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Examples o f  (a) an abso lu te  d i s c r i m i n a t i o n ,  3
(b) a r e l a t i o n a l  d i s c r i m i n a t i o n ,  (c )  r e l a t i o n a l  
d i s c r i m i n a t i o n  ( s t im u lu s  matching)  s t i m u l i  used 
in t r a i n i n g  by M a lo t t  and M a lo t t  (1 967 ) ,  and 
(d) s t im u lu s  matching s t i m u l i  used in a g e n e r a l i ­
z a t i o n  t e s t  by Ma l o f t  and M a l o t t  (1967).

Top: a t h e o r e t i c a l  equal response c o n to u r  6
showing th e  r e l a t i o n  between th e  c o lo r s  on each
h a l f  o f  the  key in s t im u lu s  match ing .  Bottom:
a t h e o r e t i c a l  equal response c o n to u r  showing
the  r e l a t i o n  between l i n e  ang le  and background
c o l o r  in the  r e l a t i o n a l  d i s c r i m i n a t i o n  invo lved
in the  p resen t  exper imen t .

H y p o th e t i c a l  g e n e r a l i z a t i o n  g r a d i e n t s ,  (a) red 9
background c o n s ta n t ,  vary l i n e  ang le .  The peak 
is  a t  90° .  (b)  b lue -g reen  background c o n s ta n t ,
va ry  l i n e  a ng le .  The peak is  a t  0 ° .  (c)
y e l lo w  background c o n s ta n t ,  va ry  l i n e  ang le .
The peak is  a t  a pp ro x im a te ly  60 .

Row V -  G e n e r a l i z a t i o n  g ra d ie n t s  re p re s e n t in g  19
a l l  o f  the  p re s e n ta t i o n s  o f  each s t im u lu s  w i th  
t h e  y e l l o w  background.  Row 2 -  G rad ien ts  
re p re s e n t in g  the  f i r s t  4 p r e s e n ta t i o n s  o f  each 
s t im u lu s  w i t h  the  y e l lo w  background.  Row 3 -  
G ra d ie n t  re p re s e n t in g  the  l a s t  4 p re s e n ta t io n s  
o f  each s t im u lu s  w i t h  the  y e l lo w  background.
Row 4 -  G rad ien ts  re p re s e n t in g  the  f i r s t  4 
p r e s e n t a t i o n s  o f  each s t im u lu s  w i th  the  red 
background.  Row 5 -  G rad ien ts  re p re s en t in g  
the  f i r s t  4 p r e s e n ta t io n s  o f  each s t im u lu s  
w i th  t h e  b lu e -g reen  background.

The median g e n e r a l i z a t i o n  g r a d i e n t  ( f o r  each 23
background used) ob ta in ed  f rom t e s t s  where '  
enough data were ob ta in ed  t o  c o n s t r u c t  r e l i a b l e  
g r a d i e n t s .  These medians are f o r  the f i r s t  
4 p r e s e n ta t i o n s  o f  each s t im u lu s .

The o b ta in e d  equal response c o n to u r  in which 25
l i n e  ang le  i s  mapped on background c o l o r .
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D i s c r i m i n a t i o n s  f a l l  i n t o  one o f  two c a t e g o r i e s :  a b so lu te  (s im p le )

d i s c r i m i n a t i o n s  (a in F ig .  1) and r e l a t i o n a l  (complex o r  c o n d i t i o n a l )  

d i s c r i m i n a t i o n s  (b in F ig .  1). Abso lu te  d i s c r i m i n a t i o n s  are based on 

d i f f e r e n c e s  in one s t im u lu s  aspect  ( t y p i c a l l y  a long  a s i n g l e  s t im u lu s  

d im ens ion ) ,  such as wavelength o r  l i n e  a ng le .  R e la t i o n a l  d i s c r i m i n a ­

t i o n s  are based on d i f f e r e n c e s  in two o r  more s t im u lu s  aspec ts .  The 

d e f i n i n g  c h a r a c t e r i s t i c  is  t h a t  the  d i s c r i m i n a t i o n  must be based on a 

r e l a t i o n  between t h e  v a r io u s  aspects (such as wave length  and l i n e  

ang le )  o f  the  s t i m u l u s .

S t im u lu s  matching  is  an example o f  a r e l a t i o n a l  d i s c r i m i n a t i o n .

In s t im u lu s  m a tch ing ,  as s tu d ie d  by M a l o t t  and M a lo t t  (1 967 ) ,  responses 

are r e i n f o r c e d  when both halves  o f  the  response key are  the  same c o l o r ,  

and they  are n o t  r e i n f o r c e d  when each h a l f  is  a d i f f e r e n t  c o l o r  (c  in

F ig .  1 ) .  To d i s c r i m i n a t e  between matching and nonmatching s t i m u l i ,

i t  is  necessary t o  repond on the  b as is  o f  the  r e l a t i o n  between the  

c o l o r s  on the  two h a lves  o f  the  key.

R e c e n t l y ,  M a l o t t  and M a lo t t  (1 967 ) ,  demonstrated g e n e ra l i z e d  

s t im u lu s  matching  us ing  a s in g le - re s p o n s e  f r e e - o p e r a n t  p rocedure .  In 

t h a t  s tu d y ,  key peck responses were r e i n f o r c e d  when both ha lves  o f  the  

key were red o r  both ha lves  o f  the  key were v i o l e t ;  responses were no t  

r e i n f o r c e d  when t h e  nonmatching comb ina t ions  o f  red and v i o l e t  were 

p re s en t  (c in F ig .  1 ) .  Subsequent g e n e r a l i z a t i o n  t e s t s  w i t h  y e l lo w  

and b lue  r e s u l t e d  in h ig h e r  response ra te s  when both ha lves  o f  the  key 

were y e l lo w  o r  both ha lves  were b lue  than  when one h a l f  o f  the  key was 

b lue  and the  o th e r  h a l f  was y e l lo w  (d in F ig .  1) .  The matching beha­

v i o r  had g e n e ra l i z e d  t o  novel c o l o r s .

1
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F igure  1. Examples o f  (a) an abso lu te  d i s c r i m i n a t i o n ,  (b) a 

r e l a t i o n a l  d i s c r i m i n a t i o n ,  (c )  r e l a t i o n a l  d i s c r i m i n a t i o n  ( s t im u lu s  

matching)  s t i m u l i  used in t r a i n i n g  by M a lo t t  and M a l o t t  (1967),  and 

(d) s t im u lu s  matching s t i m u l i  used in a g e n e r a l i z a t i o n  t e s t  by M a lo t t  

and M a l o t t  (1967) .
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The s t i m u l i  in s t im u lu s  matching can be f u n c t i o n a l l y  t rans fo rm ed  

f rom c o l o r s  on both ha lves  o f  the  key t o  c o lo re d  backgrounds and l i n e  

angles as f o l l o w s :  Given the  matching s t i m u l i  in c o f  F ig .  1, l e t  the

f u n c t i o n s  o f  red on the  r i g h t  be per formed by a 90° l i n e  ( v e r t i c a l )  

and v i o l e t  on t h e  r i g h t  by a 0 °  ( h o r i z o n t a l )  l i n e .  The c o l o r  o f  the  

background w i l l  pe r fo rm the  f u n c t i o n  o f  c o l o r  on th e  l e f t  h a l f  o f  the  

key. By do ing  t h i s ,  re d - re d  is l o g i c a l l y  e q u i v a l e n t  t o  a 90°  l i n e  on 

a red background ,  r e d - v i o l e t  t o  a 0 °  I i n e  on a red background,  

v i o l e t - r e d  t o  a 90° l i n e  on a v i o l e t  background ,  and v i o l e t - v i o l e t  

t o  a 0 °  I i n e  on a v i o l e t  background. Such changes do no t  a l t e r  the  

f a c t  t h a t  the  d i s c r i m i n a t i o n  is  r e l a t i o n a l ,  on ly  the  s p e c i f i c  s t i m u l i  

are changed.

