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A b s t r a c t

ABSOLUTE JUDGMENTS OF LUMINANCE BY PIGEONS

by

E l l e n  Marie R i c h t e r  

A d v iso r :  P r o f e s s o r  S h e i l a  Chase

Pigeons  were r e q u i r e d  t o  peck one o f  a row o f  f o u r  

c h o ic e  k e y s .  The c o r r e c t  key c h o ic e  was cued by t h e  lu m i­

nance  o f  a c e n t r a l l y  l o c a t e d  d i s p l a y  key .  T h is  t a s k  i s  

an a lo g o u s  t o  one i n  which humans a r e  a sked  t o  make a b s o l u t e  

judgments  o f  s t i m u l i  p r e s e n t e d  i n d i v i d u a l l y  by a s s i g n i n g  

each  s t i m u l u s  t o  a c a t e g o r y .  A l l  e x p e r im e n t s  i n  t h e  s e r i e s  

show t h a t  t h e  a c c u r a c y  w i th  which two s t i m u l i  a r e  d i s c r i m ­

i n a t e d  d e c r e a s e s  a s  t h e  ran g e  o f  s t i m u l i  t o  which t h e  s u b ­

j e c t  i s  exposed i n c r e a s e s .  T h i s  pheonmenon, t h e  ran g e  

e f f e c t ,  u n t i l  now h as  been d e m o n s t r a te d  on ly  i n  humans.

T echn iq ues  d e r i v e d  from s i g n a l  d e t e c t i o n  t h e o r y  (SDT) 

were used  t o  examine t h e  s u b j e c t s ’ s e n s i t i v i t y  i n  d i s c r i m i ­

n a t i n g  between two s t i m u l i  d i f f e r i n g  from each o t h e r  by .2  

l o g  f t . L .  These s t i m u l i  were a lways i n  t h e  c e n t e r  o f  a 

s e r i e s  c o n s i s t i n g  o f  f o u r  s t i m u l i .  The o v e r a l l  s t i m u l u s  

r a n g e  was m a n ip u la t e d  by i n c r e a s i n g  t h e  s e p a r a t i o n  o f  t h e  

b r i g h t e s t  and dimmest s t i m u l i  i n  t h e  s e r i e s  from th e  two 

c e n t r a l  s t i m u l i .  A ccord ing  t o  SDT, t h i s  s i t u a t i o n  shou ld  

r e s u l t  i n  equa l  s e n s i t i v i t y  ( d * ) m easures  r e g a r d l e s s  o f  th e  

ra n g e  c o n d i t i o n .  The r e s u l t s ,  however, c l e a r l y  i n d i c a t e
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t h a t  d ’ does v a r y  w i th  r a n g e .  S ince  inpu t> and  s e n s o r y -  

sys tem  n o i s e  sh o u ld  rem ain  c o n s t a n t  a c r o s s  r a n g e s ,  t h i s  

change i n  d ’ was a t t r i b u t e d  t o  t h e  s u b j e c t s ’ m a i n t a i n i n g  

l e s s  s t a b l e  c r i t e r i a  between t h e  two c e n t r a l  s t i m u l i .

I n  t h e  n a r r o w - r a n g e  c o n d i t i o n  i n  Experiment  1 ,  t h r e e  

p ig e o n s  i d e n t i f i e d  f o u r  s t i m u l i  which were e q u a l l y  spaced  

o v e r  a na rrow  ( . 6  l o g  u n i t )  r a n g e .  In  t h e  m o d e ra te - r a n g e  

c o n d i t i o n  t h r e e  p ig e o n s  i d e n t i f i e d  th e  same two c e n t r a l  

s t i m u l i  l o c a t e d  i n  t h e  c e n t e r  o f  a 1 . 4  l o g  u n i t  r a n g e .  In  

a l l  c a s e s  t h e  n a r ro w - ra n g e  b i r d s  were b e t t e r  a t  i d e n t i f y i n g  

t h e  c e n t r a l  s t i m u l i  t h a n  t h e  m o d e ra te - r a n g e  b i r d s .

I n  Experiment  2, tw e lv e  p ig eo n s  were t r a i n e d  f o r  160 

d a y s ,  s i x  on t h e  narrow  ran g e  ( . 6  l o g  u n i t )  and s i x  on a 

wide ran g e  (3 l o g  u n i t s ) .  Again t h e  n a r ro w -ra n g e  b i r d s  

showed g r e a t e r  s e n s i t i v i t y  on t h e  d i s c r i m i n a t i o n  between 

t h e  two c e n t r a l  s t i m u l i .

I n  Experiment  3> which l a s t e d  25 d a y s ,  t h e  b i r d s  

t r a i n e d  on t h e  n a r ro w -ran g e  c o n d i t i o n  i n  Experiment  2 were 

s w i t c h e d  t o  t h e  wide ran g e  and t h o s e  t r a i n e d  on t h e  wide 

r a n g e  i n  Experiment  2 were sw i tc h ed  were sw i tc h ed  t o  th e  

narrow r a n g e .  Every b i r d  sw i tc h ed  t o  th e  wide r a n g e  showed 

a d e c r e a s e  i n  s e n s i t i v i t y  and e v e ry  b i r d  sw i tc h e d  t o  th e  

narrow  ran g e  showed an i n c r e a s e  i n  s e n s i t i v i t y .

I t  has  been assumed t h a t  a s  t h e  number o f  c r i t e r i a  

which a  s u b j e c t  i s  r e q u i r e d  to  h o ld  i n c r e a s e s ,  c r i t e r i o n  

v a r i a b i l i t y  a l s o  i n c r e a s e s .  Experiment  4 was d e s ig n e d  to



t e s t  t h i s  a s sum p t io n  and to  s e e  i f  t h e  range  e f f e c t  would 

endure  when p ig e o n s  were r e q u i r e d  t o  ho ld  o n ly  one c r i t e r i o n .  

E ig h t  p ig e o n s ,  f o u r  on each r a n g e ,  were t r a i n e d  f o r  160 days 

u s i n g  t h e  same s t i m u l i  used i n  Experiment  2. The p ro c e d u re  

was e x a c t l y  t h e  same as  t h a t  used in  Experiment  2 excep t  

t h a t  h e re  t h e  b i r d s  were r e q u i r e d  t o  peck one key when t h e  

b r i g h t e r  two s t i m u l i  were p r e s e n t e d  and a n o th e r  key when 

t h e  dimmer two s t i m u l i  were p r e s e n t e d .  The rang e  e f f e c t  

was a g a in  c l e a r l y  d e m o n s t r a t e d .  C o n t r a ry  t o  t h e  a s su m p t io n ,  

s e n s i t i v i t y  was low er  f o r  b o th  groups  in  t h i s  exper im en t  

t h a n  f o r  t h e  comparable  g roups  i n  t h e  3 - c r i t e r i o n  s i t u a t i o n  

i n  Experiment  2.

S e q u e n t i a l  d a t a  were a n a ly z e d  bu t  t h e  p r e c e d i n g  s t im u ­

l u s  was found t o  have no c l e a r  e f f e c t  on t h e  p r o b a b i l i t y  o f  

t h e  b i r d s ’ making any p a r t i c u l a r  r e s p o n s e  on a g iv e n  t r i a l .  

S i m i l a r l y ,  ex am in a t io n  o f  t h e  r e s p o n s e  l a t e n c i e s  d id  not  

i n d i c a t e  any c o n s i s t e n t  t r e n d s .

P o s s i b l e  e x p l a n a t i o n s  o f  t h e  ra n g e  e f f e c t  a r e  rev iewed 

and an e x p l a n a t i o n  o f  t h e  r a n g e  e f f e c t  i n  te rm s o f  th e  

’’r e l a t i v e  v a lu e "  of  a t t e n d i n g  t o  t h e  c e n t r a l  s t i m u l i  i s  

s u g g e s t e d .
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The pu rpose  of  t h i s  r e s e a r c h  was t o  examine some of 

t h e  f a c t o r s  i n f l u e n c i n g  th e  a c c u ra c y  o f  a b s o l u t e  judgments 

of luminance  by p ig e o n s .

I n  t h e  method o f  a b s o l u t e  judgment (V/ever & Zener ,

1928) a l s o  kncwn as t h e  method of s i n g l e  s t i m u l i  (Woodworth 

& S c h lo s b e r g ,  1954, p .  217) ,  s u b j e c t s  a re  r e q u i r e d  to  i d e n ­

t i f y  s t i m u l i  v a ry in g  a lo ng  a s i n g l e  p h y s i c a l  d im ens ion  w i t h ­

ou t  r e f e r e n c e  t c  a compar ison  s t i m u l u s .  Much o f  t h e  e a r l y  

work in  i n f o r m a t i o n  t h e o r y  used  t h i s  p ro ce d u re  t o  d e te rm in e  

how many u n id im e n s io n a l  s t i m u l i  cou ld  be a c c u r a t e l y  i d e n t i ­

f i e d  by a human o b s e r v e r  and what  f a c t o r s  might  i n f l u e n c e  

t h i s  number. George M i l l e r  (1956) d e s c r i b e d  t h e  problem as  

f o l l o w s :

" I f  th e  human o b s e r v e r  i s  a r e a s o n a b l e  k ind  o f  
communication sy s te m ,  t h e n  when we i n c r e a s e  th e  
amount o f  in p u t  i n f o r m a t i o n  t h e  t r a n s m i t t e d  i n ­
f o r m a t io n  w i l l  i n c r e a s e  a t  f i r s t  and w i l l  even­
t u a l l y  l e v e l  o f f  a t  some a sy m p to t i c  v a l u e .  T h is  
a sy m p to t i c  v a lu e  we t a k e  to  be th e  c hann e l  c a p a c ­
i t y  of t h e  o b s e r v e r ;  i t  r e p r e s e n t s  t h e  g r e a t e s t  
amount o f  i n f o r m a t i o n  t h a t  he can g iv e  us abou t  
t h e  s t i m u l u s  on t h e  b a s i s  of an a b s o l u t e  judgment .
The channe l  c a p a c i t y  i s  t h e  up p e r  l i m i t  on t h e  
e x t e n t  t o  which t h e  o b s e r v e r  can match h i s  
r e s p o n s e s  t o  t h e  s t i m u l i  we g iv e  h im."  (p .  82)

Some examples o f  a t t e m p t s  t o  a s s e s s  human ch an ne l  c a p a c i t y

f o l lo w .

I n  1952, P o l l a c k  c a r r i e d  out  a s e r i e s  o f  e x p e r im e n ts  in  

which he had s u b j e c t s  i d e n t i f y  t o n e s  v a r y i n g  i n  f r e q u e n c y  

from 100 t o  8000 Hz by a s s i g n i n g  a number t o  each .  The num­

b e r  o f  t o n e s  and th e  p h y s i c a l  ran g e  over  which t h e y  ex tended  

v a r i e d  from exper im ent  t o  e x p e r im e n t ,  but  t h e  t o n e s  i n  each



e x p er im en t  were a lw ays  e q u i d i s t a n t  from one a n o th e r  i n  l o g a ­

r i t h m i c  s t e p s .  A f t e r  th e  s u b j e c t  made h i s  judgment ,  he was 

informed a s  t o  t h e  c o r r e c t  r e s p o n s e .  S u b j e c t s  could  p e r ­

f e c t l y  i d e n t i f y  two o r  t h r e e  t o n e s  and th e y  s t i l l  d id  q u i t e  

w e l l  w i th  fo u r  t o n e s .  F iv e  o r  more t o n e s  l e d  to  f r e q u e n t  

c o n f u s i o n ,  and f o u r t e e n  t o n e s  r e s u l t e d  i n  t h e  s u b j e c t s  

making many m is t a k e s ,  ' /hen t h e s e  r e s u l t s  were an a ly ze d  in  

t e r m s  of  t r a n s m i t t e d  i n f o r m a t i o n ,  t h e  channe l  c a p a c i t y  o f  

t h e  human o b s e r v e r  f o r  a b s o l u t e  judgments  o f  p i t c h  was found 

t o  be a bou t  s i x  e q u a l l y  l i k e l y  a l t e r n a t i v e s  o r  2 .5  bits'*".

The t o t a l  s t i m u l u s  ra n g e  i n  which any two s t i m u l i  

a p p e a r  has  been found  to  i n f l u e n c e  t h e  a c c u ra c y  of  i d e n t i ­

f i c a t i o n  o f  two s t i m u l i  w i t h i n  t h a t  r a n g e .  I t  i s  r e a s o n a b le  

t o  expec t  t h a t  a s  t h e  d i s t a n c e  between a d j a c e n t  s t i m u l i  i s  

i n c r e a s e d  s u b j e c t s  w i l l  c o n fu se  a d j a c e n t  s t i m u l i  l e s s  o f t e n .  

P o l l a c k ,  i n  h i s  1952 s t u d y ,  t e s t e d  t h i s  h y p o t h e s i s  under  two 

e x p e r im e n ta l  c o n d i t i o n s  each  u s i n g  e i g h t  t o n e s  e q u a l l y  

sp aced  on a l o g a r i t h m i c  ( l o g )  f r e q u e n c y  s c a l e .  In  one con­

d i t i o n  t h e  range o v e r  which t h e  s t i m u l i  v a r i e d  was 800 Hz 

and in  t h e  o th e r  8000 Hz. H o ld ing  t h e  lo w e s t  f r e q u e n c y  of 

t h e  s e r i e s  c o n s t a n t  a t  100 Hz, he v a r i e d  t h e  upper  l i m i t  of 

t h e  f r e q u e n c y  r a n g e .  He found o n ly  minimal  i n c r e a s e s  i n  th e  

ac c u ra c y  o f  judgments  d e s p i t e  t h i s  l a r g e  i n c r e a s e  i n  t h e  

p h y s i c a l  d i f f e r e n c e  between a d j a c e n t  s t i m u l i .  In  f a c t ,  i f

number o f  b i t s  = l o g 2 n ,  where n i s  t h e  number o f  e q u a l l y
l i k e l y  a l t e r n a t i v e s  or  c h o i c e s .



we e v a l u a t e  pe rfo rm ance  i n  te rm s  o f  p h y s i c a l  u n i t s  (Hz) ,  

i n c r e a s i n g  t h e  s e p a r a t i o n  between a d j a c e n t  s t i m u l i  l e a d s  

t o  p o o r e r  pe rfo rm ance  i n  t h a t  t h e  d i f f e r e n c e  t h r e s h o l d  

i s  g r e a t e r  u nd e r  t h e  " e a s i e r ” ( w i d e r - r a n g e ) c o n d i t i o n .

T h is  phenomenon has  come t o  be known as  t h e  ran g e  e f f e c t .

I n  a  su b s e q u e n t  s t u d y ,  P o l l a c k  (1953) began w i th  a 

s e r i e s  o f  n in e  t o n e s  e q u a l l y  spaced  l o g a r i t h m i c a l l y  ov e r  

a  100 t o  8000 Hz r a n g e .  He t h e n  i n c r e a s e d  t h e  i n p u t  i n f o r ­

m at ion  by a d d in g  on a s t i m u l u s  t o  each end o f  t h e  d i s p l a y .  

The new rang e  ex te n d ed  from 60 t o  16000 Hz and c o n s i s t e d  

o f  e l e v e n  s t i m u l i .  T h i s  i n c r e a s e  i n  i n p u t  i n f o r m a t i o n  

r e s u l t e d  i n  a v e r y  sm a l l  i n c r e a s e  i n  t r a n s m i t t e d  in fo rm a ­

t i o n .

I n  a s i m i l a r  e x p e r im e n t ,  Garner  (1953) v a r i e d  t h e  

l o u d n e s s  of  t o n e s  o v e r  a r a n g e  o f  15 t o  100 d3 SPL ( .0 00 2  

dynes/cm2 ) r e q u i r i n g  s u b j e c t s  t o  i d e n t i f y  6 , 5, 6 ,  7, 10 

and 20 d i f f e r e n t  i n t e n s i t i e s .  S u b j e c t s  were g iv en  p r a c t i c e  

s e s s i o n s  i n  which each  i n t e n s i t y  was i d e n t i f i e d  f o r  them 

u n t i l  t h e y  r e p o r t e d  t h a t  t h e y  b e l i e v e d  no f u r t h e r  improve­

ment would r e s u l t  from a d d i t i o n a l  p r a c t i c e .  He found t h a t  

t h e  human o b s e r v e r s ’ channe l  c a p a c i t y  f o r  l o u d n e s s  i s  abou t  

2 .3  b i t s  ( a p p r o x im a te ly  f i v e  p e r f e c t l y  d i s c r i m i n a b l e  c a t e ­

g o r i e s )  .

The low chan n e l  c a p a c i t y  o f  human o b s e r v e r s  i s  not  

l i m i t e d  t o  t h e  t r a n s m i s s i o n  o f  a u d i t o r y  i n f o r m a t i o n .  In



1955, B e e b e -C e n te r ,  Rogers and O 'C onne l l  a sked  s u b j e c t s  t o  

make judgments  c o n ce rn in g  t h e  c o n c e n t r a t i o n  o f  s a l t  i n  s o l u ­

t i o n s  u s i n g  3 , 5 , 9  and 17 d i f f e r e n t  c o n c e n t r a t i o n s  r a n g i n g  

i n  equal  s u b j e c t i v e  s t e p s  from .3 t o  3 4 .7  gm. NaCl p e r  100 

cc„ t a p  w a t e r .  They found t h a t  on ly  about  f o u r  d i s t i n c t  

c a t e g o r i e s  co u ld  be u t i l i z e d  a c c u r a t e l y ,  a ch anne l  c a p a c i t y  

o f  on ly  1 .9  b i t s .

M i l l e r  (1956) rev iewed  t h e  work on a b s o l u t e  judgments  

o f  u n id im e n s io n a l  s t i m u l i  done p r i o r  t o  t h a t  t im e  and con­

c lud ed  :

’’There  seems t o  be some l i m i t a t i o n  b u i l t  i n t o  us 
e i t h e r  by l e a r n i n g  o r  by th e  d e s i g n  of  o u r  ne rvous  
s y s te m s ,  a l i m i t  t h a t  keeps  our  channe l  c a p a c i t y  
i n  t h i s  g e n e r a l  r a n g e .  On th e  b a s i s  o f  t h e  p r e s ­
e n t  e v id e n ce  i t  seems s a f e  t o  say  t h a t  we p o s s e s s  
a f i n i t e  and r a t h e r  sm a l l  c a p a c i t y  f o r  making such 
u n id im e n s io n a l  judgments  and t h a t  t h i s  c a p a c i t y  
does  n o t  v a r y  a g r e a t  d e a l  from one s im p le  s e n s o r y  
a t t r i b u t e  t o  a n o t h e r . ” (p .  86)

S ince  t h e n ,  s u b s t a n t i a l  work has  been  d on e ,  b u t  most  of  t h e  

q u e s t i o n s  r a i s e d  i n  t h e  1 9 5 0 ' s rem ain  unanswered .

R e c e n t ly  s i g n a l  d e t e c t i o n  t h e o r y  (SDT) h as  been used  

t o  i n v e s t i g a t e  human perfo rm ance  on a b s o l u t e  judgment t a s k s .  

T h is  approach  has t h e  ad v an tag e  o f  e n a b l in g  i n v e s t i g a t o r s  

t o  e v a l u a t e  pe rfo rm ance  i n  te rm s  o f  two s e t s  o f  p r o c e s s e s :  

(1)  s e n s o r y  p r o c e s s e s  which d e a l  w i t h  t h e  r e p r e s e n t a t i o n  o f  

s t i m u l i  w i t h i n  t h e  p e r c e p t u a l  sys tem ;  and (2)  d e c i s i o n  p r o c ­

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

e v e n t s .  The t h e o r y  assumes t h a t  s e n s o r y  p r o c e s s e s  f l u c t u a t e



5.

randomly and t h u s  a r e  b e s t  r e p r e s e n t e d  by d i s t r i b u t i o n s  

r a t h e r  t h a n  a s  d i s c r e t e  e v e n t s  o r  p o i n t s  on a s e n s o r y  con­

t inuum .  I t  has been assumed t h a t  one o r  more c r i t e r i a  a r e  

used  i n  t h e  d e c i s i o n  s t a g e  to  p a r t i t i o n  t h e  s e n s o r y  c o n t i n u ­

um i n t o  two o r  more r e g i o n s  c o r r e s p o n d in g  t o  t h e  r e s p o n s e  

c a t e g o r i e s .

For example ,  a s u b j e c t  may be r e q u i r e d  t,o d i s c r i m i n a t e  

between t h o s e  t r i a l s  on which a n e a r - t h r e s h o l d  s t i m u l u s  i s  

p r e s e n t e d  and t r i a l s  on which i t  i s  a b s e n t .  T h is  s i t u a t i o n  

can be r e p r e s e n t e d  by two normal d i s t r i b u t i o n s  a s  i l l u s ­

t r a t e d  in  F i g u r e  l a .  The momentary f l u c t u a t i o n s  o f  n o i s e  

w i t h i n  t h e  s e n s o r y  sys tem  may be r e p r e s e n t e d  by t h e  l e f t -  

hand d i s t r i b u t i o n .  The r i g h t - h a n d  d i s t r i b u t i o n  i s  F ig u re  

l a  r e p r e s e n t s  t h e  e f f e c t s  a t t r i b u t e d  t o  t h e  s i g n a l  p l u s  t h e  

n o i s e .  In  t h i s  i l l u s t r a t i o n  th e  d i s t r i b u t i o n s  o v e r l a p .

S ince  t h e  i d e n t i c a l  s e n s o r y  e f f e c t  may be p roduced  by e i t h e r  

e v e n t ,  some e r r o r s  a r e  i n e v i t a b l e .  E r r o r s ,  however,  may be 

minimized by s e t t i n g  a c r i t e r i o n  (C) midway between t h e  two 

d i s t r i b u t i o n s  a s  shown in  F ig u r e  l a .  The s u b j e c t ’ s d e c i s i o n  

r u l e  i s  t o  say  a s i g n a l  was p r e s e n t e d  whenever t h e  s e n s o r y  

e f f e c t  exceeds  h i s  c r i t e r i o n  ( f a l l s  t o  t h e  r i g h t  o f  i t ) .

Such a r e s p o n s e  i s  c o r r e c t ,  a h i t , when t h e  s i g n a l  i s  p r e ­

s e n t e d .  However, t h e  s e n s o r y  e f f e c t  produced by n o i s e  

a lo n e  w i l l  a l s o  on some t r i a l s  exceed t h e  c r i t e r i o n .  In  

t h i s  case  t h e  s u b j e c t  w i l l  r e sp o n d  "y es"  when a s i g n a l  i s



F i g u r e  1 .  Schem atic  r e p r e s e n t a t i o n  o f  t h e  d e c i s i o n  

problem.
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no t  p r e s e n t e d ,  i . e . ,  a f a l s e  a l a r m . The d e c i s i o n  t h a t  

n o i s e  a lo n e  o c c u r r e d ,  a "no" r e s p o n s e ,  i s  made when t h e  

s e n s o r y  e f f e c t  f a l l s  below ( to  t h e  l e f t  o f )  t h e  c r i t e r i o n .

A "no" r e sp o n se  when t h e  s t i m u l u s  has n o t  been  p r e s e n te d  

i s  c a l l e d  a c o r r e c t  r e j e c t i o n ; a "no" r e s p o n s e  when t h e  

s t i m u l u s  has been p r e s e n t e d  i s  c a l l e d  a m i s s .

The s u b j e c t  may be induced  to  s h i f t  h i s  c r i t e r i o n  by 

a l t e r i n g  t h e  consequences  of  h i 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  ( th e  p a y o f f  m a t r i x ) , by changing  t h e  p r o b a b i l i t y  

o f  t h e  s t im u lu s  o c c u r r i n g  ( e . g . ,  from 50?o t o  2 5 or  75/a), 

o r  s im p ly  by i n s t r u c t i n g  him t o  av o id  making f a l s e  a la rm s  

o r  a l t e r n a t e l y  t h a t  he n o t  m i s s .  For example ( see  F ig u re  

l b ) ,  a s u b j e c t  may minimize  h i s  f a l s e  a la rm s  by s h i f t i n g  

h i s  c r i t e r i o n  from i t s  o r i g i n a l  p o s i t i o n  (C2) t o  t h e  r i g h t  

(C3) .  T h i s ,  however, would a l s o  r e s u l t  i n  few er  h i t s .  A 

s u b j e c t  may minimize h i s  m is se s  by s h i f t i n g  h i s  c r i t e r i o n  

t o  th e  l e f t  ( C l ) .  At each  of  t h e s e  c r i t e r i a  we can obse rve  

t h e  p r o p o r t i o n  o f  h i t s  to  t h a t  o f  f a l s e  a l a r m s ,  and t h e s e  

o b s e r v a t i o n s  can be p l o t t e d  on a  g raph  on which th e  o r d i ­

n a t e  r e p r e s e n t s  t h e  p r o p o r t i o n  o f  h i t s  and t h e  a b c i s s a  th e  

p r o p o r t i o n  o f  f a l s e  a l a r m s .  The f u n c t i o n  t h u s  produced i s  

known as th e  R e c e iv e r  O p e r a t in g  C h a r a c t e r i s t i c  (ROC) cu rv e .

SDT g iv e s  us  a measure of s e n s i t i v i t y ,  d '  which i s  i n ­

dependent  o f  t h e  p o s i t i o n  of  t h e  s u b j e c t ’ s c r i t e r i o n .  The 

d ’ measure i s  t h e  d i s t a n c e  between t h e  means o f  the  two 

normal d i s t r i b u t i o n s  d i v id e d  by t h e i r  common s t a n d a r d  d e v i -
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a t i o n  ( s e e  F ig u r e  l c ) .  Thus t h e  s m a l l e r  t h e  s t a n d a r d  d e v i ­

a t i o n ,  o r  t h e  g r e a t e r  t h e  d i f f e r e n c e  between t h e  means,  t h e  

h i g h e r  w i l l  be d ' . I f  t h e  d i s t r i b u t i o n s  a r e  assumed t o  be 

normal and o r  e q u a l  v a r i a n c e ,  d ’ may be o b ta in e d  from t a b l e s  

o f  th e  a r e a  und e r  th e  normal cu rve  f o r  any p a i r  o f  h i t s  and 

f a l s e  a l a r m s ,  an d ,  of  c o u r s e ,  from t h e  ROC curve  which r e p ­

r e s e n t s  a number o f  such p a i r s  (Green & Swets ,  19 66 ) .  Even 

i f  th e  a s su m p t io n  o f  e q u a l  v a r i a n c e  cannot  be made, a l t e r ­

n a t e  m easures  o f  s e n s i t i v i t y  may be o b t a i n e d  from such d a t a  

(Green & Swets ,  1966; Simpson & F i t t e r ,  1973)*

S u b j e c t s  can r a t e  t h e  c o n f id e n c e  they  have in  t h e i r  

judgments t h a t  t h e  s t i m u l u s  was p r e s e n t  o r  a b s e n t  on each 

t r i a l .  Each c o n f id e n c e  r a t i n g  may be viewed a s  bounded by 

s i m u l t a n e o u s ly  h e l d  c r i t e r i a  such  as  t h o s e  shown in  F ig u re  

l b .  I f  C l ,  C2 and C3 i n  F ig u r e  l b  a r e  r e g a rd e d  a s  s im u l ­

t a n e o u s l y  h e ld  c r i t e r i a  f o r  f o u r  r a t i n g s  o f  c e r t a i n t y  (4 

i n d i c a t i n g  t h e  g r e a t e s t  c e r t a i n t y  of p r e s e n t a t i o n  o f  th e  

s i g n a l  and 1 i n d i c a t i n g  t h e  g r e a t e s t  c e r t a i n t y  o f  non­

p r e s e n t a t i o n )  t h e n  p o i n t s  on an ROC cu rve  may be o b t a i n e d  

by combining r e s p o n s e  c a t e g o r i e s  a s  f o l lo w s :  The d a t a

r e s u l t i n g  from t h e  s u b j e c t ' s  c e r t a i n t y  r a t i n g s  can be de­

s c r i b e d  i n  te rm s  o f  th e  p r o b a b i l i t y  o f  h i s  r e s p o n d in g  "4" 

( h i t  and f a l s e  a la rm  r a t e s  a r e  o b t a i n e d  f o r  t h i s  " h ig h  c r i ­

t e r i o n " ) ,  t h e  p r o b a b i l i t y  o f  h i s  r e s p o n d in g  e i t h e r  "3" or  

"4" ( h i t  and f a l s e  a la rm  r a t e s  a r e  o b t a in e d  f o r  t h i s  

" s l i g h t l y  low er  c r i t e r i o n " ) ,  and so on .  As each s u c c e s s i v e
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c a t e g o r y  i s  added,  t h e  p r o b a b i l i t y  of bo th  h i t s  and f a l s e  

a la rm s  r i s e s  t h u s  g e n e r a t i n g  a ROC cu rve  from which d f may 

be o b t a i n e d .

An a d a p t a t i o n  o f  t h i s  r a t i n g  s c a l e  method o f  o b t a i n i n g  

d * , r e f e r r e d  t o  a s  th e  ROC method, has  been a p p l i e d  t o  d a t a  

o b t a i n e d  i n  a b s o l u t e  judgment t a s k s  (D ur lach  & B r a id a ,  1969; 

Cuddy, 1970; S h i p l e y ,  19 7 0 ) .  Here th e  s u b j e c t  i s  u s u a l l y  

r e q u i r e d  t o  i d e n t i f y  two o r  more s t i m u l i  by number. I n  th e  

s i m p l e s t  c a se  t h e r e  a r e  an equa l  number o f  s t i m u l u s  and 

r e s p o n s e  c a t e g o r i e s  (R) .  T h is  i s  i l l u s t r a t e d  f o r  f o u r  

s t i m u l i  and f o u r  r e s p o n s e s  i n  F i g u r e  I d .  The number o f  

s i m u l t a n e o u s l y  h e ld  c r i t e r i a  i s  eq u a l  t o  t h e  number o f  

r e s p o n s e  c a t e g o r i e s  minus 1 .  For  any p a i r  o f  s t i m u l i ,  d ’ 

may be o b t a i n e d  by t r e a t i n g  t h e  r e s p o n s e s  made i n  t h e  

p r e s e n c e  o f  t h e s e  s t i m u l i  e x a c t l y  a s  d e s c r i b e d  above .  In  

t h i s  c a s e ,  however, t h e  numbers used  by th e  s u b j e c t  a r e  not  

c o n f i d e n c e  r a t i n g s  b u t  r e p r e s e n t  a t t e m p t s  t o  i d e n t i f y  each 

s t i m u l u s  c o r r e c t l y .

A second  but  s i m i l a r  measure  o f  s e n s i t i v i t y  which has 

been a p p l i e d  t o  a b s o l u t e  judgment d a t a  ( G r a v e t e r  & Lockhead, 

1973) i s  based  on T h u r s t o n e ’ s method o f  c a t e g o r y  s c a l i n g  a s  

e x te n d ed  by T o rg e r so n  (1956) and w i l l  h e n c e f o r t h  be r e f e r r e d  

t o  a s  t h e  T h u r s t o n i a n  m ethod . Using t h i s  p r o c e d u r e ,  d a t a  

a r e  t r e a t e d  a s  one would t h o s e  o b t a i n e d  u s in g  t h e  method of  

c o n s t a n t  s t i m u l i .  A p sy c h o m e t r ic  f u n c t i o n  may be drawn f o r  

R1 v s .  a l l  r em a in in g  r e s p o n s e s ,  R1 + R2 v s .  t h e  r e m a in in g  

r e s p o n s e s ,  and f o r  R1 + R2 + R3 v s .  R4. I n s t e a d  o f  o b t a i n -



11.

i ng  d ’ d i r e c t l y  f o r  a  p a i r  o f  s t i m u l i ,  t h e  s t a n d a r d  d e v i a ­

t i o n  (SD) o f  t h e  p sy c h o m e t r ic  f u n c t i o n  i s  o b t a i n e d .  To 

o b t a i n  d ’ f o r  t h e  p a i r  o f  s t i m u l i  t h e  d i f f e r e n c e  between 

t h e  two s t i m u l i  i s  d i v i d e d  by 3D. The p o i n t  o f  s u b j e c t i v e  

e q u a l i t y  f o r  each  o f  t h e  p sy c h o m et r ic  f u n c t i o n s  may be 

t a k e n  as  an  e s t i m a t e  o f  t h e  c a t e g o r y  boundary  o r  c r i t e r i o n  

p o s i t i o n  ( G r a v e t t e r  & Lockhead, 1973; Woodworth & S c h l o s -  

b e r g ,  1954,  pp.  217-21 8 ) .

Both p r o c e d u r e s  assume t h a t  t h e  u n d e r l y i n g  d i s t r i b u ­

t i o n s  a r e  normal and o f  e q u a l  v a r i a n c e .  I f  t h e s e  assump­

t i o n s  a re  met and t h e  c r i t e r i a  a r e  p l a c e d  midway between 

t h e  means o f  th e  a d j a c e n t  s t i m u l u s  d i s t r i b u t i o n s ,  b o th  

methods y i e l d  i d e n t i c a l  e s t i m a t e s  o f  d ’ . Lee (1969) has 

p o i n t e d  ou t  t h e  s i m i l a r i t y  be tween s i g n a l  d e t e c t i o n ’ s ROC 

cu rve  and th e  cu rve  o b t a i n e d  u s in g  T h u r s t o n e ' s  c a t e g o r y  

s c a l i n g  method. A f u l l  d e s c r i p t i o n  o f  t h e  ROC method and 

t h e  T h u r s t o n ia n  method d e s c r i b e d  above d e m o n s t r a t i n g  t h e i r  

l o g i c a l  e q u iv a l e n c e  a p p e a r s  i n  Appendix A.

I n t e r e s t i n g l y  enough, w h i l e  a major  c o n t r i b u t i o n  o f  

SDT i s  i t s  r e c o g n i t i o n  o f  t h e  f a c t  t h a t  c r i t e r i o n  p o s i t i o n  

i s  s e n s i t i v e  t o  changes  i n  t h e  p a y o f f  m a t r i x  and t h e  a 

p r i o r i  p r o b a b i l i t y  o f  s i g n a l  p r e s e n t a t i o n ,  i t  i s  g e n e r a l l y  

assumed t h a t  t h e  c r i t e r i o n  rem a in s  f i x e d  i n  an a p p r o p r i a t e  

p o s i t i o n .  I f ,  however ,  c r i t e r i a  v a ry  from moment t o  moment, 

as  w e l l  a s  from c o n d i t i o n  t o  c o n d i t i o n ,  d ’ w i l l  be d e c r e a s e d .  

T h is  i s  t r u e  s i n c e  a  s u b j e c t ’s r e s p o n s e  on any g iv e n  t r i a l  

i s  d e te rm in e d  by b o th  t h e  s p e c i f i c  s e n s o r y  e f f e c t  and t h e
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momentary p lacem ent  o f  t h e  c r i t e r i o n  on t h e  s e n s o r y  e f f e c t  

a x i s .  I n  t h e  past ,  momentary changes  i n  c r i t e r i o n  p o s i t i o n  

were t r e a t e d  a s  m ere ly  a minor so u rc e  o f  n o i s e  which could  

be added t o  t h e  n o i s e  i n  t h e  s e n s o r y  s t a g e  w i t h o u t  s e r i o u s l y  

d i s t o r t i n g  t h e  m easures  o f  s e n s i t i v i t y  t o  s t i m u l u s  d i f f e r ­

en ces  (McNicol,  1975)* More r e c e n t l y  changes  i n  d* i n  s i t u ­

a t i o n s  i n  which s t i m u l i  rem ain  unchanged have been a t t r i b ­

u t e d  t o  changes  i n  c r i t e r i o n  p o s i t i o n  and such changes have 

become a t o p i c  o f  i n t e r e s t  t o  t h o s e  i n v e s t i g a t i n g  t h e  o p e r ­

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

F a c t o r s  such as  (1) t h e  p h y s i c a l  ran g e  o v e r  which t h e  

s t i m u l i  a r e  d i s t r i b u t e d ,  (2) t h e  number o f  c r i t e r i a  t h a t  

must  be h e ld  s i m u l t a n e o u s l y  by t h e  s u b j e c t ,  and (3)  t h e  

p r e c e d i n g  s t i m u l i  and f e e d b ac k  have been shown t o  i n f l u e n c e  

d ’ . A number o f  i n v e s t i g a t o r s  have s u g g e s t e d  t h a t  t h e s e  

changes  i n  s e n s i t i v i t y  r e f l e c t  changes  i n  c r i t e r i o n  v a r i a ­

b i l i t y .  Some r e l e v a n t  s t u d i e s  w i l l  be r ev iew ed  below.

