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Four experimental  groups and a  c o n t r o l  group of f i v e  pigeons 

each,  were t r a i n e d  t o  success  ivel; d i s c r imina te  a  v e r t i c a l  amber 1 ine  - $, 

- ,  

f 

from one o r i en t ed  e i t h e r  30 or  60 degrees r i g h t .  Depending on group, .; 

peclis were i n t e r m i t t e n t l y  r e i n f o r c e $ % ~ ~ ' e i t h e r  2.5 o r  5.0 seconds e 

access  ' to  t he  food hopper. During d i sc r imina t ion  formation the  5 ' s  

were provided wi th  a  second response key, a  peck upon whieh prov2ded 

a f i v e  second timeout (T.O.) from e i t h e r  the p o s i t i v e  o r  nega t ive  

s t imu lus .  Rate of response on e i t h e r  the  T.O. key o r  t he  discrirn- 

i n a t i o n  key was monitored throughout.  A f t e r l t h e  d i s c r i m i n a t i o n  had 
,r . & - 

formed a l l  2 ' s  were given a post-diecr irninat ion g e n e r a l i z a t i o n  t e s t  
- / 

t o  a s s e s s  the  e f f e c t s  0% the  experimental  procedure on ' t he  shape ,of  

the  g e n e r a l i z a t i o n  g r a d i e n t .  Although peak s h i f t  was n o t  ob ta ined ,  
t 

the r e s u l t s  s i g n i f i c a n t l y  suppor t  t h e  hypothesis  t h a t  by-products of 

- success ive  d i sc r imina t ion  t r a i n i n g  ( i . e . ,  g r a d i e n t  s h i f t ,  behavioural  

contra;  t and S-  ave r s iveness )  a r e  func t ions  of magnitude of r e i n -  

forcement r educ t ion  and t h e  ddf ference  between S+ and S-  a long the  

p re -d i sc r imina t ion  g e n e r a l i z a t i o n  g rad ien t .  
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INTRODUCTION 

I n  success ive  d i sc r imina t ion  t r a i n i n g ,  a s u b j e c t  i s  a l t e r n a t e l y  

presented wi th  two s t i m u l i ,  S+, which is c o r r e l a t e d  w i t h  r e i n i o r c e -  . ! 

'ment, and ' s - ,  which i s  c o r r e l a t e d  wi th  nonreinforcement o r  ex t inc -  
$ 

wel l  known "by-products" accompany ' the development of 
1 

t i o n .  Three 

d i f f e r e n t i a l  
, . 

r e s p e c t i v e l y  

"Peak s h i f t  

s t imu lus  c o n t r o l  i n  t h i s  procedure. These a r e  known 

a s  peak s h i f t ,  behavioural  c a t r a s  t and S- ave r s  iveness  . 
r e f e r s  t o  t he  displacement of pos t -d i sc r imina t ion  

3 

g e n e r a l i z a t i o n  maxima away from S+ i n  a d i r e c t i o n  oppos i t e  S -  

1 
(Hanson, 19.59). "Behavioural c o n t r a s t "  r e f e r s  t o  t he  i n c r e a s e ,  

dur ing  d i sc r imina t ion  t r a i n i n g ,  i n  the  r a t e  of responding of an 

organism i n  the  S f  c o n d i t i ~ n  as. a .function of e x t i n c t i o n  of respon- 

2 
ding i n  the S- cond i t i on  (Reynolds, 1961; White, 1971). 'IS- aver -  

s iveness"  r e f e r s  t o  the  tendency of t he  s t imulus  c o r r e l a t e d  wi th  

e x t i n c t  ion dur ing  d i sc r imina t ion  t r a i n i n g  t o  become "noxious" by 

t h a t  t r a i n i n g  ( R i l l i n g  e t  a l ,  1969; Ter race ,  1971). o p e r a t i o n a l l y ,  

t h i s  amounts t o  t h e  tendency of t h e  experimental  organism t o  "escape" 

from S-; f o r  example, by pecking a key which produces a b r i e f  time- 

out  from s-. According t o  Ter race ,  each of t hese  phenomena a r e  . 

r e l a t i v e l y  impermanent: Behavioural c o n t r a s t  and peak s h i f t  d i s -  

appear w i th  extended d i sc r imina t ion  t r a i n i n g  (Ter race ,  1966a) and 

S- ave r s  i v i n e s s  g radua l ly  diminishes soon a f t e r  d i s c r i m i n a t  ion  

formation (Ter race ,  1971). Moreover, none of t hese  by-products 

develop i f  t he  d i s c r i m i n a t i o n  i s  acquired without  "errors" ,  t h a t d s ,  

3 
responses t o  S- (Terrace,  1966a). 



With r ega rd  t o  t he  o r i g i n  of t he se  by-products Ter race  (1971, 

1972) has  advanced t h e  view t h a t ,  dur ing  succes s ive  d i s c r i m i n a t i o n  

t r a i n i n g ,  nonre inforced  responding t o  S- r ende r s  i t  temporar i ly  

ave r s  i v e  and i n h i b i t o r y .  The i n h i b i t o r y  g r a d i e n t  c e n t e r i n g  around 

S- is  then s a i d  t o  i n t e r a c t  w i t h  t he  S+ e x c i t a t o r y  g r a d i e n t  and 

f o r c e  t he  maxima of t h e  subsequent  6os t -d i s c r imina t ion  g e n e r a l i -  

z a t i o n  g r a d i e n t  beyond t h e  S+ va lue .  The view t h a t  e x t i n c t i o n  . . 

r ende r s  S- a t  least temporar i ly  a v e r s i v e  'is supported by t h e  obser -  

v a t i o n  t h a t ,  du r ing  and a f t e r  s t anda rd  succes s ive  d i s c r i m i n a t i o n  

t r a i n i n g ,  emotional  responses  (wing f l a p p i n g ,  t u r n i n g  away from t h e  

response key,  e t c  ...) a r e  f r e q u e n t  i n  t h e  presence  of S- (Ter race ,  

1 9 6 6 ~ ) .  Such responses  were no t  observed du r ing  o r  a f t e r  "e r ror -  

l e s s "  d i s c r i m i n a t i o n  t r a i n i n g  (Ter race ,  1963a). Ter race  has  a l s o  

shown t h a t  a d m i n i s t r a t i o n  of t r a n q u i l i z i n g  agen t s  t o  d i s c r i m i n a t i o n  

t r a i n e d  pigeons impaired d i s c r i m i n a t i o n  performance only  i n  those  
'- 

s u b j e c t s  who had learned  t h e  d i s c r i m i n a t i o n  i n  t h e  s t anda rd  o r  

" e r r o r f u l "  f a s h i o n  (Ter race ,  1963b). S p e c i f i c a l l y ,  t h e s e  s u b j e c t s  

resumed pecking S- whi le  under t h e  in f luence  of t h e  t r a n q u i l i z e r .  

Ter race  argued t h a t  t he  t r a n q u i l i z e r  rendered S- somewhat l e s s  

a v e r s i v e  and, t h e r e f o r e ,  l e s s  i nh ib i t i ng .  w i t h  r e s p e c t  t o  S- respon- 

d ing .  $ 

Addi t i ona l  suppor t  f o r  T e r r a c e ' s  hypothes i s  has  been provided 

by R i l l i n g  e t  a 1  (1969) and Ter race  (1971). These w r i t e r s  reasoned 

t h a t ,  i f  S- becomes ave r s  i v e  dur ing succes s ive  d i s c r i m i n a t i o n  



3 

f r a i n i n g ,  S's shou ld  l e a r n  a response which b r i e f l y  e l i m i n a t e s  S-.  

I n  t he se  s t u d i e s  S- could be e l imina ted  f o r  b r i e f  i n t e r v a l s  by a 

J 
peck on an a d d i t i o n a l  response  key. Both of t h e s e  s t u d i e s  ob t a ined  

t h a t  r e s u l t .  Without excep t iop  a l l  2's indeed l e a r n  t o  escape  
\ 

S- by pecking t h e  a d d i t i o n a l  key. The l a t t e r  s tudy  by Ter race  is 

of s p e c i a l  s i g n i f i c a n c e  s i n c e  i t  a l s o  demoasrrated t h a t  pecks on 

the  "escape" o r  t imeout key were s t r i c t l y  dependent upon t h e  

contingency between key pecks and t imeouts  from S- and, therefore,+- 

could no t  be a t t r i b u t e d + t o  e i t h e r  f r u s t r a t i o n  produced a c t i v i t y  o r  

t o  t he  r e i n f o r c i n g  p r o p e r t i e s  of s t imu lus  change. This. experiment 

a l s o  demonstrated t h a t  t he  t imeout response i s  s t r o n g  enough t o  be 

maintained on a f i x e d  r a t i o  5 schedule  of re inforcement .  

A s tudy  by Grusec (1968) demonstrated t h e  apparen t  . equ iva l en t  . 
e f f e c t s  of non-cont ingent  shocks and l a r g e  numbers of nonre inforced  

responses  t o  S-. Grusec t r a i n e d  two groups of pigeons t o  success -  

i v e l y  d i s c r i m i n a t e  two wavelength s t i m u l i ,  t h e  f i r s t  group l e a r n i n g  

the  d i s c r i m i n a t i o n  by t h e  s t anda rd  procedure ( i . e . ,  e x t i n c t i o n  a t  
Q 

S-) and the  second by T e r r a c e ' s  e r r o r l e s s - f a d i n g  procedure.  1; g 

subsequent g e n e r a l i z a t i o n  tes t  t h e  s tandard  group produced A l a r g e  

peak s h i f t  and the  e r r o r l e s s  group produced a n e g l i g i b l e  s h i f t .  

Half of each group t h e r e a f t e r  rece ived  non-cont ingent  shocks i n  t h e  

presence of S -  ,during cont inued d i s c r i m i n a t i o n  t r a i n i n g  and then ,  

a long wi th  t he  nonshock groups,  given a second g e n e r a l i z a t i o n  t e s t .  

