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The r e se a rc h  to  be rep orted  i s  concerned w ith  some o f  th e  con­

d i t i o n s  th a t  govern th e  e s ta b lish m e n t  o f  c o n d i t io n a l  r e l a t i o n s h i p s  

between s e l e c t e d  f e a t u r e s  o f  the  environment ( s t i m u l i )  and c e r t a in  

o th e r  a s p e c t s  o f  behavior  ( r e s p o n s e s ) .  I t  i s  customary to  r e f e r  to  

such c o n d it io n a l  r e l a t i o n s h i p s  as  " st im u lu s  c o n tr o l" .

A w id e ly  accep ted  con cep t o f  s t im u lu s  c o n tr o l  d er iv ed  from th e  

a n a l y s i s  o f  L ash ley  and Wade (19^6) and e la b o ra ted  by Jenk in s and Har­

r i s o n  ( I 9 6 0 ) ,  Heinemann and Rudolph (1963) and Terrace (1966) I s  as  

fo l lo w s :  The degree  to  which a g iv en  s t im u lu s  co n tro ls  behavior  i s  re ­

f l e c t e d  in  th e  g e n e r a l i z a t i o n  g r a d ie n t ,  th e  fu n c t io n  r e la t in g  s t im u lu s  

v a lu e  to  a measure o f  resp on se  p r o b a b i l i t y .  A g e n e r a l i z a t i o n  g r a d ie n t  

th a t  i s  a h o r iz o n ta l  l i n e  I n d ic a t e s  no s t im u lu s  c o n tr o l  a long th a t  

continuum, i . e . ,  changes i n  the v a lu e  o f  th e  s t im u lu s  do not change the  

p r o b a b i l i t y  o f  th e  resp on se  in  q u e s t io n .  The s t e e p e r  th e  g r a d ie n t  th e  

g r e a te r  th e  change In  resp on se  p r o b a b i l i t y  fo r  a g iv e n  change in  s tim ­

u lu s  va lu e  and, hence , th e  "sharper" the s t im u lu s  c o n t r o l .

D is c r im in a t iv e  t r a in i n g ,  the  re in fo rcem en t o f  a s e l e c t e d  resp on se  

in  th e  p resen ce  o f  one s t im u lu s  but not in  the p resen ce  o f  an oth er , ap­

p ears  to  be an e s s e n t i a l  c o n d it io n  fo r  a s t im u lu s  to  ga in  c o n tr o l  over  

th e  respon se  in  q u e s t io n .  Jenk in s and Harrison ( i 9 6 0 ) found th a t  a 1000 

cps ton e  always p r e se n t  during re in fo rcem en t gained c o n tr o l  over b eh av ior  

o n ly  i f  th e  t r a in in g  s e s s i o n  in c lu d ed  p e r io d s  in  which no tone was p r e s ­

end during which the p ig e o n 's  resp o n se  (key p eck ing) was not r e in f o r c e d .  

That i s ,  w ith o u t d i f f e r e n t i a l  r e in fo rcem en t,  a g e n e r a l i z a t i o n  t e s t  in



which the frequency o f  a tone was varied  from 300 to  3500 c y c le s  per 

second rev ea led  v ir t u a l ly  no d if fe r e n c e  in  the r a te  o f  resp o n se . Even 

in  the com plete absence o f  the tone the r a te  o f  resp  nse remained alm ost 

unchanged. On the o th er hand, d isc r im in a tiv e  tr a in in g  r e s u lte d  in  w e ll-  

d efin ed  g ra d ien ts  a long th e dim ension o f  to n a l frequency.

However, in  many operant co n d itio n in g  s i t u a t io n s ,  a s ,  fo r  example, 

in  the c l a s s i c a l  study o f  Quttraan and K alish  (1 9 5 6 ), s lo p in g  g en e ra liz a ­

t io n  g ra d ien ts  were obtained  fo llo w in g  what seamed to be sim ple r e in fo r c e ­

ment o f  th e  s e le c te d  resp on se in  th e presence o f  a g iven  stim u lu s. 

Heinemann and Rudolph (1963) po in ted  ou t th a t in  s tu d ie s  such as t h i s ,  

in  which the stim ulus appears on th e  resp on se k ey , " so -c a lle d  n o n d iffer ­

e n t ia l  tr a in in g  methods a c tu a lly  do in v o lv e  some d i f f e r e n t ia l  tr a in in g ,  

a t  l e a s t  in  the sense o f  tr a in in g  to  d isc r im in a te  between the presence  

and absence o f  the stim u lu s."  (page 65^) • This a s s e r t io n  was supported by 

convincing ev id en ce . G en era liza tio n  g ra d ien ts  a long the dim ension o f  

luminanoe were obtained  fo llo w in g  key-peck tr a in in g  in  the presence o f  

a l ig h t -g r e y  stim u lu s . The stim u lu s fo r  one group was a th in  annulus 

surrounding th e  resp on se key; fo r  another group a recta n g u la r  cardboard 

o f  l ig h t -g r e y  covered the e n t ir e  resp o n se-p a n e l. A s lo p in g  g e n e r a liz a ­

t io n  gra d ien t fo r  luminance was obtained  in  the former c a se , a f l a t  grad­

ie n t  in  the l a t t e r .  With the sm all annulus the occurrence o f the response  

was not re in fo rced  in  the absence o f grey . Hence, d i f f e r e n t ia l  tr a in in g  

occurred . In  the case  o f  the la r g e  stim u lu s there was l i t t l e  opportunity  

fo r  t h is  to  occu r.

C learly  changes in  many dim ensions o f  the stim ulus-com plex p resen t  

during tr a in in g  are co rr e la te d  w ith  d i f f e r e n t ia l  re in forcem en t. But do 

a l l  stim ulus dim ensions so co r re la ted  come to  c o n tr o l behavior?
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B u tter  ( I 963) r e in fo r c e d  p ig eo n s  fo r  respon ding  in  th e  p resen ce  

o f  a band o f  l i g h t  o f  550 ynu in  a v e r t i c a l  p o s i t i o n .  G e n e r a l iz a t io n  

t e s t s  r e v e a le d  n o n -h o r iz o n ta l  g r a d ie n ts  fo r  both w avelen gth  and angular  

o r i e n t a t i o n  w ith  the s h a r p e s t  decrement in  responding  o ccu rr in g  when 

th e  s t im u lu s  was v a r ied  a long  the two d im en sion s  s im u lta n e o u s ly .  Here 

tiro s t im u lu s  d im en sion s were shown to  c o n tr o l  th e  r e s p o n se .  P o s s ib ly  had 

t e s t s  fo r  o th e r  d im en sion s been g iv e n ,  such as a t e s t  fo r  c o n tr o l  by 

lum inance o f  th e  l i n e ,  s im i la r  g r a d ie n ts  would have been o b ta in e d .

However, a number o f  experim en ts  seem to  show th a t  th e  e f f e c t i v e ­

n e ss  o f  s t im u l i  as  b a ses  fo r  the  fo rm ation  o f  a d i s c r im in a t io n  v ary .

That i s ,  when two s t im u l i  are  c o r r e la te d  w ith  re in fo rcem en t one may 

a c q u ir e  c o n t r o l  more r e a d i ly  than th e  o th e r .  An example o f  such s e l e c ­

t i v i t y  i n  th e  developm ent o f  s t im u lu s  c o n tr o l  i s  seen  in a fr e q u e n t ly  

c i t e d  experim ent by Reynolds (1 9 6 1 ) .  Two p ig eo n s  were tr a in e d  on a suc­

c e s s i v e  d is c r im in a t io n  i n  which th e  p o s i t i v e  s t im u lu s  was a w hite  t r ia n g l e  

on a red background, w h i le  th e  n e g a t iv e  s t im u lu s  was a w h ite  c i r c l e  on 

a green background. When th e  components o f  th e s e  s t im u l i  were p resen ted  

s e p a r a t e ly — red , g reen , t r i a n g l e ,  c i r c l e — one b ird  responded only  in  the  

p resen ce  o f  th e  red background, th e  o th er  b ird  o n ly  in  th e  p resen ce  o f  

th e  w h ite  t r i a n g l e .  Reynolds e n t i t l e d  t h i s  a r t i c l e  " A tten t io n  i n  the  

Pigeon" and indeed som ething more than the p r i n c i p l e  o f  d i f f e r e n t i a l  re ­

in forcem en t seems to  be req u ired  to  accou n t fo r  th e s e  r e s u l t s .

Reynolds' use  o f  th e  term " a tten t io n "  i d e n t i f i e s  i t  w ith  th e  oper­

a t io n s  which denote  s t im u lu s  c o n tr o l :

"In g e n e r a l ,  an organism a t t e n d s  to  an a s p e c t  o f  th e  environment i f  
in d ep en d en t v a r i a t i o n  or in d ep en d en t e l im in a t io n  o f  th a t  a sp e c t  
b rin g  about v a r i a t i o n  in  th e  o rg a n ism 's  b eh a v io r .  Thus a g r a d ie n t  
o f  g e n e r a l i z a t i o n  to  to n es  ( c p s ) ,  f o r  exam ple, i s  a way o f  showing  
th a t  th e  organism was a t te n d in g  to  th e  frequency  o f  th e  sound in  
whose p r e se n c e  respon ding  had been r e in f o r c e d ,  but a f l a t  g e n e ra l­
i z a t i o n  f u n c t io n  may in d i c a t e  a la ck  o f  a t t e n t i o n  to  th e  frequency  
o f  the sound." (page 2 0 3 ) .
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The su g g e s t io n  th a t  such a concep t as " a tten t io n "  i s  n e c e s sa r y ,  

c a r r i e s  w ith  i t  th e  im p l ic a t io n  th a t  more i s  meant by th e  term than 

s im ply a synonym f o r  s t im u lu s  c o n t r o l .  I t  seems to imply a s e l e c t i v i t y  

in  t h i s  c o n t r o l .  The v a r io u s  d im ensions o f  a compound s t im u lu s  may or  

may not c o n tr o l  th e  b eh av ior  i n  q u e s t io n .

I t  should be n o ted , however, th a t  t h i s  usage o f  th e  term " a tten t io n "  

i s  p u re ly  d e s c r i p t i v e .  I t  i n  no way e x p la in s  th e  observed s e l e c t i v e l y  

in  s t im u lu s  c o n t r o l .  I t  has th e  advantage o f  c l a r i t y  s in c e  the e x i s ­

ten ce  or n o n -e x is t e n c e  o f  " a tten tio n "  in  a g iv e n  s i t u a t i o n  need n o t be 

in f e r r e d .  I t  may be observed d i r e c t l y  in  the s lo p in g  g e n e r a l i z a t i o n  grad­

i e n t .

More commonly th e  term " a tten t io n "  i s  used to  r e f e r  to  a s e l e c t i v e  

or " f i l t e r i n g "  p r o c ess  which u l t im a t e ly  makes i t s e l f  f e l t  in  what i s  

l e a r n e d .  Used i n  t h i s  manner I t  i s  meant to  be an e x p la n a t io n  o f  observed  

e v e n t s .  In  a r e c e n t  rev iew  o f  the work i n  t h i s  area  M ackintosh (1 9 6 5) 

p r e s e n t s  ev id en ce  fo r  th e  v iew  th a t  d is c r im in a t io n  le a r n in g  in v o l v e s  two 

s t a g e s .  He s u g g e s t s  th a t an animal must f i r s t  l e a r n  to  "attend" to the  

r e le v a n t  s t im u lu s  dim ension  and then to  make the c o r r e c t  c h o ic e  among 

s t im u l i  on t h i s  d im ension . Attempts to  understand th e  nature o f  th e  var­

i a b l e s  a f f e c t i n g  th e  developm ent o f  such " s e l e c t i v e  a t t e n t io n "  and the  

major t h e o r e t i c a l  acco u n ts  o f  i t  are  a l s o  review ed by M ackintosh.

The u se  o f  th e  term " a tten t io n "  as both  d e s c r i p t i v e  o f  c e r t a in  

e v en ts  and as  an e x p la n a t io n  o f  th e s e  e v e n ts  i s  u n fo r tu n a te .  To avoid  

c o n fu s io n  in  th e  a n a ly s i s  o f  th e  rese a rc h  to  be p r e se n te d ,  th e  exp res­

s io n  " s e l e c t i v e  s t im u lu s  con tro l"  i s  used when d e s c r ip t io n  i s  in ten d e d .  

However, s in c e  th e  p r e se n t  r esea rch  i s  concerned w ith  the developm ent  

o f  s e l e c t i v e  s t im u lu s  c o n t r o l ,  and attem pts to  p ro v id e  an e x p la n a t io n



o f  t h i s  phenomenon, th e  r e l a t i o n  between t h i s  r e se a rc h  and th a t  con­

cern in g  th e  c o n d i t io n s  a f f e c t i n g  " s e l e c t i v e  a t te n t io n "  should be n o ted .

The e x p r e s s io n  " s e l e c t i v e  a t t e n t io n "  w i l l  be used where n ecessa ry  to  

d enote  " a tten tio n "  i n  i t s  ex p la n a to ry  u sa g e .

The s i t u a t i o n  chosen  fo r  study i s  one fr e q u e n t ly  c i t e d  as ev id e n c e  

f o r  th e  e f f e c t  o f  " s e l e c t i v e  a t t e n t io n "  on th e  developm ent o f  s t im u lu s  

c o n t r o l .  L ash ley  (1992) s u g g e s t s  th a t  " I f  anim als are  g iv e n  a s e t  to  

r e a c t  to  one a s p e c t  o f  a s t im u lu s  s i t u a t i o n ,  la r g e  amounts o f  t r a in in g  

do n o t  e s t a b l i s h  a s s o c i a t i o n  w ith  o th er  a s p e c t s ,  so lo n g  as th e  o r i g i n a l  

s e t  remains e f f e c t i v e  f o r  reach ing  th e  food ."  (page 259)* R e su l t s  

showing th a t  t r a in in g  on a s i n g l e  d im ension p r e v en ts  to  some e x te n t  

th e  a c q u i s i t i o n  o f  s t im u lu s  c o n tr o l  by o th er  dimensions o f  a s t im u lu s  

compound are  not uncommon i n  th e  l i t e r a t u r e  ( e . g . ,  L a sh ley , 1938, 1992; 

Lawrence, 1950; M cCaslin, Wodinsky, and B itterm an, 1 9 5 2 ) .  A r e c e n t  

experim ent by Mackintosh ( 1965) a l s o  dem onstrated t h i s  s o - c a l l e d  " a t te n -  

t i o n a l  e f f e c t " . Rats were g iv e n  t r a in in g  on e i t h e r  o r i e n t a t io n  or b r ig h t ­

n e ss  fo l lo w ed  by t r a in in g  on a s i n g l e  compound s t im u lu s  (a  w h ite  r e c ­

ta n g le )  and were then t e s t e d  by means o f  the " r e v e r s a l ,  n o n -rev ersa l"  

tech n iq u e  f o r  " g e n e ra l iza t io n "  between t h i s  r ec ta n g le  and another  d i f f e r i n g  

from i t  e i t h e r  i n  b r ig h t n e s s  or o r i e n t a t i o n .  S u b jec ts  showed s te e p e r  grad­

i e n t s  a long  th e  dim ension on which th ey  had been p r e tr a in e d .

S e l e c t i v i t y  in  th e  development o f  s t im u lu s  c o n tr o l  fo l lo w in g  d isc r im ­

in a t io n  t r a in in g  was dem onstrated by Newman and Baron ( 1 9 6 5 ) i n  a q u i te  

d i f f e r e n t  s i t u a t i o n .  These exp erim en ters  r e in fo r c e d  p ig eo n s  f o r  responding  

in  the p resen ce  o f  a w hite  v e r t i c a l  l i n e  on a green key. One group did  not  

r e c e iv e  e x p l i c i t  d i f f e r e n t i a l  t r a in i n g .  Three groups r e c e iv e d  tr a in in g  

w it h  a n e g a t iv e  s t im u lu s  as  w e l l  as th e  p o s i t i v e  s t im u lu s  d e scr ib e d  above.
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For one group th e  n e g a t iv e  s t im u lu s  was a green key— p o s i t i v e  and n e g a t iv e  

p e r io d s  could  be d i s t in g u is h e d  by t h i s  group on ly  on the b a s i s  o f  p res ­

ence or absence o f  th e  l i n e .  A second group had a red key as th e  n e g a t iv e  

s t im u lu s— p o s i t i v e  and n e g a t iv e  p er io d s  could be d is t in g u is h e d  by t h i s  

group e i t h e r  on the b a s i s  o f  presen ce  or absence o f  th e  v e r t i c a l  l i n e  or  

on th e  b a s i s  o f  key c o lo r .  A th ir d  group had as i t s  n e g a t iv e  s t im u lu s  

a red key w ith  a w hite  v e r t i c a l  l i n e — p o s i t i v e  and n e g a t iv e  p er io d s  could  

be d is t in g u is h e d  on ly  on th e  b a s i s  o f  key c o lo r .  F o llow in g  t h i s  t r a in i n g ,  

g e n e r a l i z a t i o n  g r a d ie n ts  fo r  l i n e  t i l t  were o b ta in e d .  They were e s s e n t i a l l y  

f l a t  ex cep t fo r  p igeon s  "required" to  form the d is c r im in a t io n  on th e  b a s i s  

o f  presen ce  or absence o f  the  l i n e .  I t  should be noted th a t  th e  group for  

whom both key c o lo r  and absence o f  the l i n e  were p e r f e c t l y  c o r r e la te d  vdth  

re in fo rcem en t f a i l e d  to show ev id en ce  o f  c o n tr o l  by th e  o r i e n t a t io n  o f  the  

l i n e .

Baron ( I 9 6 5 ) s u g g e s t s  th a t  th e s e  r e s u l t s  may be accounted fo r  in terms 

o f  a " m o d if ic a t io n  o f  th e  a t ten d in g  h ierarchy  ^dth d i f f e r e n t i a l  t r a in in g " .  

The e x i s t e n c e  o f  such a h ierarch y  i s  in fe r r e d  from d a ta ,  such as th o se  of  

Warren (1953 . 195^ ). 'which su g g e s t  th a t  d i s c r im in a t io n s  are formed more 

r e a d i ly  a long some d im ensions than along o t h e r s .  Baron s u g g e s t s  th a t  p r io r  

to d i f f e r e n t i a l  t r a in in g  c o lo r  was h igher  in  the p ig e o n 's  " a tten d in g  h ie r ­

archy" than was the angular o r i e n t a t io n  o f  the w hite l i n e .  Under th e s e  

c o n d it io n s  c o lo r  would a cq u ire  c o n tr o l  more r e a d i ly  than would angular  

o r ie n t a t io n .  Kowever,

"R aising the  r e l a t i v e  p o s i t i o n  o f  th e  e lem ent low  i i  th e  h ierarch y  
might h asten  c o n tr o l  a c q u i s i t i o n  or in c r e a s e  th e  amount o f  c o n tr o l  
o b ta in ed . One way to  accom plish  t h i s  might be through d i f f e r e n t i a l  
t r a in in g  in  which 'paying  a t t e n t io n '  to  changes in  an elem ent low  
in  th e  h ierarch y  i s  r e in fo r c e d  w h ile  'paying a t t e n t io n '  to  changes  
in  e lem ents  h igh  In th e  h ierarchy  i s  n o n - r e in f o r c e d . . . s u b j e c t s  fo r  
whom p r esen ce -a b sen ce  o f  th e  l i n e  was d i f f e r e n t i a l l y  r e in fo r c e d  
w h ile  c o lo r  was n o t ,  were exp ected  to pay l e s s  ' a t t e n t i o n '  to  c o lo r  
o f  th e  surrounding and 'a t t e n d '  th e  w h ite  l i n e  and i t s  angu lar  orien­
t a t io n ."  (page 6 6 ) .
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The experim en ts  to  be rep orted  d e a l  w ith  the e f f e c t s  o f  p r e tr a in in g  

a d is c r im in a t io n  on the b a s i s  o f  one dim ension o f  a compound s t im u lu s  

upon l a t e r  c o n tr o l  o f  behavior  by another dim ension su b seq u en tly  c o rr e ­

la t e d  w ith  r e in fo r ce m e n t .  The e f f e c t s  o f  d i f f e r e n c e s  in  th e  r e a d in e s s  

w ith  which a d i s c r im in a t io n  can be formed on th e  b a s i s  o f  one dim ension  

upon th e  developm ent o f  s t im u lu s  c o n tr o l  by another dim ension w i l l  a l s o  

be c o n s id e r e d .



