200 t r i a l  group was s i g n i f i c a n t l y  s u p e r io r  

to  th e  80 t r i a l  group (p <  .0 1 ) .  W ith a 1 :4  r a t i o  th e  320 t r i a l  

group was s ig n i f i c a n t ly  s u p e r io r  to  th e  80 t r i a l  group (p <  .0 1 ) ,  

and th e  200 t r i a l  group was s ig n i f i c a n t ly  s u p e r io r  to  th e  80 t r i a l  

group (p <  . 01).

In  summary, th e  320 t r i a l  groups a re  s ig n i f i c a n t ly  s u p e r io r  to  

th e  80 t r i a l  groups a t  ev ery  l e v e l  o f  r a t i o .  The 200 t r i a l  groups 

a re  s ig n i f i c a n t ly  s u p e r io r  to  th e  80 t r i a l  groups when th e  r a t i o  i s  

1 :1  and when th e  r a t i o  i s  1 :4 . Thus, th e  l a r g e s t  e f f e c t s  o f  t r i a l s  

o c c u rre d  betw een th e  320 groups and th e  80 groups and betw een th e  

200 groups and th e  80 groups.

(2) T o ta l days to  r e v e r s a l  c r i t e r i o n

Table 3 r e p o r ts  th e  a n a ly s is  o f  v a r ia n c e  fo r  th e  mean t o t a l  

days to  r e v e r s a l  c r i t e r io n .  T o ta l days in c lu d e  fo rc e d  days o f  r e ­

v e r s a l .  T his a n a ly s is  produced  two s ig n i f i c a n t  main e f f e c t s :  R/NR



TABLE 3

A n a ly s is  o f  V ariance  o f  Mean T o ta l Days 
to  R ev e rsa l C r i te r io n __________

Source_________d f________ MS_________F_________£

R a tio  2 638.400 55. 239 <  .0 1
T r ia l s  2 101. 633 8. 794 <  . 01
R x T 4 23. 583 2. 041 n. s.
W ith in  81 11.557
T o ta l 89
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r a t i o  and t o t a l  number o f  fo rc e d  r e v e r s a l  t r i a l s .  The mean p e r f o r ­

mance f o r  each r a t i o  l e v e l  a t  each t r i a l  l e v e l  i s  p re s e n te d  in  Fig. 2. 

The R a tio  x T r ia l  i n t e r a c t io n  was n o t  s ig n i f i c a n t .

When fo rc e d  days were added to  f r e e  days to  o b ta in  t o t a l  days, 

th e  m agnitude o f  th e  a b so lu te  d i f f e r e n c e s  among r a t i o  groups w ith in  

th e  same t r i a l  l e v e l  rem ained  th e  same, s in c e  adding  fo rc e d  t r i a l s  

was add ing  a c o n s ta n t  to  each  r a t i o  group w ith in  th e  same t r i a l  le v e l .  

T h e re fo re , th e  r e s u l t s  o f  th e  R/NR r a t i o  e f f e c t s  were e x a c t ly  th e  

same as when mean f r e e  days to  r e v e r s a l  c r i t e r i o n  were analyzed .

However, th e  t r i a l  e f f e c t s ,  w h ile  s t i l l  s i g n i f i c a n t ,  were in  

th e  o p p o s ite  d i r e c t io n  to  t h a t  found when mean f r e e  days to  c r i t e r i o n  

were analyzed . The mean fo r  th e  th re e  E groups w ith  320 t r i a l s  was 

24. 60, th e  mean f o r  th e  th re e  E groups w ith  200 t r i a l s  was 21. 73, and 

th e  mean f o r  th e  th r e e  E groups w ith  80 t r i a l s  was 21.17. The 320 

t r i a l  groups were s ig n i f i c a n t l y  p o o re r  th a n  th e  80 t r i a l  groups 

(p <  . 01), and th e  320 t r i a l  groups were s i g n i f i c a n t ly  p o o re r  th a n  

th e  200 t r i a l  groups (p <  .0 1 ) .

These t r i a l  e f f e c t s  o c cu rred  a t  each  r a t i o  le v e l ,  b u t  m ost o f  

th e  d i f f e r e n c e s  among t r i a l  groups w ith in  each  r a t i o  l e v e l  d id  n o t 

re a c h  s ig n if ic a n c e .  A few o f  them d id , however. W ith a 4 :1  r a t i o  

th e  320 t r i a l  group i s  s i g n i f i c a n t l y  p o o re r  th an  th e  80 t r i a l  group 

(p <  .0 5 ) .  W ith a 1 :4  r a t i o  th e  320 t r i a l  group was s i g n i f i c a n t ly  

p o o re r  th an  th e  80 t r i a l  group (p <  .0 5 ) ,  and th e  320 t r i a l  group 

was s i g n i f i c a n t l y  p o o re r  th a n  th e  200 t r i a l  group (p <  .0 5 ) .

(3) E r ro rs  on day 1 o f  f r e e  r e v e r s a l

The a n a ly s is  o f  v a r ia n c e  f o r  mean e r r o r s  made on day 1 o f  f r e e  

r e v e r s a l  i s  r e p o r te d  in  T able 4. T h is a n a ly s is  produced  th re e  s ig ­

n i f i c a n t  main e f f e c t s :  R/NR r a t i o ,  t o t a l  number o f  fo rc e d  r e v e r s a l
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FIGURE 2. — Mean T o ta l Days to  R ev e rsa l C r i te r io n  f o r  Each R a tio  
L evel a t  Each T r ia l  L evel
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TABLE 4

A n a ly s is  o f  V ariance  o f  Mean E r ro rs  
Day 1 o f  F ree  R ev e rsa l

on

Source d f MS F

R a tio 2 97. 911 10. 071
T r ia l s 2 230. O il 23.659
R e p lic a t io n s 1 4-0. 000 4 .114
R x T 4 21. 278 2.189
R x Rp 2 3. 733
T x Rp 2 9.100
R x T x  Rp 4 5.633
W ith in 72 9. 722
T o ta l 89

< . 0 1  
<  .0 5

n. s.
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t r i a l s ,  and r e p l i c a t io n s .  F ig. 3 p re s e n ts  th e  mean perform ance fo r  

each  r a t i o  l e v e l  a t  each t r i a l  le v e l .  The R a tio  x  T r ia l  i n t e r a c t io n  

was n o t  s ig n i f i c a n t .

The mean f o r  th e  th r e e  E groups w ith  a 4 :1  r a t i o  was 15. 07, th e  

mean f o r  th e  th r e e  E groups w ith  a 1 :1  r a t i o  was 13 .00 , and th e  mean 

fo r  th e  th r e e  E groups w ith  a 1 :4  r a t i o  was 11 .47 . The 1 :4  groups 

were s i g n i f i c a n t l y  s u p e r io r  to  th e  4 :1  groups (p <  .0 1 ) .  The 1 :1  

groups were s i g n i f i c a n t ly  s u p e r io r  to  th e  4 :1  groups (p <  . 05).

These f a c i l i t a t i v e  e f f e c t s  o f  d e c re a s in g  r a t i o  on e r r o r s  o c cu rred  

a t  m ost t r i a l  l e v e l s ,  b u t  a t  80 t r i a l s  and a t  200 t r i a l s  th e re  were 

no s ig n i f i c a n t  d i f f e r e n c e s  among r a t i o  groups. A t 320 t r i a l s ,  how­

ev er, th e  1 :4  group i s  s i g n i f i c a n t ly  s u p e r io r  to  th e  4 :1  group 

(P < .0 1 ) .

The e f f e c t s  o f  t o t a l  number o f  fo rc e d  t r i a l s  on e r r o r s  a re  as 

fo llo w s . The mean f o r  th e  th r e e  E groups w ith  80 t r i a l s  was 16 .17 , 

th e  mean f o r  th e  th r e e  E groups w ith  200 t r i a l s  was 12. 67, and th e  

mean f o r  th e  th r e e  E groups w ith  320 t r i a l s  was 10. 70. The 320 

t r i a l  groups a re  s ig n i f i c a n t l y  s u p e r io r  to  th e  200 t r i a l  groups 

(p <  .0 1 ) ,  and th e  320 t r i a l  groups a re  s i g n i f i c a n t ly  s u p e r io r  to  

th e  80 t r i a l  groups (p <  . 01). The 200 t r i a l  groups a re  s ig n i f i c a n t ly  

s u p e r io r  to  th e  80 t r i a l  groups (p < . 0 1 ) .

These f a c i l i t a t i v e  e f f e c t s  o f  in c re a s in g  number o f  t r i a l s  on 

e r r o r s  o c cu rred  a t  each r a t i o  l e v e l ,  b u t  w ith  a 4 :1  r a t i o  o r w ith  

a 1 :1  r a t i o  th e  d i f f e r e n c e s  among t r i a l  groups d id  n o t re a ch  s i g n i f i ­

cance. W ith a 1 :4  r a t i o ,  however, th e  320 t r i a l  group i s  s ig n if ic a n t ly  

s u p e r io r  to  th e  80 t r i a l  group (p <  .0 1 ) ,  and th e  200 t r i a l  group i s  

s i g n i f i c a n t ly  s u p e r io r  to  th e  80 t r i a l  group (p < . 0 1 ) .
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FIGURE 3. — Mean E r ro rs  on Day 1 o f  F ree  R ev e rsa l f o r  Each R a tio  
L evel a t  Each T r i a l  L evel
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(4) Days in  p o s i t io n  d u rin g  f r e e  r e v e r s a l

Table 5 summarizes th e  a n a ly s is  o f  v a r ia n c e  f o r  mean days in  

p o s i t io n  d u rin g  f r e e  r e v e r s a l .  ^ T his a n a ly s is  r e s u l t e d  in  two s i g ­

n i f i c a n t  main e f f e c t s  and a s ig n i f i c a n t  in te r a c t io n .  The n a tu re  o f  

th e  i n t e r a c t io n  can be seen  g r a p h ic a l ly  in  F ig . 4. When th e re  a re  

200 fo rc e d  t r i a l s  o r when th e re  a re  320 fo rc e d  t r i a l s  th e  1:4- r a t i o  

r e s u l t e d  in  few er days in  p o s i t io n  th a n  a 1 :1  r a t i o ,  and a 1 :1  r a t i o

r e s u l t e d  in  few er days in  p o s i t io n  th a n  a 4 :1  r a t i o .  When th e re  were

80 t r i a l s ,  however, a 1 :1  r a t i o  r e s u l t e d  in  more days in  p o s i t io n  th a n  

a  4 :1  r a t i o .  W ith a  1 :1  r a t i o  o r  w ith  a 1 :4  r a t i o  320 t r i a l s  r e s u l t e d  

in  few er days in  p o s i t io n  th an  200 t r i a l s ,  and 200 t r i a l s  r e s u l t e d  in  

few er days in  p o s i t io n  th a n  80 t r i a l s .  W ith a 4 :1  r a t i o ,  however, 

th e re  was no a p p re c ia b le  d i f f e r e n c e  betw een 200 t r i a l s  and 80 t r i a l s  

in  days in  p o s i t io n .

