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T h e  E f f e c t s  of  C o n tex t  on the  C h o ic e  A c c u r a c y  o f  P i g e o n s

by

A n n a  M a r i e  V a l e r i o

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

T h e  p u r p o s e s  of  the  i n v e s t i g a t i o n  w e r e  (1) to e x a m i n e  th e  l e a r n i n g  

and p e r f o r m a n c e  of  p ig e o n s  in  a f i v e - c h o i c e  a b s o l u t e  i d e n t i f i c a t i o n  

t a s k ;  (2 ) to d e t e r m i n e  i f  the r a n g e  o v e r  w h ich  the  l u m m a n c e  of  s t i m ­

u l i  w a s  v a r i e d  a f f e c te d  d i s c r i m i n a b i l i t y  in  a  m a n n e r  s i m i l a r  to the  

r a n g e  e f f e c t  found in  h u m a n s ;  and (3) to s e e  w h e t h e r  th e  r e l a t i o n s h i p  

b e t w e e n  s t i m u l u s  m a g n i tu d e  and  r e s p o n s e  l o c a t io n  p r e s e n t  d u r in g  

t r a i n i n g  cou ld  be  t r a n s p o s e d  w h e n  n ew  s t i m u l i  and  n e w  r e s p o n s e  p o s s i ­

b i l i t i e s  w e r e  p r o v id e d .

S ince  th e  1 9 5 0 's  i t  h a s  b e e n  known t h a t  w h e n  h u m a n s  a r e  r e q u i r e d  

to  a s s i g n  n u m b e r s  to  d i f f e r e n t  s t i m u l u s  i n t e n s i t i e s ,  i,  e . , m a k i n g  a b ­

s o lu t e  i d e n t i f i c a t i o n s  of  t h e s e  s t i m u l i ,  i n c r e a s i n g  t h e  d i s t a n c e  b e t w e e n  

s t i m u l i  d o e s  no t  n e c e s s a r i l y  lead  to b e t t e r  p e r f o r m a n c e .  A c c o r d i n g  to 

s t a t i s t i c a l  d e c i s i o n  t h e o r y ,  i n c r e a s i n g  the  s e p a r a t i o n  b e t w e e n  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  sh o u ld  i m p r o v e  the  a c c u r a c y  of  d i s c r i m i n a t i o n .  

H o w e v e r ,  when the  r a n g e  of  s t i m u l i  i s  s u f f i c i e n t ly  l a r g e ,  the e x p e c t e d  

i m p r o v e m e n t s  in d i s c r i m i n a b i l i t y ,  due to  g r e a t e r  i u t e r s l i m u l u s  d i f f ­

e r e n c e .1.':, do riot o c c u r .  T h i s  p h e n o m e n o n  h a s  b e e n  e r m o d  the r a n g e



In t h e s e  e x p e r i m e n t s ,  p i g e o n s  w e r e  r e q u i r e d  to  p e c k  one  o f  a  ro w  

o f  f ive c h o ic e  k e y s  when the  c o r r e c t  k ey  c h o ic e  w as  cu ed  by  the l u m i ­

n a n c e  of  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.  D i f f e r e n t  g r o u p s  o f  p ig e o n s  

w e r e  t r a i n e d  w i th  t h r e e  r a n g e s  of  s t i m u l i :  n a r r o w ,  m o d e r a t e  and

w ide .  In the  n a r r o w  r a n g e  the l u m i n a n c e s  to be  i d e n t i f i e d  w e r e  63,
2

124, 197, 31 3, 494 c d / m  . In th e  m o d e r a t e  r a n g e ,  the l u m i n a n c e s

2
w e r e  16, 63, 1 97, 404, 988 c d / m  , and  in  the  w ide  r a n g e ,  the  s t i m -

. 2u l i  w e r e  2, 31, 197, 786, and  1 955 c d / m  . W i th in  e a c h  r a n g e  w e r e  

two d i f f e r e n t  co n d i t io n s  of  s t i n v u l u s - r e s p o n s e  r e l a t i o n s h i p :  o r d e r e d  

and  u n o r d e r e d .  U n d e r  t h e  o r d e r e d  c o n d i t io n ,  t h e r e  w a s  a  m o n o to n ic  

r e l a t i o n s h i p  b e tw e e n  s t i m u l u s  m a g n i tu d e  an d  r e s p o n s e  l o c a t io n  (i. e.  

r e f e r r i n g  to the  k e y s  a s  1 to 5 f r o m  le f t  to r i g h t ,  a p e c k  a t  K ey  1 

w a s  c o r r e c t  in  the p r e s e n c e  o f  the  l o w e s t  l u m i n a n c e  (SI) ,  a p ec k  a t  