1 .  P h y s i c a l  r a n g e . As c l e a r l y  d e m o n s t r a te d  by P o l l a c k  

(1952, 1 9 5 3 ) ,  t h e  t o t a l  s t i m u l u s  ran g e  i n  which any two 

s t i m u l i  a p p e a r  can i n f l u e n c e  t h e  d i s c r i m i n a b i l i t y  o f  t h e  

two s t i m u l i .  As ra n g e  i n c r e a s e s ,  d i s c r i m i n a b i l i t y  d e c r e a s e s .  

T h is  i n v e r s e  r e l a t i o n s h i p  between r a n g e  and d i s c r i m i n a b i l i t y  

has  mere r e c e n t l y  been o b se rv ed  by G r a v e t t e r  and Lockhead 

(1 9 7 3 ) .  They had two groups  o f  human s u b j e c t s  make a b s o l u t e  

judgments  o f  t h e  l o u d n e s s  o f  t h r e e  1000 Hz, 0 .5  second t o n e s  

u nd e r  t h r e e  c o n d i t i o n s .  The c o n d i t i o n s  v a r i e d  th e  p h y s i c a l  

ra n g e  i n  dB o f  t h e  s t i m u l i  by s e p a r a t i n g  e i t h e r  t h e  lo w e s t



o r  t h e  h i g h e s t  of  t h e  s t i m u l i  from t h e  o t h e r  two by 1 ,  3» 

o r  7 dB. As in  t h e  p r e v i o u s l y  r e p o r t e d  ra n g e  e x p e r im e n t s ,  

t h e  d i s c r i m i n a b i l i t y  of t h e  two unchanged s t i m u l i  d e t e r i o ­

r a t e d  w i th  expanded r a n g e .  They concluded  t h a t  t h e  range  

o ve r  which t h e  c i r t e r i a  a r e  s p re a d  and r e s p o n se  v a r i a b i l i t y  

a r e  p o s i t i v e l y  r e l a t e d .  They s u g g e s t e d  t h a t  t h e s e  f i n d i n g s  

a r e  due t o  t h e  human o b s e r v e r  f u n c t i o n i n g  much i n  t h e  manner 

of  a p h y s i c a l  m easur ing  d e v ic e  such a s  a v o l t m e t e r  w i th  t h e  

s c a l e  on which t h e  i n s t r u m e n t  i s  s e t  d e te r m in in g  th e  p r e c i ­

s i o n  o f  t h e  r e a d i n g .  Expanding th e  ran g e  t o  which th e  sub ­

j e c t  must a t t e n d  i s  an a logous  t o  s e t t i n g  t h e  v o l t m e t e r  t o  a 

l a r g e r  s c a l e ;  bo th  r e s u l t  i n  p o o r e r  r e s o l u t i o n .  While t h i s  

a n a lo g y  i s  n o t  u n r e a s o n a b l e ,  i t  does l i t t l e  to  e x p l a i n  how 

ran g e  e x e r t s  i t s  e f f e c t .

I n  1969, D urlach  and 3 r a i d a  a l s o  p o s t u l a t e d  a v a r i a n c e  

component p r o p o r t i o n a l  to  s t i m u l u s  ra n g e  t o  e x p l a i n  t h e  

ran g e  e f f e c t .  Accord ing  to  t h e i r  model, n o i s e  i n  s t i m u l u s  

i d e n t i f i c a t i o n  ( a b s o l u t e  judgment)  e x p e r im e n t s  a r i s e s  from 

two s o u r c e s :  s e n s a t i o n  n o i s e  and memory n o i s e . S e n s a t io n

n o i s e  i s  t h a t  n o i s e  n o t  a t t r i b u t a b l e  t o  memory. K om ent- to -  

mornent v a r i a t i o n  w i t h i n  t h e  s e n s o r y  sys tem  i t s e l f  and in  

t h e  s t i m u l u s  a s  p r e s e n t e d  a r e  examples of  s e n s a t i o n  n o i s e .  

S e n s a t io n  n o i s e  i s  c o n s id e r e d  t o  be p r i m a r i l y  r e s p o n s i b l e  

f o r  e r r o r s  i n  e x p e r im e n ts  r e q u i r i n g  d i s c r i m i n a t i o n  o f  two 

s t i m u l i  s e p a r a t e d  by r e l a t i v e l y  s h o r t  p e r i o d s  o f  t im e .

Memory n o i s e  i s  c o n s id e r e d  to  be p r i m a r i l y  r e s p o n s i b l e  f o r  

e r r o r s  i n  e x p e r im e n ts  r e q u i r i n g  t h e  i d e n t i f i c a t i o n  of  many



s t i m u l i .  D ur lach  and B r a i d a ’ s model f u r t h e r  assumes two 

t y p e s  o f  memory n o i s e :  s e n s o r y - t r a c e  n o i s e  and c o n t e x t -

coding  n o i s e .  In  t h e  s e n s o r y - t r a c e  mode th e  s u b j e c t  

" r e h e a r s e s ” t h e  s e n s o r y  e x p e r i e n c e  i n  an a t t en .p t  to  main­

t a i n  t h e  image o r  t r a c e  o f  th e  s e n s a t i o n .  Noise in  t h i s  

mode w i l l  a r i s e  from i n t e r f e r e n c e  and t h e  ten d e n cy  o f  th e  

t r a c e  t o  wander ov e r  a p e r i o d  o f  t im e .  In  t h e  c o n t e x t -  

cod in g  node ,  D ur lach  and B ra ida  assume t h a t  " th e  s u b j e c t  

a t t e m p t s  t o  compare t h e  s e n s a t i o n  w i th  t h e  g e n e r a l  c o n te x t  

o f  sounds in  t h e  e x p e r im e n t ,  and to  remember an im p r e c i s e  

v e r b a l  r e p r e s e n t a t i o n  o f  t h i s  co m p a r iso n ."  Noise  in  t h e  

c o n t e x t - c o d i n g  mode i s  assumed t o  be in d ep e n d en t  o f  t im e ;  

t h e  s u b j e c t  makes h i s  comparison im m ed ia te ly  f o l l o w i n g  th e  

s e n s a t i o n  and v e r b a l l y  encodes  and p e r f e c t l y  remembers t h a t  

which he h as  encoded.  The w id th  o f  t h e  c o n te x t  i s  c o n s i d ­

e re d  t o  l e a d  t o  g r e a t e r  n o i s e  and t h i s  w id th  i s  de te rm in e d  

by t h e  t o t a l  s t i m u l u s  r a n g e .  As th e  ra n g e  i s  i n c r e a s e d  and 

t h e  number o f  s t i m u l i  he ld  c o n s t a n t ,  s e n s o r y - t r a c e  n o i s e  

r em a in s  c o n s t a n t  w h i l e  c o n t e x t - c o d i n g  n o i s e  i n c r e a s e s .  Thus 

i n c r e a s i n g  rang e  r e s u l t s  i n  an i n c r e a s e  i n  th e  p r o p o r t i o n  o f  

n o i s e  from t h e  c o n t e x t - c o d i n g  mode which c o u n te r s  t h e  i n ­

c r e a s e  i n  r e s o l u t i o n  which would be ex pec te d  due t o  t h e  i n ­

c r e a s e d  p h y s i c a l  s e p a r a t i o n  o f  t h e  s t i m u l i .  The q u e s t i o n  o f  

p r e c i s e l y  how i n c r e a s e d  ran ge  i n c r e a s e s  c o n t e x t - c o d i n g  n o i s e  

r em a in s  unanswered .



15.

2.  Number o f  c r i t e r i a  r e q u i r e d . I t  has  a l s o  been 

s u g g e s te d  t h a t  r e q u i r i n g  a s u b j e c t  t o  h o ld  more t h a n  one 

c r i t e r i o n  s i m u l t a n e o u s ly  may l e a d  t o  an i n c r e a s e  i n  c r i ­

t e r i o n  v a r i a b i l i t y  and a c o r r e s p o n d in g  d e c r e a s e  i n  d* 

(Nachmias, 1968; S h ip l e y ,  1970; W ic k e lg re n ,  196 8 ) .

W ickelg ren  (1968) p r e s e n t e d  an e x t e n s i v e  t h e o r e t i c a l  

e x p l a n a t i o n  o f  how c r i t e r i o n  v a r i a b i l i t y  can be i n f e r r e d .

In  s h o r t ,  i f  two d i f f e r e n t  methods which r e q u i r e  a d i f f e r ­

e n t  number o f  c r i t e r i a  t o  be h e ld  y i e l d  d a t a  i n d i c a t i n g  

d i f f e r e n t  d ’ v a lu e s  d e s p i t e  t h e  f a c t  t h a t  s t i m u l u s  v a lu e s  

have been c o n s t a n t  and,  t h e r e f o r e ,  have had c o n s t a n t  v a r i ­

ances  as w e l l ,  t h i s  d i f f e r e n c e  i n  d ’ t e l l s  us t h a t  th e  d a t a  

y i e l d i n g  t h e  lower d ’ r e f l e c t  g r e a t e r  c r i t e r i o n  v a r i a n c e .  

W ickelg ren  (1968) c i t e s  s e v e r a l  e x p e r im e n t s  i n  which r e ­

q u i r i n g  s u b j e c t s  t o  use  a l a r g e r  number o f  r e s p o n s e  c a t e ­

g o r i e s  r e s u l t e d  i n  more v a r i a b l e  c r i t e r i a .

Nachmias (19 6 8 ) ,  however,  d id  n o t  f i n d  an i n c r e a s e  i n  

c r i t e r i o n  v a r i a b i l i t y  when he r e q u i r e d  s u b j e c t s  g iv e n  a 

v i s u a l  d e t e c t i o n  t a s k  t o  ho ld  t h r e e  c r i t e r i a  a s  compared 

t o  h a v in g  them h o ld  on ly  one c r i t e r i o n .  However, he 

s t r e s s e d  t h a t  the  sm a l l  number o f  s im u l t a n e o u s  c r i t e r i a ,  

t h e  narrow ran ge  o f  p r e s e n t a t i o n  p r o b a b i l i t i e s  ( . 2 5  t o  .75),  

t h e  narrow rang e  o f  d e t e c t a b i l i t y  o f  s i g n a l s  (d* ranged  from 

.6  t o  2 .0 )  and t h e  p e rm is s iv e  n a t u r e  o f  h i s  i n s t r u c t i o n s  t o  

s u b j e c t s  may l i m i t  t h e  g e n e r a l i z a b i l i t y  of  h i s  r e s u l t s .



S h ip le y  (1970) r e q u i r e d  s u b j e c t s  t o  u se  t h r e e ,  f i v e ,  

and n in e  r e s p o n s e  c a t e g o r i e s  and t h u s  t o  s e t  up two, f o u r ,  

and e i g h t  c r i t e r i a .  On an a u d i t o r y  t a s k  r e q u i r i n g  s u b j e c t s  

t o  make a b s o l u t e  judgments  o f  t h e  lo u d n e s s  of 1000 Hz t o n e s  

w i th o u t  f e e d b a c k ,  she found t h a t  an i n c r e a s e  i n  t h e  number 

o f  p o s s i b l e  r e s p o n s e s  l e d  to  a c l e a r  d e c r e a s e  i n  s e n s i t i v ­

i t y .

3 .  P re c e d in g  s t i m u l i  and f e e d b a c k . O ther  f a c t o r s  

which can i n f l u e n c e  c h o ic e  perfo rm ance  on an a b s o l u t e  

judgment t a s k  a r e  t h e  sequence  o f  s t i m u l i  and r e s p o n s e s  

p re c e d in g  a s p e c i f i c  t r i a l  a s  w e l l  as  t h e  p r e s e n c e  or a b ­

sen ce  o f  feed back  as  t o  t h e  c o r r e c t  r e s p o n s e .  Garner  

( 1 9 5 3 ) i i n  th e  a b s o l u t e - j u d g m e n t - o f - l o u d n e s s  s t u d y  de­

s c r i b e d  above,  t e s t e d  s u b j e c t s  w i th o u t  f e e d b ac k  a f t e r  

t r a i n i n g  them w i t h  f e e d b a c k .  He found t h a t  t h e r e  was a 

t e n d e n cy  f o r  s u b j e c t s  t o  g iv e  a h i g h e r  r a t i n g  t o  s t i m u l i  

when t h e  p r e v i o u s  s t i m u l u s  was h i g h e r  t h a n  th e  one c u r ­

r e n t l y  b e in g  judged  and a lower  r a t i n g  when th e  p r e c e d in g  

s t i m u l u s  was l o w e r .  This  phenomenon has  been c a l l e d  

a s s i m i l a t i o n . The a s s i m i l a t i o n  e f f e c t  G arner  (1953) ob­

s e r v e d ,  however , was b a r e l y  d i s c e r n a b l e  when s i x  o r  few er  

s t i m u l i  were u s e d ,  a l t h o u g h  v i s i b l e  when t h e  number of 

c a t e g o r i e s  approached  h i s  u p p e r  l i m i t  o f  tw e n ty .

Speeth and Mathews (1961) found ev id en ce  o f  s e q u e n t i a l  

d ep en d e n c ie s  i n  a  f o r c e d - c h o i c e  s i g n a l  d e t e c t i o n  exper im en t
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i n  which f o u r  s u b j e c t s  were r e q u i r e d  t o  judge  in  which o f  

f o u r  t e m p o ra l  i n t e r v a l s  ( s i g n a l e d  by l i g h t s )  a 1000 Hz 

s t i m u l u s  was p r e s e n t e d .  I n t e n s i t i e s  o f  t h e  tone  were 

v a r i e d  o v e r  c o n d i t i o n s .  They used  an i n t e r t r i a l  i n t e r v a l  

o f  f i v e  seconds  and feed b ac k  supplem ented  by m onetary  r e ­

ward f o r  c o r r e c t  i d e n t i f i c a t i o n  o f  t h e  s i g n a l .  They found 

s e q u e n t i a l  d e p e n d e n c ie s  e x t e n d in g  a s  f a r  a s  t h r e e  o r  f o u r  

t r i a l s  back w i th  many i n d i v i d u a l  d i f f e r e n c e s  i n  t h e  form, 

o f  t h e s e  d e p e n d e n c i e s .  The m agni tude  o f  t h e  s e q u e n t i a l  

e f f e c t s  d e c r e a s e d  a s  t h e  s i g n a l  l e v e l  and ,  t h e r e f o r e ,  i t s  

d i s c r i m i n a b i l i t y  i n c r e a s e d .  Thus, i t  a p p e a r s  t h a t  se q u en ­

t i a l  e f f e c t s  a r e  more l i k e l y  t o  be found when n e a r - t h r e s h o l d  

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

H o l land  and Lockhead (1968) i n v e s t i g a t e d  s e q u e n t i a l  

e f f e c t s  i n  a b s o l u t e  judgments  o f  t e n ,  0 .5  secon d ,  1200 Hz 

t o n e s  v a r y i n g  i n  l o u d n e s s  o v e r  a ran g e  of  25 d3.  S u b j e c t s  

i n i t i a t e d  s t i m u l u s  p r e s e n t a t i o n  and a lw ays  r e c e i v e d  f e e d ­

back .  They found  c o n s i s t e n t  s e q u e n t i a l  d e p e n d e n c ie s  o f  

two t y p e s  a s  a f u n c t i o n  o f  t h e  p r e c e d in g  s t i m u l i .  The 

f i r s t  t y p e ,  a s s i m i l a t i o n ,  r e f e r s  t o  the  t e n d e n cy  o f  a r e ­

sponse  on a g iv e n  t r i a l  (N) to  v a ry  d i r e c t l y  w i th  th e  

s t i m u l u s  on th e  im m ed ia te ly  p r e c e d i n g  t r i a l  ( N - l ) .  The 

second t y p e ,  c o n t r a s t , r e f e r s  t o  t h e  t e n d e n cy  f o r  t h o s e  

s t i m u l i  two o r  more s t e p s  back ( e i g h t  i n  t h i s  s t u d y ,  t r i a l s  

N-2 th ro u g h  N-8) t o  i n v e r s e l y  a f f e c t  t h e  r e s p o n s e  on t r i a l  

N w i th  t h e  m agni tude  o f  t h e  e f f e c t  b e in g  g r e a t e r  f o r  th e  

more r e c e n t  s t i m u l i .
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Ward and Lockhead (1970) found t h a t  t h e  e l i m i n a t i o n  o f  

feedback  r e s u l t e d  in  a d e c r e a s e  i n  s e q u e n t i a l  e f f e c t s  i n  a 

s tu d y  v e ry  s i m i l a r  t o  H o l lan d  and Lockhead (196 8 ) .  They 

r e q u i r e d  s u b j e c t s  t o  judge  t e n  l o u d n e s s  l e v e l s  c e n t e r e d  

a round a p p ro x im a te ly  60 dB SPL w i th  a d j a c e n t  s t i m u l i  s e p ­

a r a t e d  by 1 dB and a t o t a l  r a n g e  o f  9 dB. They added a 

c o n d i t i o n  und e r  which no feed back  a s  t o  t h e  a c c u ra c y  o f  t h e  

r e s p o n s e  was g iven  and used  a 3*5 second i n t e r t r i a l  i n t e r ­

v a l .  In  t h e i r  feed b ack  c o n d i t i o n  th e y  found b o th  a s s i m i ­

l a t i o n  t o  th e  s t i m u l u s  im m e d ia te ly  p r e c e d i n g  a g iv en  t r i a l  

and c o n t r a s t  t o  s t i m u l i  a s  f a r  a s  f i v e  t r i a l s  back .  Without  

f eedback  t h e  a s s i m i l a t i o n  e f f e c t  was s t i l l  c l e a r l y  p r e s e n t  

b u t  t o  a l e s s e r  e x t e n t ;  c o n t r a s t  was n o t  e v id e n t  t h r e e  

t r i a l s  p r i o r  t o  a r e s p o n s e .  I f ,  a s  Ward and Lockhead su g ­

g e s t ,  ex treme s t i m u l i  e x e r t  a g r e a t e r  i n f l u e n c e  on s u b s e ­

q uen t  judgments  th an  do l e s s  ex trem e s t i m u l i ,  t h e n  t h e  

p r e s e n c e  o f  such  extreme s t i m u l i  sh o u ld  p roduce  g r e a t e r  

c r i t e r i o n  v a r i a b i l i t y  and show up i n  p o o r e r  d i s c r i m i n a t i o n  

p e r fo rm an c e .  Such s e q u e n t i a l  d e p e n d e n c ie s  may r e f l e c t  t h e  

manner i n  which humans e s t i m a t e  p r o b a b i l i t i e s  and use  num­

b e r s  (Ward & LockheacJ, 1970) o r  may r e f l e c t  a n o n s e q u e n t i a l  

p r o c e s s  common t o  b o th  v e r b a l  and n o n v e rb a l  o rg an ism s .

L a rk in  (1971) a l s o  p ro p osed  a v a r i a b l e  c r i t e r i o n  model 

which assumes t h a t  a s u b j e c t ’ s c r i t e r i o n  w i l l  s h i f t  on 

t r i a l s  f o l l o w i n g  t h o s e  on which fe e d b a c k  i n d i c a t e s  t h a t  an 

e r r o r  has  been  made. Such c r i t e r i o n  s h i f t s  a r e  l e s s  l i k e l y
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t o  o c cu r  on t r i a l s  f o l l o w i n g  c o r r e c t  r e s p o n s e s  w i th  f e e d b a c k .  

The v a r i a b l e  c r i t e r i o n  models a r e  comparable  t o  th e  win- s t a y /  

l o s e - s h i f t  s t r a t e g y  which has  been r e p o r t e d  i n  th e  an im al  

l i t e r a t u r e  ( e . g . ,  W i l l i a m s ,  1 9 7 2 ) .

C a r t e r e t t e ,  Friedman and Wyman (1966) i n v e s t i g a t e d  th e  

e f f e c t s  o f  feed b ac k  on pe rfo rm ance  on a t w o - a l t e r n a t i v e ,  

t e m p o r a l - f o r c e d - c h o i c e  a u d i t o r y  s i g n a l  d e t e c t i o n  t a s k  in  

which t h e  s t i m u l u s  was a 1000 Hz ton e  a g a i n s t  a c o n t in u o u s  

background o f  n o i s e .  They v a r i e d  t h e  s i g n a l - t o - n o i s e  r a t i o  

and t h e  p r o p o r t i o n  o f  t r i a l s  on which c o r r e c t  feedback  was 

g iv en  ( i n c o r r e c t  feed b ack  was g iv e n  on th e  r e m a in in g  t r i a l s ) .  

T h e i r  f i n d i n g s  l e d  them t o  s u g g e s t  t h a t  f ee d b ac k  i n d i c a t i n g  

t h a t  an e r r o r  has  been made c au se s  th e  s u b j e c t  t o  s h i f t  h i s  

c r i t e r i o n  th u s  in d u c in g  c r i t e r i o n  v a r i a b i l i t y  which i s  r e ­

f l e c t e d  i n  a d e c r e a s e  i n  d ’ . They a l s o  found t h a t  on t r i a l s  

im m ed ia te ly  f o l l o w i n g  t r i a l s  on which s u b j e c t s ’ r e s p o n s e s  

and f e e d b ac k  a g r e e d ,  h i t  r a t e s  were h i g h e r  and f a l s e  a la rm  

r a t e s  low er  t h a n  on t r i a l s  f o l l o w i n g  d i s a g re e m e n t  between 

r e s p o n s e  and f e e d b a c k .  These f i n d i n g s  a r e  i n  s u p p o r t  o f  

L a r k i n ’ s (1971) model .

McNicol (1975) f u r t h e r  i n v e s t i g a t e d  th e  e f f e c t s  o f  

feed back  r e l i a b i l i t y  upon pe rfo rm ance  i n  a f i v e - c a t e g o r y ,  

a b s o l u t e  judgment of  l o u d n e s s  t a s k .  S u b j e c t s  were r e q u i r e d  

t o  i d e n t i f y  f i v e  500 Hz t o n e s  d i f f e r i n g  i n  ldB s t e p s  from 

a bou t  75 t o  60 dB. A f t e r  making a judgment ,  t h e  c o r r e c t  

answer was p r e s e n t e d  t o  t h e  s u b j e c t  v i s u a l l y  v i a  a s l i d e
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w i th  a number from one to  f i v e  on i t .  F o r t y - f i v e  s u b j e c t s  

were  d i v id e d  i n t o  f i v e  g ro u p s .  Three  groups r e c e i v e d  a c c u ­

r a t e  f eed back  on 100^,  50fo and 20^ o f  a l l  t r i a l s  and random 

f e e d b ac k  on t h e  r e m a in in g  t r i a l s .  These s u b j e c t s  were t o l d  

t h a t  f eedback  would be u n r e l i a b l e  on some t r i a l s .  Another 

group r e c e i v e d  lOO'/o c o r r e c t  feedb ack  and was so i n s t r u c t e d .  

The f i f t h  group r e c e i v e d  no f e e d b a c k .  He found t h a t  f e e d ­

back i n c r e a s e d  t h e  amount o f  i n f o r m a t i o n  t r a n s m i t t e d ,  b u t  

a l s o  r e s u l t e d  i n  more c r i t e r i o n  v a r i a b i l i t y  th a n  t h e  no­

f e e d b ac k  c o n d i t i o n .  These d a t a  i n d i c a t e d  t h a t  u n r e l i a b l e  

f e e d b a c k  groups  had more v a r i a b l e  c r i t e r i a  t h a n  t h o s e  

r e c e i v i n g  100^ a c c u r a t e  f e e d b a c k .  M cN ico l ' s  d a ta  s u p p o r t  

t h e  v a r i a b l e  c r i t e r i o n  model which p r e d i c t s  t h a t  c r i t e r i a  

w i l l  be s h i f t e d  to  r e d u c e  t h e  p r o b a b i l i t y  o f  a g a in  making 

t h e  e r r o r  which was made on t h e  p r e c e d i n g  t r i a l .

In  summary, t h e  l i t e r a t u r e  t h u s  f a r  rev iew ed  shows p e r ­

formance on an a b s o l u t e  judgment t a s k  to  be complex ly  d e t e r ­

m ined.  The a b i l i t y  o f  human s u b j e c t s  t o  a c c u r a t e l y  i d e n t i f y  

s t i m u l i  v a r y i n g  a lo n g  a s i n g l e  d im ens ion  a p p e a r s  t o  be i n f l u ­

enced by th e  p r e s e n c e  o f  o t h e r  s t i m u l i  (b o th  t h e i r  range  and 

t h e i r  o r d e r ) ,  t h e  number o f  r e s p o n s e s  r e q u i r e d  and th e  n a t u r e  

o f  t h e  f e e d b ac k  g iv e n  t o  th e  s u b j e c t s .  The n o t i o n  of  c r i t e r ­

i o n  v a r i a b i l i t y  h a s  been  i n t r o d u c e d  by a number o f  i n v e s t i ­

g a t o r s  t o  a cco u n t  f o r  t h e s e  e f f e c t s ,  b u t ,  a s  t h e  above r e ­

v iew has  s u g g e s t e d ,  such e x p l a n a t o r y  mechanisms do not a d e ­

q u a t e l y  e x p l a i n  t h e  phenomenon.
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The s t u d i e s  r ev iew ed  above have used  on ly  human 

s u b j e c t s .  Humans b r i n g  t o  t h e  a b s o l u t e  judgment t a s k  

a long h i s t o r y  of u s i n g  numbers ,  o f  e s t i m a t i n g  p r o b a b i l ­

i t i e s ,  and o f  f o r m u l a t i n g  e x p e c t a t i o n s  r e g a r d i n g  t h e  

e x p e r i m e n t e r ' s  e x p e c t a t i o n s .  For example,  bo th  P a r d u c c i  

(1965) and Ward and Lockhead (1970) s u g g e s t  t h a t  t h e i r  

human s u b j e c t s '  r e s p o n s e s  on a b s o l u t e  judgment t a s k s  may 

have been b i a s e d  by t h e i r  e x p e c t a t i o n s  o f  a "low" s t im u ­

l u s  f o l l o w i n g  a sequence  o f  "h ig h "  s t i m u l i  and v i c e  v e r s a .  

P a r d u c c i  (1965) found t h a t  h i s  s u b j e c t s  a l s o  had a t e n d e n ­

cy t o  u se  a l l  c a t e g o r i e s  e q u a l l y  o f t e n .  Such i n f l u e n c e s  

upon th e  judgments  o f  human s u b j e c t s  may, t h e r e f o r e ,  un­

n e c e s s a r i l y  c o m p l ic a te  t h e  r e s e a r c h  f i n d i n g s  and may even 

accoun t  f o r  some of  th e  i n c o n s i s t e n c i e s  and t h e  complex­

i t i e s  e n c o u n te re d  i n  a t t e m p t s  t o  a n a ly z e  s e q u e n t i a l  depen­

d e n c i e s ,  t h e  e f f e c t s  o f  feed b ac k  and o f  s t i m u l u s  r a n g e .  

P lough (1966) has  p o i n t e d  out  t h a t  t h e  i n t e r p r e t a t i o n  o f  

such p s y c h o p h y s i c a l  d a t a  becomes more d i f f i c u l t ,  and th e  

f l a w s  a t t a c h e d  t o  t h i s  i n t e r p r e t a t i o n  more and more s e r i o u s ,  

a s  i n v e s t i g a t o r s  " d e p a r t  from s im p le  o p e ra n t  s i t u a t i o n s  and 

a n im a l s ,  l i k e  t h e  p i g e o n ,  t h a t  a r e  dominated by e x t e r n a l  

s t i m u l i "  (p .  3 4 7 ) .  B as ic  d e c i s i o n  p r o c e s s e s  p r e s e n t  in  

b o th  man and a n im a ls  may b e s t  be s t u d i e d  f i r s t  i n  t h e  sim­

p l e r  o rg an ism .  My d i s s e r t a t i o n  r e s e a r c h  r e p r e s e n t s  an 

a t t e m p t  t o  s o r t  o u t  some o f  t h e  f a c t o r s  i n f l u e n c i n g  c h o ic e  

a c c u ra c y  in  an  a b s o l u t e  judgment s i t u a t i o n  u s in g  p ig e o n s  

a s  s u b j e c t s .
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Data o b t a i n e d  from e x p e r im e n ts  i n  which p ig e o n s  a re  

r e q u i r e d  t o  make one o f  two e q u i v a l e n t  r e s p o n s e s  (such as  

a peck on t h e  l e f t  o r  r i g h t  key in  a S k in n e r  box) may be 

t r e a t e d  a s  one would d a t a  o b t a i n e d  u s i n g  t h e  p s y c h o p h y s i c a l  

method of s i n g l e  s t i m u l i  w i th  two r e s p o n s e  c l a s s e s .  One 

a p p l i c a t i o n  o f  t h i s  t e c h n iq u e  was t h a t  o f  Heinemann, Avin, 

S u l l i v a n  and Chase (1969) who t r a i n e d  p ig e o n s  to  peck one 

key i n  t h e  p r e s e n c e  o f  a h i g h e r  i n t e n s i t y  w h i te  n o i s e  and 

t h e  o t h e r  key in  t h e  p r e s e n c e  o f  a low er  i n t e n s i t y .  The 

p h y s i c a l  s e p a r a t i o n  o f  t h e  s t i m u l i  to  be d i s c r i m i n a t e d  was

2 .3  dB, 7 dB o r  29 dB f o r  d i f f e r e n t  g roups  o f  b i r d s .  When 

t h e  b i r d s '  pe rfo rm ance  was a s y m p to t i c ,  key c h o ic e  was ob­

s e rv e d  in  t h e  p r e s e n c e  o f  w h i t e  n o i s e  a t  13 d i f f e r e n t  i n t e n ­

s i t y  l e v e l s  i n c l u d i n g  t h o s e  used  i n  t r a i n i n g .  They found 

t h a t  t h e  b i r d s '  c h o ic e  d a t a  i n  t h i s  g e n e r a l i z a t i o n  t e s t  

s i t u a t i o n  y i e l d e d  p sycho m etr ic  f u n c t i o n s  n o t  u n l i k e  th o s e  

o b t a i n e d  w i t h  human s u b j e c t s  r e q u i r e d  t o  c l a s s i f y  sounds a s  

lo ud  o r  s o f t .  The p r o p o r t i o n  o f  t r i a l s  on which t h e  p ig eo n s  

chose t h e  key c o r r e c t  f o r  t h e  h i g h e r  i n t e n s i t y  s t i m u l u s  r o s e  

m o n o to n ic a l ly  w i th  s t i m u l u s  i n t e n s i t y .  The c h o ic e  c u rv e s  

d i f f e r e d  s y s t e m a t i c a l l y  w i th  t h e  t r a i n i n g  c o n d i t i o n s ;  t r a i n ­

in g  w i th  t h e  more w ide ly  s e p a r a t e d  (more e a s i l y  d i s c r i m i ­

n a te d )  s t i m u l i  y i e l d e d  f l a t t e r  c u r v e s .  T h i s  i s  n o t  what 

one would e x p ec t  i f ,  a s  s u g g e s te d  by SDT, p ig e o n s  e s t a b l i s h  

a f i x e d  c r i t e r i o n  on t h e  s e n s o r y  e f f e c t  a x i s  and make a 

g iv en  r e s p o n s e  whenever t h e  s e n s o r y  e f f e c t  produced  by a
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s t i m u l u s  exceeds  t h i s  c r i t e r i o n .  I f  t h i s  were t r u e ,  cu rv e s  

i d e n t i c a l  i n  shape  shou ld  have been o b t a i n e d  r e g a r d l e s s  of 

t h e  i n i t i a l  t r a i n i n g .  To accoun t  f o r  t h e  f l a t t e r  cu rv e s  

o b t a in e d  f o l l o w i n g  t r a i n i n g  w i t h  w id e ly  s e p a r a t e d  s t i m u l i ,  

Heinemann, e t  a l . Sugges ted  t h a t  t h e  c r i t e r i o n  p o s i t i o n  

v a r i e s  n o rm a l ly  a bou t  a mean and t h a t  t h e  v a r i a n c e  o f  t h i s  

d i s t r i b u t i o n  i s  g r e a t e r  f o l l o w in g  t r a i n i n g  on t h e  e a sy  d i s ­

c r i m i n a t i o n .  C r i t e r i o n  v a r i a b i l i t y  has  a l s o  been used  t o  

" e x p la in "  changes  i n  d f ob se rved  i n  some o f  th e  human a b so ­

l u t e  judgment e x p e r im e n t s  rev iew ed  above.  I f ,  i n d e e d ,  

t h e s e  changes in  d 1 a r e  due to  i n c r e a s e d  c r i t e r i o n  v a r i a ­

b i l i t y ,  t h e  means by which t h i s  v a r i a b i l i t y  i s  i n c r e a s e d  

rem a ins  t o  be e x p l a i n e d .  The human d a t a  s u g g e s t  t h a t  c r i ­

t e r i o n  v a r i a b i l i t y  i s  s t r o n g l y  a f f e c t e d  by t h e  ra n g e  of 

s t i m u l i  t o  which t h e  s u b j e c t  i s  exposed and t h a t  ran g e  may 

e x e r t  i t s  e f f e c t  on c r i t e r i o n  v a r i a b i l i t y  th ro u g h  se q u en ­

t i a l  d e p e n d e n c i e s .

S e q u e n t i a l  d e p en d e n c ie s  have n o t  y e t  been c l e a r l y  

d e m o n s t ra te d  i n  a n im a l s .  Boakes (1969) found no s e q u e n t i a l  

d e p e n d e n c ie s  nor  s i g n i f i c a n t  t e n d e n cy  t o  use  each c a t e g o r y  

e q u a l l y  when he t e s t e d  p ig eo n s  on a tw o - re s p o n se  t a s k  u s in g  

e i g h t  s t i m u l i  v a ry in g  i n  luminance  ( 7 . 4 ,  15,  29 ,  59, 74,

150, 290 and 590 m l) .  The b i r d s  had p r e v i o u s l y  been  

t r a i n e d  t o  r e sp on d  on two d i f f e r e n t  keys i n  t h e  p r e s e n c e  

o f  t h e  s t i m u l i  a t  t h e  extreme ends of t h e  s e r i e s  ( 7 . 4  and 

590 ml) w i th  an £ -se co n d  i n t e r t r i a l  i n t e r v a l .



24.

S i m i l a r l y ,  Heinemann (1974) found no s e q u e n t i a l  depen­

d e n c i e s  i n  r e s p o n s e  l a t e n c i e s  when p ig e o n s  were t r a i n e d  on 

a t e n - s t i m u l u s ,  tw o - r e s p o n s e  sound d i s c r i m i n a t i o n  in  which 

a c o r r e c t  r e s p o n s e  was a  peck on one key f o r  s t i m u l i  eq u a l  

t o  o r  g r e a t e r  th an  7 6  dB SPL and on t h e  o t h e r  key f o r  s t i m ­

u l i  eq u a l  t o  o r  l e s s  th a n  72 dB. L a ten cy  was measured 

from t h e  t im e  a t  which t h e  sound was i n i t i a t e d  by a peck on 

a c e n t e r  key u n t i l  a c h o ic e  was made.