The mean f o r  th e  th re e  E groups w ith  a 4 :1  r a t i o  was 9. 30, th e  

mean f o r  th e  th re e  E groups w ith  a 1 :1  r a t i o  was 7. 07, and th e  mean

f o r  th e  th r e e  E groups w ith  a 1 :4  r a t i o  was 4 .07 . The 1 :4  groups

were s ig n i f i c a n t l y  s u p e r io r  to  th e  4 :1  groups (p <  .0 1 ) ,  and th e  1 :4  

groups were a lso  s ig n i f i c a n t ly  s u p e r io r  to  th e  1 :1  groups (p <  .0 1 ) .  

The 1 :1  groups were s i g n i f i c a n t ly  s u p e r io r  to  th e  4 :1  groups (p < .  05).

A t 80 t r i a l s ,  th e  d i f f e r e n c e s  among r a t i o  groups do n o t re a ch  

s ig n if ic a n c e .  A t 200 t r i a l s ,  th e  1 :4  group i s  s i g n i f i c a n t ly  s u p e r io r  

to  th e  4 :1  group (p <  .0 1 ) ,  and th e  1 :1  group i s  s i g n i f i c a n t ly  supe­

r i o r  to  th e  4 :1  group (p <  . 05). A t 320 t r i a l s ,  th e re  a re  no s i g n i f i ­

c a n t d i f f e r e n c e s  among r a t i o  groups.

"'"If a  s u b je c t  gave 80% o r  more re sp o n se s  to  th e  same s id e  on one 
day, th e n  th e  s u b je c t  was sco red  as re sp o n d in g  on th e  b a s i s  o f  
p o s i t io n  f o r  t h a t  day.



TABLE 5

A n a ly s is  o f  V ariance  o f  Mean Days in  P o s it io n  
______________ d u rin g  F ree R e v e rsa l_____________

Source_________d f__________MS_________F_______ £

R a tio  2 206.878 19.309- <  . 01
T r ia l s  2 511. 078 M-7. 688 <  . 01
R x  T 4 41 .444 3 .867 <  . 01
W ith in  81 10.717
T o ta l 89
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FIGURE 4. — Mean Days in  P o s i t io n  d u rin g  F ree  R ev e rsa l f o r  Each 
R a tio  L evel a t  Each T r ia l  L evel
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The mean f o r  th e  th re e  E groups w ith  80 t r i a l s  was 11 .10 , th e  

mean f o r  th e  th r e e  E groups w ith  200 t r i a l s  was 6. 47, and th e  mean 

f o r  th e  th re e  E groups w ith  320 t r i a l s  was 2. 87. The 320 t r i a l  groups 

a re  s i g n i f i c a n t ly  s u p e r io r  to  th e  200 t r i a l  groups (p <  . 01) and to  

th e  80 t r i a l  groups ( p ^  . 01). The 200 t r i a l  groups a re  s ig n i f i c a n t ly  

s u p e r io r  to  th e  80 t r i a l  groups (p <  .0 1 ) .  Thus, each  o f  th e se  means

i s  s ig n i f i c a n t ly  d i f f e r e n t  from  each  o f  th e  o th e rs .

W ith a 4 :1  r a t i o  th e  320 t r i a l  group i s  s i g n i f i c a n t l y  s u p e r io r  

to  th e  200 t r i a l  group (p <  . 01) and to  th e  80 t r i a l  group (p <  . 01).

W ith a  1 :1  r a t i o  th e  320 t r i a l  group i s  s i g n i f i c a n t l y  s u p e r io r  to  th e

80 t r i a l  group (p <  .0 1 ) ,  and th e  200 t r i a l  group i s  s i g n i f i c a n t ly  

s u p e r io r  to  th e  80 t r i a l  group (p <  .0 1 ) .  W ith a 1 :4  r a t i o  th e  320 

t r i a l  group i s  s i g n i f i c a n t l y  s u p e r io r  to  th e  80 t r i a l  group (p <  . 01), 

and th e  200 t r i a l  group i s  s i g n i f i c a n t ly  s u p e r io r  to  th e  80 t r i a l  

group (p <  . 01).

Comparisons o f  th e  c o n tr o l  group w ith  each  o f  th e  ex p e rim en ta l

groups

D u n n e tt’ s t e s t  as d e sc r ib e d  in  Edwards (I960) was u sed  to  com­

p a re  th e  C group w ith  each  o f  th e  E groups on fo u r  dependent v a r ia b le s :  

(1) mean f r e e  days to  r e v e r s a l  c r i t e r i o n ,  (2) mean t o t a l  days to  

r e v e r s a l  c r i t e r io n ,  (3) mean e r r o r s  on day 1 o f  f r e e  r e v e r s a l  and 

(4) mean days in  p o s i t io n  d u rin g  f r e e  r e v e r s a l .

(1) F ree  days to  r e v e r s a l  c r i t e r i o n

On mean f r e e  days to  r e v e r s a l  c r i t e r i o n  any E group w hich had 

re c e iv e d  a R/NR r a t i o  o f  1 :4 , r e g a rd le s s  o f  number o f  fo rc e d  t r i a l s ,  

was s ig n i f i c a n t l y  s u p e r io r  to  th e  C group. Any E group w hich had 

re c e iv e d  320 t r i a l s ,  r e g a r d le s s  o f  R/NR r a t i o ,  was s ig n i f i c a n t ly  

s u p e r io r  to  th e  C group on t h i s  m easure. A lso, th e  200 t r i a l  group
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w ith  a  1 :1  R/NR r a t i o  was s ig n i f i c a n t ly  s u p e r io r  to  th e  C group.

(2) T o ta l  days to  r e v e r s a l  c r i t e r i o n

None o f  th e  E groups was s ig n i f i c a n t l y  s u p e r io r  to  th e  C group 

on mean t o t a l  days to  r e v e r s a l  c r i t e r io n .  In  f a c t ,  any E group which 

had  a R/NR r a t i o  o f  4 :1  took  s i g n i f i c a n t ly  more days to  re a c h  c r i t e ­

r io n  th a n  th e  C group. Thus, a  4 :1  r a t i o  r e s u l t e d  in  s low er r e v e r s a l  

on t h i s  m easure r e g a rd le s s  o f  th e  number o f  fo rc e d  r e v e r s a l  t r i a l s  

re c e iv e d .

(3) E r ro rs  on day 1 o f  f r e e  r e v e r s a l

A ll  o f  th e  E 'g roups ex ce p t th e  8 0 -4 :1  group were s u p e r io r  to  

th e  C group on t h i s  m easure. However, on ly  fo u r  o f  th e  E groups, 

200-1 :1 , 200-1 :4 , 320-1 :1 , and 320-1:4 , were s ig n i f i c a n t l y  s u p e r io r  

to  th e  C group on t h i s  m easure.

(4) Days in  p o s i t io n  d u rin g  f r e e  r e v e r s a l

A ll  o f  th e  E groups ex cep t th e  8 0 -4 :1  group and th e  8 0 -1 :1  

group were s u p e r io r  to  th e  C group on mean days in  p o s i t io n  d u rin g  

f r e e  r e v e r s a l .  However, on ly  f iv e  E groups were s ig n i f i c a n t l y  supe­

r i o r  to  th e  C group on t h i s  m easure. Any E group which had re c e iv e d  

320 t r i a l s ,  r e g a r d le s s  o f  R/NR r a t i o ,  was s i g n i f i c a n t ly  s u p e r io r  to  

th e  C group. A lso, th e  2 0 0 -1 :1  group and th e  2 0 0 -1 :4  group was each 

s ig n i f i c a n t l y  s u p e r io r  to  th e  C group.

R e v e rsa l le a r n in g  cu rv es  f o r  f r e e  r e v e r s a l

F ig . 5 g iv e s  th e  r e v e r s a l  le a r n in g  cu rv es  f o r  th e  R/NR r a t i o  

groups. An ex am ination  o f  th e s e  r e v e r s a l  le a r n in g  cu rv es  shows th a t  

perform ance, as  m easured by mean number o f  c o r r e c t  re sp o n ses  each 

day f o r  th e  f i r s t  14 days o f  r e v e r s a l ,  i s  b e s t  in  th e  1 :4  group.

The 1 :4  group i s  c o n s i s te n t ly  s u p e r io r  to  th e  o th e r  r a t i o  groups
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FIGURE 5. —  Reversal Learning Curves during the First 1*+ Days of
Free Reversal for Groups that Had Received Different

R/NR Ratios
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th ro u g h o u t th e  f i r s t  14 days o f  f r e e  r e v e r s a l .  The 4 :1  group i s  th e  

s lo w es t, and th e  1 :1  group i s  in te rm e d ia te .