I f  t h e  fo rma l  e qu iva lence  is  a l s o  a b e h a v io ra l  one, the  r e s u l t s  

o f  th e  M a lo t t  and M a lo t t  (1967) matching  s tu d y  have i n t e r e s t i n g  i m p l i ­

c a t i o n s  f o r  t h e  r e l a t i o n a l  d i s c r i m i n a t i o n .  I f  two d i f f e r e n t  s t im u lu s  

aspects  ( f o r  example,  ang le  o f  w h i te  l i n e  and c o l o r  o f  background) were 

used ins tead  o f  two separa te  bu t  i d e n t i c a l  s t im u lu s  aspec ts  (such as 

c o l o r  o f  the  r i g h t  s id e  and c o l o r  o f  t h e  l e f t  s id e  o f  the  ke y ) ,  would 

s i m i l a r  r e s u l t s  be ob ta ined?  I t  seems reasonab le  t o  p r e d i c t  t h a t ,  i f  

the  r e l a t i o n a l  d i s c r im in a t o n  were based on l i n e  ang le  and background 

c o l o r ,  in t e s t i n g  w i th  novel s t i m u l i ,  t he  s u b j e c t s  would a ls o  respond 

in keeping w i t h  th e  r e l a t i o n  between aspec ts  p re sen t  d u r in g  t r a i n i n g .

Ex t rapo I  a t i n g  f rom the  M a lo t t  and M a l o t t  s t u d y ,  i f  in a g e n e r a l i ­

z a t i o n  t e s t  f o r  s t im u lu s  match ing ,  one h a l f  o f  the  response key were 

a lways red and the  c o l o r  on the  o th e r  h a l f  were v a r i e d ,  response ra te  

shou ld be h ig h e s t  when the  c o l o r  on the  v a r i e d  h a l f  were a lso  red .  In
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F ig u re  2. Top:  a t h e o r e t i c a l  equal response c o n to u r  showing

the  r e l a t i o n  between the  c o lo r s  on each h a l f  o f  the  key in s t im u lu s  

matching.  Bot tom: a t h e o r e t i c a l  equal response c o n to u r  showing the

r e l a t i o n  between l i n e  ang le  and background c o l o r  in th e  r e l a t i o n a l  

d i s c r i m i n a t i o n  in v o lv e d  in the  p resen t  expe r im en t .
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an o the r  g e n e r a l i z a t i o n  t e s t ,  i f  v i o l e t  were used as the  co n s ta n t  h a l f  

o f  each s t im u lu s  and the  c o l o r  o f  the  o t h e r  h a l f  were v a r i e d ,  response 

ra te  shou ld  be h ig h e s t  when the  c o l o r  on the  v a r ie d  h a l f  were a lso  

v i o l e t .  The top  h a l f  o f  F ig .  2 shows the  expected  r e l a t i o n  between 

the  c o l o r  o f  the  r i g h t  h a l f  and the  c o l o r  o f  t h e  l e f t  h a l f  o f  the  key.  

Th is  is  an equal response c on to u r .  Th is  p a r t i c u l a r  c o n to u r  was con­

s t r u c t e d  by p l o t t i n g  th e  peaks o f  severa l  h y p o t h e t i c a l  g e n e r a l i z a t i o n  

g r a d ie n t s .  Th is  was done in the f o l l o w i n g  manner. Given th e  t r a i n i n g  

w i t h  v i o l e t  and red ,  the  peaks o f  the  g e n e r a l i z a t i o n  g ra d ie n t s  when 

v i o l e t  and red are a p a r t  o f  each s t im u lu s  would have t o  be a t  v i o l e t  

and red .  However, when ye l lo w  o r  b lue  is  a p a r t  o f  each s t im u lu s  the  

peak would n o t  have t o  occur a t  ye I Iow o r  b I u e . I t  cou ld  w e l l  appear 

a t  re d ,  f o r  example.  In t h a t  case the  p o i n t  p l o t t e d  on the  equal 

response c o n to u r  would be y e l l o w - r e d .

An S+ is  a p o s i t i v e  s t im u lu s  a s s o c ia te d  w i t h  re in fo r c e m e n t  and an 

S- is  a n e g a t i v e  s t im u lu s  assoc ia te d  w i t h  e x t i n c t i o n .  Assume t h a t  

d i s c r i m i n a t i o n  t r a i n i n g  were g iven w i t h  the  two S+s o f  a red background 

w i t h  v e r t i c a l  w h i te  l i n e  and a b lue -g reen  background w i th  h o r i z o n t a l  

w h i te  l i n e ;  and the  two S-s o f  a red background w i t h  h o r i z o n t a l  w h i t e  

l i n e  and a b lu e -g re en  background w i th  v e r t i c a l  w h i t e  l i n e .  I f  

t h i s  were done,  i t  would seem the  general  requ irem en ts  f o r  e s t a b l i s h i n g  

a r e l a t i o n  between l i n e  angle and c o l o r  would be p re s e n t .

The genera I i z a t i o n  g ra d ie n ts  r e s u l t i n g  f rom such a procedure 

cou ld  have any o f  severa l  h y p o th e t i c a l  fo rm s .  Ho ld in g  the  background 

c o l o r  c o n s ta n t  a t  red o r  b lue-g reen  and v a r y i n g  the  l i n e  ang le  would 

t h e o r e t i c a l l y  r e s u l t  in g ra d ie n ts  s i m i l a r  t o  a and b o f  F ig .  3, where
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F ig u re  3. H y p o th e t i c a l  g e n e r a l i z a t i o n  g r a d i e n t s ,  (a) red back­

ground c o n s t a n t ,  va ry  l i n e  ang le .  The peak is  a t  90° .  (b) b l u e -

green background c o n s t a n t ,  va ry  l i n e  a ng le .  The peak is  a t  0 ° .