I t  i s  p o s s i b l e  t h a t  a s y s t e m a t i c  e x am in a t io n  o f  r e s p o n s e  

l a t e n c y  i n  t h e  a b s o l u t e  judgment s i t u a t i o n  may h e lp  t o  ex­

p l a i n  t h e  o b se rv ed  e f f e c t s  o f  r a n g e  upon pe rfo rm ance  i f  

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

c a l l e d -  f o r .  R e a c t io n  t im e  may be a f u n c t i o n  o f  t h e  o v e r a l l  

d i f f i c u l t y  of  t h e  d i s c r i m i n a t i o n .  F o r  example ,  Heinemann 

e t  a l .  (1 9 6 9 ) ,  i n  t h e  s tu d y  d i s c u s s e d  above ,  found some e v i ­

dence o f  s y s t e m a t i c  d i f f e r e n c e s  i n  l a t e n c i e s  a s  a f u n c t i o n  

o f  t h e  o v e r a l l  d i f f i c u l t y  on t h e  d i s c r i m i n a t i o n .  P igeons  

t r a i n e d  on t h e  most d i f f i c u l t  d i s c r i m i n a t i o n  (2 .3  dB) no t  

o n ly  showed a s t e e p e r  c h o ic e  curve  b u t  a l s o  had l o n g e r  l a ­

t e n c i e s  t h a n  b i r d s  t r a i n e d  on t h e  e a s i e s t  d i s c r i m i n a t i o n .  

These l a t e n c y  d i f f e r e n c e s  were c l e a r  a c r o s s  c o n d i t i o n s  f o r  

p ig e o n s ,  i . e . ,  more d i f f i c u l t  d i s c r i m i n a t i o n  t a s k s  were 

c h a r a c t e r i z e d  by l o n g e r  l a t e n c i e s  t o  a l l  s t i m u l i  p r e s e n t e d  

w h i l e  e a s i e r  d i s c r i m i n a t i o n  t a s k s  were c h a r a c t e r i z e d  by 

s h o r t e r  l a t e n c i e s  t o  a l l  s t i m u l i  p r e s e n t e d .  W i th in  any 

p a r t i c u l a r  t a s k  f o r  any p a r t i c u l a r  s u b j e c t ,  Heinemann (1974)
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found no i n d i c a t i o n  o f  l o n g e r  r e s p o n s e  l a t e n c i e s  i n  t h e  

middle  o f  t h e  s t i m u l u s  ran g e  where t h e  d i s c r i m i n a t i o n  sh o u ld  

have been most d i f f i c u l t .  However, F la g g ,  Medin and Davis  

(1974) found  t h e  r e a c t i o n  t im e s  o f  monkeys in  a p a r t i c u l a r  

d i s c r i m i n a t i o n  t a s k  t o  be g r e a t e s t  i n  t h e  c e n t e r  o f  t h e  

r a n g e .

In  summary, th e  i n t e n t  o f  t h i s  r e s e a r c h  i s  t o  th row 

l i g h t  upon th e  y e t  p o o r l y  u n d e rs to o d  changes ob se rv ed  in  

m easures  o f  d i s c r i m i n a b i l i t y  which o c c u r  i n  a b s o l u t e  j u d g ­

m en ts .  A t t e n t i o n  h e r e  w i l l  be f o c u s e d  upon th e  i n f l u e n c e  

o f  t h e  ran g e  o f  s t i m u l i  t o  which t h e  s u b j e c t  i s  exposed .  

P igeons  w i l l  be used  as  s u b j e c t s ,  i n  p a r t  t o  d e te rm in e  

w he ther  t h e  r a n g e  e f f e c t  i s  a p u r e l y  human phenomenon s i n c e  

i t  has  p r e v i o u s l y  been d e m o n s t r a te d  o n ly  i n  humans. P a r t i c ­

u l a r  a t t e n t i o n  w i l l  be p a id  t o  two f a c t o r s  which may i n  p a r t  

a cc o u n t  f o r  t h e  ran g e  e f f e c t :  s e q u e n t i a l  r e s p o n s e  dependen­

c i e s  a s  d e s c r i b e d  above and t h e  l a t e n c y  o f  r e s p o n d in g  which 

may r e f l e c t  d e c i s i o n  t im e .  As d i s c u s s e d  e a r l i e r ,  e i t h e r  o r  

bo th  f a c t o r s  may i n f l u e n c e  t h e  d e g re e  o f  c r i t e r i o n  v a r i a b i l ­

i t y  o b s e r v e d .  O the r  f a c t o r s  which may i n f l u e n c e  c r i t e r i o n  

v a r i a b i l i t y  w i l l  a l s o  be examined.
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G enera l  Method

S u b . j e c t s . The s u b j e c t s  in  a l l  e x p e r im e n t s  were a d u l t  

White  Carneaux p ig e o n s  w i th o u t  p r i o r  e x p e r i e n c e  in  an ex­

p e r im e n t  i n  which r e i n f o r c e m e n t  was c o n t i n g e n t  upon a r e ­

s p o n s e .  The s i x  b i r d s  u sed  in  Experiment  1 s e r v e d  p r e v i ­

o u s l y  i n  an  a u to s h a p i n g  e x p e r im e n t ;  t h e  r e m a in in g  b i r d s  

were e x p e r i m e n t a l l y  n a i v e .  The b i r d s  were m a in t a in e d  a t  

BOfo t o  $5% o f  t h e i r  f r e e - f e e d i n g  w e i g h t s .  Water and g r i t  

were a lways a v a i l a b l e  i n  t h e i r  home c a g e s .

A p p a r a t u s . Two BRS/LVE ( B e l t s v i l l e ,  Md.) p igeon  

chambers were m o d i f i e d  f o r  t h e s e  e x p e r im e n t s .  The dimen­

s i o n s  o f  t h e  i n t e l l i g e n c e  p a n e l  used  i n  t h e s e  chambers 

a r e  g iv e n  i n  F i g u r e  2.

White  l i g h t  could  be p r o j e c t e d  from behind  upon a 

t r a n s l u c e n t  r e c t a n g u l a r  p e ck in g  k ey ,  t h e  d i s p l a y  k e y . In  

t h e s e  e x p e r im e n t s  t h e  d i s c r i m i n a t i v e  s t i m u l i  were d i f f e r ­

e n t  i n t e n s i t i e s  o f  t h i s  l i g h t .  Luminance o f  t h e  d i s p l a y  

key was v a r i e d  by p l a c i n g  v a r i o u s  Kodak W ra t ten  G e l a t i n  

N e u t r a l  D e n s i t y  F i l t e r s  (#96) i n  th e  beam o f  a Kodak 

C a ro u se l  p r o j e c t o r .

I n  Exper iment  1 t h e  c u r r e n t  t h ro u g h  a G enera l  E l e c t r i c  

CBA 120V b u lb  was checked f r e q u e n t l y  d u r i n g  each  s e s s i o n  

and a d j u s t e d  i f  n e c e s s a r y  t o  3 .6  amps by means o f  a p o t e n ­

t i o m e t e r  p r o v id e d  on a c o n t r o l  p a n e l  (LVE 111-10)  used  

w i th  a Kodak Model BOO s l i d e  p r o j e c t o r  m o d i f ied  by LVE 

( BRS/LVE SC P-001/111-10) .



F i g u r e  2 . I l l u s t r a t i o n  o f  i n t e l l i g e n c e  p a n e l .
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In  t h e  r em a in in g  e x p e r im e n t s  a Kodak C a ro u se l  s l i d e  

p r o j e c t o r  (Model #750H) was used  w i t h  q u a r t z  i o d i d e  p r o j e c ­

t o r  b u lb s  (S y lv a n ia  T ungs ten  Halogen ELH Q uar tz  TruBeam,

30CW, 120V). A v o l t a g e  r e g u l a t o r  (C h a r le s  B e s e l e r  Co. ,  

Florham P a r k ,  N. J . ,  L in e  V o l tage  S t a b i l i z e r ,  C a t .  No.

8248) was used to  minimize v o l t a g e  f l u c t u a t i o n s .

Five  c i r c u l a r  c h o ic e  keys  were l o c a t e d  below t h e  d i s ­

p l a y  key. The key on t h e  f a r  r i g h t  was i n o p e r a t i v e .  The 

rem a in in g  k ey s ,  t o  be r e f e r r e d  t o  a s  Keys 1 t h ro u g h  4 from 

l e f t  t o  r i g h t ,  co u ld  be i l l u m i n a t e d  from b eh ind  by g ree n  

l i g h t .  To make t h e  keys  more v i s u a l l y  d i s t i n c t  from each 

o t h e r ,  t h e  c e n t e r  of each  key was marked w i th  a b l a c k  d i s k  

of l / 2 ,  3 / 8 ,  l / 4  and l / 8  i n .  ( 1 .2 7 ,  .95 ,  .64  and . 3 2  cm.) 

d i a m e te r  f o r  Keys 1 t h ro u g h  4 r e s p e c t i v e l y .

The chamber was c o n t i n u o u s l y  i l l u m i n a t e d  by a 2& v o l t  

p i l o t  l i g h t  (G.E. 1829) l o c a t e d  i n  t h e  c e n t e r  o f  t h e  chamber 

c e i l i n g .  The luminance  o f  t h e  d i s p l a y  key was - 3 . 1  l o g  f t . L .  

( .00085 f t . L . )  when i t  was i l l u m i n a t e d  o n ly  by t h i s  p i l o t  

l i g h t .  V e n t i l a t i o n  was p r o v id e d  by a f a n ,  and w h i t e  n o i s e  

a t  a p p ro x im a te ly  75 d3 SPL ( r e  .0002 dynes/cm2 ) was c o n t i n ­

u o u s ly  p r e s e n t  i n  t h e  chamber t o  mask any n o i s e  i n  th e  

l a b o r a t o r y .

A l l  e x p e r im e n ta l  c o n t i n g e n c i e s  were c o n t r o l l e d  by 

s t a n d a r d  r e l a y  equ ipm ent .  The s l i d e s  used to  p r e s e n t  t h e  

s t i m u l i  f o r  a l l  e x p e r im e n ts  were  made from p i e c e s  o f  b l a c k  

o a k tag  c u t  t o  f i t  LinDia s l i d e  mounts (K. H e i t z ,  I n c . ,  New 

York, N. Y . ) .  The a p p r o p r i a t e  f i l t e r s  were p l a c e d  over
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open ings  c u t  i n  t h e s e  p i e c e s  o f  o a k ta g  so a s  t o  i l l u m i n a t e  

t h e  d i s p l a y  key .  For  p u rp o se s  o f  programming, r e c o r d i n g  

and c o n t r o l l i n g  s t i m u l u s - r e s p o n s e - r e i n f o r c e m e n t  c o n t i n g e n ­

c i e s ,  a l l  s t i m u l i  were i d e n t i f i e d  by a  s p e c i f i c  com b in a t io n  

o f  h o l e s  punched i n  t h e  s l i d e  mounts f o r  Experiment  1 o r ,  

i n  t h e  r e m a in in g  e x p e r im e n t s ,  i n  p a r t s  o f  t h e  o a k ta g  th ro u g h  

which t h e  p r o j e c t o r  beam p a s s e d .  P h o t o c e l l s  mounted w i t h i n  

t h e  p r o j e c t o r  i n  Experiment  1 and on t h e  o u t e r  s u r f a c e  of  

t h e  p igeon  chamber i n  a l l  o t h e r  e x p e r im e n t s  were used  t o  

code each s t i m u l u s  p r e s e n t e d .

The s t i m u l u s  p r e s e n t e d ,  c h o ic e  made, and l a t e n c y  from 

s t i m u l u s  o n s e t  to  d i s p l a y  key peck on each t r i a l  was punched 

on p a p e r  t a p e .  These t a p e s  were l a t e r  r e a d  by t h e  Xerox 

Sigma VII  computer  a t  Queens C o l l e g e ,  C .U .N .Y. ,  and t h e  d a t a  

were s o r t e d  a c c o r d i n g  t o  s t i m u l u s  p r e s e n t e d ,  r e s p o n s e  made, 

f i r s t  v s .  su b s e q u e n t  t r i a l s ,  p r e c e d i n g  s t i m u l u s  and l a t e n c y  

o f  t h e  r e s p o n s e .

P r o c e d u r e . For a l l  e x p e r im e n ts  t h e  o n s e t  o f  a t r i a l  

was i n d i c a t e d  by t h e  i l l u m i n a t i o n  o f  t h e  d i s p l a y  key and 

t h e  s im u l t a n e o u s  o n s e t  o f  a 2800 Hz to n e  a t  66 dB 3PL ( r e  

.0002 d y n e s /cm ^ ) .  The d i s p l a y  key was i l l u m i n a t e d  a t  one 

o f  f o u r  l e v e l s  o f  l i g h t  i n t e n s i t y .  The s p e c i f i c  i n t e n s i t y  

v a lu e s  w i l l  be g iv e n  i n  t h e  d e s c r i p t i o n  o f  each  e x p e r im e n t .  

The o r d e r  o f  p r e s e n t a t i o n  of  t h e  s t i m u l i  was random w i th  t h e  

r e s t r i c t i o n  t h a t  each s t i m u l u s  ap p ea red  an e q u a l  number o f  

t im e s  w i t h i n  40 t r i a l s .  A s e s s i o n  c o n s i s t e d  o f  two r e p e t i ­

t i o n s  o f  t h i s  4 0 - t r i a l  program. Programs were changed ev e ry  

two d a y s .
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On a f i r s t  t r i a l ,  a peck on t h e  d i s p l a y  key i l l u m i n a t e d  

th e  f o u r  c h o ic e  keys  and t e r m i n a t e d  t h e  t o n e ;  t h e  d i s p l a y  

key rem ained  l i t .  A peck a t  any c h o ic e ,  a f i r s t  c h o ic e ,  was 

fo l lo w e d  by a 10-second  i n t e r t r i a l  i n t e r v a l  d u r i n g  which t h e  

c ho ice  and d i s p l a y  keys were da rkened  and i n o p e r a t i v e .  A 

c o r r e c t  c h o ic e  was f o l lo w e d  by r e i n f o r c e m e n t  which c o n s i s t e d  

o f  a c c e s s  t o  a food hopper  f i l l e d  w i th  mixed g r a i n  f o r  1 .5  

s e co n d s .  On t r i a l s  f o l l o w in g  i n c o r r e c t  r e s p o n s e s  t h e  same 

s t i m u l u s  i n  t h e  p r e s e n c e  o f  which th e  e r r o r  o c c u r r e d  was 

r e p e a t e d .  A peck on t h e  d i s p l a y  key on t h e  t r i a l  f o l l o w i n g  

an e r r o r  i l l u m i n a t e d  o n ly  t h e  keys no t  p r e v i o u s l y  pecked in  

e r r o r .  T h is  p r o c e d u r e  c o n t in u e d  u n t i l  t h e  b i r d  had made 

t h e  c o r r e c t  r e s p o n s e ,  r e c e i v e d  r e i n f o r c e m e n t ,  and t h e  p r o ­

j e c t o r  had s t e p p e d  fo rw ard  t o  p r e s e n t  t h e  nex t  s t i m u l u s  i n  

t h e  program. A l l  d a t a  were a n a ly ze d  i n  t e rm s  of f i r s t  

c h o i c e s .  A s e s s i o n  c o n t in u e d  u n t i l  60 c o r r e c t  r e s p o n s e s  

had been made. T r a i n i n g  was c o n t in u e d  in  E xper im en ts  2 and 

4 u n t i l  pe rfo rm an ce  a p p ea re d  t o  be a s y m p to t i c  (160 d a y s ) ,  

f o r  100 days i n  Experiment  1 and f o r  25 days i n  Exper iment  3.

P r e t r a i n i n g . The b i r d s  i n  a l l  f o u r  e x p e r im e n ts  were 

t r a i n e d  i n  t h e  same manner. Each b i r d  was f i r s t  t r a i n e d  t o  

e a t  from t h e  food hopper  and n e x t  t r a i n e d  to  peck t h e  con­

t i n u o u s l y  i l l u m i n a t e d  d i s p l a y  key by th e  method o f  s u c c e s ­

s i v e  a p p r o x im a t io n s .  A peck a t  t h e  d i s p l a y  key d u r i n g  t h i s  

phase  o f  p r e t r a i n i n g  was r e i n f o r c e d  by 2 -seco n d  a c c e s s  t o  

t h e  f e e d e r  f i l l e d  w i th  mixed g r a i n .  T h is  f i r s t  phase  of
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p r e t r a i n i n g  was c o n t in u e d  u n t i l  t h e  b i r d  had ea rned  40 

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

During t h e  second phase  o f  p r e t r a i n i n g ,  t h e  d i s p l a y  

key was n o t  i l l u m i n a t e d  and pecks  on i t  had no e f f e c t .

The b i r d s  were t r a i n e d  by t h e  method o f  s u c c e s s i v e  app ro x ­

im a t io n s  t o  peck t h e  i l l u m i n a t e d  c h o ic e  key.  During  t h i s  

phase  o n ly  one c h o ic e  key was i l l u m i n a t e d  on each  t r i a l .

A peck a t  t h e  c o r r e c t  ( i l l u m i n a t e d )  c h o ic e  key was r e i n ­

f o r c e d  by 2 - se co n d  a c c e s s  t o  t h e  f e e d e r  d u r i n g  which t im e  

a l l  c h o ic e  keys  were d a rk e n e d .  A f t e r  r e i n f o r c e m e n t  a c h o ic e  

key was a g a i n  i l l u m i n a t e d .  Which c h o ic e  key was i l l u m i n a t e d  

d u r i n g  t h i s  phase  o f  t r a i n i n g  was randomly d e te rm in e d  w i th  

t h e  r e s t r i c t i o n  t h a t  each  o f  t h e  f o u r  keys was i l l u m i n a t e d  

t e n  t im e s  p e r  40 t r i a l s .

When t h e  b i r d s  comple ted  40 r e i n f o r c e d  t r i a l s ,  t h e  

t h i r d  s t a g e  o f  p r e t r a i n i n g  was begun.  In  t h i s  f i n a l  s t a g e  

t h e  d i s p l a y  key was a g a i n  i l l u m i n a t e d  ( lum inance  of t h e  

d i s p l a y  key was n o t  v a r i e d  d u r i n g  p r e t r a i n i n g ) .  A peck  on 

t h e  d i s p l a y  key i l l u m i n a t e d  one o f  t h e  f o u r  c h o ic e  keys ;  

a peck on t h e  i l l u m i n a t e d  c h o ic e  key was r e i n f o r c e d  and a l l  

keys  were  da rkened  f o r  a 5 -second  i n t e r t r i a l  i n t e r v a l .  The 

sequence  of c h o ic e - k e y  i l l u m i n a t i o n  was q u a s i - ra n d o m  as 

d e s c r i b e d  above .  P r e t r a i n i n g  was comple ted  when t h e  p ig eo n  

had r e c e i v e d  40 r e i n f o r c e m e n t s  i n  t h i s  f i n a l  s t a g e .
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Exper iment  1

The p u rpo se  o f  Exper iment  1 was t o  d e te r m in e  w he th e r  

pe rfo rm ance  on an a b s o l u t e  judgment t a s k  i s  i n f l u e n c e d  by 

t h e  ran g e  o f  s t i m u l i  t o  which a p ig eo n  i s  exposed .  I n  t h i s  

e x p er im en t  t h e  two m idd le  s t i m u l i  were f i x e d  a t  t h e i r  r e ­

s p e c t i v e  v a l u e s  and t h e  d i f f e r e n c e  between th e  extreme 

s t i m u l i  was v a r i e d .  I f  t h e  t o t a l  ran ge  o v e r  which t h e  

s t i m u l i  a r e  s p re a d  i n c r e a s e s  c r i t e r i o n  v a r i a b i l i t y ,  th e n  

t h e  d i s c r i m i n a t i o n  between t h e  two c e n t r a l  s t i m u l i  shou ld  

be l e s s  a c c u r a t e  f o r  t h e  b i r d s  t r a i n e d  on t h e  w id e r  rang e  

t h a n  f o r  t h o s e  t r a i n e d  on t h e  n a r r o w e r  r a n g e .  T h a t  i s ,  d ’ 

f o r  t h e  two c e n t r a l  s t i m u l i  sh o u ld  be s m a l l e r  f o r  t h e  w id e r  

ran g e  b i r d s .

Method

S u b j e c t s . S ix  White  Carneaux p ig e o n s  p r e v i o u s l y  used  

i n  an a u to s h a p i n g  e x per im en t  were a s s i g n e d  t o  narrow and 

m odera te  r a n g e  g ro u p s .

A p p a r a t u s . I n  t h i s  e x p e r im e n t  t h e  Model S00 Kodak 

C a ro u se l  s l i d e  p r o j e c t o r  a s  m o d i f i e d  by LVE and t h e  c o n t r o l  

p a n e l  r e f e r r e d  t o  e a r l i e r  were used  w i th  GE CBA 120V b u l b s .

S t i m u l i .  The s t i m u l i  used  were th e  i n t e n s i t i e s  of  w h i t e  

l i g h t  p roduced  by p a s s i n g  t h e  p r o j e c t o r  bean'* th ro u g h  n e u t r a l  

f i l t e r s  o f  d e n s i t i e s  . 6 ,  . 6 ,  1 .0  and 1 .2  f o r  t h e  na rrow  ran g e  

group ( . 6  l o g  u n i t  r a n g e )  and d e n s i t i e s  -.2, ,S ,  1 .0  and 1 .6  

f o r  t h e  m odera te  ra n g e  group ( 1 .4  l o g  u n i t  r a n g e ) .  The lu m i­

nance l e v e l s  t h u s  p roduced  were 1 . 7 ,  1 . 5 ,  1 .3  and 1 .1  l o g
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f t . L .  f o r  t h e  narrow  ran g e  group  and 2 . 1 ,  1.5> 1 .3  and .7  

l o g  f t . L .  f o r  t h e  m odera te  ran g e  group as  measured by a 

S p e c t r a  B r i g h t n e s s  Spot  M eter  (Photo R esea rch  C o r p o r a t i o n ) .  

S t i m u l i  2 and 3 were t h e  same in  bo th  c o n d i t i o n s  (1 .5  and

1 .3  l o g  f t . L . )  d i f f e r i n g  from each o t h e r  i n  bo th  c o n d i t i o n s  

by .2  l o g  u n i t .  For  b o th  groups  t h e  b r i g h t e s t  s t i m u l u s  

( l o w e s t  n e u t r a l  d e n s i t y  f i l t e r  v a lu e )  was d e s i g n a t e d  as  

S t im u lu s  1 (SI)  and t h e  c o r r e c t  c h o ic e  was a peck on t h e

key t o  t h e  extreme l e f t  (Key 1 o r  R l ) ,  t h e  n e x t  b r i g h t e s t

(1 .5  l o g  f t . L .  f o r  b o th  g roups)  was d e s i g n a t e d  as  S t im u lu s  2

( 52) w i th  t h e  c o r r e c t  r e s p o n s e  d e f i n e d  a s  a  peck on t h e  

second key from t h e  l e f t  (Key 2 o r  R2) ,  t h e  n e x t  b r i g h t e s t  

(1 .3  l o g  f t . L .  f o r  bo th  g roups)  was d e s i g n a t e d  a s  S t im u lu s  3

(53) w i th  th e  c o r r e c t  r e s p o n s e  d e f i n e d  a s  a peck on t h e  

t h i r d  key from t h e  l e f t  (Key 3 o r  R3)» t h e  dimmest s t i m u l u s  

( h i g h e s t  n e u t r a l  d e n s i t y  f i l t e r  v a lu e )  was d e s i g n a t e d  a s

S t im u lu s  4 (34) and t h e  c o r r e c t  ch o ic e  was a peck on Key 4

(R4).  Thus f o r  b o th  c o n d i t i o n s ,  whenever a s t i m u l u s  was 

p r e s e n t e d  f o u r  c h o ic e s  were p o s s i b l e ;  t h e  c o r r e c t  c h o ic e  was 

cued by t h e  lum inance  o f  t h e  d i s p l a y  key .

R e s u l t s

The s i x  b i r d s  were  g iv e n  100 s e s s i o n s  of  t r a i n i n g  a t  

which t im e  t h e i r  p e r fo rm an ce  a p p ea re d  t o  be a p p ro a ch in g  

a sy m p to te .  F ig u r e  3 shows t h e  p e r c e n t  c o r r e c t  f i r s t  c h o ic e s  

p e r  s e s s i o n  av e rag e d  o v e r  f i v e - d a y  b lo c k s  (100 p r e s e n t a t i o n s  

of  each s t i m u l u s ) .  These  d a t a  show t h a t  th e  most d r a m a t i c



F ig u r e  3* P e rc e n t  c o r r e c t  f i r s t  c h o ic e s  f o r  each b i r d .  

Data  a r e  shown i n  f i v e - d a y  b lo ck s  f o r  t h e  100 s e s s i o n s  

of  Experiment  1 .  Data  f o r  t h e  b i r d s  t r a i n e d  on t h e  narrow 

ra n g e  a r e  shown i n  p a n e l  a .  Data f o r  th e  b i r d s  t r a i n e d  on 

t h e  m odera te  r a n g e  a r e  shown in  p a n e l  b .
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i n c r e a s e s  i n  a c c u r a c y  o c c u r r e d  d u r i n g  th e  f i r s t  f i v e  b lo c k s  

(25 s e s s i o n s )  f o r  t h e  m o d e r a te - r a n g e  b i r d s  f o l lo w e d  by a 

l e v e l i n g  o f f .  The r.-.oderate-range b i r d s  r e a c h e d  a h i g h e r  

l e v e l  o f  c o r r e c t  f i r s t  c h o ic e s  th an  t h e  n a r ro w -ra n g e  b i r d s  

a l t h o u g h  th e  n a r r o w - r a n g e  b i r d s  c o n t in u e d  to  improve 

th r o u g h o u t  t h e  e x p e r im e n t .

The mean number o f  c o r r e c t  f i r s t  c h o ic e s  i s  i n f l u e n c e d  

by f a c t o r s  such  a s  t h e  ra n g e  o f  s t i m u l i  t o  be i d e n t i f i e d  a s  

w e l l  a s  t h e  number o f  c r i t e r i a  h e ld  and th e  p o s i t i o n  and 

v a r i a b i l i t y  of  t h e s e  c r i t e r i a .  To b e t t e r  u n d e r s t a n d  th e  

development  o f  t h e  d i s c r i m i n a t i o n  and f i n a l  l e v e l  o f  p e r ­

fo rm an ce ,  changes  in  th e  number, p o s i t i o n  and v a r i a b i l i t y  

o f  t h e  c r i t e r i a  were examined s e p a r a t e l y .  Choice  c u r v e s ,  

one curve  f o r  each o f  th e  f o u r  r e s p o n s e s ,  were p l o t t e d  f o r  

each b i r d .  These c u rv e s  show t h e  p r o p o r t i o n  o f  t i m e s  each 

r e s p o n s e  was made in  t h e  p r e s e n c e  o f  each s t i m u l u s .

As an exam ple ,  F i g u r e  4 shows a s e t  o f  such  c u rv e s  f o r  

a s u b j e c t  who had e s t a b l i s h e d  t h r e e  c r i t e r i a .  Such c u rv e s  

r e a c h  t h e i r  h i g h e s t  l e v e l  (peak)  a t  each  o f  t h e  s t i m u l u s  

v a l u e s  i n  t h e  p r e s e n c e  o f  which t h e  r e s p o n s e  was r e i n f o r c e d .  

Choice  c u rv e s  f o r  each o f  t h e  f o u r  r e s p o n s e s  a r e  shown in  

p a n e l s  (a)  t h ro u g h  ( d ) .  These  f o u r  c u rv e s  a r e  combined in  

p a n e l  ( e ) .  Combining t h e  c h o ic e  c u rv e s  i n t o  a s i n g l e  graph  

h as  t h e  a d v a n ta g e  o f  showing t h e  e s t a b l i s h m e n t  o f  c r i t e r i a  

and m aking  p o s s i b l e  rough e s t i m a t e s  o f  c r i t e r i o n  p la c m e n t .  

F o r  example ,  by o b s e r v i n g  t h e  p o i n t  a t  which t h e  c u r v e s .



F i g u r e  4. Examples o f  t h e  f o u r - r e s p o n s e  c h o ic e  c u rv e s  

and how t h e y  a r e  combined.
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i n t e r s e c t  i n  F i g u r e  4 ( e )  i t  can be seen  t h a t  t h e  s u b j e c t  has  

e s t a b l i s h e d  one c r i t e r i o n  midway between SI and S2, a n o t h e r  

c r i t e r i o n  between S2 and S3 s l i g h t l y  c l o s e r  t o  32,  and a 

c r i t e r i o n  between S3 and S4 much c l o s e r  t o  S2 th an  t o  S4.

F i g u r e  5 (a  and b) i n d i c a t e s  how t h e  f o u r - r e s p o n s e  

c h o ic e  c u rv e s  lo o k  when t h e r e  i s  l i t t l e  o r  no s t i m u l u s  con­

t r o l  o v e r  r e s p o n d i n g .  P a n e l  (a)  shows t h e  r e s u l t s  f o r  a 

b i r d  who made each o f  t h e  f o u r  r e s p o n s e s  e q u a l l y  o f t e n ,  

whereas  p a n e l  (b) shows th e  r e s u l t s  f o r  a b i r d  who had a 

s t r o n g  key p r e f e r e n c e .

The a c q u i s i t i o n  p r o c e s s  o f  each  b i r d  i s  shown in  t h i s  

manner i n  F i g u r e s  6 th r o u g h  9 .  The d a t a  shown a r e  based  

upon f i r s t  t r i a l s  o n ly .  From t h e s e  f i g u r e s  t h e  development  

o f  c o n t r o l  o v e r  key  c h o ic e  by l i g h t  i n t e n s i t y  and t h e  e s t a b ­

l i s h m e n t  o f  c r i t e r i a  can be fo l lo w e d  th r o u g h o u t  t r a i n i n g .  

Choice  c u rv e s  f o r  b i r d s  (B) 43, 44, and 45 r e p r e s e n t i n g  th e  

f i r s t  25 days  o f  t r a i n i n g  (F ig u r e  6) show some c o n t r o l  ov e r  

key c h o ic e  by l i g h t  i n t e n s i t y .  Note ,  f o r  example ,  t h a t  in  

t h e  c a s e  o f  B43 R1 o c c u r r e d  i n  th e  p r e s e n c e  o f  SI more f r e ­

q u e n t l y  t h a n  in  t h e  p r e s e n c e  o f  any o f  t h e  o t h e r  t h r e e  

s t i m u l i  and t h a t  R4 was made i n  t h e  p r e s e n c e  o f  S4 more 

o f t e n  th a n  i n  t h e  p r e s e n c e  o f  any o t h e r  s t i m u l u s .  The 

cu rve  f o r  R2 i s  s i m i l a r  i n  form t o  t h a t  f o r  R l ,  and t h e  

c u rv e s  f o r  R3 and R4 a r e  p r a c t i c a l l y  i d e n t i c a l .  Curves 

such a s  t h e s e  would be o b t a i n e d  i f  th e  s u b j e c t  had a s i n g l e  

c r i t e r i o n  d i v i d i n g  t h e  s e n s o r y  e f f e c t  a x i s  i n t o  two r e g i o n s :



F ig u r e  5.  Examples of  t h e  f o u r - r e s p o n s e  c h o ic e  c u rv e s  in  

two extreme c a s e s .  Pane l  a  shows t h e  c u rv e s  when t h e r e  

i s  l i t t l e  o r  no s t i m u l u s  c o n t r o l .  Pane l  b shows th e  

c u rv e s  when t h e r e  i s  l i t t l e  s t i m u l u s  c o n t r o l  and a s t r o n g  

key p r e f e r e n c e .
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F ig u r e  6 .  F o u r - r e s p o n s e  c h o ic e  c u rv e s  f o r  t h e  na r row -  

rang e  b i r d s  i n  Experiment  1 by 25-day b lo c k .  I n  t h i s  

exper im ent  S I ,  S2, S3 and S4 were  1 . 7 ,  1 . 5 ,  1 .3  and 1 .1  

l o g  f t . L .  r e s p e c t i v e l y  f o r  t h e  narrow  rang e  c o n d i t i o n .
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F i g u r e  7. F o u r - r e s p o n s e  c h o ic e  c u rv e s  f o r  t h e  na r row -  

ra n g e  b i r d s  i n  Exper iment  1 .  Da ta  a r e  shown by 5-day  

b lo c k  f o r  t h e  f i r s t  25 days  o f  t r a i n i n g .  In  t h i s  narrow 

ra n g e  c o n d i t i o n  S I ,  S2, S3 and S4 were 1 . 7 ,  1 . 5 ,  1 .3  and 

1 .1  l o g  f t . L .  r e s p e c t i v e l y .
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F i g u r e  S.  F o u r - r e s p o n s e  c h o ic e  c u rv e s  f o r  t h e  m o d e r a te -  

r a n g e  b i r d s  i n  Exper iment  1 .  Data  a r e  shown by 25-day  

b lock  f o r  t h e  100 days  o f  t r a i n i n g .  I n  t h i s  m o d e ra te -  

r a n g e  c o n d i t i o n  S I ,  S2,  S3 and S4 were 2 . 1 ,  1 . 5 ,  1 .3  and 

. 7  lo g  f t . L .  r e s p e c t i v e l y .
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F i g u r e  9 .  F o u r - r e s p o n s e  c h o ic e  c u rv e s  f o r  th e  m o d e ra te -  

ran g e  b i r d s  i n  Experiment  1 .  Data  a r e  shown by 5-day  

b lo c k  f o r  t h e  f i r s t  25 days  o f  t r a i n i n g .  I n  t h i s  m odera te  

r a n g e  c o n d i t i o n  S I ,  S2, S3 and S4 were 2 . 1 ,  1 . 5 ,  1 .3  and 

.7  l o g  f t . L .  r e s p e c t i v e l y .
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One i n  which R1 and R2 would be made and one in  which R3 and 

R4 would be made. The p o i n t  a t  which t h e  c h o ic e  c u rv e s  

c r o s s  s u g g e s t s  t h a t  t h i s  c r i t e r i o n  l i e s  n e a r  1 . 6  l o g  f t . L . ,  

be tween  SI and 32 .

A s i n g l e  c r i t e r i o n  was e s t a b l i s h e d  by a l l  n a r ro w - ra n g e  

b i r d s  d u r i n g  t h e  f i r s t  25-day  b lo c k  o f  t r a i n i n g .  The mean 

p o s i t i o n  o f  t h i s  c r i t e r i o n  was n e a r  t h e  h ig h  i n t e n s i t y  end 

o f  t h e  continuum, a t  a p p ro x im a te ly  1 .5  l o g  f t . L .  f o r  B43, 

s l i g h t l y  h i g h e r  f o r  344, and s l i g h t l y ! l o w e r  f o r  B45. The 

two a d d i t i o n a l  c r i t e r i a  were  e s t a b l i s h e d  d u r i n g  t h e  second 

25-day  b lo c k  ( s e s s i o n s  26-50)  by b i r d s  44 and 45. These 

c r i t e r i a  were e v id e n t  in  t h e  c h o ic e  c u rv e s  o f  a l l  t h r e e  

b i r d s  d u r i n g  th e  t h i r d  and f o u r t h  25-day b l o c k s .

