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A b s tra c t

RESPONSE BIAS AND SENSITIVITY OF PIGEONS DURING AUDITORY DISCRIMINATION
AMD GENERALIZATION

by

R ich a rd  P au l Fox 

A d v iso r: E r ic  G. Helnemann

The p u rpose  o f  t h i s  s tu d y  was t o  I n v e s t ig a te  th e  e f f e c t s  o f  v a r i ­

ous c o m b in a tio n s  o f  p r e s e n t a t io n  p ro p o r t io n s  o f  s t im u l i  and p a y o ff  v a lu e s  

a s s o c ia te d  w ith  re sp o n se  c h o ic e  upon re sp o n se  b ia s  and s e n s i t i v i t y  d u r in g  

a u d i to r y  d i s c r im in a t io n  and su b seq u en t g e n e r a l i s a t i o n .  P erfo rm ance d u r in g  

th e  p r e s o lu t io n  p e r io d  o f  d i s c r im in a t io n  le a r n in g  was compared w ith  p e r ­

form ance d u r in g  p r o b a b i l i t y  le a r n in g  t o  d e te rm in e  th e  e x te n t  to  w hich b e ­

h a v io r s  in  th e s e  two s i t u a t i o n s  resem b le  each  o th e r .

F ive  g ro u p s o f  p ig eo n s  w ere t r a in e d  t o  d is c r im in a te  betw een  two 

i n t e n s i t i e s  o f  w h ite  n o is e  (S I and S2) by p eck in g  one key f o r  SI and a n ­

o th e r  f o r  S2. The i n t e n s i t y  d i f f e r e n c e  betw een  th e  s t im u l i  was 8 dB. A 

s ix t h  g roup was t r a in e d  w ith  p r o b a b i l i t y  l e a r n in g .  A r e ru n  p ro ced u re  

was u se d , w here t r i a l s  w ere re p e a te d  fo llo w in g  I n c o r r e c t  c h o ic e s .

D is c r im in a t io n  g roups r e c e iv e d  d i f f e r e n t  p r o p o r t io n s  o f  s t im u l i  

o r  d i f f s r e n t  p r o p o r t io n s  o f  r e ln fo rc e m s n t  f o r  c o r r e c t  r e s p o n s e s .  The 

p r o p o r t io n  o f  r e in f o r c e d  t r i a l s  r e l a t i v e  to  I n i t i a l  p r e s e n ta t io n s  o f  SI 

and S2 p e r  s e s s io n  w ere 2 4 /4 0  and 2 4 /4 0 , 15/25 and 3 3 /5 5 , 15/15 and 

3 3 /6 5 , 15/40 and 3 3 /4 0 , and 9 /15  and 3 9 /6 5 , r e s p e c t i v e ly .  A f te r  100 days

lv



o f  d i s c r im in a t io n  t r a i n i n g ,  th e  i n t e n s i t y  d i f f e r e n c e  betw een  th e  s t l s i u l i  

was changed o v e r  a  p e r io d  o f  3 d ay s  t o  2 dB. D eg inn ing  w ith  Day 122 a l l  

g roups w ere g iv e n  10 day s o f  g e n e r a l i s a t i o n  t e s t i n g  t o  i n t e n s i t i e s  o v e r  a  

ran g e  o f  23 dB.

A n e ly ses  w ere made o f  p r o p o r t io n  o f  e r r o r s  end o f  m e a su re M n ts  d e ­

r iv e d  from  th e  th e o ry  o f  s ig n a l  d e t e c t i o n .  The r e s u l t s  from  th e  p r e s o lu ­

t i o n  p e r io d  o f  th e  d i s c r im in a t io n  t a s k  in d ic a te d  t h a t  ( a )  perfo rm ance  wes 

s im i la r  to  p r o b a b i l i t y  l e a r n in g ,  and (b )  th e  p r o p o r t io n s  o f  re s p o n s e s  

made m atched th e  p ro p o r t io n  o f  re in fo rc e m e n ts  g iv e n  f o r  each  r e s p o n s e . 

M atching was a l s o  found w ith  p r o b a b i l i t y  l e a r n in g .  R e s u l ts  from  th e  la r g e  

sound d i f f e r e n c e s  phase  in d ic a te d  t h a t  ( a )  s e n s i t i v i t y  was u n a f f e c te d  by 

th e  Ind ep en d en t v e r i a b l e s ,  and (b ) b ia s  v a r ie d  a s  a  fu n c t io n  o f  s t im u lu s  

p r e s e n ta t io n  p r o p o r t io n ,  r e g a r d le s s  o f  re sp o n se  p a y o f f .  R e s u l ts  from  th e  

sm a ll sound d i f f e r e n c e  p h ase  in d ic a te d  t h a t  ( a )  s e n s i t i v i t y  d i f f e r e d  u n ­

s y s te m a t ic a l ly  betw een  g ro u p s , and (b )  b i a s  v a r ie d  as  a  f u n c t io n  o f  th e  

p ro d u c t o f  s t l s m lu s  p r e s e n ta t io n  and p a y o f f .  R e s u l ts  from  g e n e r a l i s a t i o n  

In d ic a te d  t h a t  ( a )  s e n s i t i v i t y  was u n a f f e c te d  by th e  in d ep e n d e n t v a r i a b l e s ,  

(b )  b i a s  was a  fu n c t io n  o f  th e  p ro d u c t o f  th e  In d ep en d en t v a r i a b l e s ,  ( c )  

th e  l e v e l  o f  a t t e n t i o n  t o  sound i n t e n s i t y  v a r ie d  a s  a  fu n c t io n  o f  r e l a ­

t i v e  p a y o f f ,  (d )  th e  l e v e l  o f  e t t e n t l o n  d u r in g  g e n e r a l i s a t i o n  and th e  

le n g th  o f  th e  p r e s o lu t io n  p e r io d  w ere c o n t r o l le d  by th e  same v a r l e b l e ,  

and (e )  sound i n t e n s i t y  had  no c o n t r o l  o v e r  re sp o n d in g  i n  s u b je c t s  t r a i n e d  

w ith  th e  p r o b a b i l i t y  t a s k .

The r e s u l t s  w ere d is c u s s e d  i n  t e n s  o f  t h e o r i e s  o f  l e a r n in g  and 

s ig n a l  d e te c t io n .
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INTRODUCTION

In  th e  t y p ic a l  s ig n a l  r e c o g n i t io n  t a s k  a  s u b je c t  i s  p re s e n te d  w ith  

a  s e r i e s  o f  d i s c r e t e  t r i a l s .  A s tim u lu s  i s  p re s e n te d  on each  t r i a l ,  and 

th e  s u b je c t  m ust i n d ic a te  w hich s tim u lu s  o c c u rre d  by ch o o sin g  betw een  two 

re s p o n s e s . I f  a  c o r r e c t  c h o ic e  i s  made, th e  s u b je c t  may be rew ard ed .

In  th e  t y p ic a l  p r o b a b i l i t y  le a r n in g  t a s k  a  s u b je c t  i s  a l s o  p r e ­

s e n te d  w ith  a  s e r i e s  o f  d i s c r e t e  t r i a l s .  On e ach  t r i a l  th e  s u b je c t  m ust 

choose betw een  one o f  two re s p o n s e s .  I f  he ch o o ses  c o r r e c t l y ,  r e i n f o r c e ­

m ent i s  p ro v id e d . On a  g iv e n  t r i a l  no new in fo rm a tio n  i s  p ro v id e d  f o r  

th e  s u b je c t  t o  d e te rm in e  w hich re sp o n se  w i l l  be rew ard ed . The o n ly  

a v a i l a b le  in fo rm a tio n  comes from th e  p a s t  p a t t e r n  o f  r e in f o r c in g  e v e n ts .

I t  can  be se en  t h a t  th e  p r o b a b i l i t y  le a r n in g  t a s k  and th e  s ig n a l  

r e c o g n i t io n  t a s k  a r e  s i m i l a r .  The o n ly  d i f f e r e n c e  betw een  th e  two i s  

t h a t  in  th e  s ig n a l  r e c o g n i t io n  t a s k  v a ry in g  am ounts o f  in fo rm a tio n  from  

e x te r n a l  s t im u l i  a r e  a v a i l a b l e  f o r  th e  s u b je c t  t o  choose  th e  c o r r e c t  

re s p o n s e , w hereas such  in fo rm a tio n  i s  n o t p ro v id e d  in  p r o b a b i l i t y  l e a r n ­

ing  t a s k s .

I t  i s  p o s s ib le  t o  v iew  th e  two t a s k s  i n  te rm s o f  d i s c r l m i n a b i l i t y .  

I f  th e  s u b je c t  can  d i s c r im in a te  th e  s t im u l i  p e r f e c t l y  on e v e ry  t r i a l ,  he 

can  alw ays choose th e  c o r r e c t  r e s p o n s e . I f  th e  s u b je c t  can n o t d i s c r im i ­

n a te  betw een th e  s t i m u l i ,  th e  s i t u a t i o n  becomes i d e n t i c a l  to  a  p r o b a b i l i t y  

le a rn in g  t a s k .  The two ex trem es  a re  p e r f e c t  d i s c r lm in a b i l i t y  and no 

d i s c r lm in a b i l i t y .  Between th e s e  e x tre s ie s  a  s u b je c t  w i l l  respond  d i f ­

f e r e n t i a l l y  t o  th e  s t i m u l i ,  b u t  he  w i l l  a l s o  make I n c o r r e c t  re s p o n s e s
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on some t r i a l * .

A f a c t o r  w hich e n te r *  i n to  re s p o n s e  c h o ic e ,  i n  a d d i t io n  t o  how w e ll  

a  s u b je c t  d i s c r im in a te s  th e  s t i m u l i ,  i s  re sp o n se  p r e f e r e n c e ,  o r  re sp o n se  

b i a s .  R esponse b l e s  may be  e s t a b l i s h e d  by means o f  e x tra n e o u s  v a r i a b le s  

o r  by e x p e r im e n te l  m a n ip u la t io n . The e x p e r im e n te r  may c o n t r o l  re sp o n se  

b i a s  by v a ry in g  th e  rew ard  a  s u b je c t  i s  g iv e n  f o r  m aking a  p a r t i c u l a r  

r e s p o n s e .  T h is  can  be acco m p lish ed  by  m a n lp u le tln g  th e  p r e s e n ta t io n  

r a t e  o f  th e  s t im u l i  o r  by m a n ip u la tin g  th e  c o s t s  and v a lu e s  o f  m aking th e  

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

P r o b a b i l i t y  L earn in g

S tu d ie s  o f  p r o b a b i l i t y  l e a r n in g  have  found in  some I n s ta n c e s  t h a t  

th e  p r o p o r t io n  o f  t r i a l s  on w hich a  s u b je c t  makes a  g iv e n  re sp o n se  te n d s  

t o  m atch th e  p r o p o r t io n  o f  r e in fo rc e m e n ts  g iv e n  f o r  h a v in g  made t h a t  r e ­

sp o n se . T h is  phenomenon i s  known a s  p r o b a b i l i t y  m a tc h in g . In  o th e r  i n ­

s ta n c e s  th e  s u b je c t  l e a r n s  t o  make one re sp o n se  on a l l  t r i a l s .  T h is  

phenomenon i s  r e f e r r e d  t o  a s  a b s o r p t io n .  A b so rp tio n  t o  th e  m ost f r e q u e n t ­

ly  r e in f o rc e d  c h o ic e  i s  o f te n  r e f e r r e d  t o  a s  m ax im is in g . T here  a r e  a  

number o f  p r o b a b i l i t y  l e a r n in g  s tu d i e s  w here r e s u l t s  a r e  c a te g o r i s e d  in  

te rm s o f  m atch ing  o r  a b s o r p t io n .  Reviews o f  th e s e  s tu d i e s  may be found 

in  E s te s  (1 9 6 3 ), Jo n es  (1 9 7 1 ), and S u th e r la n d  and M ackin tosh  (1971, ch ap . 

11- 12) .

The d i f f e r e n c e s  betw een  th e  outcom es r e p o r te d  seem t o  r e f l e c t  

p h y le t lc  d i f f e r e n c e s  i n  s u b je c t s  and p ro c e d u ra l  d i f f e r e n c e s  in  e x p e r i ­

m en ts . S p e c i f l c e l l y ,  d i f f e r e n t  r e s u l t s  have b een  o b ta in e d  u s in g  c o r r e c ­

t i o n ,  n o n c o r re c t io n , and r e r u n  p ro c e d u re s . These te rm s  a r e  n o t used  u n i ­

fo rm ly  by a l l  a u th o r s .  To a v o id  c o n fu s io n  th e y  e r e  d e f in e d  h e r e ,  and 

th e s e  d e f i n i t i o n s  a p p ly  i n  th e  fo llo w in g  d i s c u s s io n .  In  a  t y p ic a l
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c o r r e c t i o n  p ro ce d u re  an  I n c o r r e c t  reep o n ee  l e  fo llo w ed  by th e  p r e e e n te t lo n  

o f  th e  c o r r e c t  c h o ic e  a lo n e .  T h is  I s  o f te n  r e f e r r e d  t o  a s  g u id a n c e . For 

exam ple, a  p ig eo n  In  a S k in n e r  box may be p re s e n te d  w ith  o n ly  th e  c o r r e c t  

re sp o n se  k ey  I l lu m in a te d ;  a  r a t  I n  a  I  maze may be a llo w ed  to  r e t r a c e  th e  

I n c o r r e c t  arm and e n te r  th e  c o r r e c t  arm . In  a  n o n c o r re c t io n  p ro ced u re  

e i t h e r  an  I n c o r r e c t  o r  a  c o r r e c t  re sp o n se  te r m in a te s  a  t r i a l .  A ll  t r i a l s  

a r e  In d ep en d en t o f  th e  p re v io u s  r e s p o n s e . In  a  r e ru n  p ro ce d u re  an  I n ­

c o r r e c t  re sp o n se  I s  fo llo w ed  by r e p e t i t i o n  o f  th e  t r i a l  u n t i l  a  c o r r e c t  

c h o ic e  i s  made.

A ll  a n im a ls  a p p e a r  to  show a b s o rp t io n  when t r a in e d  u n d er a  non- 

c o r r e c t io n  p ro ce d u re  (B itte rm a n , W odinsky, & C andland , 1958; N orth  & 

M cDonald, 1959; G ra f , B u llo ck , & B it te rm a n , 1964; W elnstock , N o rth , B rody, & 

L o G u id lce , 1 965 ). In  th e  s tu d y  by  W elnstock  e t  a l .  some s u b je c t s  made 

th e  l e s s  f r e q u e n t ly  r e in f o rc e d  re sp o n se  on e v e ry  t r i a l .  M atching by r a t s  

t r a in e d  u n d e r a  r e r u n  p ro ce d u re  h a s  been  r e p o r te d  by W elnstock , R obb in s , 

and Chen ( i n  p r e s s ) .  When a  c o r r e c t i o n  p ro c e d u re  i s  u se d , th e  r e s u l t s  

depend upon w hat a n im a ls  a r e  used  as  s u b je c t s .  B itte rm a n  (1965) h as  

sum m arized some o f  th e  p h y le t ic  d i f f e r e n c e s  o b ta in e d  from  p r o b a b i l i t y  

le a r n in g  e x p e r im e n ts . He h a s  c o n c lu d ed  t h a t  r a t s  and monkeys t r a in e d  

w ith  c o r r e c t io n  p ro c e d u re s  te n d  t o  m axim ize, w hereas f i s h  te n d  t o  m atch . 

R obbins (1969) h a s  a l s o  o b ta in e d  a b s o rp t io n  w ith  r a t s  t r a i n e d  u n d e r c o r ­

r e c t i o n .  S e v e ra l  s u b je c t s  in  t h i s  s tu d y  ab so rb ed  on th e  a l t e r n a t i v e  

w ith  th e  low er p r o b a b i l i t y  o f  r e in f o rc e m e n t .  E s te s  (1 9 5 7 ), H ickson  

(1 9 6 1 ), and W eltzsum  (1967) have r e p o r te d  m atch in g  w ith  c o r r e c t io n .

However, B it te rm a n  e t  a l .  (1958) have n o ted  t h a t  d a ta  f o r  in d iv id u a l  su b ­

j e c t s  In  E s t e s ' s tu d y  do n o t show m a tc h in g . A s im i la r  f in d in g  h a s  been  

r e p o r te d  by  S u th e r la n d  and M ack in tosh  (1971 , p . 407) f o r  th e  d a ta  in



W eltsm an 's  s tu d y . G ra f ,  B u llo c k , and B i t te m a n  (1964) have n o ted  t h a t  

th e  r a t s  in  H ic k s o n 's  s tu d y  d is p la y e d  a  ten d e n c y  t o  choose on each  t r i a l  

th e  c o r r e c t  a l t e r n a t i v e  o f  th e  l a s t  t r i a l .

B u llo ck  and B itte rm a n  (1962) found m atch in g  by p ig eo n s  w ith  a  v i s ­

u a l  p r o b a b i l i t y  l e a r n in g  t a s k  u s in g  a  c o r r e c t i o n  p ro c e d u re . The v i s u a l  

t a s k  in v o lv e d  a  c h o ic e  o f  r e s p o n s e s  t o  key s o f  two d i f f e r e n t  c o lo r s  p r e ­

s e n te d  s im u lta n e o u s ly , w hich v a r i e d  random ly i n  p o s i t i o n  from  t r i a l  to  

t r i a l .  The p ro p o r t io n  o f  re s p o n s e s  to  a  g iv e n  c o lo r  was found t o  v a ry  

d i r e c t l y  w ith  th e  p ro p o r t io n  o f  r e in fo rc e m e n ts  p ro v id e d .

A more th o ro u g h  in v e s t ig a t io n  o f  p r o b a b i l i t y  le a r n in g  by  p ig eo n s  

was cond u c ted  by G ra f  e t  a l .  (1 9 6 4 ). S e v e ra l  t r a i n i n g  c o n d it io n s  w ere 

p r e s e n te d .  M axim ising was found u n d e r n o n c o r re c tio n  c o n d i t io n s ;  m atch ­

in g  ap p eared  u n d e r r e r u n  c o n d i t io n s  in  v i s u a l  t a s k s .  When a  c o r r e c t io n  

p ro c e d u re  was u s e d , th e  r e s u l t s  d i f f e r e d  d epend ing  on w h e th e r s u b je c t s  

w ere r e q u ir e d  to  peck a  c e n te r  key  b e fo re  th e  c h o ic e  c o n d it io n s  w ere 

made a v a i l a b l e .  M atching was found when th e  c e n te r  key  was n o t u se d ;

m ax im ising  was found when th e  c e n te r  key  was u se d . The a u th o r s  m ain ­

ta in e d  t h a t  th e  p ig eo n s  m axim ised in  a  s p a t i a l  t a s k  w here re sp o n se  c h o ic e  

was b a sed  upon p o s i t i o n ,  and w here r e r u n  was u se d . However, th e  d a ta  

i n d ic a te  t h a t  o f  s ix  s u b je c t s ,  two m atched , two ten d e d  tow ard  m ax im is in g , 

and two responded  midway betw een  m axim ising  and m a tc h in g . T h e re fo re ,  

th e  c o n c lu s io n  t h a t  th e  b i r d s  m axim ised i s  m is le a d in g . F i n a l l y ,  m atch in g  

was found in  a  s u c c e s s iv e  p roblem  w here th e  p r o b a b i l i t y  o f  re in fo rc e m e n t 

on e ach  key  was c o n d i t io n a l  upon th e  c o lo r  p re s e n te d  on b o th  k e y s . A

r e r u n  p ro ce d u re  was u sed  i n  t h i s  s tu d y .

F u r th e r  deve lopm en ts i n  th e  r e s e a rc h  on p r o b a b i l i t y  le a r n in g  in  

p ig eo n s  may be  found i n  e x p e rim e n ts  r e p o r te d  by Shlmp (1966 , 1973).



I n  one e x p e rim e n t (Shlm p, 1966, E xperim en t I )  p ig eo n s  w ere t r a in e d  by a  

r e r u n  m ethod f o r  20 ,0 0 0  t r i a l s  on a  s u c c e s s iv e  v i s u a l  t a s k .  The b i r d s  

ap p ro x im ated  m atch ing  on th e  f i r s t  1400 t r i a l s .  T h is  c o rre sp o n d ed  t o  th e  

number o f  t r i a l s  p re s e n te d  by  G ra f  e t  a l .  (1 9 6 4 ). However, by th e  end o f  

t r a i n i n g ,  th e  re sp o n se  w hich was r e in f o r c e d  on 75% o f  th e  t r i a l s  was cho­

se n  on 86% o f  th e  t r i a l s .  Shlmp co n c lu d ed  t h a t  th e  b i r d s  ten d e d  t o

" o v e rs h o o t"  m atch in g  in  th e  d i r e c t i o n  o f  m ax im iz in g . In  a n o th e r  e x p e r i ­

m ent (Shlm p, 1966, E xperim ent I I )  m atch in g  was o b se rv e d  i n  a  s p a t i a l

t a s k  w here re in fo rc e m e n t was n o t a v a i l a b l e  on e v e ry  t r i a l  on a  c h o ic e  key

and th e r e  was no i n t e r t r i a l  i n t e r v a l .  A m o d if ie d  r e r u n  p ro ce d u re  was 

u se d , w here t r i a l s  fo llo w in g  I n c o r r e c t  re s p o n s e s  w ere s ig n a le d  by changes 

i n  th e  key  c o lo r s .

Shlmp a n a ly s e d  th e s e  r e s u l t s  by s e q u e n t i a l  s t a t i s t i c s .  He con ­

c lu d e d  t h a t  a l l  th e  r e s u l t s  c o u ld  be acco u n te d  f o r  i n  te rm s o f  th e  p r i n ­

c ip l e  o f  "m om entary m ax im iz in g " . T h is  p r in c ip le  s t a t e s  t h a t  on a  g iv e n  

t r i a l  a  s u b je c t  ch o o ses  th e  re sp o n se  w hich  m o m en ta rily  h a s  th e  g r e a t e r  

p r o b a b i l i t y  o f  r e in fo rc e m e n t .  In  a  more r e c e n t  e x p e rim e n t (Shim p, 1973, 

E xperim en t I )  th e  re sp o n se  r e in f o r c e d  on 90% o f  th e  t r i a l s  i n  a  v i s u a l  

t a s k  u n d e r r e r u n  c o n d i t io n s  was ch o sen  on an  a v e ra g e  o f  98.2% o f  a l l  

t r i a l s .  Shlmp conc lu d ed  t h a t  th e  b i r d s  ten d e d  t o  d e v ia te  from  m atch ing  

i n  th e  d i r e c t i o n  o f  m ax im iz ing .

In  a  s tu d y  by M ack in to sh , L ord , and L i t t l e  (1971) p ig eo n s  w ere 

found t o  o v e rsh o o t a  70% m atch in g  v a lu e  i n  b o th  s p a t i a l  and v i s u a l  p ro b a ­

b i l i t y  le a r n in g  ta s k s  u n d er c o r r e c t i o n  p ro c e d u re s . The s u b je c t s  made 

th e  m a jo r i ty  re sp o n se  on 93.4% o f  th e  t r i a l s  u n d er s p a t i a l  c o n d it io n s  

and 88.40% o f  th e  t r i a l s  u n d er v i s u a l  c o n d i t io n s .

F is c h e r  (1972) found t h a t  c h ic k s  w ere a b le  t o  re a c h  a  c r i t e r i o n



6

o f  90% re sp o n d in g  f o r  a  re sp o n se  w hich  was rew arded  on 70% o f  a l l  t r i a l s .  

T hese r e s u l t s  w ere o b ta in e d  from v i s u a l  a s  w e l l  a s  s p a t i a l  p r o b a b i l i t y  

l e a r n in g  t a s k s .  I n  th e  s p a t i a l  t a s k s  c o r r e c t i o n  and n o n c o r re c t io n  p r o ­

c e d u re s  w ere u se d . When c o r r e c t io n  was u s e d , th e  a n im a ls  to o k  lo n g e r  to  

re a c h  th e  90% c r i t e r i o n .

I t  i s  c l e a r  from  a l l  o f  th e s e  e x p e rim e n ts  t h a t  th e  r e s u l t s  o b ta in e d  

depend on th e  d e t a i l s  o f  th e  e x p e r im e n ta l  p ro ce d u re  em ployed. Any g e n e ra l  

a s s e r t i o n  t h a t  a  p a r t i c u l a r  s p e c ie s  a lw ays shows m atch in g  o r  a b s o rp t io n  

i s  i n c o r r e c t .

I t  h a s  b een  n o ted  t h a t  th e  e s s e n t i a l  d i f f e r e n c e  betw een  th e  b e ­

h a v io r  o f  a  s u b je c t  i n  a  r e c o g n i t io n  t a s k  and a  p r o b a b i l i t y  le a r n in g  t a s k  

i s  t h a t  i n  th e  fo rm er th e  s u b j e c t 's  re sp o n se  i s  b ased  upon in fo rm a tio n  

p ro v id e d  by d i s c r im in a t iv e  s t i m u l i ,  w hereas i n  th e  l a t t e r  h i s  re sp o n se  

i s  n o t b a sed  upon such  in fo rm a t io n . A s u b je c t  may f a i l  t o  u t i l i s e  i n ­

fo rm a tio n  p ro v id e d  by  s t im u l i  b e cau se  o f  p h y s io lo g ic a l  f a c t o r s  in v o lv in g  

l i m i t a t i o n s  o f  th e  s e n so ry  system  o r  b e c a u se  o f  th e  p re se n c e  o f  b a c k ­

ground n o i s e .  I t  i s  a l s o  p o s s ib le  f o r  a  s i t u a t i o n  t o  e x i s t  w here th e  

s u b je c t  i s  a b le  t o  r e s o lv e  s t im u l i  p h y s io lo g ic a l ly ,  b u t  he does n o t 

u t i l i s e  th e  a v a i l a b l e  in fo rm a t io n . T h is  may be  w hat happens in  th e  e a r l y  

s ta g e s  o f  a  r e c o g n i t io n  t a s k  p r i o r  to  d i s c r im in a t io n  l e a r n in g .  I f  th e  

d i s c r im in a t iv e  s t i a i u l i  do n o t c o n t r o l  re sp o n d in g  d u r in g  th e  p r e s o lu t io n  

p e r io d  o f  a  r e c o g n i t io n  t a s k ,  th e n  th e  s i t u a t i o n  may r e s e o b le  a  p ro b a ­

b i l i t y  le a r n in g  t a s k .  I t  i s  c o n c e iv a b le  t h a t  u nder th e s e  c o n d it io n s  a  

s u b je c t  would resp o n d  a s  i f  he w ere i n  such  t a s k .  One p u rpose  o f  th e  

p r e s e n t  s tu d y  was t o  i n v e s t ig a t e  t h i s  h y p o th e s i s .  B eh av io r d u r in g  th e  

p r e s o lu t io n  p e r io d  o f  a  r e c o g n i t io n  t a s k  was compared w ith  b e h a v io r  i n  a  

p r o b a b i l i t y  l e a r n in g  t a s k  w here e x p e r im e n ta l  c o n d i t io n s  w ere i d e n t i c a l



e x c e p t f o r  th e  ab sen ce  o f  d i s c r im in a t iv e  s t i m u l i .  A r e r u n  p ro ce d u re  was 

used  f o r  a l l  s u b je c t s .  The d a ta  w ere exam ined t o  d e te rm in e  w h e th e r th e r e  

was m atch in g  in  th e  p r o b a b i l i t y  l e a r n in g  t a s k  and d u r in g  th e  p r e s o lu t io n  

p e r io d s  o f  s e v e r a l  d i s c r im in a t io n  ta s k s  w hich d i f f e r e d  In  re in fo rc e m e n t 

p r o b a b i l i t y .  S im i la r  b e h a v io r  In  th e  two c o n d it io n s  c o u ld  s u g g e s t  t h a t  

p r io r  to  le a r n in g  a  d i s c r im in a t io n  t a s k ,  s u b je c t s  t r e a t  th e  t a s k  a s  i f  i t  

w ere a  p r o b a b i l i t y  l e a r n in g  t a s k .  D if fe r e n c e s  betw een  th e  two c o n d it io n s  

would s u g g e s t  t h a t  th e  s t im u l i  a f f e c te d  b e h a v io r  even  though  th e  d a ta  d id  

n o t show e v id e n c e  o f  d i s c r im in e t lo n .

S ig n e l  R e c o g n itio n

T here  a r e  s e v e r a l  t h e o r i e s  and m odels o f  s ig n a l  r e c o g n i t io n  (o r  

s ig n a l  d e te c t i o n ,  w hich  d i f f e r s  from  s ig n a l  r e c o g n i t io n  i n  t h e t  th e  su b ­

j e c t  m ust d i s t i n g u i s h  th e  p re se n c e  o f  a  s ig n a l  from  i t s  a b s e n c e ) . An 

essu m p tlo n  w hich i s  common to  s e v e r a l  o f  th e s e  t h e o r i e s  i s  t h a t  d i s -  

c r i m in a b l l l t y  and re sp o n se  b i a s  a r e  in d ep e n d e n t o f  eech  o th e r  (S w ets, 

1964; A tk in so n , Bower & (b ro th e rs , 1965, C h ap te r 5 ;  G reen & S w ets , 1 966 ).

The th e o ry  o f  s ig n a l  d e te c t io n  and r e c o g n i t io n  d ev e lo p ed  by S w ets , 

T an n er, and B l r d s a l l  (1 9 6 1 ), and G reen and Sw ets (1966) h a s  b een  used  a s  

a  b a s i s  f o r  d e s c r ip t i v e  m odels o f  an im al d i s c r im in a t io n  e x p e rim e n ts  by 

Boneau and Cole (1967) and by Heinemann and c o -w o rk e rs  (H elnem ann, A vln , 

S u l l iv a n  & C hase, 1969; Helnemann & C hase, 1970a; Heinemann & C hase, 

1970b; Chase & Helnemann, 1972; Helnemann & A vln , 1973).

The th e o ry  assum es t h a t  th e  n e u ra l  e f f e c t s  produced  by e  g iv en  

s t im u lu s  v a ry  from  t r i a l  t o  t r i a l  a lo n g  a  con tinuum . A f u r t h e r  assum p­

t i o n  i s  t h a t  th e  u n d e r ly in g  d i s t r i b u t i o n s  o f  th e s e  n e u ra l  e f f e c t s  a re  

norm al and o f  e q u a l v a r ia n c e .  In  a  t y p i c a l  r e c o g n i t io n  t a s k  w ith  two 

s t i m u l i ,  a  s u b je c t  d e te rm in e s  w h e th e r th e  o b se rv ed  n e u ra l  e v e n t on a
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g iv e n  t r i a l  was due to  one s tim u lu s  o r  th e  o th e r  and re sp o n d s  a c c o rd in g ly .  

A re sp o n se  c r i t e r i o n  i s  e s ta b l i s h e d  a lo n g  th e  a x is  o f  n e u ra l  e f f e c t s .  I f

th e  o b s e rv a t io n  on a  g iv e n  t r i a l  ex ceed s th e  re sp o n se  c r i t e r i o n ,  th e  su b ­

j e c t  makes one r e s p o n s e . I f  th e  o b s e rv a t io n  does n o t exceed  th e  resp o n se

c r i t e r i o n ,  th e  s u b je c t  makes th e  o c h e r re s p o n s e .

The c r i t e r i o n  i s  s p e c i f ie d  in  te rm s o f  th e  r a t i o  o f  th e  l ik e l ih o o d  

t h a t  an  o b s e rv a t io n  was due t o  one s tim u lu s  r e l a t i v e  to  th e  o th e r  s tim u ­

l u s .  T h is  r a t i o  i s  r e f e r r e d  to  as  th e  l ik e l ih o o d  r a t i o .  A ccord ing  to  

th e  th e o r y ,  th e  c r i t e r i o n  v a lu e  o f  l ik e l ih o o d  r a t i o  i s  d ep en d en t upon th e  

p r e s e n ta t io n  p r o b a b i l i t i e s  o f  th e  s t im u l i  and th e  c o s ts  and v a lu e s  a s s o ­

c ia te d  w ith  th e  v a r io u s  r e s p o n s e s . The c r i t e r i o n  v a lu e ,  r e f e r r e d  to  as  

|9 , may be used  as  an  index  o f  re sp o n se  b i a s .  The p lacem en t o f  th e  c r i ­

t e r i o n  i s  in d ep e n d e n t o f  th e  a b i l i t y  o f  th e  s u b je c t  to  d i s c r im in a te  th e  

s t i m u l i .

D is c r lm in a b i l i t y  i s  a  fu n c t io n  : f  th e  p h y s ic a l  p a ra m e te rs  o f  th e  

s t im u l i  and i s  r e p r e s e n te d  a s  th e  d is ta n c e  betw een  th e  means o f  th e  u n d e r­

ly in g  d i s t r i b u t i o n s  o f  n e u ra l  e f f e c t s  d iv id e d  by t h e i r  common s ta n d a rd  

d e v ia t io n .  T h is  d l s c r im in a b l l l t y  index  i s  r e f e r r e d  t o  a s  d ' .

As th e  c r i t e r i o n  i s  v a r i e d ,  th e  p ro p o r t io n  o f  c o r r e c t  re sp o n se s  

i n  th e  p re se n c e  o f  a  g iv e n  s tim u lu s  v a r i e s  m o n o to n lc a lly  w ith  th e  p ro ­

p o r t io n  o f  th e  same re s p o n s e s  in  th e  p xssence  o f  th e  o th e r  s t im u lu s .  The 

v a lu e s  o f  d ' and p may be e x t r a c te d  from  th e  d a ta  in  a  r e c o g n i t io n  ta s k  

t o  p ro v id e  in d ep e n d e n t m easu res o f  s e n s ’ t i v i t y  and re sp o n se  b i a s .

T here  have been  a  number o f s tu d ie s  conducted  w ith  human s u b je c t s  

w here d e c is io n  c r i t e r i a  w ere v a r i e d .  S e v e ra l o f  th e s e  s tu d i e s  a r e  r e ­

p o r te d  i n  G reen and Sw ets (1 9 6 6 ). S tu d ie s  w ith  an im al s u b je c t s  u s in g  

d e te c t i o n  th e o ry  have been  r e l a t i v e l y  few i n  num ber. S e v e ra l  ty p e s  o f



an im al s u b je c t*  have  been  a tu d ie d ,  in c lu d in g  r a t a  (H ack, 1963; N evin ,

1964; Terman & Term an, 1 9 7 2 ), p ig eo n s  (Hobaon, 1970) and monkeys (C lo p to n , 

1972; E lsm ore , 1 972 ). The s t im u l i  p re s e n te d  have  in c lu d e d  a u d i to r y  (Hack, 

1963; I rw in  & Term an, 1970; Terman, 1970 ), v i s u a l  (N ev in , 1964), 

and g u s ta to r y  s t i m u l i  (S u b o sk l & Spevack , 1 968 ). T here  have a l s o  been 

s tu d ie s  o f  n o n e x te ro c e p tlv e  c o n tin u e , such  a s  s c h e d u le s  o f  re in fo rc e m e n t 

(Hobson, 1970) and tim e  d u r a t io n  (S tu b b s , 1968; E lsm o re , 1 972 ). The 

g e n e ra l  f in d in g s  o f  th e s e  s tu d i e s  a r e  t h a t  a n im a ls  w i l l  a d ju s t  t h e i r  

re sp o n se  a s  a  f u n c t io n  o f  p a y o ff  and s t im u lu s  p r e s e n ta t io n  p r o p o r t io n s .  

Changes in  re sp o n se  b i a s  a p p e a r  to  be Ind ep en d en t o f  s tim u lu s  d i s c r lm in a -  

b i l l t y ,  a s  p r e d ic te d  by s ig n a l  d e te c t io n  th e o r y .

In  s tu d i e s  o f  re s p o n s e  b ia s  r e p o r te d  th u s  f a r ,  e i t h e r  th e  s t im u lu s  

p r e s e n ta t io n  p r o p o r t io n s  o r  th e  re sp o n se  p a y o ffs  w ere m a n ip u la te d . Hack 

(1 9 6 3 ), f o r  exam p le , v a r ie d  th e  p r e s e n ta t io n  p ro p o r t io n s  o f  a  to n e  i n  a 

d e te c t io n  t a s k  w ith  r a t s  and o b ta in e d  th e  p r e d ic te d  m onotonlc r e l a t i o n ­

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

and th e  p r o b a b i l i t y  o f  re sp o n d in g  in  i t s  a b se n c e .