The e r ro r l e s s - shock  group produced a s u b a t 2 n t i a l  peak s h i f t  and the  



er ror -shock  group produced a l a r g e r  peak s h i f t  than i n  t h e  f i r s t  
- 

_ t e s t .  The two nonshock groups produced g r a d i e n t s  t h a t  were on ly  

n e g l i g i b l y  d i f f e r e n t  from t h e  f i r s t  t e s t .  Grusec i n t e r p r e t e d  t h e s e  

0 

r e s u l t s  a s  s u b s t a n t i a l l y  suppor t i ng  Te r r ace ' s  hypothes i s  t h a t  .S- 

ave r s ivenes s  u n d e r l i e s  peak s h i f t .  

Although T e r r a c e ' s  "S- avers iveness"  hypothes i s  seems subs tan-  

7 - t i a l l y  wel l  supported by experimental  d a t a ,  h i s  views concerning the  
. .  . 

determinants  of S- ave r s ivenes s  a r e  no t .  Ter race  has  argued t h a t  
e 

S- ave r s ivenes s  accrues  a s  a func t ion  of response e x t i n c t i o n  a t  S- 

(Ter race ,  P966, 1972).  That i s ,  i f  a g r e a t  number of  nonre inforced  

responses  occur  i n  S - ,  i t  becomes an a v e r s i v e  s t imu lus .  I f  only 

a few o r  no nonre inforced  responses  occur i n  S- ( f o r  example, a s  

i n  e r r o r l e s s  d i s c r i m i n a t i o n  t r a i n i n g )  , S- remains n e u t r a l .  A s  
,- 

- R i l l i n g  , Kramer ' and Richards (1973) have pointed--out ,  t h i s '  impl ies  

d 
t h a t  S- ave r s ivenes s  is d i r e c t l y  , r e l a t e d  t o  t h e  number of e x t i n c t i o n  

responses  emi t ted  i n  i t s  presence.  I n  a r e c e n t  t e s t  o PO - 
t h e s i s ,    ill in^ e t  a 1  t r a i n e d  four  groups of pigeons t o  suc,cessively 

rr 

d i s c r i m i n a t e  two wavelength s t i m u l i .  The groups d i f f e r e d  only  w i t h  

respec. t  t o  t h e  manner i n  which S- was in t roduced .  The groups were 

d i s t i n g u i s h e d  by whether S- was introduced a f t e r  few o r  many 

"S-k only" s e s s i o n s  ("ear ly  v s  l a t e " )  and whether S- was ab rup t ly  

introduced o r  g r adua l ly  faded i n  ("constant  v s  progress ive") .  

During d i s c r i m i n a t i o n  t r a i n i n g  S's were provided w i t h  an a d d i t i o n a l  

response key,  a peck on which r e s u l t e d  i n  a b r i e f  t imeout  from S-. 



A c o r r e l a t i o n  c o e f f i c i e n t  between number of S- responses  and number- 
.- 

of t imeouts  from S- was then c a l c u l a t e d  t o  determine t h e  degree of 
1 
,i 

r e l a t i o n s h i p  between these-measures  f o r  a l l  S's. The r e s u l t i n g  

c o r r e l a t i o n  c o e f f i c i e n t ,  +.06, l e d  t h e  au tho r s  t o  conclude t h a t  

". . . t h e s e  d a t a  do not  suppor t  t h e  view t h a t  .the ave r s ivenes s  of a  - 

s t imu lus  is  p r o p o r t i o n a l  t o  t h e  number of unre inforced  responses  

emit ted.  i n  i t s  p r e s e n ~ e . 3  Ter race  himself ha s  r e c e n t l y  been unable 

.PP demonstrate  a  r e l a k i o n s h i p  between S- responses  and, by-products 

.-PA of succes s ive  d i s c r i m i n a t i o n  l e a r n i n g  (Ter race ,  1973) ,  bu t  has 

specu la t ed  t h a t  l a c k  of a s imple  r e l a t i o n s h i p  may be due t o  i n d i -  

v i d u a l  d i f f e r e n c e s  i n  "f GUS t r a t  ion tolerance".  

3 

It i s  commonly be l i eved  t h a t  by-products of succes s ive  d i sc r im-  

i n a t i o n  l e a r n i n g  a r e  a  f u n c t i o n  of t h e  same under ly ing  v a r i a b l e s  , 

(Ter race ,  1 9 6 6 ~ ) .  This  view draws suppor t  f rom ' the  obse rva t ion  

t h a t  peak s h i f t  and behavioura l  c o n t r a s t  t y p i c a l l y  covary. That ' 

i s ,  they appear  and d i sappea r  t oge the r  i n  " e r r o r f u l "  succes s ive  

d i s c r i m i n a t i o n  t r a i n i n g  and n e i t h e r  appear a t  a l l  i n  " e r r o r l e s s "  
- .  

succes s ive  d i s c r i m i n a t i o n  t r a i n i n g  (Terrace,  1 9 6 6 ~ ) .  Moreover, 

any cond i t i on  which renders  one component of a d i s c r i m i n a t i v e  

m u l t i p l e  schedule  a v e r s i v e  ( i . e . ,  e l e c t r i c  shock) produces bo h  
'";. I 

phenomena (Brethower and Reynolds, 1962; Grusec, 1968; Te r r ace ,  



Both peak s h i f t  and behavioura l  c o n t r a s t  a r e  most c h a r a c t e r -  

i s t i c a l l y  observed i n  a  succes s ive  d i s c r i m i n a t i o n  procedure fol low- 

ing  i n t r o d u c t i o n  of nonreinforcement o r  a  s e v e r e l y  reduced r a t 6  of 

2 re idforcement  i n  S-  errac ace, 1966). This  f a c t  l e d  Reynolds (19,61) 

t o  sugges t  t h a t  peak s h i f t  and behavioura l  c o n t r a s t  a r e  f u n c t i o n s  
'L- 

of one of two p o s s i b l e  ope ra t i ons :  (1) r educ t ion  of r a t e  of r e i n r  , -  a i 
i 

forcement or  (2) r educ t ion  i n  t he  r a t e  of responding.  Reynolds 
? 

r 1 i 

favored the. f i r s t  p o s s i b i l i t y .  Af t e r  r ev i ey ing  t h e  evidence r e l e -  

v a n t  t o  bo th  hypotheses ,  Ter race  (1966b) concluded t h a t  r educ t ion  

i n  r a t e  of responding was t h e  c r i t i c a l  ope ra t i on .  ~ e r r f i c e ' s  

conc lus ion  appa ren t ly  sfems from a  s e r i e s  of experiments  he conducted 

on "erxor less"  d i s c r i m i n a t i o n  l ea rn ing .  I n  t he se  experiments  

Ter race  showed t h a t ,  under a p p r o p r i a t e  t r a i n i n g  c o n d i t i o n s ,  pigeons 

can l e a r n  t o  s u c c e s s i v ~ l y  d i s c r i m i n a t e  a  s t imu lus  c o r r e l a t e d  w i t h  

reinforcement  from a  s i m i l a r  s t imu lus  c o r r e l a t e d  w i t h  nonre inforce-  -- 
ment w i t h  few i f  any e r r o r s ,  i . e . ,  responses  t o  S- ,  and t h a t  

behavioura l  c o n t r a s t  and peak s h i f t ,  (as we l l  a s  emotional  responses  

i n  S-) a r e  seen  a f t e r  e r r o r f u l ,  bu t  no t  e r r o r l e s s ,  d i s c r i m i n a t i o n  

rr 
l e a r n i n g .  Ter race  impl ica ted  response  r educ t ion  r a t h e r  t h a t  

re inforcement  r educ t ion  appa ren t ly  because bo th  e r r o r l e s s  and 
1 

e r r o r f u l  d i s c r i m i n a t i o n  t r a i n i n g  c o r r e l a t e  nonreinforcement  w i t h  

S - ,  but  only e r r o r f u l  t r a i n i n g  c o r r e l a t e s  e x t i n c t i o n ,  a  r educ t ion  

i n  r a t e  of respondind,  w i t h  S -  (Ter race ,  1966c; Weisman, 1970). 



Although Terrace is  quick t o  acknowledge t h a t  r a t e  of respond- 
. - 

ing and r a t e  of reinforcement  t y p i c a l l y  covary,  he has argued t h a t  
Q 

any ope ra t ion  which reduces r a t e  of responding wi thout  reducing 

r a t e  of re inforcement ;  f o r  example; a d i f f e r e n t i a l  re inforcement  of 

low r a t e  procedure ( a  DRL schedule) ,  w i l l  produce peak s h i f t  and 

behavioural  c o n t r a s t  (Ter race ,  1968). Us.ing such a schedule a s  one 

component of a two component mu l t ip l e  schedqle (mult V I  60 s e c ,  DRL), 
a .  

Terrace eon•’ irmed t h i s  hypothes is ,  but  only f o r  those  2 ' s  who, a s  a 

func t ion  of p r i o r  "S+ only" t r a i n i n g ,  t r a n s f e r r e d  a r e l a t i v e l y  high 

r a t e  of response t o  t he  s t imu lus  c o r r e l a t e d  wi th  the  DRL schedule 
i 

(Ter race ,  1968, 1972).  It should be noted t h a t  a DRL schedule 
-I) 
/- 

r e q u i r e s  an i n t e r v a l  of a t  l e a s t  t seconds between responses f o r  

re inforcement .  Responses i n  t h a t  i n t e r v a l  p rec lude  up and coming 

reinforcement  and r e s e t  t h e  i n t e r v a l  t imer.  It fo l lows  then t h a t  

any s u b j e c t  who i n i t i a l l y  b r ings  a high r a t e  of response (and thus ,  

commensurately s h o r t  i n t e r r e sponse  times) t o  t h e  s t imu lus  c o r r e l a t e d  

* - 
w i t h  the  DRL ' schedule w i l l  experience'  some degree of nonre inforce-  

ment ( i . e . ,  ex t inc t ion ) ,be fo re  adapt ing t o  t h e  schedule  d e s p i t e  

a t tempts  t o  maintain equal  r a t e s  of reinforcement  between components. 