The R/NR r a t i o  e f f e c t s  a t  each t r i a l  l e v e l  d u rin g  th e  f i r s t  14 

days o f  f r e e  r e v e r s a l  a re  p re s e n te d  in  th e  r e v e r s a l  le a r n in g  cu rv es

in  F igs. 6, 7, and 8. The c l e a r e s t  c o n s is te n t  s e p a ra t io n  o f  r a t i o

groups o c c u rre d  when th e re  were 200 fo rc e d  r e v e r s a l  t r i a l s  (Fig. 7). 

At each  t r i a l  l e v e l  th e  l a r g e s t  o v e r - a l l  d i f f e r e n c e s  in  r e v e r s a l  p e r­

form ance a re  found betw een th e  1 :4  groups and th e  4 :1  groups. The 

s lo p e s  o f  th e  r e v e r s a l  cu rv es  te n d  to  be s te e p e s t  w ith  320 t r i a l s  

(F ig. 8 ). The s m a l le s t  o v e r - a l l  d i f f e r e n c e  among r a t i o  groups occur 

when th e re  a re  80 t r i a l s  (Fig. 6 ).

F ig . 9 g iv e s  th e  r e v e r s a l  le a r n in g  cu rv es  fo r  th e  t r i a l  g roups.

The 320 t r i a l  group i s  c o n s i s te n t ly  s u p e r io r  to  th e  200 t r i a l  group 

and to  th e  80 t r i a l  group th ro u g h o u t th e  f i r s t  14 days o f  f r e e  r e v e r ­

s a l .  The 80 t r i a l  group i s  th e  p o o re s t, and th e  200 t r i a l  group i s  

in te rm e d ia te .

The t r i a l  e f f e c t  a t  each r a t i o  l e v e l  d u rin g  th e  f i r s t  14 days 

o f  f r e e  r e v e r s a l  can be seen  in  F ig s . 10, 11, and 12. The c l e a r e s t  

s e p a ra t io n  o f  t r i a l  groups o c cu rred  when th e  R/NR r a t i o  was 1 :1  

(F ig . 11). W ith a 1 :1  r a t i o  th e  320 t r i a l  group i s  c o n s is te n t ly  

s u p e r io r  to  th e  200 t r i a l  group, and th e  200 t r i a l  group i s  c o n s is ­

t e n t l y  s u p e r io r  to  th e  80 t r i a l  group. When th e  R/NR r a t i o  i s  4 :1  

th e  80 vs 320 groups d iv e rg e  m ost a f t e r  8 days o f  f r e e  r e v e r s a l  

(F ig. 10), D uring th e  f i r s t  6 days o f  f r e e  r e v e r s a l  th e  320 t r i a l  

group and th e  200 t r i a l  group a re  v e ry  c lo se , and th ey  do n o t b e g in  

to  d iv e rg e  g r e a t ly  u n t i l  a f t e r  day 6. W ith a  1 :4  r a t i o  th e  200 t r i a l  

group and th e  320 t r i a l  group i s  each  s u p e r io r  to  th e  80 t r i a l  group 

(Fig. 12).
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FIGURE 6. —  Reversal Learning Curves during the First 1M- Days of
Free Reversal for Groups that Had Received Different

R/NR Ratios and 80 Forced Reversal Trials
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FIGURE 7. —  Reversal Learning Curves during the First 14- Days of
Free Reversal for Groups that Had Received Different

R/NR Ratios and 200 Forced Reversal Trials
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FIGURE 8. —  Reversal Learning Curves during the First 14- Days of
Free Reversal for Groups that Had Received Different

R/NR Ratios and 320 Forced Reversal Trials
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FIGURE 9. — R ev e rsa l L earn in g  Curves d u rin g  th e  F i r s t  14- Days o f  
F ree  R ev e rsa l f o r  Groups t h a t  Had R eceived  D if f e r e n t  

Numbers o f  Forced  R ev e rsa l T r ia l s
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FIGURE 10. —  Reversal Learning Curves during the First 14 Days of
Free Reversal for Groups that Had Received Different
Numbers of Forced Reversal Trials and a 4:1 R/NR Ratio
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FIGURE 11. — R ev e rsa l L earn in g  Curves d u rin g  th e  F i r s t  1<+ Days o f  
F ree  R ev e rsa l f o r  Groups t h a t  Had R eceived  D if f e re n t  
Numbers o f  Forced  R ev e rsa l T r i a l s  and a 1 :1  R/NR R a tio





FIGURE 12. — R ev e rsa l L earn in g  Curves d u rin g  th e  F i r s t  14- Days o f  
F ree  R e v e rsa l f o r  Groups t h a t  Had R eceived  D if f e r e n t  
Numbers o f  F orced  R ev e rsa l T r ia l s  and a 1 :4  R/NR R a tio
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Some o f  th e  m ost i n t e r e s t i n g  com parisons o f  f r e e  r e v e r s a l  

le a r n in g  cu rv es  a re  found when groups re c e iv in g  eq u a l numbers o f  

n o n re in fo rc e d  t r i a l s  d u rin g  fo rc e d  r e v e r s a l  a re  examined. F ig. 13 

compares group 8 0 -1 :1  w ith  group 200-4 :1 . Each o f  th e s e  groups had 

40 n o n re in fo rc e d  t r i a l s  d u rin g  fo rc e d  r e v e r s a l .  A lthough th e se  two 

groups re c e iv e d  a d i f f e r e n t  t o t a l  number o f  fo rc e d  t r i a l s  and d i f ­

f e r e n t  R/NR r a t i o s  d u rin g  fo rc in g , t h e i r  r e v e r s a l  le a r n in g  cu rves 

f o r  th e  f i r s t  20 days o f  f r e e  r e v e r s a l  a re  q u i te  s im ila r .  F ig . 14 

compares group 200 -1 :4  w ith  group 320-1 :1 . Each o f  th e se  groups had 

160 n o n re in fo rc e d  t r i a l s  d u rin g  fo rc e d  r e v e r s a l .  T h e ir perform ance 

d u rin g  th e  f i r s t  14 days o f  f r e e  r e v e r s a l  i s  s t r i k i n g l y  s im ila r .

Fig. 15 compares group 8 0 -1 :4  w ith  group 320-4 :1 . Each o f  th e se  

g roups re c e iv e d  64 n o n re in fo rc e d  t r i a l s  d u rin g  fo rc e d  r e v e r s a l .  T h e ir 

perform ance d u rin g  f r e e  r e v e r s a l  i s  s im i la r ,  e s p e c ia l ly  d u rin g  days 

8 th ro u g h  14.

F ig . 16 p re s e n ts  th e  r e v e r s a l  le a r n in g  curve f o r  th e  c o n tro l  

group, and F ig . 17 p re s e n ts  th e  r e v e r s a l  le a r n in g  cu rv es  f o r  th e  

c o n tr o l  group and f o r  each o f  th e  E groups. The perform ance o f  th e  

C group d u rin g  th e  f i r s t  14 days o f  f r e e  r e v e r s a l  was, in  g e n e ra l, 

p o o re r  th a n  t h a t  o f  each o f  th e  9 E groups. The on ly  E group which 

was i n f e r i o r  to  th e  C group was th e  8 0 -4 :1  group. On days 1 th rough  

8 th e  perform ance o f  th e  C group i s  g e n e ra l ly  c lo s e s t  to  t h a t  o f  th e  

8 0 -4 :1  group, b u t  b e g in n in g  on day 9 th e  C group d iv e rg e s  and rem ains 

s u p e r io r  to  th e  8 0 -4 :1  group.
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FIGURE 13. — R e v e rsa l L ea rn in g  Curves d u rin g  th e  F i r s t  20 Days o f
F ree R ev e rsa l f o r  Groups t h a t  Had R eceived  40 N onrein­

fo rc e d  T r ia l s  d u rin g  Forced  R ev e rsa l
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FIGURE 14. — R e v e rsa l L earn in g  Curves d u rin g  th e  F i r s t  14 Days o f  
F ree  R ev e rsa l f o r  Groups t h a t  Had R eceived  160 n o n re ­

in fo rc e d  T r ia l s  d u rin g  Forced  R ev e rsa l
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FIGURE 15. — R e v e rsa l L earn in g  Curves d u rin g  th e  F i r s t  14 Days o f  
F ree  R e v e rsa l f o r  Groups t h a t  Had R eceived  64 n o n re ­

in fo r c e d  T r ia l s  d u rin g  Forced  R ev e rsa l
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FIGURE 16. — R ev e rsa l L ea rn in g  Curve d u rin g  th e  F i r s t  20 Days o f  
F ree R ev e rsa l f o r  th e  C o n tro l Group
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FIGURE 17. — R ev e rsa l L earn in g  Curves d u rin g  th e  F i r s t  14 Days o f  
F ree  R e v e rsa l f o r  Each o f  th e  E x p erim en ta l Groups and 

f o r  th e  C o n tro l Group
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DISCUSSION

The e f f e c t s  o f  g iv in g  fo rc e d  r e v e r s a l  t r i a l s  w ith  d i f f e r e n t i a l  

r a t i o s  o f  r e in f o r c e d  t r i a l s  to  th e  new S+ (form er S-) and n o n re in ­

fo rc e d  t r i a l s  to  th e  new S- (form er S+) a re  c le a r .  When groups th a t  

had d i f f e r e n t  R/NR r a t i o s  d u rin g  fo rc e d  r e v e r s a l  were p u t on f r e e  

r e v e r s a l  th o se  groups t h a t  had re c e iv e d  R/NR r a t i o s  w ith  h ig h  p ro p o r­

t io n s  o f  n o n re in fo rc e d  t r i a l s  were c l e a r ly  s u p e r io r  to  th o se  groups 

t h a t  had re c e iv e d  R/NR r a t i o s  w ith  low p ro p o r t io n s  o f  n o n re in fo rc e d  

t r i a l s .  On a lm ost a l l  m easures o f  r e v e r s a l  perform ance t h a t  were 

examined, groups t h a t  had  re c e iv e d  R/NR r a t i o s  o f  1 :4  were s u p e r io r  

to  groups t h a t  had  re c e iv e d  R/NR r a t i o s  o f  1 :1 . These 1 :1  groups 

were, in  tu rn , s u p e r io r  to  groups t h a t  had re c e iv e d  R/NR r a t i o s  o f  

4 :1 . In  a d d it io n , th e s e  f a c i l i t a t i v e  e f f e c t s  o f  d e c re a s in g  R/NR 

r a t i o  o c cu rred  a t  each l e v e l  o f  number o f  fo rc e d  t r i a l s  g iven .