(c )  y e l l o w  background c o n s ta n t ,  va ry  l i n e  a ng le .  The peak is  a t  

a pp ro x im a te ly  60° .
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10

the  peak occurs  a t  the  t e s t  s t im u lu s  aspec t  which was pa i re d  w i t h  the  

co n s ta n t  s t im u lu s  aspect  t o  compr ise an S+. The same t e s t i n g  procedure 

could  be used h o ld in g  l i n e  ang le c o n s ta n t  and va ry in g  the  background 

c o l o r .  The q ues t ion  now a r i s e s ,  what w i l l  happen when the  background 

c o l o r  is  he ld  c o ns ta n t  a t  y e l lo w  and l i n e  ang le i s  va r ied?  Based on 

the  equal response co n to u r  and sensory s c a l i n g  a n a ly s i s  made e a r l i e r ,  

the  p r e d i c t i o n  would be a g r a d ie n t  w i th  a peak a t  a pp ro x im a te ly  60° ,  

f o r  example,  such as c in F ig .  3. Th is  l i n e  ang le  is a r b i t r a r y  in 

t h a t  the  r e l a t i o n  would not  have t o  be a s t r a i g h t  l i n e .

The bot tom h a l f  o f  F ig .  2 rep resen ts  a t h e o r e t i c a l  equal response 

c o n to u r  o f  l i n e  ang le and c o l o r .  Th is  might  a l s o  be cons ide red  a sen­

so ry  s c a le ,  mapping one s t im u lu s  aspec t  on a n o th e r .  I t  g e n e r a l l y  i n d i ­

ca tes  the  r e l a t i o n  between two s t im u lu s  a spe c ts ,  g iven the  p a r t i c u l a r  

pas t  h i s t o r y  o f  the  organism f rom which i t  was o b ta in e d .  Th is  sca le  

seems reasonable s in c e ,  i f  a red background-90o l i n e  were an S+, one 

would expec t  a peak a t  90° when the  background in a t e s t  was red and 

the  angle o f  l i n e  was v a r i e d .  The same reason ing would p r e d i c t  a p o i n t  

a t  b Iu e - g r e e n - 0 ° .  Assume t h a t  these  two p o i n t s  would be o b ta in ed  and 

a r e l a t i o n  between background c o l o r  and l i n e  ang le  could be e s ta b l i s h e d  

du r ing  t r a i n i n g .  In t h i s  case,  the  p r e d ic t e d  r e s u l t  o f  a g e n e r a l i z a ­

t i o n  t e s t  w i t h  the  background c o n s ta n t  a t  y e l lo w  and l i n e  ang le  v a r ie d  

would be a peak a t  a l i n e  angle o th e r  than  90° o r  0° .

The q u e s t io n  under i n v e s t i g a t i o n  was, g iven the  above t r a i n i n g ,  

w i l l  t e s t i n g  w i th  a novel co lo red  background and l i n e  ang le  v a r ie d  

r e s u l t  in a g e n e r a l i z a t i o n  g r a d i e n t  w i t h  the  peak a t  a l i n e  ang le  t h a t  

was no t  used in t r a i n i n g .
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Sub jec ts

The s u b je c t s  were s i x  e x p e r i m e n t a l l y  na ive  Whi te Carneaux bar ren  

hen pigeons housed in i n d i v i d u a l  cages. They were fed  a t  the  end o f  

each e xpe r im en ta l  se s s io n ,  o r  once d a i l y  when sess ions  were no t  con­

duc ted ,  t o  m a in ta in  them a t  70% o f  t h e i r  f r e e - f e e d i n g  w e igh t  a t  th e  

b eg in n ing  o f  each sess ion .  Pur ina  Pigeon Gra ins  were used t o  m a in ta in  

w e igh t  and a l s o  served as the  r e i n f o r c e r .  G r i t  and w a te r  were con­

t i n u o u s l y  a v a i l a b l e  in the  home cage.

Apparatus

A Lehigh V a l l e y  E le c t r o n i c s  p igeon t e s t  chamber #1519c was used 

w i th  th e  house I i  g h t  o f f  a t  a l l  t im e s .  Only one response key was p r e ­

se n t ;  i t  c o n s i s te d  o f  a t r a n s p a r e n t  p l a s t i c  paddle in back o f  a ho le  

H  i n .  in  d ia m e te r .  Visual  s t i m u l i  were presen ted  beh ind th e  paddle 

w i th  an I n d u s t r i a l  E le c t r o n i c s  E n g in e e rs ,  Inc.  one-p la ne  readout  

model #10-3043-1815L and G.E. 47 lamps. Kodak Wrat ten F i l t e r s  were 

used t o  p ro v id e  background s t i m u l i .  Wavelengths are s p e c i f i e d  in 

terms o f  nanometers (nm) which are  the  same as m i l l i m i c r o n s .  T h e i r  

numbers were:  #65 f o r  501.3 nm ( b l u e - g r e e n ) ,  #74 f o r  538.0 nm (g r e e n ) ,

#99 f o r  554.6 nm ( y e l l o w - g r e e n ) ,  #73 f o r  576.0 nm ( y e l l o w ) ,  and #72-B 

f o r  6 05 .7  nm ( r e d ) .  White l i n e s  1/8 in .  wide and 1 1/8 in .  long,  were 

cen te red  on th e  background s t i m u l i .  The l i n e  angles cou ld  be v a r ie d  

f rom 0 °  ( h o r i z o n t a l )  t o  90° ( v e r t i c a l )  in 15° inc rements .  Masking 

noise  was p resen ted  through a speaker in the  chamber. A fan p rov ided  

v e n t i l a t i o n  and a d d i t i o n a l  masking n o i s e .
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Programming d u r ing  t r a i n i n g  was done a u t o m a t i c a l l y  w i t h  s o l i d  

s t a t e  d i g i t a l  s w i t c h in g  c i r c u i t r y .  Dur ing  g e n e r a l i z a t i o n  t e s t s ,  the  

s t i m u l i  were manua l ly  c o n t r o l l e d .  Responses and re in fo r ce m e n ts  were 

recorded  w i t h  e le c t r o - m e c h a n ic a l  equ ipment .

Procedure

Using s tandard  operan t  c o n d i t i o n i n g  p ro cedu res ,  the  s u b j e c t s  were 

t r a i n e d  t o  e a t  f rom the  food magazine and t o  peck the  reponse key 

i l l u m i n a t e d  by the  y e l lo w  l i g h t .  The y e l l o w  l i g h t  was used in shap ing 

t o  avo id  d i f f e r e n t i a l  responding t o  th e  S+s due t o  the i n i t i a l  key 

peck t r a i n i n g .  The y e l lo w  l i g h t  was a p o s i t i v e  s t im u lu s  (S t )  asso­

c i a t e d  w i t h  re in fo r c e m e n t .  Re in fo rcement  co n s i s te d  o f  3 sec access t o  

g ra in  w i t h  t h e  magazine l i g h t  on. A f t e r  the  key peck response was 

e s t a b l i s h e d ,  th e  nex t  50 responses were r e i n f o r c e d  on a con t in uou s  

r e in fo r c e m e n t  schedu le  (CRF). A k e y - l i g h t  o f f  c o n d i t i o n ,  which was an 

S - , was then  in t ro du ce d .  The k e y - l i g h t  on St  and k e y - l i g h t  o f f  S- 

t r a i n i n g  c o n s t i t u t e d  phase one. Th is  and subsequent  phases employed 

a co n t in u o u s  re in fo r c e m e n t  schedu le  un less  o the rw ise  s t a t e d .  The S t  

pe r iods  were t e r m in a te d  by re in f o r c e m e n t  and the  next  s t im u lu s  was the  