Thus, T e r r a c e ' s  experiment is  n o t  a convincing,  unconfounded demon- 

s t r a t i o n  of peak s h i f t  and behavioural  c o n t r a s t  a s  s o l e  func t ions  of .  

response r e d u ~ t i o n . ~  S ince  t h i s  s tudy ,  two experiments (Hal l iday ' * 
and Boakes, 1972; Wi lk ie ,  1972) have been done i n  which response 

r a t e  i n  t h e  S- component of a mul t ip l e  schedule was, a f t e r  b a s e l i n e  



t r a i n i n g  , reduced by admin i s t e r ing  f  ood-reinforcement i n  a  "free"  

o r  noncont ingent  manner. Such a  procedure reduces r a t e  of response 

wi thout  reducing r a t k  of re inforcement .  I n  n e i t h e r  c a s e  was 

behavioura l  c o n t r a s t  ob ta ined .  

I n  another  s tudy ,  Nevin (1968) t r a i n e d  pigeons on a  two compo- 

nent  m u l t i p l e  schedule  w i t h  equa l  v a r i a b l e - i n t e r v a l  re inforcement  

i n  t he  presence of r e s p e c t i v e l y ,  a  whi te  key and a  key i l l umina t ed  
@ 

by. a  b lack  l i n e  a g a i n s t  a  whi te  background. Nevin then reduced 

responding i n  t h e  second component of t h e  schedule  e i t h e r  by non- 

re inforcement  o r  by d i f f e r e n t i a l  re inforcement  of i t s  nonoccurance, 

t e c h n i c a l l y ,  a  d i f f e r e n t i a l  re inforcement  of o t h e r  behaviour  pro- 

cedure ( a  DRO schedule) .  Rate of re inforcement  i n  t h e  f i r s t  compo-* 

nent  and i n  t he  DRO remained cons t an t  throughout.  Behavioural  

c o n t r a s t  and i n h i b i t o r y  s t imu lus  c o n t r o l  a long  t h e  l i n e  o r i e n t a t i o n ,  
< 

dimension were ob t a ined  only  when respondtng was reduced by nonre- 

inforcement.  

Although i t  seems t h a t  t h e  reinforcement  r educ t ion  hypothes i s  

- i s  w e l l  supported by r e c e n t  r e s e a r c h ,  and t h e  response r educ t ipn  
r 

hypothes i s  only f eeb ly  s o ,  i t  remains t r u e  t h a t  p r e d i c t i o n  of 

magnitude of by-products ,o f  succes s ive  d i s c r i m i n a t i o n  l e a f n i n g  from 

a knowledge of d e g r e e  of re inforcement  r educ t ion  is  extremely 

p reca r ious .  To be s u r e ,  t h i s  might be due t o  l a r g e  i n d i v i d u a l  

d i f f e r e n c e s  i n  f r u s t r a t i o n  t o l e r a n c e  a s  Ter race  (19'72. 1973) has 



9 

sugges ted ,  bu t  l e s s  ambiguous exp lana t ions  a r e  pos s ib l e .  

The fo l lowing  hypotheses  a r e  proposed . r e g a r d i n i  t h e  determin-  

a n t s  of by-products of succes s ive  d i s c r i m i n a t i o n  l e a r n i n g  when S+ 

a n d , S -  a r e  from t h e  same s t imu lus  continuum: 

(1) Peak s h i f t  and behavioura l  c o n t r a s t  a r e ,  fo l lowing  
~ % 

Terrace ,  func t ions  of S- ave r s ivenes s  and covary w i t h  i t .  

A s  S-  ave r s ivenes s  wanes, s o  a l s o  does peak s h i f t  and 

behavioura l  c o n t r a s t  . 
(2) Also,  however, S- avers iveness  is  a f u n c t i o n  of 

" c o n f l i c t " ,  a t  S- ,  between gene ra l i zed  e x c i t a t o r y  and 

5 
i n h i b i t o r y  tendenc ies .  This  is due t o  the.  f a d t  t h a t  S- 

i s  i n i t i a l l y  l o c a l i z e d  somewhere along the  S+ pred iscr im-  

i n a t i o n  g e n e r a l i z a t i o n  ( i . e . ,  e x c i t a t o r y )  g r a d i e n t  be fo re  

i n i t i a t i o n  of d i s c r i m i n a t i o n  t r a i n i n g  and, t hus ,  develop- 

ment of t h e  decremental  o r  i n h i b i t o r y  g r a d i e n t  a t  S-. 

A s  a  f u n c t i o n  of t h e s e  opposing tendenc ies  a  c o n f l i c t i n g  o r  
2 

compet i t ive  s t a t e  of a f f a i r s  e x i s t s  a t  S- s h o r t l y  a f t e r  d i s c r i m i n r  5 
a 

d 

a t i o n  t r a i n i n g  begins .  It is suggested t h a t  S- ave r s ivenes s  is  

p ropor t i ona l  t o  t h e  he igh t  of t he  S- va lue  on t h e  S+ p r e - d i s c r i h n -  
I 

a t i o n  g e n e r a l i z a t i o n  g r a d i e n t .  I n  t he se  terms $-  ave r s  iveness  , and 

a s  a  consequence, peak s h i f t  and behavioura l  c o n t r a s t  a r e  func t ions  - 

of overlap.  between t h e  e x c i t a t o r y  g r a d i e n t  cen t e r ed  a t  S+ and t h e  

i n h i b i t o r y  g r a d i e n t  cen t e r ed  a t  S-. A s  t he se  g r a d i e n t s  s teepen  
/ ---- 
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dur ing  d i sc r imina t ion  t r a i n i n g ,  a s  they have been shown t o  do 

( ~ a r t h i n g  and Hea r s t ,  1968; Hearst  and Koresko, 1968),  g r a d i e n t  

over lap  diminishes and S- avers iveness  subs ides .  . Thus, i t  i s  

'Psuggested t h a t  by-products of success ive  d i s c r i m i n a t i o n  l e a r n i n g  

a r e  n o t  s imp ly - func t ions  of r educ t ion  of r a t e  o r  magnitude of 

reinforcement .  They a r e ,  i n s t e a d ,  func t ions  of re inforcement  

reduct ion  (and i n h i b i t i o n )  i n  t h e  presence of a  s t imu lus  w i t h  an 

i n i t i a l ,  s p e c i f i a b l e  e x c i t a t o r y  va lue .  The e f f e c t s  of reinforcement  
4 

I 
r educ t ion  surmnate w i th  t h a t  va lue  t o  genera te  by-products.  This  

s tudy  was conducted t o  a s s e s s  t h e  cogency o f  t h i s  hypothes is .  

Since an adequate  eva lua t ion  of t hese  hypotheses demands an  
P 

unconfounded assessment of va r ious  .combinations of two continuous 

v a r i a b l e s  ( i . e . ,  re inforcement  magnitude r educ t ibn  and s t imulus  

d i f f e r e n c e ) ,  an a p p r o p r i a t e  experimental  t a c t i c  is t h e  so -ca l l ed  

"randomized block design". fn such a  des ign  unconfwnded assessment 

of combinatiops of t he  two l e v e l s  of t he  two independent v a r i a b l e s  

can be obta ined  by blocking on t h e  two l e v e l s  of reinforcement  r e -  

duc t ion  magnitude and n e s t i n g  t h e  two l e v e l s  of S+/S- d i f f e r e n c e s  

w i t h i n  each block. Such a  des ign  is independent ly s e n s i t i v e  t o  each 
2 .  

of t he  p o s s i b l e  main e f f e c t s  arid t he  p o t e n t i a l  i n t e r a c t i o n s .  For 

t hese  reasons ,  

t o  i n v e s t i g a t e  

t h i s  des ign  (and a c o n t r o l  procedure) was employed 

the  above hypotheses.  



Sub jec ts : 

The S ' s  were 25 male and female white  k ing  pigeons reduced t o  - 
and maintained a t  75% of t h e i r  f r e e  feed ing  weight .  Body weight  was 

maintained a t  t h i s  l e v e l  throughout the  experiment by s e s s i o n a l  and . 

pos t s e s s i o n a l  feed ing .  I . WG 

Apparatus : 
. i 

The experiment was conducted i n  a  three-key . 
b ope ran t  cond i t i on ing  s t a t i o n  (model E1100PE). White n o i s e  was 

, p iped  i n t o  the  s t a t i o n  from a Grason-Stadler no i se  g e n e r a t e r  ,(model 

E829E) t o  mask ex t raneous  l a b o r a t o r y  sounds. The c e n t e r  key was 

t r ans i l l umina t ed  by a  Grason-Stadler  mu l t i p l e  s t imu lus  p r o j e c t o r  

(model 20378) equipped t o  p r o j e c t  a 1 inch long,  1 /16  inch  wide 

amber l i n e  i n  1 2  p o s s i b l e  o r i e n t a t i o n s  a g a i n s t  a  b lack  background. 