In  a  s tu d y  o f  th e  d e te c t io n  o f  in c re m e n ts  i n  n o is e  by  m onkeys, 

C lo p to n  (1972) v a r i e d  th e  p r o p o r t io n  o f  t r i a l s  when th e  Increm en t was 

p r e s e n te d .  Changes in  re sp o n se  b ia s  w ere found to  be r e l a t e d  t o  changes 

i n  th e  p r e s e n ta t io n  p r o p o r t io n s  and In d ep en d en t o f  s e n s i t i v i t y .

Terman and Terman (1970) t r a in e d  r a t s  to  d i s c r im in a te  betw een  a 

s ta n d a rd  a u d i to r y  I n t e n s i t y  and a  com parison  i n t e n s i t y  whose v a lu e  was 

v a r ie d  d u r in g  th e  e x p e r im e n t. The p r o b a b i l i t y  o f  th e  s ta n d a rd  i n t e n s i t y  

was v a r ie d  from  .1  t o  .9  betw een  s e s s io n s .  The r e s u l t s  found t h a t  

changes in  b i a s  v a r ie d  m o n e to n lc a lly  w ith  p r e s e n ta t io n  p r o p o r t io n s ,  w h ile  

d ' rem ained  c o n s ta n t .  Changes in  th e  i n t e n s i t y  d i f f e r e n c e  o f  th e  s t im u l i
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r e s u l t e d  In  changes In  d ' ,  w h ile  b l e s  ap p eared  t o  rem ain  c o n s ta n t .

The p a y o ff  v a lu e  a s s o c ia te d  w ith  a  re sp o n se  may be m a n ip u la te d  by 

v a ry in g  th e  amount o f  r e in fo rc e m e n t  o r  th e  r e l a t i v e  f re q u e n c y  o f  r e i n ­

fo rc e m e n t. S tubbs (1968) v a r ie d  re in fo rc e m e n t c o n tin g e n c ie s  In  a  d i s c r e t e  

c h o ic e  d i s c r im in a t io n  o f  s t im u lu s  d u r a t io n  u s in g  p ig e o n s . In  one I n s ta n c e ,  

one o f  th e  I n c o r r e c t  re s p o n s e s  r e s u l t e d  In  r e s e t t i n g  th e  number o f  c o r r e c t  

re s p o n s e s  n e c e s s a ry  f o r  r e in fo rc e m e n t .  A nother m a n ip u la t io n  in v o lv e d  r e ­

in f o r c in g  o n ly  one o f  th e  c o r r e c t  r e s p o n s e s .  The r e s u l t s  in d ic a te d  t h a t  

m a n ip u la tin g  re in fo rc e m e n t c o n tin g e n c ie s  r e s u l t e d  In  changes In  th e  p ro ­

p o r t io n s  o f  a  g iv e n  re sp o n se  in  th e  p re se n c e  o f  th e  s t i m u l i .  However,

I t  was a ls o  n o ted  t h a t  s e v e re  s h i f t s  In  b ia s  w ere c o r r e l a t e d  w ith  a  d e ­

c re a s e  in  s e n s i t i v i t y .

In  a  s tu d y  o f  th e  d i s c r im in a t io n  o f  s c h e d u le s  o f  re in fo rc e m e n t in  

p ig e o n s , Hobson (1970) found th a t  d i f f e r e n t i a l l y  v a ry in g  e i t h e r  th e  

amount o f  food o r  th e  p r o p o r t io n  o f  t r i a l s  on w hich re in fo rc e m e n t was 

p r e s e n t  f o r  c o r r e c t  re s p o n s e s  r e s u l t e d  in  changes in  b i a s  in  th e  e x p e c te d  

d i r e c t i o n .

M andell (1973) v a r ie d  th e  re in fo rc e m e n t p r o p o r t io n s  f o r  m aking 

c o r r e c t  re s p o n s e s  In  an  a u d i to r y  i n t e n s i t y  s tu d y  w ith  p ig e o n s . B ias  

d i f f e r e n c e s  w ere o b ta in e d , b u t  th e y  w ere r e p o r te d  t o  be t r a n s i e n t .

In  an  u n p u b lish e d  s tu d y  o f  a u d i to r y  i n t e n s i t y  d i s c r im in a t io n  i n  

p ig e o n s , Fox found t h a t  l ik e l ih o o d  r a t i o  c r i t e r i a  v a r ie d  m o n o to n ic a lly  

w ith  v a r i a t i o n s  in  a  v i s u a l  cue c o r r e la t e d  w ith  r e in fo rc e m e n t  p r o b a b i l i t y .

S in ce  v a r i a t i o n s  in  p r e s e n ta t io n  p r o p o r t io n s  and p a y o ff  r e s u l t  in  

changes in  re sp o n se  b i a s ,  i t  i s  o f  i n t e r e s t  to  d e te rm in e  t o  w hat e x te n t  

th e  two p a ra m e te rs  a f f e c t  b i a s  when th e y  v a ry  s im u lta n e o u s ly . A ccord ing  

to  s ig n a l  d e te c t io n  th e o r y ,  i t  sh o u ld  be p o s s ib le  f o r  d i f f e r e n t  com bine-



t i o n s  o f  p r e s e n t a t io n  p r o p o r t io n s  end p a y o ff  t o  p roduce  th e  same d e g re e  

o f  re sp o n se  b ia s  i f  th e  p ro d u c t o f  p r e s e n ta t io n  p r o p o r t io n  and p a y o ff  a re  

c o n s ta n t .

In  th e  p r e s e n t  s tu d y  th r e e  g roups o f  p ig eo n s  r e c e iv e d  d i f f e r e n t  

c o m b in a tio n s  o f  s t im u lu s  p r e s e n ta t io n  p ro p o r t io n s  and o f  p a y o ffs  i n  th e  

form  o f  r e in fo rc e m e n t  p r o p o r t io n s .  For th e s e  th r e e  g ro u p s  th e  p ro d u c t o f  

th e  v a lu e s  o f  th e  two v a r i a b le s  a re  c o n s ta n t .  More s p e c i f i c a l l y ,  th e  

g ro u p s r e c e iv e d  d i f f e r e n t  p r o p o r t io n s  o f  loud  and s o f t  a u d i to r y  s t i m u l i .  

The p r o p o r t io n  o f  each  re sp o n se  w hich was rew arded  when c o r r e c t  a l s o  

v a r i e d .  However, th e  number o f  r e in fo rc e m e n ts  p ro v id e d  f o r  e ach  re sp o n se  

was th e  seam . Two o th e r  g roups w ere p re s e n te d  w ith  s t im u l i  in  th e  same 

p r o p o r t io n s  a s  two o f  th e  e q u a l p ro d u c t g ro u p s , b u t  th e  p r o p o r t io n  o f  

each  re sp o n se  w hich was rew arded  when c o r r e c t  was th e  same a s  th e  t h i r d  

e q u a l p ro d u c t g ro u p . The e f f e c t  o f  th e s e  v a r i a t i o n s  upon re sp o n se  b ia s  

and d i s c r lm in a b i l i t y  was m easu red .

Generalisation
S in c e  th e  v a lu e  o f  n e u ra l  e f f e c t s  i s  a  fu n c t io n  o f  th e  s tim u lu s  

p a ra m e te rs ,  i t  i s  p o s s ib le  t o  e x p re s s  th e  p o s i t i o n  o f  th e  c r i t e r i o n  in  

te rm s o f  a  s tim u lu s  v a lu e .  T h is  can  be accom plished  by o b ta in in g  a  

p sy c h o m e tric  fu n c t io n  and f in d in g  th e  s t im u lu s  v a lu e  w here th e  two r e ­

sp o n ses  a r e  made e q u a l ly .

R ecen t s tu d i e s  by P i e r r e l  and Sherman (1 9 6 0 ), Helnemann and c o ­

w o rk e rs  (H einem ann, A v ln , S u l l iv a n ,  & C hase , 1 969 ; Helnemann & C hase, 

1970a; Helnemann & C hase, 1970b; Chase & Heinemann, 1972), S tubbs (1 9 6 8 ), 

M andell (1 9 7 3 ), and W eln sto ck , R o b b in s , and Chen ( i n  p r e s s )  have found 

t h a t  g e n e r a l i s a t i o n  c u rv e s  o b ta in e d  a f t e r  t r a i n i n g  t o  d i s c r im in a te  b e ­

tw een two i n t e n s i t i e s  have  th e  t y p i c a l  s ig m o id a l form  o f  p sy ch o m atrlc
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f u n c t io n * .  T h i*  1* I n  c o n t r a s t  t o  th e  peaked g e n e r a l i s a t i o n  g r a d ie n ts  

w hich a r e  g e n e r a l ly  o b ta in e d  fo llo w in g  d i s c r im in a t io n  t r a i n i n g  w ith  rae ta -  

t h e t l c  s t im u l i  ( e . g .  H anson, 1959; Helnemann, C hase, & M an d e ll, 1968;

B lough, 1 969 ).

In  th e  s tu d i e s  by S tubbs and M an d ell, re in fo rc e m e n t  c o n tin g e n c ie s  

w ere m a n lp u le te d  and d i f f e r e n c e s  In  g e n e r a l i z a t i o n  c u rv e s  w ere o b ta in e d . 

B oth s tu d i e s  found t h a t  th e  p o s i t i o n  o f  th e  g e n e r a l i z a t i o n  c u rv e s  a lo n g  

th e  s tim u lu s  a x is  v a r ie d  a s  a  fu n c t io n  o f  e x p e r im e n ta l  c o n t in g e n c ie s .

The s t im u lu s  v a lu e  a t  w hich each  re sp o n se  was made on 50% o f  th e  t r i a l s  

was a l s o  a  f u n c t io n  o f  e x p e r im e n ta l  c o n t in g e n c ie s .

In  th e  s tu d y  by W elnstock  e t  a l . ,  s t im u lu s  p r e s e n ta t io n  r a t i o s  

w ere v a r ie d  In  a  b r ig h tn e s s  d i s c r im in a t io n  t a s k  w ith  r a t a a s  s u b je c t s .

The p o s i t i o n  o f  th e  o b ta in e d  g e n e r a l i z a t i o n  c u rv e s  was a  f u n c t io n  o f  th e  

p r e s e n ta t io n  r a t i o .  In  a d d i t io n ,  a  c o n t r o l  g roup was g iv e n  t r a i n i n g  w ith  

a  p r o b a b i l i t y  l e a r n in g  t a s k .  The o b ta in e d  g e n e r a l i z a t i o n  c u rv e s  f o r  t h i s  

g roup  w ere f l a t ,  i n d ic a t in g  no c o n t r o l  by l i g h t  i n t e n s i t y .

A t te n t io n

The a n a ly s e s  o f  th e  s tim u lu s  g e n e r a l i z a t i o n  c u rv e s  o b ta in e d  In  

H elnem ann 'a e x p e rlm a n ts  w ere b a sed  upon s ig n a l  r e c o g n i t io n  th e o ry  t o ­

g e th e r  w ith  a  c o n c ep t o f  a t t e n t i o n .  The te rm  a t t e n t i o n  i s  u sed  i n  an 

e m p ir ic a l  s e n s e .  A s u b je c t  i s  s a id  to  a t te n d  t o  a  s t im u lu s  d im en sio n  i f  

b e h a v io r  changes a s  th e  v a lu e  o f  th e  s tim u lu s  c h a n g es . In  a  d i s c r e t e  

t r i a l  r e c o g n i t io n  t a s k ,  s u b je c t s  do n o t n e c e s s a r i ly  a t t e n d  t o  th e  r e l e ­

v a n t  s t i m u l i  on e ach  t r i a l .  When a  s u b je c t  a t t e n d s  t o  th e  r e l e v a n t  

s t i m u l i ,  he  re sp o n d s  in  acco rd a n ce  w ith  th e  s ig n a l  r e c o g n i t io n  m odel. 

However, when a  s u b je c t  does n o t a t te n d  to  th e  r e l e v a n t  s t i m u l i ,  h i s  b e ­

h a v io r  I s  in d ep a n d e n t o f  th e  v a lu e  o f  th e  s t im u lu s .  On th e s e  t r i a l s
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re sp o n d in g  I s  u nder c o n t r o l  o f  some o th e r  s t im u lu s .

Heinemann and c o -w o rk e rs  have  d e r iv e d  a  means to  m easure th e  d e g re e  

o f  a t t e n t i o n  to  th e  r e l e v a n t  s t im u lu s  d im e n s io n . In  a d d i t io n  th e y  have 

p ro v id e d  a  c o r r e c t io n  to  remove th e  e f f e c t s  o f  I n a t t e n t io n  from  th e  

g e n e r a l i z a t i o n  g r a d ie n ts  and th e re b y  to  o b ta in  fu n c t io n s  b a sed  upon th o se  

t r i a l s  when s u b je c t s  a t te n d e d  to  th e  r e l e v a n t  s t i m u l i .  From th e s e  c u rv e s  

i t  was p o s s ib le  to  o b ta in  a  c r i t e r i o n  v a lu e  e x p re s se d  in  s t im u lu s  te rm s .

I t  sh o u ld  be n o ted  t h a t  H einem ann 's u se  o f  th e  te rm  a t t e n t i o n  d i f ­

f e r s  somewhat from i t s  u se  i n  r e c e n t  m odels o f  s e l e c t i v e  a t t e n t i o n  such 

a s  th o se  o f  Zeaman and House (1 9 6 3 ), Lovejoy  (1965 , 1966, 1968), and 

S u th e r la n d  and M ack in tosh  (1 9 7 1 ). A ccord ing  to  th e s e  t h e o r i e s ,  d i s c r im i ­

n a t io n  le a r n in g  In v o lv e s  two p ro c e s s e s :  l e a r n in g  t o  a t te n d  to  th e  r e l e ­

v a n t  s t im u lu s  d im en sio n  and le a r n in g  t o  a t t a c h  th e  c o r r e c t  re s p o n s e s  to  

s t im u l i  a lo n g  t h i s  d im e n s io n . L e a rn in g  t o  a t te n d  In v o lv e s  l e a r n in g  to  

sw itc h  in  th e  r e l e v a n t  a n a ly z e r ,  a  p ro c e s s  w hich m ust be c o n d it io n e d . 

A t te n t io n  i s  th u s  c o n s id e re d  a s  a  r e s p o n s e , w hereas Heinemann c o n s id e r s  

i t  a s  a  c o n t r o l l i n g  r e l a t i o n  betw een  d i s c r im in a t iv e  s t im u l i  and re sp o n d ­

in g .

A no ther d i f f e r e n c e  betw een  th e  two c o n c e p ts  o f  a t t e n t i o n  i s  t h a t  

a c c o rd in g  t o  s e l e c t i v e  m odels i t  i s  p o s s ib le  f o r  th e  s t r e n g th  o f  an  a n a ­

ly z e r  to  be  d e te rm in e d  by th e  v a lu e  o f  a s t im u lu s .  H elnem ann 's c o n cep t 

o f  a t t e n t i o n  assum es t h a t  a t t e n t i o n  i s  in d ep e n d e n t o f  th e  s tim u lu s  v a lu e .

In  th e  p r e s e n t  s tu d y  g e n e r a l i z a t i o n  g r a d ie n ts  were o b ta in e d  fo r  

a l l  s u b je c t s  fo llo w in g  t r a i n i n g .  The l e v e l  o f  a t t e n t i o n  and th e  v a lu e  o f  

th e  s tim u lu s  c r i t e r i o n  w ere d e r iv e d  fo r  e a ch  s u b je c t  u s in g  H elnem ann 's 

m odel.

The pu rpose  o f  th e  p r e s e n t  e x p e rim e n t was t o  exam ine th e  e f f e c t s



o f  d i f f e r e n t  c o m b in a tio n s  o f  p r e s e n ta t io n  p r o p o r t io n s  o f  s t im u l i  and pay 

o f f  in  th e  form  o f  p a r t i a l  r e in fo rc e m e n t  upon re sp o n d in g  in  a  d i s c r e t e  

t r i a l  c h o ic e  d i s c r im in a t io n  o f  sound i n t e n s i t y  and i n  a  su b seq u e n t g e n e r  

a l i z a t i o n .  R esponding  d u r in g  th e  p r e s o lu t io n  p e r io d  was com pared w ith  

th e  pe rfo rm ance  o f  a  g roup  t r a in e d  w ith  a p r o b a b i l i t y  l e a r n in g  t a s k .
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METHOD

S u b je c ts

The s u b je c t s  w ere 30 w h ite  C erneeux p ig e o n s , 8 m ale and 22 fem a le , 

o b ta in e d  from  th e  P a lm e tto  P igeon  Farm In  S u m ter, S ou th  C a r o l in a .  A ll 

b i r d s  w ere e x p e r im e n ta l ly  n a iv e  a t  th e  s t a r t  o f  th e  ex p e rim e n t and were 

a p p ro x im a te ly  one y e a r  o ld .

The b i r d s  w ere housed  I n  In d iv id u a l  c a g e s ,  w here th e y  w ere g iv e n  

g r a in ,  w a te r ,  and g r i t .  In  o rd e r  to  d e te rm in e  th e  a v e ra g e  f r e e - f e e d in g  

w e ig h ts ,  th e  b i r d s  w ere g iv e n  f r e e  a c c e s s  t o  g r a in  f o r  15 d a y s . B eg in ­

n in g  w ith  Day 11, th e y  w ere w eighed a t  th e  same tim e  e v e ry  day f o r  5 con ­

s e c u t iv e  d a y s . The means o f  th e  f iv e -d a y  w e ig h ts  w ere c a lc u la t e d ,  and 

th e  b i r d s  w ere th e n  red u ced  In  w e ig h t u n t i l  th e y  rea c h e d  80% o f  t h e i r  

f r e e - f e e d in g  w e ig h ts .  To red u c e  th e  w e ig h t o f  th e  b i r d s ,  th e y  w ere fed  

5-10  gram s o f  g r a in  d a l l y .  The w e ig h t r e d u c t io n  to o k  a p p ro x im a te ly  2 

w eeks. The b i r d s  w ere m a in ta in e d  a t  th e s e  w e ig h ts  f o r  th e  d u r a t io n  o f  

th e  e x p e rim e n t. T h is  was accom plished  by  w e ig h in g  them  fo llo w in g  each  

d a l l y  s e s s io n  and fe e d in g  them  th e  a p p r o p r ia te  amount o f  g r a i n .  G r i t  

and w a te r  w ere alw ays a v a i l a b l e  In  th e  home c a g e s .

A p p ara tu s

The p ig eo n  cham ber was a  s ta n d a rd  L eh igh  V a lle y  m odel. I t s  in s id e  

d im e n sio n s  w ere 20 in c h e s  x 1 3 .8  in c h e s  x 1 3 .8  In c h e s . A th r e e  key  r e ­

sponse  p a n e l d iv id e d  th e  box i n to  two s e c t i o n s .  One s e c t io n  c o n ta in e d  

th e  e l e c t r i c a l  equipm ent needed f o r  th e  p a n e l ,  and th e  o th e r  s e c t io n  

housed  th e  s u b je c t s  d u r in g  th e  e x p e rim e n t. The d im en sio n s  o f  th e  s e c t io n  

w i th in  w hich  th e  s u b je c t s  w ere housed  w ere 1 2 .2  in c h e s  x  1 3 .8  In ch e s  x
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1 3 .8  In c h e s .

The th r e e  t r a n s lu c e n t  k ey s  w ere one in c h  in  d i e n e t e r .  They w ere 

e a ch  lo c a te d  9 .375  in c h e s  above th e  f lo o r  o f  th e  cham ber. One key was 

c e n te re d  on th e  v e r t i c a l  m id l ln e .  The o th e r  two k ey s  w ere  lo c a te d  a t  a 

d i s t a n c e  o f  2 .2 5  In c h e s  on e i t h e r  s id e  o f  t h i s  m id l ln e .  W hite l i g h t s  

w ere lo c a te d  b e h in d  th e  k e y s . They p r o je c te d  a p p ro x im a te ly  e q u a l b r i g h t ­

n e s s e s  on th e  k e y s  when i l lu m in a te d .  An o p en in g  2 .2 5  in c h e s  x  2 inche*  

lo c a te d  3 .5  In c h e s  d i r e c t l y  below  th e  c e n te r  key p ro v id e d  a c c e s s  to  g r a in  

when th e  food m agazine was o p e ra te d .  A l i g h t  I n s id e  th e  open ing  was i l ­

lu m in a te d  when th e  food m agazine was r a i s e d .  A house  l i g h t  was s i t u a te d  

1 .7 5  in c h e s  d i r e c t l y  above th e  c e n te r  k e y . T h is  l i g h t  was tu rn e d  on a t  

th e  s t a r t  o f  each  d a l l y  s e s s io n .  I t  rem ained  on th ro u g h o u t th e  s e s s io n ,  

and was tu rn e d  o f f  a t  th e  end o f  e ach  s e s s io n .

A speaker 3 Inches in diameter was located behind the panel 3 .5  

Inches to the left of the feeder. To prevent any extraneous noises from 
reaching the animals during the experiment, the entire pigeon chamber was 
kept in a large wooden box lined with sound absorbing material.

The w h ite  n o is e  d e l iv e r e d  th ro u g h  th e  s p e a k e rs  was p roduced  by a

G ra y s o n -S ta d le r  n o is e  g e n e r a to r ,  Model 901B. A s e r i e s  o f  a t t e n u a to r s  was

used  to  p roduce  th e  v a r io u s  i n t e n s i t i e s  ra n g in g  from  60 t o  83 dB r e  
2

0 .0002  dyne /cm w hich w ere u sed  d u r in g  th e  c o u rs e  o f  th e  e x p e rim e n t.

The sound intensities were measured with a General Electric sound level 
meter Type 1565A (C network), which was placed in the box at the approxi­
mate position of a pigeon's head.

A s e r i e s  o f  r e l a y s ,  t im e r s ,  and c o u n te r s  w ere u sed  in  c o n ju n c t io n  

w ith  two ta p e  r e a d e r s  t o  c o n t r o l  e x p e r im e n ta l  c o n t in g e n c ie s .  One ta p e  

r e a d e r  was used  th ro u g h o u t th e  e x p e rim e n t. I t  was programmed t o  d e te rm in e
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w hich  o f  two sound I n t e n s i t i e s  was p re s e n te d  on a  g iv e n  t r i a l ,  and w h e th e r  

r e in fo rc e m e n t  was to  be  g iv e n  f o r  a  c o r r e c t  r e s p o n s e .

For e ach  group o f  s u b je c t s ,  24 d i f f e r e n t  seq u en ces  w ere programmed 

f o r  th e  f i r s t  t a p e  r e a d e r .  The o rd e r  o f  th e s e  seq u en ces  was random ly 

d e te rm in e d  b u t  c o n s tr a in e d  by  th e  p ro p o r t io n s  o f  sound s t im u l i  and r e i n ­

fo rc e d  t r i a l s  sc h e d u le d  f o r  e a ch  g ro u p . The o r d e r  o f  p r e s e n t a t io n  o f  s e ­

quences was random ised  w i th in  b lo c k s  o f  24 d a y s . C o n se q u e n tly , a  s u b je c t  

was p re s e n te d  w ith  a l l  24 seq u en ces  e v e ry  24 d a y s .

The second  ta p e  r e a d e r  was used  o n ly  d u r in g  g e n e r a l i z a t i o n  t e s t i n g .  

T h is  ta p e  r e a d e r  was used  in  c o n ju n c t io n  w ith  th e  f i r s t  ta p e  r e a d e r  to  

d e te rm in e  w h e th e r  a  t r i a l  would be a  g e n e r a l i z a t i o n  t r i a l  o r  a  t r a i n i n g  

t r i a l .  I f  th e  t r i a l  w ere a  g e n e r a l i z a t i o n  t r i a l ,  th e  ta p e  r e a d e r  d e t e r ­

m ined w hich o f  s ix  g e n e r a l i z a t i o n  i n t e n s i t i e s  would be  p re s e n te d  t o  th e  

s u b je c t s .  I f  th e  t r i a l  w ere a  t r a i n i n g  t r i a l ,  c o n t r o l  was s h i f t e d  t o  th e  

f i r s t  ta p e  r e a d e r .  T here  w ere s ix  d i f f e r e n t  g e n e r a l i z a t i o n  seq u en ces  f o r  

a l l  g ro u p s . Each sequence  was random ly d e te rm in e d . The d a ta  f o r  each  

d a i l y  s e s s io n  was re c o rd e d  on im pu lse  c o u n te r s .

Procedure
The 30 s u b je c t s  w ere random ly a s s ig n e d  t o  one o f  s ix  g ro u p s . F ive  

g ro u p s  w ere g iv e n  c h o ic e  d i s c r im in a t io n  t r a i n i n g ,  w hich d i f f e r e d  betw een  

g ro u p s  w ith  r e s p e c t  t o  th e  p r o p o r t io n s  o f  lo u d  and s o f t  sounds p re s e n te d  

and th e  p r o p o r t io n s  o f  re s p o n s e s  r e in f o r c e d  in  th e  p re se n c e  o f  each  

sound . The s i x t h  g roup  was t r a in e d  i n  a  c h o ic e  s i t u a t i o n  w ith  o n ly  one 

sound s t im u lu s .  T h is  g roup  was a l s o  d i f f e r e n t i a l l y  r e in f o r c e d  f o r  r e ­

sp o n ses  on each  k e y .

T here  w ere t h r e e  r e p l i c a t i o n s  o f  th e  s tu d y  w ith  t e n  b i r d s  i n  each  

r e p l i c a t i o n .  W ith in  each  r e p l i c a t i o n  fo u r  g ro u p s  c o n ta in e d  two b i r d s
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and two g ro u p s  c o n ta in e d  one b i r d .  The g ro u p s  w hich c o n ta in e d  one b i r d  

d i f f e r e d  f o r  each  r e p l i c a t i o n .  Each r e p l i c a t i o n  l a s t e d  132 c o n s e c u tiv e  

d a y s .

A ll  s u b je c t s  w ere g iv e n  one day o f  p r e l im in a ry  t r a i n i n g  a f t e r  th e y  

had rea c h e d  t h e i r  80% w e ig h t l e v e l .  The p r e t r a i n in g  was I d e n t i c a l  f o r  

a l l  b i r d s .  Each s u b je c t  was p la c e d  I n s id e  th e  p ig eo n  chamber w ith  th e  

food m agazine r a i s e d .  A sm a ll amount o f  g r a in  was p u t on th e  f lo o r  o f  

th e  cham ber n e a r  th e  r a i s e d  m ag az in e . The b i r d s  w ere th e n  t r a in e d  t o  

approach  th e  I l lu m in a te d  m agazine and e a t  from  i t .

A f te r  th e  b i r d s  had e a te n  r e g u l a r l y  from  th e  food m agaz ine , th e y  

were t r a in e d  to  peck th e  i l lu m in a te d  c e n te r  key  by th e  m ethod o f  s u c c e s ­

s iv e  a p p ro x im a tio n s . A peck to  th e  c e n te r  key  d arkened  I t  and caused  

th e  food m agazine to  be r a i s e d  f o r  2 .2 5  se c o n d s . A f te r  a  b i r d  had made 

th e  d e s i r e d  r e s p o n s e , an  I n t e r t r i a l  i n t e r v a l  ( IT I )  was In tro d u c e d  betw een  

th e  lo w e rin g  o f  th e  food m agazine and th e  n e x t I l lu m in a t io n  o f  th e  c e n te r  

k e y . The d u r a t io n  o f  t h i s  IT I  was g r a d u a l ly  In c re a se d  o v e r  s e v e r a l  

t r i a l s  from  2 seconds to  10 se c o n d s . D uring  th e  IT I  th e  k e y s  w ere n o t 

I l lu m in a te d ,  no sound was p r e s e n t ,  and no a c c e s s  to  food was p o s s ib l e .

As soon a s  th e  b i r d s  had resp o n d ed  t e n  t im e s  t o  th e  c e n te r  k e y , 

th e y  w ere t r a in e d  to  peck th e  two s id e  k e y s . On a  g iv e n  t r i a l  one o f  

th e  th r e e  keys was random ly s e le c te d  to  be l i g h t e d .  A peck to  th e  

l ig h te d  key  d arkened  i t  and cau sed  th e  food m agazine to  be r a i s e d ;  a  

peck t o  a  d a rk  key  had no e f f e c t .  The a n im a ls  w ere p re s e n te d  w ith  each  

l ig h t e d  key  15 t im e s  In  a  random o r d e r ,  m aking a  t o t a l  o f  45 t r i a l s .  The 

d u r a t io n  o f  th e  IT I was a lw ays 10 se c o n d s .

D is c r im in a t io n  t r a i n i n g . On th e  day a f t e r  p r e l im in a ry  t r a i n i n g ,  

d i s c r im in a t io n  t r a i n i n g  was begun  fo r  f iv e  g ro u p s . Each t r i a l  was
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s t a r t e d  by i l lu m in a t in g  th e  c e n te r  key  and s im u lta n e o u s ly  p r e s e n t in g  one 

o f  two I n t e n s i t i e s  o f  w h ite  n o is e :  70 o r  78 dB r e  .0002 dyne/cm ^ (S i  and 

S 2 ) . The d e c is io n  to  u se  th e s e  p a r t i c u l a r  I n t e n s i t i e s  In  th e  s tu d y  was 

b a sed  upon p re v io u s  u n p u b lish e d  r e s e a rc h  co n d u c ted  In  th e  same p igeon  

cham ber. In  t h a t  s tu d y , I n t e n s i t y  d i f f e r e n c e s  o f  8 dB w ere c l e a r l y  d i s -  

c r lm in a b le ,  b u t  th e y  w ere n o t p e r f e c t l y  d l s c r im in a b le .

A peck to  th e  c e n te r  key  d a rk en ed  I t  and s im u lta n e o u s ly  cau sed  th e  

two s id e  key s to  be i l lu m in a te d .  For each  sound a  peck to  one o f  th e  s id e  

key s  was d e f in e d  as  a  c o r r e c t  re s p o n s e , and a  peck to  th e  o th e r  s id e  key  

was d e f in e d  a s  i n c o r r e c t .  The c o r r e c t  r e s p o n s e s  in  th e  p re se n c e  o f  th e  

s o f t  and loud  sound s t im u l i  a r e  r e f e r r e d  t o  as  R l and R2, r e s p e c t i v e ly .

I t  fo llo w s  t h a t  th e  in c o r r e c t  re s p o n s e s  i n  th e  p re se n c e  o f  th e  s o f t  and

loud  s t im u l i  a r e  R2 and R l, r e s p e c t i v e ly .  For even-num bered b i r d s ,  R2

r e p r e s e n t s  a  re sp o n se  to  th e  l e f t  k e y , w h ile  f o r  odd-num bered b i rd s  i t

r e p r e s e n t s  a  re sp o n se  t o  th e  r i g h t  k e y .

R e in fo rcem en t was sch ed u le d  on some t r i a l s  and n o t on o t h e r s .

When a r e in fo rc e m e n t  was sc h e d u le d , a  c o r r e c t  re sp o n se  removed th e  sound , 

tu rn e d  o f f  th e  s id e  key  l i g h t s ,  and cau sed  th e  food m agazine t o  be  r a i s e d  

f o r  2 .2 5  se c o n d s . An IT I  o f  10 seconds fo llo w e d  th e  lo w e rin g  o f  th e  food 

m ag a s in e . D uring  t h i s  i n t e r v a l  th e  k ey s  w ere d a rk  and in o p e r a t iv e .  The 

o n ly  l i g h t  p r e s e n t  was th e  house  l i g h t ,  w hich  rem ained  on u n t i l  th e  

s e s s io n  was te r m in a te d . An in c o r r e c t  re sp o n se  removed th e  so u n d s, 

tu rn e d  o f f  th e  s id e  k ey s  and p roduced  a  10 second  IT I ,  b u t  i t  d id  n o t 

c a u se  th e  m agazine to  be r a i s e d .  On t r i a l s  when n o n re in fo rc e m e n t was 

sc h e d u le d , e i t h e r  a  c o r r e c t  o r  an  i n c o r r e c t  re sp o n se  removed th e  sound, 

d a rk en ed  th e  s id e  k e y s , and produced  a  10 second  IT I .

I f  a  re sp o n se  was c o r r e c t ,  th e  s t im u lu s  and re in fo rc e m e n t con-
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t ln g e n c le s  on th e  n e x t t r i e l  w ere random ly d e te rm in e d  by th e  punched ta p e .  

I f  a  re sp o n se  was I n c o r r e c t ,  th e  s t im u lu s  and re in fo rc e m e n t c o n tin g e n c ie s  

w ere r e p e a te d  on th e  fo llo w in g  t r i a l  u n t i l  th e  c o r r e c t  re sp o n se  was made. 

T h is  p ro ce d u re  fo rc e d  th e  b i r d s  t o  make th e  same nuad>er o f  c o r r e c t  r e ­

sp o n ses  d a l l y ,  and th e r e f o r e  to  r e c e iv e  e q u a l am ounts o f  r e in fo rc e m e n t .

A ll t r i a l s  w ere te rm in a te d  by a  r e s p o n s e .  E xperim en ts  u s in g  s im i la r  p ro ­

c e d u re s  w ith  th e  same a p p a ra tu s  have  found t h a t  s u b je c t s  g e n e r a l ly  r e ­

spond t o  th e  key s w i th in  .9  se c o n d s . A d a i l y  s e s s io n  was te rm in a te d  a f ­

t e r  a  b i r d  had made 80 c o r r e c t  r e s p o n s e s .

The names a s s ig n e d  to  each  g roup  r e f l e c t  th e  number o f  r e i n f o r c e ­

m ents p ro v id e d  f o r  R2 and th e  number o f  i n i t i a l  p r e s e n ta t io n s  o f  th e  loud  

s t im u lu s  (S2) p e r  s e s s io n .  S in ce  th e  t o t a l  number o f  d a l l y  r e i n f o r c e ­

m ents f o r  a l l  g roups was 4 8 , and th e  t o t a l  nun&er o f  i n i t i a l  t r i a l s  was 

80 , th e  c o rre sp o n d in g  v a lu e s  f o r  th e  s o f t  s t im u lu s  ( S i )  can  be e a s i l y  

d e r iv e d .

G roups 3 3 /5 5 , 2 4 /4 0 , and 39 /65  d i f f e r e d  in  th e  p r o p o r t io n  o f  s o f t  

and loud  s t im u l i  p r e s e n te d .  For th e s e  g ro u p s , re in fo rc e m e n t f o r  a  c o r ­

r e c t  re sp o n se  o c c u rre d  on 60% o f  th e  t r i a l s  w ith  each  s t im u lu s .  Group 

24 /40  re c e iv e d  e q u a l p ro p o r t io n s  o f  each  s t im u lu s .  T here  w ere 40 s o f t  

s t im u l i  and 40 loud  s t im u l i  p re s e n te d  d a l l y .  T w en ty -fo u r c o r r e c t  r e ­

sp o n ses  w ere r e in f o r c e d  in  th e  p re se n c e  o f  each  s t im u lu s .  Group 33/55 

was p re s e n te d  w ith  25 s o f t  s t im u l i  and 55 loud  s t im u l i  d a i l y .  A c o r r e c t  

re sp o n se  was r e in f o r c e d  on 15 t r i a l s  w ith  th e  s o f t  s tim u lu s  and 33 t r i a l s  

w ith  th e  lo u d  s t im u lu s .  Group 39 /65  was p re s e n te d  w ith  15 s o f t  s t im u l i  

and 65 loud  s t im u l i  d a i l y .  A c o r r e c t  re sp o n se  was r e in f o r c e d  on 9 t r i a l s  

w ith  th e  s o f t  s t im u lu s  and 39 t r i a l s  w ith  th e  loud  s t im u lu s .