METHOD

S u b jects

The su b jec ts  were twenty w h ite  Carneau p igeons who had not been  

used in  any p rev iou s experim ents. Twelve o f  th ese  p igeon s were f iv e  

years o ld  a t  th e  s ta r t  o f  the experim ent; th e  remaining e ig h t  were ap­

proxim ately  two y ea rs  o ld . Although no e f f e c t  due to  age was exp ected , 

an e f f o r t  was made to  a s s ig n  an equal number o f  p ig e6 ns from th ese  two 

age groups to  th e v a r io u s experim ental c o n d it io n s .

Throughout the experim ent th e p igeons were m aintained a t  approx­

im ate ly  85^ o f  th e ir  fr e e -fe e d in g  w eig h t. A fter  thoy arrived  a t  the  

la b o ra to ry  th e b ird s were allow ed f r e e -a c c e s s  to  food fo r  11 d ays. Free 

feed in g  w eight i s  the mean w eight fo r  th e l a s t  e ig h t  o f  th ese  d ays. 

Apparatus

Training and te s t in g  were ca rr ied  o u t in  two id e n t ic a l  animal 

chambers purchased from G rason-Stadler Company. The b ir d 's  compart­

ment was 11 x 11 x 13^ in ch es in  s i z e .  The f lo o r ,  c e i l in g  and two 

w a lls  o f  t h is  conqjartment were covered w ith  a c o u stic  t i l e .  A m etal 

panel separated the s u b je c t 's  compartment from the compartment housing 

th e stim u lu s and food p resen tin g  d e v ic e s .  The response k ey , a c ir c u la r  

d isk  one in ch  in  d iam eter, was lo c a te d  in  the cen ter  o f  the panel about 

e ig h t  in ch es  from the f lo o r .  Four in ch es beneath the key was a 1 3 /4  x 

2 in ch  opening through which a tray  f i l l e d  w ith  gra in  could be made 

a v a ila b le .  A v a ila b i l i ty  o f  food was s ig n a led  by the sound o f  a so len o id  

as the food tra y  moved in to  p la ce  and by a l ig h t  which illu m in a ted  the  

g ra in  hopper. Reinforcem ent was a th ree second period  o f  a ccess  to  the

- 8 -
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food . The e n t ir e  box was en closed  in  a sound-proff chamber»

The v is u a l  stim u lu s , a black l i n e  l /8  in ch  in  w idth and one 

in ch  in  le n g th  on the w hite c ir c u la r  key, was produced by a p ro jecto r  

mounted behind the k ey . This d ev ice  could tra n s illu m in a te  the key 

w ith  w hite l i g h t  and a black l i n e  in  apy o f  12 d if f e r e n t  o r ie n ta t io n s .  

During tr a in in g  on ly  two o r ie n ta t io n s  o f  the l i n e  were p resen ted . These 

were the v e r t ic a l  l in e  (90°) and th e h o r izo n ta l l in e  ( 0 ° ) .  During gen­

e r a l iz a t io n  t e s t in g  th ese  s t im u li p lu s s ix  o th er l i n e  o r ie n ta t io n s  were 

p resen ted . The a d d it io n a l t e s t  s t im u li were the black l i n e  a t  angular  

o r ie n ta t io n s  o f  30° ,  60° ,  75° ,  105°, 120° ,  and 150° .

The au d itory  s t im u li were produced by a f iv e  in ch  speaker lo ca ted  

in  the su b je c ts  chamber. S in u so id a l s ig n a ls  were d e liv ered  to t h is  

speaker by two a u d io -o s c i l la to r s .  During tr a in in g  one was s e t  a t  a f r e ­

quency o f  1000 c y c le s  per second (c p s);  th e  o th er was s e t  a t  320 cp s. 

During t e s t in g  s ix  a d d itio n a l ton es were p resen ted . These a d d itio n a l  

t e s t  s t im u li were freq u en c ies  o f  450 , 600, 800 , 1350* 1800 and 2400 cp s . 

The sound p ressu re  l e v e l  o f  th e  e ig h t  s t im u li was approxim ately 65 d e c i­

b e ls  re 0 .0002 dyne/cm^ as measured w ith  a sound l e v e l  m eter.

The chamber was illu m in a ted  by a 10-w att bulb during working per­

io d s .  The duration  o f  the working period  was 37 secon d s. These p eriod s  

were separated  by a seven-second b lackout during which th e h o u se lig h t  

and s t im u li were turned o f f .

Programming and record ing were accom plished by a s e r ie s  o f  r e la y s ,  

tim ers , cou n ters and a 52-p o in t ,  three-bank step p in g  sw itch .

Experim ental D esign and Procedure

The b a sic  d es ig n  o f  the p resen t experim ent i s  o u tlin ed  in  F igure 1 .  

The au d itory  s t im u li are re ferred  to  as F, the v is u a l  s t im u li as T.
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The p a r t ic u la r  stim u lu s p resen ted  i s  shown as a su b sc r ip t . For example, 

th e p re sen ta tio n  o f  the 1000 c y c le  tone i s  d esign ated  Fi000» V e r t ic a l  

(V) and h o r izo n ta l (H) appear a s  a b b rev ia tio n s . The terms "correlated"  

and "uncorrelated" are used to  r e fe r  to  th e r e la t io n s h ip  between the  

reinforcem ent sch ed ule in  e f f e c t  and th e stim u lu s e v e n ts . In  th e cor­

r e la te d  s itu a t io n  one member o f  th e  p a ir  o f  s t im u li i s  on ly  and always 

p resen t during p eriod s when th e response (key pecking) i s  re in fo rced  

and the o th er  stim u lu s i s  always and on ly  p resen t during n eg a tiv e  per­

io d s . The p o s i t iv e  s t im u li are in d ica te d  by the symbols 14- and F+.

The n eg a tiv e  s t im u li are In d ica ted  by the symbols T- and F -. On the 

t i l t  dim ension the p o s i t iv e  stim ulus i s  the v e r t ic a l  l i n e ,  T y +; the  

n eg a tiv e  stim u lu s i s  th e  h o r izo n ta l l i n e ,  T g - .  On the frequency dimen­

s io n  the p o s i t iv e  stim u lu s i s  th e 1000 c y c le  to n e , F iq 00 + » the n eg a tiv e  

stim ulus i s  the 320 c y c le  ton e, F y^O - •  Hie co n d itio n  re ferred  to  as  

u n correlated  d esc r ib e s  a s itu a t io n  in  which each member o f  the p a ir  o f  

s t im u li on the dim ension was presented  randomly during 50$ o f  th e  r e in ­

forced  p er io d s and during 50$ o f  the n on -rein forced  p e r io d s . U ncorrelated  

p r esen ta tio n s  o f  th e  variou s s t im u li are in d ica te d  by the symbols Ty*,

Tff** ^looo** anc* ^520**

Reinforcem ent co n tin g e n c ie s  in  e f f e c t  during the experim ent were 

as fo llo w s:

U ncorrelated p re sen ta tio n  on both stim ulus d im ensions. — Under 

t h is  tra in in g  co n d itio n  th e two s t im u li on the t i l t  dim ension and the  

two s t im u li on the frequency dim ension were p resen t during a l l  working 

p eriod s but n e ith e r  was c o n s is te n t ly  co rre la ted  w ith  rein forcem ent. This 

s itu a t io n  i s  d iagram m atically  i l lu s t r a t e d  in  Figure 1 as the tra in in g  

co n d itio n  fo r  the u n correlated  group, Group U, during Stage 1 o f  the ex­

perim ent.
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Figure 1 -  O u tlin e  o f  Experim ental D esign
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One stim u lu s dim ension co rre la ted  w ith  re ln fo rcem en t, the other  

dim ension u n co rre la ted . — Two groups were tra in ed  under t h is  co n d itio n  

during Stage 1 . These were th e frequency co rr e la te d  group, Group F, 

and the t i l t  co rre la ted  group, Group T. The tr a in in g  co n d itio n s  fo r  

th ese  groups are shown in  F igure 1 .

"Double co rre la tio n ? — both stim u lu s dim ensions co rr e la ted  w ith  

rein forcem en t. — Three groups were tra in ed  under t h is  co n d itio n  during

Stage 2 . For th ese  su b je c ts  rein forcem ent always occurred during per­

io d s  in  which the 1000 c y c le  t*ne and the v e r t ic a l  l i n e  were p resen t;  

rein forcem ent never occurred in the presence o f  th e  320 c y c le  tone and 

the h o r izo n ta l l i n e .  The groups g iven  t h is  tr a in in g  during Stage 2 are  

shown in  F igure 1 as Subgroups F-D, T-D, and U-D.

Follow ing i s  a d e sc r ip t io n  o f  the variou s tr a in in g  and te s t in g  

c o n d itio n s  in v o lv ed  in  the p resen t experim ent. They are presented  in  

the order in  which they  occurred:

Shaping. — Shaping required a s in g le  s e s s io n  fo r  most o f  the  

b ir d s . The procedure was as fo llo w s:  The b ird  was p laced  in  the l ig h te d

box. N eith er the v is u a l  nor the au d itory  s t im u li to  be used in  la t e r  

tr a in in g  were p r e se n t. A few g ra in s  were p laced  near the m agazine.

When th e b ird  began e a t in g , th e food magazine was operated and remained 

a v a ila b le  u n t i l  th e  b ird  a te  from i t .  The sound thus produced in  some 

in s ta n c e s  caused th e  bird to  " freeze" . In  such an even t, the food mag­

a z in e  was not p resen ted  aga in  u n t i l  e a tin g  had begun. Magazine tr a in in g  

continued u n t i l  th e bird r e a d ily  a te  from th e food tra y  when a v a i la b le .  

Shaping was begun im m ediately a fterw ard s. Only movements in  th e v ic ­

i n i t y  o f  the key were re in fo rced  by p r esen ta tio n  o f  th e food tra y  u n t i l  

by the "method o f  su c c e ss iv e  approximation" the p igeon  was tra in ed  to
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peck the k ey . He was then g iven  approxim ately 30 re in fo rcem en ts . Each 

rein forcem ent was th ree  seconds o f  a ccess  to  th e food tr a y . At t h is  

p o in t rein forcem ent was continuous— a s in g le  peck was s u f f i c ie n t  to  

produce the food tr a y .

In tro d u ctio n  to  th e  v a r ia b le  in te r v a l  sch ed u le . — During the  

experim ent a v a r ia b le  in te r v a l  schedule o f  rein forcem ent having a mean 

in te r v a l  o f  20 seconds (V I-20") was in  e f f e c t  during p o s i t iv e  p e r io d s .

The s h i f t  from continuous to v a r ia b le  in te r v a l  rein forcem ent occurred  

during the s e s s io n  fo llo w in g  shaping fo r  most o f  the b ir d s . At f i r s t  

th e food magazine was w ithheld  u n t i l  two or th ree pecks were em itted .

The in te r v a l  was lengthened  grad u ally  u n t i l  th e  bird responded c o n s is ­

t e n t ly  on the VI-20" rein forcem ent sch ed u le . B lack ou ts, the seven-second  

tim e-o u t p er io d , were introduced a t  t h is  p o in t .  I t  was found h e lp fu l  

to  en r ich  the rein forcem ent schedule im m ediately b efo re  and a f te r  th e  

f i r s t  few b la ck o u ts . In  ca ses  in  which the behavior seemed d isru p ted  

by th e  sudden plunge in to  darkness, b lack ou ts were tem porarily  d isco n ­

tinued w h ile  VI-20" tr a in in g  was con tin u ed . This tr a in in g  procedure 

produced a minimum o f  "freezing" on the p art o f  the p igeons, and in  a l l  

but one case  the b ird s  were shaped and put on the VI sch ed ule w ith in  

two days.

During th e experim ent proper, 50# o f  the working p er io d s were 

p o s it iv e ;  5Q$> n e g a tiv e . Each s e s s io n  c o n s is ted  o f  52 37-second working 

p erio d s each separated  by a seven-second b lack ou t. The sequence o f  pos­

i t i v e  and n eg a tiv e  p eriod s was random. Schedules in  which th e  maximum 

number o f  su c c e ss iv e  p o s i t iv e  p eriod s p lu s  the maximum number o f  suc­

c e s s iv e  n eg a tiv e  p er io d s was l e s s  than n ine were e lim in a te d . Only 

sch ed u les w ith  lon ger sequences o f  su c c e ss iv e  p o s i t iv e  and n eg a tiv e
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p erio d s were used in  order to prepare the b ird s fo r  la t e r  g en e r a liz a ­

t io n  t e s t in g .  The g e n e r a liz a t io n  t e s t  was conducted during e ig h t con­

s e c u tiv e  n eg a tiv e  p er iod s in  an o th erw ise  normal s e s s io n .

The b ird s were introduced to  th is  type o f  schedule over a period  

o f  fou r days as fo llo w s:

F ir s t  Day -  25$ p er io d s n eg a tiv e  -  no more than 2 co n secu tiv e  

Second Day -  50$ p eriod s n eg a tiv e  -  no more than 2 co n secu tiv e  

Third Day -  50$ p er io d s n eg a tiv e  -  no more than 3 co n secu tiv e  

Fourth Day -  50$ p er io d s n eg a tiv e  -  no more than 4 co n secu tiv e  

This was fo llo w ed  by e ig h t  days o f  tr a in in g  on the regu lar sch ed u le .

This period  i s  re ferred  to  as p relim in ary  tr a in in g  ( P . T . ) .  I t s  purpose 

was to  in su re  s ta b le  responding under th e  gen eral co n d itio n s  o f  the  

experim ent. A fter  response r a te s  had become q u ite  s ta b le ,  d iscr im in a­

t io n  tr a in in g  was begun.

Stage 1 T rain ing. — On the b a s is  o f  th e ir  f in a l  r a te s  during  

the p relim in ary  tr a in in g  period  th e p igeons were d iv id ed  in to  th ree  

matched groups— Group T and Group F each had e ig h t  su b jec ts;  Group U 

had fou r s u b je c ts . The co n d itio n s  o f  tra in in g  fo r  each o f  th ese  groups 

have a lread y been d escrib ed  and are summarized in  F igure 1 . The b ird s  

were tra in ed  under th e ir  r e s p e c t iv e  co n d itio n s  fo r  45 d ays. The se ­

quence o f  p o s i t iv e  and n eg a tiv e  p er io d s was id e n t ic a l  fo r  a l l  b ird s  during 

a g iv en  s e s s io n . Throughout the experim ent th e b ird s were run in  the  

same box a t  approxim ately the same tim e each day. S e ss io n s  were con­

ducted d a ily  excep t on the few o cca s io n s  on which t h is  was im p o ssib le .

G en era liaa tlon  T esting 1 . — Follow ing the f i r s t  s ta g e  o f  tr a in in g ,  

g e n e r a liz a t io n  t e s t s  were ca rried  o u t . These were conducted during 

"normal11 tr a in in g  s e s s io n s  excep t th a t th e t e s t  s t im u li were presented



during e ig h t  co n secu tiv e  n eg a tiv e  p er io d s w ith in  t h is  s e s s io n . The 

four te s ts*  diagram m atically  shown in  F igure 1 , were g iven  to  a l l  th e  

b ir d s . These t e s t s  were: (a ) a t e s t  fo r  g e n e r a liz a t io n  on the dimen­

s io n  o f  t i l t  in  the presence o f  th e 1000 c y c le  tone; (b) a t e s t  on the 

dim ension o f  t i l t  in  the presen ce o f  th e 320 c y c le  tone; (c )  a t e s t  on 

th e dim ension o f  frequency o f  a 65 d e c ib e l tone in  the presence o f  the  

v e r t ic a l  l in e ;  (d) a t e s t  on th e dim ension o f  frequency in  the presence  

o f  the h o r izo n ta l l i n e .  On each dim ension e ig h t  s t im u li were p resen ted . 

The order o f  p re se n ta tio n  was random. Four s e s s io n s  la t e r  the t e s t  was 

repeated  w ith  the s t im u li p resen ted  in  rev erse  ord er . Responses during  

th ese  two t e s t s  were averaged to produce the b a sic  data used in  the main 

a n a ly se s . This procedure minimized* but probably did n ot com pletely  

e lim in a te , e f f e c t s  due to  order o f  p r e se n ta tio n  o f  th e  s t im u li .  Gen­

e r a l iz a t io n  t e s t in g  took e ig h t  d ays. The procedure used was chosen to 

m inimize e x t in c t io n  e f f e c t s  and keep th e t e s t in g  s e s s io n  as in d is t in g u is h ­

ab le  from tra in in g  as p o s s ib le .

The t e s t s  were g iven  in  th e fo llo w in g  two o rd ers . Half o f  the  

su b je c ts  in  each group were g iven  one order; the rem aining h a lf  were 

t e s te d  in  th e  a lte r n a te  order:

Order 1

T i l t - t e s t  in  the presence o f  th e  320 c y c le  to n e .

F req u en cy-test in  the p resen ce o f  th e  h o r izo n ta l l in e  

F req u en cy-test in  the p resen ce o f  th e  v e r t ic a l  Tjtae 

T i l t - t e s t  in  the presence o f  the 1000 c y c le  tone

Order 2

F req u en cy-test in  the presence o f  the h o r izo n ta l l in e  

T i l t - t e s t  in  the presence o f  th e 320 c y c le  tone 

T i l t - t e s t  in  th e presence o f  the 1000 c y c le  tone 

F req uency-test in  the presence o f  the v e r t ic a l  l in e



The orders o f  t e s t in g  were th e same on the second a d m in istra tio n  o f  

each t e s t .  Such a sequence perm its comparison o f  th e  performance o f  

the d i f f e r e n t  groups on the same t e s t  but c e r ta in  o th er com parisons 

would be d i f f i c u l t  to  in te r p r e t  because o f  confounding. For example, 

d if fe r e n c e s  in  performance on the two frequency t e s t s — th a t made in  

the presen ce o f  the v e r t ic a l  l in e  and th a t made in  the p resen ce o f  

th e h o r izo n ta l l in e — are the r e s u lt  o f  d if fe r e n c e s  in  l i n e  o r ie n ta t io n  

confounded w ith  order o f  t e s t in g .