The twelve p o s s i b l e  o r i e n t a t i o n s  were a s  fol lows:  0  degrees  ( v e r t i -  

c a l ) ,  90 degrees  ( h o r i z o n t a l ) ,  and 15,  30, 45, 60, 75 degrees  l e f t  

and r i g h t .  These s t i m u l i  were i n i t i a l l y  ad jus t ed  a s  c l o s e l y  as  

p o s s i b l e  f o r  equa l  b r i g h t n e s s  and were checked f r e q u e n t l y  w i t h  a  

photometer t o  ensu re  they remained so.  During the  d i s c r i m i n a t i o n  

phase of t h e  experiment t h e  r i g h t  re'sponse key was o p e r a t i v e ,  i l l u -  

. minated by a  whi te  l i g h t ,  and programmed, i f  pecked, t o  produce a 

5 second timeout (T.O.) from p r e v a i l i n g  c e n t e r  key s t i m u l a t i o n .  It 

w,as covered and i n o p e r a t i v e  dur ing  a l l  o the r  phases .  The l e f t  key 
A 

was covered and inope ra t i ve  throughout t h e  experiment.  Var iab le -  

I 
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i n t e r v a l  (VI) reinforcement  was programmed by a  Grason-Stadler  

t (model 1079) c e l l u l o i d  tape  r eade r .  A f t e r  i n i k i a l  key peck t r a i n -  

7 ing ,  c e n t e r  key s t i m u l a t i o n  was programmed i n  blocks of one minute 
3 

d u r a t i o n  and sepa ra t ed  by a  f i v e  second i n t e r - $  t imulus i n t e r v a l  

dur ing  which the  exper imenta l  chamber was e n t i r e l y  dark .  

Procedure: 

Phase.1: 2 ' s  were randomly a s so r t ed  t o  four  groups c o n s i s t i n g  

a of d i f f e r e n t  combinations of s+/s- d i f f e r e n c e s  ( 0  and '30 degrees  
9 

r i g h t  or  0  and 60 degrees r i g h t )  and reinforcement  magnitude (2 .5 '  

o r  5 .0  secand hopper t ime) .  Thus, groups were des igna ted  r e s p e c t -  

i ve ly :  30-2.5, 60-2.5, 30-5.0, and 60-5.0. Five 2's were a l s o *  

ass igned  t o  a  c o n t r o l  group, des igna ted  "C", which w a s  i d e n t i c a l i  t o  

t he  60-5.0 experimental  group except  t h a t  pecks on t h e  r i g h t  key 

1 

e l imina ted  only i t s  own l i g h t  f o r  5  seconds. Responses on t h i s  key 

d id  not  produce t imeouts  frdm the  d i s c r  i d i h a t i v e  s t i m u l i .  2's were 

then,magazine t r a i n e d  and shaped t o  peck the  c e n t e r  key upon which 
LI 

an amber l i n e  i n  t he  v e r t i c a l  o r i e n t a t i o n  was p ro j ec t ed .  Following 

I , * 

key peck t r a i n i n g ,  responses were r e in fo rced  f o r  one s e s s i o n  each 
i 

on mul t ip l e  V I  15 s e c ,  V I  15 s e c  and 'mu l t ip l e  V I  30 s e c ,  V I  30 sec  

schedules  of reinforcement .  Thereaf te r  a l l  responses i n  t he  base- 
I 

, l i n e  phase were r e in fo rced  on a  mu l t ip l e  V I  60 s e c ,  V I J  60 i e c  
- 

PI 

schedule of re inforcement .  2 ' s  were t r a i n e d  on t h i s  schedule f o r  

15 consecut ive s e s s i o n s  i n  order  t o  o b t a i n  a  s t a b l e  measure of ' r i 

b a s e l i n e  response r a t e .  Base l ine  was determined bi ca l ' cu la t ing  
I 



mean r a t e  of response over the  l a s t  f i v e  se s s ions .  

Phase 2: The timeout key was uncovered and rendered o p e r a t i v e  

r' 

a n d S + w a s  i r r e g u l a r l y  a l t e r n a t e d w i t h a n s -  o r i e n t a t i o n o f  e i t h e r  . 
.k 

30 o r  60 degrees r i g h t .  The d u r a t i o n  of s t imulus  p r e s e n t a t i o n  was 

60  seconds. P re sen ta t ions  were separa ted  by a  f i v e  s%ccpnd i n t e r -  
" % 

s t imulus  i n t e r v a l  dur ing  which the  experimental  chamber'was e n t i r e l y  
B 

dark .  Responses i n  the  S+ cond i t i on  cont inued t o  be r e in fo roed  on 

a  v a r i a b l e -  i n t e r v a l  60 s e c  schedule of re inforcement ,  whi le  a l l  

responses i n  S- went unre inforced .  Response r a t e s  were monitor,ed 

a 
i n  t he  r e s p e c t i v e  d i s c r i m i n a t i v e  s t imulus  cond i t i ons .  Also, nurnbe= 

34. 

of t imeouts from the  r e s p e c t i v e  d i sc r imina t ive  s t i k l i  wag followed. 
% 

S ' s  were t r a i n e d  on the  d i s c r i m i n a t i o n  procedure u n t i l  response - 
r a t e  

r a t e  

i 

i n  t he  S- cond i t i on  had f a l l e n  t o  10% o r  lowe? of response , 
f <  

i n  S+. Con t r a s t  e f f e c t s  were deterrninbd by c a l c u l a t i n g  mean 

S+ response r a t e  over ,  a l l  d i s c r i m i n a t i o n  s e s s i o n s  t o  c r i t e r i o n  f o r  

each  s u b j e c t  and then s u b s t r a c t i n g  b a s e l i n e  e s t i m a t e  (phase 1 )  

from t h i s  va lue .  The d i f f e r e n c e  was then transformed i n t o  percen- 

t age  inc rease .  * 

Phase 3: The timeout key w a s  rendered inope ra t ive  and a  pos t -  

d i sc r imina t ion  g e n e r a l i z a t i o n  t e s t ,  c o n s i s t i n g  of 12 cyc le s  of 9 

randomly sequenced l i n e  o r i en t ' a t i ons ,  was administered t o  a l l  ~ " s .  - 
The o r i e n t a t i o n s  were 0  dekrees ( & t i c a l )  and 15, 30, 45, 75 degrees 

l e f t  and r i g h t .  During t h e  t e s t ,  s t imulus  du ra t ion  was reduce4 from 



60 t o  30 seconds.  A l l  t e s t  responses  went un re in fo rced .  Response 

r a t e  i n  t h e  presence  o f - a l l  s t imu lus  va lues  was moni tored .<  



RESULTS 

For reasons no t  e n t i r e l y  c l e a r ,  peak s h i f t  was n o t  ob ta ined  

( see  Guttman, 1965).  However, s u b s t a n t i a l  g r a d i e n t  s h i f e s  were 

obta ined .  "Gradient " s h i f t "  r e f e r s  t o  t h e  r e a l l o c a t  ion of genera- 

l i z a t i o n  t e s t  responses from symet r i ca l  t o  nonsymetr ical  d i s  t r i b u -  

t i o n  around S+ a s  a  fuqc t ion  of d i sc r imina t ion  t r a i n i n g .  ( I t  should 

be noted he re  t h a t  B u t t e r  (1963) has  shown t h a t  p re -d i sc r imina t ion  ' 

g e n e r a l i z a t i o n  g r a d i e n t s  a long t h e - o r i e n t a t i o n  of a  co loured  l i n e  

a r e  e s s e n t i a l l y  syme t r i ca l . )  The r e l a t i v e  magnitudes of g r a d i e n t  

s h i f t  were: group 60-2.5, 2.2%; group 30-2.5, 5.3%; group 60-5.0, 

11 . 37. 0 )  and group 30-5.0, 20.2%. I n  a l l  cases  g r a d i e n t  s h i f t  was 

t o  t h e  l e f t ,  i . e . ,  i n  a  d i r e c t i o n  oppos i te  S-.  Af t e r  a r c s i n  t r ans -  

formation,  an a n a l y s i s  of vapiance revea led  t h a t  t hose  groups 
d 

d i f f e r i n g  only i n  magnitude of reinforcement  r educ t ion  i n  S- d i f f -  - 
ered s ign i f i can t l ' y  i n  degree of g r a d i e n t  s h i f t  ( ~ ( 1 / 1 6 )  = 21.0, 

p <.001).  Those groups d i f f e r i n g  only i n  degree of s+/s- s e p a r a t i o n  

were a l s o  s i g n i f i c a n t l y  d i f f e r e n t  (~ (1116)  = 5.69, E < .O5) .. An 
' 

t 
a n a l y s i s  of reinforcement  magnitude r educ t ion  x s t imulus  d i f f e r e n c e  

revea led  no s t a t i s t i c a l l y  s ' i gn i f i can t  d i f f e r e n c e s .  . 

~ e h a v i o u r a l  c o n t r a s t  e k f e c t s  were obtained , i n  a l l  groups and 

a r e  a s  fol lows:  group 60-2.5, 27.0%; group 30-2.5, 42.0%; group 
- 

60-5'.0, - 54.1%; and group 30-5.0, 101.6%. An a n a l y s i s  of v a r i a n c e  
' 

revea led  t h a t  those  groups d i f f e r i n g  only i n  magnitude of r e i n f o r c e -  
7 

I 



ment r educ t ion  d i f f e r e d  s i g n i f i c a n t l y  i n  e x t e n t  of behavioura l  

c o n t r a s t  e f f e c t  ( ~ ( 1 1 1 6 )  - = 10.1, E< .01).  Those groups d i f f e r i n g  @ 

only  i n  degree of s+/s- s e p a r a t i o n  were a l s o  s i g n i f i c a n t l y  d i f f -  

e r e n t  ( ~ ( 1 1 1 6 )  = 5.25, p <.05) .  An a n a l y s i s  of  re inforcement  mag- 

p i t u d e  r educ t ion  x s t imu lus  d i f f e r e n c e  d i s c l o s e d  no s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e .  