Groups 3 3 /65  and 33 /40  w ere p re s e n te d  w ith  th e  same number o f  s o f t
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and loud s t im u l i  a s  Groups 39 /65  and 2 4 /4 0 , r e s p e c t i v e ly ,  b u t  th e y  were 

r e in f o r c e d  in  d i f f e r e n t  p r o p o r t io n s .  Each o f  th e s e  g roups was r e in f o r c e d  

f o r  15 c o r r e c t  re s p o n s e s  i n  th e  p re se n c e  o f  th e  s o f t  s t im u lu s  and 33 c o r ­

r e c t  r e s p o n s e s  i n  th e  p re se n c e  o f  th e  loud s t im u lu s .  T hus, th e  number o f  

r e in fo rc e m e n ts  i n  th e  p re se n c e  o f  e a ch  sound was th e  same f o r  Groups 

3 3 /4 0 , 3 3 /5 5 , and 3 3 /6 5 . Group 33 /40  was p re s e n te d  w ith  each  s t im u lu s  40 

t im e s  d a i l y .  A c o r r e c t  re sp o n se  was r e in f o r c e d  on 15/40 o r  37.57. o f  th e  

t r i a l s  w ith  th e  s o f t  s t im u lu s  and on 33 /40  o r  82.5% o f  th e  t r i a l s  w ith  

th e  loud  s t im u lu s .

T a b le  1 p r e s e n ts  a  summary o f  th e  c o n d i t io n s  f o r  th e  f iv e  g ro u p s . 

The f i r s t  two rows show th e  number o f  tim es  th e  s o f t  and loud  s t im u l i  

w ere sc h e d u le d  t o  be  p re s e n te d  each  s e s s io n .  T hese v a lu e s  r e f e r  t o  th e  

i n i t i a l  p r e s e n t a t io n  o f  a  s t im u lu s ,  and do n o t in c lu d e  re p e a te d  p r e s e n ta ­

t io n s  fo llo w in g  i n c o r r e c t  r e s p o n s e s .  The t h i r d  and f o u r th  rows g iv e  th e  

p r o b a b i l i t y  o f  th e  o c c u rre n c e  o f  th e  s o f t  and loud  s t im u l i  on a  g iv e n  

t r i a l .  These p ro p o r t io n s  w ere o b ta in e d  by d iv id in g  th e  v a lu e s  i n  th e  

p re v io u s  rows by 80 t r i a l s .  The f i f t h  and s ix t h  rows show th e  number o f  

c o r r e c t  re s p o n s e s  i n  th e  p re se n c e  o f each  s tim u lu s  w hich w ere r e in f o r c e d  

each  s e s s io n .  The fo llo w in g  two rows p r e s e n t  th e  p ro p o r t io n  o f  c o r r e c t  

re s p o n s e s  r e in f o r c e d  i n  th e  p re se n c e  o f  each  s t im u lu s .  These v a lu e s  

w ere o b ta in e d  by d iv id in g  th e  number o f  c o r r e c t  re s p o n s e s  w hich w ere r e ­

in fo rc e d  by th e  number o f  t im e s  th e  s t im u lu s  was i n i t i a l l y  p re s e n te d .

The n e x t two rows p r e s e n t  th e  q u o t ie n t  o f  th e  p r o b a b i l i t y  o f  a  c o r r e c t  

re sp o n se  b e in g  r e in f o r c e d  and th e  p r o p o r t io n  o f  a l l  re s p o n s e s  w hich w ere 

r e in f o r c e d .  F in a l ly ,  th e  l a s t  two rows p r e s e n t  th e  p r o p o r t io n  o f  r e i n ­

fo rcem en ts  w hich  w ere g iv e n  f o r  m aking a  c o r r e c t  re sp o n se  i n  th e  p re se n c e  

o f  each  s t im u lu s .  These v a lu e s  e q u a l th e  p ro d u c t o f  th e  p r e s e n ta t io n
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TABLE 1
Summary o f  C o n d it io n s  f o r  Each Group

Group

33 /55 2 4 /4 0 33/65 3 3 /40 39/65

Number o f  s o f t  sounds 
(S I)  p re s e n te d 25 40 15 40 15

Nunber o f  loud  sounds 
(S2) p re s e n te d 55 40 65 . 40 65

£(S1) .3125 .5 0 .1875 .5 .1875

£<S2) .6875 .5 0 .8125 .5 .8125

Nunber o f  c o r r e c t  R l 
re s p o n s e s  r e in f o r c e d 15 24 15 15 9

Nunber o f  c o r r e c t  R2 
re s p o n s e s  r e in f o r c e d 33 24 33 33 39

£ ( c o r r e c t  R l r e in f o r c e d ) .6 .6 1 .0000 .375 .6

£ ( c o r r e c t  R2 r e in f o r c e d ) .6 .6 0 .5 0 7 7 .825 .6

£ ( c o r r e c t  R l r e i n f o r c e d ) /  
£ ( r e in fo rc e m e n t) 1 1 1 .6667 .625 1

£ ( c o r r e c t  R2 r e i n f o r c e d ) /  
£ (  r e  in fo rc e m e n t) 1 1 0 .8462 1.375 1

P ro p o r t io n  o f  re in fo rc e m e n ts  
w hich w ere g iv e n  f o r  Rl .3125 .5 0 .3125 0.3125 .1875

P r o p o r t io n  o f  r e in fo rc e m e n ts  
w hich w ere g iv e n  f o r  R2 .6875 .5 0 .6875 0 .6875 .8125
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p r o p o r t io n s  from  rows th r e e  end fo u r  end th e  p e y o ff  q u o t ie n ts  from  rows 

n in e  end t e n .

D is c r lm in e t lo n  t r a i n i n g  w ith  th e  8 dB sound d i f f e r e n c e  wes co n ­

t in u e d  f o r  100 s u c c e s s iv e  d e y s . By t h e t  tim e  e l l  b i r d s  hed le e rn e d  t o  

d i s c r im ln e te  betw een  th e  so u n d s , end th e  le e r n ln g  c u rv e s ,  b e sed  upon th e  

d e i l y  d e te ,  ep p e ere d  s s y m p to t ic .  B eg in n in g  w ith  Dey 101, th e  i n t e n ­

s i t y  d i f f e r e n c e  wes reduced  to  2 dB o v e r  e  p e r io d  o f  3 d e y s . On Dey 101 

th e  two s t im u l i  w ere chenged t o  71 .5  end 7 6 .5  dB r e  0 .0002  dyne/cm  . On 

Dey 102 th e  s t im u l i  w ere chenged to  7 2 .5  end 7 5 .5  dB r e  0 .0002  dyne/cm ^. 

F in a l ly ,  on Dey 103 th e  sound i n t e n s i t y  d i f f e r e n c e  wes red u ced  t o  2 dB.

The s o f t  sound wes ln c re e s e d  t o  73 dB r e  0 .0002  dyne/cm  , end th e  loud
2

sound wes d e c re e s e d  to  75 dB r e  0 .0002  dyne/cm  . T h is  i n t e n s i t y  d i f f e r ­

ence wes m s in te ln e d  f o r  th e  n e x t 20 d e y s .

P r o b e b i l l t v  t r a i n i n g . The s u b je c t s  in  th e  s ix t h  g ro u p , Group P, 

r e c e iv e d  th e  same p re l im in a ry  t r a i n i n g  a s  th e  o th e r  f iv e  g ro u p s . They 

w ere p re s e n te d  w ith  e  c h o ic e  t a s k ,  b u t  t h i s  t a s k  d i f f e r e d  from  th e  one 

p re v io u s ly  d e s c r ib e d  i n  t h e t  th e r e  w ere no d i s c r im in a t iv e  s t i m u l i .  The 

p ro ce d u re  wes th e  same a s  f o r  th e  o th e r  g ro u p s , e x c e p t t h a t  th e  seme i n ­

t e n s i t y  l e v e l  o f  w h ite  n o is e  wes p re s e n te d  on e v e ry  t r i a l ,  74 dB r e  
2

0 .0002  dyne/cm  .

On 25 t r i a l s  a  re sp o n se  t o  one key  wes d e s ig n a te d  c o r r e c t ,  end on 

55 t r i a l s  a  re sp o n se  t o  th e  o th e r  k ey  wes so  d e s ig n a te d .  R l r e f e r s  t o  

th e  l e s s  f r e q u e n t ly  c o r r e c t  r e s p o n s e ,  end R2 r e f e r s  t o  th e  more f r e q u e n t ­

ly  c o r r e c t  r e s p o n s e .  No cu es  w ere a v a i l a b l e  t o  d e te rm in e  w hich re sp o n se  

would be c o r r e c t  on a  g iv e n  t r i a l .  The r e r u n  p ro c e d u re  wes u s e d . I f  an  

i n c o r r e c t  r e s p o n s e  wes made, th e  t r i a l  wes r e p e a te d  u n t i l  th e  c o r r e c t  r e ­

sponse  wes m ade. R e in fo rcem en t o c c u rre d  15 tim e s  a f t e r  a  c o r r e c t
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Rl and 33 tim e  a a f t e r  a  c o r r e c t  R2. F o r B lrd a  242 and 296 , R2 r e p r e s e n ta  

a  peck  t o  th e  l e f t  k e y ; f o r  B ird s  243 , 256, and 297, R2 r e p r e s e n t s  a  r e ­

sponse  t o  th e  r i g h t  k e y . A d a l l y  s e s s io n  was ta rm in a te d  a f t e r  a  b i r d  had 

made 80 c o r r e c t  r e s p o n s e s .

The t r a i n i n g  s e s s io n s  f o r  Group P w ere i d e n t i c a l  t o  th o se  f o r  Group 

3 3 /5 5 , e x c e p t t h a t  th e  l a t t e r  r e c e iv e d  two d i s c r im in a t iv e  s t i m u l i ,  w here­

a s  th e  fo rm er d id  n o t .  The o n ly  p ro c e d u ra l  d i f f e r e n c e  was t h a t  a  sw itc h
4

was th row n , a llo w in g  one sound (74  dB r e  0 .0 0 0 2  dyne/cm  ) t o  be p re s e n te d  

to  Group P . The same punched ta p e  was used  f o r  b o th  g ro u p s , s in c e  r e ­

sponse  - r e  in fo rc e m e n t c o n tin g e n c ie s  w ere th e  sam e. S u b je c ts  i n  Group P 

r e c e iv e d  t r a i n i n g  f o r  122 days u n d e r th e s e  c o n d i t io n s .

G e n e r a l i s a t io n  t e s t . B eg in n in g  w ith  Day 113, a l l  s u b je c t s  w ere 

g iv e n  g e n e r a l i s a t i o n  t e s t s  f o r  10 c o n s e c u tiv e  d a y s . D uring  a  g e n e r a l i s a ­

t i o n  t e s t ,  s u b je c t s  w ere p re s e n te d  w ith  e ig h t  d i f f e r e n t  i n t e n s i t i e s  o f

\ r i i l te  n o i s e .  These i n t e n s i t i e s  w ere 60 dB, 65 dB, 70 dB ,73 dB, 74 dB,
2

75 dB, 7 8 ,dB and 83 dB r e  0 .0002  dyne/cm  . Each g roup  was g iv e n  80 t r a i n ­

in g  t r i a l s  d a l l y  w ith  th e  s t im u l i  l a s t  u sed  i n  t r a i n i n g  (73 dB and 75 dB 

f o r  th e  g roups w hich r e c e iv e d  d i s c r im in a t io n  t r a i n i n g ,  and 74 dB f o r  

Group P ) . On t r a i n i n g  t r i a l s  r e in fo rc e m e n t was a v a i l a b l e  a c c o rd in g  to  

th e  sc h e d u le  used  fo r  th e  p a r t i c u l a r  group d u r in g  t r a i n i n g .  The r e ru n  

p ro ce d u re  was m a in ta in e d  f o r  t r a i n i n g  t r i a l s .

The rem a in in g  i n t e n s i t i e s  w ere random ly in te r s p e r s e d  on t r i a l s  b e ­

tw een  th e  t r a i n i n g  t r i a l s .  Each o f  th e s e  t e s t  i n t e n s i t i e s  was p re s e n te d  

13 t im e s  d a i l y ,  m aking a  t o t a l  o f  158 d a l l y  t r i a l s  f o r  th e  g roups which 

r e c e iv e d  d i s c r im in a t io n  t r a i n i n g  and 171 d a i l y  t r i a l s  f o r  Group P . T e s t 

t r i a l s  d i f f e r e d  from  t r a i n i n g  t r i a l s  in  two r e s p e c t s :  ( a )  re in fo rc e m e n t

was n e v e r  a v a i l a b l e  on a  t e s t  t r i a l ;  (b ) th e r e  was no r e p e t i t i o n  o f  t e s t  

t r i a l s .
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RESULTS

A d e s c r i p t i o n  o f  th e  r e s u l t s  o f  d i s c r im in a t io n  t r a i n i n g  w i l l  be 

p re s e n te d  f i r s t  i n  t h i s  s e c t i o n .  S t a t i s t i c a l  a n a ly s e s  o f  th e s e  r e s u l t s  

w i l l  be d is c u s s e d  l a t e r .  A f te r  t h a t  th e  r e s u l t s  o f  th e  g e n e r a l i z a t i o n  

t e s t s  w i l l  be p r e s e n te d .

A u n ifo rm  te rm in o lo g y  i s  u sed  to  d e s c r ib e  th e  v a r io u s  e x p e r im e n ta l  

c o n d i t io n s .  The s o f t  and loud  sounds p re s e n te d  to  th e  d i s c r im in a t io n  

g roups d u r in g  t r a i n i n g  a r e  r e f e r r e d  t o  a s  S I and S2, r e s p e c t i v e ly .  These 

te rm s a l s o  r e f e r  t o  th e  s o f t  and loud  sounds p re s e n te d  d u r in g  th e  reduced  

sound d i f f e r e n c e  p h a se . The a n im a ls  co u ld  respond  in  two d i f f e r e n t  w ays, 

R l and R2. The p r o p o r t io n s  o f  R l and R2 w hich w ere made in  th e  p re se n c e  

o f  S I a r e  r e f e r r e d  t o  a s  j> (R l/S l)  and j> (R 2 /S l), r e s p e c t i v e ly .  These a re  

th e  c o n d i t io n a l  p r o p o r t io n s  o f  m aking th e  two re s p o n s e s  g iv e n  th e  p r e s ­

ence  o f  S I .  S im i la r ly ,  th e  p r o p o r t io n s  o f  R l and R2 made i n  th e  p re se n c e  

o f  S2 a r e  r e f e r r e d  t o  a s  j>(R l/S2) and £ (R 2 /S 2 ) , r e s p e c t i v e ly .  £ (R I/S 1 ) 

and £<R2/S2) r e p r e s e n t  th e  p ro p o r t io n s  o f  c o r r e c t  r e s p o n s e s ,  w h ile  

£ (R 1 /S 2 ) and £ (R 2 /S 1 ) r e p r e s e n t  th e  p r o p o r t io n s  o f  i n c o r r e c t  r e s p o n s e s .  

T hese te rm s r e f e r  to  th e  f i r s t  r e s p o n s e s  o f  e ach  " t r i a l "  and e x c lu d e  

re a p o n s e s  fo llo w in g  in c o r r e c t  c h o ic e s .

The s t im u lu s  p r e s e n ta t io n  p ro p o r t io n s  f o r  th e  v a r io u s  g roups a re  

s p e c i f i e d  in  te rm s o f  th e  p ro p o r t io n  o f  i n i t i a l  t r i a l s  on w hich  th e  loud 

sound was p r e s e n te d .  The r e l a t i v e  p r o p o r t io n s  o f  re in fo rc e m e n ts  w hich 

w ere g iv e n  f o r  m aking each  re sp o n se  a r e  s p e c i f i e d  in  te rm s o f  th e  p ro ­

p o r t io n  o f  r e in fo rc e m e n ts  g iv e n  f o r  R2, and w r i t t e n  £ (E 2 ) .
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The proportions of R2 made on the first response of eech "trial" In 
the presence of each stimulus were plotted In five day blocks for each 
bird. Figure 1 presents the plots of £(R 2) for the five probability 
learning birds (Group P). Since these birds were presented with only one 
sound, each point represents the proportion of R2 made on 400 trials from 
5 days. The lines drawn at j>(R2) “  .6875 indicate the value at which 
£  (R2) matches £ ( E 2 ) .

The figure shows general similarities between the individual re­
sponse patterns of these birds. Each bird shows a clear preference in 
favor of responding R2. For Birds 242 , 243 , 256 , and 297 the values of 
£(R 2) were generally higher than .6 8 7 5 . The values of £(R 2) for Bird 296 

tended to be lower than .6 8 7 5 . However, the deviations from matching are 
not large. The individual curves appear to be flat, which indicates that 
the birds maintained similar levels of £(R 2) throughout the experiment.

Figures 2 through 6 present the proportions of R2 made in the 
presence of each sound I n  five day blocks for each bird in Groups 3 3 /5 5 , 

2 4 /4 0 , 3 3 /6 5 , 3 3 /4 0 , and 3 9 /6 5 , respectively. In  all figures the points 
along the lower curves represent the values of £< R 2/S 1). The points 
along the upper curves represent £ (R 2 /S 2 ). The number of trials repre­
sented by each point varies according to the stimulus presentation ratio 
of S I to S2. For Group 33/55  each point for £<R2/S1) represents 125 

trials, and each point for £<R2/S2) represents 225 trials. For Groups 
2 4 /4 0  and 3 3 /4 0 , each point represents 400 trials. For Groups 33/65 

and 3 9 /6 5 , each point for £(R 2/S I) represents 75 trials, and each point 
for £(R 2 /S 2) represents 325 trials.

The separation between each pair of curves indicates that the 
sounds were discriminated by all birds. The period before the sound
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F ig u re  1 . P ro p o r t io n  o f  R2 In  b lo c k s  o f  5 days f o r  I n d iv id u a l  

s u b je c t s  In  Group P . H o r iz o n ta l  l i n e  r e p r e s e n t s  th e  m atch in g  v a lu e  

o f  £  (E2)
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Figure 2. j>(R2/Sl) end j>(R2/S2) in blocks of 5 days for
individual subjects in Group 33/55.
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Figure 3. j>(R2/Sl) and ]>(R2/S2) in blocks of 5 days for
individual subjects in Group 24/40.
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Figure 4. j>(R2/Sl) and j>(R2/S2) In blocks of 5 days for
Individual subjects In Group 33/65.
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Figure 5. j>(R2/Sl) end ]>(R2/S2) In block* of 5 deys for
lndlvlduel subject* In Group 33/40.
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Figure 6. |>(R2/S!) and j»(R2/S2) In blocks of 5 days for
individual subjects in Group 39/65.
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stimuli appear to control behavior is defined ae the preeolutlon period. 
Inspection of the curves reveals considerable differences In the length of 
the presolution period. However, there appear to be no obvious systematic 
differences between groups.

An examination of the levels of j>(R 2/S l) and j>(R2/S2) during the 
presolution period provides evidence that the birds tended to match £(E2) 
prior to discrimination learning. For the birds in Groups 3 3 /4 0 , 3 3 /5 5 , 

and 3 3 /6 5 , j>(E2) was .6 8 7 5 . The curves of Group 33/55  show that the pre­
solution proportions of R2 lie roughly between .65  and .8 0 . The corres­
ponding proportions of the subjects in Group 33/65  lie between .6 0  and 
.8 5 , while the proportions of the birds in Group 33 /40  lie between .60  

and .7 5 . These values are generally close to the value of £ ( E 2 ). In 
contrast, £(E 2) for Group 2 4 /4 0  was .5 0 . A glance at the curves for this 
group shows that the presolution proportions lie between .4 0  and .6 0 . A 
comparison of the figures reveals that the presolution proportions of 
Group 2 4 /40  had the lowest values.

For Group 3 9 /65  £(E 2) was .8 1 2 5 . Visual inspection shows that the 
presolution proportions for this group lie between .80  and .8 5 . These 
levels of £(R 2) are higher than the levels of £(R 2) for the other groups. 
The presolution data thus suggest that prior to discrimination £(R 2) 

tended to match £ (E 2) .

The curves for each bird reach asymptotic levels by the end of 
100 days of training with the large sound difference. The distance be* 
tween each pair of asymptotes is a reflection of the accuracy of dis­
crimination. It is apparent that accuracy varied greatly within groups. 
For instance, the curves for Birds 298 and 299 in Group 33 /55  reveal a 
large difference in accuracy. All of the curves from Group 33 /40  show a
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w ide s e p a r a t io n  betw een  a sy m p to te s . However, th e r e  i s  to o  much o v e r a l l  

v a r i a b i l i t y  t o  drew  c o n c lu s io n s  re g a rd in g  betw een  g roup  d i f f e r e n c e s  i n  

a c c u ra c y .

The r e l a t i v e  asym m etry o f  th e  a sy m p to te s  around  .5 0  i s  a  r e f l e c ­

t i o n  o f  key  p r e f e re n c e ,  o r  b i a s .  The f ig u r e s  r e v e a l  s y s te m a t ic  d i f f e r ­

e n c es  in  b i a s  be tw een  g roups d u r in g  th e  f i r s t  phase  o f  t r a i n i n g .  The 

symmetry o f  th e  c u rv e s  o f  Group 2 4 /40  (F ig u re  3) i n d ic a te s  th e  ab sen ce  o f  

b i a s  fa v o r in g  e i t h e r  k e y . T h is  i s  n o t s u r p r i s i n g ,  s in c e  th e  v a lu e s  o f  

j>(S2) and £ (E 2) f o r  t h i s  g roup w ere .5 0 . The c u rv e s  f o r  Group 33 /40  

(F ig u re  5) a r e  a l s o  sy m m e tr ic a l. S in ce  j>(S2) f o r  Group 3 3 /4 0  was .5 0  and 

j>(E2) was .6 8 7 5 , th e  a p p a re n t ab sence  o f  b i a s  tow ard  e i t h e r  re sp o n se  su g ­

g e s ts  t h a t  key p re fe re n c e  wes c o n t r o l le d  by  £ (S 2 ) r a t h e r  th a n  j>(E2).

The c u rv e s  o f  Groups 3 3 /5 5 , 33/65, end 39 /65  a r e  g e n e r a l ly  asym­

m e t r ic a l  i n  th e  same d i r e c t i o n .  The low er a sy m p to te s  e r e  c lo s e r  t o  .50  

th a n  th e  u p p e r a sy m p to te s . T h is  means t h a t  th e  b i a s  was tow ard  R2. The 

c u rv e s  o f  Groups 33 /65  and 3 9 /65  a p p e a r  t o  be  th e  m ost a sy m m e tr ic a l, 

w h ile  th e  c u rv e s  o f  Group 33 /55  a p p e a r  l e s s  a sy m m e tr ic a l. The v a lu e s  o f  

£ (S 2 ) f o r  Groups 3 3 /5 5 , 3 3 /6 5 , and 39 /65  w ere .6 8 7 5 , .8 1 2 5 , and .8 1 2 5 , 

r e s p e c t i v e ly .  The v a lu e s  o f  £ (E 2) f o r  th e s e  g ro u p s w ere .6875 , .6 8 7 5 , and 

.81 2 5 , r e s p e c t i v e ly .  The d a ta  th u s  s u g g e s t t h a t  b i a s  d u r in g  t h i s  phase 

o f  t r a i n i n g  was a  fu n c t io n  o f  £ (S 2 ) r a t h e r  th a n  £ ( E 2 ) .

The d e c re a s e  i n  th e  d i s ta n c e  betw een  th e  c u rv e s  e t  Day 103 r e ­

f l e c t s  th e  d e c re a s e  i n  d i s c r lm in a b l l l t y  w hich  o c c u rre d  when th e  sound 

d i f f e r e n c e  was re d u c e d . The p ro p o r t io n s  from  Days 101 and 102 w ere n o t 

p l o t t e d ,  s in c e  th e  3 dB and 5 dB sound d i f f e r e n c e s  w ere m a in ta in e d  o n ly  

one d a y . The c u rv e s  f o r  t h i s  phase o f  th e  e x p e rim e n t c o n tin u e  t o  show 

in d iv id u a l  d i f f e r e n c e s  in  th e  a c c u ra c y  o f  d i s c r im in a t io n .  A ll  th e  b i r d s
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w ere e f f e c te d  by th e  d e c re a s e  I n  sound d i f f e r e n c e .

The f ig u r e s  r e v e a l  t h a t  b ia s e s  I n  fa v o r  o f  one re s p o n s e ,  a s  judged  

by th e  d e g re e  o f  asym m etry, w ere p r e s e n t  d u r in g  t h i s  p h a se . F ig u re  3 

shows t h a t  th e  b i r d s  i n  Group 2 4 /4 0  h e ld  r e l a t i v e l y  s l i g h t  b i a s e s ,  B ird  

300 had  a  s l i g h t  b i a s  In  fa v o r  o f  R l ,  and B ird s  246, 258 , and 259 had 

s l i g h t  b ia s e s  In  f a v o r  o f  R2. No b ia s  can  be obse rv ed  f o r  B ird  301. The

c u rv e s  o f  th e  b i r d s  from  Group 33 /55  c o n tin u e  t o  show m o d era te  b ia s e s  In

fa v o r  o f  R2. The c u rv e s  o f  th e  b i r d s  from  Groups 33 /65  and 39 /65  c o n tin u e  

to  show la r g e  b i a s e s  In  fa v o r  o f  R2.

Of p a r t i c u l a r  I n t e r e s t  i s  th e  asymm etry seen  in  F ig u re  5 f o r  Group

3 3 /4 0 . The b i r d s  who a p p e a r  t o  have no re sp o n se  p re fe re n c e  d u r in g  th e  

t r a i n i n g  w ith  th e  la r g e  sound d i f f e r e n c e  a l l  show b ia s e s  d u r in g  th e  d e ­

c re a s e d  sound d i f f e r e n c e  p h a s e . The low er asy m p to te s  show a  sh a rp  r i s e  

d u r in g  t h i s  p h a se , w h ile  th e  u p p e r a sy m p to te s  f a l l  s l i g h t l y .  These d a ta  

i n d ic a te  c o n t r o l  by  j>(E2) o v e r  re s p o n d in g .

The l a s t  two p o in ts  on each  c u rv e  r e p r e s e n t  p ro p o r t io n s  o f  R2 made 

in  th e  p re se n c e  o f  th e  t r a i n i n g  s t im u l i  d u r in g  g e n e r a l i s a t i o n  t e s t i n g .

The d a ta  I n d ic a te  a  s l i g h t  lo s s  In  d i s c r im in a t io n  a c c u ra c y . The d e g re e  

o f  b i a s ,  how ever, a p p e a rs  t o  be  m a in ta in e d  from  t r a i n i n g .

The r e s u l t s  o b ta in e d  d u r in g  th e  t r a i n i n g  phase  may be susanarised  as  

fo llo w s :  D uring  th e  p r e s o lu t io n  p e r io d ,  th e  p r o p o r t io n s  o f  R2 made by

th e  d i s c r im in a t io n  g roups a p p e a r  to  r e f l e c t  th e  p r o p o r t io n  o f  E2. T h is  

m atch in g  b e h a v io r  i s  a l s o  se en  in  th e  d a ta  o f  th e  p r o b a b i l i t y  b i r d s .

T here  I s  c o n s id e ra b le  v a r i a b i l i t y  se en  in  th e  in d iv id u a l  a b i l i t i e s  to  

d i s c r im in a te  th e  sounds a s  I n d ic a te d  by  th e  f i n a l  l e v e l s  o f  s e p a r a t io n  

betw een  th e  c u rv e s  o f  j>(R 2/S l) and £ (R 2 /S 2 ) . However, th e r e  a r e  i n d ic a ­

t io n s  t h a t  Group 3 3 /40  a c h ie v e d  th e  g r e a t e s t  a c c u ra c y  i n  th e  d l s c r lm in a -
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tion and that Group 3 9 /65  achiavad tha laast accuracy. Bias was maaaurad 
by tha ralatlva asymmetry of tha curvas around .5 0 . Groups 3 3 /5 5 , 2 4 /4 0 , 

and 39 /65  show a bias favoring the R2 response during tha large sound dif­
ference phase of tha experiment. Tha degree of bias appears greater for 
Groups 33/65  and 39 /65  than for Group 3 3 /5 5 . Groups 24 /40  and 33 /40  show 
little evidence of bias toward either response.

During the reduced sound difference phase, Group 3 3 /4 0  shows a 
bias favoring R2. The other groups appear to have maintained their pre­
vious biases. Finally, the data from generalisation Indicate that while 
accuracy of discrimination tended to decrease, the degree of bias was 
maintained by all birds.
S t a t i s t i c a l  A n a ly s is  o f  D is c r im in a t io n  D ata

Statistical analyses were performed upon data from the following 
four phases of the experiment: the presolution period, the period during
which the subjects discriminated between the two noise levels (8 dB dif­
ference), the period during which the difference in noise level was 
shifted to 2 dB, and the generalisation period. The results are presented 
in accordance with these analyses.

For each bird the data selected were based upon the same days from 
each period. This insures that the same number of trials are represented 
during a given part of the experiment for every bird. Furthermore, it 
means that each bird's performance has been measured at exactly the same 
point in the experiment.

The analyses of the results were concerned with two questions.
To what extent did the various conditions affect the dlscrlmlnablllty of 
the stimuli, and to what extent did they affect bias, or preferences for 
one of the two response keys.
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Two ty p o s  o f  s t a t i s t i c a l  a n a ly s e s  w ere p e rfo rm ed . The f i r s t  ty p e  

was an  a tte m p t to  t r a n s l a t e  th e  e f f e c t s  n o ted  by v i s u a l  In s p e c t io n  in to  

q u a n t i t a t i v e  te rm s . To p e rfo rm  s t a t i s t i c a l  a n a ly s e s  on p r o p o r t io n s  i t  was 

d e s i r a b le  t o  ap p ly  a  t r a n s fo r m a t io n  t h a t  e q u a liz e d  t h e i r  v a r i a n c e s .  For 

t h i s  p u rpose  an  a n g u la r  tra n s fo rm  was used  i n  w hich th e  a r c  s in e  o f  th e  

sq u a re  r o o t  o f  each  p r o p o r t io n  was found ( F is h e r  and Y a te s , 1 948 ). The 

o b ta in e d  v a lu e s ,  e x p re s s e d  in  d e g re e s , w ere s u b je c te d  t o  s t a t i s t i c a l  a n a l ­

y ses*  A ll  s t a t i s t i c a l  a n a ly s e s  em ployed th e  a rc  s in e  t r a n s fo r m a t io n .

The second  ty p e  o f  a n a ly s i s  exam ined th e  d a ta  from  th e  p o in t  o f  

v iew  o f  s ig n a l  d e te c t i o n  th e o ry  (G reen  & S w ets , 1 966 ). The m easurem ents 

used  h e re  w ere b ased  upon a ssu m p tio n s  from t h i s  th e o ry  re g a rd in g  th e  u n d e r­

ly in g  se n so ry  e f f e c t s  o f  s t i m u l i ,  s p e c i f i c a l l y ,  t h a t  th e  d i s t r i b u t i o n  o f  

u n d e r ly in g  s e n so ry  e v e n ts  a re  norm al and t h a t  th e y  a r e  o f  e q u a l v a r ia n c e .

I f  th e s e  a ssu m p tio n s  a r e  c o r r e c t ,  th e  th e o ry  p ro v id e s  in d ic e s  o f  s e n s i ­

t i v i t y  and b i a s  w hich a r e  in d ep en d en t o f  each  o th e r .

The in d ex  o f  d i s c r i m i n a b i l i t y ,  d ' , i s  th e  d i s ta n c e  betw een  th e  

means o f  th e  u n d e r ly in g  s e n so ry  d i s t r i b u t i o n s  e x p re s se d  in  norm al s c o r e s .  

The b ia s  in d e x , ^  , r e p r e s e n t s  th e  d e c is io n  p o in t  e s ta b l i s h e d  by a  su b ­

j e c t  a lo n g  th e  a x is  o f  n e u ra l  e v e n ts .  T h is  d e c is io n  c r i t e r i o n  i s  e x ­

p re s s e d  a s  th e  r a t i o  o f  th e  l ik e l ih o o d  t h a t  a  g iv e n  e v e n t was due t o  S2 

r e l a t i v e  t o  S I .  These in d ic e s  can  be  e m p i r ic a l ly  d e r iv e d  from  th e  p ro ­

p o r t io n s  o f  a  re sp o n se  made i n  th e  p re se n c e  o f  each  s tim u lu s  by  u s in g  a  

t a b l e  o f  th e  norm al p r o b a b i l i t y  i n t e g r a l .  In  th e  p r e s e n t  ex p e rim en t 

j>(R 2/S l) and £ ( R 2/S2) w ere used  t o  d e r iv e  th e s e  v a lu e s .

The fo rm at f o r  p r e s e n t in g  th e  d a ta  i s  s im i la r  f o r  each  a n a ly s i s .  

A f te r  p r e s e n t in g  g rap h s  o f  th e  g rouped  d a t a ,  th e  r e s u l t s  o f  a  s im p le  

a n a ly s i s  o f  v a r ia n c e  a r e  sum m arised. N e x t, th e  r e s u l t s  o f  in d iv id u a l
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c o m p ariso n s  betw een  g roups a r a  d i s c u s s a d .  T hasa m u l t ip la  com parisons 

w are p a rfo n s a d  u s in g  th a  p ro c a d u ra  su g g a s ta d  by Tukay known a s  th a  Tukey 

(b )  m ethod (W lnart 1962, paga 8 7 ) .

P r a a o lu t lo n  o a r lo d . I t  w i l l  ba r a c a l l a d  t h a t  th a  p r a s o lu t lo n  p e r i ­

od was d e f in e d  a s  th a  p e r io d  d u r in g  w hich  th o  sound s t i m u l i  d id  n o t a p p e a r  

t o  c o n t r o l  b a h a v lo r .  Tha d a ta  from  t h i s  p e r io d  w are a n a ly s e d  I n  an  a t ­

tem p t t o  d e te rm in e  ( a )  w h e th e r th e r e  w are r e l i a b l e  d i f f e r e n c e s  betw een  

g ro u p s In  r e s p o n s e  p r e f e re n c e ,  a s  m easured  by  th e  p ro p o r t io n  o f  R2 r e ­

sp o n se s  made on th e  f i r s t  re sp o n se  o f  e a ch  t r i a l ,  and (b )  to  w hat e x te n t  

th e  s u b je c t s  e x h ib i te d  m a tc h in g .

The f i r s t  t a s k  was t o  d e te rm in e  th e  le n g th  o f  th e  p r e s o lu t lo n  

p e r io d  f o r  each  b i r d .  Tha l a s t  day o f  th a  p r e s o lu t io n  p e r io d  was d e f in e d  

a s  th a  l a s t  day on w hich £ (R 2 /8 1 ) was g r e a t e r  th a n  j> (R 2/S2). The le n g th  

o f  th e  p r e s o lu t io n  p e r io d ,  th u s  d e te rm in e d , I s  p r e s e n te d  f o r  each  b i r d  

i n  T ab le  2 .  The t a b l e  I n d ic a te s  t h a t  th e  lo n g e a t  p r e s o lu t io n  p e r io d  

(39  d a y s)  o c c u rre d  f o r  B ird  303 , w h ile  th e  s h o r t e s t  p r e s o lu t io n  p e r io d  

(5 d a y s )  o c c u rre d  f o r  B ird  298 . The means f o r  e a ch  g roup  show t h a t  th e  

s u b je c t s  i n  Group 33 /65  ten d e d  t o  have r e l a t i v e l y  long  p r e s o lu t io n  p e r i ­

o d s , w h ile  th e  s u b je c t s  i n  Group 3 3 /4 0  te n d e d  t o  have  r e l a t i v e l y  s h o r t  

p r e s o lu t io n  p e r io d s .  However, th e r e  i s  c o n s id e r a b le  v a r i a b i l i t y  w i th in  

g ro u p s .