S - . I t  was p re s e n t  u n t i I  no key peck responses occur red  f o r  a 30 sec 

p e r io d .  When t h i s  c o n d i t i o n  was met, the  S- was te rm in a te d  and the  

nex t  S t  was p re sen ted .  Sessions la s te d  50 min o r  50 r e in fo r c e m e n ts ,  

w h icheve r  came f i r s t ,  and were conducted s i x  t imes per week. T h is  

procedure  was used in a l l  subsequent  phases'. D i s c r i m i n a t i o n  t r a i n i n g  

con t in u ed  u n t i l  t he  number o f  S- responses per  S- p e r iod  had s t a b i l i z e d  

as dete rm ined  by v i s u a l  in s p e c t io n  o f  the  graph o f  S- responses per  

S- p e r io d  as a f u n c t i o n  o f  s e s s io n s .  The same c r i t e r i o n  was used in
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a l l  subsequent  phases.  A t  t h i s  p o i n t ,  y e l l o w  and key o f f  were e l i m i ­

nated as t r a i n i n g  s t i m u l i  and were n o t  used in any f u r t h e r  t r a i n i n g  

phases.

In an e f f o r t  t o  f a c i l i t a t e  l e a rn in g  o f  the p o t e n t i a l l y  d i f f i c u l t  

d i s c r i m i n a t i o n ,  a s e r i e s  o f  p r o g r e s s i v e l y  more complex phases was used 

w i th  t h r e e  s u b j e c t s ,  Group I .  For compar ison ,  t h r e e  a d d i t i o n a l  sub­

j e c t s ,  Group I I ,  were in t roduced t o  th e  f i n a l  d i s c r i m i n a t i o n  imme­

d i a t e l y  f o l l o w i n g  th e  t r a i n i n g  w i t h  y e l l o w  and key l i g h t  o f f .

For  Group I ,  in  the  second phase,  one S+ and one S- were used and 

in each phase t h e r e a f t e r  one s t im u lu s  was added u n t i l  t h e  f i n a l  d i s ­

c r i m i n a t i o n  problem was p resen t .  Table  1 summarizes the  S+s and the  

r e in fo r c e m e n t  schedu le  in each phase.  In the  second phase o f  t r a i n ­

ing ,  the  S+ was a red background w i t h  a v e r t i c a l  l i n e  and the  S- was 

a red background w i t h  a h o r i z o n ta l  l i n e .  In the  t h i r d  phase a b l u e -  

green background w i t h  a h o r i z o n ta l  l i n e  (S t )  was added t o  the  end o f  

the  s t im u lu s  sequence used in phase two.  In the  f o u r t h  phase,  a 

b lu e -g reen  background w i th  a v e r t i c a l  l i n e  (S-)  was added t o  t h e  

s t im u lu s  sequence used in phase t h r e e .  Thus the f i n a l  d i s c r i m i n a t i o n  

problem was r e d - v e r t i c a l  ( S t ) ,  r e d - h o r i z o n t a l  ( S - ) ,  b lu e - g r e e n -  

h o r i z o n t a l  ( S t ) ,  and b l u e - g r e e n - v e r t i c a l  ( S - ) .

For Group I I ,  the  second and t h i r d  phases were not  used; o t h e r ­

wise t h e i r  t r a i n i n g  was i d e n t i c a l  t o  Group I .

For both g roups ,  when the  s u b j e c t s '  behav io r  had reached c r i ­

t e r i o n  on t h e  f i n a l  d i s c r im in a to n  problem w i th  CRF, the  response 

requ irem en t  was g r a d u a l l y  increased t o  a R1—64 sec schedu le  (a t y pe  

o f  v a r i a b l e  i n t e r v a l  schedu le)  where th e  p r o b a b i l i t y  o f  r e in fo r c e m e n t
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Table 1

Summary o f  the  S+s, S -s ,  and 
re in fo r c e m e n t  schedule in each phase. 

Phases 2 and 3 were not  used w i th  Group I I .

Phase S+ S- Order o f  
P re s e n ta t io n

Schedu1e 
i n S+

1 ye I Iow b I ank ye I Iow 
b I ank

CRF

2 re d -9 0° re d -0 ° re d -9 0°
re d -0 °

CRF

3 red -9 0°  
b Iu e -g re e n -0 °

re d -0 °

bl

re d -9 0°
re d -0 °

I u e -g reen -0°

CRF

4 re d -90°  
b Iu e -g re e n -0 °

re d -0 °  
b I ue-green-90°

b!
b

re d -9 0°
re d -0 °

I u e -g reen -0°
Iue -g reen-90°

CRF

5 same as the f o u r t h  phase RI —64
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f o r  the  f i r s t  response in each 4 sec p e r iod  was 1 /16.  Th is  c o n s t i ­

t u t e d  the  f i f t h  phase.  A f t e r  15 sess ions  o f  t r a i n i n g  w i th  t h i s  

schedu le ,  the  f i r s t  genera I i z a t i o n  t e s t  was conducted.

Ten min o f  warm-up e x a c t l y  l i k e  the  f i f t h  phase preceded each 

genera I i z a t i o n  t e s t .  The f i r s t  g e n e r a l i z a t i o n  t e s t  c o n s i s te d  o f  an 

e x t i n c t i o n  sess ion  in which the  t e s t  s t i m u l i  were l i n e  ang les f rom 0°  

t o  90° in 15° inc rem ents ,  a l l  w i t h  a y e l lo w  background.  Tab le  2 sum­

mar izes the  s t i m u l i  used in each g e n e r a l i z a t i o n  t e s t .  S t im u lu s  presen­

t a t i o n s  las ted  20 sec and were separa ted  by 10 sec p e r io d s  o f  complete 

darkness .  The s t i m u l i  were p resen ted  in 14 randomized b lo cks  w i th  

each s t im u lu s  appear once per b lo c k  f o r  a t o t a l  o f  98 s t im u lu s  p re ­

s e n t a t i o n s .  T e s t in g  and r e c o rd in g  procedures  were i d e n t i c a l  f o r  a l l  

g e n e r a l i z a t i o n  t e s t s .  The number o f  responses was recorded  in each 

s t im u I  us, p r e s e n t a t i o n . G e n e r a l i z a t i o n  t e s t s  were sepa ra ted  by 15 

t r a i n i n g  sess ions  i d e n t i c a l  t o  the  f i f t h  phase. In t h e  second 

g e n e r a l i z a t i o n  t e s t ,  t h e  s t i m u l i  were the  same as in th e  f i r s t  

g e n e r a l i z a t i o n  t e s t  e xcep t  t h a t  y e l lo w -g re e n  was used in p la ce  o f  

y e l lo w  as the  background c o l o r .  The t h i r d  g e n e r a l i z a t i o n  t e s t  was 

i d e n t i c a l  t o  the  f i r s t  and second g e n e r a l i z a t i o n  t e s t s  excep t  red and 

b lu e -g ree n  were used as background c o l o r s ,  thus g i v i n g  a t o t a l  o f  14 

s t i m u l i  in s tead  o f  7. In t h i s  t e s t ,  t h e re  were 7 p r e s e n t a t i o n s  o f  

each s t im u lu s  in s tead  o f  14 as in t h e  o th e r  t e s t s .  The f o u r t h  

g e n e r a l i z a t i o n  t e s t  was e x a c t l y  l i k e  the  f i r s t  one.
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Table  2

S t im u l i  used in g e n e r a l i z a t i o n  t e s t s .
The background c o l o r  was a p a r t  o f  each s t im u lu s  p resen ted .