Stage 2 . — Follow ing the g e n e r a liz a t io n  t e s t s  th e  su b je c ts  were

g iv en  two days continued tr a in in g  under th e ir  Stage 1 tr a in in g  c o n d itio n .  

This was fo llow ed  by the tr a in in g  shown in  F igure 1 under Stage 2 . Half 

o f  th e su b jec ts  in  Group F, the group whose tr a in in g  co n d itio n  was fr e ­

quency co rr e la ted  during Stage 1 , were g iv en  "double co rre la tio n "  tra in in g  

during the second s ta g e . This group i s  re ferred  to  in  Figure 1 and in  

the fo llo w in g  d is c u s s io n  as Group F-D. The f i r s t  l e t t e r  d e s ig n a te s  the  

tr a in in g  co n d itio n  in  e f f e c t  during Stage 1 .  The second l e t t e r  in d ic a te s  

th e tr a in in g  co n d itio n  in  e f f e c t  fo r  th e group during the second sta g e  

o f  tr a in in g . Thus, fo r  t h is  group the l e t t e r s  F-D show th a t the tra in in g  

co n d itio n  during Stage 1 was frequency co rr e la te d  (F);  th e  tr a in in g  con­

d it io n  during Stage 2 was H ouble c o r r e la tio n " (D ). The remaining su b jeo ts  

in  Group F were continued on th e ir  S tage 1 tr a in in g  co n d itio n . This group 

i s ,  th e r e fo r e , re ferred  to  a s Group F-F. The o r ig in a l  t i l t  co rre la ted  

group, Group T» was s im ila r ly  tr e a te d . Half o f  th e  su b je c ts  were s h if te d  

toM ou b le correlation!?  According to the scheme d escrib ed  above t h is  

group i s  re ferred  to  as Group T-D, T i l t  (T) was co rre la ted  during Stage 1 

a n d ilo u b le  correlation "  tr a in in g  was g iven  during Stage 2 . The rem aining 

su b jec ts  were continued on the o r ig in a l  tra in in g  co n d itio n . This group 

i s  re ferred  to  as Group T-T. A ll  o f  th e su b jec ts  in  Group U were now
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tra in ed  under the 'double c o r r e la t io r f  c o n d it io n . Consequently t h is  

group i s  re ferred  to  as Group U-D. Stage 2 tr a in in g  was continued  

fo r  45 s e s s io n s .

G en era liza tio n  T esting  2 . — The t e s t s  g iven  fo llo w in g  the  

second sta g e  o f  tr a in in g  were id e n t ic a l  to  th ose  fo llo w in g  Stage 1 .



RESULTS

Training -  Stage 1

The performance o f  th e  su b jec ts  during th e f i r s t  s ta g e  o f  tra in in g  

I s  shownin F igure 2 . The mean number o f  resp on ses per working p eriod , 

p lo tte d  a g a in st  tra in in g  s e s s io n , i s  shown se p a r a te ly  fo r  " p o s it iv e ” and 

fo r  " n egative” working p e r io d s . During p o s i t iv e  p e r io d s , the VI-20" sched­

u le  was in  e f f e c t .  During n eg a tiv e  p eriod s, no rein forcem ents were g iv en . 

The terms " p ositive"  and "negative" do not r e fe r  to  p a r t ic u la r  s tim u li  

a sso c ia te d  w ith  reinforcem ent or non-rein forcem ent. Each graph a lso  shows 

the r e s u lt s  fo r  th e l a s t  s ix  days o f  p relim in ary  tr a in in g  ( P . T . ) .

The curve fo r  Group U i s  based upon the means o f  four su b jec ts;  

th e curves fo r  Groups F and T are each based upon the performance o f  

e ig h t  su b je c ts . Although t h is  manner o f  p r e sen ta tio n  i s  su b jec t to  the  

dangers in h eren t In averaging lea rn in g  cu rves, an in sp e c t io n  o f  the  

in d iv id u a l curves r e v e a ls  a h igh  degree o f  s im ila r ity  among in d iv id u a ls .

The general c h a r a c te r is t ic s  o f  the In d iv id u a l curves are r e f le c te d  in  the  

group cu rves. Where ex cep tio n s have occurred they w i l l  be noted .

The upper graph in  F igure 2 (2-A) shows th e r e s u lt s  fo r  Group U.

For t h is  group th e au d itory  and v is u a l  s t im u li could n ot serve to  id en ­

t i f y  p o s i t iv e  and n eg a tiv e  p er io d s s in c e  each o f  th e  four s t im u li was 

p resen t as o f te n  during p o s i t iv e  as during n eg a tiv e  p e r io d s . The curves  

c le a r ly  show th a t no d iscr im in a tio n  was formed. The fa c t  th a t the  

response r a te  i s  higher during th e n eg a tiv e  p er io d s  than during the  

p o s it iv e  p eriod s r e f l e c t s  th e  fa c t  th a t  during p o s i t iv e  p er io d s the  

su b jec t s to p s  responding o c c a s io n a lly  to  e a t  from the food m agazine.

The unvarying sep aration  between the two curves in d ic a te s  th a t a schedule

- 1 8 -
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F igure  2 . Performance during p re lim in a ry  t r a in in g  ( P . T. )  and S tage  1 

t r a in in g  i s  shown as a fu n c t io n  o f  s e s s i o n s  o f  t r a in i n g .  The mean 

number o f  r esp o n ses  em itted  during th e  p o s i t i v e  p e r io d s  ( f i l l e d  c i r c l e s )  

and th e  n e g a t iv e  p e r io d s  (open c i r c l e s )  are shown s e p a r a t e ly  for  each  

s e s s i o n .  The curves  showing the performance o f  Group U ( fo u r  s u b j e c t s )  

appear in  Panel A. The curves  showing the  performance o f  Group F ( e ig h t  

s u b j e c t s )  appear in  Panel 3 . The cu rves  showing the performance o f  

Group T ( e ig h t  s u b j e c t s )  appear in  Panel G.



c

MEAN NUMBER OF RS.

5  *  J

to
m
to
<A

r
H
L

MEAN NUMBER OF RS. 
- ©

Q  Q  O

cn
H
>
Om

T

MEAN NUMBER OF RS

r  O O
.D

CO
H
>
CD
m

a
y i

r e



- 2 0 -

d isc r im in a tio n , based on the occurrence o f  rein forcem ents during the  

p o s i t iv e  p e r io d s , was not formed ( s e e  Jen k in s, 1965)* The group curve  

shown m irrors the in d iv id u a l cu rves, a lthough the la t t e r  show more 

Ir r e g u la r ity  and vary in  the amount o f  sep a ra tio n  between the two cu rves.

The m iddle graph (2-B ) shows the r e s u lt s  fo r  Group F. For t h is  

group, as fo r  Group U, each o f  th e  two o r ie n ta t io n s  o f  th e  l i n e  appeared 

w ith  equal frequency in  p o s i t iv e  and n eg a tiv e  p e r io d s . But u n lik e  the  

co n d itio n  fo r  Group U, the frequency o f  th e  65 d e c ib e l tone was per­

f e c t ly  o o rre la ted  w ith  the two components o f  th e  m u ltip le  sch ed u le .

During and on ly  during p o s i t iv e  p er io d s a tone o f  1000 cps was p resen t;  

during and on ly  during n eg a tiv e  p eriod s a 320 cps tone was p re se n t.

As can be seen  from Figure 2-B , th e  su b je c ts  d id  form a d iscrim ­

in a t io n  on th e b a s is  o f  to n a l frequency. By the seven th  s e s s io n  the  

average ra te  during p o s i t iv e  p eriod s exceeded th a t fo r  n eg a tiv e  p e r io d s .  

The sep a ra tio n  in  r a te  between p o s i t iv e  and n eg a tiv e  p eriod s gradually  

in creased  as tr a in in g  con tin u ed . Early in  th e  form ation o f  th e  d iscr im ­

in a tio n  the sep a ra tio n  o f  the two curves was due p rim arily  to  an in crea se  

in  r a te  during p o s i t iv e  p e r io d s . Later th e r a te  during p o s i t iv e  p eriod s  

dropped s l i g h t ly  and le v e le d  o f f .  This le v e l in g  o f f  occurred w h ile  

the n eg a tiv e  r a te  continued to  drop. The gradual development o f  the  

d isc r im in a tio n  was c h a r a c te r is t ic  o f  a l l  th e  b ird s in  t h is  group although  

th ere  was no s in g le  p a ttern  in  changes in  p o s i t iv e  and n eg a tiv e  r a t e s .

IVo b ir d s  never in crea sed  th e ir  p o s i t iv e  r a te s ;  th e ir  n e g a tiv e  r a te s  

sim ply dropped. Some b ird s showed an i n i t i a l  in crea se  in  b oth  p o s i t iv e  

and n eg a tiv e  r a t e s .

The lo w est graph (2-C) shows the r e s u lt s  fo r  Group T. For t h is  

group the two au d itory  s t im u li were u n co rre la ted , i . e . ,  they appeared 

w ith  equal frequency during p o s i t iv e  and n eg a tiv e  p er io d s . The o r ie n -



- 2 1 -

t a t i o n  o f  th e  l i n e ,  however, was c o r r e la te d  w ith  r e in fo r c e m e n t .  A 

v e r t i c a l  l i n e  appeared on th e  key during a l l  p o s i t i v e  p er io d s ;  a h o r i­

zo n ta l  l i n e  during a l l  n e g a t iv e  p e r io d s .  The perform ance o f  the  sub­

j e c t s  in  t h i s  group was c l e a r l y  d i f f e r e n t  from th o s e  i n  Group F (com­

pare F ig u res  2-B and 2 -C ) .  L ine t i l t  appears to  be a more e f f e c t i v e  

d i s c r im in a t iv e  s t im u lu s  than to n a l  freq u en cy . The n e g a t iv e  r a te  fo r  

th e  group dropped below th a t  o f  th e  p o s i t i v e  on th e  f i r s t  day o f  t r a in in g .  

Only one o f  the  b ir d s  did  not c l e a r l y  show th e  d is c r im in a t io n  by th e  s e c ­

ond day . The in c r e a s e  in  p o s i t i v e  r a te  appeared e a r l i e r  and was sh arp er.  

F u rth er , th e  in c r e a s e  in  th e  p o s i t i v e  r a t e  occurred w ith  every  b ird  in  

t h i s  group. The r a t e  during n e g a t iv e  p e r io d s  dropped q u ic k ly  towards  

zer o .  While most b ir d s  con tin u ed  to  respond o c c a s io n a l ly  during a nega­

t i v e  p e r io d ,  responding remained low . C ontrast t h i s  to  a mean resp on se  

r a t e  o f  about 18 per n e g a t iv e  working p er iod  fo r  s u b j e c t s  i n  Group F 

towards th e  end o f  S tage 1 .

G en era li  z a t io n  T ests  1

(a )  G radients  f o r  l i n e  t i l t  i n  the p resen ce  o f  th e  1000 cps tone  

The performance o f  Groups U, F, and T, on the t i l t  g e n e r a l i z a t i o n  

t e s t  g iv en  i n  th e  p resen ce  o f  th e  1000 cps ton e  i s  shown in  F ig u r e s  3 an  ̂ *+• 

Figure 3 shows the mean number o f  r e sp o n se s  per  working p er iod  

em itted  in  the p resen ce  o f  each o f  the e i g h t  t e s t  s t i m u l i .  The p o in t s  

a t  180 d eg rees  are d u p l ic a t e s  o f  th o se  fo r  0 d eg rees  and have been added 

for  symmetry. 'T’he g r a d ie n t  fo r  Group U i s  based upon the performance  

o f  fou r  s u b j e c t s .  The g r a d ie n ts  fo r  Groups F and T are each based on 

th e  performance o f  e ig h t  s u b j e c t s .

Figure k shows simply th e  d i s t r i b u t i o n  o f  r esp o n ses  among th^ stim ­

u l i .
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F igure  3 . The performance o f  Groups U ( s o l i d  l i n e ,  open c i r c l e s ) ,

F (dashed l i n e ,  c lo s e d  c i r c l e s )  and T (d o t te d  l i n e ,  t r i a n g l e s )  on 

th e  t i l t  g e n e r a l i z a t i o n  t e s t  g iv e n  in  th e  p resen ce  o f  th e  1000 cps  

tone i s  shown. The mean number o f  resp on ses  em itted  in  the  p resen ce  

o f  each o f  th e  t e s t  s t im u l i  i s  p lo t t e d  a g a in s t  th e se  s t i m u l i .  The 

h o r iz o n ta l  l i n e  (0° or i t s  d u p l ic a t e  1 80°)  and th e  v e r t i c a l  l i n e  

(9 0 °)  were p r e se n t  during t r a in in g  fo r  a l l  groups.
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F igure 4 .  The performance o f  Groups U ( s o l i d  l i n e ,  open c i r c l e s ) ,

F (dashed l i n e ,  c lo s e d  c i r c l e s )  and T (d o tte d  l i n e ,  t r i a n g l e s )  on th e  

t i l t  g e n e r a l i z a t i o n  t e s t  g iv e n  i n  th e  p resen ce  o f  th e  1000 cps ton e  

i s  shown. The per  cen t o f  th e  t o t a l  number o f  r esp o n ses  em itted  during  

th e  t e s t  in  the p resen ce  o f  each o f  th e  t e s t  s t im u l i  i s  p lo t t e d  a g a in s t  

th e s e  t e s t  s t i m u l i .
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Table 1 -  A nalyses o f  Variance on Number o f  Responses Emitted

In  th e Presence o f  Each o f  the E ight S tim u li Presented  

During G en era liza tio n  T ests 1 .

A -  T i l t  G en era llza tlo n  Test in  the P resence o f  the 1000 c p s  Tone

Group U Group F Group T

F(Between 
S tim u li)

5 . 85*** 3.24** 1 5 . 02+*+

Degrees o f  
Freedom 7 & 21 7 ft 49 7 ft 49

B -  T i l t  G en era liza tlo n  Test In the Presence o f  th e  320 cps Tone

Group U Group F Group T

F(I t e b
2 .1 3 1 .6 6 17.11***

Degrees o f  
Freedom 7 & 21 7 & 49 7 & 49

* P < 0 .0 5
** P < 0 .0 1

*** P< 0 .001



The number o f resp on ses em itted  in  the presence o f  each stim u lu s was 

expressed  as a per cen t o f  the t o t a l  number o f  resp on ses em itted during  

the t e s t .  This was computed sep a ra te ly  fo r  each su b jec t and a group 

average was o b ta in ed .

Of the th ree groups on ly  Group T was re in fo rced  d i f f e r e n t ia l ly  

fo r  resp on ses in  th e  presence o f  the two t i l t e d  l i n e s .  As pointed  out 

p r e v io u s ly , for  t h is  group the v e r t ic a l  l in e  ( t i l t  90°) was p o s i t iv e .

The h o r iz o n ta l l in e  ( t i l t  0° or 180°) was n e g a tiv e . I f  key pecking  

had come under the co n tro l o f  angular o r ie n ta t io n  o f  th e l in e  a d ecre-  

m ental grad ien t on t h is  dim ension would be exp ected . As can be seen  

by re feren ce  to  F igu res 3 and k  suoh a decrem ental g ra d ien t was found 

fo r  Group T. To a sc e r ta in  whether the d e v ia tio n  of the gra d ien t from 

a h o r izo n ta l l i n e  might be a ttr ib u te d  to  v a r ia b i l i t y ,  an a n a ly s is  o f  

varian ce ( l in e  t i l t  v s .  su b je c ts )  was made fo r  t h is  group. An 

^(between s t im u li)  was o b ta in ed . With seven and 1$ d egrees

o f  freedom t h is  i s  h ig h ly  s ig n if ic a n t  ( p < 0 .0 0 1 ) ,  and in d ic a te s  th a t  

th e  grad ien t i s  not h o r iz o n ta l.

Table 1-A summarizes the outcome o f  th is  a n a ly s is  o f  varian ce as  

w e ll a s  the a n a ly ses  fo r  Group F and U. For a l l  th ree  groups the e f f e c t  

o f  s t im u li upon response r a te  was s ig n i f ic a n t .  As a g lance a t F igure 3 

or 4 shows, however, in  the case  o f  Groups F and U t h is  i s  not due to 

a decrem ental grad ien t s im ila r  to th a t  shown by Group T, Rather, th ere  

appear to  be two decrem ental g r a d ie n ts , one w ith  a peak a t  the v e r t ic a l  

l in e  ( t i l t  90°) and one w ith  a peak a t  the h o r izo n ta l l i n e  ( t i l t  0 °  or 

i t s  d u p lic a te  1 8 0 ° ) . These decrem ental g ra d ien ts  are c le a r e s t  in  the  

case o f  Group U; note the occurrence o f  the minimum r a te  in  the p res­

ence o f  the 60° and 120° t i l t s ,  the two t e s t  s t im u li most u n lik e  the  

v e r t ic a l  and h o r izo n ta l l i n e s .
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(b) G radients fo r  l i n e  t i l t  In the presence o f  the 320 cps tone  

A ll b ird s  were g iven  g e n e r a liz a t io n  t e s t s  along the dim ension o f

l in e  o r ie n ta t io n  in  the presence o f  the 320 cps tone as w e ll  as in  the 

presence o f  th e  1000 cps to n e . The performance o f  the th ree groups on 

the t e s t  made in  the p resen ce o f  the 320 cps tone I s  shown in  F igure 5 .

For Groups U and T the au d itory  s t im u li were not d i f f e r e n t ia l ly  

a sso c ia te d  w ith  p o s i t iv e  and n eg a tiv e  p e r io d s . Thus the frequency o f  

the tone would not be expected to  a f f e c t  the form o f  the g r a d ie n t. A 

comparison o f  F igu res 3 an£l 5 shows th a t t h is  ex p ec ta tio n  i s  borne o u t. 

The g ra d ien ts  th a t appear in  F igure 5 fo r  Groups U and T are  very sim­

i l a r  in  form to th o se  shown in  Figure 3* Outcomes o f  a n a ly ses  o f  var­

ia n ce  are shown in  Table 1-B . For Group T the e f f e c t  o f  s t im u li was 

h ig h ly  s ig n if ic a n t  (p < 0 .0 0 1 ) . The e f f e c t  o f  s t im u li fo r  Group U ju s t  

f a i le d  to  be s ig n if ic a n t  a t  the .05  con fid en ce l e v e l

For Group F the grad ien t obtained  in  the p resen ce o f  th e  320 

c y c le  tone i s  d isp la ced  downward and f la t te n e d  in  comparison to  th a t  

obtained fo r  t h is  group in  the presence o f  the 1000 ops to n e . As shown 

in  Tkble 1-B , the e f f e c t  o f  s t im u li upon resp on se r a te  f a i l e d  to be 

s ig n i f ic a n t  ( p > 0 .0 5 ) .  The d ep ressio n  in  r a te  i s  not unexpected s in c e ,  

fo r  t h is  group, the 320 cps tone was the n e g a tiv e  s tim u lu s .