K e y  2 w a s  c o r r e c t  in  the  p r e s e n c e  o f  th e  n e x t  h i g h e s t  l u m i n a n c e  (S2),  

e t c .  ). U n d e r  the u n o r d e r e d  c o n d i t io n ,  t h e r e  w a s  a n  i r r e g u l a r  o r d e r  

b e t w e e n  l u m i n a n c e  and  k e y  p o s i t i o n  (i. e.  K ey  4 w a s  c o r r e c t  in  the the  

p r e s e n c e  o f  S I ,  Key  1 w a s  c o r r e c t  in  the p r e s e n c e  o f  S2, K e y  3 in  the  

p r e s e n c e  of  S3, Key 5 in the p r e s e n c e  of  S4, an d  K ey  2 i n  the  p r e s e n c e  

o f  S5). T h r e e  White  O a r n e a u x  p i g e o n s  w e r e  t r a i n e d  u n d e r  e a c h  o f  t h e  

s i x  c o n d i t i o n s  o f  the  s tudy .  T r a i n i n g  p r o c e e d e d  fo r  1 00 s e s s i o n s .  

D u r in g  e a c h  s e s s i o n ,  the  five s t i m u l i  w e r e  p r e s e n t e d  in r a n d o m  o r d e r  

u n t i l  e a c h  had  b e e n  c o r r e c t l y  id en t i f i e d  16 t i m e s .  Kollo w ing  die  l a s t  

t r a i n i n g  s e s s i o n ,  all  e i g h t e e n  b i r d s  w e r e  g iven  a  t r a n s p o s i t i o n  t e s t  

d u r in g  w h ich  two new l u m i n a n c e s  w e r e  p r e s e n t e d  a s  w el l  a s  the  five



2t r a i n i n g  l u m i n a n c e s .  The  two n o v e l  l u m i n a n c e s  w e r e  . 2 c t l / m  (SO)

2and  234 9 c d / m  (SC) w h ich  w e r e  d i m m e r  an d  b r i g h t e r ,  r e s p e c t i v e l y ,  

t h a n  any  e x p e r i e n c e d  by  the  b i r d s  d u r in g  t r a i n i n g .  Tw o new k e y s ,  one 

a t  e a c h  en d  of  th e  r o w  of  p e c k in g  k e y s ,  w e r e  m a d e  a v a i l a b l e  d u r in g  

t h i s  s e s s i o n .

T h e  r e s u l t s  w e r e  a n a l y z e d  u s in g  c o n c e p t s  d e r i v e d  f r o m  s t a t i s t i c a l  

d e c i s i o n  th e o r y .  N o e v id e n c e  fo r  a  r a n g e  e f f e c t  w a s  found b u t ,  in  g e n ­

e r a l ,  th e  p e r f o r m a n c e  o f  the  o r d e r e d  g r o u p s  w a s  s u p e r i o r  to t h a t  of 

th e  u n o r d e r e d  g r o u p s .  The d i f f e r e n c e  b e t w e e n  the  o r d e r e d  an d  u n ­

o r d e r e d  g r o u p s  w a s  a t t r i b u t e d  in  p a r t  to d i f f e r e n c e s  a r i s i n g  f r o m  o c ­

c a s i o n a l  p e c k s  on  a  k ey  a d j a c e n t  to t h a t  " i n t e n d e d " .  T h e  s u p e r i o r i t y  

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

t o n i c a l l y  r e l a t e d  m a y  a l s o  b e  due to l e a r n i n g  b y  th e  p ig e o n s  t r a i n e d  

u n d e r  t h i s  c o n d i t i o n  th a t  b r i g h t e r  l i g h t s  r e q u i r e  p e c k s  on  k e y s  f u r t h e r  

to  th e  r i g h t ,  an d  t h a t  d i m m e r  l ig h t s  r e q u i r e  p e c k s  on  k e y s  f u r t h e r  to 

t h e  le f t .  E v i d e n c e  f o r  t h i s  w a s  p r o v id e d  b y  th e  t r a n s p o s i t i o n  t e s t .

The  b i r d s  in the  o r d e r e d  c o n d i t io n  p e c k e d  the  n e w  k e y s  in  the  p r e s ­

e n c e  o f  th e  new  s t i m u l i  m o r e  o f te n  th a n  the  b i r d s  in  th e  u n o r d e r e d  

co n d i t io n .