The e f f e c t s  o f  t o t a l  number o f  fo rc e d  r e v e r s a l  t r i a l s  a re  a lso  

c le a r .  The g r e a te r  th e  number o f  fo rc e d  r e v e r s a l  t r i a l s  g iven , th e  

b e t t e r  perform ance was d u rin g  f r e e  r e v e r s a l .  Groups t h a t  had  been 

g iv en  s ix te e n  days (320 t r i a l s )  o f  fo rc e d  r e v e r s a l  were, in  g e n e ra l, 

s u p e r io r  to  th o se  groups t h a t  had been  g iv en  te n  days (200 t r i a l s )  

o f  fo rc e d  r e v e r s a l .  Those groups t h a t  had been  g iv en  te n  days o f  

fo rc e d  r e v e r s a l  were, in  g e n e ra l, s u p e r io r  to  groups t h a t  had been 

g iven  fo u r  days (80 t r i a l s )  o f  fo rc e d  r e v e r s a l .

Thus, b o th  in d ep en d en t v a r ia b le s  had  h ig h ly  s ig n i f i c a n t  e f f e c t s  

in  th e  p r e d ic te d  d i r e c t io n  on r e v e r s a l  perform ance. There were a lso  

i n t e r e s t i n g  s i m i l a r i t i e s  in  perform ance d u rin g  f r e e  r e v e r s a l  betw een 

groups t h a t  had re c e iv e d  e q u a l numbers o f  n o n re in fo rc e d  t r i a l s  du rin g  

fo rc in g . For any two groups re c e iv in g  an e q u a l number o f  n o n re in fo rc e d
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t r i a l s  d u rin g  fo rc in g , t h e i r  r e v e r s a l  le a r n in g  cu rves d u rin g  f r e e  

r e v e r s a l  ten d ed  to  be a lm ost id e n t i c a l .  In  f a c t ,  f o r  any dependent 

v a r ia b le ,  when mean com parisons betw een any two groups t h a t  had r e ­

ce iv e d  an eq u a l number o f  n o n re in fo rc e d  t r i a l s  were made, th e  means 

were u s u a l ly  ve ry  s im i la r  o r  a lm ost id e n t i c a l .  No such s i m i l a r i t i e s  

in  r e v e r s a l  perform ance o ccu rred  betw een groups t h a t  had  re c e iv e d  

e q u a l numbers o f  r e in fo r c e d  t r i a l s  d u rin g  fo rc in g . T his p a t t e r n  o f  

r e s u l t s  su g g e s ts  t h a t  th e  c r u c ia l  v a r ia b le  o p e ra tin g  in  th e  p re s e n t  

s tu d y  may have been  th e  a b so lu te  number o f  n o n re in fo rc e d  t r i a l s  r e ­

c e iv e d  d u rin g  fo rc e d  r e v e r s a l .

I t  ap p ears , th en , t h a t  th e  o v e r - a l l  r e s u l t s  o b ta in e d  a re  c l e a r ly  

c o n s is te n t  w ith  Jag o d a ’s h y p o th e s is  th a t ,  d u rin g  r e v e r s a l ,  le a r n in g  

to  av o id  th e  new S- i s  r e l a t i v e l y  more d i f f i c u l t  th an  le a r n in g  to  

approach  th e  new S+. Perhaps th e  s im p le s t  way to  view a d is c r im in a ­

t io n  r e v e r s a l  i s  to  assume t h a t  i t  i s  m ere ly  a second d is c r im in a t io n  

which th e  s u b je c t  m ust le a r n .  L earn ing  to  av o id  th e  new S- i s  d i f f i ­

c u l t ,  th e re fo re ,  f o r  e s s e n t i a l l y  th e  same re a so n s  t h a t  le a r n in g  to  

a v o id  th e  o ld  S- was d i f f i c u l t  d u rin g  th e  f i r s t  d is c r im in a tio n .

I t  may be r e c a l l e d  t h a t  D’Amato and Jagoda (I960, 1961) suggested  

t h a t  g iv en  th e  u s u a l m otive in c e n t iv e  c o n d itio n s  o p e ra tin g  in  e x p e r i­

m en ta l s i t u a t i o n s ;  approach re sp o n ses  to  b o th  d isc r im in a n d a  a re  

r e l a t i v e l y  h ig h  in  th e  re sp o n se  h ie ra rc h y . They p o in te d  o u t t h a t  

u n d er an a p p e t i t i v e  d r iv e  an im als q u ite  "no rm ally"  approach s t im u l i  

t h a t  a re  n o t o th e rw ise  a v e rs iv e . From t h e i r  p o in t  o f  view, approach 

re sp o n se s  to  S+ need  l i t t l e  c o n d itio n in g . The m ajor ta s k  t h a t  th e  

anim al fa c e s  i s  le a r n in g  to  e x tin g u is h  th e s e  approach te n d e n c ie s  

tow ard  th e  in c o r r e c t  s tim u lu s . High numbers o f  n o n re in fo rc e d  t r i a l s  

to  th e  in c o r r e c t  s tim u lu s  sh o u ld  f a c i l i t a t e  d is c r im in a tio n  le a rn in g ,
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s in c e  e x t in c t io n  presum ably  o ccu rs  on n o n re in fo rc e d  t r i a l s .

I t  seems t h a t  th e  m ost p arsim on ious i n t e r p r e t a t i o n  o f  th e  d a ta  

from th e  p re s e n t  s tu d y  i s  t h a t  th e  ta s k  which th e  an im al fa c e s  in  a 

d is c r im in a t io n  r e v e r s a l  i s  e s s e n t i a l l y  no d i f f e r e n t  from t h a t  i n  th e  

i n i t i a l  d is c r im in a tio n . A lthough th e  b a s ic  re q u ire m e n ts  o f  th e  two 

s i t u a t io n s  may n o t  be  e s s e n t i a l l y  d i f f e r e n t ,  th e  anim al has had p r io r  

c o n d itio n in g  to  th e  S+ and to  th e  S- by th e  tim e th e  r e v e r s a l  ta s k  

i s  reach ed . The r o le  o f  n o n re in fo rcem en t o f  th e  in c o r r e c t  re sp o n se  

may, th e re fo re ,  be  even more c r i t i c a l  in  th e  r e v e r s a l  s i t u a t io n  th a n  

i t  was in  th e  i n i t i a l  d is c r im in a tio n .

In  th e  i n i t i a l  d is c r im in a tio n , n o n re in fo rcem en t presum ably 

e x tin g u is h e d  approach re sp o n se s  to  S-. In  t h a t  s i tu a t io n ,  however, 

approach te n d e n c ie s  to  S- w ere n o t s p e c i f i c a l l y  r e in fo rc e d , ex cep t, 

p e rh ap s  th rough  g e n e r a l iz a t io n  from S+ to  S-. In  th e  r e v e r s a l  s i t ­

u a t io n , however, re sp o n se s  to  th e  new S- (o ld  S+) have had a g re a t  

d e a l  o f  re in fo rc e m e n t d u rin g  th e  i n i t i a l  d is c r im in a t io n  ta s k . I t  i s  

p o s s ib le  t h a t  le a r n in g  to  avo id  th e  new S- in  r e v e r s a l  i s  more d i f f i ­

c u l t  th a n  le a r n in g  to  approach  th e  new S+, because  e x t in c t io n  o f  

fo rm erly  le a rn e d  approach re sp o n se s  to  th e  o ld  S+ (new S-) may re q u ire  

lo n g e r  th a n  e x t in c t io n  o f  fo rm erly  le a rn e d  avoidance re sp o n se s  to  th e  

o ld  S- (new S+). There a re  d a ta  from a t  l e a s t  one s tu d y  by T rapold , 

G ross, and Lawton (1968) which in d ic a te  t h a t  avoidance re sp o n se s  to  

th e  o ld  S- e x tin g u is h  f a s t e r  th a n  do approach re sp o n se s  to  th e  o ld  

S+ when la te n c y  i s  th e  re sp o n se  m easure.

There a re  a t  l e a s t  two p o s s ib le  re a so n s  why e x t in c t io n  o f 

fo rm erly  le a rn e d  approach re sp o n se s  may r e q u ir e  lo n g e r  th a n  e x t in c ­

t io n  o f  fo rm erly  le a rn e d  avoidance re sp o n ses . One re a so n  co u ld  be 

t h a t  th e  n e g a t iv i ty  a s s o c ia te d  w ith  th e  o ld  S- may be low by th e  end
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o f  th e  i n i t i a l  d is c r im in a tio n , s in c e  th e  anim al i s  go ing  m o stly  to  

S+ a t  t h i s  p o in t  and r a r e ly  to  S-. T his red u ced  e x p e rien c e  w ith  S- 

d u rin g  l a t e  a c q u is i t io n  co u ld  d e c rea se  th e  n e g a t iv i ty  a s s o c ia te d  w ith  

t h i s  s tim u lu s . I f  th e  n e g a t iv i ty  a s s o c ia te d  w ith  S- i s  low a t th e  

end o f  th e  i n i t i a l  d is c r im in a tio n , th e n  avo idance te n d e n c ie s  to  i t  

may n o t be as s t ro n g  as a re  approach te n d e n c ie s  to  S+. T his p o s s ib le  

d if f e r e n c e  in  s t r e n g th  betw een approach te n d e n c ie s  to  th e  o ld  S+ and 

avoidance te n d e n c ie s  to  th e  o ld  S- m igh t accoun t f o r  d i f f e r e n t i a l  

r a t e s  o f  e x t in c t io n  o f  th e se  re sp o n se  te n d e n c ie s  d u rin g  r e v e r s a l .