. a  

~s operat ional1.y de f ined  i n  t h ~ i n t r o d u c t  ion ,  s u b s t a n t i a l  S- 

avers iveness  e f f e c t s  were ob ta ined  i n  a l l  groups and are, i n  terms 

of mean number of t imeouts  from S- per d i s c r i m i n a t i o n  s e s s i o n :  

group 60-2.5, 29.3; group 30-2.5, 48.1; group 60-5.0, 69.3; and 

group 30-5.0, 86.2.  An a n a l y s i s  of va r i ance  d i s c l o s e d  t h a t  those  

* groups d i f f e r i n g  only  i n  magnitude of re inforcement  r e d u c t i o n  

d i f f e r e d  s i g n i f i c a n t l y  i n  number of  tirneouts from S- ( ~ ( 1 1 1 6 )  = - 
100.83, z<.OOl). Those groups d i f f e r i n g  only  i n  degree  of s+/s- 

s e p a r a t i o n  were a l s o  found t o  be s i g n i f i c a n t l y  d i f f e r e n t  (F(1116) - = 

21.62, ~ < . 0 0 1 ) .  Reinforcement q g n i t u d e  r educ t ion  x s t imu lus  

d i f f e r e n c e  was found t o  be s t a t i s t i c a l l y  i n s i g n i f i c a n t .  Timeouts -a 

from S+were ,  i n  every group, n e g l i g i b l e  ( i . e . ,  approaching ze ro ) .  

Hence no a n a l y s i s  was r equ i r ed .  

A r - t e s t  was done between mean t imeouts  i n  group 60-5.0 and 

a c o n t r o l  group i d e n t i c a l  t o  60-5.0 except  t h a t  no cont ingency . 
e x i s t e d  between pecks on t h e  second key and t imeouts  from t h e  

d i s c r i m i n a t i v e  s t i m u l i  (group "C") . Mean s e s s i o n a l  t imeouts  f o r  
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t h e  former group 69.3, and mean number .of pecks on t h e  "second key" 

f o r  t h e  l a t t e r  group was 2.1 (range: from 2.6 t o  3.2). The com- 

pa r i son  between t h e s e  g r w p s  was s i g n i f i c a n t  s u b s t a n t i a l l y  beyond 
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DISCUSSION 

With the  except ion  of peak s h i f t ,  the  r e s u l t s  suppor t  t he  hypo- 

t h e s i s  advanced' i n  t he  in t roduc t ion .  With regard  t o  t he  f a i l u r e  t o  

ob ta in  peak s h i f t ,  i t  should be 'no ted  t h a t  peak s h i f t  was o r i g i n a l l y  

obta ined  along the  wavelength continuum (Hanson, 1959).  Subsequent - 
r e s e a r c h  in  which peak s h i f t  has been convincingly demonstrated has ,  

by and l a r g e ,  employed wavelength. In  t h i s  v i e n ,  Guttman (1965) 

has argued t h a t  peak s h i f t  e f f e c t s  may be r e s t r i c t e d  s o l e l y  t o  t he  

wavelength continuum. Although s i n c e  then a t  l e a s t  one r e sea rche r  

has obta ined  a  peak s h i f t  along t h e L  l i n e  o r i e n t a t i o n  dimension 

(Bloomfield, 1967),  s e v e r a l  o t h e r s  have f a i l e d  t o  do so  (Guttman, 

1965; Hea r s t ,  1968, 1969). A poss ib l e  explana t ion  of t hese  r a t h e r  

d i v e r s e  f i nd ings  i s  t h a t  peak s h i f t  i s  only a  s p e c i a l  ca se  of a  

6' 
more genera l  phenomenon. This  view i s  c o n s i s t e n t  w i t h  Te r race ' s  

(1966) sugges t ion  t h a t  g r a d i e n t  o r  "area" s h i f t  ". . .may' prove t o  be 

more s e n s i t i v e  than the location-of the  peak a s  a  measure of t he  

e f f e c t s  of d i s c r i m i n a t i o n  t r a i n i n g . "  I* suppor t  of h i s  argument, ' 

Terrace pointed out  t h a t  no t  a l l  2 ' s  t r a ined  t o  d i sc r imina te  

succes s ive ly  between two s i m i l a r  wavelength s t i m u l i  produce a  peak 

s h i f t  i n  the pos t -d iscr imina t ion  g e n e r a l i z a t i o n  g r a d i e n t  bu t  t h a t  

a l l  produce some degree of g r a d i e n t  s h i f t .  

The idea  t h a t  S-  avers iveness  o r i g i n a t e s  from c o n f l i c t  s e t  up 
1 

by i n t e r a c t i n g  o r  over lapping  e x c i t a t o r y  and i n h i b i t o r y  g r a d i e n t s  - 

d i f f e r s  from T e r r a c e ' s  theory i n  t h a t  S- ' * b e r s i v e n e s s  r e s u l t s  f ro? 
2 



development of i n h i b i t i o n  (and- thus., opposing response tendencies  

J 
and con•’ l i c t )  a t  S- . Terrace  has taken the  oppos i t e  view, namely, 

7 
t h a t  i n h i b i t i o n  a t  S-  i s  a  func t ion  of S- avers iveness .  S ince  

T 

Terrace argues t h a t  peak s h i f t  i s  caused by S; ave r s iveness ,  i t  i s  - 
I 

d i f f i c u l t  f o r  him t o  account f o r  r e p o r t s  of peak s h i f t  ob ta ined  

wi th in  the  con tex t  of ave r s ive  +condi t ion ing  procedures ( S i e g e l ,  

1967; Cowan, 1968).  I n  t h i s  type of s tudy t h e  peak of t h e  pos t -  

d i sc r imina t ion  g e n e r a l i a t i o n  g rad ien t  i s  s h i f t e d  away from'an S- 

which i s  c o r r e l a t e d  w i t h  t h e  nonaversive condi t ion .  S+ i s  t he  

"t, 
ave r s ive  s t imulus .  Because i n t e r a c t i n g  e x c i t a t o r y  and i n h i b i t o r y  

B 

g r a d i e n t s  a r e  p re sen t  i n  d i s c r i m i n a t i v e ,  avers  i ve  cond i t i on ing  

49 procedures (Desider , t o  1967),  r e p o r t s  of peak s h i f t  e f f e c t s  a r e  

r e a d i l y  exp l i cab le  i n  terms of t he  p re sen t  model. 

The present  model a l s o  has impl ica t ions  f o r  s e v e r a l  cont rover -  

s i e s  i n  the a r e a  of d i sc r imina t ion  l ea rn ing  which, i n  l a r g e  p a r t ,  

revolve  around the  Hull-Spence theory of d i s c r i m i n a t i o n  l ea rn ing .  

That theory expla ined  d i sc r imina t ion  l ea rn ing  i n  terms of the  sum- 

mation of s e p a r a t e  g e n e r a l i z a t i o n  g rad ien t s  c e n t e r i n g ,  r e s p e c t i v e l y ,  

a t  S+ and S - ,  and p red ic t ed  a  decrease  i n  response strengtih ifi S+ 

as a  func t ion  of d i s c r i m i n a t i o n  t r a i n i n g .  What i s  u sua l ly  obta ined ,  

however, is an inc rease  i n  S+ response s t r e n g t h  ( i . e . ,  behavioura l  

c o n t r a s t ) .  I n  terms, of t h e  p re sen t  model Hull-Spence d i s c r i m i n a t i o n  

theory f a i l e d  t o  take  i n t o  cons ide ra t ion  the  t r a n s i t o r y  emotional 
i 

rarnif i c a t i o n s  of con•’ l i c t  , or  opposing response tendencies ,  s e t  <p 



ir' 

9 

by g m d i e n t  i n t e r a c t i o n .  

It i s  commonly be l ieved  t h a t  Hull-Spence d i s c r i m i n a t i o n  theory 

cannot account f o r  peak s h i f t .  For example, as r e c e n t l y  a s  1973 

P u r t l e ,  i n  a  review of the  peak s h i f t  l i t e r a t u r e ,  has  s t a t e d  t h a t  

"Spence's (4937) theory of independenLly generated g r a d i e n t s  of 

- e x c i t a t i o n  and i n h i b i t i o n  could n o t  account f o r  peak s h i f t  s i n c e  

peak s h i f t  could no t  be descr ibed  a s  the  summation of t h e  process  

of simple e x c i t a t i o n  and i n h i b i t i o n . "  ( P u r t l e ,  1973). (Also, s e e  

Herbert  and Krantz ,  1965; Honig, Thomas and Guttman, 1959.) 

Regardless of whether t h i s  po&nt i s  s t r i c t l y  t r u e  o r  n o t ,  the  

9 5 '  1 presen t  account sugges t s  t h a t  i t  is  t necessary  f o r  t h e  "simple" (A- 

- 
grad ien t s  of i n h i b i t i o n  and e x c i t a t i o n ,  a s  such,  t o  summate i n t o  a  

t "peak s h i f t e d "  pos t -d i sc r imina t ion  g e n e r a l i z a t i o n  g r a d i e n t .  From 

the  po in t  of view of the  p re sen t  theory ,  peak s h i f t ,  and f o r  t h a t  

matter  behavioural  c o n t r a s t ,  a r e  accounted f o r  i n  terms of a  t h i r d  

t r a n s i t o r y  "avers iveness"  g r a d i e n t  emerging o u t  of t h e  i n t e r a c t  ion 

or  over lap  of t he  simple e x c i t a t o r y  and i n h i b i t o r y  g r a d i e n t s .  When, 
I 

a s  a  func t ion  of extended succes s ive  d i sc r imina t ion  t r a i n i n g ,  t hese  ' 
i I 

simple g r a d i e n t s  s t eepen  (Fa r th ing  and Hears t ,  1968; Hears t  and 

.Koresko, 1968),  g r a d i e n t  i n t e r a c t i o n  ceases  and S- ave r s iveness ,  

peak s h i f t  and behaviodral  c o n t r a s t  d i sappear  (Ter race ,  1966b). It 

is  of some i n t e r e s t  t o  A t e  t h a t  t he  hypothesized emergent g r a d i e n t  - 

C 

may o r  may no t  peak a t  S-. For example, i t  might peak halfway 

between SS and S-. Fu r the r  r e sea rch  i s  r equ i r ed  t o  determine the  



p r e c i s e  shape and l o c a t i o n  of t h i s  g rad ien t .  8  
- 

7 

A s  Hearst  (1969) has r e c e n t l y  pointed o u t ,  T e r r a c e ' s  (1963) 
- 

C 

demonstrat ion of e r r o r l e s s  d i sc r imina t ion  l ea rn ing  i s  o f t e n  con- 

s i d e r e d  "embarassing" f o r  t r a d i t i o n a l  ( i . e  . , Hull-Spence) d iscr im-  

i n a t i o n  l ea rn ing  theory.  Terrace has shown t h a t  2's who have 

learned  t o  d i s c r i m i n a t e  two orthogonal  s t i m u l i  wi thout  e r r o r s  

produce a  f l a t  g e n e r a l i z a t i o n  g r a d i e n t  when t e s t e d  a long  the  S- 

dimension (Ter race ,  1966b). 2's t r a i n e d  i n  t h i s  f a s h i o n  a l s o  f a i l  
0 

t o  evidence peak s h i f t  and behavioural  c o n t r a s t .  Because Terrace 

regards  d f l a t  g r a d i e n t  a s  evidence of lack  of i n h i b i t o r y  c o n t r o l ,  

9- a gradient" i n t e r a c t i o n  i n t e r p r e t a t i o n  i s ,  i h  h i s  view, precluded.  