T h e  r e s u l t s  w e r e  d i s c u s s e d  in r e l a t i o n  to  the  r a n g e  e f f e c t  in 

h u m a n s  and  in r e l a t i o n  to  p r e v i o u s  e x p e r i m e n t s  c o n c e r n e d  w i th  the  

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

v
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At p r e s e n t ,  l i t t l e  is  known c o n c e r n i n g  how p igeons  a c c u r a t e l y  i d e n ­

t i fy  a s e t  of s e v e r a l  s t i m u l i ,  W i l d e m a n n  and H o l land  (1972) sh o w e d  

t h a t  p ig e o n s  w e r e  c a p a b le  o f  r e s p o n d i n g  d i f f e r e n t i a l l y  a long  a  r e s p o n s e  

s u r f a c e  in  the  p r e s e n c e  o f  t h r e e  d i f f e r e n t  t o n e s .  R i c h t e r  (Note 1) show ed  

t h a t  p ig e o n s  c a n  a c q u i r e  a  fo u r  c h o ic e  d i s c r i m i n a t i o n  and  C h a s e  (Note 2) 

found th a t  p ig e o n s  c a n  a c q u i r e  a  five c h o ic e  d i s c r i m i n a t i o n  w h e n  a d ­

d i t io n a l  c h o i c e s  a r e  i n t r o d u c e d  s u c c e s s i v e l y .  In  the  p r e s e n t  s tu d y ,  a  

f i v e - c h o i c e  l u m i n a n c e  d i s c r i m i n a t i o n  w a s  p r e s e n t  f r o m  th e  o n s e t  of  

t r a i n i n g .  In a d d i t io n  to  p r o v id i n g  e v i d e n c e  a s  to w h e t h e r  s u c h  a d i s ­

c r i m i n a t i o n  c a n  b e  a c q u i r e d ,  the  p r e s e n t  s tu d y  w a s  d e s ig n e d  to  a n s w e r  

q u e s t i o n s  c o n c e r n e d  w i th  the  d i s c r i m i n a t i o n  o f  l u m i n a n c e s  b y  p ig e o n s .  

P a r t i c u l a r  a t t e n t i o n  w a s  p a id  to  two f a c t o r s  w h ic h  m a y  hav e  an  e f f e c t  

upon  th e  a c c u r a c y  w i th  w h ic h  l u m i n a n c e s  c a n  be  i d e n t i f i e d :  (1 ) the  

r a n g e  of  v a lu e s  on a s t i m u l u s  c o n t i n u u m  w h ich  m u s t  b e  id e n t i f i e d ,

(2 ) th e  r e l a t i o n s h i p  b e t w e e n  th e  s t i m u l u s  d i m e n s i o n  and  th e  s p a t i a l  d i s ­

t r i b u t i o n  of  the  r e s p o n s e  d i m e n s i o n .

T h e  e f f e c t s  of  r a n g e  w i l l  be  c o n s i d e r e d  f i r s t .  D e s p i t e  l a r g e  i n ­

c r e a s e s  in the  p h y s i c a l  d i f f e r e n c e  b e t w e e n  a d j a c e n t  s t i m u l i ,  on ly  m i n ­

im a l  i n c r e a s e s  m a y  b e  o b ta in e d  in  the  a c c u r a c y  of  j u d g m e n t s  b e t w e e n  

t h e m .  T h i s  p h e n o m e n o n  h a s  b e e n  t e r m e d  the r a n g :- e f f e c t . The  

e f f e c t s  o f  r a n g e  on d i s c r i m i n a t i o n  m a y  be d e m o n s t r a t e d  i n  two d i f f ­

e r e n t  e x p e r i m e n t a l  p a r a d i g m s .  In one p a r a d i g m ,  the  s i z e  o f  the  s t i m ­

u lu s  r a n g e  i s  v a r i e d  by i n c r e a s i n g  th e  d i s t a n c e  b e t w e e n  a d j a c e n t  s t i m u l i .  

In t h e  o t h e r  m e th o d ,  the  d i s c r i m i n a t i o n  b e tw e e n  two s t i m u l i  s e p a r a t e d



b y  a  fixed a m o u n t  i s  o b s e r v e d  w hen  t h e s e  s t i m u l i  a r e  p l a c e d  in  wide  

an d  n a r r o w  r a n g e s .

T h e  p r e s e n t  s tu d y  e m p lo y e d  the f i r s t  m e th o d  m e n t io n e d  abo v e .  