A second  p o s s i b i l i t y  i s  t h a t  i t  may be e a s ie r  to  e x tin g u is h  

avo idance te n d e n c ie s , even i f  th e y  a re  s tro n g , th a n  i t  i s  to  e x t in ­

g u ish  approach te n d e n c ie s . For a h ig h ly  m o tiv a te d  anim al avoidance 

te n d e n c ie s  c o u ld  be d i f f i c u l t  to  le a r n  i n i t i a l l y ,  b u t  easy  to  e x t in ­

g u ish  when th e  an im al i s  fo rc e d  to  go to  th e  o ld  S- and re c e iv e s  

re in fo rc e m e n t th e re  d u rin g  r e v e r s a l .  C onversely , approach  re sp o n se s  

may be easy  f o r  a h ig h ly  m o tiv a te d  an im al to  learn , b u t  d i f f i c u l t  to  

e x tin g u is h  w h ile  th e  anim al i s  s t i l l  h ig h ly  m o tiv a ted . Thus, la rg e  

numbers o f  n o n re in fo rc e d  t r i a l s  to  th e  o ld  S+ may be n e c e s sa ry  to  

e x tin g u is h  th e s e  fo rm erly  le a rn e d  approach re sp o n se s .

E x t in c t io n  o f  fo rm erly  le a rn e d  approach  re sp o n se s  to  th e  o ld  

S+ (new S-) may have o ccu rred , b ecause  o f  f r u s t r a t i o n  e f f e c t s  which 

o c c u rre d  as a r e s u l t  o f  n o n re in fo rcem en t. The view t h a t  nonrew ard 

can r e s u l t  i n  f r u s t r a t i v e  e f f e c t s  i s ,  o f  co u rse , n o t new. Amsel 

(1962) argued  t h a t  th e  bu rden  o f  ev id en ce  i s  t h a t  avo idance o f  non­

rew ard  i s  a more p o w erfu l f a c to r  in  d is c r im in a t io n  le a r n in g  th a n  i s  

approach to  rew ard. He su g g es te d  t h a t  t h i s  f a c to r  i s  very  r e le v a n t  

to  any p o in t  o f  view which makes nonrew ard a d e te rm in e r o f  i n h ib i t i o n  

to  S-, and he s t r e s s e d  t h a t  avo idance o f  nonrew ard i s  a pow erfu l
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f a c to r  b ecau se  f r u s t r a t i o n  r e s u l t s  when nonrew ard occu rs.

Thus, in  th e  p re s e n t  s tu d y , th o se  an im als t h a t  r e c e iv e d  a h ig h  

number o f  n o n re in fo rc e d  t r i a l s  to  th e  new S- may have b u i l t  up v e ry  

s tro n g  avoidance te n d e n c ie s  to  t h i s  s tim u lu s  b a sed  on f r u s t r a t i o n  

e f f e c t s .  For th e s e  an im als, th e  n e g a t iv i ty  a s s o c ia te d  w ith  th e  new 

S- may have been  q u i te  s tro n g . When p u t on f r e e  r e v e r s a l  th ey , 

th e re fo re ,  avo ided  t h i s  s tim u lu s .

I t  may be r e c a l l e d  t h a t  Biederm an (1967, 1968) argued  t h a t  th e  

n e g a t iv i ty  a s s o c ia te d  w ith  S- does n o t in c re a s e  m o n o to n ica lly  over 

th e  co u rse  o f  d is c r im in a t io n  le a rn in g . He su g g es te d  t h a t  S- fu n c tio n s  

a s  th e  p rim ary  cue d u rin g  e a r ly  d is c r im in a t io n  and i t s  n e g a t iv i ty  i s  

h ig h  a t  t h i s  p o in t .  L a te r , however, S+ presum ably  ta k e s  over th e  

p rim ary  cue fu n c tio n . As a r e s u l t  o f  t h i s  s h i f t  i n  cue fu n c tio n  S- 

supposed ly  lo s e s  some o f  i t s  n e g a t iv i ty .

Biederm an d id  n o t  in d ic a te  e x p l i c i t l y  t h a t  th e  cue fu n c tio n s  o f 

th e  new S+ and th o se  o f  th e  new S- sh o u ld  change d u rin g  r e v e r s a l  

le a r n in g  as th e y  presum ably  d id  d u rin g  th e  i n i t i a l  d is c r im in a tio n .

I t  seemed p o s s ib le  though, t h a t  th e y  m ight. In  th e  p re s e n t  s tu d y , 

however, th e re  was no in d ic a t io n  t h a t  th e  cue fu n c tio n s  o f  th e  new 

S+ and th o se  o f  th e  new S- changed d u rin g  th e  co u rse  o f  r e v e r s a l  

le a rn in g . There was, however, no way o f  d i r e c t l y  a s s e s s in g  th e  cue 

fu n c tio n s  o f  th e  new S+ and th e  new S- s e p a ra te ly .  A t l e a s t  th e re  

was, however, no in d ic a t io n  t h a t  th e  new S- l o s t  any n e g a t iv i ty  as 

r e v e r s a l  le a r n in g  p ro g re sse d .

For example, i f  th e  new S+ fu n c tio n s  as th e  p rim ary  cue f o r  

d is c r im in a t io n  d u rin g  l a t e  a c q u is i t io n  o f  th e  r e v e r s a l ,  and i f  th e  

new S- lo s e s  some o f  i t s  n e g a t iv i ty  as a r e s u l t  o f  t h i s  s h i f t  in  

cue fu n c tio n , th e n  th e  fo llo w in g  p r e d ic t io n  seems re a so n a b le . A f te r
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320 fo rc e d  r e v e r s a l  t r i a l s ,  a 4 :1  R/NR r a t i o  group m ight be s u p e r io r  

to  a 1:4- R/NR r a t i o  group. C le a r ly , th e  r e s u l t s  o b ta in e d  in  th e  p r e ­

s e n t  s tu d y  a re  n o t c o n s is te n t  w ith  t h i s  p r e d ic t io n .

One m igh t argue, however, t h a t  320 fo rc e d  r e v e r s a l  t r i a l s  do 

n o t  r e p r e s e n t  " l a t e ” a c q u is i t io n  in  r e v e r s a l .  Yet, when th e  r e v e r s a l  

perform ance o f  th e  c o n tr o l  group i s  examined i t  can be seen  in  F ig . 16 

th a t  t h i s  group was w e ll a long  in  th e  a c q u is i t io n  o f  th e  d is c r im in a ­

t io n  r e v e r s a l  by day 16 (320 t r i a l s ) .  In  a d d itio n , when th e  f r e e  r e ­

v e r s a l  perform ance o f  th e  320 t r i a l  group w ith  a 1 :4  r a t i o  i s  examined 

i t  i s  c l e a r  t h a t  t h i s  group i s  a lso  w e ll a long  in  th e  a c q u is i t io n  o f  

th e  r e v e r s a l  by th e  f i r s t  day o f  f r e e  r e v e r s a l  (See F ig . 17).

A lso, when th e  f r e e  r e v e r s a l  perform ance o f  th e  320-1:4- group i s  

compared w ith  t h a t  o f  th e  3 2 0 -4 :1  group i t  i s  ap p a ren t t h a t  th e  320- 

1 :4  group i s  c l e a r ly  s u p e r io r  to  th e  3 2 0 -4 :1  group d u rin g  th e  f i r s t  

14 days o f  f r e e  r e v e r s a l  (See F ig . 17). I t  seems, th e re fo re ,  t h a t  

i f  th e  n e g a t iv i ty  a s s o c ia te d  w ith  th e  new S- d e c re a se s , t h i s  d ec rea se  

i s  n o t ap p a ren t in  th e  p re s e n t  s tu d y .

The r e s u l t s  o b ta in e d  su g g es t, th e re fo re ,  t h a t  th e  new S- may be 

th e  p rim ary  cue f o r  th e  d is c r im in a t io n  r e v e r s a l ,  and le a r n in g  to  avo id  

t h i s  new S- i s  th e  c r i t i c a l  component in  th e  a c q u is i t io n  o f  th e  d i s ­

c r im in a tio n  r e v e r s a l .  I t  seems t h a t  th e  anim al must m ain ly  l e a r n  to  

av o id  th e  new S-, and n o n re in fo rc e d  t r i a l s  to  t h i s  s tim u lu s  f a c i l i t a t e  

t h i s  le a rn in g .

A lthough th e re  i s  no doubt t h a t  n o n re in fo rcem en t o f  th e  in c o r ­

r e c t  re sp o n se s  f a c i l i t a t e d  r e v e r s a l  le a rn in g , th e  r o le  o f  p o s i t io n  

re sp o n d in g  d u rin g  f r e e  r e v e r s a l  sh o u ld  p ro b ab ly  be exam ined a lso .