S ince  Te r race ' s  studyyi however, s e v e r a l  o the r  r e s e a r c h e r s  have 

obta ined  r e l a t i v e t y  s t e e p  i n h i b i t o r y  g r a d i e n t s  a t  S- a f t e r  e r r o r -  

l e s s  d i s c r i m i n a t i o n  l e a r n i n g  (Biederman, 1968; Johnson and Anderson, 

1970; Johnson, 1971). I r r e s p e c t i v e  of t h i s  d i screpancy  i n  exper i -  

mental f i n d i n g s ,  t he  p re sen t  account would p r e d i c t  t h a t  any proce- 

* 

dure  w h i c h e n e r a t e s  a r e l a t i v e l y  low, f l a t  g r a d i e n t  a t  S- (eg. ,  
1 

Ter race ,  1963a) w i l l  produce only minimal c o n f l i c t .  Moreover, any ' 

d i sc r imina t ion  procedure which prec ludes  s i g n i f i c a n t  g r a d i e n t  i n t e r -  
P 

a c t i o n  ( f o r  example, a  f ad ing  procedure) w i l l  preclude c o n f l i c t  and 

thus  S- ave r s iveness ,  peak s h i f t  and behavioural  c o n t r a s t .  

Perhaps one of t he  more d i f f i c u l t  ques t ions  asked of an a n a l y s i s  

of the  present  type  r e l a t e s  t o  t he  concept ,  and t h e  na tu re  o f ,  i nh i -  



b i t i o n .  Although i t  'has  no t  been the  purpose of t he  p re sen t  s tudy  
Q 

t o  experimentaI ly c l a r i f y  the  no t ion  of inhib-it ion, a  few comments 
/ 

a r e  i n  o rde r .  Following Pavlov, a  number of p$ychologis t s  (arid i n  * 

p a r t i c u l a r  Spence, 1937, and Hul l ,  1952) regarded condi t ioned  inh i -  

b i t i o n  a s  a  p r i n c i p l e  f a c t o r  i n  t he  r educ t ion  of condi t ioned  

response s t r e n g t h .  Although t h e  l a t t e r  f o r m u l a t i m s  (and p a r t i -  

c u l a r l y   pence's formula t ion)  were e s s e n ~ T a l l y  nonphys io logica l ,  

'I 
they have s u f f e r e d  many .of t h e  c r i t i c i s m s  of Pavlov ' s 'vague  and- 

10  
o v ~ r s p e c u l a t i v e  "physiologizing". s k i n n e r ' s  (1938) c r i t i c i s m s  of 

t'he concept of i n h i b i t i o n  has had a  p a r t i c u l a r l y  dramat ic  eGfect on 

the  Zrea of d i s c r i m i n a t i o n  l ea rn ing .  Skinner argued t h a t  t h e  'con- 
k 

f 
c e p t  o•’ i n h i b i t i o n  w a s  unnecessary a n d  unpars imonious, and th'at most 

I \ 

experimental  observa t ions  t o  which the  concept is  app l l ed  cae  be 

r e a d i l y  accounted f o r  i n  terms of reduct ion  of e x c i t a t i o n .  Skinner 

a l s o  argued t h a t  t h e r e  was v i r t u a l l y  no empi r i ca l  evidence f o r  t h e  

e x i s t e n c e  of.  a s e p a r a t e  i n h i b i t o r y  process .  Although Sk inne r ' s  ' 

, ,  , 

a n a l y s i s  may have been v a l i d  a t  t h a t  time, r e s e a r c h  s ince-  then has ,  
9 

t o  quote  Ter race ,  " . . . l e f t  l i t t l e  doubt t h a t  condi t ioned  i n h i b i t i o n  
t .  

2 can be measJred and t h a t  i t  is a  u se fu l  concept i n  desc r ib ing  the  

f o r m a t i ~ n  of a d iscr imina t ion ' '  (Terrace,  1973; a l s o ,  s e e  Honig, 

Boneau, Burs t e i n  and Pennypacker, 1963 ; ~ e n k i n s  , 1965 ; Brown and 

Jenk ins ,  1967; Hears t ,  1968, 1969, 1973; Rescorla ,  1969; Hea r s t ,  

Besf ey and FarthFng, 1970). 
*> 

I n  Hea r s t ' s  (1968; 1969) s t u d i e s  g's rece ived  e i t h e r  e x c i t a t o r y ,  



i 4 h i b i t o r y ,  o r  e x c i t a t o r y  and i n h i b i t o r y  t r a i n i n g  a long  t h e  l i n e  

o r i e n t a t i o n  dimension. I n  t h e  former two cases ,  t r a i n i n g  cons i s t ed  1 

of reinforcement  of responses t o  a b lack  ve r , t i ca l  l i n e  a g a i n s t  a 

whi te  background and nonreinforcement of responses t o  a blank whi te  

key, o r  reinforcement  of responses t o  t he  blank whibe key and non- 

reinforcement  of responses t o  a b lack  l i n e  oq ien ted .30  degrees 

r i g h t .  Gene ra l i za t ion  t e s t s  were then administered -along t h e  l i n e  
d < 

o r i e n t a t i o n  dimension f o r  bo th  groups. S's i n  g$oup t h r e e  rece ived  

food-reinfbqcement f o r  responses i n  t h e  presence of t h e  v e r t i c a l  . 

l i n e ,  b u t  nonreinforcement f o r  responses i n  t h e  presCnce of $he l i n e  

ti1 ted 30 degrees r i g h t  . A g e n e r a l i z a t i o n  t e s t  was then adminis te redd  
* ,  

Thus, un l ike  gr8ups one and two, group th ree  2's rece ived  both ex- 

c i t a t o r y  = i n h i b i t o r y  t r a i n i n g  alohg the  l i n e  o r i e n t a t i o n  dimen- 
: r . 

sion,. 2 ' s  i n  groups one and two were then given quccess ive  
E 

9 * 

i h a t i o n  t r a i n i n g  on the  in t rad imens ional  t a sk  group t h i e e  ... 
> I 

t i a l l y  mastered. That i s ,  responses were r e in fo rced  i n  t he  presence 
h i " 

of :a ~ 3 i n e  o r i e n t e d  90, 60 o r  36 degrees r i g h t .  2:s then rece ived  
0. 

a second g e n e r a l i z a t i o n  t e s t .  E x c i t a t o r y  and i n h i b i t o r y  g r a d i e n t s  

a 
obta ined  i n  phase one (groups one and two) of the-exper iment  were , - 
then a l g e b r a i c a l l y  summated t o  produce q u a n t i t a t i v e  p r e d i c t i o n  of L 

0 t h e  form of a c t u a l  pos t -d i sc r imina t ion  g rad ien t s  ob ta ined  i n  phase 
. 

two, In H e a r s t ' s  words, -"The good agreement between obta ined  and 

p r e d i ~ t t e d  g r a d i e n t s  provide suppor t  f o r  g r a d i e n t - i n t e r a c t i o n  theory."  
, 

(Hears t ,  1968). 
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I n  t he  Brown and Jenkins  (1967) s tudy ,  pigeons were t r a i n e d  06 

a red-green d i s c r i ~ i n a t i o n .  When both halves o f L a  s p l i f  key were 
c 

green ,  pecks t o  t h e  l e f t  s i d e  of t he  key were re inforced; '  when 
L. 

.w 

both ha lves  were r e d ,  pecks t o  ' t he  r i g h t  were r e in fo rced .  I n  phase 
6 

two, a d i sc r imina t ion  was t r a i n e d  between the  presence (S-) and the  
L 

absence (S+) of a t  tone.  I n  phase t h r e e ,  the o r i g i n a l  red-green 

d i sc r imina t ion  was checked t o  determine i f  it  was s t i l l  i n t a c t .  . 
\ 

Then the  i n h i b i t o r y  f u n c t i o n d f  t h e , t o n e  was t e s t e d  by determining . 
1 

t o  what degree i t s  presence reduced responding t o  t he  l e f t  s i d e  o f ,  

t 

t he  response key when both ha lves  of t he  key were green.  This  
i 

por t ion  of phase t h r e e  w a s  conducted i n  e x t i n c t i o n .  The r e s u l t s  
t .  

c l e a r l y  demonstrated t h a t  t h e  presence of t he  tone d rama t i ca l ly  

reduced r a t e  of response t o  the  l e f t  s i d e  of t h e  green  response key. 