(c )  G radients fo r  to n a l frequency in  the presence o f  th e  v e r t ic a l

l in e

The r e s u lt s  o f  the g e n e r a liz a t io n  t e s t s  along th e frequency con­

tinuum, g iven  in  th e presen ce o f  the v e r t ic a l  l i n e ,  are summarized in  

Figures 6 and 7 and in  Table 2-A . The on ly  group th a t rece iv ed  d i f f e r ­

e n t ia l  tr a in in g  w ith  resp eo t to  th e au d itory  s t im u li i s  Group F. The 

grad ien t fo r  t h is  group i s  decrem ental w ith  h igh  response r a te s  occur­

ring in  the presence o f  the 800, 1000, and 1350 ops to n e s . Only on the
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F igure 5. The performance o f  Groups U ( s o l i d  l i n e ,  open c i r c l e s ) ,

F (dashed l i n e ,  c lo se d  c i r c l e s )  and T (d o tte d  l i n e ,  t r i a n g l e s )  on 

th e  t i l t  g e n e r a l i z a t i o n  t e s t  g iv en  in  th e  p resen ce  o f  th e  320 cps  

tone i s  shown. The mean number o f  r esp o n ses  em itted  in  th e  presen ce  

o f  each o f  th e  t e s t  s t im u l i  i s  p l o t t e d  a g a in s t  th e s e  s t i m u l i .  The 

h o r iz o n ta l  l i n e  (0°  or i t s  d u p l ic a t e  180°) and th e  v e r t i c a l  l i n e  

(9 0 ° )  were p r e se n t  during t r a in in g  f c r  a l l  groups.
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F igure 6 . The performance o f  Groups TJ ( s o l i d  l i n e ,  open c i r c l e s ) ,

F (dashed l i n e ,  c lo se d  c i r c l e s )  and T (d o tte d  l i n e ,  t r i a n g l e s )  on 

th e  frequency  g e n e r a l i z a t i o n  t e s t  g iv en  in th e  presence  o f  th e  v e r t i c a l  

l i n e  i s  shown. The mean number o f  r esp o n ses  em itted  in  th e  p resen ce  

o f  each o f  the t e s t  s t im u l i  i s  n lo t t e d  a g a in s t  th ese  s t i m u l i .  The 320 

cps and th e  1000 c.ps to n es  were p r e se n t  during t r a in in g  fo r  a l l  groups.
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F igure 7 . The performance o f  Groups U ( s o l i d  l i n e ,  open c i r c l e s ) ,

F (dashed l i n e ,  c lo s e d  c i r c l e s )  and T (d o t te d  l i n e ,  t r i a n g l e s )  on 

th e  frequency  g e n e r a l i z a t i o n  t e s t  g iv en  in  the p resen ce  o f  th e  v e r t i c a l  

l i n e  i s  shown. The per cen t o f  th e  t o t a l  number o f  r e sp o n se s  em itted  

during the t e s t  in  the  p resen ce  o f  each o f  the t e s t  s t im u l i  i s  p lo t t e d  

a g a in s t  th e s e  s t i m u l i .
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Table 2 -  A nalyses o f  Variance on Number o f  R esponses Em itted in  

th e Presence o f  Each o f  th e  E ight S tim u li Presented  

During G en era liza tio n  T ests 1

A -  Frequency G en era liza tlo n  Test in  the Presence o f  th e V e r t ic a l Line

Group U Group F Group T

Between,
S tim u li)

1 .5^ 7.95*** 1 .0 7

Degrees o f  
Freedom 7 & 21 7 & 49 7 & 49

B -  Frequency G en era liza tio n  Test in  the Presence o f  the H orizontal L ine

Group U Group F Group T

Between
S tim u li)

1 .4 5 4.42** 1.00

Degrees o f  
Freedom 7 & 21 7 & 49 7 & 49

* p < 0 .0 5
** p < 0 .0 1

*** p < 0 .001
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"per cen t to ta l"  p lo t  (F igu re 7) I s  the maximum a t  1000 c p s , the p o s i t iv e  

stim ulus* In sp e c tio n  o f the In d iv id u a l g ra d ien ts  shows a maximum fo r  

one su b jec t a t  800 cp s , fo r  th ree a t  1000 cp s , and fo r  four a t  1350 op s.

An a n a ly s is  o f  var ian ce  (frequency v s .  su b je c ts )  showed th e e f f e c t  o f  

s t im u li upon response ra te  to  be h igh ly  s ig n i f ic a n t  (p < 0 .0 0 1 ). In s p it e  

o f  th e  in d eterm in ate peak, fewer resp on ses occurred in  the presence o f  

the n eg a tiv e  stim u lu s, th e  320 cps to n e , and in  the ."-esence o f  th e  other  

tones s u b s ta n t ia l ly  d i f f e r e n t  from the p o s i t iv e  one.

Both the graphs and the s t a t i s t i c a l  t e s t s  show th e frequency  

g ra d ien ts  fo r  Groups U and T to be e s s e n t ia l ly  h o r izo n ta l l i n e s .  The 

co n tra st between t h is  r e s u lt  and th a t o f  the t i l t  g e n e r a liz a t io n  t e s t s  

should be noted . Where t i l t  was th e  u n correlated  stim u lu s dim ension  

there was, n o n e th e le ss , strong ev id en ce o f  the development o f  stim ulus  

co n tro l by t i l t .  Two decrem ental g r a d ie n ts , one around each o f  the l in e  

o r ie n ta t io n s  p resen t during tr a in in g , were seen  in  the t i l t  g ra d ien ts  

for  both Group U and F. No such e f f e c t  was found where frequency was 

the u n correla ted  dim ension .

(d) G radients fo r  to n a l frequency in  th e presence o f  the h o r izo n ta l

l in e

The r e s u lt s  o f  th e  t e s t s  for  g e n e r a liz a t io n  along th e  frequency  

continuum are summarized in  F igure 8 and in  Table 2-B . These t e s t s  echo 

the f in d in g s  o f  th e  t e s t s  made in  the presen ce o f  th e  v e r t ic a l  l i n e .

A decrem ental gra d ien t i s  found fo r  Group F. For t h is  group, an an al­

y s i s  o f  variance shows th e e f f e c t  o f  s t im u li to  be s ig n i f ic a n t  ( p ( 0 .  01). 

The g ra d ien ts  fo r  Groups U and T are e s s e n t ia l ly  h o r izo n ta l (F igure 8 ) .

The d if fe r e n c e  In  response r a te  in  the*presence o f  the variou s ton es i s  in ­

s ig n if ic a n t  (Table 2 -B ).



F igure 3 .  The performance o f  Groups U ( s o l i d  l i n e ,  open c i r c l e s ) ,

F (dashed l i n e ,  c lo s e d  c i r c l e s )  and T (d o tte d  l i n e ,  t r i a n g l e s )  on 

th e  frequency  g e n e r a l i z a t i o n  t e s t  g iv e n  in  the p resen ce  o f  th e  hor­

i z o n t a l  l i n e  i s  shown. The mean number o f  re sp o n ses  em itted  in  the  

p resen ce  o f  each o f  the t e s t  s t im u l i  i s  p lo t t e d  a g a in s t  th e s e  s t im ­

u l i .  The 3^0 cos  and th e  1000 cps to n e s  were p r e se n t  during tr a in in g  

fo r  aid groups.
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Changes In Response Rates During G en era liza tio n  T esting 1

During the f i r s t  s e r ie s  o f  g e n e r a liz a t io n  t e s t s ,  four grad ien ts  

were obtained  fo r  each b ir d . Each grad ien t was based upon performance 

during two t e s t in g  s e s s io n s .  The second s e s s io n  was id e n t ic a l  to  th e  

f i r s t  excep t th a t  th e  order o f  p resen ta tio n  o f  the t e s t  s t im u li was 

reversed  and the t e s t  occurred four days l a t e r .  These t e s t s  were used  

to  determ ine whether or not " ex tin ctio n s"  occurred during t e s t in g .  A 

comparison o f  the mean number o f  resp on ses on the f i r s t  and second 

su b te s ts  appears in  Table 3* The two t i l t  t e s t s  and the two frequency  

t e s t s  are shown fo r  each group. In  g en era l, fewer responses occurred  

during th e second t e s t  than during th e f i r s t .  In  most o a se s , however, 

t h is  d if fe r e n c e  was n ot s t a t i s t i c a l l y  s ig n if ic a n t  ( p } 0 . 0 5 ) .  The d i f ­

feren ce  was s ig n i f ic a n t  on ly  fo r  Group T on the t i l t  t e s t s .  The pos­

s i b i l i t y  e x i s t s  th a t su b je c ts  in  Group T learned  to  " id en tify"  the un­

re in fo rced  t i l t  t e s t s  by th e  appearance o f  t i l t s  o th er  than th o se  pres­

en t during tr a in in g . Thus, w h ile  t h is  t e s t in g  procedure does not seem 

to  r e s u lt  in  e x t in c t io n , the p o s s ib i l i t y  e x i s t s  th a t  continued t e s t in g  

may r e s u lt  in  d iscr im in a tio n  o f  the t e s t  from the regu lar  tr a in in g  s e s ­

s io n .

Training -  Stage 2

For the second sta g e  o f  tr a in in g  th ere  were f iv e  groups as fo llo w s:

1 . Group U (now to  be re ferred  to  as Group U-D) was p laced  on 

"double c o r r e la t io n " , i . e . ,  whereas p r ev io u sly  n e ith er  t i l t  nor f r e ­

quency were d i f f e r e n t ia l ly  co rre la ted  w ith  rein forcem ent now both s e t s  

o f  s t im u li were co rre la ted  w ith  re in forcem en t. The v e r t ic a l  l i n e  and 

th e  1000 cps ton e were always p resen t during p o s i t iv e  p er io d s; th e  hor­

iz o n ta l  l i n e  and the 320 cps tone were always p resen t during n egative  

p er io d s .



Table 3 -  E f fe c ts  o f  E a r lie r  G enerali za tlo n  S u b tests  on Number o f

Responses Em itted on Later S u b tests  During G en era liza tio n  T ests 1

H i t  G enerali za tlo n  T ests

Group
Test in  
Presence

Mean # R 's  
1 s t  Subtest

Mean # R 's  
2nd Slfctest D ifferen ce

S ig n if ic a n c e  
t  d f

U
320 cps 

tone
**05.3 350.5 54 .8 2 .9 4 3

1000 cps 
tone

306 .3 241 6 5 . 3 2 .10 3

320 cps  
tone

8 8 .5 127 .1 38 .6 .42 7
r

1000 cps 
tone

324.9 299 .9 25.00

CM00* 7

T
320 cps 

tone
398 1 7 7 .4 160 .6 2.82* 7

1
1000 ops 

tone
279 .4 1 0 9 .5 169 .9 3.50** 7

Frequency G enerali za tlon  Tests

Group
Test in  
Presence

Mean # R 's  
l e t  .Subtest

Mean # R's 
2nd Subtest D ifferen ce

S ig n if ic a n c e  
t  d f

U

V e r tic a l
l i n e

42 9 .3 323 .5 IO5 .8 1 .5 5  3

Horizontal
l in e

331.3 312.8 62 .1 1 .6 3  3

F

V e r t ic a l
l i n e

225 .6 244.9 1 9 .2 .39  7

Horizontal
l i n e

229 .3 210.8 1 8 .5 .71  7

T

V e r t ic a l
l in e

26 .9 3 .8 2 3 .1 2 .2 9  7

Horizontal
l in e

530.6 507 23 .6 .32  7

* P<0.05 
** p<0.oi
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2 .  Group F was d iv id ed  in to  two subgroups, w ith  fou r su b je c ts  

in  each  group. Four s u b je c ts  continued  tr a in in g  id e n t ic a l  to  th a t  o f  

Stage 1 and w i l l  be re ferred  to  as Group F-F, the "frequency to  frequency  

co rrela ted "  group.

3 . The o th er  four members o f  Group F were p laced  on "double 

co r re la tio n "  as d e fin ed  under ( 1 . )  above. This group w i l l  be re fe rr e d  

to  as th e "frequency to  double co r r e la te d  group," Group F-D.

Group T was s im ila r ly  d iv id ed  in to  two subgroups. Half o f  

the su b je c ts  oontinued tr a in in g  id e n t ic a l  to  th a t o f  S tage 1 . This 

group w i l l  be r e fer r ed  to  as th e  " t i l t  to  t i l t  c o r r e la te d  group", Group T-T.

5 . The rem ainder o f  th e  su b je c ts  in  Group T were put on "double 

co rre la tio n "  tr a in in g . Ih is  group w i l l  be r e ferred  to  as the " t i l t  to  

double c o r r e la te d  group", Group T-D.

The th ree  "double co rre la ted "  groups were tr e a te d  id e n t ic a l ly  

during Stage 2 . They d if f e r e d  on ly  in  regard to  th e nature o f  th e ir  

tr a in in g  during Stage 1 .

Performance o f  th»3e f i v e  groups during th e  l a s t  days o f  S tage 1 

tr a in in g , g e n e r a liz a t io n  t e s t in g ,  and a l l  o f  th e  second s ta g e  o f  tr a in in g  

i s  shown in  F igu res 9 , 10 , and 11 . The mean number o f  resp o n ses  em itted  

during n e g a tiv e  and during p o s i t iv e  working p er io d s i s  p lo tte d  a g a in st  

s e s s io n s .

The mean number o f  resp o n ses during th e  n o n -te s t  p a r ts  o f  t e s t in g  

s e s s io n s ,  and during two reg u la r  Stage 1 tr a in in g  s e s s io n s  fo llo w in g  

t e s t in g ,  are in c lu d ed  in  F ig u res  9 , 10 , and 11 to  show th e  e f f e c t s  o f  

g e n e r a liz a t io n  t e s t in g  upon perform ance. Performance during th ese  

s e s s io n s  may be compared to  th a t  during th e  l a s t  te n  days o f  S tage 1 

tr a in in g  a ls o  shown fo r  each  group. There appears to  be l i t t l e ,  i f  

any, e f f e c t  o f  t e s t in g  upon the perform ance o f  Groups U (F igu re  9 ) and



F igure 9 . Performance during th e  f i n a l  10 days o f  S tage 1 t r a in i n g ,  

g e n e r a l i z a t i o n  t e s t i n g  and Stage 2 t r a in in g  i s  shown as a fu n c t io n  o f  

s e s s i o n s  o f  t r a in i n g .  The mean number o f  resp o n ses  em itted  during the  

p o s i t i v e  p e r io d s  ( f i l l e d  c i r c l e s )  and th e  n e g a t iv e  p er io d s  (open c i r c l e s )  

are  shown s e p a r a t e ly  fo r  each s e s s i o n .  The curves showing th e  p e r fo r ­

mance o f  Group U-D ( fo u r  s u b j e c t s )  appear in  t h i s  f i g u r e .
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F igure  1 0 .  Performance during th e  f i n a l  10 days o f  Stage 1 t r a in i n g ,  

g e n e r a l i z a t i o n  t e s t i n g  and Stage 2 t r a in in g  i s  shown as  a fu n c t io n  o f  

s e s s i o n s  o f  t r a in i n g .  The mean number o f  r esp o n se s  em itted  during t ve 

p o s i t i v e  p e r io d s  ( f i l l e d  c i r c l e s )  and the  n e g a t iv e  p e r io d s (o p e n  c i r c l e  

are shown s e p a r a te ly  f o r  each s e s s i o n .  The curves  showing th e  p e r fo r ­

mance o f  Group F-F (fo u r  s u b j e c t s )  appear in  Panel A. The curve  

showing th e  performance o f  Group F-D ( f o u r  s u b j e c t s )  appear in  Panel 3
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F igure  11 . Performance during th e  f i n a l  10 days o f  Stag'"' 1 t r a in i n g ,  

g e n e r a l i z a t i o n  t e s t i n g  and S tage  2 tr a in in g  i s  shown as a fu n c t io n  o f  

s e s s i o n s  o f  t r a in i n g .  The mean number o f  r esp o n se s  em itted  during the  

p o s i t i v e  p e r io d s  ( f i l l e d  c i r c l e s )  and th e  n e g a t iv e  p e r io d s  (open c i r c l e s )  

are shown s e p a r a t e ly  f o r  each s e s s i o n .  The curves  showing the p e r fo r ­

mance o f  Group T-T ( fo u r  s u b j e c t s )  appears i n  Panel A. The curve  

showing th e  performance o f  Group T-D (fo u r  s u b j e c t s )  appears in  Panel B.
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F (F igure 1 0 ) .  On the o th er  hand, responding during the n eg a tiv e  per­

io d s  appears to  have decreased  s l ig h t ly  fo r  Group T (F igure 1 1 ) .

Figure 10 shows the r e s u lt s  fo r  Groups F-F and F-D. Response 

r a te s  fo r  Group F-F d id  not change s u b s ta n t ia l ly  from th e l a s t  ten  

days o f  Stage 1 tr a in in g , through g e n e r a liz a t io n  t e s t in g ,  through Stage 2 

tr a in in g  ( s e e  F igure 10 -A ). The sep a ra tio n  between the two curves in ­

creased  s l ig h t ly  w ith  continued tr a in in g  during Stage 2, but t h is  im­

provement in  the d iscr im in a tio n  i s  hardly n o t ic e a b le .

The su b jec ts  in  Group F-D, on th e o th er hand, showed a substan­

t i a l  change in  performancei the mean resp on se r a te  during n eg a tiv e  

p eriod s dropped c lo s e  to  zero ( s e e  F igure 1 0 -B ). I t  would appear th a t  

the a d d itio n a l cue provided , the c o r r e la t io n  o f  t i l t  w ith  rein forcem ent, 

i s  r e sp o n sib le  fo r  t h is  d ecrease  in  resp on se r a te  during n e g a tiv e  per­

io d s .

The r e s u lt s  fo r  groups T-T and T-D are shown in  F igure 11 . As 

can be seen  from Figure 1 1 -A, th e performance o f  Group T-T changed 

l i t t l e  from the end o f  Stage 1 throughout Stage 2 . The performance 

o f  Group T-D i s  in d is t in g u is h a b le  from th a t o f  Group T-T (compare F ig­

u res 11-A and 1 1 -B ). On th e b a s is  o f  th ese  a c q u is it io n  data i t  i s  im­

p o s s ib le  to  determ ine whether or n ot th e c o r r e la t io n  o f  frequency w ith  

reinforcem ent r e su lte d  in  any co n tro l o f  the s u b je c t 's  behavior by 

freq u en cy .

G en era liza tio n  T ests 2

The g e n e r a liz a t io n  t e s t s  g iven  a f te r  com pletion  o f  Stage 1 were 

repeated  a f te r  the second sta g e  o f  t r a in in g . The r e s u lt s  were as  

fo l lo w s :

(a ) G radients fo r  l in e  t i l t  in  the presen ce o f  the 1000 cps tone

The r e s u lt s  o f  th ese  t e s t s  are summarized in  Table 4 -A and in
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Figure 12 . The mean number o f  responses em itted  in  th e presence o f  

each o f  the e ig h t  o r ie n ta t io n s  o f  the l in e  presented  during the t e s t  

i s  shown fo r  each group. The g e n e r a liz a t io n  grad ien ts  obtained f o l ­

lowing the f i r s t  s ta g e  o f  tr a in in g  (dashed l in e s — open c ir c le s )  and 

those obtained  fo llo w in g  the second s ta g e  o f  tr a in in g  ( s o l id  l in e —  

f i l l e d  c i r c le s )  are shown to g e th er , although the p resen t d isc u s s io n  in ­

v o lv es  on ly  a co n sid era tio n  o f  the l a t t e r .