The r o le  o f  p o s i t io n  resp o n d in g  i n  p re v io u s  r e v e r s a l  s tu d ie s  has n o t 

been  e n t i r e l y  c le a r .  S p e r lin g  (1969) has p o in te d  o u t t h a t  d i f f e r e n c e s
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in  th e  amount o f  p o s i t io n  re sp o n d in g  a re  n o t  by them selves a s u f f i ­

c i e n t  c o n d itio n  to  acco u n t f o r  d i f f e r e n c e s  in  t r i a l s  to  r e v e r s a l  c r i ­

t e r io n .  Less p o s i t io n  re sp o n d in g  i s  c o r r e la te d  w ith  f a s t e r  r e v e r s a l ,  

however, when d i f f e r e n c e s  a re  observed . S p e r lin g  (1970) h as  a lso  

su g g es te d  t h a t  d is c r im in a t iv e  re sp o n d in g  and p o s i t io n  re sp o n d in g  may 

be so confounded in  a s im u ltan eo u s t r a in in g  s i t u a t io n ,  t h a t  ch o ice  

d a ta  may r e f l e c t  th e  d if f e r e n c e  betw een amount o f  c o n tro l  t h a t  S+ 

h as  o v er re sp o n d in g  and th e  amount o f  c o n tro l  t h a t  p o s i t io n  p r e f e r ­

ence has over resp o n d in g .

In  th e  p re s e n t  s tu d y  th e  r e s u l t s  d id  in d ic a te  a p o s i t iv e  c o r r e ­

l a t i o n  betw een mean days in  p o s i t io n  and mean f r e e  days to  r e v e r s a l  

c r i t e r i o n .  Fewer days in  p o s i t io n  were a s s o c ia te d  w ith  few er days 

to  r e v e r s a l  c r i t e r i o n .  Groups t h a t  re ach ed  r e v e r s a l  c r i t e r i o n  qu ick ly  

sp e n t ve ry  few days in  p o s i t io n .  For example, th e  E group t h a t  r e ­

c e iv e d  s ix te e n  days o f  fo rc e d  r e v e r s a l  w ith  a R/NR r a t i o  o f  1 :4  had 

a mean o f  1 .1  days in  p o s i t io n .  Some s u b je c ts  in  th e  f a s t  r e v e r s a l  

groups n e v e r w ent in to  p o s i t io n .

A c lo s e  exam ination  o f  th e  p o s i t io n  d a ta  r e v e a ls  t h a t  th e r e  was 

a tendency  f o r  th e  groups t h a t  s ta y e d  in  p o s i t io n  f o r  th e  m ost days 

to  go in to  p o s i t io n  l a t e r  th an  th o se  groups t h a t  s ta y e d  in  p o s i t io n  

f o r  few er days. In  a d d it io n , when number o f  in c o r r e c t  ch o ice s  during 

e a r ly  f r e e  r e v e r s a l  were exam ined i t  was found t h a t  th o se  groups t h a t  

w ent in to  p o s i t io n  l a t e r  ten d ed  to  respond  to  th e  o ld  S+ f o r  more 

t r i a l s  th a n  d id  th o se  groups t h a t  went in to  p o s i t io n  l a t e r .  Thus, 

s u b je c ts  who were in  groups t h a t  had re c e iv e d  few n o n re in fo rc e d  t r i a l s  

d u rin g  fo rc e d  r e v e r s a l  ten d ed  to  p e r s e v e ra te  to  th e  o ld  S+ d u rin g  

f r e e  r e v e r s a l .  S ince  th e s e  s u b je c ts  had  n o t re c e iv e d  much n o n re in ­

fo rcem en t d u rin g  fo rc e d  r e v e r s a l ,  i t  i s  p o s s ib le  t h a t  e n co u n te rin g
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n o n re in fo rcem en t d u rin g  e a r ly  f r e e  r e v e r s a l  produced f r u s t r a t io n .

Going in to  p o s i t io n  re sp o n d in g  may have been  a re sp o n se  to  t h i s  

f r u s t r a t i o n .

Some s u b je c ts  who were in  groups t h a t  had re c e iv e d  many n o n re ­

in fo rc e d  t r i a l s  d u rin g  fo rc in g  d id  go in to  p o s i t io n  d u rin g  f r e e  r e ­

v e r s a l ,  b u t  th e se  s u b je c ts  ten d ed  n o t to  s ta y  in  p o s i t io n  fo r  ve ry  

many days. I f  a s u b je c t  were resp o n d in g  co m p le te ly  on th e  b a s is  o f  

p o s i t io n ,  S- would be en co u n te red  on f i f t y  p e rc e n t  o f  th e  t r i a l s .

For th o se  s u b je c ts  who had re c e iv e d  many n o n re in fo rc e d  t r i a l s  d u rin g  

fo rc e d  r e v e r s a l ,  th e  n e g a t iv i ty  a s s o c ia te d  w ith  S - may have been  v e ry  

s tro n g . Thus, th e se  s u b je c ts  may have e x tin g u ish e d  p o s i t io n  responding  

q u ic k ly , s in c e  one consequence o f  p o s i t io n  re sp o n d in g  was en co u n te rin g  

S-.

The p o s i t io n  d a ta  a ls o  su g g es t t h a t  th e  t o t a l  number o f  fo rc e d  

r e v e r s a l  t r i a l s  a f f e c te d  th e  p r o b a b i l i ty  t h a t  th e  S+ and th e  S- 

would fu n c tio n  as th e  d is c r im in a t iv e  s t im u l i  c o n t r o l l in g  th e  s u b je c t ’ s 

re sp o n se s  d u rin g  f r e e  r e v e r s a l .  As t o t a l  number o f  fo rc e d  r e v e r s a l  

t r i a l s  in c re a se d , th e  mean days in  p o s i t io n  d u rin g  f r e e  r e v e r s a l  de­

c re a sed . I t  seems p la u s ib le  t h a t  th e  more ex p e rien ce  th e  s u b je c t  had 

d u rin g  fo rc e d  r e v e r s a l  th e  more l i k e l y  i t  would be t h a t  th e  s u b je c t  

would resp o n d  to  th e  S+ and th e  S- d u rin g  f r e e  r e v e r s a l  and l e s s  l ik e ly  

to  resp o n d  on th e  b a s i s  o f  p o s i t io n .

This a n a ly s is  o f  why p o s i t io n  resp o n d in g  o ccu rred  and why th e re  

were d i f f e r e n c e s  among groups in  number o f  days sp en t in  p o s i t io n  i s  

h ig h ly  s p e c u la t iv e . I t  i s  p ro b ab ly  im p o ssib le  to  de term ine , w ith in

I t  w i l l  be r e c a l l e d  t h a t  p o s i t io n  resp o n d in g  was n o t p o s s ib le  
d u rin g  fo rc e d  r e v e r s a l .
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th e  l i m i t s  o f  th e  p re s e n t  s tudy , what c a u sa l r e la t io n s h ip  e x is te d , 

i f  any, betw een e x p e rien c e  d u rin g  fo rc e d  r e v e r s a l  and p o s i t io n  r e ­

sponding d u rin g  f r e e  r e v e r s a l .  N o n e th e less , e x p e rim en ta l groups d id  

d i f f e r  in  number o f  days in  p o s i t io n  d u rin g  f r e e  r e v e r s a l .

Perhaps one o f  th e  m ost im p o rtan t im p lic a t io n s  o f  th e  r e v e r s a l  

d a ta  o b ta in e d  in  th e  p re s e n t  s tu d y  i s  r e l a t e d  to  th e  numerous s tu d ie s  

and t h e o r e t i c a l  co n fu s io n  su rro u n d in g  th e  o v e r t r a in in g  r e v e r s a l  e f f e c t  

(ORE). M ackintosh (1969) has p o in te d  o u t t h a t  th e re  i s  c u r r e n t ly  no 

s in g le  th e o ry  t h a t  can e a s i ly  accoun t fo r  a l l  o f  th e  d a ta  from th e  

o v e r t r a in in g  r e v e r s a l  s tu d ie s .  A lthough th e  p re s e n t  s tu d y  d id  n o t 

employ o v e r t r a in in g  t r i a l s ,  th e  r e s u l t s  o b ta in e d  do su g g es t a p o s s ib le  

e x p la n a tio n  f o r  th e  o ccu rren ce  o f  th e  ORE in  th o se  s tu d ie s  where i t  

has been  observed .

A v e ry  ty p ic a l  f in d in g  in  o v e r t r a in in g  r e v e r s a l  s tu d ie s  has 

been t h a t  o v e r tr a in e d  s u b je c ts  respond  to  th e  o ld  S+ more d u rin g  e a r ly  

r e v e r s a l  th a n  do c r i t e r i o n  t r a in e d  s u b je c ts .  S ince  th e  o v e r tra in e d  

s u b je c ts  a re  re sp o n d in g  more o f te n  to  th e  o ld  S+, th ey  a re  re c e iv in g  

more n o n re in fo rc e d  t r i a l s  d u rin g  e a r ly  r e v e r s a l  th an  a re  c r i t e r i o n  

t r a in e d  s u b je c ts .  I f  le a r n in g  to  avo id  th e  new S- (o ld  S+) i s  th e  

d i f f i c u l t  component o f  r e v e r s a l  le a rn in g , as th e  d a ta  from th e  p re s e n t  

s tu d y  su g g es t, th en  i t  i s  p o s s ib le  t h a t  th e  ORE o ccu rs  because  o v e r­

t r a in e d  s u b je c ts  re c e iv e  more n o n re in fo rc e d  t r i a l s  d u rin g  e a r ly  r e v e r ­

s a l  th an  do c r i t e r i o n  t r a in e d  s u b je c ts .  T h is e x p la n a tio n  o f  th e  ORE 

has a t  l e a s t  one advantage -  s im p lic i ty .  I t  does n o t, f o r  example, 

r e q u ir e  p o s tu la t in g  u n o b serv ab le  " a t t e n t io n a l "  re sp o n se s . S ince th e  

ORE has o f te n  been c i t e d  as m ajor ev idence  su p p o rtin g  a t t e n t io n a l  

models o f  d is c r im in a t io n  le a rn in g , i t  seems th a t  one o f  th e  m ost c ru ­

c i a l  im p lic a t io n s  o f  th e  p re s e n t  s tudy  i s  t h a t  th e se  models a re  n o t
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n e c e s s a ry . . .  a t  l e a s t  where th e  ORE i s  inv o lv ed .