A one-w ay a n a ly s i s  o f  v a r ia n c e  perfo rm ed  on th e  le n g th s  o f  th e  

p r e s o lu t io n  p e r io d  r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e s  betw een  g ro u p s ,

F (4 ,2 0 )«  1 .2 5 .  The r e s u l t s  o f  th e  a n a ly s i s  o f  v a r ia n c e  a r e  sum m arised 

i n  T ab le  A (a p p e n d ix ) . I t  w i l l  be s e e n  l a t e r  t h a t  th e  le n g th  o f  th e  p r e ­

s o lu t io n  p e r io d  had  a  s i g n i f i c a n t l y  n e g a t iv e  c o r r e l a t i o n  w ith  th e  d e g re e  

o f  a t t e n t i o n  t o  th e  sound i n t e n s i t y  con tinuum  d u r in g  g e n e r a l i s a t i o n .
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TABLE 2
Suonary  o f  P r o s o lu t io n  D o ts

Group B ird Days t o  L o am 2,(R2)-D ays 2-5

P 242 _ .634
243 - .669
256 - .838
296 - .728
297

Moon
• .538

.686

33/55 244 24 .781
245 12 .741
257 23 .706
298 5 .747
299 12 .700

Moon 15 .2 .736

24/40 246 29 .509
258 10 .478
259 14 .400
300 9 .572
301 15 .559

Mean 15 .4 .504

33/65 247 7 .763
260 21 .769
261 22 .691
302 13 .856
303 39 .600

Mean 2 0 .4 .740

33/40 248 9 .713
249 7 .613
262 13 .691
263 7 .550
264 9 .722

Mean 9 .2 .659

39/65 250 23 .831
251 16 .800
264 8 .831
265 25 .806
305 11 .844

Mean 16 .6 .828
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In  o r d e r  t o  e q u a te  th e  n u ab e r o f  re s p o n s e s  In  th e  p r e s o lu t lo n  p e r i ­

od f o r  e l l  b i r d s ,  th a  d a te  used  In  th e  s t a t i s t i c a l  a n a ly s i s  t h a t  fo llo w s  

w ere b ased  upon th e  le n g th  o f  th e  s h o r t e s t  p r e s o lu t lo n  p e r io d .  A lso , d a ta  

from  th e  f i r s t  day o f  t r a i n i n g  w ere n o t  u s e d , t o  e l im in a te  e a r l y  p ro b a ­

b i l i t y  l e a r n in g .  The a n a ly s i s  o f  j>(R2) was th u s  b a sed  upon 320 t r i a l s  

from  Days 2 th ro u g h  5 .  The d a ta  f o r  th e  p r o b a b i l i t y  b i r d s  (Group P) w ere 

In c lu d e d  I n  t h i s  a n a ly s i s .  The v a lu e s  o f  £(R 2) f o r  a l l  30 b i r d s  a r e  p r e ­

s e n te d  In  colum n 3 o f  T a b le  2 . The t a b l e  a l s o  c o n ta in s  a  "mean p ro p o r ­

t i o n "  f o r  each  g ro u p , o b ta in e d  by c a lc u la t in g  th e  omens o f  th e  tra n s fo rm e d  

p r o p o r t io n s  In  d e g re e s  and th e n  tra n s fo rm in g  th e s e  omens b ack  I n to  p ro ­

p o r t i o n s .  These re tra n s fo ro m d  p r o p o r t io n s  a r e  th u s  e s t im a te s  o f  th e  popu­

l a t i o n  means o f  each  g ro u p .

E x am in a tio n  o f  T a b le  2 shows a  c l e a r  r e l a t i o n s h i p  betw een  £(R 2) 

and £ (E 2 ) .  Group 2 4 /4 0  had th e  lo w est mean v a lu e  o f  £ (R 2 ) , fo llo w ed  by 

Groups 3 3 /4 0 , P , 3 3 /5 5 , 33 /65  and 3 9 /6 5 . An a n a ly s i s  o f  v a r ia n c e  o f  th e  

tra n s fo rm e d  p r o p o r t io n s  re v e a le d  s t a t i s t i c a l  s ig n i f ic a n c e  betw een  g ro u p s , 

F (5 ,2 4 )»  1 0 .3 8 , £ < .0 0 1 .  M u lt ip le  c o s p a r ls o n s  o f  th e  means r e v e a le d  t h a t  

£ (R 2) made by  Group 2 4 /40  wes s i g n i f i c a n t l y  low er th a n  £(R 2) made by th e  

o th e r  g ro u p s . £ (R 2) f o r  Group 39 /65  was found t o  be s i g n i f i c a n t l y  h ig h e r  

th a n  f o r  Groups 3 3 /4 0  and P . T a b le  B (ap p e n d ix )  p r e s e n ts  a  summary o f  

th e  a n a ly s i s  o f  v a r ia n c e  o f  £(R 2) f o r  Days 2 th ro u g h  5 . The r e s u l t s  o f  

th e  m u lt ip le  com parisons a r e  sum m arised by th e  u n d e rs c o r in g  a t  th e  b o ttom  

o f  t a b l e s  w here s ig n i f ic a n c e  was found . Any two meana u n d e rsc o re d  by th e  

same l i n e  do n o t d i f f e r  s i g n i f i c a n t l y .  Any two m sans n o t u n d e rsc o re d  by 

th e  seam l i n e  do d i f f e r  s i g n i f i c a n t l y .  T hese r e s u l t s  c o n firm  th e  hypo­

t h e s i s  t h a t  £ (R 2) v a r ie d  w ith  £ (E 2 ) .

N ex t, th e  d a ta  w ere a n a ly se d  f o r  s m tc h ln g . E x am in a tio n  o f  T ab le  2
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I n d ic a te s  t h a t  a l l  th a  g ro u p s c a n s  r e a s o n a b ly  c lo s e  t o  H a tc h in g  £ (E 2 ) , 

• s p e c i a l l y  Groups 2 4 /4 0 , P , and 3 9 /6 5 . Tha n a a n s  f o r  Groups 33/55  and 

3 3 /65  te n d  t o  o v e rsh o o t th a  n o tc h in g  p r o p o r t io n ,  w h ile  th a  n aan  f o r  Group 

3 3 /4 0  te n d s  t o  u n d e rsh o o t th a  n o tc h in g  p r o p o r t io n .

A s o r l a s  o f  £  t e s t s  w ere pe rfo rm ed  on th e  d i f f e r e n c e s  betw een  th e  

t r a n s f o m e d  v a lu e s  o f  £(R 2) and £ (E 2 ) f o r  each  g ro u p . The v a lu e  o f  th e  

s ta n d a rd  e r r o r  o f  th e  noon was o b ta in e d  f ro n  th e  w lth in -g ro u p s  v a r ia n c e  

(T a b le  B, a p p e n d ix ) . No s i g n i f i c a n t  d i f f e r e n c e s  w ere found . The v a lu e s  

o f  £  w ere a s  fo llo w s :  f o r  Group P t ( 4 )  “  .0 4 ;  f o r  Group 2 4 /40  t ( 4 )  ■ .1 0 ;

f o r  Group 33 /55  £ (4 )  ■ 1 .4 5 ; f o r  Group 3 3 /4 0  £ (4 )  ■ .8 3 ; f o r  Group 33 /65  

t ( 4 )  ”  1 .6 0 ; f o r  Group 39 /65  £ (4 )  ■ .5 4 . The I n d ic a t io n s  a r e  t h a t  th e  

p r o p o r t io n s  o f  R2 nade on th a  f i r s t  re sp o n se  o f  e a ch  t r i a l  ten d e d  to  

n a tc h  £ (E 2) d u r in g  th a  p r e s o lu t lo n  p e r io d .

V is u a l  I n a p e c tio n  o f  th a  c u rv e s  o f  £(R 2) f o r  th e  p r o b a b i l i t y  g roup  

(F ig u re  1) in d ic a te d  t h a t  th e r e  w ere no s u b s t a n t i a l  s h i f t s  i n  re sp o n d in g  

th ro u g h o u t th a  122 day s o f  t r a i n i n g .  A £  t e s t  was perfo rm ed  on th a  d i f ­

f e re n c e  be tw een  th e  tra n s fo rm e d  v a lu e s  o f  £(R 2) on Days 2 th ro u g h  11 and 

on Days 113 th ro u g h  122. Tha r e s u l t s  showed no s i g n i f i c a n t  d i f f e r e n c e s  

betw een  £ ( 1 2 ) ,  £ (4 )  ■ 1 .0 2 . T here  w ere no s t a t i s t i c a l  d i f f e r e n c e s  b e ­

tw een  re sp o n d in g  In  th a  p r o b a b i l i t y  l e a r n in g  t a s k  a t  th a  b e g in n in g  and 

end o f  t r a i n i n g .

L a ra s  sound d i f f e r e n c e  discrim ination. V is u a l in s p e c t io n  o f  th e  

t r a i n i n g  c u rv e s  shows re sp o n d in g  t o  be a s y m p to tic  f o r  a l l  b i r d s  by  Day 

9 0 . The a n a ly s la  o f  d i s c r im in a t io n  b e h a v io r  w ith  th e  8 dB sound d i f ­

fe re n c e  I s  b ased  on 800 f i r s t  t r i a l  re s p o n s e s  from  Days 91 th ro u g h  100.

T a b le  3 p r e s e n ts  th e  v a lu e s  o f  £ (1 2  /  S I )  and £ (R 2 /S 2) f o r  e ach  

b i r d  f o r  Days 91 th ro u g h  100. A gain , th e  means w hich  a r e  p re s e n te d  a re
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TABLE 3
Sunmaxy o f  D ata  -  Days 91-100

Group B ird £(R 2 /S 1) £(R 2/S 2) d 1 L ik e lih o o d
R a tio

Ln L ik e lih o o d  
R a tio

33/55 244 .243 .884 1.8917 0 .6238 -0 .4 7 2 0
245 .164 .949 2 .6137 0.4235 -0 .8592
257 .272 .895 1.8602 0 .5477 -0 .6 0 2 0
298 .052 .962 3.4009 0 .7766 -0 .2528
299 .458 .902 1.3984 0 .4358 -0 .8 3 0 7

Moan .222 .921 2 .2329 -0 .6033

24 /40 246 .228 .868 1.8623 0 .7073 -0 .3462
258 .120 .910 2 .5161 0 .8117 -0 .2087
259 .083 .938 2 .9239 0 .7995 -0 .2 2 3 8
300 .100 .833 2.2478 1.4259 +0.3548
301 .035 .950 3.4575 1.3349 +0.2889

Mean .105 .904 2 .6014 -0 .0270

33/65 247 .387 .995 2 .8630 0 .0377 -3 .2 7 7 4
260 .287 .955 2 .2576 0 .2780 -1 .2 8 0 0
261 .200 .988 3 .0990 0 .1114 -2 .1943
302 .173 .955 2.6381 0 .3701 -0 .9939
303 .147 .945 2.6479 0 .4833 -0 .7 2 7 0

Mean .234 .972 2.7010 -1 .6945

33/40 248 .058 .988 3 .8297 0 .2691 -1 .3125
249 .073 .968 3 .3067 0 .5174 -0 .6 5 8 9
262 .108 .960 2 .9885 0 .4641 -0 .7676
263 .100 .928 2.7431 0 .7817 -0 .2463
304 .075 .935 2.9542 0 .8957 -0 .1102

Mean .082 .959 3.1643 -0 .6191

39/65 250 .287 .938 2.1003 0 .3585 -1 .0 2 5 7
251 .427 .962 1.9584 0 .2105 -1 .5 5 8 0
264 .185 .958 2.6284 0 .3356 -1 .0 9 1 8
265 .073 .980 3 .5083 0 .3490 -1 .0527
305 .240 .978 2.7206 0 .1687 -1 .7799

Mean .231 .965 2 .5824 -1 .3016
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r a t r a n a f o r a e d  p r o p o r t io n s  c o rro sp o n d ln g  t o  th s  a s a n  o f  t h s  a r c  s ln o  t r a n s ­

fo rm a tio n  v a lu e s  f o r  th a  b i r d s  I n  s s c h  g ro u p .

Ths f i r s t  a n a ly s i s  was u n d e r ta k e n  t o  d e te r a ln a  w h e th e r  th e r e  w ere 

any d i f f e r e n c e s  i n  th e  e s y w p to tic  l e v e l s  o f  th e  f iv e  g ro u p s . The v a lu e s  

o f  j>(R 2/S l) end £ (R 2 /S 2 ) w ere a n a ly se d  In d e p e n d e n tly . S ubsequen t a n a ly s e s  

a tte m p te d  t o  d e te r a ln a  th e  e x te n t  t o  w hich e s y a p to t lc  d i f f e r e n c e s  r e f l e c t  

d i f f e r e n c e s  In  b i a s  end s e n s i t i v i t y .

The a e e n  v a lu e s  o f  £ (W /S 1 )  end £ (R 2 /S 2) e r e  p l o t t e d  a s  a  f u n c t io n  

o f  £ (S 2 ) In  p e r t  (e )  o f  F ig u re  7 . A dashed  l i n e  c o n n e c ts  th e  a e e n s  o f  

Groups 3 3 /4 0 , 33/55, end 3 3 /6 5 , th e  t h r e e  g roups f o r  w hich £ (E 2 ) was .6 8 7 5 . 

S in ce  £ (E 2 ) i s  th e  p ro d u c t o f  s t l a u l u s  p r e s e n ta t io n  p r o b a b i l i t y  and r e i n -  

fo rc e a e n t  p r o b a b i l i t y ,  th e s e  g roups a r e  r e f e r r e d  to  a s  th e  e q u a l  p ro d u c t 

g ro u p s . A s o l i d  l in e  c o n n e c ts  th e  a s e n s  o f  Groups 2 4 /4 0 , 3 3 /5 5 , and 

3 9 /6 5 , th e  g ro u p s f o r  w hich th e  p r o b a b i l i t y  o f  r e ln f o r c e a e n t  f o r  b e in g  

c o r r e c t  was c o n s ta n t  a t  .6 0 . These g ro u p s e r e  r e f e r r e d  t o  a s  th e  e q u a l 

p a y o ff  g ro u p s . S in ce  Group 3 3 /55  i s  In c lu d e d  i n  b o th  s e t s ,  th e  p o in t  

r e p r e s e n t in g  t h i s  g roup  l i e s  on b o th  c u rv e s .

F u r th e r a o re ,  th e  a s e n s  o f  £ (R 2 /S 1 ) in c re a s e d  a o n o to n lc a l ly  w ith  

p r e s e n ta t io n  r a t e  f o r  e l l  g ro u p s . Group 3 3 /40  had th e  s a e l l e s t  v a lu e  o f  

£ (R 2 /S 1 ), fo llo w e d  in  o r d e r  by  Groups 2 4 /4 0 , 3 3 /5 5 , 3 9 /6 5 , end 3 3 /6 5 .

The v a lu e s  o f  £<R2/S2) in c re a s e d  a o n o to n lc a l ly  w ith  £ (S 2 )  when p a y o ff  was 

e q u a l .  No such  r e l a t i o n s h i p  i s  se en  f o r  th e  e q u a l p ro d u c t g ro u p s . Group 

24 /40  had th e  lo w est v a lu e  o f  £ (R 2 /S 2 ) , fo llo w ed  i n  o r d e r  by Groups 3 3 /5 5 , 

3 3 /4 0 , 3 9 /6 5 , end 3 3 /6 5 .

S e p a ra te  a n a ly s e s  o f  v a r ia n c e  o f  th e  t r a n s f o r a a d  e s y a p to t lc  v a lu e s  

f o r  £ (R 2 /S 1 ) end f o r  £<R2/S2) in d ic a te d  s i g n i f i c a n t  d i f f e r e n c e s ,  F (4 ,2 0 )■ 

3 .0 9 , p  < .0 5 , end F (4 ,2 0 )»  4 .4 2 ,  p  < .05  r e s p e c t i v e ly .  These r e s u l t s
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F ig u re  7 . Group d a ta  from  Days 91-100  ( l a r g e  sound d i f f e r e n c e ) .  

S o l id  l i n e s  r e p r e s e n t  e q u a l p a y o f f  g ro u p s (G roups 2 4 /4 0 , 3 3 /55  and 

3 9 /6 5 . Dashed l i n e s  r e p r e s e n t  e q u a l p ro d u c t g ro u p s (G roups 3 3 /4 0 , 3 3 /5 5 , 

and 3 3 /6 5 ) .  The t r i a n g l e  r e p r e s e n t s  Group 3 3 /5 5 ; th e  open and f i l l e d  

c i r c l e s  r e p r e s e n t  G roups 3 3 /4 0  and 2 4 /4 0 , r e s p e c t i v e ly ;  th e  open and 

f i l l e d  so u a re s  r e p r e s e n t  Groups 3 3 /65  and 3 9 /6 5 , r e s p e c t i v e ly .  F ig u re  

7 (a )  p r e s e n ts  th e  g roup  means o f  j>(R 2/S l) and j>(R2/S2) as  a f u n c t io n  o f  

j> (S2). F ig u re  7 (b )  p r e s e n ts  th e  g roup  m eans o f  th e  mean e r r o r  d l s -  

c r l m ln a b l l l t y  Index  a s  a  fu n c t io n  o f  j>(S2). F ig u re  7 (c )  p r e s e n t s  th e  

g roup  means o f  d ' a s  a  fu n c t io n  o f  j>(S2). F ig u re  7 (d )  p r e s e n t s  th e  g roup  

means o f  e r r o r  d i f f e r e n c e  a s  a  fu n c t io n  o f  ]>(S2). F ig u re  7 (e )  p r e s e n ts  

th e  g roup means o f  I n  l ik e l ih o o d  r a t i o  c r i t e r i o n  a s  a  f u n c t io n  o f  j>(S2).
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a re  p re s e n te d  In  T a b le  C (a p p e n d ix ) . M u lt ip le  com parisons u s in g  th a  Tukay 

(b ) p ro c e d u re  f a i l e d  t o  d e t e c t  d i f f e r e n c e s  betw een  th a  v a lu e s  o f  £ (R 2 /S 1 ). 

Com parisons betw een  th e  v a lu e s  o f  j>(R2/S2) in d ic a te d  t h a t  th e  mean o f  

Group 2 4 /4 0  was s i g n i f i c a n t l y  low er th a n  th a  means o f  Groups 33 /65  and 

3 9 /6 5 . No o th e r  s i g n i f i c a n t  d i f f e r e n c e s  w ere found .

The f in d in g  t h a t  Groups 33 /65  and 3 9 /6 5  d id  n o t d i f f e r  s i g n i f i c a n t ­

ly  from  each  o th e r  i n  j> (R 2 /S l), b u t  d id  d i f f e r  from  Group 2 4 /4 0  s u g g e s ts  

t h a t  th e  d i f f e r e n c e s  w ere due to  d i f f e r e n c e s  i n  p r e s e n ta t io n  p r o p o r t io n s ,  

s in c e  Groups 3 3 /65  and 39 /65  each  had th e  m ost ex trem a v a lu e  o f  £ (S 2 ) ,  

w h ile  Group 2 4 /4 0  had  th e  l e a s t  ex trem e v a lu e  o f  £ ( S 2 ) . One l i m i t a t i o n  in  

I n t e r p r e t i n g  th e s e  r e s u l t s  i s  t h a t  th e  sounds w ere e a s i l y  d i s c r im in a te d .  

The lo w e s t v a lu e  o f  £ (R 2 /S 2) was .833  f o r  B ird  300 .

The n e x t a n a ly s i s  was an  a tte m p t to  d e te rm in e  w h e th e r th e  ob se rv ed  

a sy m p to tic  d i f f e r e n c e s  r e f l e c t  d i f f e r e n c e s  i n  s e n s i t i v i t y  o r  b i a s .  To 

t h i s  e n d , a  d i s c r i m l n a b l l i t y  in dex  was computed by  a v e ra g in g  th e  asymp­

t o t i c  e r r o r  r a t e s  t o  S i  and S 2 . P a r t  (b ) o f  F ig u re  7 shows th e  mean o f  

t h i s  d i s c r i m l n a b l l i t y  in d ex  a s  a  fu n c t io n  o f  £ ( S 2 ) .  T here  a p p e a r  t o  be 

no s y s te m a t ic  d i f f e r e n c e s  betw een  g ro u p s .

An a n a ly s i s  o f  v a r ia n c e  o f  th e  tra n s fo rm e d  e r r o r  p r o p o r t io n s  i s  

p re s e n te d  i n  T ab le  D (a p p e n d ix ) . The r e s u l t s  show t h a t  th e  g ro u p s d id  

n o t d i f f e r  s i g n i f i c a n t l y  from  each  o th e r ,  F (4 ,2 0 )  -  1 .9 2 . M u lt ip le  com­

p a r is o n s  a l s o  found no s i g n i f i c a n t  d i f f e r e n c e s .

The v a lu e s  o f  d '  o b ta in e d  f o r  each  b i r d  f o r  Days 91 th ro u g h  100 

a re  p re s e n te d  i n  colum n 5 o f  T ab le  3 . P a r t  (c )  o f  F ig u re  7 shows how 

d 1 v a r i e d  a s  a  fu n c t io n  o f  £ ( S 2 ) .  An a n a ly s i s  o f  v a r ia n c e  o f  th e  d '  

v a lu e s  shown, su e su tr lse d  i n  T ab le  E (a p p e n d ix ) , re v e a le d  no s i g n i f i c a n t  

d i f f e r e n c e s  betw een  g ro u p s , F (4 ,2 0 )  ■ 1 .7 0 . T h is  f in d in g  i s  in  agreem ent
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w ith  th e  r e s u l t s  o f  t h s  e r r o r  in d ex  e n e ly s i s .  N e i th e r  in d ex  p ro v id e s  e v i ­

dence  o f  d i f f e r e n c e s  betw een  g roups i n  th e  e b i l l t y  t o  d i s c r im in a te  th e  8 

dB sound d i f f e r e n c e .

I t  w i l l  be r e c e l l e d  t h e t  th e  v i s u e l  d e te rm in a t io n  o f  b i e s  wes b esed  

upon th e  d e g re e  o f  asynmm try o f  th e  t r e l n l n g  c u rv e s .  T h is  asym m etry wes 

t r e n s l e t e d  i n to  q u a n t i t a t i v e  t e n s  by o b ta in in g  th e  d i f f e r e n c e  betw een 

th e  p r o p o r t io n  o f  e r r o r s  made in  th e  p re se n c e  o f  each  s t im u lu s .  I f  th e s e  

p r o p o r t io n s  w ere e q u a l ,  th e  c u rv e s  w ould be s y n a a t r l c a l . I f  a  g r e a t e r  

p r o p o r t io n  o f  e r r o r s  w ere node in  th e  p re se n c e  o f  S I ,  th e  c u rv e s  would be 

asy m m e tric a l i n  th e  d i r e c t i o n  above .5 0 , and th e  b i a s  in d ex  would be n eg a­

t i v e .  I f  a  g r e a t e r  p ro p o r t io n  o f  e r r o r s  w ere nade  i n  th e  p re se n c e  o f  S2, 

th e  c u rv e s  w ould be a sy m sm tric a l i n  th e  d i r e c t i o n  below  .5 0 , end th e  b ia s  

would be p o s i t i v e .

P e r t  (d ) o f  F ig u re  7 shows th e  means o f  th e  b i a s  in d ex  a s  e  fu n c ­

t i o n  o f  £ ( S 2 ) .  E r r o r  d i f f e r e n c e  a p p e a rs  t o  in c r e a s e  w ith  p r e s e n ta t io n  

r a t e  f o r  a l l  g ro u p s . The s m a l le s t  e r r o r  d i f f e r e n c e  was found f o r  Group 

2 4 /4 0 . T h is  wes fo llo w ed  i n  o rd e r  by Groups 3 3 /4 0 , 3 3 /5 5 , 3 9 /6 5 , and 

3 3 /6 5 .

An a n a ly s i s  o f  v a r ia n c e  o f  th e  d i f f e r e n c e s  be tw een  th e  tra n s fo rm e d  

e r r o r  s c o re s  found s i g n i f i c a n t  d i f f e r e n c e s  betw een  g ro u p s , F (4 ,2 0 )  ■ 6 .0 8 , 

£  <  .0 1 . The r e s u l t s  e r e  p re s e n te d  i n  T ab le  F (a p p e n d ix ) . M u lt ip le  com­

p a r is o n s  in d ic a te d  t h e t  Groups 24 /40  end 3 3 /4 0  d i f f e r e d  s i g n i f i c a n t l y  

from  Groups 3 3 /65  and 3 9 /6 5 . O th er d i f f e r e n c e s  w ere n o t found t o  be s i g ­

n i f i c a n t .

A ll  s i g n i f i c a n t  d i f f e r e n c e s  among g ro u p s ca n  be acco u n te d  f o r  i n  

te rm s o f  d i f f e r e n c e s  i n  th e  v a lu e s  o f  £ (S 2 ) ,  r e g a r d le s s  o f  th e  £ (E 2) 

v a lu e .  These r e s u l t s  s u g g e s t  t h e t  b i e s ,  a s  m sasu red  by  e r r o r  d i f f e r e n c e ,
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was c o n t r o l la d  ky  th a  s t im u lu s  p r a a a n ta t lo n  p r o p o r t io n s  d u r in g  th a  la r g a  

sound d l f f o r e n c a  p hasa  o f  th a  e x p e r im e n t, and th u s  s u p p o rt th a  c o n c lu s io n s  

draw n from  v i s u a l  I n s p e c t io n  o f  th a  t r a i n i n g  c u rv a s .

In  o rd e r  to  p e rfo rm  s t a t i s t i c a l  a n a ly s e s  b a sed  on l ik e l ih o o d  r a t i o s ,  

I t  I s  n e c e s s a ry  f i r s t  t o  n o rm a lise  them . T h is  was accom plished  by  ta k in g  

th e  n a tu r a l  lo g a r i th m  o f  th e  l ik e l ih o o d  r a t i o . ( T a n n e r  & B i r d s a l l ,  1964, 

p . 1 4 9 ), I . e .  I n  l ik e l ih o o d  r a t i o .  S p e c i f i c a l l y ,  th e  d e n s i ty  v a lu e s  c o r ­

re sp o n d in g  t o  2,(R2/S2) and j>(R 2/S l) w ere o b ta in e d  from  a  t a b l e  o f  th e  

norm al d i s t r i b u t i o n .  The In  o f  th e  r a t i o  o f  th e  f i r s t  t o  th e  second 

d e n s i ty  was com puted.

The v a lu e s  o f  th e  c r i t e r i o n  I n  l ik e l ih o o d  r a t i o  f o r  a l l  b i r d s  a re  

p re s e n te d  i n  column 7 o f  T ab le  3 . N e g a tiv e  v a lu e s  i n d ic a te  a  p re fe re n c e  

fo r  re sp o n se  R2. P o s i t i v e  v a lu e s  I n d ic a te  a  p re fe re n c e  f o r  re sp o n se  R l .  

P a r t  (e )  o f  F ig u re  7 p r e s e n t s  th e  means o f  th e  In  l ik e l ih o o d  r a t i o s  f o r  

each  g roup  a s  a  fu n c t io n  o f  £ < S 2 ). The f ig u r e  shows a  ten d e n c y  f o r  th e  

l ik e l ih o o d  r a t i o  c r i t e r i o n  t o  d e c re a a e  w ith  £ ( S 2 ) .  Group 2 4 /4 0  had th e  

In  l ik e l ih o o d  r a t i o  c r i t e r i o n  c l o s e s t  t o  s e r o ,  fo llo w ed  in  o rd e r  by G roups 

3 3 /5 5 , 3 3 /4 0 , 3 9 /6 5 , and 3 3 /6 5 . The one e x c e p tio n  t o  m o n o to n ic ity  i s  

s e e n  i n  th e  v a lu e  o f  Group 3 3 /4 0 , w hich i s  a p p ro x im a te ly  th e  same a s  

t h a t  o f  Group 3 3 /5 5 .

The a n a ly s i s  o f  v a r ia n c e  o f  In  l ik e l ih o o d  r a t i o s ,  suam arized  in  

T ab le  G (a p p e n d ix ) , y ie ld e d  s i g n i f i c a n t  d i f f e r e n c e s  betw een  g roups 

F (4 ,2 0 )  “  6 .7 2 , p < .0 1 .  T hree  d i f f e r e n c e s  betw een  in d iv id u a l  g roups 

w ere found t o  be s i g n i f i c a n t  u s in g  th e  Tukey (b )  p ro c e d u re : Group 2 4 /40

was found t o  be s i g n i f i c a n t l y  l e s s  b ia s e d  in  fa v o r  o f  R2 th a n  Groups 

39 /65  and 3 3 /6 5 , and Group 33 /55  was found to  be s i g n i f i c a n t l y  l e s s  

b ia s e d  th a n  Group 3 3 /6 5 .
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T hese r e s u l t s  d i f f e r  s l i g h t l y  frosi t h s  r e s u l t s  o f  t h s  s r r o r  d i f f e r ­

ence  a n a ly s i s .  In  t h a t  a n a ly s i s  Group 33/55  was n o t found t o  d i f f e r  frosi 

Group 3 3 /6 5 , w h ile  Group 3 3 /40  d i f f e r e d  frosi b o th  Groups 39/65  and 3 3 /6 5 . 

The o r d in a l  r e l a t i o n  o f  th e  g roups I s  s im i la r  f o r  b o th  m easurem ents e x c e p t 

f o r  Groups 3 3 /4 0  end 3 3 /5 5 . The ex trem e  p o s i t i o n  o f  Group 33 /65  f o r  b o th  

m easurem ents I s  o f  I n t e r e s t ,  s in c e  i t  s u g g e s ts  t h a t  re sp o n d in g  was u nder 

c o n t r o l  o f  £ (S 2 ) and t h a t  p a y o ff  was n o t a  f a c t o r .  However, t h i s  sh o u ld  

be tem pered  by th e  o b s e rv e t lo n  t h a t  v e ry  sm a ll changes i n  £ (R 2 /S 2) w i l l  

y i e ld  v e ry  le r g e  changes i n  th e  l ik e l ih o o d  r a t i o .

S su ill sound d i f f e r e n c e  d i s c r im in a t io n . The a n a ly s i s  o f  d i s c r im in a ­

t i o n  b e h a v io r  w ith  th e  d e c re a se d  s t im u lu s  d i f f e r e n c e  i s  b ased  upon 800 

f i r s t  t r i a l s  from  Days 113 th ro u g h  122 o f  t r a i n i n g .  These w ere th e  l a s t  

t e n  days o f  t r a i n i n g  u nder th e s e  c o n d i t io n s .

T ab le  4  p r e s e n ts  th e  v a lu e s  o f  £<R2/S.l) and £ (R 2 /S 2 ) f o r  each  b i r d  

f o r  Days 113 th ro u g h  122. The means f o r  each  g roup w hich a re  p re s e n te d  

a re  a g a in  th e  r e t r a n s f o n e s d  p r o p o r t io n s  c o rre sp o n d in g  t o  th e  mean o f  th e  

a r c  s in e  t r a n s fo r m e t lo n  v a lu e s .

P a r t  ( a )  o f  F ig u re  8 shows th e  means o f  £ (R 2 /S l)  and £ (R 2 /S 2) a s  a 

f u n c t io n  o f  £ (S 2 ) f o r  e ach  g ro u p . The s o l i d  and dashed  l i n e s  r e p r e s e n t  

th e  e q u a l p a y o ff  and e q u a l p ro d u c t g ro u p s , r e s p e c t i v e ly .  The e q u a l pay ­

o f f  g ro u p s e x h ib i t  e  c l e a r  m onotonic r e l a t i o n s h ip  betw een  p r e s e n ta t io n  

p r o b a b i l i t y  and th e  l e v e l s  o f  £(R 2) i n  th e  p re se n c e  o f  each  s t im u lu s .

The s lo p e  o f  th e  fu n c t io n  e p p e a rs  t o  be  much s te e p e r  th e n  t h a t  o f  th e  

c o rre sp o n d in g  fu n c t io n  f o r  Days 91 th ro u g h  100. The c u rv e s  f o r  th e  e q u a l 

p ro d u c t g roups a r e  r e l a t i v e l y  f l e t  and non-m onoton ic .

A n a ly ses  o f  v a r ie t ie s ,  simmuurised i n  T ab le  H (a p p e n d ix ) , in d ic e te d  

t h a t  th e r e  w ere s i g n i f i c a n t  d i f f e r e n c e s  smong g roups i n  v a lu e s  o f
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TABLE 4
Sunmary o f  D ata  -  Days 113-122

Group B ird p (R 2 /S l) ]>(R2/S2) d ' L lk e llh o o d  Ln L ik e lih o o d  
R a t io  R a tio

33 /55 244 ,.6 1 6 .776 0 .4640 0 .7833 -0 .2 4 4 3
245 .536 .815 0 .8062 0 .6719 -0 .3 9 7 7
257 .500 .767 0 .7287 0 .7668 -0 .2655
298 .440 .780 0 .9 2 2 6 0 .9226 -0 .2866
299 .560 .764 0 .5683 0 .5683 -0 .2471

Mean .531 .781 0 .6979 -0 .2882

2 4 /40 246 .430 .683 0 .6517 0 .9070 -0 .0 9 7 7
258 2355 .688 0 .8612 0 .9503 -0 .0 5 1 0
259 .385 .745 0 .9505 0 .8401 -0 .1742
300 .383 .683 0 .7729 0 .9333 -0 .0 6 9 0
301 .230 .675 1.1919 1.1853 +0.1700

Mean .355 .697 0 .8855 -0 .0443

33/65 247 .533 .900 1.1991 0 .4413 -0 .8 1 8 0
260 .633 .888 0 .8767 0 .5057 -0 .6 8 1 9
261 .447 .832 1 .0950 0 .6351 -0 .4 5 3 9
302 .547 .897 1 .1470 0 .4525 -0 .7 9 2 9
303 .400 .822 1.1759 0 .6744 -0 .3939

Mean .502 .870 1 .0986 -0 .6281

3 3 /40 248 .415 .798 1 .0486 0 .7225 -0 .3251
249 .464 .825 1 .0247 0 .6488 -0 .4 3 2 6
262 .563 .885 1.0422 0 .4926 -0 .7081
263 .535 .848 0 .9403 0 .5919 -0 .5 2 4 4
304 .448 .773 0 .8 7 9 0 0 .7621 -0 .2 7 1 6

Mean .485 .828 0 .9869 -0 .4523

39/65 250 .733 .891 0 .6104 0 .5679 -0 .5657
251 .715 .901 0 .7198 0 .5129 -0 .6676
264 .642 .735 0 .2643 0 .8772 -0 .1 3 1 0
265 .473 .880 1 .2427 0 .5025 -0 .6881
305 .813 .921 0 .5232 0 .5 4 7 8 -0 .6 0 2 0

Mean .680 .871 0 .6 7 2 0 -0 .5 3 0 8
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F ig u re  8 . Group d a ta  from  Daya 113-122 ( m a l l  aound d i f f e r e n c e ) .  

S o l id  l i n e s  r e p r e s e n t  e q u a l p a y o ff  g roups (G roups 2 4 /4 0 , 3 3 /5 5 , and 

3 9 /6 5 ) .  Dashed l i n e s  r e p r e s e n t  e q u a l p ro d u c t g roups (G roups 3 3 /4 0 ,

3 3 /5 5 , and 3 3 /6 5 ) .  The t r i a n g l e  r e p r e s e n t s  Group 3 3 /5 5 ; th e  open and 

f i l l e d  c i r c l e s  r e p r e s e n t  Groups 3 3 /40  and 2 4 /4 0 , r e s p e c t iv e ly ;  th e  open 

and f i l l e d  s q u a re s  r e p r e s e n t  G roups 33/65  and 3 9 /6 5 , r e s p e c t i v e ly .

F ig u re  8 (a )  p r e s e n ts  th e  g roup  m a n s  o f  j>(R 2/S l) and j>(R2/S2) a s  a  fu n c ­

t i o n  o f  £ ,(S 2 ). F ig u re  8 (b )  p r e s e n t s  th e  g roup m a n s  o f  th e  m e n  e r r o r  

d i s c r im ln a b l l i t y  in d ex  a s  a  f u n c t io n  o f  j>(S2). F ig u re  8 (c )  p r e s e n ts  th e  

g roup  m a n s  o f  d* a s  a  fu n c t io n  o f  ]>(S2). F ig u re  8 (d )  p r e s e n t s  th e  

g roup  m a n s  o f  e r r o r  d i f f e r e n c e  a s  a fu n c t io n  o f  j>(S2). F ig u re  8 (e )  

p r e s e n ts  th e  g roup m a n s  o f  In  l ik e l ih o o d  r a t i o  c r i t e r i o n  a s  a  f u n c t io n  

o f  £ (S 2 ) .
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£ (R 2 /S 1 ), F (4 ,2 0 )  -  8 .3 3 , £  < .0 0 1 , and £< R 2/S2), F (4 ,2 0 )  -  1 1 .5 2 , £  < .0 0 1 , 

r e s p e c t i v e ly .