D i f f e r e n t i a l  c o n t r o l  by r ed  and green over r i g h t  and l e f t  responding 
F - \ 

was majntained i n  t he  absence of t he  tone. To c o n t r o l  f o r  p o s s i b l e  7 

"gene ra l i za t ion  decrement", responding t o  green  i n  t he  presence of 

' t h e  tone was monitored i n  a group of pigeons which had n o t  prev i -  k 

ously e w e r i e n c e d  the  tone.  Rate of response wag unaf fec ted  by t h e  
1 

t o n e  id  t h i s  group. It  was concluded t h a t  t he  tone had becgme a 

condi t ioned  i n h i b i t o r  f o r  experimental  s's (Brown and Jenk ins ,  1967). 
> 9 

Although t h e  v i a b i l i t y  of t he  concept of i n h i b i t i o n  has been 
- - 5 1  

w e l l  supported by r-ecent r e sea rch ,  the  exac t  o r i g i n s  or  determinants  

of i n h i b i t i o n  a r e  no t  p r e s e n t l y  c l e a r l y  understood. The Hull-Spence 
1 

content  ion t h a t  i n h i b i t  ion  accrues  a s  a func t ion  of nonreinforcement 



o r  e x t i n c f  ion may o r  may no t  be true." With regard  t o  t h e  ques t ion  L 
of t he  o r i g i n s  

suppor t ing  h i s  

and i n h i b i t o r y  - 
t o  Hull-Spence 

and i n h i b i t i o n  

c a l l y ,  Catania  

of i k h i b i t i o n ,  Catan ia  (1 973) has  pub1 i shed  d a t a  

con ten t ion  t h a t  re inforcement  has both  e x c i t a t o r y  

.r e f f e c t s  on behaviour.. Ca tan ia ' s  view runs  counter  

theory  which i d e n t i f i e s  e x c i t a t i o n  w i t h  r e i n f o r c e a e n t  

w i t h  e x t i n c t i o n  (Spence, 1937; Hull ,  19.52). Specif  i- 

concluded t h a t  " . . . the r a t e  of a  reinforces response 

is a j o i n t  f u n c t i o n  of ( I )  an e x c i t a t o r y  e f f e c t  of t he  re$nforceqs 

produced by t h a t  c l a s s  of responses ,  and (2) an i n h i b i t o r y  e f f e c t  

of t h e  t o t a l  r e i n f o r c e r s  produced by t h a t  c l a s s  and by o t h e r  c l a s s e s  
? 

4 

of responses" (Catania ,  1973). C a t a n i a ' s  formula t ion  may prove t o  

be a  t h e o r e t i c a l l y  more promising way t o  account f o r  t h e  o r i g i n s  of 

i n h i b i t i o n  than more s t anda rd  formula t ions .  

2 

The p re sen t  model accouAts f o r  behavioural  c o n t r a s t  i n  tkrms of 

c o n f l i c t  and S -  avers iveness  r e s u l t i n g  from ove r l ap  of e x c i t a t o r y  

an& i n h i b i t o r y  g r a d i e n t s .  The magnitude of behavibura l  c o n t r a s t  i s  

seen t o  be a  func t ion  of degree of g rad ien t  ove r l ap ,  as shown i n  
D 

i I -  

t h e  p re sen t  s tudy .  Although t h e  p a r t i c u l a r  f e a t u r e  of c o n f l i c t  and 

S-  avers iveness  r e spons ib l e  f o r  c o n t r a s t  is n o t  p r e s e n t l y  known w i t h  

any c e r t a i n t y ,  it is  suggested here  t h a t  it  might be d i f f u s e  a c t i v a -  
P 

t i o n  o r  a r o u s a l  (c f  Duffy, 1941, 1957). This view is c o n s i s t e n t  

wi th  Sk inne r ' s  (1938) r e p o r t  of increaqed r a t e  of responge i n  rats . 

a s  a  s o l e  func t ion  of dose l e v e l  of an inges ted  s t tmu lan t .  



The p re sen t  vi,ew d i f f e r s  from a  more popular theory  of beha- 

v i o u r a l  c o n t r a s t  r e c e n t l y  descr ibed  by Nevin (1973) which accounts 
I 

f o r  behavioural  c o n t r a s t  i n  terms of "pas t - i n h i b i t o r $  rebound" o r  

Qpos i t i v e  induct  ion", terms borrowed from r e f l e x  phys iol'ogy. As 
4 

$ 

an example, Nevin ana logizes  fr?m the  mark-time r e f l e x ,  a  response  
C 

ex tens ive ly  s tud ied  by Sher r ington  (1906). s h e r r i n g t o n t s  prepara-  
I 

t i o n  involved seve r ing  t h e  s p i n a l  cord of a .dog  and, suspending t h e  
3 

an ima l ' s  hind l e g s  s o  t h a t  they hung unsupported, caus ing  them t o  P 

3 

0 swing back and f o r t h .  I f  t h e  dog 's  t a i l  i s  s t imu la t ed  under t hese  
7 

experimental  cond i t i ons ,  t h e s e  movements cease .  This  is  an in s t ance  
1 

of i n h i b i t i o n .  I f  t a i l  s t i m u l a t i o n  is  terminated the  mark-time 

r e f l e x  r e t u r n s  a t  a  g r e a t e r  r a t e  and amplitude than  before .  This 
c- 

i s  whaf i s  known a s  p o s t - i n h i b i t o r y  rebound. Nevin sugges ts  t h a t  s 
something l i k e  t h i s  u n d e r l i e s  behavioural  c o n t r a s t  . That i s ,  (1) 

i n h i b i t i o n  a c c r u e 4  a t  S- dur ing  d i sc r imina t ion  t r a i n i n g ,  and (2)  t h e  ' 

t r a n s i t i o n  from S- t o  S+ comprises t he  ope ra t ion  f o r  ' p o s t - i n h i b i t o r y  
' 

rebound, and t h e r e f o r e ,  increased  r a t e  of response i n  S f .  A s  Nevin 
P 

has remarked, however, ". , . i t  i s  no t  a t  a l l  c l e a r  t h a t  t h e  r educ t ion  

i n  t h e  r a t e  of an operant  by changing a s t imulus  from S+ t o  S- is 
k+ 

tlie same s o r t  of ope ra t ion  a s  adding an i n h i b i t o r y  s t imulus  whi le  
3 

an e l i c i t i n g  s t imulus  is still' a c t i n g * .  . , I t  (Nevin, 1973). Moreover, ,. - 
t h i s  account cannot e a s i l y  e x p l a i n   erra ace 's (1  963) f i n d i n g  t h a t  

1 

e r r o r l e s s  d i s c r i  i n a t i o n  t r a i n i n g ,  precludes behavioura l  c o n t r a s t  7 
I un le s s  i t  pos g t s  t h a t  "some th ing"  about e r r o x l e s s  procedure eircum- 



ven t s  i n h i b i t o r y  e f f e c t s .  Since t h e r e  i$ no unambiguous d'emonstra- 

t i o n  of t h i s  p o s s i b i l i t y  ( ~ e u t s c h ,  1967; Biederman, 1967) t h i s  c l a im  

seems somewhat i n s u b s t a n t i a l .  I t  a l s o  has d i f f i c u l t y  accounting c 
k i. 

I 

f o r  t he  t r a n s i t o r y  na tu re  of behavioural  Gont ras t  (Ter race ,  1966e). -. 

Whatever t he  case ,  a  g r e a t  d e a l  more r e sea rch  i s  r equ i r ed  before  a  

d e c i s i o n  can be made a s  t o  which moael most e f f e c t i v e l y  accounts  f o r  i. 

\ - 
c b n t r a s t  and o t h e r  by-products of k c c e s s i v e  d i s c r i m i n a t i o n  t r a i n i n g .  

+ .  
1 ' 

A f i n a l  no te  is appropr i a t e  wibh. r e s p e c t  t o  peak and *g rad ien t  

s h i f t  and t h e i r  r e l a t i o n s h i p  t o  t he  p re sen t  da t a .  It is  of some 

i n t e r e s t  t o  no te  t h a t ,  i f  peak s h i f t  can 

case' of dev ia t ion  of t - d i s c r  iminht ion 
, 

be regarded a s  

g e n e r a l i z a t i o n  
I 

a  s p e c i a l  

response a 

a l l o c a t i o n  from 8raded t o  nongraded d i s t r i b u t i o n  of responses around 

S+, a  s o r t  of "peak 5 h i f t "  was obta ined  he re in .  Gradien ts  30-s.5 

and 30-5.0 both evidenced s u b s t a n t i a l  "nongradedness" i n  t h e  30',and 
Q '  

k +  
45 degree l e f t  (+) por t ions  of t he  g r a d i e n t  ( s ee  F igs .  2 and 4 ) . .  

This  tendency was no t  c l e a r l y  evidenced i n  groups 60-2.5 and 60-5.0. 

It i s  cance ivable  t h a t  an S+/S- s e p a r a t i o n  of 45 degrees would have 

produced the  "nongraded" post-discrimination,generalization phenomena 

known as  Upeak s h i f t "  ( f o r  example, an e l e v a t i o n  of t e s t  r e s p m s e s  -, - 
+ .  

a t  15 degrees l e f t  (t-) above those  a t  S + ) .  I f  t h i s  reasoning  holds ,  
P 

whether o r  no t  p & a ~  s h i f t  is obta ined  is  s t r i c t l y  a  func t ion  of t h e  
- - 

e a r  f i c u l a r  d r i v e  level, '  re inforcement  magnitude , and s+/s- e x c i t a t o r y  
*, \ 

d i f f e r e n c e  employed i n  the  experimental  procedure. 



FOOTNOTES 

1. I n  a  more s p e c i f i c  s ense ,  "peak s h i f t "  r e f e r s  a s  w e l l  t o  a  
displacement  of t he  S- p o s t 4 i s c r i m i n a t i o n  g e n e r a l i z a t i o n  
g r a d i e n t  away from S-' i n  a  d i r e c t i o n  oppos i t e  S+ (Guttman, 1965). 