I n  F ig u r e  7 t h e  f i r s t  25 days  o f  t r a i n i n g  a r e  b roken  

down i n t o  5-day  b l o c k s .  A d d i t i o n a l  i n f o r m a t i o n  can be 

g a in e d  from t h e  e x am in a t io n  o f  t h e s e  d a t a .  For  example ,  a 

s i n g l e  c r i t e r i o n  a p p e a r s  t o  have been e s t a b l i s h e d  w i t h i n  

t h e  f i r s t  f i v e  day s  o f  t r a i n i n g  by B43, 44 and 45.  The 

f i v e - d a y  b lo c k s  r e v e a l  key p r e f e r e n c e s  p r e f e r e n c e s  which 

seem t o  change from block  t o  b lo c k  and were n o t  o b v io u s  i n  

t h e  25-day p l o t .  Note ,  f o r  example , t h e  h ig h  f r e q u e n c y  o f  

R4 d u r in g  days  6 t o  10 and o f  R2 d u r i n g  days  21 t o  25 f o r  

B43. I n  s p i t e  o f  t h e s e  s h i f t i n g  key p r e f e r e n c e s ,  th e  t r e n d  

shown i n  t h e  25-day b lock  i s  r e p e a t e d :  t h e  R1 and R2 c u rv e s

t e n d  t o  f a l l  a s  s t i m u l u s  i n t e n s i t y  d e c r e a s e s  and t h e  R3 and 

R4 c u rv e s  t e n d  t o  r i s e .
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For t h e  m o d e r a te - r a n g e  b i r d s ,  t h e  25-day  b lo ck  a n a l y ­

s i s  (F ig u re  8) i n d i c a t e s  t h a t  a l l  t h r e e  c r i t e r i a  were e s t a b ­

l i s h e d  d u r i n g  t h e  f i r s t  25 days  o f  t r a i n i n g .  Each o f  t h e  

f o u r  r e s p o n s e s  o c c u r r e d  most  f r e q u e n t l y  i n  th e  p r e s e n c e  o f  

t h e  c o r r e c t  s t i m u l u s  a l t h o u g h  th e  R2 and R3 c u rv e s  d i d  n o t  

i n t e r s e c t  u n t i l  t h e  second 25-day  b lo c k .  S ince  t h r e e  c r i ­

t e r i a  were e v id e n t  so  e a r l y  i n  t r a i n i n g ,  t h e  5-day  b lo c k  

g rap h s  were examined ( F ig u re  9) t o  g e t  an i d e a  o f  how t h e  

d i s c r i m i n a t i o n  d e v e lo p e d .  The t h r e e  c r i t e r i a  were c l e a r l y  

e v id e n t  by t h e  second  5-day  b lock  f o r  b i r d s  47 and 48 .  Fo r  

b i r d  46, on t h e  o t h e r  hand,  t h e  f o u r  r e s p o n s e  c u rv e s  d i d  

n o t  c l e a r l y  peak i n  t h e  p r e s e n c e  o f  t h e  a p p r o p r i a t e  s t i m u l i  

u n t i l  t h e  f o u r t h  b lock  (days  1 6 - 2 0 ) .

In  F ig u re  10 th e  p r o p o r t i o n  (P) o f  h i t s  and f a l s e  

a la rm s  a r e  p l o t t e d  f o r  each b i r d  on normal d e v i a t e  a x es  

(z-ROC c u rv e s )  f o r  t h e  d i s c r i m i n a t i o n  between t h e  two cen ­

t r a l  s t i m u l i  d u r i n g  t h e  l a s t  25 days  o f  t r a i n i n g .  Note t h a t  

t h e s e  p o i n t s  do n o t  d e v i a t e  s u b s t a n t i a l l y  from a  l i n e  w i th  

a s l o p e  o f  1 i n d i c a t i n g  t h a t  th e  a s su m p t io n s  made i n  comput­

in g  d 1, namely t h a t  t h e  d i s t r i b u t i o n s  o f  t h e  d e c i s i o n  v a r i ­

a b l e s  a r e  normal and o f  e q u a l  v a r i a n c e ,  were  n o t  s e r i o u s l y  

v i o l a t e d .  The ci1 v a l u e s  f o r  t h e  25 -day  p e r i o d  a r e  a l s o  

i n c lu d e d  i n  F i g u r e  10.

The development  o f  t h e  d i s c r i m i n a t i o n  between t h e  two 

c e n t r a l  s t i m u l i  was examined f o r  a l l  b i r d s  by p l o t t i n g  d ’ 

(ROC method) t h r o u g h o u t  t r a i n i n g .  F ig u r e  11 p r e s e n t s  t h e s e



F ig u r e  10.  P r o p o r t i o n  o f  " h i t s ” and " f a l s e  a la rm s"  f o r  

s t i m u l i  2 and 3 f o r  a l l  b i r d s  i n  Experiment  1 .  A l l  d a t a  

p o i n t s  a r e  based  on t h e  l a s t  25 days  o f  t r a i n i n g  and a r e  

p l o t t e d  on normal d e v i a t e  a x e s .  The d i a g o n a l  r e p r e s e n t s  

chance  p e r fo rm an c e .  P o i n t s '  f u r t h e r  from t h e  d i a g o n a l  

i n d i c a t e  h i g h e r  d ’ v a l u e s .
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F i g u r e  11 .  d* f o r  S2 and S3 a s  a f u n c t i o n  o f  t r a i n i n g  f o r  

a l l  b i r d s  i n  E xper im ent  1 .  The s o l i d  l i n e s  a r e  f o r  d a t a  

shown i n  5-day  b l o c k s ;  t h e  dashed  l i n e s  a r e  f o r  d a t a  shown 

i n  25-day  b l o c k s .
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d a t a  b o th  by 5-day  b lo c k  ( s o l i d  l i n e )  and by 25-day  b lo c k  

(dashed  l i n e ) .  I t  i s  c l e a r  from t h e s e  p l o t s  t h a t  f o r  b i r d s  

43 and 45 d* was a s y m p to t i c  by b lo c k  15 ( s e s s i o n  7 5 ) .  For 

b i r d  44, d ’ s t i l l  ap pea re d  t o  have been i n c r e a s i n g  when th e  

exper im en t  was t e r m i n a t e d .  Of t h e  m o d e r a te - r a n g e  b i r d s ,

B47 and 46 a p p e a r  t o  have been im prov ing  on t h i s  d i s c r i m i ­

n a t i o n  s low ly  up to  t h e i r  l a s t  b lo c k  o f  t r a i n i n g  w h i l e  B46 

d i d  n o t  improve a f t e r  b lo ck  15 ( s e s s i o n  7 5 ) .  These  t r e n d s  

can be seen  e a s i l y  i n  t h e  d* s c o r e s  f o r  t h e  25^day b l o c k s .

Pe rfo rm ance  o v e r  t h e  f i n a l  25 days o f  t r a i n i n g  was 

examined t o  d e te rm in e  w h e th e r  ra n g e  a f f e c t s  d i s c r i m i n a t i o n  

p e r fo rm an c e .  The d* m easures  f o r  t h e  d i s c r i m i n a t i o n  b e ­

tween t h e  two c e n t r a l  s t i m u l i ,  S2 and S3, were o b t a i n e d  

u s i n g  b o th  t h e  ROC method and t h e  T h u r s t o n i a n  method.  

R e l a t i v e l y  sm a l l  d i f f e r e n c e s  between t h e  two methods were 

o b se rv ed  which a r e  p r o b a b ly  due t o  n o i s e  i n  t h e  d a t a .  (See 

Appendix A f o r  th e  s p e c i f i c s  of  t h e  two m e th o d s . )  These d ’ 

d a t a  a r e  p r e s e n t e d  i n  T ab le  1 .  I t  can be seen  t h a t  a l l  d ’ 

v a l u e s  f o r  t h e  n a r ro w -ra n g e  b i r d s  a r e  l a r g e r  t h a n  t h o s e  f o r  

t h e  m o d e r a te - r a n g e  b i r d s  r e g a r d l e s s  o f  which method o f  ob­

t a i n i n g  d* was u s e d .  The mean d f o b t a i n e d  by t h e  ROC method 

was 1 .31  f o r  t h e  n a r row -rang e  group  and .84  f o r  th e  moder­

a t e - r a n g e  g ro u p .  T h is  d i f f e r e n c e  was s i g n i f i c a n t  (£  (4)  = 

3 . 2 9 ,  £ ^ . 0 5 ) .  The T h u r s t o n i a n  method y i e l d e d  s i m i l a r  

though  s l i g h t l y  h i g h e r  e s t i m a t e s  o f  d 1, 1 .4 7  f o r  t h e  na r row -  

ran g e  group and 1 .05  f o r  t h e  w id e - r a n g e  group .  T h i s  d i f -



56.

T a b le  1 .  d ’ over  t h e  l a s t  25 days  o f  t r a i n i n g  i n  E x p e r i ­
ment 1 as  c a l c u l a t e d  by b o th  ROC and T h u r s t o n i a n  methods,

C o n d i t i o n  B i rd  ROC T h u r s t o n ia n
Method Method

Narrow 43 1 .4 5  1 .43
Range

44 1 .2 2  1 .5 4

45 1 .2 7  1 .43

x 1 .3 1  1 .4 7

Moderate  46 .61 .71
Range

47 .93 1 .2 5

46 1 .0 1  1 .1 8

x .85 1 .0 5
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f e r e n c e  was n o t  s i g n i f i c a n t  ( t  (4) = 2 .4 2 0 ,  £  ^  . 0 5 ) .  Thus,  

bo th  methods o f  d a ta  t r e a t m e n t  i n d i c a t e  t h a t  n a r r o w - r a n g e  

b i r d s  form a s h a r p e r  d i s c r i m i n a t i o n  between t h e s e  two 

s t i m u l i .

The way d f (ROC method) changed d u r in g  a c q u i s i t i o n  f o r  

t h e  two groups  i s  shown i n  F ig u r e  12. Here t h e  d a t a  shown 

i n  F i g u r e  10 were a v e ra g e d  f o r  t h e  t h r e e  b i r d s  i n  eabh con­

d i t i o n ,  a g a in  by 5-day  b l o c k .  I t  i s  c l e a r  t h a t  a f t e r  t h e  

f i r s t  se v en  b l o c k s  (35 s e s s i o n s )  d ’ was c o n s i s t e n t l y  h i g h e r  

f o r  t h e  n a r ro w - ra n g e  b i r d s .

The r e s u l t s  o f  Experiment  1 i n d i c a t e  t h a t  t h e  ran g e  

e f f e c t  does  in d ee d  e x i s t  i n  t h e  p ig e o n .  Exper im ent  2 was 

u n d e r t a k e n  t o  e x p lo r e  t h i s  phenomenon f u r t h e r .  T h i s  was 

done by ex pand ing  t h e  ra n g e  ov e r  which t h e  s t i m u l i  v a r i e d  

and i n c r e a s i n g  t h e  number o f  s u b j e c t s  in  each g ro up .  I n  

a d d i t i o n ,  a p a p e r - t a p e  punch was u sed  t o  r e c o r d  t r i a l - b y -  

t r i a l  r e s u l t s  ( i n c l u d i n g  l a t e n c i e s ) .  T h is  made p o s s i b l e  

an  a n a l y s i s  o f  p o s s i b l e  s e q u e n t i a l  e f f e c t s  w h ich ,  a s  d i s ­

cussed  e a r l i e r ,  cou ld  be r e s p o n s i b l e  f o r  t h e  ra n g e  e f f e c t .

Experiment  2

Method

S u b j e c t s . Nine e x p e r i m e n t a l l y  n a iv e  White  Carneaux 

p ig e o n s  were a s s i g n e d  t o  two g ro u p s .  S ix  were t r a i n e d  on 

a w id e - ra n g e  c o n d i t i o n  ( 3 .0  lo g  u n i t  r an g e )  and t h r e e  were 

t r a i n e d  on t h e  n a r ro w -ra n g e  c o n d i t i o n  ( . 6  l o g  u n i t  r a n g e )



F i g u r e  12. Comparison of d ’ be tw een  S2 and S3 th r o u g h o u t  

t r a i n i n g  f o r  bo th  r a n g e  c o n d i t i o n s  i n  E xper im en t  1 (group  

d a t a ) .



1 .6 i

1.4-

1.2 -

1.0 - D-g

. 2 -
¥  Narrow Range  
□ Wide Range

-.2
20

Block of 5 Sessions



6 2 .

used in Experiment 1. In addition, the three narrow-range 
birds from Experiment 1 were given further training on the 
same, narrow, stimulus range after a lapse of approximately 
three months.

Apparatus. A new experimental chamber was used for 
this and subsequent experiments. The apparatus was similar 
to that used in Experiment 1 (see earlier description and 
Figure 2 for details). The major change consisted of the 
use of a Kodak Carousel #750H slide projector instead of 
the Model 000 used in Experiment 1 and the use of Sylvania 
Tungsten Halogen ELH Quartz TruBeam projector lamps instead 
of the General Electric CBA lamps.

Stimuli. The model #750H slide projector was set on 
the "low” setting. The neutral filters used in Experiment 2 
were of densities 1.4, 1.6, 1.8 and 2.0 for the narrow range. 
These filters attenuated the light source to .4, .2, 0 and 
-.2 log ft.L. for stimuli 1, 2, 3 and 4 respectively. The 
filters used for the wide range were of densities .2, 1.6, 
1.8 and 3.2 which produced luminance levels of 1.6, .2, 0 
and -1.4 log ft.L. for stimuli 1, 2, 3 and 4 respectively.
As was the case in Experiment 1, stimuli 2 and 3 were the 
were the same for both conditions, however, these two stimuli 
were about 1.3 log units dimmer than the two central stimuli 
used in Experiment 1.
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Procedure« The procedure was the same as that used in 
Experiment 1 except that the nine naive birds were given 160 
sessions of training. The three birds trained on the narrow 
range in Experiment 1 were given 100 days of training in the 
new apparatus under conditions that closely duplicated their 
original training.

Results
The nine new birds were given 160 sessions of training 

at which point the wide-range birds were asymptotic and all 
of the narrow-range birds had reached a point where thejr 
rate of improvement was minimal (i.e., an average increase 
of no more than 5$ correct responses over 25 days or 500 
presentations of each stimulus). Figure 13 shows the aver­
age percent of correct first choices per 5-day block for 
each bird. It can be seen that the wide-range group leveled 
off after approximately block 6 (30 sessions) at about 75$ 
correct first choices. The narrow-range group, however, 
continued to increase their percent correct first choices 
until about block 24 (session 120). Birds 43 through 45, 
previously trained in Experiment 1 with the narrow range, 
appeared not to have made any noticable gains after block 6 
(session 30) of retraining (retraining data in Appendix B). 
Birds 43, 44 and 45 never reached their earlier level of 
performance in the new apparatus (63$ correct first choices 
in Experiment 1 vs. 51$ in Experiment 2). The level that 
they did reach in Experiment 2, however, closely coincided



F i g u r e  13.  P e r c e n t  c o r r e c t  f i r s t  c h o ic e s  f o r  each b i r d .  

Data  a r e  shown i n  f i v e - d a y  b l o c k s  f o r  t h e  100 s e s s i o n s  o f  

Exper iment  2. Data  f o r  t h e  b i r d s  t r a i n e d  on t h e  narrow  

ra n g e  a r e  shown i n  p a n e l  b. Data f o r  t h e  b i r d s  t r a i n e d  

on t h e  wide r a n g e  a r e  shown in  p a n e l  a .
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w i th  t h e  perfo rm ance  l e v e l  o f  t h e  b i r d s  (B69, 70 and 71) 

t r a i n e d  e x c l u s i v e l y  i n  t h e  new a p p a r a t u s .  The lower  l e v e l  

o f  pe rfo rm ance  may have been due t o  t h e  a b s o l u t e  d i f f e r e n c e  

i n  lum inance .  A l though t h e  r e l a t i v e  d i f f e r e n c e s  i n  lu m i ­

nance  were th e  same i n  bo th  e x p e r im e n t s ,  t h e  a b s o l u t e  lu m i­

nance l e v e l  i n  Experiment  1 was a p p ro x im a te ly  1 .3  l o g  f t . L .  

h i g h e r  t h a n  t h a t  in  Experiment  2.

F i g u r e  14 shows t h e  f o u r  r e s p o n s e  c h o ic e  c u rv e s  f o r  t h e  

new n a r r o w - r a n g e  b i r d s  (B69, 70 and 71) f o r  t h e  f i r s t  t h r e e  

and th e  l a s t  o f  t h e  25-day b l o c k s .  The d a ta  f o r  each o f  th e  

b i r d s  show some ev id e n ce  of  s t i m u l u s  c o n t r o l  ( i . e . ,  t h a t  a t  

l e a s t  one c r i t e r i o n  had  been e s t a b l i s h e d )  d u r i n g  t h e  f i r s t  

25-day b l o c k .  The second and t h i r d  25-day  b l o c k s  show i n ­

c r e a s e s  i n  s t i m u l u s  c o n t r o l  f o r  a l l  t h r e e  b i r d s .  The p l o t  

f o r  days  136-160 shows t h a t  a l l  r e s p o n s e  c u r v e s  r e a c h  t h e i r  

h i g h e s t  p o i n t s  i n  t h e  p r e s e n c e  o f  t h e  a p p r o p r i a t e  s t i m u l i .

An e x a m in a t io n  o f  the  f i v e - d a y  b lo ck  d a t a  ( i n c l u d e d  i n  

Appendix B) c o n f i rm s  th e  above o b s e r v a t i o n  t h a t  b i r d s  70 and 

71 e s t a b l i s h e d  a s i n g l e  c l e a r  c r i t e r i o n  e a r l y  i n  t r a i n i n g  

( c e r t a i n l y  by t h e  second 5 -d ay  b l o c k ) .  These d a t a  show t h a t  

b i r d  69 had a p r e f e r e n c e  f o r  R2 th ro u g h o u t  t h e  25-day p e r i o d .  

D e sp i t e  t h i s  k ey  p r e f e r e n c e  which d e c r e a s e d  a s  t r a i n i n g  p r o g ­

r e s s e d ,  t h e r e  i s  some i n d i c a t i o n  o f  c o n t r o l  o f  R2 by th e  

lum inance  d im e ns io n .  R2 was made most f r e q u e n t l y  i n  t h e  

p r e s e n c e  of  t h e  b r i g h t e r  o f  t h e  two s t i m u l i ,  SI and S2, ove r  

t h e  f i r s t  25 d a y s .



F i g u r e  14 .  F o u r - r e s p o n s e  c h o ic e  c u rv e s  f o r  t h e  na r row -  

ra n g e  b i r d s  i n  Experiment  2 .  The f i r s t  t h r e e  25-day  

b lo c k s  a r e  shown f o r  b i r d s  69 ,  70 and 71 a s  w e l l  a s  th e  

l a s t  25-day  b lo c k s  f o r  b i r d s  6 9 ,  70,  71,  43 ,  44 and 45.

I n  t h i s  n a r ro w - ra n g e  c o n d i t i o n  S I ,  S2, S3 and S4 were  . 4 ,  

. 2 ,  0 and - . 2  l o g  f t . L .  r e s p e c t i v e l y .
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The b i r d s  o r i g i n a l l y  t r a i n e d  on t h e  narrow ran g e  i n  

Experiment  1 (B43, 44 and 45) showed some improvement over  

t h e i r  100 days o f  r e t r a i n i n g .  With t h e  e x c e p t io n  o f  B43. 

a l l  t h r e e  c r i t e r i a  were e v id e n t  on t h e  f i r s t  25-day  b lo c k .  

B ird  43 t en d e d  not  t o  make R1 a s  a f i r s t  c h o ic e ;  however,  

when R1 was made, i t  was most o f t e n  made i n  th e  p r e s e n c e  

o f  t h e  a p p r o p r i a t e  s t i m u l u s ,  S I .  T h is  r e s p o n se  b i a s  may 

a cc o u n t  f o r  t h e  f a c t  t h a t  even by t h e  l a s t  b lock  o f  r e ­

t r a i n i n g  ( se e  F ig u r e  14, bot tom p a n e l ) ,  R2 was made most 

f r e q u e n t l y  i n  t h e  p r e s e n c e  of S I .  The o t h e r  r e s p o n s e s  were 

made most f r e q u e n t l y  in  t h e  p r e s e n c e  o f  t h e  a p p r o p r i a t e  

s t i m u l i .

Choice cu rv e s  f o r  t h e  f i r s t  and l a s t  25-day b lo c k s  f o r  

each  o f  t h e  w id e - r a n g e  b i r d s  a r e  shown i n  F ig u re  15.  Three 

c r i t e r i a  were e s t a b l i s h e d  d u r i n g  t h e  f i r s t  25 days of 

t r a i n i n g .  Note t h a t  w i th  few e x c e p t i o n s  t h e  c h o ic e  cu rve  

f o r  each  r e s p o n s e  peaks  o ve r  t h e  a p p r o p r i a t e  s t i m u l u s .  An 

e x a m in a t io n  o f  t h e s e  d a t a  f o r  t h e  f i r s t  two 5-day b lo ck s  

(F ig u re  16) i n d i c a t e s  t h a t  a l l  s i x  b i r d s  e s t a b l i s h e d  a t  

l e a s t  one c r i t e r i o n  d u r in g  th e  f i r s t  f i v e  d a y s .  In  a d d i t i o n ,  

b o th  o f  t h e  o u t e r  c r i t e r i a  ap pea re d  w i t h i n  t h e  f i r s t  f i v e  

days  f o r  b i r d s  63 and 6£. Both o u t e r  c r i t e r i a  were p r e s e n t  

by t h e  second  5-day b lock  ( s e s s i o n s  6 -10 )  f o r  b i r d s  63,  64,

67 and 6£.  I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  a l l  b i r d s  

d eve loped  t h e  c r i t e r i o n  between t h e  two b r i g h t e s t  s t i m u l i ,

SI and S2 f i r s t .  As was n o t e d ,  most  o f  t h e  b i r d s  i n  E x p e r i ­

ment 1 a l s o  deve loped  t h e i r  f i r s t  c r i t e r i o n  between t h e  two



F ig u re  15.  F o u r - r e s p o n s e  c h o ic e  c u rv e s  f o r  t h e  w id e - r a n g e  

b i r d s  i n  Exper im en t  2 .  Data  a r e  shown f o r  t h e  f i r s t  and 

l a s t  25 days  o f  t r a i n i n g .  In  t h i s  w id e - r a n g e  c o n d i t i o n  

S I ,  S2 , S3 and S4 were 1 . 6 ,  . 2 ,  0 and - 1 . 4  l o g  f t . L .  

r e s p e c t i v e l y .
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F ig u r e  16.  F o u r - r e s p o n s e  c h o ic e  c u rv e s  f o r  t h e  w id e - r a n g e  

b i r d s  i n  Exper iment  2. Data a r e  shown by 5 -day  b lo c k  f o r  

t h e  f i r s t  10 days  o f  t r a i n i n g .  I n  t h i s  w id e - r a n g e  c o n d i ­

t i o n  S I ,  S2, S3 and S4 were 1 . 6 ,  . 2 ,  0 and - 1 . 4  l o g  f t . L .  

r e s p e c t i v e l y .
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brightest stimuli. Evidence of discrimination between the 
two central stimuli was visible in the first 5-day block 
for one of the birds (B63), as indicated by R2 having 
occurred most frequently in the presence of S2 and R3 in 
the presence of S3* For three other birds (B66, 67 and 66) 
this control was apparent in the second 5-day block, and 
it was evident for all but B65 by the third block of five 
days (not shown). Once apparent, despite evidence of key 
preferences for several of the birds, R2 and R3 remained 
under control of the luminance dimension throughout the 
experiment.

Despite this very early evidence of differentiation 
between R2 and R3 for the wide-range birds, d ’ (ROC method) 
between stimuli 2 and 3 for these birds increased little 
over the course of training (see Figure 17). Examination 
of the development of the discrimination between the two 
central stimuli by the narrow-range birds (Figure 16) 
clearly shows that d ’ increased over training. A compari­
son of d ’ under the two conditions can be seen in Figure 19 
which shows the mean d ’s for each group by 5-day block.
Note that d f is similar for both groups at the start of 
training, but the curve for the narrow-range group continued 
to climb during training more rapidly than that of the wide- 
range group. Comparison of Figure 19 to Figure 12, the com­
parable plot for Experiment 1, indicates that the larger 
difference between the ranges in Experiment 2 resulted in



F i g u r e  17 .  d ’ f o r  S2 and S3 a s  a f u n c t i o n  o f  t r a i n i n g  f o r  

a l l  w id e - r a n g e  b i r d s  i n  Experiment  2 . The s o l i d  l i n e s  a r e  

f o r  d a t a  shown in  5-day  b l o c k s ;  t h e  dashed  l i n e s  a r e  f o r  

d a t a  shown i n  25-day b l o c k s .
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F i g u r e  18 .  d '  f o r  52 and S3 a s  a f u n c t i o n  o f  t r a i n i n g  f o r  

a l l  n a r ro w - ra n g e  b i r d s  i n  Exper iment  2 .  The s o l i d  l i n e s  

a r e  f o r  d a t a  shown i n  5-day  b l o c k s ;  t h e  dashed l i n e s  a r e  

f o r  d a t a  shown i n  25-day  b l o c k s .
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F i g u r e  19.  Comparison o f  d ’ between S2 and S3 th r o u g h o u t  

t r a i n i n g  f o r  b o th  r a n g e  c o n d i t i o n s  i n  Experiment  2 (group 

d a t a ) .
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more c l e a r l y  d i v e r g e n t  f u n c t i o n s  and t h u s  a  more c o n c l u s i v e  

d e m o n s t r a t i o n  o f  t h e  ran ge  e f f e c t .  Both in  te rm s  o f  d* and 

i n  te rm s  o f  t h e  p e r c e n t  c o r r e c t  f i r s t  c h o i c e s ,  t h e  na rrow -  

ran g e  b i r d s  i n  Experiment  2 n e v e r  r e a c h e d  t h e  l e v e l  o f  t h e  

n a r ro w - ra n g e  b i r d s  i n  Experiment  1.

F i g u r e s  20 and 21 p r e s e n t  t h e  z-RCC c u rv e s  f o r  th e  d i s ­

c r i m i n a t i o n  between 32 and 33 g e n e r a t e d  d u r i n g  t h e  l a s t  25 

days o f  t r a i n i n g  f o r  a l l  b i r d s .  Again th e  p o i n t s  f o r  t h e  

n a r ro w - ra n g e  b i r d s  a r e  f u r t h e r  from t h e  d i a g o n a l  in d ic a t in g -  

g r e a t e r  s e n s i t i v i t y  and t h e y  a r e  w e l l  f i t  by a l i n e  w i th  a 

s l o p e  o f  1 .  S ince  i n  t h e  wide ra n g e  t h e  s t i m u l i  b e in g  d i s ­

c r i m i n a t e d  were e x a c t l y  t h e  same a s  t h o s e  i n  t h e  narrow  

r a n g e ,  i t  i s  r e a s o n a b l e  t o  assume t h a t  t h e  z-RCC c u rv e s  f o r  

t h e s e  b i r d s  a l s o  have a s lo p e  of  1.  The p e r f e c t  i d e n t i f i ­

c a t i o n  o f  SI and 34 r e s u l t e d  i n  few er  d a t a  p o i n t s .

T ab le  2 shows t h e  mean d '  f o r  each  o f  t h e  b i r d s  i n  

Exper iment  2 over  t h e  l a s t  25 days o f  t r a i n i n g  a s  c a l c u l a t e d  

by b o th  m ethods.  The d i f f e r e n c e  between t h e  mean d ’ s c a l c u ­

l a t e d  by t h e  RCC method ( .9 3  f o r  t h e  narrow ra n g e  and .37 

f o r  t h e  wide r a n g e )  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( t  (10) = 

5 .9 0 9 ,  £  ^ . 0 0 1 ) .  The T h u r s t o n ia n  method o f  o b t a i n i n g  d ? 

i n d i c a t e s  a  mean ci’ o f  1 .01  f o r  t h e  n a r ro w -ra n g e  b i r d s  and 

o f  . 3 6  f o r  t h e  w id e - ra n g e  b i r d s ;  t h i s  d i f f e r e n c e  i s  a l s o  

s i g n i f i c a n t  ( t  (10)  = 7 .0 5 4 ,  £  <  .0 0 1 ) .

For  each  b i r d ,  t h e  mean c r i t e r i o n  p o s i t i o n  s e p a r a t i n g  

R1 and R2 from R3 and R4 (j3) i s  a l s o  p r e s e n t e d  i n  T ab le  2.

I f  t h e  b i r d s  f o l lo w e d  t h e  d e c i s i o n  r u l e  d e s c r i b e d  i n  F ig u r e



F ig u re  20. P r o p o r t i o n  o f  " h i t s "  and " f a l s e  a la rm s"  f o r  

s t i m u l i  2 and 3 f o r  a l l  b i r d s  in  t h e  n a r ro w -ran g e  c o n d i ­

t i o n  in  Exper iment  2. A l l  d a t a  p o i n t s  a r e  based  on t h e  

l a s t  25 days  o f  t r a i n i n g  and a r e  p l o t t e d  on normal d e v i a t e  

a x e s .  The d i a g o n a l  r e p r e s e n t s  chance pe r fo rm an ce .  P o i n t s  

f u r t h e r  from th e  d i a g o n a l  i n d i c a t e  h i g h e r  d* v a l u e s .
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Figure 21. Proportion of "hits" and "false alarms" for 
stimuli 2 and 3 for all birds in the wide-range condition 
in Experiment 2. All data points are based on the last 
25 days of training and are plotted on normal deviate axes. 
The diagonal represents chance performance. Points further 
from the diagonal indicate higher d ’ values.
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Table 2. Mean d' s (both ROC and Thurstonian methods)
and RBI for each bird for the! last 25 days of traininj
Experiment 2.

d»
Condition Bird ROC Thurstonian C* RBI

Method Method

43 .52 .66 .065 .23
44 .99 1.22 .105 .15
45 .95 .94 .106 .20

Narrow
Range 69 .98 1.08 .119 .22

70 1.12 1.05 .090 .06
71 1.00 1.10 .06r .16
X .93 1.01 .092 .19

63 .29 .30 .513 .62

64 .36 .36 .079 .06
65 • 46 .46 .136 .10

Wide
Range 66 .26 .2 B .257 .28

67 .32 .20 .440 .61
68 .50 .50 .324 .58
X .36 .36 .145 .36

*in log ft.L.
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1, £ would be midway between S2 and S3. This criterion 
placement (.1 log ft.L.), which would result in the fewest 
misses and false alarms, will hereafter be referred to as 
C ?. The mean £  obtained for the birds in the narrow-range 
gropp was .092 log ft.L. Note that the £ values for the 
narrow-range birds were all between S2 and S3 while the £ 
values for only two of the six wide-range birds were be­
tween S2 and S3.

The R2 and R3 choice curves at the end of training 
(last 25-day block) under the narrow- (Figure 14) and wide- 
range (Figure 16) conditions are quite different. While 
for all birds the choice curves peak over the appropriate 
stimulus value, the R2 and R3 curves for five out of the 
six birds trained on the narrow range (B43 is the exception) 
intersect between S2 and S3, the curves for only one of the 
birds trained under the wide-range condition (B65) intersect 
between S2 and S3. The wide-range birds show strong key 
preferences in choosing between R2 and R3.

The degree of key preference or response bias may be 
measured by comparing all R2 first choices given S2 or S3 
to all R3 first choices given S2 or S3. If the smaller of 
these numbers is divided by the larger and the result sub­
tracted from 1, an index of response bias will result rang­
ing from 0 to 1. An index of 0 indicating no key preference, 
(i.e., that P(R2|S2 or S3) = P(R3(S2 or S3)); this will be 
the case when £  = £'. Indices approaching 1 indicating pro­
gressively greater response bias.
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This index, the RBI, is sensitive to the position of 
all three criteria rather than to only the central criterion. 
In the wide-range condition the sensory effect distributions 
of the extreme stimuli do not substantially overlap those of 
the central stimuli and thus the criteria established be­
tween the extreme and central stimuli are not likely to 
include many sensory effects due to SI and to S4 in the R2 
or R3 regions. This is supported by the birds' near-per­
fect recrods of identifying SI and S4. In the wide range 
condition, therefore, the RBI will be closely related to 
the distance of C from C'; indeed, the two measures (RBI 
and Jfi. - £.'J ) are significantly correlated (r (4) “ .6927,
£  ^.05). In the narrow range condition, the sensory 
effects of the stimuli are likely to have overlapped to 
a greater extent, and since the RBI is influenced by such 
overlap, it is not surprising that the correlation between 
RBI and j£ “ £ ’ j shows no significant relationship (r (4) =* 
.0856, £ > .05).

In order to determine whether sequential factors could 
be responsible for the observed range effect, each bird's 
performance over the last 25 days of training was analyzed 
for the possible dependence of any given response on the 
stimulus-response pairing reinforced on the immediately pre­
ceding trial. Unfortunately, due to an apparatus failure, 
this sequential data represents only 15 days of training for 
birds 63-71 (5-day blocks 28, 29 and 32). Since the data
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i n c l u d e  the  b e g in n in g  and th e  end o f  t h e  25-day  b lo c k s  and 

no c l e a r  d i f f e r e n c e  i s  v i s i b l e  w i t h i n  s u b j e c t s ,  i t  i s  un­

l i k e l y  t h a t  t h i s  l o s s  o f  d a ta  s i g n i f i c a n t l y  d i s t o r t e d  th e  

f i n d i n g s .  T a b le  3 p r e s e n t s  £  f o r  t h e  d i s c r i m i n a t i o n  between 

32 and 33 f o r  each b i r d  a f t e r  31,  a f t e r  32, a f t e r  33 and 

a f t e r  34.

As d i s c u s s e d  e a r l i e r ,  i t  was ex pec te d  t h a t  i f  t h e  

p r e v i o u s  s t i m u l u s  a f f e c t e d  p e r fo rm an c e ,  th e n  t h i s  e f f e c t  

would be most c l e a r  on t r i a l s  im m edia te ly  f o l lo w in g  one 

o f  th e  extreme s t i m u l i  ( S I  and S4) .  The mean £  p o s i t i o n  

f o r  t h e  w id e - ra n g e  b i r d s  on t r i a l s  f o l lo w in g  31 and 34 d id

no t  d i f f e r  s i g n i f i c a n t l y  { t  (5)  = .426 ,  £  ^ . 0 5 ) .  £  f o r

t h e  n a r ro w - ra n g e  b i r d s  t ended  to  be c l o s e r  to  S3 th an  to  

S2 a f t e r  SI was p r e s e n t e d  and c l o s e r  t o  32 t h a n  to  S3 

a f t e r  S4 was p r e s e n t e d ;  however,  t h i s  d i f f e r e n c e  was n o t  

s i g n i f i c a n t  ( t  (5)  = 1 .3 6 4 ,  £  ^  . 0 5 ) .

To o b t a i n  a m easure  of t h e  d e g ree  t o  which c r i t e r i o n

p o s i t i o n  was i n f l u e n c e d  by t h e  p r e c e d in g  s t i m u l u s ,  t h e  s t a n ­

da rd  d e v i a t i o n  o f  th e  f o u r  £  p o s i t i o n s  p r e s e n t e d  i n  T a b le  4 

was o b t a i n e d  f o r  each b i r d ;  t h e s e  v a l u e s  a r e  in c lu d e d  i n  t h e  

t a b l e .  The mean o f  t h e  s t a n d a r d  d e v i a t i o n s  o f  th e  b i r d s  i n  

t h e  w id e - r a n g e  group was s i g n i f i c a n t l y  l a r g e r  th a n  t h e  mean 

o f  t h o s e  i n  t h e  n a r ro w - ra n g e  group (t_ (10) = 4 .02 3 ,  £  ^ . 0 1 )  

i n d i c a t i n g  t h a t  £  f o r  t h e  w id e - r a n g e  b i r d s  was s i g n i f i c a n t l y  

more v a r i a b l e  th a n  f o r  the  n a r r o w - r a n g e  b i r d s .

To a s s e s s  t h e  e x t e n t  to  which r e i n f o r c e m e n t  of  R2 or '  R3 

on t r i a l  N-l  i n f l u e n c e d  r e s p o n s e s  on t r i a l  N t o  S2 and S3,
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T a b le  3 . Mean c r i t e r i o n  p o s i t i o n  a s  a f u n c t i o n  o f  t h e  
s t i m u l u s  c o r r e c t l y  i d e n t i f i e d  on t h e  p r e c e d i n g  t r i a l  and 
t h e  s t a n d a r d  d e v i a t i o n s  ( S .D . )  o f  t h e  o b t a i n e d  C v a lu e s  
f o r  each b i r d  i n  Experiment  2. Data a r e  based  on t h e  l a s t  
25 days o f  t r a i n i n g .