Tes t  No. Line Angles Co lo rs

1 0 ° ,  15 ° ,  30° ,  
45° ,  60° ,  75° ,  

90° ,  no I i  ne

ye IIow

2 same as t e s t  1 ye I low-green

3 same as t e s t  1
b

red 
Iue-green

4 same as t e s t  1 y e l lo w
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RESULTS

The data showing the  ra te s  o f  a c q u i s i t i o n  o f  the  two groups w i l l  

no t  be p resented here.  Those data  w i l l  be p resen ted in a separa te  

paper.  S u f f i c e  i t  t o  say t h a t  a l l  i n d i c a t i o n s  are t h a t  the  ab rup t  

i n t r o d u c t i o n  o f  the  complex d i s c r i m i n a t i o n  problem r e s u l t s  in more 

ra p id  a c q u i s i t i o n  than does th e  gradual  i n t r o d u c t i o n  o f  the  f i n a l  

d i s c r i m i n a t i o n  problem.

The f i r s t  row o f  g r a d ie n t s  in F ig .  4 are the  r e s u l t s  o f  t h e  f i r s t  

g e n e r a l i z a t i o n  t e s t  when y e l l o w  was the  background. In Group I ,  the  

peaks o f  the  g ra d ie n ts  f o r  b i r d s  1 and 2 were a t  90° ;  f o r  b i r d  3 ,  i t  

was a t  60° .  In Group I I ,  t h e  peaks f o r  b i r d s  4 and 5 were a t  90° ;  f o r  

b i r d  6,  i t  was a t  15°. The median g ra d ie n ts  both have th e  peak a t  90° .  

In a l l  g r a d ie n t s  t h a t  peak a t  90 ° ,  t h e re  is  an obv ious r i s e  near the  

midd le  o f  the  g r a d ie n t .  I t  seemed a p p r o p r ia t e  t o  examine the  changes 

in th e  g ra d ie n t s  t h a t  occu r red  as t e s t i n g  p rog ress .

The f i r s t  f o u r  p r e s e n t a t i o n s  o f  each s t im u lu s  were used t o  con­

s t r u c t  the  g ra d ie n ts  shown in th e  second row. For a l l  s i x  s u b j e c t s ,  

the  peak o f  th e  g r a d ie n t  was n o t  a t  90° .  For one s u b j e c t  the  peak was 

a t  0 ° ,  f o r  f o u r  the  peaks were a t  60° ,  and f o r  one i t  was a t  45° .  In 

every case where th e  peak d id  no t  occur  in the  45° -60 °  range,  t h e r e  is  

a subpeak a t  45° o r  60° .  The median g ra d ie n ts  both peak a t  60° .  Th is  

e f f e c t  d isappears  w i t h  co n t in u e d  t e s t i n g  as can be seen by exam ina t io n  

o f  the  t h i r d  row o f  g r a d ie n t s  which were c o n s t ru c te d  f rom the  l a s t  

f o u r  p re s e n ta t i o n s  o f  each s t i m u l u s .  For f o u r  o f  the  s u b j e c t s ,  the  

g ra d ie n t s  peak a t  90° ,  f o r  one a t  75° ,  and f o r  one a t  15°. The median
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F igure  4. Row 1 -  G e n e r a l i z a t i o n  g r a d ie n t s  r e p r e s e n t i n g  a l l  o f  

the p r e s e n t a t i o n s  o f  each s t im u lu s  w i t h  th e  y e l l o w  background.  Row 2 

G rad ien t  r e p r e s e n t i n g  the  f i r s t  4 p r e s e n t a t i o n s  o f  each s t im u lu s  w i th  

the  y e l lo w  background.  Row 3 -  G ra d ie n t  re p re s e n t in g  the  l a s t  4 

p r e s e n ta t i o n s  o f  each s t im u lu s  w i t h  the  y e l l o w  background.  Row 4 -  

Grad ien ts  r e p r e s e n t in g  the  f i r s t  4 p r e s e n ta t i o n s  o f  each s t im u lu s  

w i th  the  red background.  Row 5 - G r a d ie n t  re p re s e n t i n g  the  f i r s t  

4 p r e s e n ta t i o n s  o f  each s t im u lu s  w i th  th e  b lu e -g ree n  background.
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g r a d ie n ts  both peak a t  90°.  By the  end o f  the  g e n e r a l i z a t i o n  t e s t ,  

the  e f f e c t s  o f  co n t in u e d  t e s t i n g  are q u i t e  pronounced,  thus  masking 

any p o s s ib le  e f f e c t s  o f  the i n t e r a c t i o n  o f  the  s t im u lu s  aspects .

Since the  phenomenon d isappears  o r  is  masked as t e s t i n g  p rogresses ,  

o n l y  g r a d ie n ts  c o n s t ru c te d  f rom the  f i r s t  f o u r  p r e s e n ta t i o n s  o f  each 

s t im u lu s  can be used in the  subsequent a n a l y s i s .

In the  second g e n e r a l i z a t i o n  t e s t  w i t h  y e l lo w -g re e n  as the  back­

ground enough responses d id  not  occur t o  c o n s t r u c t  r e l i a b l e  g e n e r a l i ­

z a t i o n  g r a d i e n t s .  The c r i t e r i o n  f o r  c o n s t r u c t i n g  a g r a d i e n t  was 50 o r  

more responses t o  one o f  the  s t i m u l i .

The t h i r d  g e n e r a l i z a t i o n  t e s t  was w i t h  red and b lue -g reen  as the  

background c o l o r .  The data presented in the  f o u r t h  and f i f t h  rows are 

f rom th e  f i r s t  f o u r  p r e s e n ta t i o n s  o f  each s t im u lu s .  AM peaks w i t h  the  

red background were a t  90° ;  w i t h  the  b lu e -g re en  background,  the peaks 

were a t  0 ° .  The v a r i a b i l i t y  between s u b j e c t s  w i t h i n  a group observed 

in the  f i r s t  t e s t  was n o t i c e a b l y  less on the  t h i r d  t e s t .

The f o u r t h  g e n e r a l i z a t i o n  t e s t  a l s o  f a i l e d  t o  produce enough data 

t o  c o n s t r u c t  g e n e r a l i z a t i o n  g r a d je n t s .

In the  g e n e r a l i z a t i o n  t e s t s  w i th  the  y e l lo w  and ye l lo w -g re e n  

backgrounds,  the  response ra tes  were q u i t e  low and th e  e f f e c t s  o f  

e x t i n c t i o n  became pronounced very r a p i d l y .  In a g e n e r a l i z a t i o n  t e s t ,  

when two s t im u lu s  aspects are s im u l ta n e o u s ly  changed, the  r e s u l t i n g  

response p r o b a b i l i t y  has been desc r ibed  as the  p ro du c t  o f  the response 

p r o b a b i l i t i e s  o f  each aspect  ( B u t t e r ,  1963).  Such a m u l t i p l i c a t i v e  

process r e s u l t s  in  a l a r g e r  response decrement due t o  s t im u lu s  change 

than  occurs  in a s im p le  g e n e r a l i z a t i o n  t e s t  where a s i n g l e  aspect  is
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changed. T h e r e fo r e ,  a t  the  onse t  o f  a m u l t i - a s p e c t  g e n e r a l i z a t i o n  

t e s t ,  t h e  response ra tes  are low and decrease r a p i d l y  as the  s t im u ­

lus aspec ts  are  v a r i e d .