Figure 12 shows decrem ental g ra d ien ts  w ith  maximum r a te s  occurring  

in  the presence o f  the v e r t ic a l  l i n e  ( t i l t  90°) and mimimum r a te s  in  

the presence o f  th e  h o r izo n ta l l in e  ( t i l t  0°  or 180° )  fo r  a l l  groups 

tra in ed  w ith  t i l t  co r re la ted  during Stage 2 . An a n a ly s is  o f  variance  

( t i l t  v s .  su b je c ts )  showed the e f f e c t  o f  s tim u li V  v'" s ig n if ic a n t  

(p ^ O . 01) fo r  a l l  four groups.

The shape o f  th e  g e n e r a liz a t io n  grad ien t o f  Group F-F (F igure 12 

F-F) c le a r ly  d if fe r e d  from the o th e r s . I t  su g g ests  two decrem ental 

g ra d ien ts  w ith  maxima a t the v e r t ic a l  and h o r izo n ta l l i n e s .  However, 

th e e f f e c t  o f  s t im u li upon response ra te  fo r  th is  group was not s ig ­

n if ic a n t  (p )  0 . 0 5 ) .

(b) G radients for  l i n e  t i l t  in  th e presence o f  the 320 cps tone 

The r e s u lt s  o f  th ese  t e s t s  are summarized in  Table 4-B and in  

Figure 13* Again, decrem ental g ra d ien ts  w ith  the peak response r a te s  

occurring  in  the presence o f  th e  v e r t ic a l  l i n e  were obtained  fo r  a l l  

groups having t i l t  co rre la ted  during th e second s ta g e  o f  tr a in in g .

The grad ien t fo r  Group F-F (F igure 13 F-F) l i e s  lower than 

th a t obtained  in  the presen ce o f  the 1000 cps to n e . This was to  be 

expected  s in c e  th e 320 cps tone was the n eg a tiv e  stim ulus fo r  su b jects
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Figure IT. l e n e r a l i z s t i o n  g r a d ie n ts  on the dim ension o f  angular  

o r ie n t a t io n  o f  the l i n e  ( t i l t )  made in  the presen ce  o f  the 1000 cps 

to n e .  The g r a d ie n ts  ob ta in ed  b e fo re  (d o tte d  l i n e s )  and a f t e r  ( s o l i d  

l i n e s )  th e  second s ta g e  o f  t r a in in g  are shown. The mean number o f  

resp on ses  em itted  in  the presen ce  o f  each o f  the  t e s t  s t im u l i  i s  

p lo t t e d  a g a in s t  s t i m u l i .  The g r a d ie n ts  fo r  Groups F-D, F-F, T-D,

T-T and U-D appear in  sep a ra te  p a n e ls .



M
EA

N 
N

U
M

BE
R 

OF
 

R
E

S
P

O
N

S
E

S
F -D F-F

o

T-D

G O60

90 180

U-D TEST I

TEST 260

90 180

TILT OF LINE IN DEGREES

m  <x



F igure 1 3 . G e n e r a l iz a t io n  g r a d ie n ts  on the d im ension o f  angu lar  

o r ie n t a t io n  o f  the  l i n e  ( t i l t )  made in  the presen ce  o f  the 120 cps 

to n e .  The g r a d ie n ts  ob ta in ed  b e fo r e  (d o t te d  l i n e s )  ana a f t e r  ( s o l i d  

l i n e s )  the second s ta g e  o f  t r a in in g  are shown. The mean number o f  

resp o n ses  em itted  in  the p resen ce  o f  each o f  the t e s t  s t im u l i  i s  

p lo t t e d  a g a in s t  s t i m u l i .  The g r a d ie n ts  fo r  Groups F-D, F-F, T-D,

T-T and U-D appear in  sep a ra te  p a n e ls .
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Table 4 -  An a ly se s  o f  V ariance on Number o f  Responses Emitted 

in  the Presence o f  Each o f  the S igh t S tim u li Repre­

sented  During G en era liza tio n  T ests 2

A -  l i l t  G en era liza tlo n  Test in  the Presence o f the 1000 cps Tone

Group U-D Group F-D Group T-D Group F-F Group T- T

F(Between 
S tim u li) 12.69*** 4.83** 6.74*** 1 .96 8 . 68***

D egrees o f  
Freedom 7 & 21 7 & 21 7 & 21 7 & 21 7 & 21

B -  T i l t  G en era liza tio n  l e s t  in  the Presence o f  the 320 cps Tone

Group U-D Group F-D Group T-D Group F-F Group T-T

^(Between
S tim u li)

7.70*** 4.03** 9.30*** 1 .3 4 13.11***

D egrees o f  
Freedom 7 & 21 7 & 21 7 & 21 7 & 21 7 & 21

* P < 0 .0 5  
** P < 0 .0 1

* * *  ? <  0 .001
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in  t h is  group. Enough resp o n ses , however, were em itted  to  show maxima 

in  the presen ce o f  the v e r t i c a l  and h o r iz o n ta l l i n e s .  Again two d ecre­

mental g ra d ien ts  are su g g ested .

The r e s u lt s  o f  th e  a n a ly ses  o f  v arian ce  (Table 4-B) show the  

e f f e c t  o f  s t im u li upon response ra te  to  be s ig n i f ic a n t  (p < 0 . 01) fo r  

a l l  but Group F-F.

(c )  G radients fo r  to n a l frequency in  the presence o f  the v e r t ic a l  l in e  

The g e n e r a liz a t io n  g ra d ien ts  fo r  frequency in  the presence o f  the  

v e r t ic a l  l i n e  appear as s o l id  l in e s  in  F igure 1 4 . The g ra d ien ts , mean 

number o f  resp on ses a g a in st s t im u li ,  are shown fo r  each group se p a r a te ly .

The r e s u lt s  o f  the a n a ly ses  o f  varian ce (frequency v s .  su b je c ts )  fo r  the  

e f f e c t  o f  s t im u li  upon resp on se r a te  are summarized in  Table 5-A.

Group F-F (F igure 14 F-F) shows a c le a r  decrem ental gra d ien t w ith  

th e maximum response ra te  occurring  in  th e  presen ce o f  the 1000 cps ton e, 

th e  p o s i t iv e  stim u lu s fo r  t h is  group, and the minimum ra te  in  th e presence  

o f  the 320 cps to n e , the n eg a tiv e  s tim u lu s . For t h is  group the e f f e c t  o f  

s t im u li  upon resp on se ra te  was s ig n i f ic a n t  ( p < 0 .0 0 1 ) .

The gra d ien t fo r  Group F-D (F igure 14 F-D) su g g ests  the decrem ental 

g ra d ien t found p rev io u sly  fo r  t h is  group. However the e f f e c t  o f  stim ­

u l i  upon response r a te  f a i le d  to  be s ig n if ic a n t  (p )  0 .0 5 ) .  Examination 

o f  th e in d iv id u a l g ra d ien ts  shows th e g ra d ien ts  o f  two o f  the b ird s to  

be c le a r ly  decrem ental in  shape, w hile th o se  o f  the other two b ird s  are  

very ir r e g u la r . Performance o f  the l a t t e r  two b ird s on th e t i l t - t e s t s ,  

however, g iv e s  ev id en ce th a t frequency continued to  ex e r t  a d i f f e r e n t ia l  

e f f e c t  on th e ir  perform ance. These b ird s responded s u b s ta n t ia l ly  more 

during the t i l t - t e s t  made In  th e  presence o f  the 1000 cps tone than during 

th e  t e s t  made in  the presence o f  the 320 c y c le  tone.
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Figure 1^. G e n e r a l iz a t io n  g r a d ie n ts  on the dim ension o f  ton al  

frequency  (c p s )  made in  the p resen ce  o f  the v e r t i c a l  l i n e .  The 

g r a d ie n ts  ob ta in ed  b e fo r e  (d o t te d  l i n e s )  and a f t e r  ( s o l i d  l i n e s )  th e  

second s ta g e  o f  t r a in in g  are shown. The mean number o f  r esp o n ses  

em itted  in  th e  p resen ce  o f  each o f  th e  t e s t  s t im u l i  i s  p lo t t e d  

a g a in s t  s t i m u l i .  The g r a d ie n ts  fo r  Groups F-D, F-F, T-D, T-T 

and U-D appear in  s e p a ra te  p a n e ls .
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F igure 15 . G e n e r a l iz a t io n  g r a d ie n ts  on the dim ension  o f  to n a l f r e ­

quency (c p s )  made in  th e  p resen ce  o f  th e  h o r iz o n ta l  l i n e .  The g r a d ie n ts  

o b ta in ed  b e fo r e  (d o t te d  l i n e s )  and a f t e r  ( s o l i d  l i n e s )  the second s ta g e  

o f  t r a in in g  are  shown. The mean number o f  r esp o n ses  em itted  in  the  

p resen ce  o f  each o f  th e  t e s t  s t im u l i  i s  p lo t t e d  a g a in s t  s t i m u l i .  The 

g r a d ie n ts  fo r  Groups F-D, F-F, T-D, T-T and U-D appear in  sp ea ra te  p a n e ls .
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Table 5 -  A nalyses o f  Variance on Number o f  Responses Emitted in  

the Presence o f  Each o f  the E ight S tim u li Presented  

During G en era liza tio n  T ests 2

A -  Frequency G en era liza tio n  Test In  Presence o f  the V e r t ic a l Line

Group U-D Group F-D Group T-D Group F-F Group T-T

F(Between 
S tim u li) 2 .65* 2 .22 1 .52 7 . 00*** 0 .36

D egrees o f  
Freedom 7 & 21 7 & 21 7 & 21 7 & 21 7 & 21

B -  Frequency G en era liza tio n  Test In Presence o f  the Itorlzontal Line

Group U-D Group F-D Group T-D Group F-F Group T-T

F(Between 
S tim u li)

2 .06 1 .89 — 3.95** —

D egrees o f  
Freedom 7 & 21 7 & 21 7 & 21 7 & 21 7 & 21

* P < 0 .0 5
** P < 0 .0 1

*** P< 0 .0 0 1
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The grad ien ts  for  Group T-D and Group T-T are e s s e n t ia l ly  h ori­

zon ta l l in e s  as shown by the a n a ly s is  o f  varian ce (T able 5-A) and the  

graphs fo r  th ese  groups (F igu res 14 T-D and T-T). The c o r r e la t io n  o f  

frequency w ith  rein forcem ent fo llo w in g  tra in in g  w ith  frequency uncor­

r e la te d , t i l t  co rre la ted  does not seem to  r e s u lt  in  d i f f e r e n t ia l  responding  

to frequency.

The peak response r a te  for  Group U-D (F igure 14 U-D), on th e other  

hand, occurred in  the presence o f  the 1000 cps to n e . The a n a ly s is  o f  

varian ce  performed on th ese  data showed a s ig n i f ic a n t  (p < 0 . 05) e f f e c t  

o f  s t im u li upon response r a te .  C orrela tion  o f  both frequency and t i l t  

fo llo w in g  tra in in g  w ith  th ese  s t im u li u n correlated  seems to r e s u lt  in  

co n tro l by frequency as w e ll as by t i l t .

(d) G radients for  to n a l frequency in  th e  presence o f  the h o r izo n ta l

l in e

The r e s u lt s  o f  th ese  t e s t s  are summarized in  F igure 15 and in  

Table 5-B . The g ra d ien ts  fo r  Group T-D (F igu re 15 T-D) and Group T-T 

(F igure 15 T-T) are h o r izo n ta l l i n e s .  A nalyses o f  varian ce were not 

made on the data fo r  th ese  two groups s in c e  alm ost no responses occurred  

during the t e s t s .

The gra d ien t fo r  Group U-D (F igure 15 U-D) i s  a lso  e s s e n t ia l ly  

f l a t .  The e f f e c t  o f  s t im u li upon response r a te  for  t h is  group was found 

to  be in s ig n i f ic a n t  ( p > 0 . 05) .

While the grad ien t fo r  Group F-D (F igure 15 F-D) did not show 

co n tr o l by frequency, i t  should be noted th a t o f  th e  th ree double cor­

r e la te d  groups, su b jec ts  in  Group F-D responded most during th e t e s t .

In  d iscr im in a tio n  performance fewer resp on ses were em itted  by th ese  

su b je c ts  during n eg a tiv e  p er io d s than by su b jec ts  in  Group U-D (compare
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F igures 9 and 1 0 -B ). The h o r izo n ta l l in e  p lu s  th e 320 cps tone seems 

to  "suppress" responding during n eg a tiv e  p er io d s more e f f e c t iv e ly  than 

the h o r izo n ta l l i n e  a lo n e .

The g ra d ien t fo r  Group F-F (F igure 15 F-F) i s  c le a r ly  decrem ental 

w ith  th e maximum number o f  resp on ses occurring in  the p resen ce o f  the  

1000 cps to n e . For t h is  group th e  e f f e c t  o f  s t im u li upon response r a te  

was s ig n i f ic a n t  ( p ( 0 . 0 1 ) .

Comparison o f  G en era liza tio n  G radients B efore and A fter th e Second 

Stage o f  Training

Of primary in t e r e s t  in  the p resen t experim ent i s  the e f f e c t  o f  

c o r r e la t in g  a p a ir  o f  s t im u li w ith  p o s i t iv e  and n eg a tiv e  p eriod s a f t e r  

a d isc r im in a tio n  has a lready been e s ta b lish e d  on th e  b a s is  o f  another 

s e t  o f  s t im u li .  S in ce th e a n a ly s is  o f  th ese  e f f e c t s  i s  based in  p a rt  

upon a comparison o f  the g ra d ien ts  obtained  a t  th e  end o f  S ta g es  1 and 

2 , i t  i s  n ecessary  to  con sid er the e f f e c t s  upon the g e n e r a liz a t io n  

grad ien ts  o f  the continued tr a in in g  during Stage 2 and th e p rev iou s  

t e s t in g .  These e f f e c t s  w i l l  be con sid ered  f i r s t .  In the next s e c t io n  

th e e f f e c t s  o f  "double co rre la tio n "  upon the shape o f  the gra d ien t fo r  

the stim u lu s dim ension c o r re la te d  w ith  rein forcem ent from th e beginning  

o f  Stage 1 w i l l  be taken up. This w i l l  be fo llow ed  f in a l ly  by a d is ­

cu ssio n  o f  the e f f e c t s  o f  "double co rre la tio n "  upon the grad ien t fo r  

the p re v io u sly  u n correla ted  stim u lu s dim ension.

(a ) E f fe c ts  o f  g e n e r a liz a t io n  t e s t in g  and continued tra in in g  

on the shape o f  the g e n e r a l!z a tlo n  g ra d ien ts  fo r  t i l t  and fo r  frequency  

In the case  o f  the gra d ien t for  t i l t  th e  e f f e c t  o f  g iv in g  a gen­

e r a l iz a t io n  t e s t  fo llow ed  by a period  o f  fu r th er  d iscr im in a tio n  tr a in in g  

w ithout any change in  the experim ental co n d itio n s  may be seen by exam-
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in in g  the two t i l t  g ra d ien ts  for group T-T. The g ra d ien ts  fo r  th is  

group obtained  in  the presence o f  the 1000 cps tone are shown in  

Figure 12 T-T. The g ra d ien ts  obtained in  the presence o f  the 320 

cps tone are shown in  F igure 13 T-T. A nalyses o f  var ian ce  ( s t im u li  

x t e s t s  x  su b je c ts )  were performed on th e se  data and the r e s u lt s  are  

shown in  Table 6 . The d if fe r e n c e s  between the g ra d ien ts  following 

Stage 1 (d o tted  l in e s )  and Stage 2 ( s o l id  l in e s )  were not s ig n i f ic a n t .

In Table 6 t h is  i s  shown as an in s ig n i f ic a n t  F fo r  the in te r a c t io n  be­

tween t e s t s  and s t im u li .

In th e ca se  o f  the g ra d ien t fo r  to n a l frequency, a comparable anal­

y s i s  may be made on the b a s is  o f  the two s e t s  o f  g ra d ien ts  ob ta in ed  fo r  

Group F-F. The frequency g ra d ien ts  fo r  t h is  group, b efore  and a f te r  the 

second sta g e  o f  tr a in in g , appear in  F igu res 1*4- F-F and 15 F -F . The 

former i s  th e  frequency gra d ien t in  th e presence o f  the v e r t ic a l  l in e ;  

the l a t t e r  i s  th e grad ien t in  th e presence o f  the h o r izo n ta l l i n e .  I t  

w i l l  be seen  th a t  th e  g ra d ien ts  fo llo w in g  the second s ta g e  o f  tr a in in g  

are s l i g h t ly  sharper. W hile t h is  d if fe r e n c e  in  shape was not s t a t i s t i c ­

a l ly  s ig n i f ic a n t ,  the g e n e r a liz a t io n  g ra d ien ts  and the d iscr im in a tio n

data ( s e e  F igure 10-A) b oth  su ggest th a t  continued tr a in in g  during

Stage 2 sbarp©ns stim u lu s c o n tr o l by to n a l frequency.

The d iscrepan cy  between th e se  f in d in g s  and th o se  for  th e  dim ension  

o f  t i l t  r e f l e c t s  th e  f a c t  th a t fo r  th e  to n a l s t im u li the response r a te s  

had n ot reached asym ptotic l e v e l s  a t  th e  end o f  the f i r s t  s ta g e  o f  tr a in in g ,  

w h ile  fo r  th e  v is u a l  s t im u li  they had.

(b) E f fe c ts  o f  "double co rre la tio n "  upon th e shape o f  the grad ien t

fo r  th e  stim u lu s dim ension co rr e la te d  w ith  rein forcem ent throughout tr a in in g

Consider f i r s t  th e  r e s u lt s  o f  Group T-D, th e group th a t was tra ined
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Table 6 -  Comparison o f  T i l t  G e n c -a liza tlo n  G radients B efore and 

A fter the Second Stage o f  'Draining

A -  T i l t  G en era liza tio n  Teat In the Presence o f  th e  1000 cps Tone

Group F(Between ^  
BIOCKSJ F c? ! £ K S )  d f

F( Interaction 
t e s t s  x
S tim u li)

F-D
1

0 .0 9  3 2 .53* 21 5.89** 2 J

T-D 1 .4 5  ] 9 ,9 7 * * *  7 21
0 .2 8  2 7

1—T 4 .0 6  1 11 . 01*** 2 .2 1  21

A -  T i l t  G en era liza tlo n  Test In the Presence o f  the ^20 cps Tone

Group F(Between ^  
B locks)

F( B etw een^  
S tim u li)

( I n t  emotion 
T ests x  
S tim u li)

F-D 4 .2 0  ^ 3.07* Z A Z  21

T-D 0 .0 9  3 8 . S 0 - J 0 .8 9  I

T-T 0 .0 7  * 19 .98"*2^ 0 .7 0

* P < 0 .0 5
** P < 0 .0 1

*** P< 0 .001
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to  d iscr im in a te  between two t i l t e d  l in e s  f i r s t ,  and was then g iven  

"double co rre la tio n "  tr a in in g . The g ra d ien ts  fo r  t i l t ,  determined  

b efore and a f te r  "double c o r r e la tio n " , are alm ost id e n t ic a l  fo r  th is  

group. This i s  tru e o f  the t e s t  g iven  in  the presence o f  the 1000 cps 

tone (F igure 12 T-D) and th a t g iven  in  th e  presence o f  the 320 cps tone 

(F igu re 13 T-D). The a n a ly s is  o f  va ria n ce  (Tab le  6) performed on th ese  

data confirm s the absence o f  any change; the F for  in te r a c t io n  o f  t e s t s  

by s t im u li was l e s s  than 1 in  both c a se s . I t  appears th a t th e t i l t  gra­

d ie n t  was not a f fe c te d  by the in tro d u ctio n  o f  the two co rre la ted  audi­

tory s t im u li during Stage 2 o f  tr a in in g . Comparison w ith  the r e s u lt s  

o f  Group T-T, d iscu ssed  e a r l ie r  in  t h is  s e c t io n , supports t h is  conclu­

s io n . I t  was shown th at continued tr a in in g  and th e e f f e c t s  o f  e a r l ie r  

t e s t s  did not change the grad ien t fo r  Group T-T. Had th ere  been a shar­

pening in  the g ra d ien ts  fo r  t h is  co n tro l group one would not be ab le  to  

conclude th a t in tro d u c tio n  o f  the co rr e la te d  aud itory  s t im u li did not 

a f f e c t  the t i l t  g ra d ien t.