C*
C o n d i t io n

Narrow
Range

Wide
Range

B ird A f t e r
SI

A f t e r
S2

A f t e r
S3

A f t e r
S4

S u b je c t
S.D.

43 .0086 .0537 .0777 .0681 .0305

44 .1051 .1023 .1103 .0271 .0395

45 .0529 .1090 .1164 .1203 .0315

69 .0460 .0907 . 1 6 6 4 .1678 .0599

70 .0769 .0675 .0837 .1452 .0352

71 .0690 .0671 .1098 .0667 .0212

X .0598 .0817 .1107 .0992 .0363

63 .2541 .2081 .3436 .6100 .1797

64 .1122 .0827 .1872 .10402 .0455

65 .4000 .1303 .1306 .1125 .1380

66 .2146 .2364 • 3538 .1474 .0860

67 - .0 9 5 8 - . 4 1 6 7 - .0 4 8 1 - . 2 9 4 7 .1723

68 .2528 .4765 .2337 .2278 . .1 1 9 7

X .1897 .1196 .2001 .1512 .1235

* i n  lo g  f t . L .
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t h e  RBI’ s were c a l c u l a t e d  f o r  t r i a l s  f o l l o w in g  S2 and S3- 

I t  was assumed t h a t  i f  a win- s t a y  s t r a t e g y  was i n  o p e r a ­

t i o n ,  t h e  RBI’ s would show a low ered  b i a s  toward  t h e  p r e ­

f e r r e d  key i f  a r e s p o n s e  on t h e  n o n - p r e f e r r e d  key had been  

r e i n f o r c e d  on t h e  p r e v i o u s  t r i a l .  F iv e  o f  th e  s i x  b i r d s  i n  

t h e  n a r ro w -ran ge  group and f i v e  o f  t h e  s i x  b i r d s  i n  t h e  wide- 

ra n g e  group m a in ta in e d  t h e i r  key p r e f e r e n c e s  r e g a r d l e s s  o f  

which o f  th e  two r e s p o n s e s  had been r e i n f o r c e d  on t r i a l  N-l .  

The o t h e r  two b i r d s  (B71 and 364) were  more l i k e l y  t o  make 

t h e  same r e s p o n se  (R2 o r  R3) r e i n f o r c e d  on t r i a l  N-l  t o  

e i t h e r  32 o r  33 on t r i a l  N. To be c e r t a i n  t h a t  a w i n - s t a y  

s t r a t e g y  was n o t  s i g n i f i c a n t l y  i n f l u e n c i n g  th e  b i r d s ’ 

r e s p o n s e s ,  t h e  d i f f e r e n c e  between t h e  mean R 3 I ’ s on t h e  

p r e f e r r e d  and n o n - p r e f e r r e d  keys  f o l l o w i n g  r e i n f o r c e d  i d e n ­

t i f i c a t i o n s  of  32 and S3 were t e s t e d  f o r  b o th  ra n g e  c o n d i ­

t i o n s .  These d a t a  a r e  i n c l u d e d  i n  Appendix B. T h is  d i f f e r ­

e n ce ,  and th u s  t h e  e f f e c t  o f  such a s t r a t e g y ,  was n o t  s i g ­

n i f i c a n t  f o r  e i t h e r  t h e  n a r ro w -ran g e  group ( t  (5)  = 1 .3 9 3 ,  

£ ^ • 0 5 )  o r  th e  w id e - ra n g e  group (t^ (5) = .2 15 ,  £  ^  . 0 5 ) .

The mean r e s p o n s e  l a t e n c i e s  t o  d i s p l a y  key pecks  p r e ­

c e d in g  R2 o r  R3 c h o ic e s  were examined f o r  a l l  b i r d s  i n  Ex­

p e r im e n t  2 over  th e  l a s t  25 days  of  t r a i n i n g .  L a t e n c i e s  

were l o n g e r  f o r  t h e  b i r d s  t r a i n e d  w i t h  t h e  wide r a n g e  (139# 

msec, on R2 and 1257 msec, on R3) t h a n  f o r  t h o s e  t r a i n e d  on 

t h e  narrow ra n g e  (1092 msec, on R2 and 1170 msec,  on R3) .  

These  d i f f e r e n c e s  were not  s i g n i f i c a n t  a t  t h e  .05 l e v e l  when 

t - t e s t s  were done on t h e  r e c i p r o c a l  l a t e n c i e s  ( s e e  T ab le  4 ) .



T ab le  4 .  Mean l a t e n c y  o f  d i s p l a y  key pecks  p r e c e d in g  R2 
and R3 f o r  each b i r d  f o r  th e  l a s t  25 days  o f  t r a i n i n g  in  
Experiment  2.

Mean l a t e n c y  i n  msec,
C o n d i t i o n  B i rd

Narrow Range

Wide Range

R2 R3

43 885 1004

44 1070 1242

45 957 1040

69 1539 1396

70 1124 1246

71 978 1089

X 1092 1170

63 6 2 8 599

64 1194 1084

65 939 814

66 1592 1360

67 1133 1392

68 2903 2291

X 1396 1257

* t - t e s t  on d i f f e r e n c e  between r e c i p r o c a l s  o f  t h e  
m e a n s l a t e n c i e s  i n d i c a t e  no s i g n i f i c a n t  d i f f e r e n c e s  
be tween t h e  two ra n g e  c o n d i t i o n s  (p . 0 5 ) .  For  
R2 t ( 1 0 )  = .2891;  f o r  R3 t ( 1 0 )  « .4621 .
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E xper iment  3

As E xper im en ts  1 and 2 c l e a r l y  d e m o n s t r a t e d ,  t h e  ra n g e  

e f f e c t  e x i s t s  in  th e  p ig e o n .  The mechanisms u n d e r l y i n g  t h e  

ra n g e  e f f e c t ,  however,  rem ain  to  be e x p l a i n e d .  I t  could  be 

a rg ued  t h a t  t h e  n a r ro w - ra n g e  b i r d s  l e a r n e d  more a bou t  S2 and 

S3 t h a n  t h e  w id e - r a n g e  b i r d s  d i d ,  d e s p i t e  an e q u a l  number o f  

r e i n f o r c e d  c o r r e c t  i d e n t i f i c a t i o n s  o f  t h e s e  s t i m u l i ,  and 

t h a t  t h e  s u p e r i o r  d i s c r i m i n a t i o n  between S2 and S3 would 

endure  r e g a r d l e s s  o f  r a n g e .  I t  seemed,  t h e r e f o r e ,  t h a t  

t h e  n e x t  l o g i c a l  s t e p  was t o  d e te rm in e  w h e th e r  th e  d i s c r i m -  

i n a b i l i t y  o f  t h e  two c e n t r a l  s t i m u l i  i s  a f f e c t e d  by a change 

i n  t h e  s t i m u l u s  r a n g e ,  i . e . ,  t h e  b i r d s  o r i g i n a l l y  t r a i n e d  on 

t h e  narrow  ra n g e  were s w i t c h e d  t o  t h e  wide ran g e  and th e  

b i r d s  o r i g i n a l l y  t r a i n e d  on t h e  wide ra n g e  were changed to  

th e  na r ro w  r a n g e .  I f  ti ’ be tween t h e  two c e n t r a l  s t i m u l i  

d e c l i n e d  f o r  t h e  b i r d s  sw i tc h e d  from t h e  narrow  to  th e  wide 

r a n g e  and i n c r e a s e d  f o r  th e  b i r d s  sw i tc h ed  from t h e  wide t o  

t h e  na rrow  r a n g e ,  i t  co u ld  be conc luded  t h a t  t h e  o v e r a l l  

r a n g e  i s  n e c e s s a r y  t o  m a i n t a i n  a s  w e l l  a s  t o  e s t a b l i s h  t h e  

p e r fo rm an ce  r e p o r t e d  in  E xp er im en ts  1 and 2.

Method

S u b j e c t s . The same 12 White  Carneaux p ig e o n s  who 

s e r v e d  a s  s u b j e c t s  i n  Exper iment  2 were u sed  i n  Experiment  3.



A p p a r a t u s . The a p p a r a tu s  was i d e n t i c a l  t o  t h a t  used  

and d e s c r i b e d  in  Experiment  2.

P r o c e d u r e . The p ro ce d u re  was t h e  same as  t h a t  u sed  in  

Experiment  2 w i th  one m ajo r  e x c e p t i o n .  The b i r d s  p r e v i o u s l y  

t r a i n e d  on t h e  narrow  ran g e  were t r a i n e d  f o r  2$ days on th e  

wide ran g e  used  in  Experiment  2 ,  and t h e  b i r d s  p r e v i o u s l y  

t r a i n e d  on t h e  wide ran ge  were t r a i n e d  f o r  25 days on th e  

narrow ran g e  used in  Experiment  2. T h is  sw i tc h  was made 

on th e  day im m e d ia te ly  f o l l o w i n g  th e  l a s t  day o f  t r a i n i n g  

i n  Experiment  2.

R e s u l t s ,

The r e s u l t s  o f  t h i s  exper im en t  v e ry  c l e a r l y  show t h a t  

ran g e  e f f e c t s  t h e  e s t a b l i s h m e n t  a s  w e l l  a s  t h e  m ain ten a n ce  

o f  t h e  a c c u r a c y  o f  d i s c r i m i n a t i o n  between S2 and S3.

T ab le  6 shows d ’ based  on t h e  25 days o f  t r a i n i n g  w i th  

c o n d i t i o n s  r e v e r s e d .  I t  i s  c l e a r  from T ab le  6 t h a t  t h e  b i r d s  

changed t o  t h e  narrow  ran g e  c o n d i t i o n  showed h i g h e r  d Ts th a n  

t h o s e  changed to  th e  wide ra n g e  c o n d i t i o n  (ROC m ethod) .

T h is  d i f f e r e n c e  was s i g n i f i c a n t  (_t (10) = 2 .7 2 2 ,  £ ^ _ . 0 5 ) .

The T h u r s t o n i a n  method o f  c a l c u l a t i n g  d ’ a l s o  showed h i g h e r  

d ’ s f o r  t h e  b i r d s  changed to  th e  narrow ra n g e  th an  f o r  t h o s e  

changed to  t h e  wide range  a l t h o u g h  t h e  d i f f e r e n c e  was no t  

s i g n i f i c a n t  (jt (10) = 1 .4 0 4 ,  £  ^ . 0 5 ) .

The r e s u l t s  o f  Experiment  3 a r e  more s t r i k i n g  when d f 

f o r  each b i r d  i s  compared b e f o r e  and a f t e r  t h e  sw i t c h  i n  

ran g e  c o n d i t i o n s  ( s e e  F i g u r e  22) .  The d i f f e r e n c e  between



F i g u r e  22. Bar g raph  comparing d ’ i n  Exper iment  2 t o  d ’ 

i n  Exper iment  3 f o r  each b i r d .  Data  r e p r e s e n t  t h e  l a s t  

25 days  o f  Experiment  2 and a l l  o f  Exper iment  3*



d' between 2 central stimuli

1.6

1.2

0.6 range 

3.0 range
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t h e  mean d ’ s f o r  th e  l a s t  25 days o f  t r a i n i n g  i n  Experiment  

2 and t h e  mean d ’s f o r  the  25 days of  Exper im ent  3 i s  s i g ­

n i f i c a n t  f o r  b o th  g ro u p s .  The d e p en d en t  t - t e s t s  i n d i c a t e  

s i g n i f i c a n c e  a t  t h e  .001 l e v e l  f o r  t h e  b i r d s  changed from 

t h e  narrow t o  t h e  wide ran ge  (_t (5) = 7 .021)  and a t  t h e  .02 

l e v e l  f o r  t h e  b i r d s  changed from t h e  wide to  t h e  narrow 

ra n g e  ( t  (5)  = 4 . 3 7 5 ) .  T ' e  comparable  t - t e s t s  f o r  d ’ as  

c a l c u l a t e d  by t h e  T h u r s t o n i a n  method a l s o  i n d i c a t e  a s i g ­

n i f i c a n t  e f f e c t  o f  t h e  change in  r a n g e .  For  t h e  b i r d s  sw 

sw i tc h ed  from t h e  narrow  to  t h e  wide ran g e  th e  d i f f e r e n c e  

was s i g n i f i c a n t  a t  t h e  .001 l e v e l  (_t (5) = 9 . 1 4 0 ) ,  and f o r  

t h e  b i r d s  sw i tc h e d  from th e  wide t o  th e  narrow range  t h e  d i f ­

f e r e n c e  was s i g n i f i c a n t  a t  t h e  .01 l e v e l  ( t  (5 )  = 6 . 4 0 1 ) .

The ROC c u rv e s  f o r  each b i r d ’ s d i s c r i m i n a t i o n  between 

th e  two c e n t r a l  s t i m u l i  a r e  p r e s e n t e d  i n  F i g u r e s  23 and 24.

In  a l l  c a s e s  t h e  ROC p o i n t s  f o r  t h e  new n a r ro w -ran g e  b i r d s  

a re  f u r t h e r  from t h e  d i a g o n a l  th a n  t h o s e  f o r  t h e  b i r d s  

changed t o  t h e  wide r a n g e .  These p l o t s  may be compared to  

t h o s e  g e n e r a t e d  by t h e  same b i r d s  over  th e  l a s t  25 days o f  

t r a i n i n g  in  Exper iment  2 ( F i g u r e s  20 and 21) ;  i n  a l l  c a se s  

a c l e a r  change i n  t h e  ROC p o i n t s  i s  v i s i b l e  i n  th e  exp ec ted  

d i r e c t i o n .

F ig u re  25 shows t h e  c h o ic e  c u rv e s  f o r  each  o f  t h e  f o u r  

r e s p o n s e s  by f i v e - d a y  b lock  over t h e  course  o f  Experiment  3 

f o r  a r e p r e s e n t a t i v e  b i r d  from each  group.  Data  f o r  a l l  

b i r d s  a r e  in c lu d e d  i n  Appendix C. The most a p p a r e n t  e f f e c t



F i g u r e  23. P r o p o r t i o n  o f  " h i t s "  and " f a l s e  a la rm s "  f o r  

s t i m u l i  2 and 3 f o r  a l l  b i r d s  sw i tc h ed  t o  t h e  n a r r o w - r a n g e  

c o n d i t i o n  i n  Exper im ent  3. A l l  d a t a  p o i n t s  a r e  ba sed  on 

th e  25 days o f  t r a i n i n g  and a r e  p l o t t e d  on normal d e v i a t e  

a x e s .  The d i a g o n a l  r e p r e s e n t s  chance p e r fo rm a n c e .  P o i n t s  

f u r t h e r  from t h e  d i a g o n a l  i n d i c a t e  h i g h e r  d* v a l u e s .
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F i g u r e  24. P r o p o r t i o n  o f  " h i t s ” and " f a l s e  a la rm s"  f o r  

s t i m u l i  2 and 3 f o r  a l l  b i r d s  s w i t c h e d  t o  t h e  w id e - r a n g e  

c o n d i t i o n  i n  Experiment  3 . A l l  d a t a  p o i n t s  a r e  based  on 

t h e  25 days  o f  t r a i n i n g  and a r e  p l o t t e d  on normal d e v i a t e  

a x e s .  The d i a g o n a l  r e p r e s e n t s  chance  p e r fo rm an c e .  P o i n t s  

f u r t h e r  from t h e  d i a g o n a l  i n d i c a t e  h i g h e r  d 1 v a l u e s .
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F i g u r e  25. F o u r - r e s p o n s e  c h o ic e  c u rv e s  f o r  two r e p r e s e n ­

t a t i v e  b i r d s  i n  Experiment  3* Data  a r e  shows by 5-day  

b lock  f o r  t h e  25 days  o f  t r a i n i n g .  The d a t a  f o r  344 (wide 

r a n g e )  a p p e a r  i n  t h e  l e f t  column. In  t h i s  w id e - r a n g e  con­

d i t i o n  S I ,  S2, S3 and S4 were 1 . 6 ,  . 2 ,  0 and - 1 . 4  l o g  f t . L .  

r e s p e c t i v e l y .  The d a t a  f o r  B66 (nar row  ra n g e )  a p p e a r  i n  

t h e  r i g h t  column. I n  t h i s  n a rrow  ra n g e  S I ,  S2, S3 and S4 

were .4» . 2 ,  0 and - . 2  l o g  f t . L .  r e s p e c t i v e l y .
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B44 B66

P *

S T I M U L U S

Sessions
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of increasing range on the choice curves for R2 and R3 was 
an increase in response bias. In Figure 25 the four-response 
choice curves are shown for two representative birds, one 
from each group, over the course of Experiment 3. (Data for 
all birds are included in Appendix C.) For the birds orig­
inally trained on the narrow range and changed to the wide 
range (B43, 44, 45, 69, 70 and 71), the decrease in accuracy 
on the discrimination between S2 and S3 was clear by the 
last 5-day block although some deterioration was visible 
earlier. The R2 and R3 curves for the final five days 
reached their highest points over S2 and S3 respectively 
for all but one of the birds (B45), but these curves no 
longer intersected in the center of the range, between S2 
and S3> for any of the birds switched from the narrow to 
the wide-range condition. It is clear from the data that 
response biases developed for these birds. Birds 43» 45 
and 71 showed a tendency to respond on key 2 more often 
than on key 3 when either S2 or S3 was presented and birds 
44, 69 and 70 showed a similar bias for key 3.

Increasing response bias was not evident in the compar­
able data for the birds originally trained on the wide range 
and changed to the narrow range. Although response biases 
are clear for all birds changed to the narrow range, these 
biases are probably merely a continuation of those seen in 
training on the wide range condition in Experiment 2.
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A com par ison  o f  each b i r d ’ s r e s p o n s e  b i a s  in dex  (RBI) 

o v e r  t h e  l a s t  25 days  o f  t r a i n i n g  i n  Exper im ent  2 t o  t h e  

RBI f o r  th e  25 days  o f  E xper im en t  3 i n d i c a t e s  t h a t  t h e  R3I 

i n c r e a s e d  f o r  a l l  o f  th e  b i r d s  changed from t h e  narrow t o  

t h e  wide ran g e  a l t h o u g h  t h i s  i n c r e a s e  was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  ( t  (5)  = 1 . 7 7 5 ,  £  ^  . 0 5 ) .  No such  c l e a r  change 

i n  R3I was found  f o r  t h e  b i r d s  t r a i n e d  on t h e  wide r a n g e  in  

Exper im en t  2 and s w i t c h e d  t o  t h e  narrow ra n g e  i n  t h i s  e x p e r ­

iment  ( s e e  T ab le  5 ) .

When t h e  b i r d s  p r e v i o u s l y  t r a i n e d  on th e  wide r a n g e  i n  

Experiment  2 were s w i t c h e d  t o  t h e  narrow ran ge  i n  Exper iment  

3 (563-68)  t h e y  e x h i b i t e d  r e s p o n s e  b i a s e s  s i g n i f i c a n t l y  

g r e a t e r  t h a n  t h o s e  o f  t h e  b i r d s  t r a i n e d  on t h e  narrow r a n g e  

i n  Exper iment  2 ( t  (10) = 2 .5 5 8 ,  £  ^ . 0 5 ) .  These d i f f e r ­

en ce s  may be due e i t h e r  t o  t h e  f a c t  t h a t  b i r d s  63-68 were  

t r a i n e d  f o r  o n ly  25 days  on t h e  narrow ran g e  i n  Exper iment  

3 r a t h e r  t h a n  f o r  160 days  a s  were  t h e  narrow ran g e  b i r d s  

i n  Exper iment  2 o r ,  a s  m en t ion ed  above ,  t h e  d i f f e r e n c e  may 

be due t o  a c o n t i n u a t i o n  o f  t h e  r e s p o n s e  b i a s e s  d e v e lo p ed  

d u r i n g  t h e  b i r d s ’ w id e - r a n g e  t r a i n i n g .

An a n a l y s i s  o f  s e q u e n t i a l  e f f e c t s  o v e r  t h e  e n t i r e  25 

days  o f  t h e  e x p e r im e n t  ( s e e  T ab le  6) i n d i c a t e d  no s p e c i f i c  

e f f e c t  common to  a l l  b i r d s ,  i . e . ,  c o n s i s t e n t  d i r e c t i o n a l  

s h i f t s  i n  C a f t e r  ex trem e  s t i m u l i  were n o t  e v i d e n t .  The 

d i f f e r e n c e  i n  t h e  mean p o s i t i o n  o f  C a f t e r  SI and a f t e r  S4 

was n o t  s i g n i f i c a n t  ( t  (5)  = .0 2 9 ,  £  >  .05 )  f o r  t h e  b i r d s  

changed t o  t h e  wide r a n g e ,  n o r  was i t  s i g n i f i c a n t  f o r  t h e
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T a b le  5. Mean d ’ s (b o th  ROC and T h u r s t o n i a n  m ethods)
and RBI f o r each  b i r d .  Data a r e  based  on t h e  25 days
E xper im ent  3 •

d*
C o n d i t i o n B i rd ROC T h u r s t o n i a n C* RBI

Method Method

43 .32 .42 .055 .29

44 .37 .66 .245 .48

45 .24 .39 .041 .41
Wide

Range 69 .45 . 6 3 .175 .30

70 .46 .53 .306 .56

71 .55 .63 .031 .32

X .40 .54 .129 .39

63 .52 .55 . 2 6 6 .51

6 4 .99 .78 .062 .12

65 .68 .57 .234 .33
Narrow

Range 66 .45 .63 .188 • 36

67 .53 .50 .027 .37

66 .80 .86 .207 .59

X .66 .65 .155 .38

* i n  l o g  f t . L .

i
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Table 6. Mean criterion position as a function of the 
stimulus correctly identified on the preceding trial and 
the standard deviation (S.D.) of the obtained C values 
for each bird in Experiment 3. Data are based on the 25 
days of training.

Condition

Wide
Range

Narrow
Range

C*
Bird After

SI
After

S2
After

S3
After

S4
Subject

S.D.
43 .0588 -.1992 -.1046 -.1075 .1074
44 .3940 .2351 .3122 .2000 .0863
45 -.0128 -.1300 .1154 -.2000 .1384
69 .3936 .1320 .2127 .2760 .1105
70 .5936 .3314 .2211 .3756 .1563
71 .0885 -.0094 .0571 -.0643 .0684
X .2578 .0915 .1576 .1011 .1112

63 .2827 .2366 .2667 .2902 .0237
64 .0706 .0625 .0977 .0686 .0156
65 .1449 .1206 .1665 .1502 .0189
66 .1710 .1929 .1838 .2265 .0237
67 .0775 .1830 .0208 .0072 .0939
68 .2028 .2091 .2007 .2374 .0170
X .1324 .1065 .1560 .1634 .0321

* in log ft.L.
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birds changed to the narrow range (t (5) = 2.217, £ ^ .0$). 
Examination of these data for signs of a significant win- 
stay response pattern also indicated no such sequential 
effect. For birds 43» 44 and 45 and 69, 70 and 71 the 
shift in RBI following reinforcement of a response on the 
non-preferred of the central keys was not significant 
(t (5) - 1.447, £ >  .05) nor was this difference signifi­
cant for birds 63-66 ( t (5) * 1.447, £ ^  .05).

As in Experiment 2, the difference between the average 
standard deviation of £ following each of the four choices 
was significantly greater for the birds in the wide range 
group than for those in the narrow range group (£ (10) = 
3.165, £ ^  .02). Comparison of the criterion position 
observed in Experiment 2 to that observed in Experiment 3 
showed that the variability of £  increased in all cases for 
the birds changed from the narrow to the wide range. The 
mean standard deviation of £ for these birds (343-45 and 
69-71) increased from .036 to .100 log ft.L.; this change 
was significant (t (5) = 4.142, £  ^.01). Similarly, the 
variability of £ decreased for each of the birds trained 
on the wide range in Experiment 2 and then trained on the 
narrow range in Experiment 3* For these birds the average 
standard deviation of £ decreased from .124 log ft.L. in 
Experiment 2 to .032 log ft.L. in Experiment 3; this change 
was also clearly significant (t (5) = 5.521, £ ^.01).
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The mean latencies between stimulus presentation and 
display key peck prior to responses 2 and 3 are presented 
in Table 7. The reciprocals of these mean latencies were 
analyzed for Experiment 3 as they were for Experiment 2 and 
again it was found that range had no significant effect. A 
t-test comparing the means of the transformed latencies for 
R2 across ranges indicated no significant difference (t (5) “ 
.2631i £ ^  .05) nor did the same analysis of R3 latencies
(t (5) - .1112, £ >  .05).

The R3 latencies for birds 43-45 and 69-71 were signifi­
cantly shorter under the wide range (Experiment 3) than under 
the narrow range (£ (5) * 4.0250, £ ^  .02). There was no 
significant difference in R2 for these birds (t (5) = 2.1724» 
£ ^.05). For birds 63-68 latencies were significantly 
shorter on the narrow range (Experiment 3) than on the wide
range (Experiment 2) for R2 (t (5) = 6.5892, £ ^  .01), but
the differences in latencies for R3 were not significant 
(t (5) - 2.3084, £ >  .05).

Experiment 4
It is also of interest to know whether a range effect 

occurs when only two choices are required. The purpose of 
Experiment 4 was to investigate the effects of the number 
of criteria required upon performance in an absolute judg­
ment task. Several authors (e.g., Nachmias, 1968, Shipley, 
1971, Wickelgren, 1968) have suggested that when a subject 
is required to hold more than one criterion, each criterion 
held will be less stable than when a single criterion is



Table 7. Mean latency of display key pecks preceding R2 
and R3 for each bird for the 25 days of training in Experi­
ment 3 •

Condition

Narrow Range

Wide Range

Mean l a t e n c y  in  msec.
Bird

R2 R3
43 762 773
44 1062 939
45 667 823
69 1497 1351
70 1093 1051
71 678 725
X 960 944

63 552 538
64 926 835
65 863 862

66 1383 1306
67 912 840
68 1793 1650
X 1072 1005



required. If this is correct, then d' between R2 and R3 
should be higher if one rather than three criteria are 
required. That is, if R2 is required for the brighter 
two stimuli (SI and S2) and R3 is required for the dimmer 
two stimuli (S3 and S4) in the array of four stimuli, the 
discriminations between the two central stimuli should be 
better than when four choices are required.

Method
Subjects. Eight naive White Carneaux pigeons were 

assigned to two groups, four in each.
Apparatus. The apparatus was identical to that used 

in Experiments 2 and 3*
Stimuli. One group of birds was trained using the 

same stimuli as the narrow-range group in Experiment 2 and 
the other group was trained on the same stimuli as the wide- 
range group in Experiment 2. The same slides were used in 
Experiments 2, 3 and 4.

Procedure. The birds were pretrained in exactly the 
same manner as those in Experiments 1 and 2. During pre­
training each bird was reinforced for a peck at whichever 
of the four choice keys was lit. All four keys were used 
in pretraining to make Experiment 4 comparable to Experi­
ment 2 and to avoid any possible effects a difference in 
pretraining might have caused.



Results
The acquisition process for the narrow-range birds 

(B99-102) can be seen in Figure 26 which shows their per­
cent correct first choices by five-day block. These birds 
appear to have reached a fairly stable level by block 26 
(140 sessions) with less than a 10$ increase in correct 
first choices over the next 25 days. The percentage of 
correct first choices per five-day block for the wide-range 
birds (B103-106) are also presented in Figure 26. It is 
clear that these wide-range birds reached a level very 
close to their asymptote by the seventh five-day block 
(35 sessions) of training. By the end of training both 
groups were correct on about 75$ of their first choices.
This is in contrast to the comparable four-response situa­
tion (Figure 13) which shows that the wide-range birds 
reached a higher level of percent correct first choices 
than did those trained on the narrow range.

Figures 27 and 28 make possible a closer examination 
of how the birds solved the four-stimulus, two-response 
problem. These figures take the place of the four-response 
choice curves presented in the previous experiments. The 
proportion of times R3 was made as a first choice in the 
presence of each of the four stimuli is shown as a function 
of training (in five-day blocks). R3 was correct in the 
presence of stimuli 3 and 4; R2 was correct in the presence 
of stimuli 1 and 2, therefore, if the discrimination was 
perfect, the curves for SI and S2 would fall at zero and the
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F i g u r e  26. P e r c e n t  c o r r e c t  f i r s t  c h o ic e s  f o r  each  b i r d .  

D a ta  a r e  shown i n  f i v e - d a y  b lo c k s  f o r  t h e  160 s e s s i o n s  o f  

Exper iment  4. Data  f o r  t h e  b i r d s  t r a i n e d  on t h e  na rrow  

ra n g e  a r e  shown in  p a n e l  a .  Data  f o r  t h e  b i r d s  t r a i n e d  

on t h e  wide rang e  a r e  shown in  p a n e l  b .
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F ig u r e  27. P r o p o r t i o n  o f  R3 f i r s t  c h o ic e s  i n  t h e  p r e s e n c e  

o f  each s t i m u l u s  i n  Exper iment  4. Data  a r e  shown f o r  t h e  

n a r ro w - ra n g e  b i r d s  by 5-day  b lo c k  f o r  t h e  160 days o f  

t r a i n i n g .  I n  t h i s  n a r ro w - ra n g e  c o n d i t i o n  S I ,  S2, S3 and 

S4 were . 4 ,  . 2 ,  0 and - . 2  l o g  f t . L .  r e s p e c t i v e l y .
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F ig u re  28.  P r o p o r t i o n  o f  R3 f i r s t  c h o ic e s  in  t h e  p r e s e n c e  

o f  each  s t i m u l u s  i n  Exper im en t  4. Data a r e  shown f o r  t h e  

w id e - r a n g e  b i r d s  by 5 -day  b lo ck  f o r  th e  160 days o f  t r a i n ­

in g .  I n  t h i s  w id e - r a n g e  c o n d i t i o n  S I ,  S2, S3 and S4 were 

1 . 6 ,  . 2 ,  0 and - 1 . 4  l o g  f t . L .  r e s p e c t i v e l y .
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curves for S3 and S4 at 1.0. All of the narrow range birds 
showed evidence of the discrimination by the second five- 
day block. All four birds were somewhat more likely to make 
R3 in the presence of S3 and S4 than in the presence of SI 
and S2. As training continued the curves for the four stim­
uli diverged further with R3 most likely in the presence of 
S4 and least likely in the presence of SI.

Figure 28 shows this data for the wide range birds. 
During the first five-day block the birds were clearly 
distinguishing SI from S4 and they continued to do so 
throughout the experiment. The discrimination between S2 
and S3, however, was not quite so clear since the curves 
never diverged as clearly as the comparable curves for the 
narrow-range birds. For the wide-range birds the S2 and S3 
curves cross more frequently indicating that S2 and S3 were 
often confused. Response bias can be seen for Birds 103 and 
105; at asymptote both birds were more likely to make R3 
than R2 in the presence of all but SI. Bird 105 also showed 
a R3 bias prior to block 18 (session 90).

Figures 29 and 30 show d 1 for the discrimination 
between the two central stimuli throughout training for 
both groups. Of the narrow-range birds (Figure 29), B99 
and B100 showed the smallest increases in d f over training 
and the lowest asymptotic levels as indicated in Figure 26 
which shows the percent correct first choices for each bird 
to be low. Note also that Figure 27 shows less of a separa­
tion between the S2 and S3 curves for B99 and B100 at the



F i g u r e  29. d '  f o r  S2 and S3 a s  a f u n c t i o n  o f  t r a i n i n g  f o r  

a l l  n a r r o w - r a n g e  b i r d s  i n  E x p er im e n t  4 .  The s o l i d  l i n e s  

a r e  f o r  d a t a  shown i n  5 -d a y  b l o c k s ;  t h e  d a sh ed  l i n e s  a r e  

f o r  d a t a  shown i n  2 5 -d ay  b l o c k s .
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F i g u r e  30 .  d '  f o r  S2 and S3 a s  a f u n c t i o n  o f  t r a i n i n g  f o r  

a l l  w id e - r a n g e  b i r d s  i n  Exper iment  4 . The s o l i d  l i n e s  a r e  

f o r  d a t a  shown i n  5-day  b l o c k s ;  t h e  dashed l i n e s  a r e  f o r  

d a t a  shown i n  25-day  b l o c k s .
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end o f  th e  e x p e r im e n t .  B i r d s  101 and 102, however ,  showed 

i n c r e a s e s  i n  d ’ t h r o u g h o u t  t r a i n i n g .  The h i g h e r  f i n a l  d ’ s 

of  b i r d s  101 and 102 a r e  a l s o  su g g e s t e d  by t h e i r  h i g h e r  

l e v e l s  o f  p e r c e n t  c o r r e c t  f i r s t  c h o ic e s  ( F i g u r e  26) and 

t h e  g r e a t e r  s e p a r a t i o n  o f  t h e i r  32 and S3 c u r v e s  ( F i g u r e  27) .

The d'  d a ta  f o r  t h e  w id e - r a n g e  b i r d s  p r e s e n t e d  i n  

F i g u r e  30 show no c l e a r  t r e n d .  O c c a s s io n a l  f i v e - d a y  b lo c k s  

show l e v e l s  s u b s t a n t i a l l y  h i g h e r  th an  z e ro  w h i l e  o t h e r s  

show l e v e l s  s u b s t a n t i a l l y  lower  t h a n  zero  f o r  a l l  b i r d s .  

O v e r a l l ,  t h e  d ’ s f o r  t h e  d i s c r i m i n a t i o n  be tw een  S2 and S3 

were s l i g h t l y  above chance  ( z e r o ) .

To compare p e r fo rm an c e  u nd e r  t h e  two c o n d i t i o n s ,  th e  

<d ' d a t a  f o r  th e  b i r d s  in  each group were combined and a r e  

shown i n  F ig u r e  3 1 .  Except  f o r  t h e  f i r s t  f o u r  b lo c k s  o f  

t r a i n i n g ,  d 1 i s  h i g h e r  f o r  th e  n a r ro w - ra n g e  b i r d s  t h a n  f o r  

t h e  wide r a n g e .  The d i f f e r e n c e  i n  d* be tw een  t h e  two groups 

f o r  t h e  l a s t  25 days  o f  t r a i n i n g  i s  s i g n i f i c a n t  ( t  (6)  = 

3 .7 7 3 ,  £  ^  .0 2 ) .

F i g u r e  32a makes p o s s i b l e  a comparison  o f  d f f o r  t h e  

n a r r o w - r a n g e  b i r d s  in  t h e  f o u r - r e s p o n s e  e x p e r im e n t  ( E x p e r i ­

ment 2) and  th e  d ’ s c o r e s  f o r  t h e  n a r r o w - r a n g e ,  tw o - re s p o n se  

e x p e r im e n t  (Experiment  4 ) .  These  d a t a  i n d i c a t e  t h a t  t h e  

f o u r - r e s p o n s e  b i r d s  were a c t u a l l y  b e t t e r  a t  t h e  d i s c r i m i n a ­

t i o n  be tw een  S2 and S3 t h a n  were t h e  tw o - r e s p o n s e  b i r d s .