U s in g  the  s e c o n d  p a r a d i g m ,  R i c h t e r  (Note 1) s h o w e d  th a t  the  a c c u r a c y  

w i th  w h ich  p ig e o n s  d i s c r i m i n a t e d  b e t w e e n  two a d j a c e n t  l u m i n a n c e s  w a s  

a f f e c te d  b y  the  e n t i r e  s e t  o f  s t i m u l i  to  w h ic h  th e  s u b je c t  w as  e x p o s e d .  

T h e r e  w e r e  fo u r  l u m i n a n c e  l e v e l s ,  S i ,  S2, S3, and S4 an y  one of  w h ich  

m i g h t  be  p r e s e n t e d  on th e  d i s p l a y  key ,  and fo u r  s e p a r a t e  r e s p o n s e  

k e y s  a r r a n g e d  in  a h o r i z o n t a l  r o w .  A p e c k  on  th e  f i r s t  k e y  on the  l e f t  

w a s  c o r r e c t  in  the  p r e s e n c e  o f  S I ,  th e  s e c o n d  in  t h e  p r e s e n c e  of  S2, 

the  t h i r d  in  the  p r e s e n c e  of  S3, and the  f o u r t h  in  th e  p r e s e n c e  of  S4.

A t r i a l  w a s  s ig n a l e d  by  th e  i l l u m m a t i o n  of  a  r e c t a n g u l a r  p e c k in g  k e y  

lo c a t e d  ab o v e  th e  r o w  of fo u r  c i r c u l a r  p e c k in g  k e y s .  A c o r r e c t  c h o ic e  

w a s  de f ined  b y  th e  l u m i n a n c e  of th e  r e c t a n g u l a r  k e y  on the  p a r t i c u l a r  

t r i a l  and  w a s  fo l low ed  b y  r e i n f o r c e m e n t  and a 1 0 - s e c o n d  i n t e r t r i a l  i n ­

t e r v a l ,  A  c o r r e c t  r e s p o n s e  w a s  r e q u i r e d  b e f o r e  t h e  n e x t  p r o g r a m m e d  

s t i m u l u s  w a s  p r e s e n t e d .

In a l l  of R i c h t e r ' s  e x p e r i m e n t s ,  S2 and  S3 w e r e  s e p a r a t e d  by  . 2 

log  u n i t s  in  l u m i n a n c e .  U n d e r  one o f  h e r  c o n d i t i o n s  (the . 6 log  u n i t  

r a n g e )  all  f o u r  s t i m u l i  w e r e  eq u a l ly  s p a c e d  ( e a ch  s e p a r a t e d  b y  . 2 of  

a  log  uni t ) .  U n d e r  a  s e c o n d  co n d i t io n  (the 3. 0 log  un i t  r a n g e )  SI  w a s  

s e p a r a t e d  f r o m  S2 by 1. 4 log u n i t s  and  S4 w a s  s e p a r a t e d  f r o m  S3 b y  

1. 4 log un i t s .  T h i s  m a d e  it  p o s s i b l e  f o r  h e r  to  c o m p a r e  a c c u r a c y  in 

d i s c r i m i n a t i n g  b e tw e e n  S 2 and S3 w hen  the r a n g e  w a s  n a r r o w  and  when



the  r a n g e  w as  l a r g e ,  s in c e  the  d i f f e r e n c e  bet.\veen S 2 aiid S3 w a s  0. 2 

lo g  u n i t s  in  b o th  c o n d i t io n s .

T o  f u r t h e r  a s c e r t a i n  w h e t h e r  the  d i s c r i m i n a b i l i t y  o f  the  two c e n ­

t r a l  s t i m u l i  w as  a f f e c te d  by a c h a n g e  in  the  s t i m u l u s  r a n g e ,  a  c r o s s ­

o v e r  d e s i g n  w a s  e m p lo y e d .  T h e  b i r d s  t h a t  w e r e  o r i g i n a l l y  t r a i n e d  on 

th e  n a r r o w  r a n g e  c o n d i t io n  w e r e  th e n  s w i t c h e d  to a w ide  r a n g e ,  and 

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 the  w ide  r a n g e  w e r e  s w i t c h e d  to  a n a r ­

r o w  r a n g e .  E v e r y  b i r d  t h a t  w a s  ch a n g e d  to  t h e  n a r r o w  r a n g e  c o n d i ­

t i o n  sh o w e d  a n  i n c r e a s e  in  d-' b e t w e e n  S 2 a n d  S3 and  e v e r y  b i r d  ch a n g e d  

t o  th e  w id e  r a n g e  c o n d i t io n  sh o w e d  a  d e c r e a s e  i n  d_h W hi le  t h e s e  d a ta  

a p p e a r e d  to  sh o w  t h a t  r a n g e  a f f e c te d  a c c u r a c y  o f  d i s c r i m i n a t i o n ,