F ig u re  5 shows the  median g e n e r a l i z a t i o n  g r a d ie n t s  f o r  the  com­

bined data  o f  both groups.  Th is  is  a summary f u n c t i o n  o f  a l l  g r a d ie n t s  

f o r  the  f i r s t  4 b lo cks  o f  each t e s t .  I t  is  the  median g r a d ie n t  f o r  

the  s i x  s u b j e c t s  combined.  The mean g e n e r a l i z a t i o n  g ra d ie n t s  have 

been c o n s t ru c te d  and look the  same as the  median g r a d i e n t s .  The d i f ­

fe rences  between the  g ra d ie n ts  when red and b lu e -g re e n  were used as 

the  background c o l o r  are s l i g h t ,  a l though  the  g r a d i e n t  f o r  b lue-g reen  

is  somewhat s t e e p e r .  When ye l low  was the  background c o l o r ,  the  peak 

was a t  60° and the  o v e r a l l  g r a d ie n t  was f l a t t e n e d ;  t h e r e  are subpeaks 

a t  0°  and 90° ,  the  l i n e  angles used in t r a i n i n g .

The c o n c lu s io n  reached as a r e s u l t  o f  these  data is  t h a t ,  a t  

l e a s t  e a r l y  in t e s t i n g ,  the i n t r o d u c t i o n  o f  a novel c o lo re d  background 

r e s u l t s  in response ra te s  being h ig h e s t  a t  a novel l i n e  ang le .  The 

l i n e  ang le t o  which the  most responding occur red  when y e l l o w  was p re ­

sent  was 60° f o r  f o u r  o u t  o f  s i x  s u b j e c t s .

F igu re  6 shows an equal response c o n to u r  s i m i l a r  t o  those in 

F ig .  2. The c o n to u r  in F ig .  6 was c o n s t ru c te d  by p l o t t i n g  the  peaks 

o f  the  median g ra d ie n t s  f o r  the f i r s t  f o u r  p r e s e n t a t i o n s  in the  t e s t  

f o r  each o f  t h e  t h r e e  co lo red  backgrounds.  The r e l a t i o n  between l i n e  

angle and background c o l o r  was n e a r l y  l i n e a r ,  though a d d i t i o n a l  p o in t s  

might  emphasize the  d epa r tu re  f rom l i n e a r i t y .
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F igu re  5. The median g e n e r a l i z a t i o n  g r a d i e n t  ( f o r  each background 

used) ob ta ined  f rom t e s t s  where enough da ta  were o b ta in e d  t o  c o n s t r u c t  

r e l i a b l e  g r a d ie n t s .  These medians are f o r  the  f i r s t  4 p r e s e n t a t i o n s  

o f  each s t im u lu s .
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: ig u re  6. The ob ta ined  equal response c o n to u r  in which l i n e  

i s  mapped on background c o l o r .
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DISCUSSION

The inc rease  in respond ing o b ta ined  a t  i n t e r m e d ia te  l i n e  angles 

in the  presence o f  an in t e r m e d ia te  c o l o r  ( y e l l o w )  is  in c o n f l i c t  w i th  

some a v a i l a b l e  da ta .  M i g l e r  (1964) and Cumming and Eckerman (1965),  

in s t u d ie s  i n v o l v i n g  a r e l a t i o n a l  d i s c r i m i n a t i o n ,  found t h a t  when 

responses a t  two s t im u lu s  va lues  on a cont inuum were r e i n f o r c e d  and 

t e s t s  w i t h  in t e r m e d ia te  va lues  on t h a t  cont inuum were subsequen t l y  

conducted,  the  g e n e r a l i z a t i o n  g r a d ie n t s  had a peak a t  one o f  the  

t r a i n i n g  va lues  ( o r ,  in  some cases ,  both th e  t r a i n i n g  v a l u e s ) .  In no 

case,  d id  t h e y  o b ta in  a peak a t  an in t e r m e d ia te  v a lu e .

In bo th  o f  th e  above ment ioned s t u d i e s ,  the  t a s k  i n v o lv e d  was a 

r e l a t i o n a l  one.  In M i g l e r ' s  s tudy  when th e  a u d i t o r y  c l i c k  f requency 

was 4 5 .8 ,  r e in f o r c e m e n t  was a v a i l a b l e  f o r  responses w i t h  no appre­

c i a b l e  i n te r re s p o n s e  t i m e ;  and when th e  c l i c k  f requency  was 2 . 5 ,  r e i n ­

fo rcement  was a v a i l a b l e  o n l y  f o r  responses t h a t  were sepa ra ted  by 

6 sec o r  more. The two dimensions in vo lved  in t h a t  d i s c r i m i n a t i o n  

were c l i c k  f rquency  and in te r re s p o n s e  t im e  ( o r  d e l a y ) .  C l i c k  f requency 

was o b v i o u s l y  e x p e r im e n te r  c o n t r o l l e d .  However, i n t e r re s p o n s e  t im e  

was s u b j e c t  c o n t r o l l e d .  The dimensions used by Cumming and Eckerman 

were l i g h t  i n t e n s i t y  and p o s i t i o n  o f  the  key responded on.  Here aga in ,  

one d imension ( l i g h t  i n t e n s i t y )  was e x p e r im en te r  c o n t r o l l e d  and the  

o th e r  (key p o s i t i o n )  was under the  c o n t r o l  o f  the  s u b j e c t .

In t h e  p re s e n t  s t u d y ,  the  d imensions in vo lve d  (background c o l o r  

and l i n e  ang le )  were e x p e r im e n te r  c o n t r o l l e d .  Th is  a l lo w e d  th e  p re ­

ve n t io n  o f  i n t e r m e d ia te  responses d u r ing  t r a i n i n g .  In t h e  s tu d ie s  by
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M ig le r  and Cumming and Eckerman, the  s u b je c t s  cou ld  respond t o  i n t e r ­

mediate keys on the  key panel o r  w i th  de lays  to o  s h o r t  t o  be f o l l o w e d  

by re in fo r c e m e n t .  Both o f  these s i t u a t i o n s  were e s s e n t ia  1 ly  .S-s. In 

Cumming and Eckerman’ s s tu d y ,  the  responses were r e i n f o r c e d  on ly  i f  

they  were on th e  a p p r o p r i a t e  end keys.  Responses on the  i n te rm e d ia te  

keys d id  n o t  produce re in fo r c e m e n t  excep t  e a r l y  in t r a i n i n g .  Essen­

t i a l l y  what  the y  d id  in the  f i n a l  phase o f  t h e i r  t r a i n i n g  procedure 

was t o  e x t i n g u i s h  responding t o  the  in t e r m e d ia te  keys.  In view o f  

t h i s ,  i t  does n o t  seem s u r p r i s i n g  t h a t ,  d u r in g  t e s t i n g  over  in terme­

d ia te  l i g h t  i n t e n s i t i e s ,  response ra te s  on in t e r m e d ia te  keys were very  

low.