In  summary, th e  o v e r - a l l  r e s u l t s  o b ta in e d  in  th e  p re s e n t  s tu d y  

c le a r ly  dem o n stra ted  th e  e f f e c t iv e n e s s  o f  n o n re in fo rcem en t o f  th e  i n ­

c o r r e c t  re sp o n se  in  r e v e r s a l .  The c r u c ia l  v a r ia b le  which seemed to  

be o p e ra tin g  was th e  a b so lu te  number o f  n o n re in fo rc e d  t r i a l s  to  th e  

new S- re c e iv e d  d u rin g  fo rc e d  r e v e r s a l .  These r e s u l t s  su p p o rt th e  

h y p o th e s is  t h a t  le a r n in g  to  av o id  th e  new S - i s  r e l a t i v e l y  more d i f f i ­

c u l t  th an  le a r n in g  to  approach  th e  new S+. The d a ta  su g g es t th a t ,  in  

t h i s  r e s p e c t  a t  l e a s t ,  th e  ta s k  t h a t  fa c e s  th e  s u b je c t  in  a d is c r im i­

n a t io n  r e v e r s a l  i s  e s s e n t i a l l y  no d i f f e r e n t  from t h a t  in  th e  o r ig i n a l  

d is c r im in a t io n  ta sk .

One may, o f  co u rse , r a i s e  a q u e s tio n  about th e  eq u iv a len cy  o f  a 

fo rc e d  r e v e r s a l  t r i a l  and a f r e e  r e v e r s a l  t r i a l .  O bviously , th e r e  a re  

p ro c e d u ra l d i f f e r e n c e s  betw een th e  two. In  th e  p re s e n t  s tu d y , a fo rc e d  

r e v e r s a l  t r i a l  c o n s is te d  o f  th e  p r e s e n ta t io n  o f  a s in g le  s tim u lu s  a t  

a tim e - e i t h e r  th e  S+ o r  th e  S-. A f r e e  r e v e r s a l  t r i a l  c o n s is te d  o f  

th e  s im u ltan eo u s p r e s e n ta t io n  o f  th e  S+ and th e  S-. A lso, on a f r e e  

r e v e r s a l  t r i a l  th e  s u b je c t  was f r e e  to  respond  r i g h t  o r  l e f t .

A com parison o f  th e  c o n tro l  group, which re c e iv e d  on ly  f r e e  r e ­

v e r s a l  t r i a l s ,  w ith  each E group su g g e s ts  t h a t  th e  amount o f  le a r n in g  

t h a t  occu rs  on a f r e e  r e v e r s a l  t r i a l  may n o t  be e x a c tly  th e  same as 

th e  amount t h a t  occu rs  on a fo rc e d  t r i a l .  A lthough a lm ost a l l  o f  th e  

E groups were s u p e r io r  to  th e  C group on a l l  m easures o f  perform ance 

d u rin g  f r e e  r e v e r s a l ,  a c lo se  exam ination  o f  th e  number o f  c o r r e c t  

re sp o n se s  on c e r t a in  days o f  f r e e  r e v e r s a l  su g g es ts  t h a t  f r e e  r e v e r s a l  

t r i a l s  may r e s u l t  in  s l i g h t l y  f a s t e r  r e v e r s a l  le a r n in g  th a n  do fo rc e d  

r e v e r s a l  t r i a l s .  For example, th e  C group had a " se lf- im p o se d "  R/NR 

r a t i o  which averaged  o u t to  be ap p rox im ate ly  1 :3  over th e  f i r s t  <+ days
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o f  f r e e  r e v e r s a l .  Thus, over Days 1 th ro u g h  4 th e  C group re c e iv e d  a

R/NR r a t i o  which was m ost l i k e  t h a t  o f  th e  E group which had  re c e iv e d

4 days o f  fo rc e d  r e v e r s a l  w ith  a R/NR r a t i o  o f  1 :4 .

On Day 5 o f  f r e e  r e v e r s a l  th e  C g roup ’ s mean number o f  c o r r e c t

re sp o n se s  was 7. 0. On Day 1 o f  f r e e  r e v e r s a l ,  which can be viewed as 

Day 5 f o r  th e  E group t h a t  re c e iv e d  4 days o f  fo rc e d  r e v e r s a l  w ith  a 

R/NR r a t i o  o f  1 :4 , th e  mean number o f  c o r r e c t  re sp o n se s  was 3. 9.

This d i f f e r e n c e  in  mean number o f  c o r r e c t  re sp o n se s  on Day 5, w h ile  

n o t s t r i k in g ,  does su g g es t t h a t  4 days o f  f r e e  r e v e r s a l  r e s u l t e d  in  

s l i g h t l y  f a s t e r  le a r n in g  th a n  d id  4 days o f  fo rc e d  r e v e r s a l .

C o n sid erin g  th e  p ro c e d u ra l d i f f e r e n c e s  betw een a fo rc e d  t r i a l  and 

a f r e e  t r i a l ,  however, t h i s  d if f e r e n c e  in  perform ance co u ld  a c tu a l ly  

be view ed as q u i te  sm all. I t  seems, th e re fo re ,  t h a t  th e  p o s s ib le  d i f ­

fe re n c e s  in  e f f e c t s  betw een a fo rc e d  t r i a l  and th o se  o f  a f r e e  t r i a l  

a re  n o t  r e a l l y  a c r u c ia l  is s u e  in  th e  p re s e n t  s tu d y .

One may q u e s tio n  th e  le g it im a c y  o f  ru n n in g  a l l  o f  th e  s u b je c ts  

to  S+ b r ig h t  and to  S- dim d u rin g  th e  f i r s t  d is c r im in a t io n  ta sk . I t  

would seem a p p ro p r ia te , even n e ce ssa ry , to  have u sed  c o u n te rb a la n c in g . 

However, in  b r ig h tn e s s  d is c r im in a t io n  s tu d ie s  w ith  r a t s  in  which th e  

s t im u l i  a re  l i g h t s  o f  d i f f e r e n t  i n t e n s i t i e s  i t  i s  n o t uncommon to  run  

a l l  o f  th e  s u b je c ts  to  S+ b r ig h t ,  s in c e  d i f f e r e n t  r a t e s  in  a c q u is i t io n  

to  S+ b r ig h t  and to  S+ dim can occur. Lachman (1961), f o r  example, 

p o in te d  o u t t h a t  d u rin g  d is c r im in a t io n  w ith  a n o n p re fe rre d  S+ (e. g . , 

a b r ig h t  s tim u lu s  fo r  n e g a tiv e ly  p h o to tro p ic  an im als such as r a t s ) ,  

th e  p ro p o r t io n  o f  c o r r e c t  re sp o n se s  b e g in s  around . 25 and te rm in a te s  

a t  u n i ty .  Whereas th e  i n i t i a l  p ro p o r tio n  o f  c o r r e c t  re sp o n se s  to  a 

p r e f e r r e d  S+ ( e .g . ,  a dim s tim u lu s)  b e g in s  around .7 5  and te rm in a te s  

a t  u n i ty .  D iffe re n c e s  in  a c q u is i t io n  w ith  p r e f e r r e d  and n o n p re fe rre d



59

d isc r im in a n d a  in v o lv e , th e r e f o r e ,  d i f f e r e n t  r a t e s  (s lo p e s)  o f  le a rn in g .

Thus, in  th e  p re s e n t  s tu d y , i f  l / 2  o f  th e  s u b je c ts  had been run  

to  S+ b r ig h t  and l / 2 to  S+ dim, th en  th e se  two groups m ight have gone 

in to  r e v e r s a l  w ith  very  d i f f e r e n t  r a t e s  o f  a c q u is i t io n  to  S+. One may 

argue t h a t  t h i s  problem  l i m i t s  th e  g e n e r a l i ty  o f  th e  r e s u l t s  o b ta in ed , 

s in c e , d u rin g  r e v e r s a l ,  n o n re in fo rcem en t was g iven  to  a p o s s ib ly  non­

p r e f e r r e d  s tim u lu s  (b r ig h t)  and re in fo rc e m e n t was g iven  to  a p o s s ib ly  

p r e f e r r e d  s tim u lu s  (dim ). However, i f  th e  dim s tim u lu s  were p re fe r re d ,  

th e n  th e  e f f e c t s  o f  re in fo rc e m e n t sh o u ld  have o p e ra te d  to  in c re a s e  t h i s  

p re fe re n c e . T h e re fo re , groups re c e iv in g  many r e in fo r c e d  t r i a l s  d u rin g  

fo rc e d  r e v e r s a l  sh o u ld  have perform ed b e t t e r  th a n  groups re c e iv in g  few 

r e in f o r c e d  t r i a l s .  T his was o b v io u s ly  n o t th e  case .

In  a d d itio n , w hatever p re fe re n c e  may have e x is te d  f o r  th e  dim 

s tim u lu s  i n i t i a l l y  was p ro b ab ly  red u ced  by ex p e rien ce  d u rin g  th e  f i r s t  

d is c r im in a t io n  ta s k  in  w hich re sp o n se s  to  t h i s  s tim u lu s  were n o n re in ­

fo rce d . A lso, i f  S+ b r ig h t  had any n e g a t iv i ty  a s s o c ia te d  w ith  i t  

b ecause  i t  was b r ig h t ,  th e n  t h i s  n e g a t iv i ty  sh o u ld  have been  reduced , 

s in c e  re sp o n se s  to  t h i s  s tim u lu s  were r e in fo r c e d  d u rin g  th e  f i r s t  d i s ­

c r im in a tio n . I t  seems, th e re fo re ,  t h a t  by th e  tim e th e  anim al reach ed  

r e v e r s a l ,  i n i t i a l  " p re fe re n c e s "  and "n o n p re fe re n ce s"  sh o u ld  have been 

overcome becau se  o f  e x p e rien c e  d u rin g  th e  f i r s t  d is c r im in a tio n  ta sk .