T h is  d i f f e r e n c e ,  however,  was no t  s i g n i f i c a n t  o v e r  t h e  l a s t  

25 d a y s  o f  t r a i n i n g  (£ (S) = 1 .3 6 9 7 ,  £ ^  . 0 5 ) .  F ig u r e  32b



F i g u r e  31 .  Comparison o f  d f between S2 and S3 th r o u g h o u t  

t r a i n i n g  f o r  b o th  r a n g e  c o n d i t i o n s  i n  E xper im ent  4 (group  

d a t a ) .
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F i g u r e  32. Comparison o f  d f between S2 and S3 th r o u g h o u t  

t r a i n i n g  i n  E xp er im e n ts  2 and 4. P a n e l  a compares t h e  2- 

and 4 - r e s p o n s e  c o n d i t i o n s  f o r  t h e  na r ro w  ra n g e  b i r d s  and 

p a n e l  b compares t h e  2- and 4 - r e s p o n s e  c o n d i t i o n s  f o r  t h e  

w i d e - r a n g e  b i r d s  (g roup  d a t a ) .
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p r e s e n t s  t h e  d ’ a n a l y s i s  f o r  th e  w id e - r a n g e  b i r d s  in  b o th  

e x p e r im e n t s .  Again t h e  f o u r - r e s p o n s e  b i r d s  showed h i g h e r  

d ' s  t h a n  t h e  tw o - r e s p o n s e  b i r d s  i n d i c a t i n g  t h a t  t h e y  were 

b e t t e r  a t  t h e  d i s c r i m i n a t i o n  between 52 and S3. T h is  d i f ­

f e r e n c e  was s i g n i f i c a n t  ( t  (8) = 2 .3 4 2 ,  £  ^ . 0 5 ) .  T h e r e ­

f o r e ,  th e  h y p o t h e s i s  t h a t  r e q u i r i n g  s u b j e c t s  t o  h o ld  a 

s i n g l e  c r i t e r i o n  r a t h e r  t h a n  t h r e e  c r i t e r i a  would r e s u l t  

i n  h i g h e r  d ’ s  was n o t  o n ly  n o t  s u p p o r t e d ,  b u t  a r e s u l t  

o p p o s i t e  to  t h a t  p r e d i c t e d  was o b t a i n e d .

T ab le  8 summarizes th e  l a s t  25 days o f  t r a i n i n g  in  

t e rm s  of  d f a s  c a l c u l a t e d  by bo th  ROC and T h u r s t o n i a n  

methods and RBI f o r  a l l  s u b j e c t s  i n  Exper iment  4 . I t  i s  

c l e a r  t h a t  d ’ i s  h i g h e r  i n  a l l  c a s e s  f o r  t h e  n a r ro w -ra n g e  

b i r d s .  The d i f f e r e n c e  i n  d f between t h e  two rang e  c o n d i ­

t i o n s  i s  s i g n i f i c a n t  a t  t h e  .01 l e v e l  as  c a l c u l a t e d  by t h e  

b o th  ROC method { t  (6)  = 3*765) and t h e  T h u r s t o n i a n  method 

( t  (6) = 4 . 0 2 7 ) .

Table  8 a l s o  i n c l u d e s  £  f o r  each b i r d  ove r  t h e  l a s t  

25 days  o f  t r a i n i n g .  For t h r e e  o f  t h e  n a r ro w - ra n g e  b i r d s  

£  was between S2 and S3 (between .2  and 0 l o g  f t . L . ) .  Only 

f o r  B99 was £  n o t  be tween  t h e  two c e n t r a l  s t i m u l i ;  n o te  

t h a t  B99 a l s o  showed t h e  l o w e s t  d '  . A l l  o f  t h e  b i r d s  i n  

t h e  w id e - r a n g e  g ro u p ,  e x c e p t  B106, e s t a b l i s h e d  £  a t  lu m i ­

nance  l e v e l s  between SI and S2 i n d i c a t i n g  a t e n d e n c y  to  

make R3 more o f t e n  th a n  R2 i n  t h e  p r e s e n c e  o f  e i t h e r  S2 o r  

S3. As i n  t h e  e a r l i e r  e x p e r im e n t s ,  RBI and t h e  d e v i a t i o n
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( i n  l o g  f t . L . )  and RBI f o r  each b i r d .  Data  a re based
t h e  l a s t  25 days o f  t r a i n i n g  

d 1

in  Experiment 4.

C o n d i t i o n B ird ROC
Method

T h u r s to n ia n
Method

C RBI

99 • 44 .52 .210 .29

100 .57 .50 .180 .25
Narrow

Range 101 .94 .94 .106 .01

102 .68 .81 .063 .18

X .71 .69 .140 .16

103 .30 .30 .387 .69

104 .28 .28 .293 .35
Wide

Range 105 .15 .15 1 .320 .76

106 .20 .20 .000 .15

X .23 .23 .500 .49
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o f  C from C' were  p o s i t i v e l y  c o r r e l a t e d  f o r  t h e  w id e - r a n g e  

b i r d s ,  however,  t h i s  c o r r e l a t i o n  was n o t  s i g n i f i c a n t  ( r  (2)

= .7 5 2 ,  £  ^  . 0 5 ) .  The c o r r e l a t i o n  be tween  J.C-C.’ | and RBI 

f o r  th e  narrow ra n g e  was a l s o  n o t  s i g n i f i c a n t  ( r  (2) = .943,  

£  ^  . 0 5 ) .

As i n  t h e  e a r l i e r  e x p e r im e n t s ,  t h e  d a t a  were a n a ly z e d  

f o r  any s e q u e n t i a l  e f f e c t s .  Again t h e  extreme s t i m u l i  d i d  

n o t  s i g n i f i c a n t l y  a f f e c t  £ .  Fo r  th e  n a r ro w - ra n g e  b i r d s ,  

t h e  mean o f  t h e  C v a lu e s  f o l l o w i n g  31 and 34 were .272 and 

.104 lo g  f t . L .  r e s p e c t i v e l y  (£  (3)  = 1 .5 4 2 ,  £  ^ . 0 5 ) .  The 

mean o f  t h e  C v a l u e s  f o l l o w i n g  31 and 34 f o r  t h e  w id e - r a n g e  

b i r d s  were .372 and - .3 2 3  l o g  f t . L .  r e s p e c t i v e l y  [ t  (2)  = 

1 .1 4 1 ,  £  ^  . 0 5 ) .  These d a t a  a r e  p r e s e n t e d  i n  Tab le  9 .  As 

i n  E xper im en ts  2 and 3 a n a l y s i s  f o r  e v id e n c e  o f  a w i n - s t a y  

r e s p o n s e  p a t t e r n  a f f e c t i n g  t h e  e x t e n t  o f  r e s p o n s e  b i a s  i n d i ­

c a t e d  no s i g n i f i c a n t  e f f e c t  a t  t h e  .05 l e v e l  f o r  e i t h e r  t h e  

n a r ro w -ra n g e  b i r d s  (£  (3) = .170)  o r  f o r  th e  w id e - ra n g e  

b i r d s  { t  (3)  = . 2 6 8 ) .

I n  E xper im ent  4 , which d i f f e r e d  from Experiment 2 o n ly  

i n  t h e  number o f  d i f f e r e n t  r e i n f o r c e d  r e s p o n s e s  and, t h e r e ­

f o r e ,  i n  t h e  number o f  c r i t e r i a  to  be h e ld  (one i n  E x p e r i ­

ment 1 v s .  t h r e e  i n  Experiment  2 ) ,  t h e  e f f e c t  o f  range upon 

t h e  p o s i t i o n  o f  C_ f o l lo w in g  t r i a l s  on which each of t h e  

f o u r  s t i m u l i  a p p e a re d  and were c o r r e c t l y  i d e n t i f i e d  was n o t  

a s  c l e a r  a s  i n  E xper im en ts  2 and 3 .  Again  t h e  mean o f  t h e  

s t a n d a r d  d e v i a t i o n s  o f  £  ( se e  T ab le  9) f o r  t h e  w id e - r a n g e  

group  was l a r g e r  t h a n  t h e  comparable  mean f o r  t h e  na r row -



T ab le  9 .  Mean c r i t e r i o n  p o s i t i o n  a s  a f u n c t i o n  o f  t h e  
s t i m u l u s  c o r r e c t l y  i d e n t i f i e d  on t h e  p r e c e d i n g  t r i a l  and 
t h e  s t a n d a r d  d e v i a t i o n s  o f  t h e  o b t a i n e d  C v a l u e s  f o r  each 
b i r d  i n  Exper iment  4 .  Data  a r e  b a se d  on t h e  l a s t  25 days  
o f  t r a i n i n g .

C
Condition Bird After

SI
After

S2
After

S3
After

S4
Subject

S.D.

99 .1947 .1599 .3110 .0184 .1205

100 .1467 .1280 .1840 .2355 .0474
Narrow
Range 101 .6301 .0857 .1088 .1345 .2610

102 .1160 .0382 .0600 . 0 2 8 2 .0392

X .2719 .1030 .1660 .1042 .1170

103 .5412 .3833 .5657 .5917 .0937

104 - .0 3 8 5 .1344 .2837 .3154 .1620
Wide
Range 105 .6129 2.3000 1 .7067 .7063 .8136

106 ------- - .0 9 4 1 .0217 - .0 8 0 0 .0632

X .3719 .6809 .6445 .3834 .2631
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r a n g e  g ro u p ,  b u t  t h i s  d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  

s i g n i f i c a n t  ( t  (6)  = .6 9 7 ,  £  ^  . 0 5 ) .

The l a t e n c i e s  be tw een  s t i m u l u s  p r e s e n t a t i o n  and d i s ­

p l a y  key peck p r e c e d i n g  R2 and R3 a r e  p r e s e n t e d  i n  T a b l e  

10 f o r  a l l  b i r d s  i n  Exper im en t  4 .  On t h e  w h o le ,  t h e  b i r d s  

showed l o n g e r  l a t e n c i e s  p r e c e d i n g  R2 t h a n  R3 and l o n g e r  

l a t e n c i e s  on t h e  w i d e - r a n g e  c o n d i t i o n  t h a n  on t h e  n a r r o w .

A t - t e s t  on t h e  d i f f e r e n c e  be tw een  t h e  means o f  t h e  r e c i p ­

r o c a l  l a t e n c i e s  i n d i c a t e d  t h a t  t h e  l a t e n c y  d i f f e r e n c e  b e ­

tween  R2 and R3 was n o t  s i g n i f i c a n t  (t; (7 )  = 1.977»

£  ^  . 0 5 ) .  S i m i l a r l y  t h e  d i f f e r e n c e  i n  t h e  r e c i p r o c a l  

l a t e n c i e s  between t h e  two r a n g e s  was n o t  s i g n i f i c a n t  f o r  

R2 ( t  (6) = .182)  o r  f o r  R3 ( t  ( 6 )  = . 4 4 5 )  a t  t h e  .05 

l e v e l .  The mean r e c i p r o c a l  l a t e n c i e s  r e c o r d e d  i n  t h e  

t w o - r e s p o n s e  e x p e r im e n t  were  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  

f rom t h o s e  r e c o r d e d  i n  t h e  f o u r  r e s p o n s e  e x p e r i m e n t s .



T a b le  10. Mean l a t e n c y  o f  d i s p l a y  key pecks  p r e c e d i n g  R2 
and R3 f o r  each b i r d  f o r  t h e  l a s t  25 days  o f  t r a i n i n g  i n  
E xper im ent  4.

Condition

Narrow Range

Wide Range

Mean l a t e n c y  i n  msec.
B i rd

R2 R3

99 1467 1198

100 709 724

101 1336 1239

102 963 901

x 1119 1016

103 757 635

104 2333 2161

105 593 632

106 1459 958

x 1286 1097
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DISCUSSION

These experiments have clearly shown that the accuracy 
with which two stimuli are discriminated depends upon the 
range of stimuli to which the subject is exposed. This was
found to be true in both the four-choice and the two-choice
discrimination problems. This phenomenon, the range effect, 
until now, has been demonstrated only in humans. The fact
that the pigeon too is susceptible to the range effect sug­
gests that it is not simply due to the way humans use lan­
guage in identifying their sensations. Rather, the range 
effect seems to reflect a basic mechanism in the processing 
of sensory information which is common to both humans and 
animals. These experiments were designed to examine two 
potential mechanisms which may account for the range effect: 
sequential effects and response latency. A second purpose 
of these experiments was to examine the effects of the num­
ber of choices, and thus of the number of criteria to be 
held, upon d*.

There are several ways in which the range effect may 
be influenced by the sequence of stimuli presented. One 
sensory mechanism which could conceivably be responsible 
for the range effect is sensory adaptation. If adaptation 
occurs, the sensory effect will be higher (the stimulus will 
appear brighter) following adaptation to a low-intensity 
stimulus and lower (the stimulus will appear dimmer) follow-
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i n g  a d a p t a t i o n  t o  a h ig h  i n t e n s i t y  s t i m u l u s .  I f  t h e  param­

e t e r s  o f  t h e  e x p e r i m e n t a l  s i t u a t i o n  a r e  such t h a t  a d a p t a t i o n  

t o  th e  p r e c e d i n g  s t i m u l u s  o c c u r s ,  i t  would be r e f l e c t e d  in  

i n c r e a s e d  v a r i a n c e  o f  t h e  s e n s o r y  e f f e c t  d i s t r i b u t i o n s  p ro ­

duced by t h e  c e n t r a l  s t i m u l i .  Such v a r i a n c e  would be l a r g e r  

i n  th e  w id e - r a n g e  c o n d i t i o n  s i n c e  th e  p r e s e n c e  o f  more ex­

t rem e  s t i m u l i  would p roduce  g r e a t e r  a d a p t a t i o n .  I f  a d a p t a ­

t i o n  o c c u r s  t h e  s u b j e c t  would be e x p e c te d  to  t r e a t  t h e  same 

s t i m u l u s  a s  b r i g h t e r  f o l l o w i n g  a  low i n t e n s i t y  s t i m u l u s  and 

dimmer f o l l o w i n g  a h ig h  i n t e n s i t y  s t i m u l u s .  T h i s  would be 

seen  a s  a  d i f f e r e n c e  i n  t h e  mean p o s i t i o n  of  t h e  c r i t e r i o n  

on t h e  t r i a l  f o l l o w i n g  a dim a s  compared to  a  b r i g h t  s t im ­

u l u s .  F i g u r e  33a i n d i c a t e s  how t h e  mean c r i t e r i o n  p o s i t i o n  

( C i ) would be a f f e c t e d  f o l l o w i n g  both  ex trem e s t i m u l i  i f  

s e n so ry  a d a p t a t i o n  o c c u r r e d .

In  t h e s e  e x p e r i m e n t s ,  a n a l y s i s  o f  £  on t r i a l s  f o l l o w i n g  

each  o f  t h e  f o u r  s t i m u l i  showed no e v id e n c e  o f  s e n s o r y  adap­

t a t i o n .  . These d a t a  were p r e s e n t e d  in  T a b l e s  4 ,  7 and 10.

I n  no c a s e  was t h e r e  a  s i g n i f i c a n t  d i r e c t i o n a l  s h i f t  due 

t o  th e  s t i m u l u s  p r e s e n t e d  on t h e  p r e c e d i n g  t r i a l .

Some a b s o l u t e  judgment d a t a  o b t a i n e d  from human sub ­

j e c t s  show a s e q u e n t i a l  e f f e c t  o p p o s i t e  to  t h a t  e x p ec te d  

i f  s e n s o r y  a d a p t a t i o n  o c c u r s .  I t  has b e en  o b s e rv e d  t h a t  

t h e r e  i s  an  i n c r e a s e  i n  t h e  p r o b a b i l i t y  o f  a  s u b j e c t ' s  

making a h ig h  r e s p o n s e  t o  any s t i m u l u s  on  a g i v e n  t r i a l  (N) 

i f  a  h ig h  s t i m u l u s  was p r e s e n t e d  on t h e  p r e c e d i n g  t r i a l



F i g u r e  3 3 .  Schematic  r e p r e s e n t a t i o n  o f  the  s h i f t s  i n  £  

which would be e x p e c te d  on t r i a l s  im m ed ia te ly  f o l l o w in g  

p r e s e n t a t i o n s  o f  th e  ex trem e  s t i m u l i  (S I  and S 4 ) .  P a ne l  

a  shows t h e  expec ted  s h i f t  i f  s e n s o r y  a d a p t a t i o n  o c c u r r e d .  

P a n e l  b shows t h e  e x p e c te d  s h i f t  i f  a s s i m i l a t i o n  o c c u r r e d .
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(N-l)  o r ,  c o n v e r s e l y ,  an i n c r e a s e  i n  th e  p r o b a b i l i t y  o f  a 

low r e s p o n s e  i f  a low s t i m u l u s  was p r e s e n t e d  on t r i a l  N - l  

(Ward & Lockhead, 1970,  1971; H o l lan d  & Lockhead,  1966; 

Lockhead, 19 7 3 ) .  T h i s  phenomenon h as  been c a l l e d  a s s i m i l a ­

t i o n  and would be i n d i c a t e d  by a s h i f t i n g  o f  th e  c r i t e r i o n  

away from t h e  h igh  end o f  t h e  s e n s o r y  e f f e c t  continuum a f t e r  

a h ig h  s t i m u l u s ,  t h u s  i n c r e a s i n g  t h e  h igh  r e s p o n s e  r e g i o n s  

and,  c o n v e r s e l y ,  away from t h e  low end a f t e r  a low s t i m u l u s  

(see  F ig u r e  3 3 a ) .  S p e c i f i c a l l y ,

,f. . . t h e  r e s p o n s e  on T r i a l  N i s  g e n e r a t e d  by th e  

a d d i t i o n  o f  th e  judged d i s t a n c e  be tw een  t h e  s t i m ­

u l u s  on T r i a l  and S j s  memory f o r  t h e  s t i m u l u s  

on T r i a l  N -  1 t o  t h e  remembered n u m e r i c a l  v a lu e  

o f  th e  feed b ac k  on T r i a l  N •- l . n (Ward & Lockhead,

1970,  p .  27)

As no ted  above,  no c l e a r  s e q u e n t i a l  e f f e c t s  were ob­

se rv ed  in  t h e s e  e x p e r im e n t s .  T h is  i s  n o t  an un ique  f i n d i n g  

f o r  t h e  w id e - r a n g e  c o n d i t i o n  s i n c e  Lockhead (1973) r e p o r t s  

t h a t  when s t i m u l u s  r a n g e  i s  i n c r e a s e d  by ch ang in g  o n ly  t h e  

e x t e r n a l  s t i m u l i ,  r a t h e r  t h a n  by u n i f o r m l y  i n c r e a s i n g  t h e  

d i f f e r e n c e  be tween  a l l  s t i m u l i  i n  t h e  r a n g e ,  a s s i m i l a t i o n  

to  t h e  e x t e r n a l  s t i m u l i  i s  n o t  o b s e r v e d .  Lockhead! s f i n d ­

ings do n o t ,  however,  e x p l a i n  th e  a b s e n c e  o f  a s s i m i l a t i o n  

in  t h e  n a r ro w - ra n g e  c o n d i t i o n  in  which  t h e  s t i m u l i  were 

e q u a l l y  sp a c e d .

a s  F i g u r e  33 i l l u s t r a t e s ,  t h e  e x p e c te d  c r i t e r i o n  s h i f t s  

a s  a r e s u l t  o f  s e n s o r y  a d a p t a t i o n  and a s s i m i l a t i o n  a r e  i n
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qpposite directions. This leads to the question: Is it
possible that both sensory adaptation and assimilation were 
operative in these experiments and resulted in essentially 
no shift in criterion since both were exerting opposing 
forces? The present experiments do not provide any way of 
directly answering this question. Lockhead1s (1973) report 
that non-uniform increases in stimulus range result in the 
extreme stimuli exerting no assimilative effects would, how­
ever lead one to suspect that, if operative, the effects of 
sensory adaptation should have beBn evident in the wide- 
range condition since no assimilative effect should have 
been present to counteract it. No such effect was observed.

Another possible sequential effect is the win-stay/ 
lose-shlft phenomenon which has been reported in the animal 
literature (e.g., Williams, 1972). A subject exhibiting a 
win-stay response pattern would be more likely to make a 
specific response on trial N if that response was reinforced 
on trial N - l .  Although this response pattern would not 
explain the range effect, it might, if present, obscure such 
effects as sensory adaptation and, in general, decrease con­
trol by the discriminative stimuli. To ascertain whether 
this strategy affected the birds' responses, the sequential 
data were examined. As mentioned earlier, analysis of the 
frequency of R2 and R3 responses to S2 and S3 on trials 
immediately following reinforced pecks on key 2 or key 3 
given S2 or S3 indicated that a win-stay strategy did not 
significantly effect the birds1 choices of R2 or R3 given
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S2 o r  S3. S in c e  t h e  s e q u e n t i a l  d a t a  i n c l u d e d  on ly  f i r s t  

t r i a l s  and s i n c e  th e  c o r r e c t i o n  p r o c e d u r e  v i r t u a l l y  e l i m ­

i n a t e d  r e p e a t s  o f  an e r r o r  made on t h e  f i r s t  t r i a l ,  no 

a n a l y s i s  was p o s s i b l e  f o r  a l o s e - s h i f t  s t r a t e g y .

I n  t h e  hope o f  sh e d d ing  some l i g h t  upon th e  p r o c e s s  by 

which t h e  b i r d s  i d e n t i f i e d  t h e  s t i m u l i ,  r e s p o n s e  l a t e n c y  

( r e a c t i o n  t im e )  was r e c o r d e d .  As d i s c u s s e d  e a r l i e r ,  b o th  

human ( e . g . ,  Woodworth & S c h l o s b e r g ,  1954, p .  262) and a n i ­

mal d a t a  (Heinemann e t  a l , 1969) i n d i c a t e  t h a t  th e  more 

d i f f i c u l t  a d i s c r i m i n a t i o n ,  t h e  l o n g e r  th e  s u b j e c t  w i l l  t a k e  

t o  r e s p o n d .  E xam ina t ion  o f  t h e  l a t e n c y  d a t a  was l i m i t e d  t o  

r e s p o n s e s  on keys  2 and 3 s i n c e  t h e  m ajo r  conce rn  o f  t h e s e  

e x p e r im e n t s  was t h e  a c c u ra c y  o f  i d e n t i f y i n g  S2 and S3 a s  a 

f u n c t i o n  o f  r a n g e .  While  t h e  d i f f e r e n c e s  i n  l a t e n c y  were 

n o t  s i g n i f i c a n t ,  i n  E xp er im en ts  2 and 4 th e  n a r ro w - ra n g e  

b i r d s  had s h o r t e r  l a t e n c i e s  t h a n  th e  w id e - r a n g e  b i r d s  sug ­

g e s t i n g  t h a t  t h e  i d e n t i f i c a t i o n  o f  S2 and S3 was a c t u a l l y  

more d i f f i c u l t  f o r  t h e  w id e - r a n g e  b i r d s .  The models p r o ­

posed by b o th  G r a v e t t e r  and Lockhead (1973) and D ur lach  and 

B ra id a  (1969) may be viewed a s  p r e d i c t i n g  t h e s e  r e s u l t s  

s i n c e  b o th  h o ld  - th a t  i n c r e a s i n g  th e  p h y s i c a l  range  o v e r  

which t h e  s t i m u l i  a re  spaced  d e c r e a s e s  t h e  r e s o l u t i o n  power 

o f  t h e  o b s e r v e r  making t h e  d i s c r i m i n a t i o n  between s t i m u l i  

2 and 3 more d i f f i c u l t .  A l though  i n  Experiment  3 t h e  b i r d s  

sw i t c h e d  from t h e  narrow  to  t h e  wide r a n g e  showed a s h o r t e r  

mean l a t e n c y  t h a n  t h o s e  sw i tc h ed  from t h e  wide t o  t h e  narrow
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r a n g e ,  t h e s e  b i r d s  may m e re ly  have c o n t in u e d  t h e  l a t e n c y  

p a t t e r n s  t h e y  had d e v e lo p ed  d u r i n g  t h e  c o u rs e  o f  Exper iment  

2 .  Heinemann (1974) found t h a t  p ig eo n s  t r a i n e d  on a p a r t i c ­

u l a r  d i s c r i m i n a t i o n  t a s k  d e v e lop ed  i n d i v i d u a l l y  c h a r a c t e r i s ­

t i c  l a t e n c i e s  which p e r s i s t e d .  B i r d s  t r a i n e d  on more d i f f i ­

c u l t  d i s c r i m i n a t i o n s  t y p i c a l l y  had l o n g e r  l a t e n c i e s  t h a n  

t h o s e  t r a i n e d  on e a sy  d i s c r i m i n a t i o n s ,  b u t  even when t h e  

d i s c r i m i n a t i o n  t a s k  was c o m p l ic a te d  by a d d in g  t e s t  s t i m u l i  

t h e  b i r d s  m a i n t a i n e d  t h e i r  c h a r a c t e r i s t i c  p a t t e r n  o f  r e ­

sp o n d in g  (Heinemann e t  a l . ,  19 69 ) .

As m en t ioned  e a r l i e r ,  a n o t h e r  pu rpose  o f  t h e s e  e x p e r i ­

ments  was t o  examine t h e  e f f e c t s  o f  t h e  number o f  c h o i c e s ,  

and t h u s  t h e  number o f  c r i t e r i a  t o  be h e l d ,  ppon d f . Un l ike  

t h e  p r e d i c t i o n s  o f  a  number o f  a u t h o r s  (Nachmias,  1966, 

W ic k e lg re n ,  1966,  S h i p l e y ,  1970) and t h e  f i n d i n g s  o f  S h i p l e y ,  

d T between S2 and S3 was found to  be lo w er  i n  t h e  tw o -c h o ic e  

t h a n  i n  t h e  f o u r - c h o i c e  s i t u a t i o n  f o r  b o th  r a n g e s .  These 

a u t h o r s  s u g g e s t e d  t h a t  i n c r e a s i n g  t h e  number o f  c r i t e r i a  t o  

be h e ld  w i t h i n  a  r a n g e  o f  s t i m u l i  would r e d u c e  th e  a c c u ra c y  

w i t h  which a s u b j e c t  co u ld  c o r r e c t l y  i d e n t i f y  ( d i s c r i m i n a t e  

be tw een)  any two a d j a c e n t  s t i m u l i  w i t h i n  t h a t  r a n g e  by i n ­

c r e a s i n g  t h e  v a r i a b i l i t y  o f  t h e  c r i t e r i a .  I n  t h e  p r e s e n t  

e x p e r i m e n t s ,  d e c r e a s i n g  t h e  number o f  c a t e g o r i e s  ( c r i t e r i a )  

r e s u l t e d  i n  l e s s  a c c u r a t e  i d e n t i f i c a t i o n  o f  th e  two c e n t r a l  

s t i m u l i .  S in c e  t h e s e  f i n d i n g s  a r e  d i r e c t l y  o p p o s i t e  t h o s e  

r e p o r t e d  by S h i p l e y  (1 9 7 0 ) ,  t h e  r e l a t i o n s h i p  between t h e
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number o f  c a t e g o r i e s  t o  be used  and c r i t e r i o n  v a r i a b i l i t y  

and d ’ i s  n o t  c l e a r .  I t  sh o u ld  be n o te d  t h a t  Nachmias (1966) 

f a i l e d  t o  f i n d  d e c r e a s e s  i n  d '  w i th  i n c r e a s e s  i n  t h e  number 

of  c a t e g o r i e s .  S in c e  E xper im en ts  2 and 4 o f  t h e  p r e s e n t  

s e r i e s  were run  a t  d i f f e r e n t  t i m e s ,  c a u t i o n  must  be e x e r ­

c i s e d  i n  comparing t h e s e  d a t a .  I t  i s  c l e a r ,  however ,  t h a t  

th e s e  f i n d i n g s  a r e  wor thy  o f  f u r t h e r  s t u d y .

I t  n e i t h e r  t h e  sequence  of  s t i m u l i  p r e c e d i n g  any g iv en  

t r i a l  n o r  t h e  d u r a t i o n  o f  s t i m u l u s  exposu re  p r i o r  t o  d i s p l a y  

key peck a r e  r e s p o n s i b l e  f o r  th e  r a n g e  e f f e c t ,  p e rh a p s  a 

more complex p r o c e s s  i s  i n v o lv e d .  Both D u r lac h  and B ra id a  

(1969) and G r a v e t t e r  and Lockhead (1973)  con tend  t h a t  t h e  

r a n g e  e f f e c t  i s  due to  i n c r e a s e d  c r i t e r i o n  v a r i a b i l i t y .

They s u g g e s t  t h a t  c r i t e r i o n  v a r i a b i l i t y  i n c r e a s e s  a s  r a n g e  

i n c r e a s e s .  T h e i r  models do n o t  e x p l a i n  th e  ra n g e  e f f e c t  

b u t  p r o v id e  m a th m a t ic a l  d e s c r i p t i o n s  o f  how s e n s i t i v i t y  i s  

a f f e c t e d  by r a n g e .  The e s s e n t i a l  d i f f e r e n c e  be tween  t h e  

two models  l i e s  i n  what i s  c o n s i d e r e d  to  be t h e  e f f e c t i v e  

r a n g e .  Fo r  D urlach  and B r a id a ,  t h e  e f f e c t i v e  r a n g e  i s  t h e  

e n t i r e  r a n g e  o v e r  which the  s t i m u l i  e x te n d ;  f o r  G r a v e t t e r  

and Lockhead t h e  e f f e c t i v e  ran g e  i s  t h e  c r i t e r i a l  r a n g e  

( " t h e  p h y s i c a l  ra n g e  o v e r  which t h e  c r i t e r i a  ( b o u n d a r i e s )  

a r e  p la c e d "  p.  205 ) .

D u r lac h  and B r a i d a ’ s (1969) model o f  what o c c u r s  i n  th e  

a b s o l u t e  judgment t a s k  i s  e s s e n t i a l l y  t h a t  a  s u b j e c t  compares 

t n e  s t i m u l u s  p r e s e n t e d  t o  t h e  ran g e  o f  s t i m u l i  ( t h e  c o n te x t )
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p r e v i o u s l y  e x p e r i e n c e d .  As d i s u c s s e d  e a r l i e r ,  t h e  r e s p o n s e  

sys tem  c o n t a i n s  n o i s e  which r e s u l t s  i n  t h e  s u b j e c t ' s  p e r ­

formance  b e in g  l e s s  t h a n  p e r f e c t .  As t h e  p h y s i c a l  r a n g e  

o v e r  which t h e  s t i m u l i  a r e  spaced  i s  i n c r e a s e d ,  more n o i s e  

i s  added to  t h e  r e s p o n s e  sys tem ;  t h i s  n o i s e  which i s  due 

t o  t h e  i n c r e a s e d  ran g e  o r  c o n te x t  i s  c a l l e d  c o n t e x t - cod ing  

n o i s e .  T h is  i n c r e a s e  i n  c o n t e x t - c o d i n g  n o i s e  c o u n t e r s  t h e  

i n c r e a s e  i n  d i s c r i m i n a b i l i t y  which would be e x p e c te d  when 

th e y  p h y s i c a l  d i f f e r e n c e  between a d j a c e n t  s t i m u l i  i s  i n ­

c r e a s e d .  ( I t  sh o u ld  be n o ted  t h a t  D ur lach  and B ra id a  d e a l t  

o n ly  w i th  r a n g e s  i n  which a l l  s t i m u l i  were e q u i d i s t a n t  from 

one a n o t h e r . )  They p r e s e n t  an e q u a t i o n  (Eq. 10 ,  p. 377) to  

e x p r e s s  t h e  e f f e c t  such  i n c r e a s e s  i n  r a n g e  w i l l  have upon 

d '  f o r  two s t i m u l i ,  JCi and 1^.

The e lem ent  i n  t h i s  e q u a t io n  which i s  a f f e c t e d  by i n c r e a s e s  

i n  t h e  s t i m u l u s  r a n g e  i s  W which r e f e r s  to  t h e  w id th  o f  th e  

c o n t e x t ,  o r  t h e  e f f e c t i v e  i n t e n s i t y  r a n g e ;  H i s  a c o n s t a n t .  

The v a r i a n c e  o f  th e  s t i m u l u s  d i s t r i b u t i o n  which i s  independ-

n o i s e  assumed not  t o  be a f f e c t e d  by r a n g e .  The num era to r  

o f  t h e  e q u a t io n  i s  t h e  d i f f e r e n c e  between t h e  means o f  th e  

two c o n d i t i o n a l  p r o b a b i l i t y  d e n s i t y  f u n c t i o n s  p roduced  by 

each  o f  t h e  two s t i m u l i  be in g  d i s c r i m i n a t e d .  In  t h e  p r e s ­

e n t  s e r i e s  o f  e x p e r im e n t s ,  t h e  nu m era to r  i s  . 2  s i n c e  t h e  

two c e n t r a l  s t i m u l i  d i f f e r  by .2  l o g  f t . L .  in  a l l  r a n g e s .

* U i )  -

e n t  o f  i n t e n s i t y  and ran g e  i s ^ 2 ; i . e . , / ^ 2 i s  s e n s a t i o n
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B ra id a  and D u r lach  (1 9 7 2 ) ,  i n  a t e s t  o f  t h e i r  t h e o r y  

r e p o r t  t h a t  s u b j e c t s  a r e  more a c c u r a t e  i n  i d e n t i f y i n g  s t i m ­

u l i  c l o s e r  t o  t h e  edges  o f  t h e  r a n g e  t h a n  t h o s e  i n  t h e  cen­

t e r .  They r e f e r  t o  t h i s  a s  t h e  r e s o l u t i o n  edge e f f e c t  and 

have  m o d i f i e d  t h e i r  t h e o r y  t o  a c c o u n t  f o r  t h i s  e f f e c t .  An 

edge e f f e c t  would be  i n d i c a t e d  i n  t h e  p r e s e n t  s e r i e s  o f  

e x p e r im e n t s  i f  h i g h e r  d* v a l u e s  were o b t a i n e d  f o r  t h e  d i s ­

c r i m i n a t i o n s  between SI and S2 and between S3 and S4 t h a n  

f o r  t h e  d i s c r i m i n a t i o n  between t h e  two c e n t r a l  s t i m u l i ,  S2 

and S3, on t h e  na r ro w  ra n g e  c o n d i t i o n s  i n  E xper im en ts  1 ,  2 

and 3 where t h e  s t i m u l i  were  e q u i d i s t a n t  from one a n o t h e r .

As T ab le  11 i n d i c a t e s ,  t h e r e  was no e v id e n c e  o f  an edge  

e f f e c t  f o r  any o f  t h e  n a rrow  r a n g e  c o n d i t i o n s .  S ince  t h e  

edge e f f e c t  i n c r e a s e s  w i th  r a n g e ,  i t  i s  p o s s i b l e  t h a t  i t s  

ab se n c e  i n  t h e s e  e x p e r im e n t s  was due t o  t h e  narrow  ( . 6  lo g  

f t . L . )  r a n g e .