The e f f e c t  o f  "double correla tion "  upon the frequency grad ien t  

fo r  Group F-D may be evaluated  ty  examining the g e n e r a liz a t io n  g ra d ien ts  

fo r  t h is  group (F igures 14 F-D and 15 F-D ). Consider f i r s t  the fr e ­

quency g e n e r a liz a t io n  gra d ien t obtained  in  the presence o f  th e v e r t ic a l  

l in e  (F igure 14 F-D)) The grad ien t fo r  Group F-D b efo re  "double co rre la tio n "  

was c le a r ly  decrem ental. The c o r r e la t io n  o f  the v is u a l  s t im u li seems to 

have r e su lte d  in  a f la t t e n in g  o f  the grad ien t a lthough the au d itory  stim ­

u l i  remained c o r r e la te d . In  c o n tr a s t , the r e s u lt s  o f  Group F-F, suggest  

th a t continued tr a in in g  w ith  frequency co rre la ted  but t i l t  u ncorrelated  

r e s u lt s  in  a sharpening o f  the frequency g ra d ien t. A three-way a n a ly s is  

o f  varian ce performed on th ese  data (Table 7) showed the e f f e c t  o f  stim ­

u l i  upon response r a te  fo r  both groups considered togeth er to  be s ig n i f -
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Tahle 7 -  Comparlson o f the Frequency ^ e n e r n liz a tlo n  G radients  

geXcr.a m i  Aft SC the S0gQnd Stage of! Training

A- Freq.usncy G eneralizet,iaQ  T est in  Lha Presence o t  the V e r t ic a l Line

Group  ̂ Between ^  
Blocks

F 0
Between d f  
S tim uli

F T
In te r a c t io n  
T ests  X
S tim u li

F_D
1

1 .1 4  3
7

4.76** 21
7

1 .4 7  21

T_D 1
7.20 l .M  ?Z1 0 .8 0  7 

21

F_F 0.12  1 
3

lO.lfc*** ?21 1 .4 5  7 
21

B -  Frequency G en era liza tio n  T est in  Presence of. thq H orizontal l in e

Group Between d f  
Blocks

F
Between d f  
Stim u li

F
In te r a c t io n  df 
T ests  X 
S tim u li

F_D

. ..

0 .35  * 4.50** 7 
21 1.72  7 

21

* P < 0 .0 5  
** P < 0.01  

* * *  P <  0 .0 0 1
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ic a n t  ( p < O . O l ) .  Although the grad ien t fo llo w in g  "double co rre la tio n "  

lo o k s f l a t t e r ,  t h i s  change in  the g ra d ien t, as shown by th e in te r a c t io n  

between t e s t s  and s t im u li ,  was not s ig n i f ic a n t  (p )  0 . 0 5 ) .

The e f f e c t  o f'd o u b le  correlation?' upon the frequency gra d ien t for  

Group F-D i s  much more c le a r  On the t e s t  made in  th e presence o f  th e  

h o r iz o n ta l l i n e  (F igu re 15 F-D) than on the t e s t  made in  the presence  

o f  the v e r t ic a l  l i n e  (F igure 14 F-D),  In  the l a t t e r  case  a f la t t e n in g  

o f  the gra d ien t i s  su g g ested . In the former case  no evidence o f  con­

t r o l  by frequency i s  seen , i . e ,  alm ost no resp on ses occurred in  the  

presence o f  the p o s i t iv e  stim u lu s, the 1000 cps to n e . This merely re­

f l e c t s  th e  f a c t  th a t  the shape o f  the g e n e r a liz a t io n  grad ien t i s  not an 

"abstract" measure o f  co n tro l by a g iven  stim ulus dim ension. I t  i s ,  

ra th er , a r e f le c t io n  o f  co n tro l by the dim ension in  a p a r t ic u la r  s i t u ­

a t io n .

(c )  E ffe c ts  o f  "double co rre la tio n "  upon the shape o f  the grad ien t  

fo r  the pr e / io u s ly  u n correlated  stim u lu s dim ension

Groups T-D and F-D were g iven  very s im ila r  experim ental treatm en ts. 

The on ly  d if fe r e n c e  was whether the au d itory  or v isu a l s t im u li were 

c o r re la te d  w ith  rein forcem ent during Stage 1 o f  tr a in in g . The e f f e c t s  

o f  Stage 2 tra in in g  upon the shape o f  the grad ien t for  the p rev io u sly  

u n correla ted  stim ulus dim ension w i l l  be considered  f i r s t  fo r  Group T-D,

An in sp e c t io n  o f  F igu res 14 T-D and 15 T-D shows no c le a r  e f f e c t  

upon the frequency grad ien t o f  c o r r e la t in g  the au d itory  s t im u li w ith  

rein forcem ent fo llo w in g  tr a in in g  w ith  the v is u a l s t im u li c o r r e la te d .  

Response r a te s  were not d i f f e r e n t ia l ly  a f fe c te d  by the au d itory  s tim u li  

e ith e r  b efore or a f t e r  "double co rre la tio n "  tr a in in g . These observa­

t io n s  are borne out by th e a n a ly s is  o f  varian ce performed on th ese  data
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( s e e  'Rabies 5 and 7-A).

Where t i l t  was th e  u n c o r r e la te d  d im ension  during S tage  1 , as  

was th e  c a se  f o r  Group F-D, th e  e f f e c t s  o f  "double c o r r e la t io n "  are  

q u i t e  d i f f e r e n t .  The c o r r e l a t i o n  o f  t i l t  w ith  r e in fo rcem en t during  

S tage  2 l e d  to  a dram atic change i n  th e  shape o f  th e  g r a d ie n t  fo r  t h i s  

d im en sion . This i s  seen  b o th  i n  th e  p re se n c e  o f  th e  1000 cps tone  

(F ig u re  12 F-D) and th e  J20 cps  ton e  (F ig u re  13 F -D ). An a n a ly s i s  o f  

v a r ia n c e  showed t h i s  change to  be s i g n i f i c a n t  ( P ( 0 . 0 1 )  i n  the former  

c a s e .  I n  th e  l a t t e r  c a se  t h i s  change approached s i g n i f i c a n c e  a t  the  

.0 5  c o n f id e n c e  l e v e l  (T able  6 ) .  The r e l a t i v e l y  f l a t  but double  peaked 

g r a d ie n ts  found a t  th e  end o f  S tage  1 ,  gave way to  c l e a r  s i n g l e  peaked 

g r a d ie n ts  w ith  maximum resp o n se  r a t e s  in  th e  p resen ce  o f  th e  v e r t i c a l  

l i n e .  That freq u en cy  as  w e l l  as  t i l t  ex er te d  c o n tr o l  over  th e  sub­

j e c t 1 s b eh av ior  i s  shown by th e  f a c t  th a t  s u b s t a n t i a l l y  more resp o n ses  

occu rred  on th e  t i l t - t e s t  made in  the p resen ce  o f  th e  p o s i t i v e  a u d ito r y  

s t im u lu s  (F ig u r e  12 F-D) than on th a t  made i n  th e  p resen ce  o f  th e  nega­

t i v e  one (F ig u r e  13 F -D ).

Comparison o f  G e n e r a l iz a t io n  G radients F o llow ing  "Double C orre la tion "  

T raining

Tb e v a lu a te  th e  e f f e c t s  o f  Stage 1 t r a in in g  upon th e  developm ent  

o f  s t im u lu s  c o n t r o l  fo l lo w in g  t r a in in g  w ith  both d im en sion s  c o r r e la te d  

the  g e n e r a l i z a t i o n  g r a d ie n ts  o f  Groups U-D, F-D and T-D were con^ared.

The g r a d ie n ts  ob ta in ed  on the t i l t  g e n e r a l i z a t i o n  t e s t s  w i l l  be 

co n s id ered  f i r s t .  F igure 16 i s  a p l o t  o f  th e  mean number o f  r esp o n ses  

em itted  i n  th e  p r e se n c e  o f  each o f  the e ig h t  l i n e  o r i e n t a t i o n s  during  

th e  t e s t s  made i n  th e  p resen ce  o f  the 1000 cps to n e .  Although th e  gra­

d ie n t s  were ob ta in ed  fo l lo w in g  i d e n t i c a l  S tage  2 t r a i n i n g ,  i t  appears
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th a t  th e  S tage  I t r a in in g  c o n d i t io n  does a f f e c t  th e  shape o f  th e  t l l t -  

g r a d ie n t .  The g r a d ie n t s  were ordered in  s te e p n e s s  w ith  th e  s t e e p e s t  

g r a d ie n t  produced by s u b j e c t s  in  Group T-D. The g r a d ie n t  fo r  Group U-D 

was in te r m e d ia te  in  s te e p n e ss  w h ile  th a t  o f  Group F-D was f l a t t e s t .  An 

a n a ly s i s  o f  v a r ia n ce  (groups x s t im u l i  x s u b j e c t s )  performed on th e se  

data  shovrs th e  d i f f e r e n c e s  i n  th e  shapes o f  th e s e  cu rves  to  be i n s i g n i f ­

i c a n t  (F = .8 9 3 ,  w ith  lh  and 63 d f ,  P> 0 . 0 5 ) .

F igure 17 i s  a p l o t  o f  the  per  c e n t  o f  the t o t a l  number o f  r esp o n ses  

em itted  in  th e  p rese n c e  o f  each o f  th e  t e s t  s t i m u l i .  The same ord er in g  

among th e  g r a d ie n ts  i s  seen  but th e  d i f f e r e n c e s  are  l e s s  marked. In sp ec­

t i o n  o f  th e  in d iv id u a l  da ta  showed th a t  th e  two s u b j e c t s  i n  Group F-D 

whose resp o n se  r a t e s  were h igh est  y i e ld e d  th e  f l a t t e s t  g r a d ie n t s .  Thus, 

th e s e  s u b j e c t s  c o n tr ib u te d  d is p r o p o r t io n a t e ly  to  th e  g r a d ie n t  fo r  Group F-D 

t h a t  appears in  F igu re  16 .

The r e s u l t s  o f  the t i l t  g e n e r a l i z a t i o n  t e s t s  g iv en  in th e  p resen ce  

o f  th e  320 cps ton e  appear in  F igu re  18 . The o rd er in g  i n  th e  s te e p n e s s  

o f  th e  t i l t - g r a d i e n t s  made in  th e  p rese n c e  o f  th e  1000 cps tone i s  not  

recovered  h e r e .

F ig u res  19 and 20 make p o s s i b l e  a comparison o f  the  performance  

o f  Groups U -0, F-D and T-D on the frequency  g e n e r a l i z a t i o n  t e s t s  in  the  

p r e se n c e  o f  th e  v e r t i c a l  l i n e .  F igure 19 i s  a p l o t  o f  th e  mean number 

o f  r e sp o n se s  a g a in s t  s t i m u l i .  F igu re  20 shows th e  p ercen ta g e  o f  th e  

t o t a l  number o f  r e sp o n se s  em itted  i n  th e  p resen ce  o f  each o f  th e  t e s t  

s t i m u l i .  An a n a ly s i s  o f  v a r ia n c e  (groups x  s t im u l i  x  s u b j e c t s )  d id  not  

show a s i g n i f i c a n t  d i f f e r e n c e  i n  th e  shape o f  t h e s e  th ree  cu rv es  (F = I . 6 8 5 , 

w ith  Ik and 63 d f ,  P> 0 .0 5 ) *  However, w h ile  th e  h y p o th e s is  th a t  th e  d i f ­

f e r e n c e s  i n  shape observed were due to  chance cou ld  not be r e j e c t e d  a t  

th e  .0 5  c o n f id e n c e  l e v e l ,  the p r o b a b i l i t y  was l e s s  than .10  th a t  th ese
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were chance d if f e r e n c e s .

Figure 21 shows the frequency g ra d ien ts  o f  Groups U-D, F-D and 

T-D obtained  in  the presence o f the h o r izo n ta l l i n e .  The h o r izo n ta l 

l i n e  was the n eg a tiv e  stim ulus fo r  a l l  th ree  groups fo llo w in g  Stage 2 

tr a in in g . S ince so few responses were made during the t e s t ,  p o s s ib le  

d iffe r e n c e s  in  shape could not be evaluated  by an a n a ly s is  o f  v a r ia n ce .
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Figure 16 .  Comparison o f  performance o f  Groups U-D ( s o l i d  l i n e s ,  

open c i r c l e s ) ,  F-D (dashed l i n e s ,  f i l l e d  c i r c l e s )  and T-D (d o tted  

l i n e s ,  t r i a n g l e s )  on the  t i l t  g e n e r a l i z a t i o n  t e s t  in  th e  p resen ce  o f  

th e  1000 cps to n e .  Performance on th e  t e s t s  fo l lo w in g  Gtage 2 t r a in in g  

i s  shown. The mean number o f  r esp o n ses  em itted  in  the p resen ce  o f  

each o f  the angular o r i e n t a t io n s  o f  the l i n e  p resen ted  during t e s t i n g  

i s  p lo tte d  a g a in s t  th e s e  t e s t  s t i m u l i .
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F igu re 1 7 . Comparison o f  perform ance o f  Groups U-D ( s o l id  l i n e s ,  

open c i r c l e s ) ,  F-D (dashed l i n e s ,  f i l l e d  c i r c l e s )  and T-D (d o tte d  

l i n e s ,  t r ia n g le s )  on th e  t i l t  g e n e r a l iz a t io n  t e s t  in  th e  p resen ce  

o f  th e  1000 qps to n e . Perform ance on th e  t e s t s  fo llo w in g  Stage 2 

tr a in in g  C^ouble c o r r e la t io n ” fo r  th e s e  th re e  groups) i s  shown.

The per cen t o f  th e  t o t a l  number o f  r e sp o n se s  em itted  during th e  

t e s t  in  th e  p resen ce  o f  each o f  th e  t e s t  s t im u li  i s  p lo t te d  a g a in s t  

th e se  t e s t  s t im u l i .
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F igure 18 . Comparison o f  perform ance o f  Groups 'J-D ( s o l id  l i n e s ,  

open c i r c l e s ) ,  F-D (dashed l i n e s ,  f i l l e d  c i r c l e s )  and T-D (d o tte d  

l i n e s ,  t r ia n g le s )  on the t i l t  g e n e r a l iz a t io n  t e s t  in  the p resen ce  

o f  th e  380 cps to n e . Perform ance on th e  t e s t s  fo llo w in g  S tage  2 
tr a in in g  ("double c o r r e la t io n "  fo r  th e se  th ree  groups) i s  shown.

The mean number o f  r esp o n ses  em itted  in  th e  p resen ce  o f  each o f  the  

angu lar o r ie n ta t io n s  o f  the l i n e  p resen ted  during t e s t in g  i s  p lo t te d  

a g a in s t  th e se  t e s t  s t im u l i .
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F igu re 1 9 . Comparison o f th e  perform ance o f  Groups U-D ( s o l id  l i n e s ,  

open c i r c l e s ) ,  F-D (dashed l i n e s ,  f i l l e d  c i r c l e s )  and T-D (d o tte d  

l i n e s ,  t r ia n g le s )  on th e  freq u en cy  g e n e r a l iz a t io n  t e s t  in  th e  p resen ce  

o f  th e  v e r t i c a l  l i n e .  Perform ance on th e  t e s t s  fo llo w in g  S tage  2 

tr a in in g  ("d ouble c o r r e la t io n "  fo r  th e se  tV ree groups) i s  shown. The 

mean number o f  resp o n ses  em itted  in  th e  p resen ce  o f  each o f  th e to n es  

p resen ted  during t e s t in g  i s  p lo t te d  a g a in s t  th e se  t e s t  s t im u l i .
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F igure 20 . Comparison o f  the perform ance o f  Groups t'-D ( s o l id  l i n e s ,  

open c i r c l e s ) ,  F-D (dashed l i n e s ,  f i l l e d  c i r c l e s )  and T-D (d o tte d  

l i n e s ,  t r ia n g le s )  on th e  frequency  g e n e r a l iz a t io n  t e s t  in  th e p resen ce  

o f  th e  v e r t i c a l  l i n e .  Perform ance on th e  t e s t s  fo llo w in g  S tage 2 

tr a in in g  ("double c o r r e la t io n "  fo r  th e se  th re e  groups) i s  shown.

The per c en t o f  th e  t o t a l  number o f  r e sp o n se s  em itted  during th e  t e s t  

in  th e  p resen ce  o f  each  o f  th e  t e s t  s t im u li  i s  p lo t te d  a g a in s t  th e se  

t e s t  s t im u l i .
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F igu re 2 1 . Comparison o f  th e  perform ance o f  Groups U-D ( s o l id  l i n e s ,  

open c i r c l e s ) ,  F-D (dashed l i n e s ,  f i l l e d  c i r c l e s )  and T-D (d o tte d  

l i n e s ,  t r ia n g le s )  on th e  frequency  g e n e r a l iz a t io n  t e s t  in  th e  p resen ce  

o f  th e  h o r iz o n ta l l i n e .  Perform ance on th e  t e s t s  fo llo w in g  S ta g e  2 

tr a in in g  ("d ouble  c o r r e la t io n "  fo r  th e s e  th ree  groups) i s  shown. The 

mean number o f  resp o n ses  em itted  in  th e  p resen ce  o f  each o f  the to n es  

p resen ted  during t e s t in g  i s  p lo t te d  a g a in s t  th e se  t o s t  s t im u l i .
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DISCUSSION

The ex p erim en ta l d e s ig n  provided  fo r  p e r fe c t  symmetry in  the  

trea tm en t o f  th e  two stim u lu s d im en sio n s. The la ck  o f  symmetry in  th e  

e f f e c t s  o f  t h i s  trea tm en t i s  th e  most s t r ik in g  f in d in g  o f  th e  e x p e r i­

m ent. During th e  f i r s t  s ta g e  o f  t r a in in g , p e r fe c t  c o r r e la t io n  o f  th e  

two v a lu e s  on e i t h e r  s tim u lu s  d im en sion  w ith  p o s i t iv e  and n e g a tiv e  p er ­

io d s  d id  le a d  to  c o n tr o l o f  key peck ing by t h i s  d im en sion . The e f f e c t  

o f  th e  su b seq uen t in tr o d u c t io n  o f  an a d d it io n a l s tim u lu s  d im en sion , a ls o  

p e r f e c t ly  c o r r e la te d  w ith  r e in fo r ce m e n t, was seen  to  depend upon th e  stim ­

u l i  in v o lv e d . C ontro l by to n a l freq u en cy  d id  not p rec lu d e  th e  developm ent 

o f  c o n tr o l by t i l t ,  bu t c o n tr o l by t i l t  d id  p rec lu d e  th e  developm ent o f  

c o n tr o l by freq u en cy . The l a t t e r  c a se  w i l l  be d is c u s se d  f i r s t .