-, * 

2. Th i s ,  more p r e c i s e l y ,  is  pos i . t ive  behavioura l  c o n t r a s t .  
Gene r i ca l l y ,  behavioural '  c o n t r a s t  i s  de f ined  a s  a  change of 
r a t e  i n  one una l t e r ed  re inforcement  skhedule  i n  a d i r e q t i o n  
oppos i t e  t o  a  change i n  r a t e  i n  another  a l t e r e d  schedule .  

. C o n t r a s t  is  p o s i t i v e  i f  t he  r a t e  i nc reases  i n  t h e  u n a l t e r e d  
schedule  and nega t ive  i f  t he  r a t e  dec reases .  

3.  Ter race ' s  " e r ro r l e s s - f ad ing"  procedure d i f f e r s  from t h e  s t anda rd  
procedure i n  a  number of important  ways. F i r s t ,  s i n s t ead  of 
in t roduc ing  S- af ter ex t ens ive  "S+ only" t r a i n i n g ,  S- ' is i n t r o -  
duced i n t o  t h e  t r a i n i n g  procedure immedia.tely a f t e r  t h e  S+ key 

, peck has been-condi t ioned .  Second, t h e  d u r a t i o n  of S- i s  
extremely b r i e f  ( i .e . , /  one second) r e l a t i v e  t o  t h e  d u r a t i o n  of 
S+. ! C h i d ,  t h e  i n t e n s i t y  of S- is  $,o low a s  t o  be  unde t ec t ab l e  
by a  hummiobserve??. The d u r a t i o n  of t h e  low i n t e n s i t y  S- is .  
then g radua l ly  i nc reased  over succeso ive  S- p r e s e n t a t  ions  u n t i l  
i t s  d u r a t i o n  equa l s  S+ d u r a t i o n .  I n  t h e ' n e x t  phase,  S- d u r a t i o n  
is reduced t o  one second and he ld  a t  t h a t  va lue  wh i l e  t h e  i n t en -  
s i t y  of S- i s  g radua l ly  increased  u n t i l  it i s  equa l  t o  S+ in t en -  
s i t y .  F i n a l l y ,  t h e  d u r a t i o n  of t h e  f u l l y  i n t e n s e  S- is  g radua l ly  
increased  u n t i l  i t  equa l s  S+ du ra t i on .  Unlike t h e  s t anda rd  prQ- 
cedure ,  t he  "Terrace technique" r e s u l t s  i n  few i f  any S- responses  
( i  .e. ,  "errors")  dur ing  succes s ive  d i s c r i m i n a t  ion t r a i n i n g .  

4. Ter race ,  however, c la ims  t h a t  re inforcement  r a t e  i n  t h e  D R .  
component was n o t  lowered a t  any time. I n  t he  absense of a  
c a r e f u l  shaping  procedure t he  p re sen t  author '  i o  a t  a  l o s s  t o  
exp la in  how t h i s  might be accomplished. It should a l s o  be 
noted t h a t  Bloomfield (1969) has  argued t h a t ,  even i f  r a t e  of 
r e i n f o r c e m e n t , i n  t he  DRL component of a  m u l t i p l e  schedule  i s  
equa l  t o  t h e  YI component, t h e  d i f f i c u l t  temporal d i s c r imina -  
t i o q s  r equ i r ed  by t h e  DRL render  i t  somewhat nonpreferreg,  
r a l a t i v e  t o  t h e  V I  component. Also,  Reynolds (1961) and 
Bloomfield (1967) have conducted experiments which were very  
s i m i l a r  t o  Te r r ace ' s  and have g o t t e n  c o n t r a r y  r e s u l t s .  

b 

5. The terms,  " i n h i b i t  ion"  and "exc i ta t ion" ,  are used h e r e  i n  -a 
s t r i c t l y  behavioura l  s ense ;  no n e u r a l  mechanisms a r e  necessa-  
r i l y  implied (however, s e e  ea r l t on ,>  1963; Kiaible, $968). - I n  
p a r t i c u l a r  t h e s e  terms r e f e r  t o  t h e  incremental  and decremental  
g r a d i e n t s  c e n t e r i n g  a t  - o r  about S+ and S- (cf Hea r s t ,  Besley 
and Fa r th ing ,  1970): 



&at i s ,  i t  is  p o s s i b l e  t h a t  peak s h i f t  r e s u l t s  from a  p a r t i c u l a r  
confluence of e x c i t a t o r y  and i n h i b i t o r y  g r a d i e n t s  of s p e c i f i c  
f o r d s .  ' Okherwise, on ly  g r a d i e n t  s h i f t  i s  ob ta ined .  

I n  t h i s  sense  Ter race  does n o t  c l e a r l y , d $ s c r i m i n a t e  between 
i n h i b i t i o n  and a f  f e c t  . Terrace  is appa ren t ly  adher ing  t o  
s k i n n e r ' s  d e f i n i t i o n  of i n h i b i t i o n  a s  a  s u b s e t  of condi t ioned  
emotional responses .  To quote ,  "Fa i lure  t o  r e i n f o r c e  a  response 

, i s  one of t he  ope ra t i ons  depress ing  r e f l e ~ ~ s t r e n g t h  through an 
emotion change, and t h e r e  is" l i t t l e  o r  no d , i s t i n c t i o n  t o  be 
drawn between. i n h i b i t i o n  and one kind of emotion. " (Skinner ,  1938) 

Subsequent t o  t he  p re sen t  r e s e a r c h ,  t h e  p r e s e n t  au thor  has t r a i n e d  
one pigeon on a  succes s ive  d i s c r i m i n a t i o n .  The procedure was 
i d e n t i c a l  t o  t h a t  of t h e  p re sen t  s tudy  except  t h a t  t he  2 was 
allowed t o  t ake  t imeouts  d u r i n ~  the  g e n e r a l i z a t i o n  t e s t .  Frequen- 
cy of t imeouts  from t h e  va r ious  t e s t  o r i e n t a t i o n s  was monitored. 
A smal l  g r a d i e n t  peaking halfway between S+ and S- was ob ta ined .  

I 

For a  c o n t r a r y  view, s e e  Hea r s t ,  ~ e s l e y  and Fa r th ing  (1970) and 
Deutsch (1967). 

Despi te  t h i s ,  howe;er, ~ u l l - s p e n c e  d i s c r i m i n a t i o n  l e a r n i n g  theory 
is  s t i l l  extremely i n f l u e n t i a l  i n  t h e  f i e l d  of d i s c r i m i n a t i o n  
l e a r n i n g  (R i l ey ,  1968). 

d 

Even i f  it were no t  t r u e ,  t h a t  f a c t  a lone  would no t  s u b s t a n t i a l l y  
impair a  g r a d i e n t  i n t e r a c t i o n  i n t e r p r e t a t i o n .  Gradien t  i n t e r -  
a c t i o n  theory  simply r e q u i r e s  incremental  and decremental  gener-  
a l i z a t i o n  g r a d i e n t s  a t ,  r e s p e c t i v e l y ,  S+ and S-. Whether t h e  
U-shaped g r a d i e n t  a t  S- has i t s  o r i g i n  i n  e x t i n c t i o n  produced 
i n h i b i t i o n  (Spence, 1937; Hul l ,  1952) o r ,  a s  Catan ia  (1973) has 
argued,  i n  t h e  i n h i b i t o r y  e f f e c t s  of S+ re inforcement ,  has l i t t l e  
bear ing  on t h e  explana tory  e f f i c a c y  of g r a d i e n t ? < n t e r a c t i o n  
theory.  



Table 1. Mean r e s u l t s  by groups f o r , g r a d i e n t  s h i f t ,  behavioura l  
c o n t r a s t ,  and S- avers iveness  e f f e c t s .  

Group 60-2.5 

Group 30-2.5 

Group ,6O-5.0 

Group 30-5.0 

Gradien t  Behavioural 
s h i f t  c o n t r a s  t 

52.2% 27.0% 

Group C 
(S- ave r s ivenes s  

c o n t r o l )  

S- ave r s  ivenessl  
(T.0.s from S-). 
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Fig. 1. S h i f t  in post-discrimination genera l i za t ion  gradient  -- - 

d i s  tr ibutionp as  a funct ion  of r&in•’o~cement magnitude 
reduct ion  and S+/S - separa t ion  f o r  group 60-2.5.  

- 



DEGREES OF LINE ORIENTATION 

- -- - - - - - - - - - 

F i g .  2.  S h i f t  i n  pos t -d iscr imina t ion  g e n e r a l i z a t i o n  g r a d i e n t  
d i s t r i b u t i o n  a s  a  func t ion  of reinforcement  magnitude 
r educ t ion  and s+/s- s e p a r a t i o n  f o r  group 30-2.5. 



DEGREES OF LINE ORIENTATION ' . . 

.g . 3 .  S h i f t  i n  pos t -d i sc r imina t ion  gene:.alizat ion g r a d i e n t  
d i s t r i b u t i o n  a s  a  func t ion  of r e  inforcement magnitude 
reduct  ion  and s+/s-  s e p a r a t i o n  f o r  group 60-5.0. '* - 



'DEGREES OF LINE ORIENTATION 

Fig .  4 .  S h i f t  i n  pos t -d i s c r imina t ion  g e n e r a l i z a t i o n  g r a d i e n t  
d i s t r i b u t i o n  as a func t ion  of re inforcement  magn i tude  
r educ t ion  and s + / s -  s e p a r a t i o n  f o r  group 30-5.0. 
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- - - -  
Fig .  5.  Magnitude of behavioura l  c o n t r a s t  a s  a f u n c t i o n  \ 

of re inforcement  magnitude reduqt ion  and s+/s -  
s e p a r a t i o n  f o r  each group. 



Fig .  6. Mean number of timeouts from S-  per,sessi-on for- 
each group. * 
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