The m ost im p o rtan t c o n tr ib u t io n  o f  th e  p re s e n t  s tu d y  i s  t h a t  i t s  

r e s u l t s  su g g e s t a g r e a t  d e a l about th e  b a s ic  n a tu re  o f  d is c r im in a tio n  

r e v e r s a l  le a rn in g . S p e c i f ic a l ly ,  th e  r e s u l t s  in d ic a te  th e  trem endous 

in f lu e n c e  t h a t  n o n re in fo rcem en t o f  th e  in c o r r e c t  re sp o n se  d u rin g  r e ­

v e r s a l  h as  on le a rn in g . The e x te n t  o f  t h i s  in f lu e n c e  s tro n g ly  suggests 

t h a t  le a r n in g  to  avo id  th e  new S- i s  th e  c r i t i c a l  component o f  r e v e r s a l  

le a rn in g . T his i n t e r p r e t a t i o n  o f  r e v e r s a l  le a r n in g  co u ld  be c e n t r a l
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to  any th e o ry  o f  d is c r im in a t io n  le a r n in g  w hich s t r e s s e s  th e  i n h i ­

b i to r y  c o n tro l  t h a t  S- e x e r ts  over d is c r im in a t iv e  resp o n d in g .
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SUMMARY

R e s u lts  from p re v io u s  s tu d ie s  su g g es te d  t h a t  in  d is c r im in a t io n  

r e v e r s a l  ta s k s  le a r n in g  to  avo id  th e  new S- was r e l a t i v e l y  more 

d i f f i c u l t  th an  le a r n in g  to  approach th e  new S+. In  o rd e r to  examine 

t h i s  view o f d is c r im in a t io n  r e v e r s a l  le a rn in g , re in fo rc e m e n t/n o n re -  

in fo rcem en t (R/NR) r a t i o s  and number o f  t r i a l s  were v a r ie d  d u rin g  

fo rc e d  r e v e r s a l .  Three R/NR r a t i o s ,  4 :1 , 1 :1 , and 1 :4 , were combined 

w ith  80, 200, and 320 fo rc e d  r e v e r s a l  t r i a l s .  I t  was p r e d ic te d  t h a t  

r e v e r s a l  perform ance sho u ld  be f a c i l i t a t e d  by d e c re a s in g  R/NR r a t i o s  

and by in c re a s in g  number o f  fo rc e d  r e v e r s a l  t r i a l s .

In  a t e s t  o f  th e se  hy p o th eses , 110 fem ale hooded r a t s  were 

t r a in e d  to  make a tw o-cho ice  s im u ltan eo u s b r ig h tn e s s  d is c r im in a tio n  

in  autom ated d is c r im in a t io n  sh u ttle b o x e s . A f te r  re a c h in g  an a c q u is i ­

t io n  c r i t e r i o n  o f  90% c o r r e c t  re sp o n d in g  on t h i s  f i r s t  d is c r im in a t io n  

ta s k , each  s u b je c t  began r e v e r s a l  t r a in in g .  D uring r e v e r s a l  th e  

form er S+ was now th e  S-, and th e  form er S- was now th e  S+. E x p e ri­

m en ta l s u b je c ts  were g iven  fo rc e d  r e v e r s a l  t r i a l s  w h ile  c o n tro l  

s u b je c ts  were p u t  im m ediately  on f r e e -c h o ic e  r e v e r s a l .  A f te r  th e  

com ple tion  o f  fo rc e d  r e v e r s a l  t r i a l s ,  ex p e rim en ta l s u b je c ts  were p u t 

on f r e e -c h o ic e  r e v e r s a l .  A l l  s u b je c ts  were ru n  to  a r e v e r s a l  c r i te r io n  

o f  90% c o r r e c t  respond ing .

The e f f e c t s  o f  g iv in g  fo rc e d  r e v e r s a l  t r i a l s  w ith  d i f f e r e n t i a l  

r a t i o s  o f  r e in fo r c e d  t r i a l s  to  th e  new S+ (form er S-) and n o n re in ­

fo rc e d  t r i a l s  to  th e  new S- (form er S+) were c le a r .  When groups t h a t  

had d i f f e r e n t  R/NR r a t i o s  d u rin g  fo rc e d  r e v e r s a l  were p u t on f r e e  

r e v e r s a l  th o se  groups t h a t  had re c e iv e d  R/NR r a t i o s  w ith  h ig h  p ro p o r­

t io n s  o f  n o n re in fo rc e d  t r i a l s  were c l e a r ly  s u p e r io r  to  th o se  groups
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t h a t  had re c e iv e d  R/NR r a t i o s  w ith  low p ro p o r t io n s  o f  n o n re in fo rc e d  

t r i a l s .  On a lm ost a l l  m easures o f  r e v e r s a l  perform ance t h a t  were 

examined, groups t h a t  had re c e iv e d  R/NR r a t i o s  o f  1:4- were s u p e r io r  

to  groups t h a t  had  re c e iv e d  R/NR r a t i o s  o f  1 :1 . These 1 :1  groups 

w ere, in  tu rn , s u p e r io r  to  groups t h a t  had re c e iv e d  R/NR r a t i o s  o f  

4 :1 . In  a d d it io n , th e se  f a c i l i t a t i v e  e f f e c t s  o f  d e c re a s in g  R/NR 

r a t i o s  o c cu rred  a t  each  l e v e l  o f  number o f  fo rc e d  t r i a l s  g iven .

The e f f e c t s  o f  t o t a l  number o f  fo rc e d  r e v e r s a l  t r i a l s  were 

a ls o  c le a r .  The g r e a te r  th e  number o f  fo rc e d  r e v e r s a l  t r i a l s  g iven , 

th e  b e t t e r ,  in  g e n e ra l, perform ance was d u rin g  f r e e  r e v e r s a l .  Groups 

t h a t  had been  g iven  320 fo rc e d  r e v e r s a l  t r i a l s  were, in  g e n e ra l, 

s u p e r io r  to  groups t h a t  had been  g iv en  200 fo rc e d  r e v e r s a l  t r i a l s .  

These groups t h a t  had  been  g iv en  200 fo rc e d  r e v e r s a l  t r i a l s  were, 

in  g e n e ra l, s u p e r io r  to  groups t h a t  had been  g iv en  80 fo rc e d  r e v e r s a l  

t r i a l s .

Thus, b o th  in d ep en d en t v a r ia b le s  had  h ig h ly  s ig n i f i c a n t  e f f e c t s  

in  th e  p r e d ic te d  d i r e c t io n  on r e v e r s a l  perform ance. In  a d d itio n , 

th e re  were i n t e r e s t i n g  s i m i l a r i t i e s  in  perform ance d u rin g  f r e e  r e ­

v e r s a l  betw een groups t h a t  had  re c e iv e d  eq u a l numbers o f  n o n re in ­

fo rc e d  t r i a l s  d u rin g  fo rc in g . R ev e rsa l le a r n in g  cu rv es  d u rin g  f r e e  

r e v e r s a l  ten d ed  to  be a lm ost i d e n t i c a l  f o r  any two groups t h a t  had 

r e c e iv e d  eq u a l numbers o f  n o n re in fo rc e d  t r i a l s  d u rin g  fo rc e d  r e v e r s a l .  

No such s i m i l a r i t i e s  in  perform ance o ccu rred  betw een groups t h a t  had 

re c e iv e d  e q u a l numbers o f  r e in fo r c e d  t r i a l s .  T his p a t te r n  o f  r e s u l t s  

su g g es te d  t h a t  th e  c r u c ia l  v a r ia b le  o p e ra tin g  in  th e  p re s e n t  s tudy  

was th e  a b so lu te  number o f  n o n re in fo rc e d  t r i a l s  r e c e iv e d  d u rin g  fo rc e d  

r e v e r s a l .

The o v e r - a l l  r e s u l t s  s tro n g ly  su p p o rt th e  view th a t  le a r n in g
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to  av o id  th e  new S- i s  th e  c r u c ia l  component o f  r e v e r s a l  le a rn in g . 

The im portance o f  e s ta b l i s h in g  avoidance te n d e n c ie s  to  th e  new S- 

was d isc u sse d , and i t  was su g g es ted  t h a t  e x t in c t io n  o f  fo rm erly  

le a r n e d  approach te n d e n c ie s  may r e q u ir e  lo n g e r  th a n  e x t in c t io n  o f  

fo rm erly  le a rn e d  avoidance te n d e n c ie s . On th e  b a s i s  o f  th e  r e s u l t s  

o b ta in e d  in  th e  p re s e n t  s tu d y  a p o s s ib le  e x p la n a tio n  f o r  th e  o c cu r­

re n c e  o f  th e  o v e r t r a in in g  r e v e r s a l  e f f e c t  was su g g ested .
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Appendix I

Sequence o f  r e in fo r c e d  t r i a l s  and n o n re in fo rc e d  t r i a l s  
d u rin g  fo r c in g  (each day)

4 :1  r a t i o  1 :1  r a t i o  1:*+ r a t i o
T r ia l

1. R R NR
2. R R NR
3. R R NR
4. NR NR R
5. R NR NR
6. NR R R
7. R NR NR
8. R R NR
9. R NR NR

10. R NR NR
11. R R NR
12. NR R R
13. R NR NR
14. R NR NR
15. R NR NR
16. R R NR
17. R NR NR
18. NR R R
19. R R NR
20. R NR NR

R = r e in fo r c e d  t r i a l  to  th e  new S+ (o ld  S-)
NR = n o n re in fo rc e d  t r i a l  to  th e  new S- (o ld  S+)