F o llo w in g  "double c o r r e la t io n "  t r a in in g ,  Group T-D, th e  group 

tr a in e d  w ith  t i l t  c o r r e la te d  du rin g  S tage  1 , f a i l e d  to  show any ev id en ce  

o f  c o n tr o l by to n a l freq u en cy . V a r ia tio n  in  th e  frequ ency  o f  th e  tone  

over a w ide range— from 320 to  2400 cp s— did  n ot a f f e c t  resp on se  r a t e .

Yet c o n tr o l  by freq u en cy  was seen  in  th e  b eh av ior  o f  another group o f  

s u b j e c t s ,  Group U-D. This group was tr e a te d  in  a l l  r e s p e c ts  l i k e  Group 

T-D e x c e p t th a t  n e ith e r  t i l t  nor to n a l frequency  was c o r r e la te d  w ith  

re in fo r ce m e n t p reced in g  "double c o r r e la t io n "  t r a in in g .  In  a d d it io n ,  

c o n tr o l by freq u en cy  was a ls o  shown In  th e  behavior o f  Group F. These 

s u b je c ts  were tr a in e d  w ith  freq u en cy  c o r r e la te d , t i l t  u n co r r e la ted  fo r  

th e  le n g th  o f  tim e (45 days) th a t  th e  above two groups were g iv en  "double  

c o r r e la t io n "  t r a in in g .  Thus, th e  p r e se n t experim ent p r o v id e s  ev id en ce  

fo r  " s e l e c t iv i t y "  in  th e  c o n tr o l o f  b eh avior  by to n a l frequency  fo llo w in g

-6 4 -
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tr a in in g  during w hich th e  two to n es  were p e r f e c t ly  c o r r e la te d  w ith  

p resen ce  and a b sen ce  o f  re in fo rcem en t r e s p e c t iv e ly .  I t  i s  j u s t  such  

s e l e c t i v i t y  in  s tim u lu s  c o n tr o l which i s  fr e q u e n t ly  r e fe r r e d  to  as "at­

ten tio n "  or e x p la in ed  as due to  th e  e f f e c t s  o f  " s e l e c t iv e  a tte n tio n "  

d u rin g  t r a in in g .

The im portance o f  d i f f e r e n t i a l  r e in fo rcem en t in  th e  developm ent 

o f  s t im u lu s  c o n tr o l  has a lrea d y  been d is c u s s e d . The c o n d it io n s  p re­

sumed to  in su r e  th e  o ccu rren ce  o f  d i f f e r e n t i a l  r e in fo rcem en t w ith  r e ­

s p e c t  to  th e  two to n es  were provided  during Stage 2 fo r  Groups T-D and U-D. 

N o n e th e le s s , to n a l freq u en cy  f a i l e d  to  g a in  c o n tr o l over  th e  b eh av ior  o f  

Group T-D, Perhaps d i f f e r e n t i a l  re in fo rcem en t under some c o n d it io n s  i s  

n o t a s u f f i c i e n t  c o n d it io n  fo r  th e  developm ent o f  s t im u lu s  c o n t r o l .  I t  

i s  t h i s  s o r t  o f  f in d in g  th a t  has le d  some in v e s t ig a t o r s  to  p o s tu la te  the  

e x is t e n c e  o f  some s o r t  o f  " f i l t e r in g "  mechanism w hich b lo c k s  th e d e v e l­

opment o f  c o n tr o l by c e r t a in  s t im u li  under c e r ta in  c ircu m sta n ces . S e le c ­

t i v e  s t im u lu s  c o n tr o l has been a t t r ib u te d  to  such p r o c e s s e s  a s  th e  d e v e l­

opment o f  " ob serv in g  resp on ses"  (tyyck off, 1952) , " recep tor  o r ie n t in g  

r esp o n ses" (S p en ce , I 9 6 0 ) ,  " a t t e n t io n a l respon ses"  ( Zeaman and House,

1963; L ovejoy , 1 9 6 5 ) , "m ediating resp on ses"  (K endler and K endler, 1962) 

as w e ll  a s  p r o c e s s e s  such a s  " lea rn in g  to  sw itc h  in  th e  r e le v a n t  a n a l­

yzer"  (S u th er la n d , 1959)* These a cco u n ts  may be c a l le d  fo r  in  some c a s e s .  

However, a c lo s e r  exam ination  o f  th e  p r e se n t  d ata  shows th a t  th ey  may 

perhaps be accou nted  fo r  w ith o u t in v o k in g  any such p r o c e s s e s .

The e f f e c t  upon resp o n se  r a te  o f  S tage I  tr a in in g  w ith  t i l t  as  

th e  c o r r e la te d  d im en sion  was d ram atic . E arly  in  tr a in in g  th e  number o f  

resp o n ses  em itted  during n e g a t iv e  p e r io d s , th a t  i s  in  th e  p resen ce  o f  

th e  h o r iz o n ta l l i n e ,  dropped n ea r ly  to  zero and remained th er e  through
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a l l  su bsequ en t t r a in in g .  This then was th e  s i t u a t io n  during Stage 2, 

when two to n e s  o f  d i f f e r e n t  freq u en cy  were c o r r e la te d  w ith  r e in fo r c e ­

ment, and thus were g iv en  th e p o t e n t ia l  o f  ser v in g  as  d is c r im in a t iv e  

s t im u l i .  As a r e s u l t ,  w h ile  th e  320 cp s ton e  was p r e se n t  during a l l  

n e g a tiv e  p e r io d s , th e  e a r l i e r  tr a in in g  made d i f f e r e n t i a l  re in fo rcem en t  

in  regard  to  freq u en cy  n e g l ig ib l e .  S in ce  very  few resp o n ses  were em it­

ted du ring  n e g a tiv e  p e r io d s , n o n -re in fo rcem en t o f  th e resp on se  in  the  

p resen ce  o f  th e  n e g a tiv e  tone r a r e ly  o ccu rred . R ein forcer.( n t d id  occu r  

in  th e  p resen ce  o f  th e  p o s i t i v e  to n e , b u t, as d is c u s se d  p r e v io u s ly , r e ­

in fo rcem en t in  th e  p resen ce  o f  th e  p o s i t iv e  s tim u lu s  a lo n e  does not ap­

pear to  be a s u f f i c i e n t  c o n d it io n  fo r  th e  developm ent o f  s tim u lu s  c o n tr o l .

In  th e  c a se  o f  Group U-D, on the o th er  hand, th e  two to n es  were 

c o r r e la te d  w ith  re in fo rcem en t a t  a tim e when resp on d in g  during n e g a tiv e  

p e r io d s  was h ig h . R esponses were em itted  by s u b je c ts  in  t h i s  group in  

th e  p resen ce  o f  th e  n e g a t iv e  ton e a s  w e ll  as in  th e p resen ce  o f  th e  pos­

i t i v e  on e . E f f e c t iv e  d i f f e r e n t i a l  re in fo rcem en t was provided  and, as  

a subsequent g e n e r a l iz a t io n  t e s t  showed, th e  b eh avior  came under th e  

c o n tr o l o f  to n a l freq u en cy .

The above su g g e s t io n  th a t  th e  amount o f  e f f e c t i v e  d i f f e r e n t i a l  

re in fo rcem en t i s  o f  major im portance in  the developm ent o f  s tim u lu s  

c o n tr o l i s  supported by a c o n s id e r a t io n  o f  th e  b eh av ior  o f  Group F.

The freq u en cy  g r a d ie n t o b ta in ed  fo llo w in g  S tage 1 fo r  Group F i s  s te e p e r  

than th e  g r a d ie n t o b ta in ed  fo llo w in g  S ta g e  2 fo r  Group U-D. These two 

groups had an equal number o f  t r i a l s  du rin g  which freq u en cy  was c o r r e ­

la t e d  w ith  re in fo r ce m e n t. Y et, sharper c o n tr o l by frequency  r e s u lte d  

from tr a in in g  w ith  o n ly  th e  frequency  d im en sion  c o r r e la te d . One p o s s ib le  

e x p la n a tio n  i s  th a t  Group U-D had p rev io u s  ex p er ien ce  w ith  frequency  un­
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c o r r e la te d , and th at t h is  in  some way reduced the e f f e c t iv e n e s s  o f la t e r  

c o r r e la t io n  o f  t h is  dim ension w ith  re in forcem en t. This p o s s ib i l i t y  can­

not be ru led  o u t. However, the e f f e c t  may w ell have r e su lte d  from d i f ­

feren ces  in  th e amount o f  e f f e c t iv e  d i f f e r e n t ia l  reinforcem ent w ith  re­

sp ec t to  th e dim ension o f  to n a l frequency. In tro d u ctio n  o f  ton es and 

t i l t s  to g eth er  as d isc r im in a tiv e  s t im u li  r e su lte d  in  a fa s t e r  red u ction  

o f  response ra te  during n eg a tiv e  p eriod s than the in tro d u ctio n  o f  tones  

a lo n e . No doubt t h is  r e f l e c t s  the f a c t  th a t d isc r im in a tio n s  based on 

t i l t  a lon e develop much more ra p id ly  than d iscr im in a tio n s  based on fr e ­

quency a lo n e . The im portant p o in t i s  th a t Group U-D made fewer u nrein ­

forced  responses in  the presence o f  th e  n eg a tiv e  tone than Group F. In 

t h is  sen se  Group U-D may be sa id  to have had l e s s  d i f f e r e n t ia l  r e in fo r c e ­

ment than Group F.

The outcom e o f  th e  Newman and Baron ( 1965) experim en t d escr ib ed  

p r e v io u s ly  may a ls o  be a n a lyzed  in  th e s e  term s. I t  w i l l  be r e c a l le d  th a t  

c o n tr o l  o f  th e  b ehavior  by an gu lar  o r ie n t a t io n  was dem onstrated fo llo w in g  

tr a in in g  in  which o n ly  p re se n c e -a b sen ce  o f  a v e r t i c a l  l i n e  was d if f e r e n ­

t i a l l y  a s s o c ia te d  w ith  r e in fo r ce m e n t. A group tr e a te d  i d e n t i c a l l y ,  b u t 

w ith  c o lo r  a ls o  d i f f e r e n t i a l l y  a s s o c ia te d  w ith  r e in fo r c e m e n t, d id  n o t  

respond d i f f e r e n t i a l l y  to  an gu lar o r ie n t a t io n  o f  th e  l i n e  during gen er­

a l i z a t i o n  t e s t in g .

In h is  a n a ly s is  o f  th e se  r e s u l t s  Baron ( 1965) s u g g e s ts  th a t  c o lo r  

I s  h ig h er  in  th e  p ig e o n 's  "cue a tte n d in g  h iera rch y " . " A tten tion"  was 

drawn to  t i l t  on ly  i f  t i l t  s t im u li  were a s s o c ia te d  w ith  p resen ce  and 

absence o f  r e in fo rcem en t w h ile  c o lo r  s t im u li  were n o t . Suoh tr a in in g  

c o n d itio n s  r e s u l t ,  i t  i s  su g g e ste d , in  a " m o d if ic a tio n  o f  th e a tten d in g  

h iera rch y ."  A more parsim oniou s accou nt may be p o s s ib le .  A n a ly s is  o f
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th e  data  shows th a t  th e  group th a t  cou ld  arn the d is c r im in a t io n  on th e  

b a s is  o f  c o lo r  did so ex trem ely  r a p id ly .  Thus l i t t l e  d i f f e r e n t i a l  r e in ­

forcem ent w ith  r e s p e c t  to  th e  more d i f f i c u l t  t i l t  d im en sion  o ccu rred . On 

th e  o th er  hand, in  th e  absence o f  a co lo r  d i f f e r e n c e ,  th e  d is c r im in a t io n  

could  be formed o n ly  on th e  b a s is  o f  th e p resen ce  or ab sen ce  o f  th e l i n e .  

This d is c r im in a t io n  d evelop ed  more s lo w ly . Much resp on d in g  occu rred  in  

th e  absence o f  th e  l i n e ,  h en ce , th ere  was much more d i f f e r e n t i a l  tr a in in g  

w ith  r e s p e c t  to  th e t i l t  d im en sion , and, a s  th e  su b seq u ent t e s t  showed, 

much more c o n tr o l by t h is  d im en sion .

The above a n a ly s is  has em phasized th e  p o s s ib le  im portance o f  e f f e c t i v e  

d i f f e r e n t i a l  r e in fo r ce m e n t, e s p e c ia l ly  th e  a c tu a l o ccu rren ce  o f  u n re in fo rced  

resp on d in g  in  th e  absence o f  th e  p o s i t i v e  s t im u lu s , ra th e r  than th e  mere 

occu rren ce  o f  th e  n e g a tiv e  s tim u lu s  in  the ex p er im en ta l s i t u a t io n ,  a s  a 

fa c to r  in  th e  developm ent o f  s e l e c t i v e  s tim u lu s  c o n t r o l .  The d is c u s s io n  

has fo cu sed  on c o r r e la t io n s  betw een amount o f  e f f e c t i v e  d i f f e r e n t i a l  r e in ­

forcem en t w ith  r e s p e c t  to  a s t im u lu s  d im ension  and th e  sh arp n ess o f  con­

t r o l  ga in ed  by th a t  d im en sion . Whether th e  c o r r e la t io n s  mean th a t  amount 

o f  d i f f e r e n t i a l  r e in fo rcem en t i s  ind eed  th e  govern in g  v a r ia b le  in  th e  ex­

p er im en ts  th a t  were d is c u s se d  i s  d i f f i c u l t  to  d e term in e .

I t  Appears th a t  in  exp erim en ts th a t  fo l lo w  th e  d e s ig n  o f  th e  p r e s ­

e n t  one or  th a t  o f  Newman and Baron th e s e  c o r r e la t io n s  are v i r t u a l l y  in ­

e v i t a b l e .  The e s ta b lish m e n t  o f  a d is c r im in a t io n  on th e  b a s is  o f  one  

s tim u lu s  d im en sion  i s  r e f l e c t e d  in  a r ed u c tio n  in resp on d in g  in  th e  p res­

ence o f  th e  n e g a t iv e  s tim u lu s  on t h i s  d im en sion . Subsequent c o r r e la t io n  

o f  an oth er  d im en sion  w ith  t h i s  d im ension  and w ith  r e in fo rcem en t n e c e s sa r ­

i l y  r e s u l t s  in  resp o n se  r a te s  in  th e  p resen ce  o f  th e  new n e g a tiv e  stim ­

u lu s  th a t  are  low er  than would be found w ith o u t th e  p r e tr a in in g .

I t  i s  I n t e r e s t in g  to  c o n s id e r  whether any m an ip u la tio n  w hich in -
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c r e a s e s  th e  " sa lie n c y "  o f  one d im ension  o f  a compound s tim u lu s  and 

thus f a c i l i t a t e s  th e  developm ent o f  th e  d is c r im in a t io n  changes th e  amount 

o f  e f f e c t i v e  d i f f e r e n t i a l  re in fo rcem en t w ith  r e s p e c t  to  th e  o th er  dimen­

s io n  under s tu d y . For exam ple, had th e  w avelen gth  d i f f e r e n c e  been  

sm a ller  in  Newman and B aron 's experim en t ( 1965) ,  th e  c o lo r  d is c r im in a t io n  

m ight have d evelop ed  more s lo w ly , in  which c a se  more respon ding  would 

have occu rred  in  th e  absence o f  th e  l i n e ,  and, perhaps more c o n tr o l by 

l i n e  t i l t  would have been e v id e n c ed .

I t  was shown above th a t  p r e tr a in in g  a d is c r im in a t io n  on th e  b a s is  

o f  t i l t  p reven ted  th e  subsequent developm ent o f  c o n tr o l by to n a l f r e ­

quency. The e f f e c t s  o f  p r e tr a in in g  on freq u en cy  upon th e  su bsequent 

developm ent o f  c o n tr o l  by t i l t  were in  sharp c o n tr a s t  to  t h i s .

P reced in g  "double c o r r e la t io n "  t r a in in g ,  Group F-D showed a 

f a i r l y  f l a t  but dou ble  peaked t i l t - g r a d i e n t  w ith  maximum resp on d in g  in  

th e  p resen ce  o f  th e  two l i n e  o r ie n t a t io n s  p r e se n t  during S ta g e  1 t r a in in g .  

F o llo w in g  tr a in in g  w ith  both  t i l t  and freq uen cy  c o r r e la te d  w ith  r e in fo r c e ­

m ent, a s in g le -p e a k e d , decrem ental g r a d ie n t  was see n  w ith  th e  maximum 

number o f  r esp o n ses  em itted  in  th e  p resen ce  o f  th e  now p o s i t i v e  t i l t ,  

th e  v e r t i c a l  l i n e .  This change in  th e  shape o f  th e  g r a d ie n t  was shown 

by an a n a ly s is  o f  v a r ia n c e  to  be s i g n i f i c a n t .

A d ecrem en ta l g r a d ie n t was shown, fo llo w in g  S tage 2 t r a in in g ,  by 

Group U-D as w e l l .  Thus, c o n tr o l by b o th  t i l t  and freq u en cy  was found  

fo llo w in g  dou ble  c o r r e la t io n  e i th e r  i f  both d im en sion s were u n co rre la ted  

du rin g  Stage 1 , or i f  freq u en cy  was c o r r e la te d  during Stage 1 .  A com­

p a r iso n  o f  th e  t i l t  and th e  frequency  g r a d ie n ts ,  o f  c o u r se , i s  impos­

s i b l e  s in c e  th e  s t im u li  on th e  t i l t  and freq u en cy  d im en sion s cannot be 

measured in  th e  same u n i t s .  I t  r, p o s s ib le ,  how ever, to  compare th e t i l t  

g r a d ie n ts  o f  th e se  groups in  order to  a s s e s s  th e  e f f e c t s  o f  d i f f e r e n c e s
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in  Stage 1 tra in in g  on co n tro l by t i l t .  A p lo t  o f the mean number o f  

resp on ses em itted  in  the presence o f  each o f  the l in e  o r ie n ta t io n s  p res­

en t during t e s t in g  showed an ord erin g  o f  the gradients- -th e  s te e p e s t  

grad ien t was th a t o f  Group T-D, the grad ien t o f  Group U-D was in term ed iate  

in  s te e p n e s s , and the f l a t t e s t  grad ien t was th a t o f  Group F-D. However, 

the su g g estio n  th a t p retra in in g  on frequency r e s u lt s  in  a f la t t e r  t i l t -  

gra d ien t was not borne out by fu rth er  ev id en ce . An a n a ly s is  o f  varian ce  

did  n ot show the d if fe r e n c e s  in  the shapes o f  th ese  curves to  be s ig n i f ­

ic a n t .  Moreover, on ly  th e t i l t  g e n e r a liz a t io n  t e s t  made in  the presence  

o f  the p o s i t iv e  au d itory  stim u lu s showed the ordering mentioned above.