The lo w e s t mean v a lu e  o f  £ (R 2 /S 1) was found f o r  Group 2 4 /4 0 , fo llo w ed  

by Groups 3 3 /4 0 , 3 3 /6 5 , 3 3 /5 5 , and 3 9 /6 5 . M u lt ip le  com parisons re v e a le d  

t h a t  Groups 3 3 /4 0 , 3 3 /6 5 , and 33 /55  d id  n o t d i f f e r  s i g n i f i c a n t l y  from  each  

o t h e r .  Groups 2 4 /4 0 , 3 3 /5 5 , and 39/65  w ere a l l  found to  be s i g n i f i c a n t l y  

d i f f e r e n t  from  each  o t h e r .  Of th e  g ro u p s w hich r e c e iv e d  th e  same v a lu e s  

o f  £ ( S 2 ) ,  Group 33 /65  was found t o  be  s i g n i f i c a n t l y  low er th a n  Group 3 9 /6 5 , 

w h ile  Group 2 4 /40  and Group 3 3 /4 0  were found n o t t o  be s i g n i f i c a n t l y  d i f ­

f e r e n t  from  each  o th e r .  An a d d i t io n a l  s i g n i f i c a n t  d i f f e r e n c e  was found 

betw een  Groups 33 /40  and 3 9 /6 5 .

The lo w e s t mean o f  £ (R 2 /S 2) was a g a in  found f o r  Group 2 4 /4 0 , f o l ­

lowed in  o rd e r  by Groups 3 3 /5 5 , 3 3 /4 0 , 3 3 /6 5 , and 3 9 /6 5 . M u ltip le  co m p ari­

so n s in d ic a te d  t h a t  Groups 2 4 /4 0 , 3 3 /5 5 , and 39 /65  d i f f e r e d  s i g n i f i c a n t l y  

from  each  o th e r  w ith  th e  s i z e  o f  th e  mean v a ry in g  a c c o rd in g  to  £ (S 2 ) .

Among th e  e q u a l p ro d u c t g ro u p s , Group 33 /55  and 33 /65  w ere found t o  d i f f e r  

s i g n i f i c a n t l y .  Group 33 /40  d id  n o t d i f f e r  from  e i t h e r  o f  th e s e  g ro u p s .

W hile s i g n i f i c a n t  d i f f e r e n c e s  w ere found among th e  e q u a l p ro d u c t g ro u p s , 

th e  r e l a t i o n s h ip  betw een  £ (R 2 /S 2) and £ (S 2 ) was n o t m o n o to n ic . Of th e  

two p a i r s  o f  g roups w hich re c e iv e d  th e  same v a lu e s  o f  £ (S 2 ) ,  Group 2 4 /40  

was found to  have a  s i g n i f i c a n t l y  low er v a lu e  o f  £ (R 2 /S 2) th a n  Group 

3 3 /4 0 . Of th e  rem a in in g  co m p ariso n s , Group 2 4 /4 0  had a  low er v a lu e  th a n  

Group 3 3 /6 5 . These r e s u l t s  i n d ic a te  t h a t  th e  p r o p o r t io n s  o f  re sp o n se s  

made In  th e  p re se n c e  o f  each  s tim u lu s  v a r ie d  w ith  £ (E 2 ) .

A gain an  in d ex  o f  d i s c r im ln a b l l i t y  was computed by a v e ra g in g  th e  

a sy m p to tic  e r r o r  r a t e s  t o  SI and S2 f o r  each  b i r d  f o r  Days 113 th ro u g h  122. 

The g roup  means f o r  t h i s  in d ex  was shown In  p a r t  (b )  o f  F ig u re  8 a s  a
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f u n c t io n  o f  £ ( S 2 ) . W ith th o  m a$or e x c e p t io n  o f  Group 3 3 /6 5  th e  f ig u r e  r e -  

v e e le  e  s l i g h t  ten d e n c y  f o r  th e  p r o p o r t io n  o f  e r r o r s  t o  In c re a s e  a s  a 

f u n c t io n  o f  £ ( S 2 ) .

An a n a ly s i s  o f  v a r ia n c e ,  sum m arised in  T ab le  I  ( a p p e n d ix ) , r e v e e le d  

s i g n i f l c e n t  d i f f e r e n c e s  betw een  g ro u p s , £ (4 ,2 0 )  “  3 .5 7 , £  < . 0 5 .  T h is  i s  

i n  c o n t r a s t  to  th e  f in d in g s  o f  no s i g n i f i c a n t  d i f f e r e n c e s  f o r  th e  la rg e  

sound d i f f e r e n c e  d i s c r im in a t io n .  Group 33/65  had  th e  lo w e st sw an p ro p o r­

t i o n  o f  e r r o r s ,  fo llo w ed  by  Groups 3 3 /4 0 , 2 4 /4 0 , 3 3 /5 5 , and 3 9 /6 5 . Mul­

t i p l e  com parisons In d ic a te d  t h a t  Group 3 3 /65  had  a  s i g n i f i c a n t l y  low er 

mean d i s c r i m l n a b l l i t y  in d ex  th a n  Groups 33 /55  and 3 9 /6 5 , and t h a t  Group 

3 3 /4 0  had  a  s i g n i f i c a n t l y  low er mean th a n  Group 3 9 /6 5 . I t  i s  p o s s ib le  to  

e c co u n t f o r  eech  d i f f e r e n c e  betw een  a  p a i r  o f  g ro u p s  in  te rm s o f  a  s i g n i ­

f i c a n t  d i f f e r e n c e  i n  e i t h e r  £ (R 2 /S l)  o r  £ (R 2 /S 2 ). The d i f f e r e n c e  betw een  

Groups 33 /65  end 39 /65  cen  be e c co u n ted  f o r  by low er p r o p o r t io n s  o f  

£ (R 2 /S 1) f o r  Group 3 3 /6 5 . The d i f f e r e n c e  betw een  Groups 3 3 /4 0  and 39 /65  

can  be s im i l a r l y  acco u n te d  f o r  i n  te rm s o f  £ (R 2 /S 1 ) . The p ro p o r t io n s  o f  

e r r o r s  made i n  th e  p re se n c e  o f  S2 d id  n o t d i f f e r  s i g n i f i c a n t l y  betw een  

Groups 3 3 /40  and 3 9 /6 5 . The d i f f e r e n c e  betw een  Groups 33 /55  and 33/65  

can  be acco u n te d  f o r  by d i f f e r e n c e s  betw een  £ (R 2 /S 2 ). Group 33 /55  had a 

low er v a lu e  o f  £ (R 2 /S 2 ), in d ic a t in g  a  g r e a t e r  p r o p o r t io n  o f  e r r o r s .

The v a lu e s  o f  d '  d e r iv e d  f o r  th e  2 dB sound d i f f e r e n c e  d i s c r im in a ­

t i o n  a r e  p re s e n te d  in  colum n 5 o f  T eb le  4 .  P a r t  (a )  o f  F ig u re  8 shows 

th e  omen v a lu e s  o f  d ' a s  a  fu n c t io n  o f  £ ( S 2 ) .  The o rd e r in g  o f  th e s e  

v a lu e s  i s  th e  same a s  t h a t  o f  th e  d i s c r im ln a b l l i t y  in d e x . Group 39 /65  

hed  th e  s m e l le s t  mean v a lu e  o f  d ' , fo llo w ed  by Groups 3 3 /5 5 , 2 4 /4 0 ,

3 3 /4 0 , end 3 3 /6 5 . The f ig u r e  shows e  s l i g h t  ten d e n c y  o f  d '  t o  d e c re a s e  

w ith  an  I n c re a s e  i n  £ (S 2 ) ,  e x c e p t f o r  Group 3 3 /6 5 , w hich had th e  h ig h e s t
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mean v a lu e  o f  d ' . In  g e n e ra l  w h ile  s o n  a o n o to n lc l ty  i s  se e n  i n  th e  f ig u re^  

th e  in d iv id u a l  v a lu e s  o f  d '  a p p e a r  sons whe t  c lo s e r  t o  e ach  o th e r  f o r  t h i s  

sound d i f f e r e n c e  c o n d i t io n  th e n  f o r  th e  e a sy  d l s c r l a l n a t l o n .

An a n a ly s i s  o f  v a r ia n c e  r e v e a le d  s i g n i f i c a n t  d i f f e r e n c e s  enong 

g ro u p s , F (4 ,2 0 )  ■ 3 .7 1 , g < .0 5 . The r e s u l t s  e r e  su asm rized  in  T a b le  J  

(a p p e n d ix ) . Two s i g n i f i c a n t  d i f f e r e n c e s  w ere found betw een  g ro u p s: Group 

33 /65  wes found t o  have  s i g n i f i c a n t l y  h ig h e r  v a lu e s  o f  d '  th e n  Group 

39 /65  and Group 3 3 /5 5 . These r e s u l t s  e r e  i n  g e n e ra l  agreem ent w ith  th e  

r e s u l t s  o f  th e  d i s c r i m l n a b l l i t y  in d ex  a n a ly s i s .  A lthough s i g n i f i c a n t  

d i f f e r e n c e s  in  d '  w ere found betw een  g ro u p s , th e r e  w ere no m onotonic  r e ­

l a t io n s h ip s  betw een  d '  end th e  In d ep en d en t v a r i a b l e s .

I t  i s  obv io u s t h a t  d i s c r im ln a b l l i t y  wes red u ced  in  e l l  s u b je c t s  a s  

a  r e s u l t  o f  th e  r e d u c t io n  in  th e  d i f f e r e n c e  betw een  sound i n t e n s i t i e s .

An a n a ly s i s  o f  v a r ia n c e  wes pe rfo rm ed  on th e  d i f f e r e n c e s  betw een  d '  d u r ­

in g  Days 91-100 end Days 113-122 t o  d e te rm in e  w h e th e r th e r e  w ere any  d i f ­

fe re n c e s  betw een  g ro u p s i n  th e  emount o f  r e d u c t io n  o f  d ' . The r e s u l t s ,  

s u m e r is e d  in  T ab le  K (a p p e n d ix ) , found no s i g n i f i c a n t  d i f f e r e n c e s  i n  d ' 

r e d u c t io n  emong g ro u p s , F (4 ,2 0 )  “  1 .6 4 .

N ex t, th e  r e s u l t s  w ere a n a ly s e d  t o  d e te rm in e  w h e th e r th e r e  was a  

c o r r e l a t i o n  betw een  th e  v a lu e  o f  d '  f o r  Days 91-100 and Days 113-122.

The r e s u l t s  found a  s i g n i f i c a n t  c o r r e l a t i o n ,  r (2 3 )  ■ .6 4 , t /2 2 )  ■ 3 .9 9 ,

£  < .0 0 1 . T h is  means t h a t  th a  r e l a t i v e  a b i l i t y  t o  d i s c r im in a te  was m ain­

ta in e d  betw een  b i r d s  when th e  sound d i f f e r e n c e  was re d u c e d .

T u rn ing  t o  th e  a n a ly s i s  o f  b i a s  f o r  th a  red u ced  sound d i s c r im in a ­

t i o n ,  th e  mean v a lu e s  o f  e r r o r  d i f f e r e n c e e  f o r  each  g roup axe shown in  

p a r t  (d ) o f  F ig u re  8 a s  a  fu n c t io n  o f  £ (S 2 ) .  The f ig u r e  shows c l e a r l y  

t h a t  t h i s  in d ex  o f  b i a s  v a r ie d  f o r  Groups 2 4 /4 0 , 3 3 /5 5 , and 39/65  a s  a



f u n c t io n  o f  J>(S2), b u t  d id  n o t v a ry  f o r  G roups 3 3 /4 0 , 3 3 /5 5 , and 3 3 /6 5 . 

Group 2 4 /4 0  had th a  n aan  e r r o r  d l f f a r a n c a  c l o s a s t  t o  s a r o ,  fo llo w ed  by 

Groups 3 3 /5 5 , 3 3 /4 0 , 3 3 /6 5 , and 3 9 /6 5 . Tha r e s u l t s  aan  be a c co u n ted  f o r  

I n  t e r n s  o f  d i f f e r e n c e s  anong th e  g ro u p s In  £ (E 2 ) .

A n a ly s is  o f  v a r ia n c e  o f  e r r o r  d i f f e r e n c e  f o r  Days 113 th ro u g h  122 

I s  p re s e n te d  In  T a b le  L (a p p e n d ix ) . D if fe r e n c e s  betw een  g roups w ere 

found to  be  s i g n i f i c a n t ,  £ (4 ,2 0 )  •  1 1 .4 0 , £  < .0 0 1 . M u lt ip le  c o n p a rlso n s  

u s in g  th e  Tukey (b ) t e s t  found s i g n i f i c a n t  d i f f e r e n c e s  anong Groups 24 /40  

3 3 /5 5 , and 3 9 /6 5 . No s i g n i f i c a n t  d i f f e r e n c e s  w ere found anong Groups 

3 3 /4 0 , 3 3 /5 5 , and 3 3 /6 5 . Of th e  g ro u p s  r e c e iv in g  th e  san e  v a lu e  o f  £ (S 2 ) 

Group 2 4 /4 0  was s i g n i f i c a n t l y  c lo s e r  t o  s e ro  th a n  Group 3 3 /4 0 . Of th e  

r e n a in in g  co m p a riso n s , Group 2 4 /40  was s i g n i f i c a n t l y  c lo s e r  t o  s e ro  th a n  

Group 3 3 /6 5 , and Group 3 3 /40  was s i g n i f i c a n t l y  c lo s e r  to  s e r o  th a n  Group 

3 9 /6 5 . The r e s u l t s  o f  th e  b i a s  a n a ly s i s  s u g g e s t  t h a t  th e  r e l a t i v e  d l f -  

fe re n c e  in  e r r o r s  v a r i e d  a s  a  f u n c t io n  o f  £ (E 2 ) .

Of th e  f iv e  p a i r s  o f  g roups w hich  d i f f e r e d  s i g n i f i c a n t l y  in  e r r o r  

d i f f e r e n c e ,  o n ly  one p a i r  (Groups 3 3 /4 0  and 3 9 /6 5 ) a l s o  d i f f e r e d  s i g n i f i ­

c a n t ly  in  s e n s i t i v i t y .  A l l  th r e e  com parisons betw een  th e  e q u a l p a y o ff  

g roups showed s ig n i f i c a n c e .  These g roups d i f f e r e d  from  e a ch  o th e r  in  

£ (R 2 /S 1) a s  w e ll  a s  i n  £ (R 2 /S 2 ). The d i f f e r e n c e s  i n  e r r o r  d i f f e r e n c e  

th e r e f o r e  r e f l e c t  d i f f e r e n c e s  in  th e  p r o p o r t io n s  o f  R2 made In  th e  p r e s ­

en ce  o f  b o th  sound s t i m u l i .  The o b se rv ed  d i f f e r e n c e  in  e r r o r  d i f f e r e n c e  

betw een  G roups 2 4 /4 0  and 33 /40  r e f l e c t s  low er v a lu e s  o f  £ (R 2 /S 2 )fo r  th e  

fo rsm r g ro u p . The o b se rv ed  d i f f e r e n c e s  betw een  Groups 2 4 /4 0  and 33/65  

c a n  a ls o  b e  a c co u n ted  f o r  by d i f f e r e n c e s  betw een  £ (R 2 /S 2 ).

A cosq>arison o f  th e  r e s u l t s  from  th e  two sound d i f f e r e n c e  c o n d i­

t i o n s  i n d ic a te s  t h a t  b a h a v lo r  was u n d e r g r e a t e r  c o n t r o l  o f  £ (E 2 )d u rln g
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th e  2 dB d i f f e r e n c e  c o n d i t io n .  D uring  th e  8 dB eound d i f f e r e n c e  c o n d i t io n ,  

b e h e v lo r  a p p e a rs  t o  have b een  a  f u n c t io n  o f  j> (S2).

The in d iv id u a l  v a lu e s  o f  In  l ik e l ih o o d  r a t i o  c r i t e r i a  a re  p re s e n te d  

in  colum n 7 o f  T ab le  4 .  P a r t  ( e )  o f  F ig u re  8 shows th e  mean v a lu e s  a s  a  

fu n c t io n  o f  j> (S 2). Group 2 4 /40  had th e  l e a s t  ex trem e l ik e l ih o o d  r a t i o  

c r i t e r i a ,  fo llo w ed  in  o r d e r  by Groups 3 3 /5 5 , 3 3 /4 0 , 3 9 /6 5 , and 3 3 /6 5 .

T h is  o r d e r  i s  s im i la r  to  th e  o rd e r  found w ith  e r r o r  d i f f e r e n c e s .

An a n a ly s i s  o f  v a r ia n c e ,  s u a n a r lz e d  in  T ab le  M (a p p e n d ix ) , r e v e a le d  

s i g n i f i c a n t  d i f f e r e n c e s ,  F (4 ,2 0 )  ■ 9 .3 5 , £  < .0 0 1 . M u lt ip le  com parisons 

y ie ld e d  r e s u l t s  t h a t  d i f f e r  from  th o se  o f  th e  e r r o r  d i f f e r e n c e  a n a ly s i s .  

Among th e  e q u a l p a y o ff  g ro u p s , o n ly  Groups 2 4 /4 0  amd 39 /65  d i f f e r e d  from  

each  o t h e r .  The e r r o r  d i f f e r e n c e  m easure  d i f f e r e d  s i g n i f i c a n t l y  betw een  

a l l  th r e e  e q u a l p a y o ff  g ro u p s . F u r th e r  d i f f e r e n c e  in  c r i t e r i o n  l i k e l i ­

hood r a t i o s  was found betw een  two e q u a l p ro d u c t g ro u p s , G roups 3 3 /55  and 

3 3 /6 5 , w hereas th e  in d ex  o f  e r r o r  d i f f e r e n c e s  d id  n o t d i f f e r  s i g n i f i c a n t l y  

f o r  th e s e  g ro u p s .

The r e s u l t s  o f  th e  l ik e l ih o o d  r a t i o  a n a ly s i s  w ere i n  g e n e ra l  a g re e ­

m ent w ith  th e  f in d in g s  o f  th e  e r r o r  d i f f e r e n c e  a n a ly s i s  (naam ly , t h a t  

Group 2 4 /4 0  showed s i g n i f i c a n t l y  l e s s  b i a s  th a n  Groups 3 3 /4 0  o r  3 3 /6 5 ) 

e x c e p t t h a t  no s ig n i f ic a n c e  was found be tw een  Groups 3 3 /4 0  and 3 9 /6 5 .

The r e s u l t s  o f  th e  b i a s  a n a ly s i s  a p p e a r  t o  in d ic a te  t h a t  b i a s  v a r ie d  w ith  

£ (E 2 ) .

N e x t, th e  r e l a t i o n s h ip  betw een  l ik e l ih o o d  r a t i o  c r i t e r i a  d u r in g  

th e  la r g e  sound d i f f e r e n c e  and sm a ll sound d i f f e r e n c e  p h a se s  was e x ­

am ined . A com parison  o f  th e  v a lu e s  o f  In  l ik e l ih o o d  r a t i o  i n  T ab le  3 

and T ab le  4  shows t h a t  n e a r ly  e v e ry  b i r d  a d o p ted  a  l e s s  ex tream  l i k e l i ­

hood r a t i o  d u r in g  th e  sm a ll sound d i f f e r e n c e  d i s c r im in a t io n .  The o n ly
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b i r d s  who ad o p ted  more ex trem e  c r i t e r i a  w ere B ird s  263 and 304 fro si Group 

3 3 /4 0 . I t  w i l l  be  r e c a l l e d  t h a t  th e  c u rv e s  o f  £ (R 2/S1) f o r  th e  s u b je c t s  

in  Group 33 /40  (F ig u re  5 ) showed a  sh a rp  in c r e a s a  d u r in g  t h i s  p h a se .

D e s p ite  th e  s h i f t s  to w ard s l e s s  e x tr e a e  c r i t e r i a ,  a  s i g n i f i c a n t  

c o r r e l a t i o n  was found betw een  th e  l ik e l ih o o d  r a t i o  c r i t e r i a  a d o p te d  d u r ­

in g  th e  two p h ases  o f  th e  e x p e rim e n t, r (2 3 )  -  .6 8 , £ (2 3 )  -  4 .4 6 , £  < .0 0 1 . 

T h is  means t h a t  s u b je c t s  e x h ib i te d  s i a l l a r  o rd e r in g s  o f  th e  c r i t e r i a  d u r ­

in g  b o th  p h a se s .

The r e s u l t s  o f  th e  d e c re a s e d  sound d i f f e r e n c e  phase s u g g e s t t h a t  

( a )  th e r e  w ere d i f f e r e n c e s  in  s e n s i t i v i t y  betw een  g ro u p s , a lth o u g h  no 

a o n o to n ic  r e l a t i o n s h ip s  betw een  s e n s i t i v i t y  and th e  Ind ep en d en t v a r i a b le s  

w ere o b se rv e d , and t h a t  (b )  b i a s  v a r ie d  a s  a  fu n c t io n  o f  £ (E 2 ) . 

G e n e r a l is a t io n

D uring  th e  t e n  d ay s  o f  g e n e r a l i z a t i o n ,  th e  d i s c r im in a t io n  b i r d s  

w ere r e in f o r c e d  f o r  m aking c o r r e c t  re s p o n s e s  in  th e  p re se n c e  o f  th e  two 

s t im u l i  p re s e n te d  d u r in g  th e  2 dB d i f f e r e n c e  d i s c r im in a t io n  t r a i n i n g .

The p r o b a b i l i t y  le a r n in g  b i r d s  w ere r e in f o r c e d  in  th e  p re se n c e  o f  th e  

t r a i n i n g  s tim u lu s  i n  th e  seam m anner a s  d u r in g  t r a i n i n g .

B efo re  exam in ing  th e  re s p o n s e s  t o  th e  g e n e r a l i z a t io n  s t l a i u l l ,  i t  

i s  o f  I n t e r e s t  t o  see  w h e th e r  th e r e  w ere any changes in  re sp o n d in g  to  

th e  t r a i n i n g  s t i m u l i .  The p ro p o r t io n s  o f  R2 made in  th e  p re se n c e  o f  

each  s tim u lu s  d u r in g  t e s t i n g  w ere compared w ith  th e  c o rre sp o n d in g  v a lu e s  

d u r in g  th e  t e n  day s p r i o r  to  t e s t i n g .

D if fe r e n c e s  betw een  th e  d a ta  f o r  th e  p r o b a b i l i t y  le a r n in g  b i r d s  

w ere exam ined f i r s t .  A £  t e s t  was perfo rm ed  on th e  d i f f e r e n c e  betw een  

th e  tra n s fo rm e d  v a lu e s  o f  £(R 2) made in  th e  t e n  days p r io r  t o  g e n e r a l i z a ­

t i o n  and in  th e  t e n  days o f  g e n e r a l i s a t i o n .  The r e s u l t s  b a r e ly  exceeded



s i g n i f i c a n c e ,  £ (4 )  -  2 .7 8 , £  < .0 5 , w here £  n « (4 )  “  2 .7 7 6 . The r e s u l t sUd
s u g g e s t  t h e t  £(R 2) i n  th e  p re se n c e  o f  th e  t r a i n i n g  s t im u lu s  wes h ig h e r  

p r io r  t o  g e n e r a l l s e t i o n  th a n  d u r in g  g e n e r a l i s a t i o n .  The naan  v a lu e s  o f  

£(R 2) p r i o r  to  end d u r in g  g e n e r a l i s a t i o n  w ere .739 end .6 3 4 , r e s p e c t iv e ly  

In d iv id u a l  £  t e s t s  w ere perfo rm ed  t o  d e te rm in e  w h e th e r  th e  v a lu e s  

o f  £(R 2) d i f f e r e d  from  th e  p r e d ic te d  m atch in g  p r o p o r t io n  o f  .6 8 7 5 . The 

a r c  s in e  t ra n s fo rm  was used  a g a in .  No s i g n i f i c a n t  d i f f e r e n c e s  w ere found 

£ (4 )  ■ 1 .44  and £ (4 )  ■ .8 1 , f o r  th e  d a ta  p r i o r  to  and d u r in g  g e n e r a l i s a ­

t i o n ,  r e s p e c t i v e ly .

N ex t, th e  d a ta  f o r  th e  d i s c r im in a t io n  b i r d s  w ere a n a ly se d  t o  d e te r  

m ine w h e th e r th e r e  w ere any d i f f e r e n c e s  betw een  g ro u p s in  th e  d e g re e  o f 

re sp o n se  ch an g e . As b e f o r e ,  th e  m easure  u sed  was th e  d i f f e r e n c e  betw een  

th e  tra n s fo rm e d  p r o p o r t io n  o f  re s p o n s e s  f o r  th e  te n  days o f  g e n e r a l i s a ­

t i o n  and th e  tra n s fo rm e d  p r o p o r t io n  f o r  th e  l a s t  t e n  days o f  a c q u i s i t i o n .  

The r e s u l t s  o f  an  a n a ly s i s  o f  v a r ia n c e ,  s u n n a r is e d  i n  T a b le  N (a p p e n d ix ) , 

I n d ic a te d  no s i g n i f i c a n t  d i f f e r e n c e s  betw een  g ro u p s , F (4 ,2 0 )  “  1 .0 ,  and 

F (4 ,2 0 )  *  1 .52  f o r  £ (R 2 /S 1) and £ (R 2 /S 2 ), r e s p e c t i v e ly .  T h e re fo re  th e  

d a ta  f o r  a l l  g roups w ere combined t o  d e te rm in e  w h e th e r  th e r e  w ere any 

o v e r a l l  d i f f e r e n c e s  i n  d e g re e  o f  re sp o n se  ch an g e .

The r e s u l t s  o f  £  t e s t s  in d ic a te d  t h a t  th a  mean v a lu e  o f  £ (R 2 /S 1) 

was s i g n i f i c a n t l y  h ig h e r  d u r in g  g e n e r a l i s a t i o n ,  £ (2 4 )  “  2 .7 0 ,  £  < .0 1 . 

A lso , th e  mean v a lu e  o f  £ (R 2 /S 2) was found t o  be s i g n i f i c a n t l y  low er d u r ­

in g  g e n e r a l i s a t i o n ,  £ ( 2 4 )  “  2 .2 0 , £  < .0 5 . These r e s u l t s  i n d ic a te  t h a t  

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

B ecause re sp o n d in g  t o  th e  t r a i n i n g  s t im u l i  d u r in g  g e n e r a l i s a t i o n  

d i f f e r e d  from  re sp o n d in g  t o  th e s e  s t im u l i  d u r in g  t r a i n i n g ,  th e  p ro p o r ­

t io n s  o b ta in e d  d u r in g  g e n e r a l i s a t i o n  w ere s u b je c te d  t o  th e  same a b a ly s a s
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a s  th e  t r a i n i n g  p r o p o r t io n s .  T ab le  5 p r e s e n ts  th e  ▼ slues o f  £ (R 2 /1 1 ) end 

j>(R 2/S2), r e s p e c t i v e ly ,  f o r  eech  b i r d  d u r in g  g e n e r a l i s a t i o n .  P e r t  (e )  o f  

F ig u re  9 p r e s e n ts  th e  n een  v e lu e s  o f  th e s e  p r o p o r t io n s  e s  e  f u n c t io n  o f  

£ ( S 2 ) . The f ig u r e  shows e  a o n o to n ic  in c r e a s e  in  b o th  R2 p r o p o r t io n s  e s  e  

fu n c t io n  o f  £ (S 2 )  f o r  th e  e q u a l p a y o f f  g ro u p s . No such  r e l a t i o n s h i p  i s  

se en  f o r  th e  e q u a l p ro d u c t g ro u p s .

Group 2 4 /40  had  th e  lo w est n e e n  v a lu e  o f  £ (R 2 /S 1 ) , fo llo w ed  in  

o rd e r  by Groups 3 3 /4 0 , 3 3 /6 5 , 3 3 /5 5 , end 3 9 /6 5 . Group 2 4 /4 0  a l s o  had th e  

lo w e s t mean v e lu e s  o f  £ (R 2 /S 2 ), fo llo w ed  i n  o r d e r  by Groups 3 3 /5 5 , 3 3 /4 0 , 

3 3 /6 5 , and 3 9 /6 5 . A n a ly ses  o f  v a r i a n c e ,  sum m arised in  T a b le  0  (a p p e n d ix ) , 

r e v e a le d  s i g n i f i c a n t  d i f f e r e n c e s  betw een  £ (R 2 /S 1 ) and betw een  £ (R 2 /S 2 ), 

F (4 ,2 0 )  -  1 7 .5 9 , £  < .001 and F (4 ,2 0 )  -  2 0 .9 3 , £  < .0 0 1 , r e s p e c t i v e ly .  

M u lt ip le  c o n p a r ls o n s  found s i n i l a r  r e s u l t s  f o r  b o th  p r o p o r t io n s .  The 

v a lu e s  o f  Group 2 4 /4 0  w ere s i g n i f i c a n t l y  low er th a n  th e  v a lu e s  o f  th e  

o th e r  g ro u p s . No s i g n i f i c a n t  d i f f e r e n c e s  w ere found betw een  Groups 3 3 /5 5 , 

3 3 /4 0 , and 3 3 /6 5 . The v a lu e s  o f  Group 3 9 /65  w ere s i g n i f i c a n t l y  h ig h e r  

th a n  th e  o th e r  g ro u p s . A ll  d i f f e r e n c e s  can  be a c c o u n te d  f o r  i n  t e r n s  o f  

d i f f e r e n c e s  l n £ ( E 2 ) .

The moan p ro p o r t io n s  o f  e r r o r s  made i n  th e  p re se n c e  o f  th e  t r a i n ­

in g  s t i m u l i  d u r in g  g e n e r a l i s a t i o n  a r e  shown i n  p a r t  (b )  o f  F ig u re  9 a s  a  

fu n c t io n  o f  £ ( S 2 ) .  The f ig u r e  r e v e a ls  s l i g h t  d i f f e r e n c e s  i n  t h i s  index  

o f  s e n s i t i v i t y  betw een  g ro u p s . No m onoton lc  r e l a t i o n s h i p  i s  p r e s e n t .

An a n a ly s i s  o f  v a r ia n c e ,  sum m arised i n  T ab le  P (a p p e n d ix ) , con firm ed  th a t  

th e r e  w ere no s i g n i f i c a n t  d i f f e r e n c e s  in  e r r o r  be tw een  g ro u p s , F (4 ,20 ) ■ 

2 .20.
The v a lu e s  o f  d '  o b ta in e d  from  th e  p r o p o r t io n s  a r e  p re s e n te d  in  

c o lu u t  5 o f  T ab le  5 . P a r t  (c )  o f  F ig u re  9 shows th e  sw an v a lu e s  o f  d '
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TABLE 5
Summary o f  D ata  from  T r a in in g  S t im u li  d u r in g  G e n e r a l i s a t io n

Group B ird £<R2/S1) £ (R 2 /S 2) d ' L ik e lih o o d  Ln L ik e lih o o d  
R a t io  R a t io

33/55 244 .625 .791 0 .4915 0 .7579 -0 .2 7 7 2
245 .560 .727 0 .45S8 0 .8431 -0 .1 7 0 7
257 .556 .724 0 .4539 0 .8464 -0 .1 6 6 8
298 .552 .808 0 .7400 0 .6905 -0 .3 7 0 3
299 .655 .748 0 .2695 0 .8662 -0 .1 4 3 7

Mean .590 .760 0 .4815 -0 .2 2 5 6

24 /40 246 .408 .610 0.5112 0 .9882 -0 .0 1 1 9
258 .270 .504 0 .6225 1.2062 +0.1875
259 .415 .674 0 .6649 0 .9245 -0 .0 7 8 5
300 .378 .679 0 .7748 0.9420 -0 .0 5 9 7
301 .223 .601 1.0174 1.2938 + 0 .2576

Mean .336 .614 0 .7182 + 0 .0589

33/65 247 .487 .752 0 .7130 0 .7937 -0 .2 3 1 0
260 .760 .867 0 .4064 0.6911 -0 .3 6 9 5
261 .587 .860 0 .8609 0 .5715 -0 .5 5 9 6
302 .467 .783 0 .8648 0 .7390 -0 .3 0 2 5
303 .553 .812 0 .7522 0 .6819 -0 .3 8 2 9

Mean .573 .817 0 .7174 -0 .3 6 9 0

33 /40 248 .500 .790 0 .8062 0 .7225 -0 .3 2 5 0
249 .536 .820 0 .8251 0 .6605 -0 .4 1 4 8
262 .595 .825 0 .6945 0 .6651 -0 .4 0 7 8
263 .541 .740 0 .5403 0 .8175 -0 .2 0 1 5
304 .501 .781 0 .7729 0 .7404 -0 .3 0 0 6

Mean .500 .792 0 .7278 -0 .3 2 9 8

39/65 250 .728 .874 0 .5392 0 .6236 -0 .4 7 2 3
251 .800 .872 0 .2945 0 .7474 -0 .2 9 1 2
264 .695 .907 0 .8130 0 .4748 -0 .7 4 4 9
265 .680 .845 0 .5479 0 .6662 -0 .4 0 6 1
305 .752 .949 0 .9551 0 .3309 -1 .1 0 6 0

Mean .723 .892 0 .6299 -0 .6 0 4 0
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F ig u re  9 . Group d a ta  from  t r a i n i n g  s t im u l i  d u r in g  g e n e r a l i s a t i o n .  

S o l id  l i n e s  r e p r e s e n t  e q u a l p a y o f f  g roups (G roups 2 4 /4 0 , 3 3 /5 5 , and 

3 9 /6 5 ) .  Dashed l i n e s  r e p r e s e n t  e q u a l p ro d u c t g ro u p s (G roups 3 3 /40 ,

3 3 /5 5 , and 3 3 /6 5 ) . The t r i a n g l e  r e p r e s e n t s  Group 3 3 /5 5 ; th e  open and 

f i l l e d  c i r c l e s  r e p r e s e n t  Groups 33 /40  and 2 4 /4 0 , r e s p e c t i v e ly ;  th e  open 

and f i l l e d  sq u a re s  r e p r e s e n t  G roups 33/65 and 3 9 /6 5 , r e s p e c t iv e ly .

F ig u re  9 (a )  p r e s e n ts  th e  group means o f  £ (R 2 /S t)  and j>(R2/S2) a s  a fu n c ­

t i o n  o f  j>(S2). F ig u re  9 (b ) p r e s e n t s  th e  g roup  means o f  th e  mean e r r o r  

d i s c r im in a b i l l t y  in d ex  as  a  fu n c t io n  o f  j>(S2). F ig u re  9 (c )  p r e s e n ts  

th e  g roup means o f  d ' a s  a  f u n c t io n  o f  f>(S2). F ig u re  9 (d ) p r e s e n ts  th e  

g roup  means o f  e r r o r  d i f f e r e n c e  a s  a fu n c t io n  o f  j> (S2). F ig u re  9 (e )  

p r e s e n t s  th e  group m eans o f  In  l ik e l ih o o d  r a t i o  c r i t e r i o n  a s  a  fu n c t io n  

o f  £ (S 2 ) .
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a s  •  f u n c t io n  o f  j> (S2). T h is  f ig u r e  a l s o  r e v e a ls  o n ly  s l i g h t  d i f f e r e n c e s  

betw een  g ro u p s . The a n a ly s i s  o f  v a r ia n c e  done on th e  v a lu e s  o f  d* found 

no s i g n i f i c a n t  d i f f e r e n c e s  betw een  g ro u p s d u r in g  g e n e r a l i s a t i o n ,  F (4 ,2 0 )  •  

1 .5 3 . The r e s u l t s  a r e  sum m arised in  T ab le  Q ( a p p e n d ix ) .

T hese f in d in g s  d i f f e r  from  th e  f in d in g s  o f  s ig n i f ic a n c e  d u r in g  th e  

l e s t  t e n  days o f  t r a i n i n g .  D if fe r e n c e s  betw een  mean e r r o r s  w ere found 

betw een  Groups 33 /65  and 3 3 /5 5 , 33 /65  and 3 9 /6 5 , and 3 3 /4 0  and 3 9 /6 5 . 

D if fe r e n c e s  betw een  d '  w ere  found betw een  Groups 33/65  and 3 3 /5 5 , and 

betw een  G roups 33 /65  and 3 9 /6 5 .