R i c h t e r  p o in te d  ou t  t h a t  i t  m a y  n o t  b e  r a n g e  p e r  so t h a t  w a s  r e s p o n ­

s ib l e .  It i s  p o s s i b l e  th a t  th e  u n eq u a l  s p a c i n g  o f  the  s t i m u l i  in  th e  wide 

r a n g e  w a s  r e s p o n s i b l e ,  R i c h t e r  s u g g e s t e d  t h a t  s u b j e c t s  m a y  h a v e  

r e g a r d e d  the  two s t i m u l i  w h ic h  w e r e  c l o s e s t  t o g e t h e r ,  S2 an d  S3, a s  

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

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

o t h e r  d a t a ,  C o n n e a l ly  (Note 3) s tu d i e d  p i g e o n s '  i d e n t i f i c a t i o n  o f  l u m i ­

n a n c e  w i th  d i f f e r e n t  s p a c i n g s  b e t w e e n  a d j a c e n t  s t i m u l i .  In a p r o c e d u r e  

s i m i l a r  to  R i c h t e r ' s  (Note 1), p ig e o n s  w e r e  t r a i n e d  on a  f o u r - c h o i c e  

d i s c r i m i n a t i o n  p r o b l e m .  T h e  two e x t r e m e  s t i m u l i  of  the  s e t  w e r e  th e  

s a m e  f o r  a l l  b i r d s :  S i  w as  a l u m in a n c e  o f  . 7 log  ft. I ,  and S4 a l u m i ­

n a n c e  o f - - ,  7 log ft. L„ T he  s p a c i n g  of the  tw o  c e r r  r a l  s t i m u l i  in  r e l a t i o n  

t o  the  end  s t i m u l i  w a s  v a r i e d ,  h o w e v e r .  U n d e r  C o n d i t i o n  1, S2 w a s  a



l u m i n a n c e  o f  , 5 log ft. L  and  S3 a l u m i n a n c e  o f  5 log ft. L, U n d e r  

C o n d i t io n  2, S 2 w a s  a  l u m i n a n c e  of  . 1 log  ft. L, and S3, a l u m in a n c e  

o f  1 log ft. L. In  e a c h  co n d i t io n ,  d i s c r i m i n a b i l i t y  w a s  o b ta in e d  fo r  

th e  p a i r s  of  s t i m u l i  s e p a r a t e d  by . 2 log u n i t s .  The r e s u l t s  sh o w e d  

t h a t  a  . 2 log u n i t  d i f f e r e n c e  b e t w e e n  t h e  end  s t i m u l i  o f  the  s e t  a p p e a r e d  

to  b e  l e s s  d i s c r i m i n a b l e  th a n  a  s i m i l a r  l u m i n a n c e  d i f f e r e n c e  in  the  

c e n t e r  of the r a n g e .  A l th o u g h  th e  r a n g e  {1 .4  log  ft. L) w a s  the s a m e  

u n d e r  b o th  c o n d i t i o n s ,  f e w e r  co i i fu s io n s  b e t w e e n  the e x t r e m e  s t i m u l i  

o c c u r r e d  u n d e r  th e  c o n d i t io n  in  w h ic h  the two c e n t r a l  s t i m u l i  w e r e  m o r e  

c l o s e l y  s p a c e d  (C ond i t ion  2). S t i m u l u s  s p a c i n g ,  t h e r e f o r e ,  i s  an  i m ­

p o r t a n t  v a r i a b l e  to  be  c o n s i d e r e d  in s t u d i e s  o f  the  r a n g e  e f fe c t .

In t h e i r  a n a l y s e s  o f  d a ta ,  R i c h t e r  (Note 1) and C o n n e a l ly  (Note 3) 

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

p e r f o r m a n c e  by  a p ig eo n  in  a d i s c r i m i n a t i o n  s i t u a t i o n  h a s  a l s o  b e e n  

u s e d  b y  I i e i n e m a n n  and C h a s e  (1.975) and  B o n e a u  and Cole  (1965) 

a m o n g  o t h e r s .

S ig n a l  d e t e c t i o n  t h e o r y  a s s u m e s  tha t  d e c i s io n s  c o n c e r n e d  w i th  

s t i m u l u s  e v e n t s  in the e n v i r o n m e n t  a r e  b a s e d  upon the  s e n s o r y  e f f e c t s  

p r o d u c e d  by  t h e s e  s t i m u l i .  T h e  m o d e l  a s  a p p l i e d  to  a f i v e - c h o i c e  d i s ­

c r i m i n a t i o n ,  i s  d e s c r i b e d  be lo w .