In t h e  p re sen t  s tu d y ,  s ince  both d imensions were expe r im en te r  

c o n t r o l l e d ,  i t  was p o s s ib le  t o  arrange the  s i t u a t i o n  such t h a t  i n t e r ­

mediate l i n e  ang les  d id  not  appear u n t i l  t h e  g e n e r a l i z a t i o n  t e s t .

Thus, when the  f i r s t  t e s t  was conducted,  the  s u b j e c t s  had never 

responded t o  t h e  in te r m e d ia te  s t i m u l i .  Th is  may be ve ry  im p o r ta n t  

in t h a t  i t  was demonstrated t h a t  the  peak a t  the  in t e r m e d ia te  l i n e  

angles d isappeared  w i th  co n t in ued  t e s t i n g  in e x t i n c t i o n .  In Cumming 

and Eckerman's case,  t h e r e  had been o p p o r t u n i t y  f o r  e x t i n c t i o n  t o  take 

p lace p r i o r  t o  th e  t e s t  s i t u a t i o n  and perhaps mask o r  e l i m i n a t e  any 

tendency t o  respond a t  i n te rm e d ia te  va lues .  The t r a i n i n g  s i t u a t i o n  

used by Cumming and Eckerman would be comparable t o  t r a i n i n g  w i th  a 

red background and a 90° l i n e  as S+ and a l l  o t h e r  l i n e  ang les  w i th  a 

red background as S-s and w i t h  a b lue -g reen  background and a 0° l i n e  

as S+ and a l l  o t h e r  l i n e  angles w i th  a b lu e -g re en  background as S-s.

Given t h a t  t r a i n i n g ,  i t  migh t  be s u r p r i s i n g  i f  a peak a t  an
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i n te rm e d ia te  l i n e  ang le  were obta ined  w i t h  a y e l lo w  background s in ce  

the  amount o f  e x t i n c t i o n  a t  the in te r m e d ia te  l i n e  angles p r i o r  t o  the  

t e s t  would p robab ly  be s u f f i c i e n t  t o  e l i m i n a t e  any' peak a t  the  i n t e r ­

med i a te  s t i  mu I i .

H e r r n s te in  and van Sommers (1962) used f i v e  t r a i n i n g  s t i m u l i  and 

f o u r  i n te r m e d ia te  t e s t  s t i m u l i .  They found t h a t  i n te rm e d ia te  t e s t  

s t i m u l i  produced in te r m e d ia te  response r a t e s .  T h e i r  r e s u l t s  were 

e s s e n t i a l l y  t h e  same as those in the  p re s e n t  s tu d y ,  a l though one o f  

the  d imensions was s u b j e c t  c o n t r o l l e d .  M a l o t t  and Cumming (1965) 

ob ta ined  s i m i l a r  r e s u l t s  when they  t e s te d  w i th  two S+s (each assoc ia te d  

w i th  th e  re in fo r c e m e n t  o f  d i f f e r e n t  i n te r re s p o n s e  t im es )  and an i n t e r ­

mediate t e s t  s t i m u l u s . -  Response ra tes  were sometimes,  a l though  no t  

a lways,  i n t e r m e d ia te  f o r  the  in te rm e d ia te  s t i m u l u s ,  depending upon 

the  va lues o f  the  r e i n fo r c e d  in te r re spo nse  t im e .  H e r rn s te in  and 

van Sommers' and M a lo t t  and Cumming's r e s u l t s  m igh t  have been due t o  

the  e f f e c t s  o f  averag ing  data dur ing  s t im u lu s  g e n e r a l i z a t i o n .  M ig l e r  

(1964) found t h a t ,  when work ing w i th  response r a t e s ,  the  IRTs were 

e i t h e r  long o r  s h o r t  i f  the  data were ana lyzed in smal l  s e c t i o n s .

However, i f  these  data were averaged ove r  an e n t i r e  s t im u lu s  presen­

t a t i o n ,  the  IRT was in te rm e d ia te  t o  the  IRTs t h a t  were re in fo r c e d  in 

t r a i n i n g .  T h e r e f o r e ,  any peak a t  i n t e r m e d ia te  IRTs was an a r t i f a c t  

o f  averag ing  d a ta .  Such a c r i t i c i s m  cannot  be made o f  the data 

ob ta in ed  in t h e  p re sen t  s tudy bu t  may e x p l a i n  the  d isc re pan c ie s  

ob ta in ed  among th e  p rev ious  s tu d ie s .

Thus, t h e  f i n d i n g  o f  the p resen t  s tud y  t h a t ,  a t  le a s t  e a r l y  in 

t e s t i n g ,  the  i n t r o d u c t i o n  o f  a novel background r e s u l t s  in a peak in
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the  g e n e r a l i z a t i o n  g r a d ie n t  a t  a l i n e  ang le  i n t e r m e d ia te  t o  the 

t r a i n i n g  ang les is  no t  n e c e s s a r i l y  i n c o n s i s t e n t  w i t h  t h e  a v a i l a b l e  

data .  D isc rep anc ies  t h a t  a r i s e  can be d e a l t  w i t h  in terms o f  the 

procedura l -  d i f f e r e n c e s  among the  v a r ious  s t u d i e s .  F a i l u r e  t o  o b ta in  

the  in te r m e d ia te  peaks cou ld  be due, in a l l  cases ,  t o  e x t i n c t i o n  o f  

responding d u r in g  t r a i n i n g  t o  the  s t im u lu s  va lues  used in t e s t i n g .

In s tu d ie s  where t h i s  process occur red  and the  i n t e r m e d ia te  peak was 

o b ta in e d ,  ave rag in g  Of the  data cou ld  have produced an a r t i f a c t .

C a r t e r ,  Cumming, and Eckerman (1968) have compared a match ing -  

to -sample  procedure w i t h  a r e l a t i o n a l  d i s c r i m i n a t i o n  procedure  s i m i l a r  

t o  the  one used in t h e  p resen t  exper im en t .  They found t h a t  the  r e l a ­

t i o n a l  d i s c r i m i n a t i o n  was no t  more d i f f i c u l t  t o  learn  than match ing-  

to -sam p le .  Th is  would seem t o  i n d i c a t e  t h a t  the  s i m i l a r i t i e s  between 

the  two procedures are no t  merely su r fa ce  s i m i l a r i t i e s .  One is 

learned as r e a d i l y  as the  o th e r .  I t  has a ls o  been demonstrated here 

t h a t  knowledge o f  the  r e s u l t s  o f  s t im u lu s  match]ng can a l lo w  one t o  

p r e d i c t  the  r e s u l t s  o f  a more general  form o f  a' r e l a t i o n a l  

d i s c r i m i n a t i o n .