M easurem ents o f  b i a s  w ere exam ined n e x t .  P a r t  (d )  o f  F ig u re  9 

p r e s e n ts  th e  mean e r r o r  d i f f e r e n c e s  a s  a  fu n c t io n  o f  ]>(S2) f o r  a l l  g roups 

d u r in g  g e n e r a l i s a t i o n .  The f ig u r e  i n d ic a te s  t h a t  th e  e r r o r  d i f f e r e n c e  

in d ex  v a r ie d  m o n o to n lc a lly  w ith  j>(S2) f o r  e q u a l p a y o ff  and e q u a l p ro d u c t 

g ro u p s . However, th e  e q y a l  p a y o ff  fu n c t io n  i s  much s t e e p e r ,  I n d ic a t in g  

g r e a t e r  c o n t r o l .  Group 2 4 /4 0  had th e  b i a s  v a lu e  c l o s e s t  t o  s e r o ,  fo llo w ed  

in  o rd e r  by Groups 3 3 /4 0 , 3 3 /5 5 , 3 3 /6 5 , and 3 9 /6 5 .

The a n a ly s i s  o f  v a r i a n c e ,  sum m arised in  T ab le  R ( e p p e n d lx ) , p ro ­

duced s i g n i f i c a n t  d i f f e r e n c e s ,  F (4 ,2 0 )*  4 8 .2 8 , £  < .0 0 1 . M u lt ip le  com­

p a r is o n s  found t h a t  Group 2 4 /40  had  an  e r r o r  d i f f e r e n c e  v a lu e  s i g n i f i ­

c a n t ly  c lo s e r  to  s e r o  th a n  th e  o th e r  g ro u p s . Groups 3 3 /4 0 , 3 3 /5 5 , and 

33 /65  w ere found n o t  t o  d i f f e r  s i g n i f i c a n t l y  from  e ach  o th e r .  Group 

39 /65  had an  e r r o r  d i f f e r e n c e  v a lu e  s i g n i f i c a n t l y  more ex trem e th a n  th e  

o th e r  g ro u p s . These r e s u l t s  ca n  be acco u n ted  f o r  by d i f f e r e n c e s  in  

£< E 2). The d i f f e r e n c e s  a l l  r e f l e x t  th e  v a r i a t i o n s  in  £ (R 2 /S 1 ) and 

£ ( R 2 / i2 ) .

The c r i t e r i o n  v a lu e s  o f  I n  l ik e l ih o o d  r a t i o  o b ta in e d  from  th e  p ro ­

p o r t io n s  o f  R2 msde i n  th e  p re se n c e  o f  th e  t r a i n i n g  s t im u l i  d u r in g
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g e n e r a l i s a t i o n  a r e  p re s e n te d  In  coluom  7 o f  T ab le  5 . P a r t  (e )  o f  F ig u re  

9 shows how th e  n e a n  c r i t e r i o n  v a lu e s  v a r i e d  a s  a  f u n c t io n  o f  S2. The 

f ig u r e  I n d ic a te s  a  m onoton ic  r e l a t i o n s h i p  betw een  In  l ik e l ih o o d  r a t i o  and 

j>(S2) f o r  th e  e q u a l p a y o ff  g ro u p s , b u t  n o t f o r  th e  e q u a l p ro d u c t g ro u p s . 

Group 2 4 /4 0  had  th e  l e a s t  ex trem e  mean c r i t e r i o n  v a lu e ,  fo llo w ed  In  o rd e r  

by Groups 3 3 /5 5 , 3 3 /4 0 , 3 3 /6 5 , and 3 9 /6 5 .

The su b seq u e n t e n a ly s l s  o f  v a r ia n c e ,  sum m arised In  T ab le  S (ap p en ­

d i x ) ,  found s ig n i f i c a n c e ,  F (4 ,2 0 )  ■ 8 .9 9 . £  < .0 0 1 . Of th e  I n d iv id u a l

com parisons. Group'24/40  was found t o  d i f f e r  s i g n i f i c a n t l y  from  Groups 

3 3 /4 0 , 3 3 /6 5 , and 3 9 /6 5 , and Group 33 /55  was found t o  d i f f e r  s i g n i f i c a n t l y  

from  Group 3 9 /6 5 . These s ig n i f i c a n c e s  w ere a l s o  found u s in g  th e  e r r o r  

d i f f e r e n c e  In d ex .

The a n a ly s i s  o f  re s p o n s e s  made i n  th e  p re se n c e  o f  th e  t r a i n i n g  

s t im u l i  d u r in g  th e  g e n e r a l i s a t i o n  t e s t  s u g g e s ts  t h a t  g e n e r a l i s a t i o n  d id  

have  some e f f e c t s  upon re sp o n d in g  in  th e  p re se n c e  o f  th e  t r a i n i n g  s t i m u l i .  

L a rg e r  p r o p o r t io n s  o f  e r r o r s  w ere made In  th e  p re se n c e  o f  e ech  t r a i n i n g  

s t im u lu s  d u r in g  g e n e r a l i s a t i o n .  No d i f f e r e n c e s  i n  s e n s i t i v i t y  w ere found 

d u r in g  g e n e r a l i s a t i o n ,  w hereas d i f f e r e n c e s  In  s e n s i t i v i t y  w ere found d u r ­

in g  th e  l a s t  t e n  day s o f  t r a i n i n g .  A l l  d i f f e r e n c e s  found In  e r r o r  d i f ­

fe re n c e  d u r in g  th e  l a s t  t e n  days o f  t r a i n i n g  w ere found d u r in g  g e n e r a l i s a ­

t i o n .  One e d d l t lo n a l  d i f f e r e n c e ,  be tw een  Groups 2 4 /4 0  and 3 3 /5 5 , was 

found d u r in g  g e n e r a l i s a t i o n .  A l l  d i f f e r e n c e s  found betw een  1* l ik e l ih o o d  

r a t i o  c r i t e r i a  d u r in g  th e  l a s t  t e n  days o f  t r a i n i n g  w ere found d u r in g  

g e n e r a l i s a t i o n ,  e x c e p t t h a t  no d i f f e r e n c e  was found betw een  Groups 2 4 /40  

and 33 /65  d u r in g  g e n e r a l i s a t i o n ,  w here p r e v io u s ly  a  d i f f e r e n c e  was found , 

and an  a d d i t io n a l  d i f f e r e n c e  was found betw een  Groups 33 /55  and 39 /65  

d u r in g  g e n e r a l i s a t i o n ,  w here p r e v io u s ly  no d i f f e r e n c e  was s e e n .
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R esponding i n  th e  p re se n c e  o f  e l l  e ig h t  s t i m u l i  I s  e x s a ln e d  n e x t .  

F ig u re s  10 th ro u g h  15 show th e  p r o p o r t io n s  o f  R2 re s p o n s e s  e s  e  f u n c t io n  

o f  s t l n u l u s  I n t e n s i t y  f o r  eech  b i r d  I n  eech  o f  th e  s ix  g ro u p s . The p o in ts  

r e p r e s e n t  th e  e c tu e l  p r o p o r t io n s  o f  R2.

F ig u re  10 p r e s e n t s  th e  g e n e r e l l s e t l o n  d e te  f o r  th e  p r o b e b l l l t y

l e e r n ln g  g ro u p . The p o in t s  f o r  th e  74 dB s t l n u l u s  e r e  b e sed  upon 800

t r i e l s ,  w h ile  th e  p o in ts  f o r  th e  o th e r  I n t e n s i t i e s  e r e  b e sed  upon 130

t r l e l s  e e c h . I n s p e c t io n  o f  th e  I n d lv ld u e l  c u rv e s  r e v e e ls  no s y s te m a t ic

v e r l e t I o n s  In  £(R 2) w ith  s t l n u l u s  I n t e n s i t y .  H o r ls o n te l  l i n e s  e r e  drew n e t

j>(R2)>.6875, th e  v e lu e  o f  £ (E 2 ) . The c u rv e s  f o r  B ird s  242 , 256 end 297 l i e

ebove £ ( E 2 ) . The c u rv e s  f o r  B ird s  243 end 296 l i e  below  £ (E 2 ) . A c o n p e r l -

son  w ith  th e  c u rv e s  In  F ig u re  1 i n d ic e te s  t h e t  B ird s  242 , 256 , end 297 m sln -

t e in e d  e p p ro x lm e te ly  th e  seme l e v e l  o f  re sp o n d in g  d u r in g  g e n e r e l l s e t l o n  e s

d u r in g  t r e i n l n g ,  w h ile  B ird s  243 end 296 e p p e e r  to  heve  nede few er R2 r e ­

sp o n ses  .

F ig u re s  11 th ro u g h  15 r e p r e s e n t  th e  g e n e r e l l s e t l o n  d e te  f o r  Groups 

3 3 /5 5 , 2 4 /4 0 , 3 3 /6 5 , 3 3 /4 0 , end 3 9 /6 5 , r e s p e c t i v e l y .  The sn o o th  c u rv e s  

w hich  e r e  f i t t e d  t o  th e  d e te  e r e  t h e o r e t l c e l  c u rv e s  b e se d  upon e  model 

d ev e lo p ed  by  Heinemenn end c o -w o rk e rs  (1 9 6 9 ). The f ig u r e s  r e v e e l  c o n tr o l  

by  sound I n t e n s i t y  f o r  e v e ry  b i r d  t e s t e d .  The shepe  o f  th e  f u n c t io n s  I s  

s lm l l e r  f o r  eech  b i r d .  For s t im u l i  l e s s  in te n s e  th e n  S I th e  v e lu e s  o f  

j>(R2) te n d  t o  be low er th e n  £ (R 2 /8 1 ) . F o r s t i m u l i  o f  g r e e t e r  i n t e n s i t y  

th e n  S2 th e  v e lu e s  o f  £(R 2) te n d  t o  be  g r e e t e r  th e n  £ (R 2 /S 2 ). A l l  fu n c ­

t i o n s  showed s lg m o ld e l sh e p es  c h e r e c t e r i s t l c  o f  p sy c h o m e tric  f u n c t io n s .

They d i f f e r  from  p sy c h o m e tric  f u n c t io n s  in  th e  p o s i t i o n  o f  t h e i r  esymp-

t o t e s ,  w hich w ere n o t e t  0 .0  end 1 . 0 .

T hree  e s p e c ts  o f  th e  c u rv e s  mey be d i s t i n g u i s h e d ,  th e  s lo p e s  o f  

th e  m idd le  seg m en ts, th e  p o s i t i o n  o f  th e  c u rv e s  s lo n g  th e  x  e x l s ,  end



F ig u re  10. P r o p o r t io n  o f  R2 e s  a fu n c t io n  o f  sound i n t e n s i t y

d u r in g  g e n e r a l i s a t i o n  t e s t s  f o r  in d iv id u a l  s u b je c t s  in  Croup P. H o ri-

s o n ta l  l i n e s  r e p r e s e n t  th e  m atch in g  v a lu e  o f  j>(E2). P o in ts  in  sq u a re s

i n d ic a te  th e  s t i m u l i  u sed  in  t r a i n i n g .
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F ig u re  11 . P ro p o r t io n  o f  R2 a s  a  fu n c t io n  o f  sound I n te n s i t y  

d u r in g  g e n e r a l i s a t i o n  t e s t s  f o r  I n d iv id u a l  s u b je c t s  In  Group 3 3 /5 5 . 

Smooth c u rv e s  a r e  t h e o r e t i c a l .  L in e s  la b e le d  C r e p r e s e n t  c r i t e r i o n  

I n t e n s i t y  d e r iv e d  from t h e o r e t i c a l  c u rv e s .  P o in ts  In  diam ond shapes 

I n d ic a te  s t im u l i  u sed  In  t r a i n i n g .  See t e x t  f o r  f u r t h e r  d e t a i l s .
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F ig u re  12. P ro p o r t io n  o f  R2 as  a fu n c t io n  o f  sound i n t e n s i t y  

d u r in g  g e n e r a l i s a t i o n  t e s t s  fo r  in d iv id u a l  s u b je c t s  in  Group 2 4 /4 0 . 

Smooth c u rv e s  a re  t h e o r e t i c a l .  L in e s  la b e le d  C r e p r e s e n t  c r i t e r i o n  

i n t e n s i t y  d e r iv e d  from  t h e o r e t i c a l  c u rv e s . P o in ts  i n  diam ond sh ap es  

i n d i c a t e  s t im u l i  u sed  in  t r a i n i n g .  See t e x t  f o r  f u r t h e r  d e t a i l s .
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F ig u re  13. P r o p o r t io n  o f  R2 aa  a  f u n c t io n  o f  sound i n t e n s i t y  

d u r in g  g e n e r a l i s a t i o n  t e s t s  f o r  i n d iv id u a l  s u b je c t s  in  Group 3 3 /6 5 . 

Smooth c u rv e s  a re  t h e o r e t i c a l .  L in e s  la b e le d  C r e p r e s e n t  c r i t e r i o n  

i n t e n s i t y  d e r iv e d  from t h e o r e t i c a l  c u rv e s .  P o in ts  in  diamond shapes 

in d ic a te  s t im u l i  u sed  in  t r a i n i n g .  See t e x t  f o r  f u r t h e r  d e t a i l s .
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F ig u re  14. P r o p o r t io n  o f  R2 « •  •  f u n c t io n  o f  sound i n t e n s i t y  

d u r in g  g e n e r a l i s e t i o n  t e s t s  f o r  in d iv id u a l  s u b je c t s  i n  Group 33 /40 . 

Smooth c u rv e s  a re  t h e o r e t i c a l .  L in e s  la b e le d  C r e p r e s e n t  c r i t e r i o n  

i n t e n s i t y  d e r iv e d  from t h e o r e t i c a l  c u rv e s . P o in ts  i n  diamond shapes 

in d ic a te  s t i m u l i  used  i n  t r a i n i n g .  See t e x t  f o r  f u r t h e r  d e t a i l a .
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F igu re  15 . P r o p o r t io n  o f  R2 os a fu n c t io n  o f  sound I n t e n s i t y  

d u rin g  g e n e r a l i s a t i o n  t e s t s  f o r  I n d iv id u a l  s u b je c t s  In  Group 3 9 /6 5 . 

Smooth c u rv e s  a re  t h e o r e t i c a l .  L in e s  la b e le d  C r e p r e s e n t  c r i t e r i o n  

I n t e n s i t y  d e riv e d  from  t h e o r e t i c a l  c u rv e s .  P o in ts  In  diamond sh ap es 

I n d ic a te  s t im u li  u se d  In  t r a i n i n g .  See t e x t  f o r  f u r th e r  d e t a i l s .
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th e  rang*  o f  th *  c u rv e s  a lo n g  th a  £  a x i s .  T hat*  f a a tu r a s  o f  th *  c u rv e s  

w i l l  be s u b je c te d  t o  s t a t i s t i c a l  a n a ly s e s  a f t e r  a  d i s c u s s io n  o f  th e  t h e o ­

r e t i c a l  m odel. For th e  p r e s e n t  th e y  w i l l  b e  d is c u s s e d  In  te rm s o f  v i s u a l  

I n s p e c t io n .

T here  a r e  no o b v io u s  d i f f e r e n c e s  among th e  g roups In  th e  s lo p e  o f  

th e  c u rv e s ,  a lth o u g h  th e r e  a p p e a rs  t o  be v a r i a b i l i t y  w i th in  g ro u p s . As a  

rough  e s t im a te  o f  th e  p o s i t i o n  o f  th e  c u rv e s  a lo n g  th e  x  a x i s ,  c o n s id e r  

th e  l o c a t io n  o f  th e  p o in t  r e p r e s e n t in g  74 dB, th e  sound I n t e n s i t y  midway 

betw een  th e  two t r a i n i n g  I n t e n s i t i e s .  E x am in a tio n  o f  th e  c u rv e s  r e v e a ls  

t h a t  fo u r  o f  th e  f iv e  b i r d s  i n  Group 2 4 /4 0  resp o n d ed  R2 on few er th a n  

50% o f  th e  t r i a l s  w i th  t h i s  s t im u lu s ,  a l l  th e  b i r d s  In  th e  o th e r  g ro u p s  

resp o n d ed  R2 on more th a n  60% o f  th e  t r i a l s  w ith  t h i s  s t im u lu s ,  and t h r e e  

o f  th e  b i r d s  i n  Group 39 /65  re sp o n d ed  R2 on more th a n  80% o f  th e  t r i a l s  

w ith  t h i s  s t im u lu s .  T hus, rough  v i s u a l  i n s p e c t io n  i n d ic a te s  d i f f e r e n c e s  

i n  th e  l o c a t io n  o f  th e  c u rv e s  a lo n g  th e  x  a x i s .  The ran g e  o f  th e  c u rv e s  

a lo n g  th e  £  a x is  v a r i e s  be tw een  b i r d s .  A rough  e x a m in a tio n  s u g g e s ts  t h a t  

th e  c u rv e s  f o r  Group 3 3 /4 0  have  th e  w id e s t  r a n g e .

Heinemann and c o -w o rk e rs  have  d e v e lo p ed  a  m odel to  d e s c r ib e  c h o ic e  

c u rv e s  o b ta in e d  u n d e r th e  c o n d i t io n s  o f  th e  p r e s e n t  e x p e r im e n t. The m odel 

i s  b a sed  upon th e  th e o ry  o f  s ig n a l  r e c o g n i t io n  and a  c o n c ep t o f  a t t e n t i o n .

Th* a ssu m p tio n s  from  s ig n a l  r e c o g n i t io n  th e o ry  have  a l r e a d y  b e e n  

d i s c u s s e d .  The u n d e r ly in g  d i s t r i b u t i o n s  o f  n e u ra l  e f f e c t s  o f  e a ch  s t im u ­

lu s  p re s e n te d  a re  assum ed to  be  norm al and o f  e q u a l v a r ia n c e .  S u b je c ts  

come t o  e s t a b l i s h  a  c r i t e r i o n  a lo n g  th e  a x is  o f  n e u ra l  e f f e c t s .  I f  th e  

n e u ra l  e f f e c t s  on a  g iv e n  t r i a l  a r e  g r e a t e r  th a n  t h i s  c r i t e r i o n  i n t e n s i ­

t y ,  th e  an im al re sp o n d s  1 2 . I f  th e  n e u ra l  e f f e c t s  a r e  below  t h i s  I n te n ­

s i t y ,  th e  an im al re sp o n d s  1 1 .
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. I t  c an  be shown t h a t  a s  s t im u lu s  I n t e n s i t y  in c r e a s e s  from  low 

v a lu e s  t o  h ig h  v a lu e s ,  th e  p r o b a b i l i t y  o f  re sp o n d in g  R2 v a r i e s  mono- 

t o n i c a l l y  t o  p roduce  a  fu n c t io n  whose shape i s  a  norm al o g iv e . I f  th e  

p r o b a b i l i t i e s  a r e  c o n v e rte d  to  z s c o re s  a  s t r a i g h t  l i n e  i s  o b ta in e d .  The 

s lo p e  o f  t h i s  l in e  e q u a ls  th e  z s c o re  d i f f e r e n c e  f o r  any two s t i m u l i .

T h is  i s  th e  same a s  d ' .  Thus s lo p e ,  w hich h a s  th e  d im en sio n s  d '/d B ,  

may be u sed  a s  an  index  o f  s e n s i t i v i t y .

The s t im u lu s  v a lu e  c o rre sp o n d in g  t o  j>(R2) “  .5  r e p r e s e n t s  th e  

s t im u lu s  whose mean i s  e q u a l to  th e  c r i t e r i o n  v a lu e .  I t  i s  th u s  p o s s ib le  

t o  e s t im a te  th e  c r i t e r i o n  on th e  s t im u lu s  a x i s .  T h is  m easure may be used  

a s  an  in d ex  o f  b i a s .

I t  fo llo w s  from  th e s e  a ssu m p tio n s  t h a t  s t i m u l i  o f  v e ry  h ig h  i n ­

t e n s i t y  sh o u ld  produce n e u ra l  e f f e c t s  w hich a lm o s t a lw ays exceed  th e  c r i ­

t e r i o n ,  and t h a t  s t im u l i  o f  v e ry  low I n t e n s i t y  sh o u ld  p roduce  n e u ra l  e f ­

f e c t s  w hich  a r e  a lm o st a lw ays below  th e  c r i t e r i o n .  The p r o p o r t io n s  o f  

R2 made i n  th e  p re se n c e  o f  th e s e  ex trem e s t i m u l i  sh o u ld  re a c h  1 .0  and 

0 . 0 , r e s p e c t i v e ly .

P re v io u s  r e s e a rc h  h a s  shown t h a t  th e  a sy m p to te s  o f  e m p ir ic a l  

c h o ic e  c u rv e s  g e n e r a l ly  do n o t l i e  a t  1 .0  and 0 .0 .  The p r e s e n t  r e s e a rc h  

c o n firm s  t h i s  o b s e r v a t io n .  To a c co u n t f o r  th e s e  d i s c r e p a n c ie s  th e  model 

assum es t h a t  on some t r i a l s  re sp o n d in g  i s  n o t u n d e r  c o n t r o l  o f  th e  r e l e ­

v a n t  s t i m u l i ,  b u t  i s  u n d e r c o n t r o l  o f  some o th e r ,  u n s p e c i f ie d  s t im u lu s .

I t  i s  assum ed t h a t  th e  a n im a ls  do n o t a t t e n d  t o  th e  r e l e v a n t  s t im u lu s  d i ­

m ension  on th e s e  t r i a l s .  A f u r t h e r  a ssu m p tio n  i s  t h a t  th e  p r o b a b i l i t y  

o f  a t te n d in g  t o  th e  sound d im en sio n  i s  in d ep e n d e n t o f  th e  i n t e n s i t y  o f  

th e  s t im u lu s .  I t  sh o u ld  be em phasized  t h a t  a t t e n t i o n  i s  d e f in e d  h e re  as  

c o n t r o l  by th e  r e l e v a n t  s t im u lu s  d im e n s io n , w h ile  i n a t t e n t i o n  i s  d e f in e d
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a s  c o n t r o l  by so n s  o t h e r ,  u n s p e c i f ie d  s t i m u l i .

I t  can  be seen  t h a t  i f  th e  e f f e c t s  o f  i n a t t e n t i o n  w ere  rem oved, th e  

o b ta in e d  c h o ic e  c u rv e s  w ould be norm al o g iv e s  w ith  a sy m p to te s  a t  1 .0  and 

0 .0 .  The model p r e s e n t s  a  way t o  d e r iv e  th e  p r o b a b i l i t y  o f  a t t e n t i o n .

The d e r i v a t i o n  may be found in  Helnemann e t  a l .  (1 9 6 9 ). To d e r iv e  th e  

p r o b a b i l i t y  o f  a t t e n t i o n ,  th e  o b ta in e d  v a lu e  o f  th e  low er e sy m p to te s  i s  

s u b t r a c te d  from  th e  o b te ln e d  v a lu e  o f  th e  u p p er a sy m p to te . N ote t h a t  

t h i s  h a s  been  r e f e r r e d  t o  p re v io u s ly  as  th e  range  o f  th e  f u n c t io n  a lo n g  

th e  £  a x i s .

The m odel a l s o  d e r iv e s  a  c o r r e c t io n  f o r  th e  e f f e c t s  o f  i n a t t e n t i o n  

u s in g  th e  fo llo w in g  fo rm u la :

J>(R2/A) -  £(R2) -  £ ( 1 4 )

£ < V  -  £ < * l)

w here £<R2/A) r e p r e s e n t s  th e  c o n d i t io n a l  p r o b a b i l i t y  o f  m aking R2 g iv e n  

a t t e n t i o n  to  th e  a u d i to r y  s tim u lu s  d im en sio n , £(R ^) r e p r e s e n t s  th e  ob ­

ta in e d  v a lu e  o f  th e  lo w er a sy m p to te , and £(R u) r e p r e s e n t s  th e  o b ta in e d  

v a lu e  o f  th e  u p p e r a sy m p to te .

A no ther p a ra m e te r  which may be o b ta in e d  from  th e  m odel i s  th e  p ro ­

b a b i l i t y  o f  re sp o n d in g  u nder c o n d it io n s  o f  i n a t t e n t i o n .  T h is  p a ra m e te r  

w i l l  be  r e f e r r e d  t o  e s  k .  The fo rm u la  f o r  k  i s

k  -  £ ( R j )

1 -  £<A)

w here £(A ) i s  th e  p r o b a b i l i t y  o f  a t t e n t i o n .

The a d v an tag e  o f  t h i s  m odel i s  t h a t  i t  p ro v id e s  a  way t o  s e p a r a te  

th e  e f f e c t s  o f  s e n s i t i v i t y ,  b i a s ,  and a t t e n t i o n .  I t  i s  p o s s ib le  t o  d e ­

te rm in e  th e  s e n s i t i v i t y  end b ia s  o f  a  s u b je c t  u n d e r c o n d i t io n s  o f  p e r f e c t  

a t t e n t i o n  by exam in ing  th e  s lo p e  end c r i t e r i o n  v a lu e  o f  th e  a t t e n t i o n -
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c o r r e c te d  f u n c t io n .

The smooth c u rv e s  shown In  F ig u re s  11 th ro u g h  15 r e p r e s e n t  th e  

fu n c t io n s  w hich  b e e t  f i t  t h e  e m p ir ic a l  d e te .  The d e te  w ere f i t  u s in g  en 

i t e r e t i v e  com puter program  I n c o r p o r a t in g  e l l  th e  a ssu m p tio n s  o f  th e  m odel. 

The program  began b y  f i t t i n g  a  norm al o g iv e  t o  th e  a t t e n t i o n - c o r r e c t e d  

p o in ts  o b ta in e d  from  g e n e r a l i s a t i o n .  P r o b a b i l i t i e s  were c o n v e r te d  t o  s 

s c o re s  so  t h a t  th e  o g iv e  c o u ld  be f i t  In  th e  form  o f  a  s t r a i g h t  l i n e .

N ex t, th e  a t t e n t i o n - c o r r e c t i o n  fo rm u la  was a p p lie d  i n  r e v e r s e  to  o b ta in  

a n  og ive  w hich  was u sed  a s  th e  s t a r t i n g  p o in t  f o r  th e  i t e r a t i v e  f i t t i n g  

p ro c e d u re . The p o in t s  w ere f i t  r e p e a te d ly  u s in g  d i f f e r e n t  c o m b in a tio n s  

o f  v a lu e s  o f  s lo p e  and u p p e r  and low er a sy m p to te . The b e s t  f i t t i n g  og ive  

was c o n s id e re d  th e  one irtilch  y ie ld e d  th e  l e a s t  sum o f  sq u a re d  d e v ia t io n s  

o f  u n c o rre c te d  p r o p o r t io n s  abou t th e  t h e o r e t i c a l  c u rv e .

The v a lu e s  o f  s lo p e ,  c r i t e r i o n ,  u pper and low er a sy m p to te , l e v e l  

o f  a t t e n t i o n ,  and k  d e r iv e d  from th e  t h e o r e t i c a l  f i t s  a re  p re s e n te d  in  

T ab le  6 f o r  each  b i r d .

The v a lu e s  o f  s lo p e  p re s e n te d  i n  T ab le  6 r e p r e s e n t  th e  s lo p e  o f  

th e  a t t e n t i o n - c o r r e c t e d  f u n c t io n .  S te e p e r  s lo p e s  i n d ic a te  g r e a t e r  s e n ­

s i t i v i t y  t o  th e  sound  i n t e n s i t y  con tinuum . To p e rfo rm  s t a t i s t i c a l  a n a ly ­

s e s  upon s lo p e ,  i t  i s  n e c e s s a ry  t o  n o rm a lis e  th e  o b ta in e d  v a lu e s  by  f in d ­

in g  th e  in v e r s e  t a n g e n t .  The mean a r c  ta n g e n t  f o r  each  g roup  was t r a n s ­

formed b a c k  as  an  e s t im a te  o f  th e  mean s lo p e .  T hese v a lu e s  a r e  p re s e n te d  

in  p a r t  ( a )  o f  F ig u re  16 a s  a  fu n c t io n  o f  £ ( S 2 ) .  C le a r ly ,  s lo p e  d id  n o t 

v a ry  m o n o to n lc a lly  w ith  £ ,(S 2 ).

The su b seq u e n t a n a ly s i s  o f  v a r ia n c e  o f  th e  s lo p e s ,  suim narised in  

T able  T (a p p e n d ix ) , found no s i g n i f i c a n t  d i f f e r e n c e s ,  F (4 ,2 0 )  “  1 .0 8 .

T h is  i s  i n  a c co rd a n ce  w ith  th e  m easu res  o f  d i s c r l m l n a b l l l t y  made on
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TABLE 6
D ata  O b ta ined  From T h e o r e t ic a l  F i t e  o f  G e n e r a l iz a t io n  D ata

Group B ird S lope C r i t e r io n
I n td n s i ty

Upper
A sym ptote

Lower
Asym ptote

A t te n t io n
L evel

k

33/55 244 .270 72.702 1.000 .300 .700 1.000
245 .201 72 .712 1 .000 .230 .770 1.000
247 .260 73 .494 1.000 .260 .740 1.000
298 .322 72 .583 0 .9 8 9 .070 .919 0 .8 6 4
299 .265 73 .267 0 .9 2 9 .410 .519 0.852

Mean .259 73 .552 .741

24/40 246 .262 75 .694 0 .9 5 9 .290 .669 0 .8 7 6
258 .276 76 .199 0 .9 8 9 .120 .869 0 .916
259 .275 74 .129 0 .9 9 9 .170 .829 0 .9 9 4
300 .214 73 .975 0 .9 8 9 .090 .899 0 .891
301 .586 75 .037 0 .9 8 9 .130 .859 0 .922

Mean .315 75 .007 .831

33/65 247 .339 73 .794 0 .979 .310 .669 0 .9 3 7
260 .298 71.911 0 .9 8 9 .350 .639 0 .9 7 0
261 .393 73 .830 0 .9 9 9 .370 .629 0 .9 9 7
302 .368 73 .372 0 .9 8 9 .160 .829 0 .936
303 .379 73 .923 0 .9 7 9 .410 .569 0 .951

Mean .354 73 .366 .671

33/40 248 .362 72 .848 1.000 .060 .940 1.000
249 .375 72 .573 1.000 .040 .960 1.000
262 .368 72.205 1.000 .130 .870 1 .000
263 .246 72 .244 0 .9 3 9 .130 .809 0 .6 8 1
304 .398 72 .792 0 .9 8 9 .050 .930 0 .8 2 0

Maan .344 72.532 .910

39/65 250 .206 70 .878 0 .9 8 9 .250 .739 0 .9 5 8
251 .234 70 .942 1.000 .370 .630 1.000
264 .375 71.962 0 .9 9 9 .160 .839 0 .9 9 4
265 .334 71 .943 1.000 .130 .870 1.000
305 .365 71 .196 1.000 .320 .680 1.000

Mean .306 71 .384 .758
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F ig u re  16 . Group d e te  d e r iv e d  from t h e o r e t l c e l  f i t s  o f  g e n ­

e r e l l s e t l o n  d s te  ( s e e  F ig u re s  1 1 -1 5 ) . F ig u re  16 (e) p r e s e n ts  th e  g roup  

m esns o f  th e  s lo p e s  o f  th e  t h e o r e t l c e l  g r e d l e n t s .  F ig u re  16(b) p r e s e n t s  

th e  group mesns o f  c r i t e r i o n  I n t e n s i t y  d e r iv e d  from th e  t h e o r e t l c e l  

g r e d l e n t s .  F ig u re  16 (c) p r e s e n t s  th e  g roup  meens o f  th e  le v e l  o f  e t t e n -  

t l o n  d e r iv e d  from th e  t h e o r e t l c e l  g r e d l e n t s .  The s o l i d  l in e s  r e p r e s e n t  

e o u s l  p e y o ff  g ro u p s  (Groups 2 4 /4 0 , 3 3 /5 5 , end 3 9 /6 5 ) . The deshed  l i n e s  

r e p r e s e n t  e q u e l p ro d u c t g ro u p s  (G roups 3 3 /4 0 , 33 /55 , end 3 3 /6 5 ) . The 

t r l e n g l e  r e p r e s e n t s  Group 3 3 /5 5 ; th e  open end f i l l e d  c i r c l e s  r e p r e s e n t  

Groups 33 /40  end 2 4 /4 0 , r e s p e c t i v e ly ;  th e  open end f i l l e d  sq u e re s  

r e p r e s e n t  Groups 33 /65  end 3 9 /6 5 , r e s p e c t i v e ly .  See t e s t  f o r  f u r t h e r  

d e t e l l s .
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r e s p o n s e s  to  th e  t r a i n i n g  s t i m u l i .  I t  I s  p o s s ib le  t o  c o n c lu d e  t h a t  th e r e  

w ere no d i f f e r e n c e s  be tw een  g ro u p s  I n  a b i l i t y  t o  d i s c r im in a te  th e  s t im u l i  

d u r in g  g e n e r a l i s a t i o n .

The v a lu e s  o f  c r i t e r i o n  I n t e n s i t y  p re s e n te d  In  T a b le  6 a r e  e x p re s s e d  

In  d e c ib e l s .  They r e p r e s e n t  th e  sound I n t e n s i t y  c o rre s p o n d in g  t o  .5  on th e  

o r d in a te  o f  th e  a t t e n t i o n - c o r r e c t e d  f u n c t io n .  The mean c r i t e r i o n  i n t e n ­

s i t y  f o r  each  g roup  i s  shown In  p a r t  (b )  o f  F ig u re  16 a s  a  f u n c t io n  o f  

£ (S 2 ) .  The f ig u r e  r e v e a l s  n o t ic e a b le  d i f f e r e n c e s  In  th e  f u n c t io n s  o f  th e  

e q u a l p a y o ff  and e q u a l  p ro d u c t g ro u p s . T here  a p p e a rs  t o  be a  c l e a r  mono­

to n ic  r e l a t i o n s h i p  o f  c r i t e r i o n  i n t e n s i t y  t o  £ (S 2 ) f o r  th e  e q u a l  p a y o ff  

g ro u p s  and no such  r e l a t i o n s h i p  f o r  th e  e q u a l p ro d u c t g ro u p s . Group 

39 /65  had th e  lo w e s t c r i t e r i o n  I n t e n s i t y , fo llo w ed  i n  o r d e r  by  G roups 

3 3 /4 0 , 3 3 /6 5 , 3 3 /5 5 , and 2 4 /4 0 .

The a n a ly s i s  o f  v a r ia n c e  o f  c r i t e r i o n  i n t e n s i t y  l e v e l s  sum m arised 

i n  T ab le  U (ap p e n d ix )  y ie ld e d  s ig n i f i c a n c e ,  F (4 ,2 0 )  ”  2 0 .0 7 , £  < .0 0 1 . 

M u lt ip le  com parisons r e v e a le d  t h a t  a l l  d i f f e r e n c e s  co u ld  b e  a t t r i b u t e d  t o  

d i f f e r e n c e s  in  £ (E 2 ) . Group 39 /65  had  a  s i g n i f i c a n t l y  low er c r i t e r i o n  

I n t e n s i t y  th a n  th e  o th e r  g ro u p s . The c r i t e r i a  f o r  Groups 3 3 /4 0 , 3 3 /6 5 , 

and 33 /55  d id  n o t d i f f e r  s i g n i f i c a n t l y  from  e ach  o th e r .

These r e s u l t s  show q u i t e  c l e a r l y  t h a t  c r i t e r i o n  i n t e n a i t y ,  a s  d e ­

r iv e d  from  th e  a t t e n t i o n - c o r r e c t e d  c u rv e s ,  was a  f u n c t io n  o f  £ ( E 2 ) . The 

two b i a s  in d ic e s  d e r iv e d  from  £ (R 2 /S 1 ) and £ (R 2 /S 2) showed s im i l a r  t r e n d s  

(F ig u re  9 ( d ) ,  F ig u re  9 ( e ) ) .