P a n e l s  (A) and  (B) in  F i g u r e  1 s h o w  a s i t u a t io n  in w h ich  the  o b ­

s e r v e r  i s  r e q u i i e d  to  m a k e  a  d i f f e r e n t  r e s p o n s e  ( R l ,  R2 ,  R 3, R4 

R5) in the  p r e s e n c e  o f  e a c h  o f  f ive  s t i m u l i  (SI ,  S2, S3, S4, S5). It  i s  

a s s u m e d  th a t  the  s e n s o r y  e f f e c t s  p r o d u c e d  by e a c h  o f  the five s t i m u l i



5.

F i g u r e  1. S c h e m a t i c  d i a g r a m  o f  s i g n a l  d e t e c t i o n  p r o b l e m  f o r  a  f i v e -  

c h o ic e  d i s c r i m i n a t i o n .
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a r e  n o r m a l l y  d i s t r i b u t e d  a n d  o f  e q u a l  v a r i a n c e .  N e a r  p e r f e c t  d i s ­

c r i m i n a t i o n  a m o n g  the f ive  s t i m u l i  i s  p o s s i b l e  i f  th e  s e n s o r y  e f f e c t  

c o n t i n u u m  i s  d iv id e d  in to  f ive s e g m e n t s  s h o w n  b y  t h e  b o u n d a r i e s  

( c r i t e r i a )  a t  p o i n t s  (a), (b), (c) an d  (d) in  P a n e l  (A). F o r  an y  s e n ­

s o r y  e f f e c t  to  t h e  le f t  o f  p o in t  (a) , ,  r e s p o n s e  1 (R l )  i s  m a d e ;  fo r  a n y  

s e n s o r y  e f f e c t  b e t w e e n  c r i t e r i a  (a) a n d  (b),  r e s p o n s e  2  (R 2 ) i s  m a d e ;  

an d  s o  f o r t h .  In P a n e l  (B) th e  s i t u a t i o n  i l l u s t r a t e d  i s  one in  w h ic h  

e r r o r s  a r e  i n e v i t a b l e .  F o r  e x a m p l e ,  a  s u b j e c t  w i th  a  c a t e g o r y  b o u n d ­

a r y  a t  c r i t e r i o n  (a) w i l l  m a k e  R 2 i n c o r r e c t l y  w h en  the  s e n s o r y  e f f e c t  

p r o d u c e d  b y  SI  f a l l s  w i th in  th e  r e g i o n  f o r  1 1 2 , w i th  a  c a t e g o r y  b o tm d -  

a r y  a t  c r i t e r i o n  (b) w i l l  m a k e  R3 i n c o r r e c t l y  w h e n  t h e  s e n s o r y  e f f e c t  

p r o d u c e d  b y  S2 f a l l s  w i th in  th e  r e g i o n  f o r  R 3 ,  and s o  on.

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

o f  d ’ w h ic h  i s  th e  d i f f e r e n c e  b e t w e e n  th e  m e a n s  (aO o f  tw o  h y p o t h e t i c a l  

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  e x p r e s s e d  in  t e r m s  of t h e i r  c o m m o n  s t a n ­

d a r d  d e v i a t i o n .  F o r  a n y  tw o  i n t e n s i t i e s  I* a n d  I ^ - i ;
d ' d i R i  -  i )  = L i t  (If )  - / M T j .  -  l ) H

a~
T h e  g r e a t e r  the  va lue  o f  d 1, the h i g h e r  the  s e n s i t i v i t y .  In  F i g u r e  1, 

P a n e l  (A), d ]_be tw een  SI an d  S2 i s  s h o w n  d i a g r a m ' n a t i c a l l y .

A n o t h e r  i n d e x  of  d i s c r i m i n a b i l i t y  a m o n g  a  s e t  o f  s t i m u l i  i s  t o t a l  

s e n s i t i v i t y ,  ( A  ). T h e  t o t a l  s e n s i t i v i t y  m e a s u r e  w a s  d e v e l o p e d  b y  

D u r l a c h  and  B r a i d a  (1DGP) to m a k e  p o s s i b l e  a  c o m p a r i s o n  o f  p e r f o r ­

m a n c e  u n d e r  a  v a r i e t y  o f  c o n d i t i o n s  ( e . g .  fo r  d i f f e r e n t  r a n g e s  and  n u m ­

b e r  o f  s t i m u l i ) .  It i s  s i m p l y  d r b e t w e e n  t h e  tw o  o u ’c r m o s t  s t i m u l i