When doing psychophys ica l  s c a l i n g  w i th  humans, Graham & Ratoosh 

(1962) have p o in te d  o u t  t h a t  t y p i c a l l y ,  the  r e s u l t s  are d iscussed in 

an u n d e s i ra b le  manner. The numer ical  assignment  t o  a s t im u lu s  va lue 

is  o f t e n  t r e a t e d  as though i t  were the  q u a n t i t a t i v e  outcome o f  a 

measur ing o p e r a t i o n .  In r e a l i t y ,  i t  is  the  q u a l i t a t i v e  outcome o f  

such an o p e r a t i o n .  I f  the  outcome were q u a n t i t a t i v e ,  averag ing  the  

numbers assigned t o  a g iven s t im u lu s  would be p e rm is s a b le .  However, 

s in ce  the  outcome is  q u a l i t a t i v e ,  averag ing  cannot  v a l i d l y  be done;
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r a t h e r ,  the  most f r e q u e n t  number assigned must be taken  as the  va lue 

a t tached  t o  t h a t  p a r t i c u l a r  s t im u lu s .  The p re s e n t  procedure  may be 

used t o  avo id  these  o b j e c t i o n s  t h a t  have been leve led  a g a in s t  s c a l i n g  

procedures used w i t h  humans s in c e  the  q u a l i t a t i v e  response dimension 

has been rep laced  by a q u a n t i t a t i v e  s t im u lu s  d im ens ion .

Several  expe r im en ts  remain t o  be conducted t o  c l a r i f y  the  p resen t  

r e s u l t s .  The p rocedure  f o r  t r a i n i n g  the  s u b j e c t s  t o  peck th e  key 

invo lved  a ye I low s t im u  I u s . I t  is p o s s ib le  t h a t  the  use o f  ye l lo w  in 

t h e  i n i t i a l  phase o f  t r a i n i n g  was re s p o n s ib le  f o r  the  p o s i t i o n  o f  the  

peak o f  the  l i n e  ang le  g r a d ie n t s  when th e  t e s t  background was y e l l o w .  

However, one m ig h t  e x pe c t  r e l a t i v e l y  h igh response r a te s  i f  the  

t r a i n i n g  on y e l l o w  produced any large e f f e c t s .  The response ra tes  in 

the  presence o f  a y e l l o w  background were ve ry  low compared t o  those 

in th e  presence o f  red and b lu e -g re e n .  S t i l l ,  t h i s  expe r im en t  should 

be r e p l i c a t e d  w i t h  i n i t i a l  t r a i n i n g  on th e  two S+s in s tea d  o f  y e l l o w ;  

t h i s  is  c u r r e n t l y  be ing  done.

Since th e  phenomenon o f  i n t e r e s t  here d isappeared  r e l a t i v e l y  

e a r l y  in t e s t i n g ,  a no th e r  group o f  s u b je c t s  shou ld  be t e s t e d  w i th  the  

red-and b lu e -g re e n  backgrounds f i r s t .  Perhaps th e  peak occurs a t  the  

i n te rm e d ia te  l i n e  ang les  occurs in the f i r s t  t e s t  r e g a rd le s s  o f  the  

background c o l o r .  Th is  expe r im en t  is  a l s o  be ing  conducted.  The same 

t r a i n i n g  p rocedure  shou ld  be used f o r  a no the r  group which should be 

t e s te d  f i r s t  w i t h  a y e l l o w -g re e n  backgound so t h a t ,  (1)  the  response 

ra tes  in t e s t i n g  w i l l  n o t  be so low as t o  p r o h i b i t  o b t a i n i n g  a 

g r a d ie n t  and (2) any e f f e c t s  t h a t  d isappear  w i t h  co n t in u e d  t e s t i n g  

may be observed.
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An expe r im en t  shou ld  be conducted in which s u b je c t s  are t r a i n e d  

w i th  a s im p le  d i s c r i m i n a t i o n  (such as a 90°  l i n e  as S+ and a 0° l i n e  

as S-,  both on b la c k  backgrounds) and then t e s t e d  w i th  a ye l low  back­

ground and v a r io u s  l i n e  ang le s .  I t  is  p o s s i b l e  t h a t  the  i n t r o d u c t i o n  

o f  a novel c o l o r  s h i f t s  the  peak o f  the  g r a d ie n t s  t o  a novel l i n e  

angle even when t h e r e  is  no r e l a t i o n a l  d i s c r i m i n a t i o n  t r a i n i n g .  One 

such e xpe r im en t  has been conducted .  P r i o r  t o  t h e  t e s t  the  su b jec ts  

re ce ived  re in f o r c e m e n t  in the  presence o f  a y e l l o w  key w i th  no l i n e  in 

a d d i t i o n  t o  t h e  90° vs 0°  d i s c r i m i n a t i o n .  The r e s u l t s  i n d i c a te  t h a t ,  

w i t h  a y e l lo w  background,  the  r e l a t i v e  ra te  inc reases  in the  presence 

o f  the 75° l i n e  b u t  ra te s  in the  presence o f  a l l  s m a l l e r  l i n e  angles 

are q u i t e  low. A second r e la te d  expe r im en t  is  in p rogress .  Th is  

exper im en t  d id  n o t  use y e l lo w  as a t r a i n i n g  s t im u lu s  and the  su b je c ts  

w i l l  be t e s t e d  o ve r  l i n e  ang le w i th  a y e l l o w  background.  No data  have 

been o b ta ined  t o  da te .

CONCLUSION

The c o n c lu s io n  reached is  t h a t ,  in a r e l a t i o n a l  d i s c r i m i n a t i o n ,  

the  s t im u lu s  aspec ts  i n t e r a c t  in complex ways. An a n a ly s i s  in which 

one s t im u lu s  aspec t  is  mapped on ano the r  s t im u lu s  aspect  leads t o  a 

p r e d i c t i o n  o f  a peak a t  one in te rm e d ia te  s t im u lu s  when another i n t e r ­

mediate s t im u lu s  is  p resen t .  The p resen t  data s u p p o r t  such an a n a ly ­

s i s .  Th is  c o n c lu s io n  was based on data o b ta in ed  us ing  l in e  angles 

and c o lo re d  backgrounds in a s p e c i f i c  r e l a t i o n a l  d i s c r i m i n a t i o n .  

A p p a re n t l y ,  n e i t h e r  summation o f  p o s i t i v e  g r a d i e n t  nor  s imple s t im u lu s
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g e n e r a l i z a t i o n  is- s u f f i c i e n t  t o  account  f o r  the  i n t e r a c t i o n  e f f e c t s  

observed.

In summary, the  general  procedure used in the  p re s e n t  exper imen t  

pe rm i ts  the  i n v e s t i g a t i o n  o f  equal response con tou rs  and sensory sca­

l i n g .  The procedure invo lves  c o n t r o l  o f  both s t im u lu s  aspects  which 

p reven ts  u n d e s i ra b le  e x t i n c t i o n  f rom o c c u r r i n g .  Th is  procedure can 

be used w i t h  humans f o r  comparat ive  purposes and i s ,  p o t e n t i a l l y ,  an 

a id  t o  deve lop ing  an unders tand ing  o f  complex r e l a t i o n s h i p s  which 

sometimes n e e d ' t o  be i n v e s t i g a te d  in humans.
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