A model which i s  c l o s e l y  r e l a t e d  t o  t h e  D ur lach  and 

B r a id a  model i n  t e rm s  o f  i t s  p r e d i c t i o n s  i s  t h a t  o f  Luce ,  

Green and Weber (1 9 7 6 ) .  A c co rd ing  to  t h i s  model  a s u b j e c t  

s e l e c t s  some p o r t i o n  o f  a  s t i m u l u s  r a n g e ,  an a t t e n t i o n  band , 

f o r  more i n t e n s i v e  a n a l y s i s .  T h i s  i n t e n s i v e  a n a l y s i s  con­

s i s t s  o f  t h e  s u b j e c t  t a k i n g  a sample  ( v i a  h i s  o b s e r v a t i o n s )  

o f  f i x e d  s i z e  o f  t h e  s t i m u l i  w i t h i n  t h e  band .  When t h e  

r a n g e  i s  expanded beyond t h e  w id th  o f  t h e  a t t e n t i o n  b an d ,  

t h e  sample s i z e s  f o r  a l l  s t i m u l i  w i t h i n  t h e  r a n g e  may n o t  

be equa l  s i n c e  f u l l y  m o n i to r in g  one  a r e a  o f  t h e  s t i m u l u s  

r a n g e  w i l l  r e s u l t  i n  m o n i t o r i n g  o t h e r  a r e a s  o u t s i d e  o f  t h e
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T a b le  11.  Summary o f  d ' s  o b t a i n e d  f o r  a l l  p a i r s  o f  a d j a ­
c e n t  s t i m u l i  f o r  t h e  n a r r o w - r a n g e  b i r d s  i n  E x p e r im en ts  1 ,  
2 and 3.

cl' be tween

E xper im ent  B ird  SI & S2 S2 & S3 S3 Sc S4 

43 1 .21  1 .4 5  .55

1 44 1 .6 9  1 .2 2  1 .21

45 1 .4 0  1 .2 7  1 .16

x 1 .5 0  1 .3 1  .96

43 .65 .52  .59

44 .97  .99 .94

45 .61 .95 1 .35
2

69 .9 4  .96 .69

70 .71 1 .1 2  1 .01

71 1 .0 5  1 .0 0  1 .21

x .66  .93 1 .0 0

63 .32  .52  .81

64 .41 .99  1 .1 6

65 .46 .68 1 .13
3

66 . 5 6  .45 1 . 1 6

67 .48 .53 .50

68 .69 .80  1 .03

x .49 .66 .97



147.

band l e s s  c o m p l e t e l y . I n c r e a s i n g  ran g e  t h u s  i n d i r e c t l y  

a f f e c t s  t h e  a b i l i t y  o f  th e  o b s e r v e r  t o  d i s c r i m i n a t e  by 

i n c r e a s i n g  t h e  p r o b a b i l i t y  o f  any g iv e n  s t i m u l u s  b e in g  

r e p r e s e n t e d  by a sm a l l  s t i m u l u s  sam ple ,  and sm a l l  samples  

r e s u l t  i n  p o o r e r  p e r fo rm a n c e .  Accord ing  to  th e  Luce e t  a l .  

model ,  t h e  edge e f f e c t  i s  t h e  r e s u l t  o f  t h e  a t t e n t i o n  band 

b e in g  l o c a t e d  a t  e i t h e r  end o f  t h e  s t i m u l u s  a r r a y  more 

o f t e n  t h a n  i n  t h e  c e n t e r .  I f  a rang e  i s  l a r g e ,  th e  cen­

t r a l  s t i m u l i  w i l l  r a r e l y  f a l l  w i t h i n  t h e  a t t e n t i o n  band 

and w i l l ,  t h e r e f o r e ,  be c o r r e c t l y  i d e n t i f i e d  l e s s  f r e ­

q u e n t l y .  However, when th e  s t i m u l u s  ra n g e  i s  n a rrow ,  th e  

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

a t t e n t i o n  band w i l l  be g r e a t e r  and t h e  l i k l i h o o d  o f  t h e  

c e n t r a l  s t i m u l i  b e in g  c o r r e c t l y  i d e n t i f i e d  w i l l  i n c r e a s e .  

T h is  t h e o r y  p r e d i c t s  t h a t  an edge e f f e c t  w i l l  n o t  be p r e s ­

e n t  when t h e  s t i m u l u s  ra n g e  i s  sm a l l  a s  i t  was i n  t h e  n a r -  

row -rango  c o n d i t i o n s  o f  t h e  p r e s e n t  s e r i e s  o f  e x p e r im e n t s .

The G r a v e t t e r  and Lockhead (1973) model i s  v e ry  sim­

i l a r  t o  t h e  D u r lac h  and B ra id a  (1969) model .  In  t h e i r  

p a p e r  G r a v e t t e r  and Lockhead i l l u s t r a t e  a method o f  e s t i ­

m a t in g  th e  s t a n d a r d  d e v i a t i o n  (SDf ) o f  t h e  p s y c h o p h y s i c a l  

f u n c t i o n  r e p r e s e n t i n g  t h e  d i s c r i m i n a t i o n  between any two 

a d j a c e n t  s t i m u l i .  They u se  t h e  T h u r s t o n i a n  method (de ­

s c r i b e d  in  Appendix A) t o  c a l c u l a t e  3D’ which may be d i ­

v id e d  i n t o  t h e  d i f f e r e n c e  be tw een  th e  two s t i m u l i  t o  ob­

t a i n  d ’ . A ccord ing  t o  t h i s  m odel ,  SD’ r e f l e c t s  v a r i a b i l i t y
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due t o  b o th  s e n s o r y  and s u b j e c t - d e p e n d e n t  f a c t o r s  a s  w e l l  

a s  t h e  v a r i a n c e  added by t h e  c r i t e r i a l  r a n g e .  More s p e ­

c i f i c a l l y ,

G r a v e t t e r  and Lockhead t r e a t  t h e  v a r i a n c e  o f  t h e  s e n s o r y

i f  t h e  Si/  i s  o b t a i n e d  f o r  two r a n g e s .  Once a and k and 

t h e  SD# o b t a i n e d  u n d e r  a new ra n g e  a r e  known, t h e  e f f e c t i v e  

r a n g e  (R) can be found  u s i n g  th e  above e q u a t i o n .  Note t h e  

s i m i l a r i t y  t o  D u r lach  and B r a i d a ’ s (1969) e q u a t i o n .

The r e s u l t s  of  Exper iment  4 when compared to  t h o s e  o f  

Exper iment  2 , i n  which p ig e o n s  were exposed to  t h e  same 

s t i m u l i  and d u r a t i o n  o f  t r a i n i n g ,  i n d i c a t e  t h a t  t h e  f o u r -  

c h o ic e  b i r d s  were b e t t e r  a t  i d e n t i f y i n g  S2 and S3 t h a n  t h e  

tw o - c h o ic e  b i r d s  w ere .  T h i s  f i n d i n g  i s  a l s o  d i r e c t l y  oppo­

s i t e  t h a t  p r e d i c t e d  by t h e  l o g i c a l  e x t e n t i o n  o f  t h e  G ra v e t ­

t e r  and Lockhead (1973) model t o  t h e  tw o - r e s p o n s e  s i t u a t i o n .  

Accord ing  t o  t h a t  model ,  t h e  a c c u ra c y  o f  t h e  s u b j e c t s ’ 

i d e n t i f i c a t i o n s  a r e  d e p en d e n t  upon t h e  c r i t e r i a l  r a n g e .

I n  t h e  t w o - c h o ic e  ex p e r im e n t  o n ly  one c r i t e r i o n  sh o u ld  

have been e s t a b l i s h e d .  H o ld ing  o n ly  one c r i t e r i o n  would 

r e q u i r e  t h a t  t h e  c r i t e r i a l  ra n g e  equ a l  z e ro  and t h u s ,  

a c c o r d i n g  t o  G r a v e t t e r  and Lockhead’ s e q u a t i o n ,  a l l  v a r i ­

ance  would be due t o  t h e  s e n s o r y  n o i s e  ( k ) . T h e r e f o r e ,  

n o t  o n ly  sh o u ld  t h e  t w o - c h o ic e  b i r d s  have been b e t t e r  a t

e f f e c t  d i s t r i b u t i o n s  (k^)  and t h e  s u b j e c t - d e p e n d e n t  v a r i ­

ance  (a^)  a s  c o n s t a n t s ,  t h e  v a l u e s  of  which can be found



149.

t h e  d i s c r i m i n a t i o n  t h a n  t h e  f o u r - c h o i c e  b i r d s ,  b u t  t h e r e  

sh o u ld  have been  no ra n g e  e f f e c t  i n  t h e  tw o -c h o ic e  s i t u a ­

t i o n  s i n c e  t h e  c r i t e r i a l  r a n g e  would have been  e q u a l  f o r  

bo th  r a n g e  c o n d i t i o n s .  In  t h e i r  p a p e r ,  G r a v e t t e r  and 

Lockhead (1973) d e a l  o n ly  w i t h  e x p e r im e n ta l  d e s i g n s  i n  

which t h e  number o f  s t i m u l i  and r e s p o n s e s  a r e  e q u a l ,  but  

t h e y  s t a t e  t h a t  t h e i r  model i s  n o t  l i m i t e d  t o  such  c a s e s .

A l l  t h r e e  t h e o r i e s  p r e d i c t  t h e  r a n g e  e f f e c t .  They 

a l l  p r e d i c t  a n e g a t i v e l y  a c c e l e r a t e d  d e c r e a s e  i n  d '  a s  

ra n g e  i s  i n c r e a s e d .  The models d i f f e r  somewhat i n  t h e i r  

e x a c t  q u a n t i t a t i v e  p r e d i c t i o n s ,  however ,  t h e  d a t a  r e q u i r e d  

t o  d i f f e r e n t i a t e  between t h e s e  two t h e o r i e s  i s  n o t  e a s i l y  

o b t a i n e d  a s  Luce e t  a l .  (1976) have p o i n t e d  o u t .  G ra v e t ­

t e r  and Lockhead (1973) speak  o f  th e  ra n g e  sw i tc h  on a 

v o l t m e t e r ,  D u r lach  and B r a id a  (1969) o f  t h e  s u b j e c t ’ s com­

p a r i n g  each p r e s e n t  s e n s a t i o n  t o  t h o s e  p r e v i o u s l y  e x p e r i ­

enced ,  and Luce e t  a l .  (1976) o f  a  l i m i t e d  a t t e n t i o n  band.  

A l l  o f  t h e s e  mechanisms,  however,  a r e  e n t i r e l y  s p e c u l a t i v e  

a t  t h i s  t im e .

To say  t h a t  r e s o l u t i o n  d e c r e a s e s  w i t h  i n c r e a s e s  i n  

ran g e  i s  n o t  enough.  The q u e s t i o n  r e m a in s  a s  t o  why i n ­

c r e a s i n g  t h e  o v e r a l l  ra n g e  i n  which two s t i m u l i  a r e  embed­

ded d e c r e a s e s  t h e  a b i l i t y  o f  a  s u b j e c t  t o  d i s c r i m i n a t e  

t h e s e  s t i m u l i  from each  o t h e r ,  e s p e c i a l l y  when t h e  same 

s u b j e c t s  have p r e v i o u s l y  d e m o n s t r a te d  t h a t  t h e y  can d i s ­

c r i m i n a t e  t h e s e  s t i m u l i  from each  o t h e r .
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I t  i s  p o s s i b l e  t h a t  t h e  e f f e c t  o f  ran g e  on d ’ f o r  th e  

two c e n t r a l  s t i m u l i  may s im p ly  r e f l e c t  d i f f e r e n c e s  in  th e  

’’s t r a t e g i e s ” used  by the  s u b j e c t s  in  s o lv in g  th e  d i s c r i ­

m in a t io n  p rob lem . Under t h e  w id e -ra n g e  c o n d i t io n  SI and 

S4 a r e  e a s i l y  i d e n t i f i e d ;  t h i s  i s  n o t  t r u e  u n d er  th e  

n a rro w -ran g e  c o n d i t i o n .  S u b je c t s  may, on many t r i a l s ,  

have been d e a l i n g  w ith  t h e  f o u r - c h o i c e ,  w id e -ra n g e  p ro b ­

lem a s  i f  i t  was a t h r e e - c h o i c e  problem  w h i le  c o n s i s t e n t l y  

d e a l in g  w i th  t h e  n a r ro w -ra n g e ,  f o u r - c h o i c e  problem  a s  a 

f o u r - c h o ic e  p rob lem . In  o t h e r  w ords , th e y  may have been 

r e g a r d in g  32 and S3 a s  i d e n t i c a l  and , t h e r e f o r e ,  h o ld in g  

o n ly  two c r i t e r i a .  On t r i a l s  on which S2 and S3 a r e  p r e ­

s e n t e d ,  one re s p o n s e  (R2 o r  R3) may be c o n s i s t e n t l y  made. 

T h is  would show up in  th e  d a ta  a s  a s t r o n g  key p r e f e r e n c e  

( i » e . ,  a RBI a p p ro a c h in g  1 ) .  I f  R2 and R3 a re  made r a n ­

domly in  th e  p re s e n c e  o f  S2 o r  S3, th e  RBI would be c lo s e  

to  ze ro  a s  would d ’ . S u b je c t s  u s in g  such  a ’’s t r a t e g y ” 

would be c o r r e c t  on ab o u t 75% o f  a l l  f i r s t  t r i a l s .

In d e e d ,  e x a m in a t io n  o f  th e  f i n a l  pe rfo rm ance  l e v e l s  

in  E xperim en ts  2 , 3 and 4 i n d i c a t e s  c l e a r  re s p o n s e  b i a s e s  

f o r  th e  w id e - ra n g e  b i r d s  a s  p o in te d  o u t  e a r l i e r ;  such  

re s p o n se  b i a s e s  a r e  n o t  e v id e n t  i n  th e  d a ta  f o r  th e  narrow - 

ran g e  b i r d s .  In  a d d i t i o n ,  th e  a c q u i s i t i o n  c u rv e s  f o r  th e  

w id e -ra n g e  b i r d s  (F ig u re s  13 and 26) i n d i c a t e  t h a t  pe rfo rm ­

ance was m a in ta in e d  a t  a b o u t  th e  75% f i r s t  c h o ic e  l e v e l .  

W hile t h e s e  d a ta  c e r t a i n l y  do n o t  r e f u t e  e a r l i e r  a c c o u n ts
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of the range effect, the explanation in terms of different
strategies cannot be discounted at this time.

The f a c t  t h a t  even  th e  w id e -ra n g e  b i r d s  pe rfo rm ed  

somewhat above chance l e v e l  i n  i d e n t i f y i n g  S2 and S3 shows 

t h a t  S2 and S3 were c e r t a i n l y  n o t  t r e a t e d  a s  i d e n t i c a l  on 

e v e ry  t r i a l .  At l e a s t  on some t r i a l s  a t h i r d  c r i t e r i o n  

m ust have been  h e ld .

The d i f f e r e n c e  i n  d '  o b ta in e d  in  th e  tw o- and t h e  

f o u r - c h o i c e  e x p e r im e n ts  may a l s o  r e f l e c t  d i f f e r e n c e s  i n  

th e  b i r d s '  o v e r a l l  ap p roach  t o  t h e  prob lem . The b e t t e r  

d i s c r i m i n a t i o n  betw een S2 and S3 shown by th e  b i r d s  i n  

t h e  f o u r  r e s p o n s e  ex p erim en t may r e f l e c t  th e  f a c t  t h a t  

t h e  p r o b a b i l i t y  o f  b e in g  c o r r e c t  p u r e ly  by chance  on any 

g iv en  t r i a l  would be o n ly  .25 when f o u r  c h o ic e s  a r e  r e ­

q u i r e d  and .50  when two c h o ic e s  a r e  r e q u i r e d .  T h e r e f o r e ,  

i n  th e  f o u r - c h o i c e  s i t u a t i o n  i t  i s  o f  g r e a t e r  " r e l a t i v e  

v a lu e "  t o  a t t e n d  to  t h e  d i s c r i m i n a t i v e  s t i m u l i .  I f  

a t t e n d i n g  t o  t h e  s t im u lu s  d im en sion  i s  a c t u a l l y  more 

" v a lu a b le "  u n d e r  th e  f o u r - r e s p o n s e  c o n d i t i o n s ,  i t  sh o u ld  

r e s u l t  in  b e t t e r  d i s c r i m i n a t i o n  betw een a d j a c e n t  s t i m u l i  

a lo n g  t h a t  d im en s io n .

T hese  a l t e r n a t i v e  a c c o u n ts  o f  how ran ge  and th e  num­

b e r  o f  re s p o n s e  c a t e g o r i e s  may e x e r t  t h e i r  e f f e c t s  i n  a b ­

s o l u t e  judgm ent t a s k s  can n e i t h e r  be v e r i f i e d  o r  r e f u t e d  

on t h e  b a s i s  o f  th e  d a t a  g a th e re d  in  t h i s  s e r i e s  o f  e x p e r ­

im e n ts .  F u r t h e r  e x am in a tio n  o f  th e  way in  which such ab ­

s o l u t e  judgm ent t a s k s  a r e  app roached  by b o th  a n im a ls  and
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humans may h e lp  us  t o  b e t t e r  u n d e rs ta n d  th e  r a n g e  e f f e c t  

and w i th  i t  t h e  f i n d in g s  r e p o r t e d  h e r e .

I  s u g g e s t  t h a t  f u t u r e  s t u d i e s  a t t e m p t  to  m a n ip u la te  

th e  " r e l a t i v e  v a lu e "  o f  c o r r e c t l y  i d e n t i f y i n g  th e  c e n t r a l  

s t i m u l i .  T h is  co u ld  be done by r e i n f o r c i n g  c o r r e c t  id e n -  

f i c a t i o n s  o f  t h e  c e n t r a l  s t i m u l i  on a l l  t r i a l s  and r e i n ­

f o r c i n g  c o r r e c t  i d e n t i f i c a t i o n s  o f  th e  e x t e r n a l  s t i m u l i  on 

i n t e r m i t t a n t  s c h e d u le s .  B e t t e r  r e s o l u t i o n  in  t h i s  s i t u a ­

t i o n  would s u g g e s t  t h a t  c r i t e r i o n  v a r i a b i l i t y  r e f l e c t s  t h e  

s p e c i f i c  r e q u i r e m e n ts  o f  th e  p rob lem . Such a f i n d i n g  

would i n d i c a t e  t h a t  ran g e  e x e r t s  i t s  e f f e c t  n o t  s im p ly  by 

d u l l i n g  tn e  r e s o l u t i o n  power o f  th e  o rg an ism  b u t  by a l t e r ­

in g  t h e  way i n  which th e  o rgan ism  a p p ro a ch e s  t h e  p ro b lem .

At p r e s e n t ,  t h e  ran g e  e f f e c t  rem a in s  a m y s te ry ,  

a l th o u g h  t h i s  s e r i e s  o f  e x p e r im e n ts  h a s  r u l e d  o u t  a number 

o f  p o s s i b l e  e x p la n a t io n s  and has  d e m o n s tra te d  t h a t  i t  i s  

n o t  an  e x c l u s i v e l y  human phenomenon.
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APPENDIX A

1 . O b ta in in g  d ’ and C

F ig u re  34 i l l u s t r a t e s  b o th  m ethods o f  o b t a i n i n g  d f 

( d a ta  f o r  B43, l a s t  25 days o f  E xperim ent 1 ) .  To o b t a i n  

d ’ by e i t h e r  t h e  r a t i n g  s c a l e  method (ROC) o r  th e  T h u r-  

s t o n i a n  m e th o d , th e  4 x 4  m a t r i x ,  i n d i c a t i n g  th e  p r o p o r t io n  

o f  t im e s  each  r e s p o n s e  was made a s  a f i r s t  c h o ic e  in  th e  

p re s e n c e  o f  each  o f  th e  f o u r  s t i m u l i ,  must f i r s t  be t r a n s ­

form ed i n t o  a  cu m u la t iv e  p r o p o r t i o n  m a t r ix .

U sing th e  r a t i n g  s c a l e  method (ROC), t h r e e  e s t im a t e s  

o f  d '  can be c a l c u l a t e d  f o r  each  o f  th e  d i s c r i m i n a t i o n s  

betw een a d j a c e n t  s t i m u l i  and t h e  mean o f  t h e s e  t h r e e  e s t i ­

m ates  used  a s  d* f o r  t h a t  d i s c r i m i n a t i o n  o v e r  th e  b lo c k  

r e p r e s e n te d  by th e  m a t r ix .  To o b t a i n  th e  t h r e e  e s t im a t e s  

o f  d f f o r  t h e  d i s c r i m i n a t i o n  betw een SI and S2, t r e a t  t h e  

p r o p o r t io n  (P) o f  R1 r e s p o n s e s  g iv e n  a s  f i r s t  c h o ic e s  in  

th e  p re s e n c e  o f  SI ( R l | s i )  a s  th e  h i t  r a t e  and P (R l |s 2 )  

a s  t h e  f a l s e  a la rm  r a t e  (FA), n e x t  t r e a t  P(R 1+R 2|si)  as  

th e  h i t  r a t e  and P(R1+R2|S2) a s  th e  FA r a t e ,  and f i n a l l y  

t r e a t  P(R1+R2+R3jS I )  a s  th e  h i t  r a t e  and P(R1+R2+R2|s2) 

a s  th e  FA r a t e .  T h is  p ro c e d u re  i s  r e p e a te d  f o r  each  p a i r  

o f  s t i m u l i ;  f o r  exam ple, i n  lo o k in g  a t  t h e  d i s c r i m i n a t i o n  

betw een S2 and S3, c a l c u l a t e  d* f o r  th e  f o l lo w in g  h i t  and 

FA r a t e s :



F ig u re  34 . I l l u s t r a t i o n  o f  how d 1 i s  o b ta in e d  u s in g  th e  

ROC method ( l e f t  p a n e l )  and th e  T h u r s to n ia n  method ( r i g h t  

p a n e l ) .



Proportion Cumulative Proportion
SI JI  32. S4

R1| .62  

R l + 2 -

.14  !

97 .63 i

Rl+2+3 .99 .93 ' .51

.06

.31

Rl+2+3+4 1.00 il.OO ;i .C 0  .1 .00

Thuratonian method
d ' f o r  d is c r im in a tio n  between z-sco re  transfo rm

Hl+3

a i+ 2 + ’

I .38  j ------ ------ R lj+  .3 l |  - l .O s j ------ j ------- !

1.41 { 1.46 .56 R l+ 2l+ I.83 j+  . 47j -  .99j -i.'55 i|

.35 i 1 .44 .53 Rl+2+3 ]+2-»33 j+1 . 43 : + .0 3 I  -  . 5C

1.21 1 .45 .55
1 ! 1 j

a i + 2 + 3 + 4 ------ ! --------  ------ i --------1 1 _ I :

s lo p e  -  *7 .3

s tan d ard  d e v ia tio n  -  .1 4  
lo g  f t . 1 .

d* -  1 .42

eq u atio n  o f  l in e
7 “  7 .3  -  10.43

C -  1.436 lo g  f t .L .
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H i t s  FA’ s

P ( R11S2) P ( R l |S3)

P (R1+R2 1 S2 ) P ( R 1 + R 2 | s 3 )

P(R1+R2+R3 |S2)  P (R 1 + R 2 + R 3 |s3 )

For th e  d i s c r i m i n a t i o n  betw een S3 and 34:

H i t s FA’s

P (R 1 |33) 

P(R1+R2Js3) 

P(R1+R2+R3|S3)

P ( R l |s 4 )  

P(R1+R2| S4) 

P(R1+R2+R3 j S4)

d'  may be c a l c u l a t e d  d i r e c t l y  (a s  p e r  Green & Sw ets, 1966) 

o r  may be o b ta in e d  from t a b l e s  p u b l i s h e d  in  Swets (1 9 6 4 ) .  

F ig u re  35 i n d i c a t e s  th e  d ’ s f o r  each h i t  and FA r a t e  and 

th e  mean d ’ f o r  each o f  th e  t h r e e  d i s c r i m i n a t i o n s .

In  th e  T h u r s to n ia n  m ethod, as  u sed  by G r a v e t te r  and 

Lockhead (1 9 7 3 ) ,  an e s t i r ; .a te  o f  c r i t e r i o n  p o s i t i o n  may a l s o  

be o b ta in e d .  In  t h i s  m ethod, th e  c u m u la t iv e  p r o p o r t io n  

m a t r ix  i s  t ra n s fo rm e d  to  a normal d e v i a t e  m a t r ix  ( z - s c o r e s ) .  

Next a l i n e  i s  f i t t e d  to  th e  p o i n t s  th u s  o b ta in e d  f o r  each 

o f  th e  d i s c r i m i n a t i o n s  by th e  method o f  l e a s t  sq u a re s  (o n ly  

z - s c o r e s  r e p r e s e n t i n g  p r o p o r t io n s  be tw een .1 and .9  a r e  

u sed  a s  p e r  G r a v e t t e r  and Lockhead, 1 9 7 3 ) .  The s lo p e  o f  

th e  l i n e  i s  computed and from t h i s  th e  s ta n d a rd  d e v ia t i o n  

of th e  p sy c h o p h y s ic a l  f u n c t i o n  ( 1 / s l o p e ) .  From th e  equa­

t i o n  o f  th e  l i n e ,  th e  s t im u lu s  v a lu e  f o r  which z = 0 may 

be c a l c u l a t e d  and re g a rd e d  a s  C, th e  p o s i t i o n  o f  th e  c r i ­

t e r i o n  s e p a r a t i n g  th e  two re s p o n s e  r e g i o n s ,  d ’ f o r  t h i s
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discrimination may be obtained by dividing the difference
between the two stimuli (.2 log ft.L. in this case) by the
standard deviation.

The T h u r s to n ia n  method d i f f e r s  from th e  r a t i n g  s c a l e  

(ROC) p ro c e d u re  d e s c r ib e d  above in  t h a t  in  th e  T h u r s to n ia n  

method th e  p re s e n c e  o f  a l l  s t i m u l i  a r e  c o n s id e re d  in  ob­

t a i n i n g  d* f o r  each  d i s c r i m i n a t i o n .  C o nseq uen tly  th e  e s ­

t im a te s  o f  d r o b ta in e d  w i l l  be s im ila r ;  bu t  n o t  i d e n t i c a l  

f o r  r e a l  d a ta  (due t o  v a r i a b i l i t y ) .  The two p ro c e d u re s  

sho u ld  n o t  y i e l d  d i f f e r e n t  c o n c lu s io n s  as  t o  th e  e f f e c t  

o f  r a n g e .  T a b le s  1 ,  2 , 5 and 6 p r e s e n t  d* a s  o b ta in e d  by 

b o th  m ethods.

F ig u re  35 i l l u s t r a t e s  th e  l o g i c a l  e q u iv a le n c e  of th e  

ROC and T h u rs to n ia n  m ethods. Four normal d i s t r i b u t i o n s  o f  

equa l  v a r i a n c e  a r e  assumed (a )  w ith  th e  mean o f  each d i s ­

t r i b u t i o n  s e p a r a te d  by 1 u n i t  (which i s  eq ua l  to  .5  z - s c o r e )  

from th e  mean o f  th e  n e x t  d i s t r i b u t i o n .  I t  i s  f u r t h e r  

assumed t h a t  t h e r e  a r e  t h r e e  c r i t e r i a  (C l ,  C2 and C3) on 

th e  S ensory  e f f e c t  o r  " d e c i s i o n  a x is "  p la c e d  midway be­

tween a d ja c e n t  d i s t r i b u t i o n s  so a s  to  d iv id e  t h i s  c o n t in u ­

um i n t o  f o u r  s e c t i o n s  c o rre sp o n d in g  t o  f o u r  d i f f e r e n t  

r e s p o n s e s .

The f i r s t  s t e p  i n  bo th  methods i s  to  o b ta in  t h e  a r e a s  

under each  o f  th e  c u rv e s  f o r  tn e  p o r t i o n s  to  th e  l e f t  o f  

Cl and th e n  t o  th e  l e f t  o f  C2 and th e n  t o  th e  l e f t  o f  C3« 

Next t h e s e  a r e  c o n v e r te d  to  z - s c o r e s  r e s u l t i n g  i n  what i s  

e s s e n t i a l l y  th e  z - s c o r e  t r a n s fo rm  of a cu m ula tiv e  p ro p o r ­

t i o n  m a t r ix  ( b ) .
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F ig u re  35 . I l l u s t r a t i o n  o f  th e  l o g i c a l  e q u iv a le n c e  o f  th e  

ROC and T h u r s to n ia n  m ethods.



1 5 9 .

Cl Cl CJ

Cl
02

0 1 1 3 1 J 1«. T a ' 1 ' 10

31 32 S3 34
Cl .5967 .4013 .2266 .1056
C2 .773!* .5967 .4013 .2266
C3 .6944 .7734 .5967 • *4.013

ponse 31 32 33 S4
ill 2- .25 -.25 -.75 -1.25

or ?.2 2- .75 .25: -.25 -  .75
or 33 z“ 1.25 .75 .25 -  .25

T T

U3 *1

O.

z P ( fa ls e  a l a r - s )

Cl .2 5 -( - .25) - .5
C2 .75 - .25 - .5
C3 1.25 - .75 - 4x d ' - TT

as
a.

31 32 S3 34

stimulus

slope -  .5 /1  -  .5 
standard  dev ia t io n  » 

1 / .5  -  2 
d '  -  1 /2  -  .5



1 6 0 .

U sing th e  ROC method (p a n e l  I )  a z-ROC curve  may be 

p l o t t e d  a s  i l l u s t r a t e d  and d* o b ta in e d  from th e  c u rv e .

I t  i s  a l s o  p o s s ib l e  to  o b t a i n  d f more d i r e c t l y  by t a k in g  

th e  mean o f  th e  t h r e e  d* e s t im a t e s  o b ta in e d  by f i n d in g  th e  

d i f f e r e n c e  between th e  z - s c o r e s  f o r  each  s e t  o f  a d ja c e n t  

s t i m u l i  g iv en  f i r s t  R1, th e n  R1 o r  R2 and l a s t  R1 o r  R2 

o r  R3. 3o th  p ro c e d u re s  a r e  i l l u s t r a t e d .

U sing  th e  T h u r s to n ia n  method (p a n e l  I I ) ,  z - s c o r e s  a r e  

p l o t t e d  a g a i n s t  s t i m u l i ;  t h e  r e c i p r o c a l  o f  th e  s lo p e  of 

th e  l i n e  r e s u l t i n g  from t h i s  p l o t  i s  th e  s t a n d a r d  d e v ia ­

t i o n  o f th e  p s y c h o p h y s ic a l  f u n c t i o n .  When th e  s t im u lu s  

d i f f e r e n c e  ( i n  th e  exair.ple , 1) i s  d iv id e d  by th e  s t a n ­

da rd  d e v i a t i o n ,  d* i s  o b t a in e d .  The o b ta in e d  v a lu e  o f  

d* i s  i d e n t i c a l  f o r  both  m ethods.



2.
Narrow Range birds —  Experiment

Bird 43 Bird 44

(P )R1 R2 R3 R4 R1 R2 R3 R4

SI 24 30 27 19 29 41 18 12

S2 12 25 33 30 14 32 35 19

53 4 25 35 36 6 23 48 23

S4 3 19 38 40 1 17 55 27

SI 41 51 7 1 6 2 32 5 1

S2 17 44 25 14 21 49 24 6

S3 4 27 40 29 2 23 55 20

S4 2 17 42 39 1 14 51 34

SI 63 33 4 0 77 21 2 0

S2 13 43 34 10 13 62 23 2

S3 0 19 44 37 0 24 57 19

S4 1 11 34 54 0 5 25 70

SI 62 35 2 1 74 25 1 0

S2 14 54 25 7 9 61 26 2

S3 0 16 35 49 0 16 72 12

S4 0 6 25 69 0 5 23 72

161.

1 —  confusion matrices

B ird  45 S e s s io n s

R1 R2 R3 R4

36 30 21 13 1-25

25 28 27 20

10 19 34 37

5 9 24 6 2

49 39 11 1 26-50

18 47 30 5

3 22 47 28

1 4 20 75

63 34 3 0 51-75

22 48 28 2

2 31 49 16

0 6 17 75

67 30 3 0 76-10(

16 54 26 4

1 18 56 25

0 5 13 82



162.

Narrow Range birds —  Experiment 1 —  confusion matrices
Bird 43 Bird 44 Bird 45

(P )R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 Session!

SI 2 0 2 8 30 24 2 1 29 2 1 30 15 2 6 29 31 1-5

S2 1 6 16 33 35 1 2 17 2 6 45 1 2 19 30 38

S3 9 1 2 33 4 6 8 18 31 43 4 28 25 43

34 6 15 35 45 4 7 42 46 10 21 22 46

SI 11 15 26 48 31 26 25 19 40 15 17 29 6-10

S2 4 9 30 58 16 16 46 21 25 17 23 36

S3 1 11 30 58 11 9 54 26 17 15 20 49

S4 0 8 23 70 1 8 61 30 5 10 24 61

SI 17 31 33 20 27 44 17 4 50 29 19 3 11-15

S2 9 27 37 28 13 45 34 8 37 27 24 12

S3 0 28 39 32 4 42 40 15 19 12 30 40

S4 4 17 44 34 2 24 59 14 7 3 19 70

SI 34 27 31 8 15 71 12 2 33 45 18 4 16-20

S2 17 22 41 20 17 54 23 6 29 39 26 6

S3 7 17 41 38 5 34 49 12 7 18 42 34

S4 5 16 51 29 0 33 48 19 1 6 23 70

SI 36 52 12 0 41 35 14 10 40 39 19 2 21-25
S2 14 53 22 12 11 31 44 14 22 37 32 9

S3 2 57 31 12 1 11 69 20 5 22 50 24

S4 0 40 38 22 0 11 64 25 1 7 31 61



163.

Moderate Range birds —  Experiment 1 —  confusion

Bird 46 Bird 47 Bird 48

(P) R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 52 38 9 1 65 2 2 9 4 79 13 6 2

32 4 38 46 1 2 7 35 45 13 9 36 43 1 2

S3 1 23 59 17 2 17 6 0 21 4 1 6 55 25

S4 1 5 25 69 1 4 28 67 2 3 24 71

31 79 2 0 1 0 94 6 0 0 93 6 1 0

S2 1 55 43 1 5 55 37 3 4 52 41 3

S3 0 29 6 8 3 0 34 56 1 0 1 31 55 13

S4 0 2 16 8 2 0 3 23 74 0 1 23 76

SI 76 23 1 0 98 1 1 0 98 1 0 1

S2 2 55 42 1 1 6 2 36 1 5 57 35 3

S3 0 2 8 6 6 6 0 2 2 74 4 1 27 60 1 2

S4 0 2 1 1 87 0 0 24 76 0 1 9 90

SI 70 29 1 0 98 2 0 0 98 2 0 0

S2 0 64 34 2 1 73 25 1 3 6 8 2 8 1

S3 0 36 58 6 0 2 6 70 4 0 27 6 6 7

S4 0 0 13 87 0 0 1 2 8 8 0 1 5 94

matrices

S e ss io n s

1-25

2 6 - 5 0

51-75

76-100



164.

Moderate Range birds —  Experiment 1—  confusion matrices
Bird 46 Bird 47 Bird 48 Sessions

(P )R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 1 6 53 33 4 28 29 30 15 44 25 23 9

S2 6 1 0 54 30 7 27 39 37 15 2 1 39 2 6

S3 0 8 41 51 8 16 39 35 14 3 36 48

34 3 6 33 56 3 1 2 30 55 9 3 38 51

SI 34 55 1 0 0 6 2 2 2 1 0 6 76 1 6 5 1 6 - 1 0

S2 5 38 46 1 1 7 40 41 1 2 1 0 28 39 13

S3 3 29 49 2 1 1 24 53 23 2 2 6 49 23

S4 0 1 0 34 58 0 1 28 71 1 2 24 73

SI 56 40 4 0 8 2 15 3 0 8 2 17 1 0

S2 4 37 54 5 14 40 38 8 5 46 43 6

S3 0 29 6 4 7 1 17 60 22 2 20 61 18

S4 0 5 31 64 0 1 46 53 1 0 12 87

SI 75 23 2 0 61 35 4 0 97 3 0 C 16-20

S2 5 46 47 2 3 29 63 5 7 33 56 4

S3 0 2 8 70 2 1 15 66 16 1 12 68 19

S4 0 1 16 83 0 4 20 76 1 1 13 84

SI 80 17 3 0 93 7 0 0 95 5 0 0 21-25

S2 1 61 36 2 3 39 57 1 6 54 37 3

S3 0 23 72 5 0 12 6 2 7 0 21 59 22

S4 0 4 14 82 0 3 16 81 0 5 36 60



APPENDIX B



166.

Narrow Range birds —  Experiment 2 —  confusion matrices

Bird 69 Bird 70 Bird 71 Sessions

1-25

(P ) R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 12 64 16 8 27 40 15 18 28 44 17 11 1

S2 15 63 14 8 20 25 23 32 20 39 24 17

S3 15 55 18 12 15 19 23 43 12 26 29 33

S4 11 49 25 15 8 10 19 63 6 17 32 45

SI 27 46 25 2 35 43 19 3 37 51 10 2 2 6

S2 17 42 33 8 15 40 33 12 19 45 28 8

S3 10 36 41 13 9 23 37 31 10 28 37 25

S4 4 20 42 34 1 11 31 57 1 8 32 59

SI 36 39 23 2 46 41 12 1 48 46 5 1 51

S2 24 36 33 7 24 44 26 6 25 48 24 3

S3 11 32 40 17 10 31 37 22 10 30 42 18

S4 3 14 48 35 1 12 32 55 1 6 40 53

SI 31 43 24 2 36 53 8 1 51 44 5 0 76.