Im a x ;  Imin)  and i s  o b ta in e d  by  c u m u l a t i n g  a d j a c e n t  cP v a lu e s  for- th e '

e n t i r e  s e t  ol' s t i m u l i .  A s  g iv e n  by  D u r l a e h  and  B r a i d a  ( I960)  the

e q u a t i o n  for  t o t a l  s e n s i t i v i t y  i s  a s  fo l low s :  
j N

^  = d' ^ m a x  J I m in )  ~ d ’ (I  ̂ ; I ^ j )
i  = 2  —

T h e  d e c i s io n  m o d e l  d e s c r i b e d  a b o v e  s u g g e s t s  t h a t  R i c h t e r  (1977) 

sh o u ld  n o t  hav e  o b ta in e d  a  c h a n g e  in  d f b e tw e e n  S2 and  S3. H o w e v e r ,  

r e s u l t s  su c h  a s  h e r s  can  be  a c c o u n te d  fo r  i f  we a s s u m e  th a t  i n c r e a s ­

in g  th e  r a n g e  i n c r e a s e s  the  v a r i a n c e  of  t h e  d i s t r i b u t i o n s  o f  s e n s o r y  

e f f e c t .  P a n e l s  (A) an d  (B) in  F i g u r e  1 i l l u s t r a t e  t h i s .  T h e  m e a n s  of  

t h e  s t i m u l u s  d i s t r i b u t i o n s  i n  (A) and (B) a r e  th e  s a m e  b u t  th e  v a r i a n c e  

o f  th e  d i s t r i b u t i o n s  i s  d i f f e r e n t .  In t h i s  i l l u s t r a t i o n ,  cb b e t w e e n  the  

a d j a c e n t  s t im u l i  in  P a n e l  (A) i s  g r e a t e r  th a n  d ’ b e t w e e n  a d j a c e n t  s t i m ­

u l i  in  P a n e l  (B) b e c a u s e  the  v a r i a n c e  i s  s m a l l e r  in  P a n e l  (A), t h u s  

i n c r e a s i n g  th e  va lue  o f  d*.

A  r a n g e  e f f e c t  s i m i l a r  to  t h a t  found b y  R i c h t e r  (Note 1) w a s  found 

e a r l i e r  in  the  a b s o l u t e  i d e n t i f i c a t i o n  of  sound  i n t e n s i t i e s  in  h u m a n s .  

B o th  G r a v e t t e r  and L o c k h e a d  (1 973) s u g g e s t e d  th 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  w i th  r a n g e .  Like  R i c h t e r  (Note 1), G r a v e t t e r  and  

L o c k h e a d  (1973) i n c r e a s e d  the  s t i m u l u s  r a n g e  b y  i n c r e a s i n g  th e  d i s ­

t a n c e  b e tw e e n  the  e x t r e m e  e n d s  o f  the  s t i m u l u s  c o n t in u u m  w h i le  l e a v i n  

t h e  s p a c i n g  b e t w e e n  the c e n t r a l  s t i m u l i  u n c h a n g e d .  T h e y  s u g g e s t e d  

t h a t  a s  the  " c r i t e r i a l  r a n g e "  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  i n ­

c r e a s e d  (p. 203), T h e y  d e f in e d  c r i t e r i a l  r a n g e  a s  ' d i s t a n c e  b e tw ee n



th e  two o u t e r m o s t  c r i t e r i a ,  p o in t s  w h ich  a r e  m i d w a y  b e t w e e n  the  two 

m o s t  e x t r e m e  s t i m u l i  t h a t  m u s t  b e  id e n t i f i e d .  I n c r e a s i n g  the  r a n g e  

o v e r  w h ic h  s t i m u l i  v a r y  i n c r e a s e s  the d i s t a n c e  b e t w e e n  the  o u t e r  c r i ­

t e r i a .

A c c o r d i n g  to  the m o d e l  p r o p o s e d  b y  D u r l a c h  and  B r a i d a  (] 069), 

t h e r e  a r e  two t y p e s  ol’ n o i s e  t h a t  c o n t r i b u t e  to  the  v a r i a b i l i t y  in a b s o ­

lu te  j u d g m e n t s :  s e n s a t i o n  n o i s e  and  m e m o r y  n o i s e .  S e n s a t i o n  n o i s e  

a r i s e s  f r o m  v a r i a t i o n  w i th in  the  s e n s o r y  s y s t e m  i t s e l f  a s  w e l l  a s  the  

s e n s o r y  e f f e c t s  p r o d u c e d  b y  th e  s t i m u l u s .  T h e r e  a r e  two t y p e s  o f  

m e m o r y  n o i s e .  N o i s e  a r i s e s  when the  s e n s o r y - t r a c e  m o d e  i s  u s e d .  