The n e x t a n a ly s i s  d e a l t  w i th  a t t e n t i o n .  The l e v e l s  o f  a t t e n t i o n  

p re s e n te d  in  T ab le  6 w ere d e te rm in e d  d i r e c t l y  from  th e  v a lu e s  o f  th e  up­

p e r  and low er a sy m p to te s  w h ich  a r e  a l s o  p re s e n te d .  S in c e  l e v e l  o f  a t t e n ­

t i o n  i s  a  p r o p o r t io n ,  i t  was n e c e s s a ry  t o  u se  th e  a n g u la r  t ra n s fo rm  f o r
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s t a t i s t i c a l  a n a l y s i s .  Ths e s t im a te d  mean l e v e l s  o f  a t t e n t i o n  a r e  p r e ­

s e n te d  i n  p a r t  ( c )  o f  F ig u re  16 a s  a  f u n c t io n  o f  £ ( S 2 ) .  The f ig u r e  r e ­

v e a ls  i n t e r e s t i n g  d i f f e r e n c e s  betw een  th e  fu n c t io n s  o f  th e  e q u a l  p a y o ff  

and e q u a l p ro d u c t g ro u p s . For th e  e q u a l p a y o ff  g ro u p s th e  l e v e l  o f  a t t e n ­

t i o n  d o es  n o t a p p e a r  t o  v a ry  m o n o to n lc a lly  w i th  £ < S 2 ). However, f o r  th e  

e q u a l p ro d u c t g ro u p s , l e v e l  o f  a t t e n t i o n  a p p e a rs  t o  have  a  m onotonic  r e ­

l a t i o n  w ith  £ (S 2 ) .  Group 33/65  had  th e  lo w e st l e v e l  o f  a t t e n t i o n ,  f o l ­

lowed i n  o r d e r  by  G roups 3 3 /5 5 , 3 9 /6 5 , 2 4 /4 0 , and 3 3 /4 0 . T h is  i s  th e  r e ­

v e r s e  o f  m ost o f  th e  fu n c t io n s  r e p o r te d  th u s  f a r .

The a n a ly s i s  o f  v a r ia n c e  o f  th e  le v e l  o f  a t t e n t i o n  sum m arised in  

T ab le  V (ap p e n d ix )  found s ig n i f i c a n c e ,  F (4 ,2 0 )  ■ 4 .3 6 ,  £  < .0 5 . Only one 

s i g n i f i c a n t  d i f f e r e n c e  was in d ic a te d  i n  th e  m u lt ip le  c o m p ariso n s : Group

3 3 /4 0  was found t o  have  a  s i g n i f i c a n t l y  h ig h e r  l e v e l  o f  a t t e n t i o n  th a n  

Group 3 3 /6 5 . T hese g ro u p s d id  n o t d i f f e r  from  each  o th e r  in  any m easure 

o f  b ia s  o r  s e n s i t i v i t y  d u r in g  g e n e r a l i s a t i o n .  No o th e r  d i f f e r e n c e s  w ere 

found betw een  g ro u p s .

The o b se rv ed  d i f f e r e n c e s  in  a t t e n t i o n  betw een  Groups 33 /65  and 

3 3 /40  ca n  be a t t r i b u t e d  to  d i f f e r e n c e s  in  th e  p r o b a b i l i t i e s  o f  r e c e iv in g  

re in fo rc e m e n t i n  th e  p re se n c e  o f  each  s t im u lu s .  Group 33 /65  was r e i n ­

fo rc e d  a f t e r  100% o f  c o r r e c t  R l re s p o n s e s  and a f t e r  51% o f  c o r r e c t  R2 

r e s p o n s e s .  Group 3 3 /4 0  was r e in f o r c e d  a f t e r  37.5% o f  c o r r e c t  R l r e s p o n ­

s e s ,  and a f t e r  82.5% o f  c o r r e c t  R2 re s p o n s e s . The o th e r  th r e e  g roups 

w ere r e in f o r c e d  a f t e r  60% o f  b o th  c o r r e c t  re s p o n s e s .

I t  k a s  a l r e a d y  b een  n o ted  t h a t  th e  l e v e l  o f  a t t e n t i o n  was found to  

have a  s i g n i f i c a n t l y  n e g a tiv e  c o r r e l a t i o n  w ith  th e  le n g th  o f  th e  p r e s o lu ­

t i o n  p e r io d .  The c o r r e l a t i o n  s t a t i s t i c  u sed  was S p earm an 's  rh o , w hich  i s  

b a sed  upon th e  ra n k  o r d e r  o f  e ach  v a r i a b l e .  The r e s u l t s  found
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r j ( 2 3 )  “  - .5 1 ,  £ (2 3 )  “  2 .8 3 , £  < .0 1 . T hese r e s u l t s  e re  e s p e c i a l l y  i n ­

t e r e s t i n g  s in c e  th e  g e n e r a l i s a t i o n  t e s t  was g iv e n  many days a f t e r  th e  p r e ­

s o lu t i o n  p e r io d .  The r e s u l t s  s u g g e s t t h a t  th e  v a r i a b l e  t h a t  c o n t r o l s  a t ­

t e n t io n  a l s o  c o n t r o l s  th e  le n g th  o f  th e  p r e s o lu t io n  p e r io d ,  and t h a t  th e  

d i f f e r e n c e s  in  th e  l e v e l  o f  a t t e n t i o n  w ere m a in ta in e d  th ro u g h o u t t r a i n i n g .

The l a s t  p a ra m e te r  d e r iv e d  from th e  t h e o r e t i c a l  d a ta  i s  k ,  th e  

p r o b a b i l i t y  o f  re sp o n d in g  R2 when a s u b je c t  i s  i n  a  n o n a t t e n t io n a l  s t a t e .  

T h is  p a ra m e te r  i n d ic a te s  how a  s u b je c t  re sp o n d s  on th o se  t r i a l s  when he 

i s  n o t a t t e n d in g  t o  sound i n t e n s i t y .  I t  i s  o f  i n t e r e s t  t o  compare th e  

v a lu e s  o f  k  w ith  th e  v a lu e s  o f  £(R 2) made d u r in g  th e  p r e s o lu t io n  p e r io d , 

when th e  s u b je c t  i s  p resum ably  n o t a t te n d in g  t o  th e  so u n d s .

The v a lu e s  o f  k  f o r  e a ch  b i r d  o b ta in e d  from  th e  t h e o r e t i c a l  c u rv e s  

a r e  p re s e n te d  i n  T a b le  6 . A g la n c e  a t  th e  t a b l e  shows t h a t  f o r  m ost b i r d s  

th e  v a lu e  o f  k  was e x tre m e ly  h ig h .  In  f a c t ,  k  was e q u a l t o  1 .0  f o r  n in e  

b i r d s .  B ecause many o f  th e  o b ta in e d  v a lu e s  o f  k  w ere e x tre m e , i t  was n o t 

p o s s ib le  to  u se  th e  a n g u la r  t ra n s fo rm . The d a ta  a r e  d e s c r ib e d  r a t h e r  

th a n  a n a ly se d  s t a t i s t i c a l l y .

The values of k are all considerably higher than the values of 
£(R 2) obtained during the presolution period. With one exception (Bird 
263) the values of k greatly exceed the values of £ (E 2) for each group. 
Based on the assumptions from the model, this means that the birds did 
not match on those trials when they were not attending to sound.

There appears to be considerable variability within groups in k. 
However, all birds from Group 39/65  had values of k greater than .9 5 , 

while four of the birds from Group 2 4 /4 0  had values of k lower than .9 5 .  

Nevertheless, the values for Group 2 4 /4 0  are quite high, suggesting that 
all birds were likely to respond R2 when not attending to sound.
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The c o r r e l a t i o n  betw een  £ (S 2 )  d u r in g  t h e  p r e s o lu t lo n  p e r io d  and k  

y ie ld e d  £ ( (2 3 )  "  .3 0 , t ( 2 3 )  -  1 .8 8 . There w as no s i g n i f i c a n t  r e l a t i o n s h ip  

betw een  th e  two v a r i a b l e s .

To s u s n a r i s e  th e  g e n e r a l i z a t i o n  d a ta ,  th e  m ajo r d i f f e r e n c e s  betw een  

groups a p p e a rs  t o  l i e  I n  th e  p o s i t i o n  o f  th e  d e c is io n  c r i t e r i o n  a lo n g  th e  

sound a x i s .  D i s c r lm ln a b l l l ty  a p p a re n tly  d id  n o t v a ry  betw een g ro u p s . A t­

t e n t io n  a p p e a rs  to  have v a r ie d  a c c o rd in g  t o  t h e  r e l a t i v e  p r o b a b i l i t y  o f  

re in fo rc e m e n t I n  th e  p re se n c e  o f  S I and S2. F i n a l l y ,  a l l  b i r d s  ap p ear t o  

have fa v o re d  R2 on th o se  t r i a l s  when th e y  w ere  n o t a t te n d in g  to  sound.
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DISCUSSION

P r e a o lu t lo n  P e rio d

The r e s u l t*  from  th e  p r e s o lu t io n  p e r io d  p ro v id e  ev id e n c e  ( s )  t h a t  

b e fo r e  th e y  le a rn e d  t o  d i s c r im in a te ,  th e  s u b je c t s  perfo rm ed  a s  th e y  would 

In  a  p r o b a b i l i t y  le a r n in g  t a s k ,  and (b )  t h a t  t h i s  b e h a v io r  can  be  c h a ra c ­

t e r i s e d  a s  h a v in g  m atched th e  p r o p o r t io n  o f  r e in fo rc e m e n ts  g iv e n  f o r  each  

r e s p o n s e .  The r e s u l t s  show t h a t  b i a s e s  w ere e s t a b l i s h e d  b e fo re  th e  d i s ­

c r im in a t io n  was le a rn e d .

The s i m i l a r i t y  be tw een  perfo rm ance  d u r in g  p r o b a b i l i t y  le a r n in g  and 

th e  p r e s o lu t lo n  p e r io d  o f  d i s c r im in a t io n  l e a r n in g  s u g g e s ts  t h a t  le a r n in g  

t o  d i s c r im in a te  may o c cu r In  two s t a g e s :  a  s ta g e  o f  p r o b a b i l i t y  le a r n in g  

and a  s ta g e  o f  d i s c r im in a t io n  le a r n in g .  A t h e o r e t i c a l  accoun t d e r iv e s  

from  a  m odel o f  d i s c r im in a t io n  d e v e lo p e d  by Bush and M o s te l la r  (1 9 5 1 ). 

A ccord ing  t o  t h i s  m odel, d i s c r im in a t io n  Im proves as  a  s u b je c t  resp o n d s  

l e s s  to  th e  s i m i l a r i t i e s ,  o r  o v e r la p ,  be tw een  th e  a v a i l a b l e  s t i m u l i .  At 

th e  s t a r t  o f  t r a i n in g  th e  w e ig h t a t ta c h e d  t o  th e  o v e r la p  i s  m axim al. Re­

spo n d in g  t o  th e  o v e r la p  I s  c o n t r o l le d  p r im a r i ly  by th e  r e l a t i v e  p r o b a b i l i ­

t y  o f  re in fo rc e m e n t f o r  each  re sp o n se  ( I . e . ,  p r o b a b i l i t y  le a rn in g  w i l l  

o c c u r ) .  The w eigh t a t ta c h e d  to  th e  o v e r la p  i s  assumed t o  d e c re a s e ,  o r  

" s h r in k 1' ,  w i th  t r a i n i n g .  As t h i s  o c c u rs  s u b je c t s  resp o n d  to  th e  u n ique  

a s p e c t s  o f  e ach  s t im u lu s  r a t h e r  th a n  t o  th e  o v e r la p  ( i . e . ,  d i s c r im in a t io n  

l e a r n in g  w i l l  o c c u r ) .

The e v id e n c e  o f  m atch ing  In  a  s p a t i a l  t a s k  a p p e a rs  to  c o n t r a d ic t  

th e  c o n c lu s io n  o f  G ra f e t  a l .  (1964) t h a t  b i r d s  m axim ise In  a  s p a t i a l  

t a s k  u nder r e ru n  c o n d i t io n s .  However, I t  h a s  been  n o te d  p re v io u s ly  t h a t
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two o f  th e  s ix  b i r d s  in  t h a t  s tu d y  d id  show n o tc h in g  b e h a v io r .  The p r e s e n t  

r e s u l t s  a re  co m p a tib le  w i th  th e  r e s u l t s  o f  a n  ex p e rim en t w ith  p ig e o n s  r e ­

p o r te d  by Shimp (1966, E xperim ent I I I ) ,  d e s p i t e  s e v e r a l  d i f f e r e n c e s  in  

p ro c e d u re . In  th e  p r e s e n t  e x p e rim en t th e r e  was an IT I  o f  10 s e c o n d s , 

w h ereas  in  S h ls ip 's  e x p e rim e n t th e r e  was no I T I .  A lso , th e  p ro c e d u re s  a f ­

t e r  i n c o r r e c t  re s p o n s e s  d i f f e r e d .  I n  S h im p 's  s tu d y  th e r e  was no r e r u n  

fo llo w in g  t r i a l s  on w hich re in fo rc e s ie n t  was n o t  s c h e d u le d . On th e s e  t r i ­

a l s  a  re sp o n se  was c o n s id e re d  n e i t h e r  c o r r e c t  nor I n c o r r e c t ,  b u t  o n ly  un ­

r e in f o r c e d .  In  th e  p r e s e n t  s tu d y  th e  b i r d s  w ere r e q u i r e d  to  make a  c o r ­

r e c t  re sp o n se  w h e th e r o r  n o t  re in fo rc e m e n t w as sc h ed u le d  b e fo re  th e  n e x t 

t r i a l  was p re s e n te d .

The r e s u l t s  o f  t h e  p re s e n t s tu d y  d i f f e r  from , b u t  a re  a c t u a l l y  n o t 

In c o m p a tib le  w i th  th e  r e s u l t s  r e p o r te d  by G ra f  e t  a l .  (1 9 6 4 ), t h a t  fo u r  

o f  t h e  s ix  b i r d s  in  a  s p a t i a l  t a s k  resp o n d ed  s u b s t a n t i a l l y  h ig h a r  th a n  

th e  m atch in g  l e v e l s ,  d e s p i t e  th e  f a c t  t h a t  th e s e  a u th o r s  r e f e r r e d  t o  t h e i r  

r e s u l t s  a s  m ax im ising . The re a so n  f o r  t h i s  c o n c lu s io n  In v o lv e s  th e  usage  

o f  t h e  term  "m ax im ise" .

M ackin tosh  has n o te d  th a t  t h e  term  "m axim ise" may be u sed  i n  two 

s e n s e s  (S u th e r la n d  & M ack in to sh , 1971 , pp . 4 0 7 -4 0 8 ): (a )  when a sy m p to tic

perfo rm ance  i e  n o t s i g n i f i c a n t l y  d i f f e r e n t  from  100%, o r  (b ) when asym pto­

t i c  perfo rm ance  on a  p r o b a b i l i t y  t a s k  i s  a s  a c c u ra te  a s  e i t h e r  perfo rm ance  

on a  com parab le  100:0 t a s k  (where one re s p o n s e  i s  a lw ays r e in f o r c e d  and 

th e  o t h e r  i s  n e v e r  r e in f o r c e d )  o r  a s  perfo rm ance on a  com parable t a s k  

w ith  n o n c o r re c tio n  t r a i n i n g .  The r e s u l t s  o b ta in e d  b y  G raf e t  a l .  i n  th a  

s p a t i a l  ta s k  c a n n o t be c o n s id e re d  m ax im ising  in  e i t h e r  s e n se . In  th e  

same way th e  r e s u l t s  r e p o r te d  by Shimp in  v i s u a l  t a s k s  (1966, E xperim ent 

I ;  1973) canno t be c o n a ld e re d  m ax im isin g . These r e s u l t s  d e v ia te  from
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m atch in g  I n  th a  d i r e c t i o n  o f  m ax im is in g , b u t  q u a l i t a t i v e l y  th e y  resem b le  

m atch in g  more th e n  m ax im is in g . T h is  I s  b e c au se  s u b je c t s  t r a i n e d  In  p ro b a ­

b i l i t y  le a r n in g  t a s k s  w ith  a  r e r u n  p ro c e d u re  do choose th e  l e s s  f r e q u e n t ly  

r e in f o r c e d  re sp o n se  on a  c e r t a i n  p r o p o r t io n  o f  t r i a l s .

The s u b je c t s  In  th e  p r o b a b i l i t y  l e a r n in g  group w ere o b se rv ed  t o  be 

c lo s e  to  m atch in g  a t  th e  end o f  t r a i n i n g .  The m atch ing  found a t  th e  b e ­

g in n in g  o f  t r a i n i n g  was n o t t r a n s i e n t .  Shimp (1966) h a s  c a u tio n e d  t h a t  

re sp o n se  p r o p o r t io n s  in  a  p r o b a b i l i t y  le a r n in g  t a s k  may undergo  c o n s id e r ­

a b le  s h i f t s  d u r in g  th e  c o u rs e  o f  an  e x p e r im e n t. T h is  i s  b a sed  on h i s  own 

o b s e rv a t io n  t h a t  b i r d s  ap p e are d  t o  be m atch in g  a f t e r  1400 t r i a l s ,  b u t  t h a t  

th e y  ten d ed  t o  o v e rsh o o t m atch in g  a f t e r  20 ,000  t r i a l s .  I n  th e  p r e s e n t  e x ­

p erim en t th e  b i r d s  w ere t r a i n e d  f o r  9700 t r i a l s ,  and b e h a v io r  ap p e are d  to  

be a s y m p to tic .

In  any c a s e ,  I t  I s  c l e a r  t h a t  any g e n e ra l  a s s e r t i o n  ab o u t th e  b e ­

h a v io r  o f  p ig eo n s  In  p r o b a b i l i t y  l e a r n in g  s i t u a t i o n s  i s  I n c o r r e c t .  Under 

th e  c o n d it io n s  o f  th e  p r e s e n t  e x p e r im e n t, th e  b i r d s  show m atch in g  b e h a v io r ,  

a t  l e a s t  t o  a  f i r s t  a p p ro x im a tio n . I t  i s  a l s o  c l e a r  t h a t  th e  r e s u l t s  ob­

t a in e d  depend on th e  d e t a i l s  o f  th e  e x p e r im e n ta l  p ro ce d u re  em ployed. In  

t h i s  se n se  th e  d a ta  from  p ig ao n s  may p a r a l l e l  th e  d a ta  from  r a t s ,  w here 

I t  h a s  b e e n  found t h a t  r a t s  m atch u n d a r a  r e ru n  p ro ce d u re  (W elnstock  e t  

a l . ,  in  p r e s s )  and a r e  ab so rb e d  u n d e r c o r r e c t io n  (R o b b in s, 1969) and non­

c o r r e c t io n  (W elnstock  e t  a l . ,  1965) p ro c e d u re s . F o r th e  r a t  th e  b e h a v io r  

d is p la y e d  con fo rm s, to  a  f i r s t  a p p ro x im a tio n , t o  th e  a p p r o p r ia te  one o f  

th e  Bush and M o s te l le r  (1955) m odels , depend ing  on th e  p ro c e d u re  u s e d .

F o r th e  r e r u n  p ro ce d u re  th e  model em ployed i s  th e  n o n c o n tin g e n t e q u a l 6  

m odel w i th  th e  a ssu m p tio n  t h a t  on u n re in fo rc e d  t r i a l s  an  i d e n t i t y  o p e ra ­

t o r  a p p l i e s  (Bush & M o s te l le r ,  1955, p p . 2 7 9 -2 8 5 ). T h is  m a n s  t h a t  i f  a
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re sp o n se  w ere fo llo w e d  by no r e in fo rc e m e n t ,  e i t h e r  b e c su se  i t  wee in c o r r e c t  

o r  I t  w ss c o r r e c t  b u t  n o t r e in f o r c e d ,  th e r e  would be  no ch sn g es  In  th e  v a lu e  

o f  j>(R2). T h is  m odel becomes m a th e sM tlc a lly  i d e n t l c s l  t o  th e  E s te s  end 

S trs u g h s n  (1953) m odel w hich  th e y  s p p l le d  t o  p r o b e b i l i t y  le a r n in g  i n  human 

s u b je c t s  who a l s o  show m a tc h in g .

Soma e v id e n c e  f o r  th e  a p p l i c a t i o n  o f  an  i d e n t i t y  o p e ra to r  f o r  non- 

r e in f o rc e d  re s p o n s e s  can  be o b ta in e d  from th e  r e s u l t s  o f  th e  p r e s e n t  e x ­

p e r im e n t. Groups P , 3 3 /5 5 , 3 3 /6 5 , and 3 3 /40  re c e iv e d  th e  same nuriber o f  

re in fo rc e m e n ts  p e r  s e s s io n  f o r  each  re s p o n s e , b u t th e y  w ere r e q u i r e d  to  

make d i f f e r e n t  num bers o f  e a ch  re sp o n se  p e r  s e s s io n .  Of th e  fo u r  g ro u p s , 

th e  s u b je c t s  in  Group 3 3 /40  w ere r e q u i r e d  t o  make th e  m ost R2 r e s p o n s e s ,  

and th e  s u b je c t s  i n  Group 3 3 /65  w ere r e q u i r e d  to  make th e  few est R l r e ­

s p o n se s . I f  n o n re in fo rc e m e n t d id  n o t a f f e c t  re sp o n d in g , a s  p r e d ic te d  by 

an  i d e n t i t y  o p e ra to r  a s su m p tio n , th e  perfo rm ance  o f  th e s e  g ro u p s sh o u ld  

be i d e n t i c a l .  I f  th e  number o f  c o r r e c t  re s p o n s e s  w hich w ere r e q u i r e d  

d u r in g  a  s e s s io n  a f f e c te d  re s p o n d in g , Group 3 3 /40  sh o u ld  have th e  lo w est 

v a lu e s  o f  j>(R2), fo llo w ed  by Groups P and 3 3 /5 5 , and Group 3 3 /6 5 .

The r e s u l t s  showed no s t a t i s t i c a l  d i f f e r e n c e s  betw een  th e s e  g roups 

in  £(R 2) d u r in g  th e  p r e s o lu t io n  p e r io d . However, th e  mean v a lu e s  o f  J>(R2) 

a re  o rd e re d  i n  th e  d i r e c t i o n  p r e d ic te d  i f  th e  number o f  c o r r e c t  re s p o n s e s  

s f f e c t e d  re sp o n d in g . The c o n c lu s io n  draw n i s  t h a t  th e  e v id e n c e  te n d s  to  

s u p p o rt th e  i d e n t i t y  o p e ra to r  a ssu m p tio n , b u t  t h a t  f u r t h e r  r e s e a rc h  i s  

n e c e s s a ry .  E xtended  p r o b a b i l i t y  le a r n in g  e x p e r im e n ts , a n a lo g o u s  t o  th e  

d i s c r im in a t io n  t a s k s  f o r  Groups 33 /65  and 3 3 /4 0 , co u ld  c l a r i f y  th e  m a t te r .

In  a d d i t io n  to  th e  s t o c h a s t i c  le a r n in g  model o f  Bush and M o s te l le r ,  

s e v e r a l  o th e r  m odels have  a tte m p te d  t o  a c co u n t f o r  p r o b a b i l i t y  m a tc h in g . 

S hipp  (1966) h a s  p roposed  t h s t  m etch lng  e c tu e l l y  r e p r e s e n t s  momentary
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m ax im is in g , w hich maans t h a t  on each  t r i a l  a  s u b je c t  ch o o ses  th e  re sp o n se  

t h a t  h a s  th e  g r e a t e r  p r o b a b i l i t y  o f  b e in g  r e in f o r c e d .  A s u b je c t  who p e r ­

s i s t e d  in  re sp o n d in g  R2 i n c o r r e c t l y ,  f o r  exam ple, would e v e n tu a l ly  make 

Rl b e c au se  I t  had  th e  g r e a t e r  p r o b a b i l i t y  o f  b e in g  r e in f o r c e d .

M ackin tosh  h a s  r e j e c t e d  Shimp*s th e o ry  (S u th e r la n d  & M ack in to sh , 

1971, p . 4 0 9 ) . He assum es t h a t  m atch in g  I s  a  r e s u l t  o f  Im p e rfe c t a t t e n ­

t i o n  t o  th e  r e l e v a n t  d im en sio n  due t o  a t t e n t i o n  t o  I r r e l e v a n t  d im e n s io n s . 

In  te rm s o f  M a c k in to sh 's  m odel, p o s i t i o n  was th e  r e l e v a n t  d im en sio n  in  

th e  p r e s e n t  e x p e rim e n t. P e r f e c t  a t t e n t i o n  t o  t h i s  d im en sio n  would r e s u l t  

i n  th e  s u b je c t s  h a v in g  ch o sen  R2 on e v e ry  t r i a l .

A lthough th e s e  t h e o r i e s  a re  o f  I n t e r e s t ,  th e y  a r e  n o t e a s i l y  t e s t ­

a b le  in  th e  p re s e n t  e x p e rim e n t. S h im p 's  th e o ry  can  o n ly  be t e s t e d  u s in g  

d e t a i l e d  s e q u e n t i a l  s t a t i s t i c s ,  and M a c k in to sh 's  th e o ry  depends upon 

m easu rin g  c h o ic e  i n  th e  p re se n c e  o f  v a r i a b le s  w hich a re  u n c o r r e la te d  w ith  

re in fo rc e m e n t d u r in g  p r o b a b i l i t y  t r a i n i n g .

L arge  Sound D if fe re n c e  D is c r im in a tio n

The r e s u l t s  from  th e  la r g e  sound d i f f e r e n c e  phase i n d ic a te  t h a t  

( a )  th e  d l s c r im in a b i l i t y  o f  th e  sound s t im u l i  was n o t a f f e c te d  by d i f ­

f e r e n c e s  i n  th e  p r e s e n ta t io n  p r o p o r t io n s  o f  th e  s t im u l i  o r  by d i f f e r e n c e s  

i n  re sp o n se  p a y o f f ,  and t h a t  (b )  b i a s  v a r ie d  a s  a  fu n c t io n  o f  s t im u lu s  

p r e s e n ta t io n ,  r e g a r d le s s  o f  re sp o n se  p a y o f f .

The f in d in g s  t h a t  d l s c r im in a b i l i t y  d id  n o t d i f f e r  among g roups 

s u p p o r ts  p re v io u s  f in d in g s .  The o b s e rv a t io n  t h a t  b o th  mean e r r o r  and d ' 

y ie ld e d  s im i la r  r e s u l t s  s t r e n g th e n s  th e  c o n c lu s io n . The a ssu s ip tlo n  t h a t  

s e n s i t i v i t y  i s  d e te rm in ed  by p h y s ic a l  p r o p e r t ie s  o f  s t im u l i  and p h y s io ­

lo g ic a l  p r o p e r t ie s  o f  th e  o b s e rv e r  i s  s u p p o r te d .

The f in d in g  t h a t  b i a s  v a r i e d  w ith  £ (S 2 ) r a t h e r  th a n  ]>(E2) d u r in g
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c o n s ta n t  p ro d u c ts  o f  p r e s e n ta t io n  p ro p o r t io n  and p a y o ff  w ould a f f e c t  b ia s  

e q u a l ly .  F u r th e rm o re , th e  r e s u l t s  a ls o  mean t h a t  th e  b i a s e s  e s ta b l i s h e d  

d u r in g  th e  p r e s o lu t io n  p e r io d  underw ent d i f f e r e n t i a l  changes d u r in g  th e  

a c q u i s i t i o n  o f  th e  d i s c r im in a t io n .  The s u b je c t s  from  th e  th r e e  e q u a l p ro  

d u c t g roups (G roups 3 3 /5 5 , 3 3 /6 5 , and 3 3 /4 0 ) a p p e a r  t o  have m a in ta in e d  

s im i la r  b i a s e s  d u r in g  th e  p r e s o lu t io n  p e r io d ,  a s  in d ic a te d  by th e  v a lu e s  

o f  j>(R2). However, a t  th e  end o f  th e  la r g e  sound d i f f e r e n c e  phase  o f  th e  

e x p e rim e n t, Groups 33 /65  and 3 3 /4 0  were found t o  d i f f e r  in  e r r o r  d i f f e r ­

e n c e , and Groups 33 /55  and 33 /65  w ere found t o  d i f f e r  i n  c r i t e r i o n  l i k e ­

lih o o d  r a t i o .

The r e s u l t s  p ro v id e  a n o th e r  o p p o r tu n i ty  t o  exam ine th e  i d e n t i t y  

o p e ra to r  a ssu m p tio n  d is c u s s e d  i n  th e  p re v io u s  s e c t i o n .  The i d e n t i t y  

o p e ra to r  i s  u sed  i n  a  s ig n a l  d e te c t io n  m odel d ev e lo p ed  by  A tk in so n , Bowsr 

and C ro th e rs  (1965 , c h a p . 5 ) .

G reen and S w ets ' th e o ry  o f  s ig n a l  d e te c t io n  d e a ls  p r im a r i ly  w ith  

perfo rm ance a f t e r  a  d i s c r im in a t io n  h as  b een  e s ta b l i s h e d .  I t  do es  n o t  a c ­

co u n t f o r  how re sp o n d in g  changes d u r in g  th e  a c q u i s i t i o n  o f  a  d i s c r im in a ­

t i o n .  The th e o ry  o f  A tk in so n  e t  a l .  u se s  a  s t o c h a s t i c  le a r n in g  model to  

a c co u n t f o r  th e  a c q u i s i t i o n  p ro c e s s .  I t  m skes a ssu m p tio n s  s im i l a r  to  

th o se  o f  th e  th e o ry  o f  s ig n a l  d e te c t io n  r e g a rd in g  th e  independence  o f  

s e n s i t i v i t y  and b i a s ,  b u t  i t  makes no a ssu m p tio n s  r e g a rd in g  th e  u n d e r ly ­

in g  se n so ry  d i s t r i b u t i o n s .  A ccord ing  t o  th e  m odel by  A tk in so n  e t  a l . ,  

one o f  th r e e  s e n so ry  s t a t e s  can  o ccu r on e ach  t r i a l .  One o f  th e s e  se n ­

s o ry  s t a t e s ,  s i ,  c an  o c c u r o n ly  i f  S I i s  p r e s e n te d , and a n o th e r  s e n so ry  

s t a t e ,  £ 2 , can  o ccu r o n ly  i f  S2 i s  p r e s e n te d .  T hese a r e  r e f e r r e d  t o  a s  

unambiguous s e n so ry  s t a t e s .  The t h i r d  s e n so ry  s t a t e ,  s 0 , i s  aadbiguous
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•n d  can  o c c u r  a f t e r  e i t h e r  s t im u lu s .  The th e o ry  assum es t h a t  re sp o n se  

b i a s  r e p r e s e n t s  a  ten d e n c y  t o  r e s o lv e  th e  am b ig u ity  o f  t h i s  s e n so ry  s t a t e .

B ia s  i s  assum ed t o  e f f e c t  c h o ic e  b e h a v io r  o n ly  when an  am biguous s t a t e  o c c e r s .

Changes i n  re sp o n se  b i a s  e r e  essusm d t o  o ccu r o n ly  a f t e r  an  am bigu­

ous s t a t e  i s  fo llo w ed  by a  r e in f o r c e d  r e s p o n s e . R e in fo rcem en t fo llo w in g  

a  re sp o n se  t o  an  unam biguous s t a t e  does n o t a f f e c t  re sp o n se  b i a s .  I f  no 

re in fo rc e m e n t o c c u rs ,  th e  I d e n t i t y  o p e ra to r  a p p l i e s .  S in ce  re sp o n d in g  

d u r in g  an  am biguous s t a t e  depends upon re sp o n se  b ia s  a lo n e ,  perfo rm ance 

on th e s e  t r i a l s  sh o u ld  resem b le  re sp o n d in g  in  a  p r o b a b i l i t y  le a r n in g  t a s k .

In  te rm s o f  th e  p r e s e n t  e x p e rim e n t, th e  th e o ry  p r e d i c t s  t h a t  Groups 

3 3 /4 0 , 3 3 /5 5 , and 33 /65  w ould have e q u iv a le n t  b i a s e s ,  a s  in d ic a te d  by  th e  

e r r o r  d i f f e r e n c e  m easu rem en t. The l ik e l ih o o d  r a t i o  sm asuram ant i s ,  o f  

c o u rs e ,  b ased  upon a ssu m p tio n s  o f  th e  th e o ry  o f  s ig n a l  d e ta c t io n  re g a rd in g  

u n d e r ly in g  n e u ra l  d i s t r i b u t i o n s .

The o b se rv ed  d i f f e r e n c e  betw een  Groups 33/65  and 33 /40  c o n t r a d ic t s  

th e  p r e d i c t i o n .  The r e s u l t s  a r e  co m p lic a ted  f u r t h e r  by  th e  f in d in g  t h a t  

d u r in g  th e  sm a ll sound d i f f e r e n c e  phase o f  th e  e x p e rim e n t b i a s  was a f ­

f e c te d  by j>(E2) r a t h e r  th a n  £ (S 2 ) ,  th u s  s u p p o r t in g  th e  i d e n t i t y  o p e ra to r  

a ssu m p tio n .

One e x p la n a t io n  o f  th e  r e s u l t s  l i e s  in  th e  f a c t  t h a t  a l l  s u b je c t s  

m a in ta in e d  a  h ig h  l e v e l  o f  d l s c r im in a b i l i t y  o f  th e  8 dB sound d i f f e r e n c e .

I t  i s  obv ious t h a t  i f  d l s c r im in a b i l i t y  w ere p e r f e c t ,  b i a s  e f f e c t s  would 

d is a p p e a r .  I t  i s  c o n c e iv a b le  t h a t  th e  p ro p o r t io n s  o f  e r r o r s  made w ere 

to o  s s m ll  t o  y i e l d  r e l i a b l e  r e s u l t s .

An a l t e r n a t e  e x p la n a t io n  o f  th e  r e s u l t s  i s  t h a t  p r e s e n ta t io n  p ro ­

p o r t io n s  had a  s t r o n g e r  in f lu e n c e  th a n  p a y o ff  on re sp o n se  b i a s  d u r in g  th e  

la r g e  sound d i f f e r e n c e  phase  o f  th e  e x p e rim e n t. T h is  would i n d ic a te  t h a t
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b ia s  d id  n o t depend o n ly  uppn re in fo rc e m e n t fo llo w in g  re s p o n s e s  d u r in g  en  

am biguous se n so ry  s t a t e .  The p ro p o r t io n  o f  t r i a l s  when th e  unambiguous 

s t a t e s  o c c u rre d  w ould a l s o  have  in f lu e n c e d  re s p o n d in g . T h is  c o n c lu s io n  

would le a d  t o  a  r e j e c t i o n  o f  A tk in s o n 's  m odel.

F in a l ly ,  I t  I s  p o s s ib le  t h a t  th e  r e a u l t s  r e f l e c t  a  s e n s i t i v i t y  t o  

th e  r e r u n  p ro ce d u re  d is c u s s e d  in  th e  p re v io u s  s e c t i o n .  I t  i s  known t h a t  

s u b je c t s  a re  s e n s i t i v e  t o  d i f f e r e n c e s  i n  re in fo rc e m e n t s c h e d u le s . I t  I s  

p o s s ib le  t h a t  s u b je c t s  In  th e  p re s e n t  ex p erim en t w ere s e n s i t i v e  to  th e  

t o t a l  nusiber o f  each  re sp o n se  r e q u i r e d  p e r  s e s s io n .  The f in d in g  t h a t  

Group 33 /40  had e r r o r  d i f f e r e n c e  v a lu e s  s i g n i f i c a n t l y  c lo s e r  t o  z e ro  th a n  

Group 33/65  may r e f l e c t  th e  f a c t  t h a t  th e  s u b je c t s  in  Group 3 3 /40  were 

r e q u i r e d  to  make more R l re s p o n s e s  p e r  s e s s io n ,  even  though  b o th  g roups 

re c e iv e d  th e  same number o f  re in fo rc e m e n ts  f o r  each  r e s p o n s e . I t  was 

n e c e s s a ry  to  make c o r r e c t  r e s p o n s e s , even  i f  th e y  w ere n o t r e in f o r c e d ,  i n  

o rd e r  t o  c o l l e c t  a l l  th e  r e in fo rc e m e n ts  sc h ed u led  d u r in g  a  s e s s io n .  T h e re ­

f o r e ,  n o n re in fo rc e d  c o r r e c t  re sp o n se s  may have had soma rew ard in g  e f f e c t s .