The e f f e c t s  o f  p re tr a in in g  on th e  dim ensions o f  t i l t  and o f  f r e ­

quency then are not sym m etrical. Follow ing Stage 2 o f  tr a in in g . Group F-D 

showed co n tro l by t i l t ,  but Group T-D did n ot show co n tro l by frequency.

The d if fe r e n c e s  may be a t tr ib u ta b le  to  d if fe r e n c e s  in  the d isc r im in a tiv e  

performance preced ing the in tro d u ctio n  o f  the second co rre la ted  stim ulus  

dim ension. As p oin ted  out above, frequency was introduced a t  a sta g e  o f  

a c q u is it io n  when few resp on ses occurred during n eg a tiv e  p e r io d s . T i l t ,  

on the o th er hand, was introduced a t  a s ta g e  when the number o f  responses  

em itted  during n eg a tiv e  p eriod s was su b sta n tia l-. S u b jects in  Group F 

towards the end o f  Stage 1 responded an average o f  approxim ately 18 tim es 

per n eg a tiv e  p er io d . Thus, p re tra in in g  on frequency did not preclude  

e f f e c t iv e  d i f f e r e n t ia l  rein forcem ent w ith  resp ect to  the t i l t  s t im u li  

when th ese  were f in a l ly  co rre la ted  w ith  rein forcem en t. On the o th er hand, 

p r e tra in in g  on t i l t  did p reclu d e e f f e c t iv e  d i f f e r e n t ia l  reinforcem ent 

w ith  r e sp e c t  to  ton a l frequency, s in ce  v ir t u a l ly  no resp on ses were em itted  

in  the presence o f  the n eg a tiv e  s t im u li during Stage 2 o f  tr a in in g .

A su b sid ia ry  f in d in g , but one o f  con sid era b le  in te r e s t ,  i s  the e f f e c t
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o f  "double co rre la tio n "  upon the g e n e r a liz a t io n  grad ien t along the 

s in g le  dim ension th a t was co rre la ted  during Stage 1 .

No e f f e c t  was seen upon the t i l t - g r a d ie n t  o f  Group T-D, i . e . ,  the 

g ra d ien ts  measured a f te r  S tages 1 and 2 were v ir t u a l ly  id e n t ic a l .  This 

i s  not su r p r is in g  s in ce  the aud itory  s t im u li did not a f f e c t  the behavior  

o f  th ese  su b je c ts  in  ar^ o th er way.

In c o n tr a s t , c o r r e la t io n  o f  t i l t  had c le a r  e f f e c t s  upon the be­

havior o f  su b je c ts  p retra in ed  on frequency, Group F-D. Responding during 

n eg a tiv e  p eriod s dropped rap id ly  towards zero . Before co rre la ted  tra in in g  

on t i l t ,  co n tro l by t h is  dim ension was r e f le c te d  in  a double peaked 

grad ien t w ith  maximum response r a te s  occurring in  the presence o f  the  

h o r izo n ta l and v e r t ic a l  l i n e s .  Follow ing tra in in g  w ith  t i l t  co r r e la te d ,  

th e maximum number o f  resp on ses occurred in  the presen ce o f  the now pos­

i t i v e  o r ie n ta t io n  o f  th e  l in e — the vertica l; the minimum number occurred  

in  the presence o f  the now n eg a tiv e  l i n e  o r ie n ta tio n — the h o r iz o n ta l.

For t h is  group, the frequency g e n e r a liz a t io n  g ra d ien t, measured in  

the presence o f  the p o s i t iv e  v is u a l stim u lu s, was somewhat f l a t t e r  a t  

the end o f  Stage 2 than a t the end o f  Stage 1 . An a n a ly s is  o f  variance  

showed t h is  change in  shape to be in s ig n i f ic a n t .  Further, the f r e ­

quency grad ien t for  t h is  group obtained in  the presence o f the n eg a tiv e  

v is u a l  stim ulus a t  the end o f  Stage 2 was c le a r ly  depressed r e la t iv e  to 

th e one obtained  a t  th e  end o f  Stage 1 . Although a few b u rsts  o f  

resp on ses occurred , alm ost no resp on ses occurred in  the presence o f  the  

p o s it iv e  au d itory  stim u lu s. Thus, co n tro l by frequency was in  no way 

shown in  t h is  grad ien t a lthough  o th er ev id en ce in d ica ted  th a t such con­

t r o l  was not l o s t .

I t  was noted in  sev era l p la ce s  above th at the auditory and v isu a l  

s t im u li d if fe r e d  markedly in  th e ir  e f f e c t iv e n e s s  as d isc r im in a tiv e  stim ­
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u l i ,  e . g . ,  th ere  are  la r g e  d i f f e r e n c e s  in  th e  r a te  a t  w hich d isc r im in a ­

t io n s  based on th e s e  s e t s  o f  s t im u li  d e v e lo p . Why th e se  d if f e r e n c e s  

e x i s t  i s  n o t f u l l y  u n d ersto o d . However, th e  experim ent by Heinemann 

and Rudolph ( 1963) su g g e s ts  th a t  th ey  may a r i s e  in  p a r t from th e  manner 

in  w hich th e  s t im u li  are  p r e se n te d . I t  i s  noted  th a t s t im u li  appearing  

on th e  resp o n se  manipulandum, in  th e  p r e se n t  experim ent and in  t h e ir s  

on th e k ey , may be s u b je c t  to  d i f f e r e n t i a l  r e in fo r ce m e n t. The resp on se  

i s  r e in fo r c e d  i f  i t  i s  em itted  in  th e  p resen ce  o f  th e  key; i t  i s  not 

r e in fo r c e d  when em itted  in  i t s  a b sen ce . This i s  q u ite  d i f f e r e n t  from 

re in fo rcem en t c o n tin g e n c ie s  in  e f f e c t  when th e  s tim u lu s  i s  d i f f u s e  as  

would be tr u e  o f  a ton e  p r e se n t  during th e  e n t ir e  working p e r io d . In  

t h i s  c a s e , th e  p r e se n ta t io n  o f  r e in fo rcem en t d oes n o t depend on th e  

p resen ce  or  absence o f  th e  to n e . J en k in s and H arrison (I9 6 0 ) have dem­

o n str a te d  th a t  In  order fo r  such a d i f f u s e  s tim u lu s  to  ga in  c o n tr o l ,  

two v a lu e s  o f  th e  s tim u lu s  must be p resen ted — one when th e  b eh avior  

i s  r e in fo r c e d ;  th e  o th er  when i t  i s  n o t r e in fo r c e d . R einforcem ent in  

th e  p resen ce  o f  th e  1000 cps ton e  d id  n o t b r in g  th e  b ehavior  under th e  

c o n tr o l o f  freq u en cy , w h ile  re in fo rcem en t o f  th e  resp o n se  in  th e  p res­

ence  o f  th e  1000 cp s ton e and n o n -re in fo rcem en t in  i t s  absen ce d id .

The p r e se n t  experim ent su p p orts th e  c o n c lu s io n s  o f  th e s e  exper­

im e n te r s . The two s t im u li  p r e se n t  during t r a in in g , th e  320 and th e  1000 

cps to n e s , were not c o r r e la te d  w ith  re in fo rcem en t during S tage  1 fo r  

Groups T and U. This d id  n o t mean th a t  re in fo rcem en t d id  n o t occur  

in  t h e ir  p r e se n c e . The two to n es  were p r e se n t  as o f t e n  during p o s i­

t i v e  p e r io d s  as during n e g a tiv e  p e r io d s . R esponding in  t h e ir  p resen ce  

d uring p o s i t i v e  p e r io d s  was, o f  c o u r se , r e in fo r c e d . N o n e th e le ss , the  

g e n e r a l iz a t io n  t e s t s  fo llo w in g  t h i s  tr a in in g  f a i l e d  to  show any c o n tr o l  

by to n a l freq u en cy .
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This I s  In d ir e c t  c o n tr a st  to the e f f e c t  found fo r  t i l t .  T i l t  

was not co rre la ted  w ith  rein forcem ent during Stage 1 for  Groups F and 

U. However, as was the case  w ith  frequency, s in c e  the h o r izo n ta l and 

v e r t ic a l  l i n e s  were p resen t during h a lf  o f  the p o s i t iv e  p er io d s, re­

in forcem ent d id  occur in  th e ir  p resen ce . The t i l t  g e n e r a liz a t io n  t e s t s  

fo llo w in g  Stage 1 revealed  co n tro l by t i l t  fo r  th e se  groups. The groups 

tra in ed  w ith  t i l t  u n correla ted  showed double peaked g ra d ien ts— response  

r a te s  were h ig h e st  in  the p resen ce o f  the two t i l t s  p resen t during 

tr a in in g , the h o r izo n ta l and th e v e r t ic a l  l i n e s .  The fin d in g  o f  such 

double peaked g ra d ien ts  i s  not in  any way unusual. K alish  and Guttman 

(1957) found such g ra d ien ts  a f te r  tra in in g  w ith  rein forcem ent in  th e  

p resen ce o f  two key c o lo r s .  Of in t e r e s t ,  ra th er , i s  the fa c t  th a t such  

g ra d ien ts  were not found fo r  frequency in  a s itu a t io n  In which both  

groups were trea ted  a l ik e  excep t w ith  r esp ec t to  the stim ulus dim ension  

in vo lved  in  th e a n a ly s is .

Heinemann and Rudolph ( 1963) su ggest th a t the co n tro l o f  behavior  

so r e a d ily  acquired by v is u a l  s t im u li on the key may be due to  the unin­

te n t io n a l p ro v is io n  o f  d i f f e r e n t ia l  re in forcem en t.

"Some d isc r im in a tiv e  tr a in in g  must in e v ita b ly  occur in  any 
s i tu a t io n  in  which th e stim u lu s i s  a f a ir ly  sm all v isu a l area  
and the required  response i s  a movement th at i s  d ir ec te d  w ith  
r e sp e c t  to  t h is  s tim u lu s, such as pecking a t  the stim u lu s, or 
walking or jumping through a door upon which the stim u lu s ap­
p ea rs , or turning a t a c h o ic e -p o in t  marked ty  the stim u lu s."
(page 657) .

They su g g est th a t  in  the Skinner box

"Such d i f f e r e n t ia l  tr a in in g  occurs most ob v iou sly  w h ile  the  
animal i s  being taught to peck the key by the method o f  suc­
c e s s iv e  approxim ation. During t h is  phase o f  tr a in in g , behav­
io r  such as holding the head a t the appropriate h e ig h t, moving 
the head forward, and so fo r th , i s  re in fo rced  when i t  occurs  
near th e  key (when th e  v isu a l stim u lu s i s  l i k e l y  to  be imaged 
on S 's  r e t in a s ) ,  w h ile  s im ila r  behavior goes unreinforced  i f  i t  
occurs in  some p la ce  other than the immediate v ic in i t y  o f  the  
key (when the v is u a l stim ulus i s  much l e s s  l i k e l y  to be imaged 
on the S 's  r e t in a s ) ."  (page 65^ ) .
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The g r ea ter  rea d in ess  w ith  which s t im u li on the key gain  co n tro l 

over behavior i s  probably due, in  a la r g e  p a r t , to d i f f e r e n t ia l  r e in ­

forcem ent such as th a t described  above. However, the e f f e c t iv e n e s s  o f  

such s t im u li in  c o n tr o llin g  behavior may not be due sim ply to such re in ­

forcem ent. The dem onstrations by Terrace (1963 a , b) o f  " er ro r le ss  

learn in g"  o f  a d isc r im in a tio n  show th a t co n tro l by s t im u li appearing on 

the key may d evelop  w ithout the occurrence o f  n on -rein forced  responses  

in  the absence o f  th ese  s t im u li .

In summary, the major f in d in g s  o f  the p resen t experim ent can r e a d ily  

be exp la ined  in  terms o f  d if fe r e n c e s  in  e f f e c t iv e  d i f f e r e n t ia l  r e in fo r c e ­

ment. The r e la t io n s h ip  between t h is ,  and the development o f  stim u lu s  

c o n tr o l, has been d iscu ssed  in  d e t a i l  above. A c o r r e la t io n  has been ob­

served between the amount o f  e f f e c t iv e  d i f f e r e n t ia l  rein forcem ent w ith  

r e sp e c t  to  a g iven  dim ension o f  a compound stim ulus and the subsequent 

co n tro l over behavior by t h is  stim ulus dim ension. Further research  i s  

needed to determ ine whether or not t h is  observed c o r r e la t io n  i s  in d ic a ­

t iv e  o f  a ca u sa l r e la t io n s h ip  between e f f e c t iv e  d i f f e r e n t ia l  r e in fo r c e ­

ment and stim u lu s c o n tr o l.
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summary

An a n a ly s is  was made o f  the e f f e c t s  o f  tra in in g  a su b jec t to  d is ­

crim in ate  between two s t im u li upon la t e r  development o f  a d iscr im in a tio n  

between two fu rth er  s t im u li that are redundant, i . e . ,  each o f which i s  

always a s so c ia te d  w ith one o f  the a lread y d iscr im in ated  s t im u li .  Also 

stu d ied  were the e f f e c t s  o f  d if fe r e n c e s  in  the ease  o f  th e  f i r s t  d iscrim ­

in a t io n  upon the development of the second.

The stim ulus dim ensions chosen fo r  study were the angular o r ien ta ­

t io n  o f  a black l i n e ,  and the frequency o f  a ton e . During the f i r s t  stage  

o f  t r a in in g , two s t im u li from one o f  th ese  dim ensions were co rre la ted  

w ith  reinforcem ent and non-rein forcem ent r e s p e c t iv e ly .  Two s t im u li from 

the other dim ension were a lso  p resen t during th is  phase o f  tr a in in g  but 

were not d i f f e r e n t ia l ly  co rre la ted  w ith  re in forcem en t. A fter a d iscr im ­

in a t io n  was developed , fu rth er  tra in in g  was g iven  w ith  both stim ulus dimen­

s io n s  co rre la ted  w ith  rein forcem ent.

The behavior stu d ied  was the key-pecking response o f  the pigeon  

m aintained on a v a r ia b le  in te r v a l  schedule o f  rein forcem ent. The sub­

j e c t s  were 20 w hite Carneau p igeons m aintained a t  85# o f th e ir  f r e e -  

feed in g  w eigh t.

F ollow ing s t a b i l i z a t io n  the b ird s  were d iv id ed  in to  three matched 

groups. The two t i l t s  and th e two ton es were p resen t during tr a in in g  

fo r  Group U but th ese  s t im u li were not co rre la ted  w ith  rein forcem ent.

Group T (e ig h t  su b jec ts)  was tra ined  w ith  the v e r t ic a l  l i n e  p resen t  

during a l l  p o s i t iv e  period s and the h o r izo n ta l l i n e  p resen t during a l l  

n eg a tiv e  p er io d s . The two ton a l s t im u li were p resen t but th ese  were not



c o r r e la te d  w ith  re in fo r ce m e n t. Group F ( e ig h t  s u b je c ts )  was tra in ed  

w ith  th e  1000 cp s ton e  p r e se n t  d u rin g  a l l  p o s i t i v e  p e r io d s , and the  

320 cps ton e p r e se n t  d u rin g  a l l  n e g a t iv e  p e r io d s . For t h i s  group the  

two l i n e  o r ie n t a t io n s  were p r e se n t  b u t th e s e  were not c o r r e la te d  w ith  

r e in fo r ce m e n t. F o r t y - f iv e  days o f  t r a in in g  were g iv e n  to  each  group. 

During Stage 2 th re e  groups were tr a in e d  w ith  both  s tim u lu s  d im ensions  

c o r r e la te d  w ith  re in fo r ce m e n t, i . e . ,  th e  1000 cps ton e and th e  v e r t i c a l  

l i n e  were p r e se n t  d u rin g  a l l  p o s i t i v e  p e r io d s , the 320 cps ton e and the  

h o r iz o n ta l l i n e  were p r e se n t  during a l l  n e g a t iv e  p e r io d s . Half o f  th e  

su b je c ts  in  Groups F and T were con tin u ed  on t h e ir  S tage 1 tr a in in g  

c o n d it io n . For a l l  groups S tage 2 o f  t r a in in g  con tin u ed  fo r  ^5 d a y s.

F o llow in g  S ta g es  1 and 2 , g e n e r a l iz a t io n  t e s t s  were g iv en  to  a l l  

s u b j e c t s .  Two t e s t s  in  which th e  an gu lar  o r ie n t a t io n  o f  th e  l i n e  was 

v a r ied  were made— one in  th e  p resen ce  o f  th e  1000 cps to n e , the o th er  

in  th e  p re se n c e  o f  th e  320 cp s to n e . Two t e s t s  in  which th e  freq uen cy  

o f  th e  65 d e c ib e l  ton e  were v a r ied  were made— one in  th e  p resen ce  o f  

th e  v e r t i c a l  l i n e ,  one in  th e  p resen ce  o f  th e  h o r iz o n ta l l i n e .  P er fo r ­

mance o f  th e  v a r io u s  groups on th e se  t e s t s  were compared.

The major r e s u l t s  were a3 fo llo w s :

1 . T ra in ing  o f  a d is c r im in a t io n  on th e  b a s is  o f  t i l t  du rin g  

S ta g e  1 p reven ted  developm ent o f  c o n tr o l by freq u en cy  during S tage  2 .

2 . l i 'a in in g  o f  a d is c r im in a t io n  on th e  b a s is  o f  freq u en cy  during  

S ta g e  1 d id  n o t p rev en t th e  developm ent o f  c o n tr o l by t i l t  during Stage

3 . C ontro l by one d im ension  was n o t "erased" w ith  th e  su bsequent  

developm ent o f  c o n tr o l by another d im en sion .

b . B eh avior came under th e  c o n tr o l o f  th e  d im en sion  o f  t i l t  more 

r e a d i ly  than i t  came under c o n tr o l o f  th e  d im ension  o f  freq u en cy .
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These e f f e c t s  were in te r p r e te d  in  terms o f  d i f f e r e n c e s  in  e f f e c ­

t iv e  d i f f e r e n t i a l  r e in fo r ce m e n t. The d ecree  o f  c o n tr o l gained by the  

p r e v io u s ly  u n co rre la ted  s tim u lu s  d im ension during th e second s ta g e  o f  

tr a in in g  v'as found to  be d ir e c t ly  r e la te d  to  th e  number o f  u n re in fo rced  

resp o n ses  made in  th e  p resen ce  o f  th e  n e g a t iv e  s tim u lu s  during S ta g e  2 . 

The r a te  o f  responding to  th e n e g a tiv e  s t ir a u lu s ( in  tu rn , r e f l e c t s  th e  

r a te  a t ta in e d  a t  th e  end o f  th e  f i r s t  s ta g e  o f  t r a in in g . In t h i s  sen se  

i t  can be sa id  th a t  th e  r a te s  o f  responding a t ta in e d  near th e  end o f  

Stage 1 o f  tr a in in g  d eterm ine th e  amount o f  e f f e c t i v e  d i f f e r e n t i a l  r e in ­

forcem ent r e c e iv e d  durin g S ta g e  2 .
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