S2 22 36 39 3 18 55 24 3 21 56 20 3

S3 9 25 50 16 7 37 39 17 6 33 47 14

S4 1 9 38 52 0 13 21 66 0 5 42 53



167.

Narrow Range birds —  Experiment 2 (cont.) —

Bird 69 Bird 70 Bird 71

(p )R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 45 36 1 6 1 39 52 9 0 48 48 4 0

S2 17 41 38 4 13 54 29 4 15 6 1 2 2 2

S3 4 2 6 54 1 6 5 32 42 2 1 3 31 52 14

S4 0 7 37 60 0 1 1 33 56 0 4 40 56

SI 52 37 1 1 0 55
to 6 1 00 38 4 0

S2 1 8 44 34 4 25 47 25 3 23 57 1 8 2

S3 4 2 1 54 2 1 4 29 44 23 4 31 53 1 2

S4 1 3 37 59 1 5 2 6 6 8 1 2 37 6 0

SI 6 1 30 9 0 64 27 9 0 59 35 6 0

S2 2 6 41 30 3 29 44 24 3 1 8 57 25 0

S3 7 19 6 0 14 5 18 48 29 4 31 54 1 1

S4 1 2 46 49 1 4 2 1 74 1 3 36 60

SI 57 34 9 0 61 31 7 1

to 38 4 0

S2 2 1 46 30 3 28 44 25 3 19 58 2 2 1

S3 4 2 2 57 17 5 27 42 2 6 4 32 54 1 0

S4 1 3 45 51 1 5 2 0 74 1 2 37 6 0

c o n fu s io n
m a t r i c e s

S e s s io n s

101-125

126-150

151-160

136-160



166.

Narrow Range birds —  Experiment

Bird 43 Bird 44

(P )R1 R2 R3 R4 R1 R2 R3 R4

SI 5 6 8 2 2 4 37 42 17 3

32 2 48 42 8 9 41 45 6

S3 0 32 49 19 2 18 6 6 13

S4 0 13 4 6 42 0 2 6 6 31

SI 1 1 78 1 1 1

toi/N 36 6 0

S2 4 64 2 8 4 15 54 27 4

S3 1 39 43 17 2 26 55 18

S4 0 7 42 50 0 4 39 57

SI 11 77 11 1 64 33 2 0

S2 4 57 36 3 21 53 24 1

S3 2 35 52 11 4 24 53 19

S4 0 10 41 50 1 2 36 61

SI 23 64 12 1 65 32 2 1

S2 10 56 29 5 22 50 25 3

S3 5 37 43 15 5 21 58 16

S4 3 16 39 42 1 3 45 51

2 ( r e t r a i n e d  a f t e r  Exp. 1)
— c o n fu s io n  m a t r i c e s

B ird  45 S e s s io n s

R1 R2 R3 R4

37 48 10 5 1-25

17 44 2 8 11

5 25 40 29

1 4 20 75

63 27 7 3 26-50

35 39 19 8

11 31 28 30

1 5 13 81

71 25 3 2 51-75

34 41 20 5

5 31 39 25

0 3 11 86

68 24 7 1 76-10(

37 30 28 5

9 22 46 23

1 2 14 83



169.

Narrow Range birds —  Experiment 2 —  confusion matrices
Bird 69 Bird 70 Bird 71 Sessions

(P)R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 10 49 19 24 20 39 17 25 IS 34 14 34 1-5

S2 IS 39 17 2 6 23 IS 20 39 25 36 19 20

S3 IS 39 22 23 20 19 20 41 19 29 17 35

S4 13 33 22 32 16 16 20 46 13 25 26 36

SI IS 43 23 IS 33 22 S 38 26 47 22 5 6-10

S2 20 49 21 11 24 19 7 51 14 36 27 23

S3 21 35 26 IS 2 6 14 7 54 15 25 2 6 35

S4 16 33 29 25 19 5 5 71 4 22 2 8 46

SI 10 S2 9 1 31 43 8 IS 43 38 18 1 11-15

S2 10 75 14 2 19 25 20 37 21 41 2 8 13

S3 13 69 10 S 14 16 19 51 7 24 36 33

S4 14 70 11 5 2 3 24 70 4 20 35 38

SI 9 76 13 4 26 45 IS 9 36 46 12 6 16-20

S2 S S3 7 2 18 29 31 22 25 39 19 17

S3 7 74 11 S 6 22 31 41 15 28 25 32

S4 1 66 25 7 1 13 20 66 5 10 39 46

SI 13 66 IS 2 24 50 24 2 IS 54 21 7 21-25

S2 21 66 10 3 15 37 35 13 13 47 29 11

S3 16 59 IS 7 10 24 35 31 5 21 44 30

S4 10 46 34 13 3 11 25 61 2 S 33 57



Narrow Range birds —  Experiment
Bird 43 Bird 44

(P )Rl R2 R3 R4 R1 R2 R3 R4

s i 3 34 44 19 2 24 60 8

S2 4 19 59 17 4 12 67 17

S3 0 21 48 31 2 8 73 17

S4 1 7 46 46 0 0 83 17

SI 2 69 2 8 0 41 48 9 2

S2 0 56 33 11 8 42 48 2

S3 0 36 38 2 6 0 19 68 13

S4 0 16 42 42 0 0 67 33

SI 5 73 21 1 41 49 10 0

S2 1 56 37 6 11 44 41 4

S3 0 34 56 10 3 20 66 11

S4 0 11 52 37 0 2 51 47

SI 11 78 70 1 49 49 0 2

S2 1 53 40 6 13 53 30 4

S3 0 28 54 18 2 18 63 17

S4 0 15 31 54 1 3 62 34

SI 4 88 9 1 53 39 6 2

S2 2 54 42 2 9 52 37 2

S3 2 41 49 8 5 27 61 7

S4 0 14 57 30 0 5 69 2 6

170.

2 ( r e t r a i n e d  a f t e r  Exp. 1)
— c o n fu s io n  m a t r i c e s  

B ird  45

R1 R2 R3 R4 S e s s io n s

32 37 22 9 1-5

19 30 26 25

7 17 40 36

3 5 24 68

21 65 13 2 6-10

16 44 32 8

3 22 49 26

0 6 18 76

37 53 7 3 ' 11-15

10 56 27 7

5 22 41 32

0 5 17 78

36 57 3 4 16-20

13 40 35 12

2 25 42 31

0 3 27 70

61 29 5 6 21-25

2 8 49 20 3

9 40 30 21

0 3 16 81



171.

Wide Range birds —  Experiment

Bird 63 Bird 64

(P)R1 R2 R3 R4 R1 R2 R3 R4

SI

<̂\
to 11 4 2 69 £ 1 2

S2 2 30 54 14 3 36 50 11

S3 1 2 6 59 14 7 22 55 16

S4 0 3 23 74 3 9 27 61

SI 96 3 1 0 97 3 0 0

S2 0 39 56 3 0 52 46 2

S3 0 35 51 4 0 32 61 7

S4 0 2 4 94 0 4 20 76

SI 98 1 1 0 98 2 0 0

S2 0 38 59 3 1 50 47 2

S3 0 24 71 5 0 37 57 6

S4 0 0 6 94 0 2 9 69

SI 97 3 0 0 99 1 0 0

S2 0 30 68 2 0 57 41 2

S3 0 28 70 2 1 45 50 4

S4 0 3 11 86 0 2 7 91

2 —  confusion matrices

Bird 6 5  Sessions

R1 R2 R3 R4

64 13 2 1 1-25

3 38 46 13

2 37 47 14

2 7 46 45

96 4 0 0 26-50

1 64 33 2

1 53 43 3

0 4 11 85

96 4 0 0 51-75

1 50 47 2

0 43 52 5

0 1 6 93

98 2 0 0 76-100

0 54 44 2

0 36 60 4

0 0 6 94



1 7 2 .

Wide Range b i r d s  — E xperim ent 2 ( c o n t . )  __ c o n fu s io n
m a t r ic e s

B ird  6 3 B ird  6 4 B ird  6 5 S e s s io n s

(P)R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 93 6 1 0 97 2 1 0 99 0 1 0 101

S2 0 29 70 1 0 59 40 1 0 47 52 1

S3 0 24 71 5 0 44 54 2 0 28 68 4

S4 0 1 7 92 0 1 4 95 0 1 9 90

SI 91 g 1 0 99 1 0 0 99 1 0 0 1 2 6

S2 0 37 63 0 0 59 41 0 0 54 45 1

S3 0 24 74 2 0 40 60 0 0 34 63 3

S4 0 0 4 96 0 1 4 95 0 0 6 94

31 86 12 0 0 100 0 0 0 99 1 0 0

S2 0 22 77 1 0 61 39 0 1 57 41 1

S3 0 18 76 4 0 56 44 0 0 41 57 2

S4 0 0 4 96 0 0 5 95 0 0 5 95

SI S7 13 0 0 100 0 0 0 99 1 0 0

S2 0 32 67 1 0 59 41 0 0 59 41 0

S3 0 22 76 2 0 44 56 0 0 37 60 3

S4 0 0 5 95 0 1 4 95 0 0 6 94

151-160

136-160



173.

Wide Range birds —  Experiment

Bird 66 Bird 67

(P)R1 R2 R3 R4 R1 R2 R3 R4

SI 8$ 14 1 0 93 6 1 0

S2 2 61 34 3 2 50 39 9

S3 2 50 41 7 1 39 44 16

S4 1 16 35 48 1 4 24 71

SI 94 6 0 0 99 1 0 0

S2 1 58 41 0 1 51 45 3

S3 0 44 53 3 0 40 54 6

S4 0 0 7 93 0 2 22 76

SI 98 1 1 0 99 1 0 0

32 0 56 42 0 2 68 28 2

S3 0 46 52 2 1 61 32 6

S4 0 2 5 93 1 2 13 64

SI 98 2 0 0 99 1 0 0

S2 0 51 48 1 0 70 27 3

S3 0 37 61 2 0 56 37 5

S4 0 0 4 96 0 0 6 92

2 —  confusion matrices

B ird  66 S e s s io n s

R1 R2 R3 R4

90 9 0 1 1-25

2 61 28 9

2 55 35 6

0 8 23 69

97 2 1 0 26-50

0 78 20 2

1 66 29 4

0 1 3 96

99 1 0 0 51-75

0 63 35 2

0 50 48 2

0 1 3 96

98 2 0 0 76-10C

1 62 37 0

0 46 53 1

0 1 1 98



174.

Wide Range b i r d s  — E xperim ent 2 ( c o n t . )  — c o n fu s io n
m a t r i c e s

B ird  66 B ird  67 B ird  68 S e s s io n s

101-125

(P) R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

S I 99 1 0 0 99 0 1 0 98 2 0 0

S2 0 42 57 1 0 85 12 3 0 34 66 0

S3 0 30 66 4 0 74 22 4 0 15 84 1

S4 0 2 9 89 0 1 12 87 0 0 4 96

SI 100 0 0 0 99 1 0 0 96 2 1 0 126

S2 0 44 55 1 0 76 23 1 0 48 52 0

S3 0 30 68 2 0 68 29 3 0 22 77 1

S4 0 1 7 92 0 1 11 88 0 1 4 95

SI 100 0 0 0 99 1 0 0 99 1 0 0 151

S2 0 46 54 0 1 74 23 2 1 26 73 0

S3 0 33 65 2 0 67 30 3 0 24 75 1

S4 0 1 5 94 0 2 7 91 0 0 3 97

SI 100 0 0 0 99 1 0 0 99 0 1 0 136

S2 0 47 53 0 1 73 25 1 0 38 62 0

S3 0 36 62 2 0 67 30 3 0 21 78 1

S4 0 1 7 92 0 2 8 90 0 0 3 97



175.

Wide Range birds —  Experiment 2 —  confusion matrices
Bird 63 Bird 64 Bird 65 Sessions

(P)R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 47 28 13 12 61 25 6 g 54 35 4 8

S2 5 17 47 30 15 36 2 6 23 8 28 36 29

S3 4 26 46 24 15 16 46 23 5 30 39 2 6

S4 2 9 36 53 14 15 38 34 9 16 56 18

SI 86 12 2 0 97 3 0 0 81 16 3 0 6-1 0

S2 5 32 41 23 2 34 49 15 3 33 56 7

S3 3 27 52 18 2 31 39 28 1 33 50 16

S4 0 2 24 74 0 13 27 60 0 4 68 2 8

SI 92 8 0 0 96 4 0 0 97 2 1 0 11-15

S2 0 42 52 7 0 39 52 9 1 33 59 7

S3 0 24 71 6 1 2 8 56 13 1 32 54 13

S4 0 1 21 76 0 10 27 63 0 4 56 40

SI 95 5 0 0 96 3 0 0 95 3 2 0 16-20

S2 1 22 73 3 0 38 59 3 1 47 40 12

S3 0 21 68 10 0 29 66 5 3 46 40 11

S4 0 1 2 8 71 0 4 24 72 0 5 27 68

SI 93 6 1 0 95 5 0 0 94 6 0 0 21-25

S2 0 34 60 6 0 32 6 2 6 0 53 45 2

S3 0 31 55 14 0 24 64 12 0 45 53 2

S4 0 0 6 94 0 3 21 76 0 7 21 72



176.

Wide Range birds —  Experiment 2 —  confusion matrices
Bird 66 Bird 67 Bird 68 Sessions

(P)R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4
SI 63 31 4 2 77 13 4 1 76 20 1 3 1-5
S2 4 33 52 6 8 45 27 20 5 46 25 24
33 6 30 52 12 5 32 27 36 3 49 30 19
S4 2 23 61 14 5 20 24 51 1 13 33 54

SI 37 13 0 0 96 4 0 0 84 14 1 1 6-10
S2 0 75 17 8 2 37 41 20 1 51 36 12
S3 1 63 26 10 1 33 42 24 3 49 42 6
S4 1 39 35 26 0 1 31 68 1 11 28 60

SI 96 4 0 0 95 5 0 0 95 4 1 0 11-15
S2 1 71 28 0 0 59 40 1 1 60 32 7
S3 0 50 42 8 0 42 46 12 0 52 41 7
S4 0 10 37 53 0 1 31 68 0 7 25 68

SI 93 7 0 0 96 4 0 0 98 2 0 0 16-20
S2 1 60 37 2 1 53 44 2 1 60 37 3
S3 1 53 43 3 0 43 51 6 1 47 45 7
S4 0 8 28 64 0 0 19 81 0 4 16 81

SI 85 14 1 0 99 1 0 0 95 5 0 0 21-25
S2 2 62 35 1 0 57 41 2 0 90 10 0
S3 3 54 42 2 0 42 54 4 1 79 16 3
S4 0 3 11 86 0 0 15 85 0 1 14 85



177.

t-test for win - s t a y  is t r a t e g y — Experim ent 2

A. Narrow Range b i r d s

B ird  O v e ra l l  P r e f e r r e d  RBI a f t e r n 2
RBI Key R2 R3

43 .23 2 .308 .172 .136 .018496
44 .15 3 .108 .193 .085 .007225
45 .30 3 .294 .395 .101 .010201
69 .22 3 .024 .433 .409 .167281
70 .06 2 .264 .160 .104 .010616
71 .16 2 .296 .21^ .081 .006561

Sum .918 .220580
J .187 .216 .261 .153

( t (5) = 1 •393, r )

B. Wide Range b i r d s

63 .62 3 .441 .526 .065 .007225
64 .06 2 .105 .276 -.171 .029241
65 .10 3 .082 .117 .036 .001296
66 .28 3 .364 .230 -.134 .017956
67 .61 2 .637 .485 .152 .023104
68 3 .619 .£84 .001225

Sum -.067 .080005
1 .375 .375 .370 - .0 1 1

( t  1(5 ) = - .215, £ )
D* == d i f f e r e n c e in  RBI ( P r e f e r r e d  -  N o n -p re fe r r e d )
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179.

Birds switched from narrow to wide range —  Experiment 3
—  confusion matrices

Bird 43 Bird 44 Bird 45
(P) R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

Sessioi

SI 78 21 1 0 97 2 1 0 97 3 0 0 1-5
S2 6 47 36 11 3 51 45 1 2 77 19 2
S3 1 40 40 19 0 29 62 9 2 56 35 7
S4 0 12 28 60 0 5 13 82 0 3 12 85

SI 94 6 0 0 98 2 0 0 96 4 0 0 6-10
S2 0 62 32 6 1 59 40 0 3 78 17 2
S3 0 39 54 7 1 26 72 1 2 49 42 7
S4 0 15 47 38 0 0 12 88 0 2 1 97

SI 94 6 0 0 97 2 1 0 99 1 0 0 11-15
S2 0 54 40 6 0 38 54 8 1 60 32 7
S3 0 52 40 8 0 18 71 11 2 55 37 6
S4 0 6 44 51 0 0 10 90 0 0 3 97

SI 100 0 0 0 98 2 0 0 98 2 0 0 16-20
S2 2 66 28 4 0 30 51 19 0 62 33 5
S3 1 43 42 14 0 17 73 10 0 39 52 9
S4 0 13 48 39 1 0 14 85 0 0 10 90

SI 97 3 0 0 100 0 0 0 96 4 0 0 21-25
S2 1 65 29 4 1 36 61 2 1 55 43 1
S3 1 56 38 5 0 16 78 6 1 57 39 3
S4 0 12 37 51 0 3 11 86 0 1 7 92



180.
Birds switched from narrow to wide range —  Experiment 3

—  confusion matrices
Bird 69 Bird 70 Bird 71

Sessions
(P)R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 55 13 2 0 93 7 0 0 97 3 0 0 1-5
S2 9 36 51 2 7 39 50 4 4 59 34 3
53 0 17 78 5 1 21 55 23 1 43 48 6
S4 1 1 12 86 0 1 19 80 0 2 13 85

SI 95 4 1 0 98 2 0 0 97 3 0 0 6-10
S2 1 55 43 1 1 33 63 3 1 74 25 0
S3 1 28 71 0 1 23 71 5 0 40 57 3
S4 0 1 6 93 0 0 16 84 0 0 8 92

SI 100 0 0 0 94 6 0 0 99 1 0 0 11-15
S2 0 57 42 1 0 32 66 2 2 76 22 0
S3 0 33 66 1 1 15 82 2 0 47 53 0
S4 0 0 11 89 0 0 4 96 0 0 13 87

SI 100 0 0 0 99 1 0 0 97 3 0 0 16-20
S2 1 65 34 0 3 32 65 0 0 68 32 0
S3 0 38 61 1 1 12 84 3 0 40 58 2
S4 0 0 11 89 0 0 14 86 0 1 3 96

SI 99 1 0 0 99 1 0 0 99 1 0 0 21-25
S2 1 39 60 0 0 46 53 1 0 72 28 0
S3 0 27 71 2 0 29 66 5 0 60 38 2
S4 0 1 10 89 0 0 10 90 0 0 5 95



1 6 1 .

Birds switched from wide to narrow range —  Experiment 3
-- confusion matrices

Bird 66 Bird 6? Bird 68
(P)R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

Sessioi

SI 3 67 29 1 23 63 13 1 1 63 35 1 1-5
S2 1 39 59 1 23 61 8 8 0 36 62 0
S3 0 27 68 5 14 56 18 12 0 14 80 6
S4 0 8 46 46 11 45 25 19 0 5 74 21

SI 17 56 22 3 61 30 8 1 27 51 19 3 6-10
S2 6 36 50 8 49 25 16 8 9 36 49 4
S3 3 17 59 21 25 25 24 26 6 17 51 26
S4 0 5 26 69 25 12 19 44 0 1 32 67

SI 19 52 22 7 71 16 6 7 40 39 21 0 11-15
S2 11 37 44 8 55 21 17 7 13 32 52 3
S3 5 19 57 19 42 21 14 23 2 16 63 19
S4 0 5 23 72 21 16 23 40 0 4 46 50

SI 26 56 14 2 64 19 11 6 43 42 15 0 16-20
S2 5 42 47 6 52 10 18 20 14 27 54 5
S3 2 20 55 23 24 18 23 35 4 11 62 23
S4 1 2 36 61 6 10 25 59 0 2 36 62

SI 36 43 19 0 69 11 8 12 58 31 11 0 21-25
S2 18 45 31 6 49 22 13 16 28 26 44 0
S3 11 39 41 9 32 13 15 40 7 21 65 7
S4 1 8 35 56 11 5 17 67 2 2 42 54



1 6 2 .

Birds switched from wide to narrow range —  Experiment 3
—  confusion matrices Bird 63 Bird 64 Bird 65

(P)R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 Session!
SI 5 46 46 1 27 60 11 2 15 46 38 1 1-5
S2 3 31 64 2 16 59 21 4 7 42 49 2
S3 2 15 75 8 6 44 34 16 6 24 61 9
S4 0 7 64 29 0 16 20 64 0 5 55 40

SI 23 34 34 9 46 43 10 1 43 33 20 4 6-10
S2 15 21 49 15 26 49 23 2 26 29 39 6
S3 7 13 52 28 12 26 32 30 5 26 48 21
S4 2 3 30 65 0 9 12 79 0 1 37 62

SI 10 67 20 3 51 40 6 1 57 33 6 2 11-15
S2 13 53 26 8 32 46 22 0 18 34 41 7
S3 9 31 33 27 10 26 47 17 10 18 52 20
S4 1 4 19 76 0 4 25 71 2 2 25 71

SI 2 69 24 5 54 41 4 1 44 41 14 1 16-20
S2 0 39 56 5 24 43 33 0 26 33 39 2
S3 1 26 56 17 5 24 59 12 8 23 39 29
S4 1 9 33 57 0 1 25 74 1 6 30 63

SI 21 44 33 2 42 48 10 0 51 38 9 2 21-25
S2 9 31 59 1 22 47 21 0 25 42 26 7
S3 3 9 76 12 7 33 52 8 4 30 53 13
S4 1 1 47 51 3 3 52 42 0 0 31 69



163.

J t - t e s t  f o r  win-■stay s t r a t e g y  — -E xperim en t 3

A. B ird s  sw itch ed  from wide to narrow ran g e

B ird O v e ra l l P r e f e r r e d RBI a f t e r
RBI Key R2 R3 D* D2

63 .51 3 .452 .505 .053 .002809

64 . 1 2 2 . 1 2 8 .159 - .0 3 1 . 0 0 0 9 6 1

65 .33 3 .286 .411 .125 .015625

6 6 .36 3 .327 .355 . 0 2 8 .000784

67 .37 2 .646 . 2 2 2 .424 .179776

6 6 .59 3 .576 .535 - .0 4 1 .001681

Sum .558 . 2 0 1 6 3 6

X .38 .403 .365 .093

( t  (5 )  = 1 . 0 1 1 , £ >

B. B ird s  sw itc h ed  from narrow to  wide ran g e

43 .29 2 .459 .333 . 1 2 6 .015676

44 • 48 3 . 6 1 2 .504 .108 .011664

45 .41 2 . 3 8 6 .286 . 1 0 0 . 0 1 0 0 0 0

69 .30 3 . 2 0 2 .485 .283 .080089

70 .56 3 .492 .504 . 0 1 2 .000144

71 .32 2 .424 .229 .195 .038025

Sum . 6 2 2 .155796

X .39 .429 .390 .137

( t  (5 ) -  1 .4 4 7 ,  £ >  .05 )  

D* = d i f f e r e n c e  in  BRI ( p r e f e r r e d  -  n o n - p r e f e r r e d )
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1 6 5 .

Narrow Range birds -- Experiment L —  confusion matrices

Sessions Sessions Sessions 3ird
1 -;25 2 6 --50 51-75

(P)R1 R2 R3 R6 R1 R2 R3 R4 R1 R2 R3 R4

SI 0 62 37 1 0 67 33 0 0 6 1 39 0

32 0 53 47 0 0 60 60 0 0 51 49 0

33 0 50 50 0 0 52 46 0 0 34 6 6 0

SI 0 65 55 0 0 40 59 1 0 34 6 6 0

SI 0 49 50 1 0 32 6 8 0 0 55 45 0

32 0 46 55 1 0 24 76 0 0 37 63 0

S3 0 44 55 1 0 18 82 0 0 25 75 0

34 0 36 63 1 0 15 85 0 0 1 6 84 0

SI 1 53 46 0 0 6 8 32 0 0 78 2 2 0

S2 1 55 44 0 0 55 45 0 0 60 40 0

33 0 47 53 0 0 41 59 0 0 30 70 0

S4 0 43 57 0 0 2 2 78 0 0 13 87 0

SI 0 65 35 0 0 71 29 0 0 80 2 0 0

S2 0 60 40 0 0 65 35 0 0 70 30 0

S3 0 53 47 0 0 60 40 0 0 6 2 36 0

34 0 44 56 0 0 52 46 0 0 48 52 0

99

100

101

102



1 8 6 .

Narrow Ranp;e b i r d s  — Experim ent 4 ( c o n t . )  — c o n fu s io n
m a t r ic e s

S e s s io n s  S e s s io n s  S e s s io n s  B ird
76-100 101-125 126-150

(P) R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 0 64 36 0 0 52 48 0 0 58 42 0

S2 0 51 49 0 0 40 60 0 0 42 58 0

S3 0 36 6 2 0 0 2  8 72 0 0 29 71 0

34 0 27 73 0 0 2 0 80 0 0 13 87 0

99

SI 0 72 28 0 0 69 31 0 0 70 30 0

32 0 50 50 0 0 47 53 0 0 52 48 0

S3 0 36 64 0 0 30 70 0 0 30 70 0

S4 0 18 8 2 0 0 1 0 90 0 0 13 87 0

31 0 8 8 1 2 0 0 87 13 0 0 92 8 0

32 0 6 6 34 0 0 63 37 0 0 65 35 0

33 0 37 63 0 0 27 73 0 0 27 73 0

S4 0 13 87 0 0 7 93 0 0 6 94 0

31 0 83 17 0 0 91 9 0 1 89 1 0 0

32 0 74 2 6 0 0 72 2 8 0 0 73 27 0

S3 0 53 47 0 0 55 45 0 0 42 58 0

S4 0 34 6 6 0 0 2 0 80 0 0 17 83 0



167.

Narrow Range b i r d s  — E xperim ent 4 ( c o n t . )  — c o n fu s io n
m a t r ic e s

(P) R1 R2 R3 R4 R1 R2 R3 R4

SI 0 76 2 2 0 0 67 33 0

32 0 55 45 0 0 50 50 0

S3 0 35 65 0 0 33 67 0

34 0 13 87 0 0 13 67 0

31 0 70 30 0 0 70 30 0

S2 0 59 41 0 0 54 46 0

S3 0 36 6 2 0 0 32 6 8 0

S4 0 9 91 0 0 9 91 0

SI 0 90 1 0 0 0 91 9 0

S2 0 67 33 0 0 67 33 0

S3 0 37 63 0 0 31 69 0

S4 0 5 95 0 0 4 96 0

SI 0 94 6 0 0 93 7 0

S2 0 70 30 0 0 72 2 6 0

S3 0 36 64 0 0 38 6 2 0

S4 0 14 8 6 0 0 15 65 0

S e s s io n s  S e s s io n s  B ird
151-160  136-160

99

100

101

102



1 6 6 .

Narrow Range birds

Sessions
1 - 5

(P)R1 R2 R3 R4

SI 1 35 60 4

S2 1 39 6 0 1

33 1 1 2 57 0

S4 0 2 6 70 2

— Experim ent 4 -

S e s s io n s
6 - 1 0

S'

R1 R2 R3 R4 R1

0 6 6  31 1 0

0 59 41 0 0

0 51 49 0 0

1 44 55 0 0

confusion matrices

isions Bird
1 1 -*15

R2 R3 R4

69 30 1

6 2 33 0

54 46 0

52 48 0

SI 1 42 52 £s 0 37 63 0 0 50 50 0

32 1 43 51 5 0 36 64 0 0 50 50 0

S3 0 42 51 7 0 40 60 0 0 50 50 0

S4 1 39 57 3 0 2 6 73 1 0 43 57 0

SI 2 36 6 2 0 0 50 49 1 2 49 49 0

S2 2 43 55 0 0 50 50 0 1 53 41 0

S3 1 41 58 0 0 43 57 0 1 53 46 0

S4 1 44 55 0 1 31 6 6 1 0 47 53 0

SI 1 64 32 3 0 53 47 0 0 70 30 0

S2 0 6 2 35 3 0 57 43 0 0 59 41 0

S3 0 56 39 5 0 47 52 1 0 53 47 0

S4 2 58 33 2 0 30 70 0 0 46 54 0



189.

Narrow Range b i r d s  — Experim ent 4 ( c o n t . )  — c o n fu s io n
m a t r ic e s

S e s s io n s  S e s s io n s
16-■20 21-•25

(P) R1 R2 R3 R4 R1 R2 R3 R4

SI 0 63 37 0 0 74 26 0

32 0 51 49 0 0 55 45 0

33 0 50 50 0 0 51 49 0

S4 0 46 54 0 0 53 47 0

SI 0 63 37 0 0 54 46 0

S2 0 51 49 0 0 40 60 0

33 0 55 45 0 0 32 68 0

S4 0 37 63 0 0 32 68 0

SI 0 66 34 0 0 63 37 0

32 0 63 37 0 0 61 39 0

S3 0 53 45 2 0 44 56 0

S 4 0 51 48 1 0 42 55 3

31 0 71 29 0 0 66 33 1

S2 0 65 35 0 0 57 42 1

33 0 47 53 0 0 60 40 0

S 4 0 49 50 1 0 35 65 0



1 9 0 .

Wide Ran^e birds —  Experiment 4 —  confusion matrices

Sessions Sessions Sessions Bird
1-25 26-*50 51--75

(p) R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 4 87 8 1 1 95 4 0 1 95 4 0

S2 0 52 48 0 0 46 54 0 0 33 67 0

S3 1 51 47 1 0 42 56 0 0 34 6 6 0

S4 0 27 72 1 0 16 84 0 0 1 2 8 8 0

SI 0 £4 15 1 0 96 2 0 0 95 5 0

S2 0 57 43 0 0 41 59 0 0 27 73 0

S3 0 49 50 1 0 32 6 8 0 0 21 79 0

S4 0 36 63 1 0 1 2 8 6 0 0 6 94 0

SI 2 82 15 1 0 96 4 0 0 96 2 0

32 0 41 56 1 0 35 65 0 0 31 69 0

S3 0 34 65 1 0 29 71 0 0 25 75 0

S 4 0 24 75 1 0 1 1 89 0 0 3 97 0

31 1 8 8 9 2 0 99 1 0 1 97 2 0

S2 0 45 53 2 0 49 51 0 0 40 60 0

S3 0 41 57 2 0 47 53 0 0 34 6 6 0

34 0 18 79 3 0 1 0 87 3 0 7 93 0



191.

Wide Range b i r d s  — E xperim ent 4 ( c o n t . )  — c o n fu s io n
m a t r ic e s

S e s s io n s  S e s s io n s  S e s s io n s  B ird
76-100 101-125 126-150

(P) R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

SI 0 97 3 0 0 9S 2 0 0 99 1 0

32 0 33 67 0 0 23 72 0 0 2 6 74 0

S3 0 30 70 0 0 2 2 76 0 0 2 2 78 0

34 0 6 96 0 0 7 93 0 0 4 96 0

103

SI 0 95 5 0 0 98 2 0 0 98 2 0

S2 0 37 63 0 0 35 65 0 0 39 61 0

S3 0 23 77 0 0 29 71 0 0 28 72 0

S4 0 2 98 0 0 3 97 0 0 4 96 0

SI 0 99 1 0 0 98 2 0 0 99 1 0

32 0 32 6 8 0 0 27 73 0 0 18 8 2 0

S3 0 24 76 0 0 19 81 0 0 17 83 0

S4 0 6 96 0 0 3 97 0 0 1 99 0

SI 0 98 2 0 0 1 0 0 0 0 1 99 0 0

S2 0 42 58 0 0 51 49 0 0 52 48 0

S3 0 32 6 8 0 0 44 56 0 0 46 54 0

S4 0 4 96 0 0 4 96 0 0 8 92 0



192.

Wide Range birds

S e ss io n s
151-160

(P) R1 R2 R3 R4

SI 0 100 0 0

S2 0 29 71 0

33 0 16 84 0

S4 0 2 93 0

Experiment 4 (

S e s s io n s
136-160

R1 R2 R3 R4

0 100 0 0

0 28 72 0

0 19 61 0

0 3 97 0

nt.) —  confusion
matrices

Bird

103

SI 0 99 1 0 0 99 1 0

S2 0 53 42 0 0 45 55 0

S3 0 43 57 0 0 34 66 0

S4 0 4 96 0 0 3 97 0

SI 0 99 1 0 0 98 2 0

32 0 21 79 0 0 20 80 0

S3 0 18 8 2 0 0 16 84 0

S4 0 0 100 0 0 0 100 0

SI 1 99 0 0 1 98 1 0

S2 0 61 39 0 0 58 42 0

S3 0 47 53 0 0 50 50 0

34 0 t;s 95 0 0 7 93 0



193.

Wide Range birds —  Experiment 4 —  confusion

Sessions Sessions Sessions
1--5 6--10 11--15

(P )R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4

31 13 70 11 6 5 93 2 0 1 9.1 6 0

S2 1 $0 47 1 0 61 39 0 0 54 46 0

S3 4 53 39 4 1 49 50 0 0 52 46 0

S4 2 41 53 4 0 27 73 0 0 20 60 0

SI 0 64 35 1 2 86 10 2 0 87 13 0

32 0 43 56 1 0 60 40 0 0 72 28 0

S3 0 46 54 0 0 58 40 2 0 65 35 0

S4 1 35 60 4 1 36 63 0 0 68 32 0

SI 8 59 28 5 0 81 19 0 1,.89 10 0

32 1 21 73 5 0 44 55 1 0 49 51 0

S3 0 16 78 6 0 30 69 1 0 45 55 0

34 0 24 71 5 0 21 78 1 0 22 78 0

SI 3 60 27 10 0 93 7 0 0 98 2 0

32 2 34 54 10 0 39 61 0 0 57 43 0

33 0 34 57 9 0 35 65 0 0 51 49 0

34 1 14 75 10 0 7 90 3 0 29 71 0

matrices

Bird

103

104

105

106



194.

Wide Ran^e birds —  Experiment 4 —  confusion matrices

Sessions Sessions Bird
16--20 21--25

(P) R1 R2 R3 R4 R1 R2 R3 R4

SI 0 86 11 1 0 96 4 0

S2 0 46 54 0 0 47 53 0

33 0 44 52 0 0 54 44 2

34 0 17 81 2 0 28 72 0

31 0 90 10 0 0 91 9 0

S2 0 59 41 0 0 50 50 0

S3 0 44 55 1 0 32 68 0

S4 0 35 65 0 0 5 94 1

SI 0 91 9 0 2 67 11 0

S2 0 42 58 0 0 46 54 0

S3 0 40 60 0 0 37 63 0

34 0 29 71 0 0 22 78 0

SI 0 94 6 0 0 99 1 0

32 0 42 58 0 0 50 49 1

33 0 41 58 1 0 44 56 0

34 0 19 81 0 0 22 -0 00 0

103

104

105

106



195.

t - t e s t  f o r  w in - s ta y  s t r a t e g y  — Experim ent 4

A. N arrow -range b i r d s

B ird O v e ra l l
RBI

P r e f e r r e d
Key

RBI
R2

a f t e r
R3

D* D2

99 .29 3 .246 .367 .141 .019881

100 .25 3 .146 .020 - .1 2 6 .016384

101 .01 3 .095 .068 - .0 0 7 .000049

102 .18 2 .246 .214 .032 .001024

sum
sum .036 .037338

X .18 .184 .177 .010

( t  (3) = . 1 6 9 6 , £  y  .c

B. W ide-range b i r d s

103 .69 3 .656 .709 .051 .002601

104 .35 3 .146 .462 .314 .098596

105 .76 3 .765 .670 .105 .011025

106 .15 2 .230 .246 - .0 1 6 .000256

sum

x .49
.456 .112476

.450 .572 .114

( t  (3) = .268 2 , £  .05 )
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