The Bush and M o s te l le r  (1951) model o f  d i s c r im in a t io n  p re v io u s ly  

d e s c r ib e d  p ro v id e s  a  m a n s  t o  p r e d ic t  a sy m p to tic  r e s p o n s e  l e v e ls  i f  an 

e s t im a te  o f  o v e r la p  i s  a v a i l a b l e .  W elnstock  e t  a l .  ( i n  p re s a )  e s t im a te d  

o v e r la p  from th e  p ro p o r t io n  o f  e r r o r s  made by a  g roup  o f  r a t s  who w ere 

r e in f o rc e d  e q u a l ly  o f te n  f o r  each  re s p o n s e . From t h i s  e s t im a te  th e y  

a c c u r a te ly  p r e d ic te d  th e  a sy m p to tic  l e v e ls  o f  a  g roup  w hich  was p re s e n te d  

w ith  d i f f e r e n t  p r o p o r t io n s  o f  l i g h t  s t i m u l i .  I t  i s  p o s s ib le  t o  a p p ly  a 

s im i la r  p ro ced u re  to  th e  p re s e n t  r e s u l t s ,  s in c e  e r r o r  p r o p o r t io n s  d id  

n o t d i f f e r  be tw een  g ro u p s . A lthough th e r e  a r e  no s t a t i s t i c a l l y  s i g n i f i ­

c a n t  d i f f e r e n c e s  betw een  th a  p re d ic te d  and o b ta in e d  a sy m p to tic  re sp o n se  

l e v e l s ,  th a  v a r i a b i l i t y  w i th in  g ro u p s , e s p e c i a l l y  f o r  £ (R 2 /S 1 ), in d ic a te s
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t h a t  th e  p r e d i c t i o n  l a  n o t e u p p o rte d .

Sm all Sound D if fe r e n c e  D is c r im in a tio n

The r e e u l t e  o f  th e  e m a il d i f f e r e n c e  phaee o f  th e  ex p erim en t i n d i ­

c a te  t h a t  ( a )  d l e c r lm in a b l l l t y  was red u ced  i n  a l l  e u b je c te  ae  a  r e a u l t  o f  

th e  d e c re a a e  i n  Bound l n t e n e l t y  d i f f e r e n c e ,  b u t  th e r e  were no d i f f e r e n c e a  

betw een  groupe in  th e  amount o f  t h l a  r e d u c t io n ,  (b ) e e n e l t i v l t y  d i f f e r e d  

betw een  g ro u p e , b u t  th e a e  d i f f e r e n c e a  w ere u n e y e te m a tic , (c )  th e r e  waa a 

s i g n i f i c a n t  c o r r e l a t i o n  betw een  th e  v a lu e a  o f  d '  f o r  Daya 91-100 and Daya 

113-122, (d ) b i a s  v a r i e d  aa a  fu n c t io n  o f  th e  p ro d u c t o f  p r e a e n te t io n  p ro ­

p o r t io n s  and p a y o ff ,  and (e )  th e r e  waa a  ten d en cy  f o r  a u b je e ta  to  ad o p t 

le s a  ex trem e b ia a e a ,  aa  m eaaured by l ik e l ih o o d  r a t i o  c r i t e r i a ,  a f t e r  th e  

aound i n t e n s i t y  d i f f e r e n c e  was d e c re a s e d , a lth o u g h  th e r e  waa a  s ig n i f i c a n t  

c o r r e l a t i o n  betw een  c r i t e r i o n  v a lu e a  o f  l ik e l ih o o d  r a t i o  from  Daya 91-100 

and Daya 113-122.

The f in d in g  o f  d i f f e r e n c e s  in  d i s c r lm ln a b i l l t y  l a  c o m p le te ly  un ­

e x p e c te d . I f  th e  e r r o r  d i f f e r e n c e  m easure  a lo n e  y ie ld e d  s i g n i f i c a n t  d i f ­

f e r e n c e s ,  i t  c o u ld  be argued  t h a t  b i a s  waa confounded w ith  d i s c r im in a b i l i -  

t y .  However, d i f f e r e n c e s  w ere a ls o  found betw een  th e  v a lu e s  o f  d ' , a 

m easure w hich i s  t h e o r e t i c a l l y  In d ependen t o f  b i a s  e f f e c t s .  Both s e n s i ­

t i v i t y  in d ic e s  y ie ld e d  s im i la r  r e s u l t s .

S in ce  th e  r e l a t i v e  s e n s i t i v i t y  o f  s u b je c t s  i n  b o th  p h a ses  o f  th e  

ex p e rim e n t was s i m i l a r ,  a s  in d ic a te d  by  th e  s i g n i f i c a n t  c o r r e l a t i o n  o f  d ' 

from  b o th  p h a s e s , i t  i s  p o s s ib le  t h a t  th e  a n a ly e e s  r e f l e c t  s t a t i s t i c a l  

e r r o r .  N e v e r th e le s s ,  th e  o b se rv ed  s t a t i s t i c a l  d i f f e r e n c e s  i n  s e n s i t i v i t y  

may be r e a l .

A tk in so n  (1963) h as  d ev e lo p ed  a  model o f  s ig n a l  d e te c t io n  w hich 

a llo w s  f o r  changes in  s e n s i t i v i t y  l e v e l .  The model was deve loped  p r i o r
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t o  th e  one p re v io u s ly  d i s c u s s e d .  A ccord ing  to  m ost th e o r i e s  o f  s lg n e l  d e ­

t e c t i o n ,  such  a s  G reen a n d .S u e ts ' th e o r y ,  a s u b j e c t 's  s e n s i t i v i t y  l e v e l  I s  

f ix e d .  D ls c r im in a b i l i ty  o f  a  g iv e n  sound d i f f e r e n c e  sh o u ld  th e r e f o r e  r e ­

m ain  c o n s ta n t .  I f  t h i s  a ssu m p tio n  i s  m ade, i t  I s  Im p o ss ib le  t o  e x p la in  

how a  s u b j e c t 's  pe rfo rm ance  in  a  d i s c r im in a t io n  t a s k  im proves from no 

d l s c r im in a b i l i t y  a t  th e  s t a r t  o f  th e  e x p e r im e n t. I t  I s  a p p a re n t from  th e  

a c q u i s i t i o n  d a ta  o f  th e  p r e s e n t  e x p e rim e n t (F ig u re s  2 th ro u g h  6) t h a t ,  i n  

te rm s o f  p e rfo rm an ce , d l s c r i m i n a b i l i t y  im proved .

One axiom  o f  A tk in s o n 's  th e o ry  I s  t h a t  a  s u b j e c t 's  s e n s i t i v i t y  

le v e l  I s  bounded by s e ro  and th e  maximum s e n s i t i v i t y  l e v e l .  On a  g iv e n  

t r i a l  a  s tim u lu s  p a t t e r n  i s  sam p led , and th e  se n so ry  s t a t e s  s i  o r  s 2 may 

be a c t i v a t e d .  A s u b je c t  may make h i s  re sp o n se  b ased  upon th e  se n so ry  

s t a t e s  s,l and s2 a s  p r e v io u s ly  d i s c u s s e d .  However, i t  i s  a l s o  p o s s ib le  

f o r  a  s u b je c t  to  ig n o re  th e s e  se n so ry  p a t t e r n s  and respond  in  te rm s o f  

some o th e r  "background  c u e " . The momentary s e n s i t i v i t y  l e v e l  depends on 

th e  outcom es a s s o c ia te d  w ith  m a in ta in in g  a  h ig h  le v e l  o f  s e n s i t i v i t y  and 

w ith  lo w erin g  s e n s i t i v i t y  l e v e l .  The p a ra m e te rs  w hich s p e c i f y  in c re m e n ts  

and d e c rem en ts  in  s e n s i t i v i t y  a r e  assum ed t o  change w ith  changes i n  m o ti­

v a t i o n  (p a y o f f  and p r e s e n ta t io n  p r o p o r t io n s  i n  th e  p re s e n t  e x p e r im e n t) .

The c o n c ep t o f  a  s u b je c t  re sp o n d in g  t o  r e l e v a n t  se n so ry  cues o r  

i r r e l e v a n t  background  c u e s  re se m b le s  th e  c o n c ep t o f  a t t e n t i o n  d is c u s s e d  

e a r l i e r .  A lthough A tk in so n  n e v e r  u s e s  th e  word a t t e n t i o n ,  i t  a p p e a rs  

t h a t  he i s  s t a t i n g  t h a t  th e  v a lu e  o f  m omentary s e n s i t i v i t y  may be an  i n ­

t e r a c t i o n  betw een  th e  maximum p o t e n t i a l  s e n s i t i v i t y  o f  a  s u b je c t  and h i s  

l e v e l  o f  a t t e n t i o n .

U sing  t h i s  th e o ry  i t  i s  p o s s ib le  t o  a c co u n t f o r  a p p a re n t changes 

in  s e n s i t i v i t y  d u r in g  th e  a c q u i s i t i o n  o f  a  d i s c r im in a t io n  w h ile  s t i l l



holding the viewpoint that dlscriminability le purely e function of stlmu 
lus paramenters. As e subject learns to respond sore to< the relevant 
sensory cues, the aoaentary sensitivity level approaches the meximum sen­
sitivity level.

It Is conceivable that the observed differences In sensitivity dur 
Ing the snail sound difference phase reflect differences In attention. 
Unfortunately, It was not possible to measure the level of attention dur­
ing training.

The f in d in g  t h a t  b i a s  v a r ie d  a s  a  fu n c t io n  o f  th e  p ro d u c t o f  pay­

o f f  and p r e s e n ta t io n  p ro p o r t io n s  I s  In  acco rd a n ce  w ith  p r e d ic t io n s  from 

G reen and S w a ts ' th e o ry  a s  w e l l  a s  from  A tk in s o n 's  t h e o r i e s .  The r e s u l t s  

p ro v id e  e v id e n c e  t h a t  th e  I d e n t i t y  o p e r a to r  a p p l i e s  when re s p o n s e s  a re  

n o t r e in f o r c e d .

The r e s u l t s  o f  th e  b i a s  a n a ly s i s  from  th e  sm a ll sound d i f f e r e n c e  

phase  o f  th e  ex p e rim en t c o n f l i c t  w ith  th e  r e s u l t s  from  th e  p re v io u s  phase 

o f  th e  e x p e rim e n t, w hich showed t h a t  j>(S2) a lo n e  c o n t r o l le d  b i a s .  I t  i s  

l i k e l y  t h a t  th e  d isc re p a n c y  i s  due t o  th e  d i f f e r e n c e  i n  a c c u ra c y  betw een  

th e  two p h a ses  o f  th e  e x p e rim e n t. B ecause th e  s t im u l i  p ro v id e d  a lm o st 

com ple te  in fo rm a tio n  f o r  re sp o n d in g  d u r in g  th e  la r g e  sound d i f f e r e n c e  

d i s c r im in a t io n ,  th e  b i a s  d a ta  from  th e  sm a ll sound d i f f e r e n c e  phase 

sh o u ld  be c o n s id e re d  more i l l u s t r a t i v e  o f  re sp o n se  b i a s .

Generalisation
The results of generalisation, as analysed using the model devel­

oped by Heinemann and co-workers, indicate that (a) dlscriminability, as 
measured by the slope of the generalisation gradient, was unaffected by 
variations In payoff and presentation proportions, (b) response bias, as 
measured by criterion intensity, was under control of the product of the
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in d ep e n d e n t v a r i a b le * ,  ( c )  th e  l e v e l  o f  a t t e n t i o n  t o  sound i n t e n s i t y ,  aa 

m easured  by th e  d i s ta n c e  be tw een  th e  two g e n e r a l i s a t i o n  g r a d ie n t  asymp- 

t o t e s ,  v a r i e d  a s  a  fu n c t io n  o f  r e l a t i v e  p a y o f f ,  (d ) a  s u b j e c t 's  l e v e l  o f  

a t t e n t i o n  d u r in g  g e n e r a l i s a t i o n  and th e  le n g th  o f  th e  p r e s o lu t io n  p e r io d  

w ere c o n t r o l le d  by th e  same v a r i a b l e ,  and (e )  s u b je c t s  ten d ed  t o  respond  

R2 on t r i a l s  when th e y  d id  n o t a t te n d  to  th e  sound s t i s i u l l .  The r e s u l t s  

a l s o  I n d ic a te  t h a t  perfo rm ance i n  th e  p re se n c e  o f  th e  t r a i n i n g  s t im u l i  

d e t e r io r a t e d  d u r in g  g e n e r a l i s a t i o n .  F in a l ly ,  th e r e  was no e v id e n c e  t h a t  

sound I n t e n s i t y  had any c o n t r o l  o v e r  c h o ic e  b e h a v io r  in  s u b je c t s  t r a in e d  

w ith  th e  p r o b a b i l i t y  t a s k .

The absence  o f  c o n t r o l  by sound I n t e n s i t y  in  s u b je c t s  t r a in e d  w ith  

th e  p r o b a b i l i t y  t a s k  s u p p o r ts  p re v io u s  f in d in g s  ( e .g .  J e n k in s  & H a r r is o n , 

1960) t h a t  d is c r im in a t io n  t r a i n i n g  i s  n e c e s s a ry  t o  e s t a b l i s h  c o n t r o l  a lo n g  

a  s tim u lu s  d im sn s io n . W elnstock  e t  a l .  ( i n  p r e s s )  have a ls o  o b ta in e d  

f l a t  g e n e r a l i z a t i o n  g r a d ie n ts  f o r  b r ig h tn e s s  from  r a t s  t r a in e d  w ith  a 

p r o b a b i l i t y  l e a r n in g  t a s k  u nder a  r e ru n  p ro c e d u re .

The f in d in g  t h a t  d i s c r im in a t io n  pe rfo rm ance  d e t e r io r a te d  d u r in g  

g e n e r a l i s a t i o n  i s  s im i la r  to  r e s u l t s  o b ta in e d  by Heinemann e t  a l .  (1 9 6 9 ). 

In  t h a t  s tu d y  i t  was found t h a t  perfo rm ance d e t e r io r a t e d  d u r in g  g e n e r a l i ­

z a t io n  fo llo w in g  t r a i n i n g  w ith  sm a ll sound d i f f e r e n c e s  (2 .3  dB o r  7 dB ), 

b u t n o t fo llo w in g  t r a i n i n g  w ith  a  la rg e  sound d i f f e r e n c e  (29 dB ).

The f in d in g  t h a t  th e  s lo p e s  o f  th e  g e n e r a l i z a t i o n  g r a d ie n ts  d id  

n o t d i f f e r  be tw een  g roups p ro v id e s  f u r th e r  e v id e n c e  t h a t  s e n s i t i v i t y  was 

n o t a f f e c te d  by th e  p ro p o r t io n s  o f  re in fo rc e m e n t re c e iv e d  f o r  c o r r e c t  

r e s p o n s e s .  The r e s u l t s  s u p p o rt  th e  f in d in g s  o f  M andell (1973) t h a t  v a ry ­

in g  p ro p o r t io n s  o f  re in fo rc e m e n ts  w i th in  s u b je c t s  d id  n o t  p roduce sy stem ­

a t i c  changes in  th e  s lo p e s  o f  sound I n t e n s i t y  g e n e r a l i s a t i o n  g r a d i e n t s .
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Tha r e s u l t s  o f  th e  g e n e r a l i s a t i o n  t e s t s  c e s t  f u r t h e r  d o u b ts  over th e  ob­

ta in e d  d i f f e r e n c e s  In  th e  d l s c r i m i n a b i l i t y  In d ic e s  from Days 113-122.

The d i f f e r e n c e s  In  I n t e n s i t y  c r i t e r i o n  p ro v id e  c l e a r  e v id e n c e  t h a t  

b i a s  was u n d e r c o n t r o l  o f  th e  p ro d u c t o f  s t im u lu s  p r e s e n ta t io n  p ro p o r t io n s  

end re in fo rc e m e n t p r o p o r t io n s .  These r e s u l t s  can  be  acco u n ted  f o r  in  

te rm s  o f  th e  i d e n t i t y  o p e r a to r  a s su m p tio n . M andell (1973) a ls o  found 

s h i f t s  in  th e  c r i t e r i o n  i n t e n s i t y  w i th in  s u b je c t s  a s  a  r e s u l t  o f  changes 

in  b ia s in g  o p e r a t io n s ,  b u t  th e r e  w ere c o n s id e ra b le  in d iv id u a l  d i f f e r e n c e s .  

The d isc re p a n c y  betw een  th e  c l a r i t y  o f  th e  p r e s e n t  r e s u l t s  and th e  v a r i ­

a b i l i t y  o f  M a n d e ll 's  r e s u l t s  r e g a rd in g  c r i t e r i o n  i n t e n s i t y  may be a  fu n c ­

t i o n  o f  th e  d i f f i c u l t y  o f  th e  d i s c r im in a t io n  p re c e d in g  g e n e r a l i s a t i o n  

t e s t i n g .  M andell p re s e n te d  s u b je c t s  w ith  a  12 dB i n t e n s i t y  d i f f e r e n c e  

d i s c r im in a t io n  and s e le c te d  th e  s ix  m ost a c c u r a te  s u b je c t s  f o r  g e n e r a l i ­

s a t i o n  t e s t i n g .  Heinemann e t  a l .  (1969) have su g g e s te d  t h a t  t r a i n i n g  on 

an  e a sy  d i s c r im in a t io n  may c a u se  s u b je c t s  t o  ad o p t more v a r i a b le  c r i t e r i a  

th a n  t r a i n i n g  on a  d i f f i c u l t  d i s c r im in a t io n .  P erhaps M andell would have 

o b ta in e d  c l e a r e r  r e s u l t s  i f  she  had  p re s e n te d  s u b je c t s  w ith  a  more d i f f i ­

c u l t  d i s c r im in a t io n .

P a r e n t h e t i c a l l y ,  f u r t h e r  r e s e a rc h  was conducted  w ith  th e  s u b je c t s  

from  th e  p r e s e n t  s tu d y . S tim u lu s  p r e s e n ta t io n  p ro p o r t io n s  and r e i n f o r c e ­

ment c o n tin g e n c ie s  w ere r e v e r s e d  f o r  th e  t r a i n i n g  s t i m u l i .  G e n e r a l is a ­

t i o n  t e s t s  were g iv e n  fo llo w in g  2 d ay s  o f  r e v e r s a l  t r a i n i n g .  The r e s u l t s  

th u s  f a r  i n d ic a te  t h a t  t h e r e  were s y s te m e t lc  r e v e r s a l s  i n  th e  c r i t e r i o n  

i n t e n s i t y .

The f in d in g  o f  d i f f e r e n c e s  i n  th e  le v e l  o f  e t t e n t l o n  in  th e  p re s e n t  

s tu d y  i s  u n e x p e c te d . These a re  th e  o n ly  r e s u l t s  i n  th e  p r e s e n t  s tu d y  

w here perfo rm ance wes found t o  be  a f f e c te d  by th e  r e l a t i v e  p r o b e b l l i t y
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o f  r e c e iv in g  re in fo rc e m e n t f o r  m aking a  c o r r e c t  reap o n ae  In  th e  p rea e n c e  

o f  each  a t lm u lu s .  I t  l a  n o t c l e a r  Why t h l a  v a r i a b le  ahou ld  a f f e c t  s tim u ­

lu s  c o n t r o l  by  sound I n t e n s i t y .  H einem ann 's model does n o t s p e c i f y  th e  

in d ep en d en t v a r i a b le s  t h a t  g o v ern  a t t e n t i o n .

S tu b b s (1968) o b ta in e d  g e n e r a l i s a t i o n  g r a d ie n ts  f o r  s tim u lu s  d u ra ­

t io n s  Which have th e  s ig m o id a l form  o f  th e  g r a d ie n ts  in  th e  p re s e n t  s tu d y . 

Some o f  th e s e  g r a d ie n ts  d i f f e r e d  from  each  o th e r  s y s te m a t ic a l ly  in  th e  

ran g e  o f  th e  a sy m p to tic  l e v e l s .  S tubbs d is c u s s e d  th e s e  d i f f e r e n c e s  in  

te rm s o f  d i f f e r e n c e s  i n  th e  a c c u ra c y  o f  re sp o n d in g , r a t h e r  th a n  in  term s 

o f  th e  l e v e l  o f  a t t e n t i o n .

In  one p a r t  o f  S tu b b 's  e x p e rim e n t, re in fo rc e m e n t was p re s e n te d  fo r  

e v e ry  s ix t h  c o r r e c t  c h o ic e  re s p o n s e . G ra d ie n ts  f o r  each  p o s i t i o n  o f  th e  

s ix  re sp o n se  sequence  in d ic a te d  t h a t  th e  a sy m p to tic  ran g e  in c re a s e d  a s  a 

fu n c t io n  o f  p o s i t i o n  num ber. In  te rm s o f  H einem ann 's c o n c ep t o f  a t t e n ­

t i o n ,  th e  l e v e l  o f  a t t e n t i o n  in c re a s e d  w ith  th e  l ik e l ih o o d  t h a t  a  c o r r e c t  

re sp o n se  w ould be r e in f o r c e d .

T here  i s  a n o th e r  exam ple o f  v a r i a t i o n  in  a sy m p to tic  range  i n  S tu b b s ' 

r e s u l t s .  In  one c o n d i t io n  re in fo rc e m e n t  was e l im in a te d  c o m p le te ly  f o r  

c o r r e c t  re s p o n s e s  t o  s t im u l i  o f  long  d u r a t io n s .  The o b ta in e d  g r a d ie n ts  

r e v e a l  a  s h a rp  d e c re a s e  i n  th e  h e ig h t  o f  th e  u pper a sy m p to te . T h is  su g ­

g e s t s  t h a t  th e  l e v e l  o f  a t t e n t i o n  t o  th e  d u r a t io n  o f  th e  s t im u l i  d e c re a se d  

When o n ly  one re sp o n se  was r e in f o r c e d .

A lthough  S tu b b s d i s c u s s e s  th e  d i f f e r e n c e s  i n  a sy m p to tic  l e v e l s  a s  

d i f f e r e n c e s  i n  a c c u ra c y , he  does s u g g e s t t h a t  a sy m p to tic  l e v e l  m igh t be 

used  a s  an  in d ex  o f  th e  d e g re e  o f  c o n t r o l  by e x p e rim e n ta l c o n tin g e n c ie s  

to  s e p a r a te  th e  e f f e c t s  o f  re in fo rc e m e n t c o n tin g e n c ie s  and th e  s t im u lu s  

d im en sio n . S tu b b s ' f in d in g s  can  th u s  be  i n te r p r e te d  a s  showing t h a t  th e
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l e v e l  o f  a t t e n t i o n  v a r ie d  w i th  th e  l ik e l ih o o d  c f  r e in fo rc e m e n t . In  th e  

th e  p re a e n t  ex p e rim en t a l l  s u b je c t s  re c e iv e d  th e  same number o f  r e i n f o r c e ­

m ents p e r  s e s s io n .  However, I t  I s  p o s s ib le  t h a t  th e  d i f f e r e n c e s  m ight be 

due to  th e  r e l a t i v e  p r o p o r t io n s  o f  r e in fo rc e m e n t  re c e iv e d  fo r  c o r r e c t  r e ­

sp o n se s .

The observed relationship between the length of the presolution 
period and the level of attention Is In agreement with unpublished find­
ings reported by Helnemann. However, further research Is necessary to 
fully understand the paramenters which control attention.

The o b s e rv a t io n  t h a t  a l l  s u b je c t s  ten d e d  to  resp o n d  R2 when th ey  

w ere In  a  n o n e t te n t io n a l  s t a t e  I s  s im i la r  to  p re v io u s  f in d in g s  from  

s tu d i e s  w here sound I n t e n s i t y , s t im u lu s  p r e s e n ta t io n  p ro p o r t io n s ,  and r e ­

in fo rc e m e n t p r o p o r t io n s  w ere e q u a l (Helnemann e t  a l . ,  1969; Helnemann & 

C hase, 1970b). S in c e  th e  ten d e n c y  t o  fa v o r  th e  c o r r e c t  re sp o n se  fo r  th e  

h ig h  I n t e n s i t y  sound was found u nder c o n d i t io n s  n o t d e s ig n e d  t o  produce 

b i a s  e f f e c t s ,  th e  r e s u l t s  c a n n o t be a t t r i b u t e d  t o  v a r i a t i o n s  I n  th e  In d e ­

pen d en t v a r i a b l e s .

D if fe r e n c e s  betw een re sp o n se  p r o p o r t io n s  In  a  n o n a t t e n t io n a l  s t a t e  

can  be o b se rv ed  i n  S tu b b s ' s tu d y  o f  tim e  d i s c r im in a t io n  (1 9 6 8 ). In  one 

c o n d i t io n ,  one o f  th e  I n c o r r e c t  re sp o n se s  r e s u l t e d  in  r e s e t t i n g  th e  s ix  

re sp o n se  sequence re q u ir e d  f o r  re in fo rc e m e n t . The o th e r  i n c o r r e c t  r e ­

sponse  d id  n o t r e s e t  th e  se q u en c e . In  th e  o th e r  c o n d i t io n ,  th e  c o n t in ­

g e n c ie s  w ere r e v e r s e d .  The two s e t s  o f  g r a d ie n ts  o b ta in e d  a p p e a r  to  have  

th e  same a sy m p to tic  ra n g e , s u g g e s t in g  e q u a l l e v e l s  o f  a t t e n t i o n ,  b u t th e y  

d i f f e r  i n  th e  p o s i t i o n  a lo n g  th e  o r d in a te .  In  th e  language o f  th e  p r e s ­

e n t  e x p e r im e n t, S tu b b s ' s u b je c t s  ten d e d  to  make R l ( th e  re sp o n se  which 

was c o r r e c t  fo r  s h o r t  d u r a t io n s )  when In  a  n o n a t te n t I o n a l  s t a t e ,  i f  th e
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consequences o f  en  I n c o r r e c t  R2 ( th e  re sp o n se  which wes c o r r e c t  f o r  long  

d u r e t lo n s )  r e s u l t e d  In  e  d e le y  o f  r e in fo rc e m e n t .  They te n d e d  t o  meke th e  

c o r r e c t  re sp o n se  f o r  lo n g  d u r e t lo n s  In  e  n o n a t te n t io n a l  s t a t e  i f  th e  con­

seq u en ces  o f  an  in c o r r e c t  re a p o n se  f o r  s h o r t  d u r a t io n s  r e s u l t e d  i n  a  d e ­

la y  o f  r e in fo rc e m e n t .

The p re s e n t  r e s e a rc h  h a s  p ro v id e d  e v id e n c e  t h a t ,  a t  l e a s t  w ith  

d i f f i c u l t  d i s c r im in a t io n s ,  re sp o n se  b i a s  i s  a  fu n c t io n  o f  th e  p ro d u c t o f  

th e  p r e s e n te t io n  p r o p o r t io n  o f  s t im u l i  and th e  p a y o ff  f o r  re sp o n d in g  c o r ­

r e c t l y .  P a y o ff  was v a r ie d  i n  th e  p r e s e n t  ex p e rim en t by v a ry in g  r e i n f o r c e ­

ment p r o b a b i l i t i e s .  Hobson (1970) h a s  found th a t  v a ry in g  th e  amount o f  

re in fo rc e m e n t p ro v id e d  h a s  s im i la r  e f f e c t s  on re sp o n se  b i a s  a s  v a ry in g  

re in fo rc e m e n t p r o b a b i l i t i e s .  F u rth e rm o re , th e  p re s e n t  r e s e a rc h  h a s  shown 

t h a t  re sp o n d in g  in  a  r e c o g n i t io n  t a s k  p r io r  t o  a c q u ir in g  th e  d i s c r im in a ­

t i o n  re sen d )le s  re sp o n d in g  i n  a  p r o b a b i l i t y  le a r n in g  t a s k .  T h is  b e h a v io r  

may be c h a r a c te r i s e d  a s  m atch in g  th e  re in fo rc e m e n t p r o p o r t io n s .  G e n e ra l i ­

s a t i o n  h a s  b een  shown to  be u s e f u l  i n  m easu rin g  re sp o n se  b i a s ,  s e n s i t i v i t y ,  

and th e  le v e l  o f  a t t e n t i o n .  F u r th e r  r e s e a rc h  i s  n e c e s s a ry  t o  a c co u n t f o r  

th e  o b s e rv a t io n  t h a t  p a y o ff  d id  n o t a f f e c t  b i a s  w i th  an  e a sy  d i s c r im in a ­

t i o n ,  and t h a t  p a y o ff  ap p e are d  to  a f f e c t  th e  le v e l  o f  a t t e n t i o n  d u r in g  

g e n e r e l l s a t i o n .



APPENDIX 

TABLE A

Analysis of Varianea of Langth of Presolution Period
Source SS d f MS F

Between 337 .04 5 84 .26 1 .25
W ith in 1344.40 24 67.22

T o ta l 1681.44 29

TABLE B

A n a ly s is  o f  V aria n c e  o f  £(R 2) from  Days 2 th ro u g h  5 

Source SS d f  MS F

Between 1140.2212 5 228.0442 10.38***
W ith in 527.3446 24 21.9726

T o ta l 1667.5658 29

2 4 /40  33 /40 P 33 /55  33/65 39/65

TABLE C

A n a ly s is  o f  V arian ce  o f  £ (R 2 /S 1) from  Days 91-100 

S ource  SS d f  MS F

Between 715.4456 4 178.4402 3 .0 9 *
W ith in 1155.9946 20 57 .7997

T o ta l 1871.4402 24

A n a ly s is  o f  V arian ce  o f  £ (R 2 /82 ) from  Days 91-100
Source SS d f  MS F

Between 265.6273 4 66.4068  4 .4 2 *
W ith in 300.6922 20 15.0346

T o ta l 566 .3195 24

24 /40 33 /55  33 /40 39/65 33/65

* £ .05
*** £  .001
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TABLE D
A n a ly s is  o f  V aria n c e  o f  Mean P ro p o r t io n s  o f  E r r o r s  -  Days 91-100 

S ource______________________ SS________________ d f_________MS__________ F

Between 171.9437 4 42 .9859 1 .84
Within 466 .5476 20 23.3228

Total 638?4013 24

TABLE E
Analysis of Variance of d' - Days 91-100

Source SS df MS F
Between 2 .2390 4 .5597 1 .70
Within 6 .5858 20 .3292

Total 8 .8248 24

TABLE F
Analysis of Variance of Error Differences - Days 91-100

Source SS df MS F
Between 1274.3524 4 318.5881 6 .08**
Within 1047.5911 20 52 .3796

Total 2321.9434 24

2 4 /4 0  33 /40 33/55  39/65 33/65

TABLE G
Analysis of Variance of Criterion Values of In likelihood Ratio -
Days 91-100
Source SS df MS F
Betw een 8 .5760  4 2 .1 4 4 0  6 .72**
W ith in  6 .3767  20 0 .3 1 8 8

T o ta l  114.9528 24
2 4 /4 0  33 /55  3 3 /40  39/65  33/65

* * £  .01
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TABLE H
Analysis of Variance of j>(R2/Sl) frost Days 113-122
Source_______________________ SS________________ d f_________MS__________ F

Between 919.7627 4 229.9406 8 .33***
Within 552.0111 20 27 .6075

Total 1471.7738

2 4 /4 0 3 3 /40 33/65  33/55 39/65

Analysis of Variance of £(R 2 /S 2) from Days 113-122

Source SS df MS F

Between 547.9883 4 136.9970 11.52***
Within 237.8208 20 11.8910

Total 785.8091

24 /40 33 /55 33 /40  33/65 39/65

TABLE I
Analysis of Variance of Mean Proportions of Errors - Days 113-122

Source SS df MS F

Between 80.5307 4 20 .1326 3 .5 7 *
Within 112.9088 20 5 .6454

Total 193.4395

33/65 3 3 /40 24 /40  33/55 39/65

* £ .05
*** £ .001
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TABLE J
Analysis of Variance of d' - Days 113-122
Source SS d f MS F

Between 0 .6 7 4 7 4 0 .1686 3 .3 7 *
W ith in 0 .9115 20 0.0455

T o ta l 1 .5862 24

39/65 33/55 2 4 /4 0  33 /40 33/65

TABLE K
A n a ly s is  o f  V aria n c e  o f  D if fe r e n c e s  betw een  d ' on Days 91-100 and 
Days 113-122

Source_______________________SS________________ d f _________MS F

Between 1 .3877  4 0 .3469  1 .6 4
W ith in  4 .2 4 2 4  20 0 .2121

T o ta l  5 .6 3 0 1  24

TABLE L

A n a ly s is  o f  V aria n c e  o f  E r r o r  D if fe r e n c e s  

Source SS

-  Days 

d f

113-122

MS F

Between 2598.9906 4 649.7476 11.39***
W ith in 1140.4175 20 57.0208

T o ta l 3739.4081 24

24 /40 33 /55  3 3 /4 0  33/65 39/65

* £  .05
* * *  £  .001
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TABLE M
A n a ly s is  o f  V arian ca  o f  C r l t a r lo n  V aluas o f  In  L ik e lih o o d  r a t i o  
Days 113-122

S ource_______________________SS________________d f _________JB__________ F

Betw een 1.0511 4 0 .2627 9 . 35***
W ith in 0 .5631 20 0.0281

T o ta l 1.6142 24

2 4 /40 33/55 33 /40  39/65 33/65

TABLE N

A n a ly s is  o f  V arian ce  o f  D if fe re n c e s  in  j>(R 2/S l) betw een  Days 113-122 
and G e n e r a l is a t io n

Source SS d f MS F

Between
W ith in

78.2255
391.0396

4
20

19.5563
19.5519

1 .00

T o ta l 469.2651 24

A n a ly s is  o f  V arian ce  o f  D if fe re n c e s  in  j>(R2/S2) 
and G e n e r a l is a t io n

betw een  Days 113-122

Source SS d f MS F

Between 142.7017 4 35.6754 1.52
W ith in 468.8296 20 23.4414

T o ta l 611.5313 24

*** £  .001
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TABLE 0
Analysis of Variance of j>(R2/Sl) from Generalisation
Source___________________   SS    d f _______ MS_______  F

Between 1410.5787 4 352.6446 17.59***
W ith in 400.9897 20 20 .0494

T o ta l 1811.5682 24

2 4 /40 33 /40 33/65  33 /55 39/65

A n a ly s is  o f  V arian ce  o f  £ (R 2/S 2) from  G e n e r a l is a t io n

Source SS d f MS F

Between 977.9706 4 244.4926 20 .93***
W ith in 233.5944 20 11.6797

T o ta l 1211.5650 24

2 4 /40 33/55 33 /40  33 /65 39/65

TABLE P

A n a ly s is  o f  V arian ce  o f  Mean P ro p o r t io n s  o f  E r ro r s  -  G e n e r a l is a t io n

S ource SS d f MS F

Between 33.6030 4 8 .4007 2 .2 0
W ith in 76.2093 20 3 .8104

T o ta l 109.8123 24

TABLE Q

A n a ly s is  o f  V aria n c e  o f  d ' -  G e n e r a l i s a t io n  

Source SS d f MS F

Between 0 .2206 4 0 .0551 1 .53
W ith in 0 .7227 >20 0 .0361

T o ta l 0 .9433 24

* * *  £  .001
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TABLE R
Analysis of Variance of Error Differences - Generalisation 
Source___________________ SS_____________ df_______ MS________ F
Between 4644.7385 4 1161.1846 24 .05***
Within 965.6188 20 48 .2809

Total 5610.3573 24

2 4 /40 33 /40 33/55  33/65 39/65

TABLE S
Analysis of Variance of Criterion Values of In Likelihood Ratio - 
Generalisation
Source SS df MS F
Between 1.1613 4 0 .2903 g #99***
Within 0 .6473 20 0 .0323

Total 1 .8086 24

2 4 /40  33/55 3 3 /40  33/65 39/65

TABLE T
Analysis of Variance of Slopes from Generalisation Curves
Source SS df MS F
Between 76.3886 4 19.0971 1 .08
Within 353.6843 20 17.6842

Total 430.0729 24

*** £ .001
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TABLE U
Analysis of Variance of Criterion Intensity Levels
Source_______________________ SS________________ d f_________1C__________ F

Between 34.9068 4 8 .7267 20 .07***
W ith in 8 .6962 20 0 .4 3 4 8

T o ta l 43 .6030 24

39/65 3 3 /40 33/65  33/55 24 /40

TABLE V

A n a ly s is  o f  V arian ce o f  A t te n t io n  L e v e ls

Source SS d f MS F

Between 909.7656 4 227.4414 4 .3 6 *
W ith in 1043.2644 20 52.1632

T o ta l 1953.0300 24

33/65 33/55 39/65  24 /40 33 /40

* £  .05  
* * *  £  .001
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