H e r e  th e  S a t t e m p t s  to m a i n t a i n  a t r a c e  of  the  s e n s a t i o n .  In the  c o n ­

t e x t - c o d m g  m o d e  i t  i s  a s s u m e d  th a t  n o i s e  a r i s e s  w hen  the  s u b j e c t  

a t t e m p t s  to c o m p a r e  the s e n s a t i o n  w i th  th e  g e n e r a l  c o n te x t  o f  s t i m ­

u l i  in the  e x p e r i m e n t .  T h e  a m o u n t  o f  c o n t e x t - c o d i n g  n o i s e  d e p e n d s  

on th e  w id th  o f  th e  co n tex t .  I n c r e a s i n g  th e  r a n g e  o f  s t i m u l i ,  t h e r e ­

f o r e ,  i n c r e a s e s  th e  c o n t e x t - c o d i n g  n o i s e .  F o r  sou n d  i n t e n s i t i e s  

e q u a l l y  s p a c e d  in  d e c i b e l s  D u r l a c h  and  B r a i d a  (196 9) a s s u m e d  th a t  

t h e  w id th  of  the  c o n te x t  w a s  d e t e r m i n e d  b y  th e  t o t a l  r a n g e  of  i n t e n s i ­

t i e s  in the  s t i m u l u s  s e t .  F o r  D u r l a c h  and B r a i d a  (196 9), t h e r e f o r e ,  

the  e f f e c t iv e  r a n g e  of  s t i m u l i  w a s  g iv en  by the  o b j e c t i v e  s t i m u l u s  r a n g e .  

T h i s  a s s u m p t i o n  d i f f e r e d  f r o m  th a t  o f  G r a v e t t e r  and L o c k h e a d  (1973) 

who m a i n t a i n e d  th a t  th e  e f f e c t iv e  r a n g e  w a s  the  c r i t e r i a l  r a n g e .

T h e  p r e s o u t  i n v e s t i g a t i o n  w a s  d e s ig n e d  to r e s o l v e  s e v e r a l  q u e s ­

t i o n s  which  r e m a i n e d  u n a n s w e r e d  c o n c e r n i n g  the  r a n g e  e f f e c t  in the



10.

p igeon .  R i c h t e r  (Note 1) showed th a t  s e n s i t i v i t y  v a r i e d  i n v e r s e l y  with 

r a n g e  but  in doing so ,  sh e ,  l ike G r a v e t t e r  and  Doclthead (1073) i n t r o ­

duced  u n equa l  s p a c in g  w i th in  the  s e t  of  s t i m u l i .  The r e d u c e d  s e n s i ­

t iv i ty  with  i n c r e a s e d  r a n g e  tha t  t h e s e  i n v e s t i g a t o r s  o b s e r v e d  m a y  be 

due to the  i n c r e a s e d  r a n g e ,  the  u n eq u a l  s p a c in g ,  o r  to both .  D i f f e r e n t  

m e c h a n i s m s  m a y  b e  r e s p o n s i b l e  fo r  the  r a n g e  e f fec t  o b s e r v e d  for  

e q u a l ly  s p a c e d  s t i m u l i  b y  D u r la c h  and B r a i d a  (1960) with  h u m a n s  as  

s u b j e c t s .  It i s  of i n t e r e s t  to  d e t e r m i n e  w h e t h e r  p igeons  show  s i m i l a r  

c h a n g e s  in s e n s i t i v i t y  when r a n g e  i s  i n c r e a s e d  in t h i s  m a n n e r .

A s  s t a t e d  e a r l i e r ,  the  s e c o n d  p u r p o s e  o f  t h e  i n v e s t ig a t io n  w a s  to 

e x a :n in e  the e f f e c t s  of  th e  r e l a t i o n s h i p  b e tw e e n  the s t i m u l u s  and r e ­

s p o n s e  d i m e n s i o n s  on the  a c c u r a c y  of  i d e n t i f i c a t io n  of  l u m in a n c e s  in 

p ig e o n s .  The s t i m u l u s  d im e n s io n  with which  t h i s  r e s e a r c h  d e a l s  is  

the  l u m in a n c e  of whi te  l igh t  and the r e s p o n s e  d im e n s io n  i s  the  p o s i t io n  

of  the  k ey  w h ich  m u s t  b e  p e ck e d  in the  p r e s e n c e  of d i f f e r e n t  v a lu es  on 

th i s  s t i m u l u s  c o n t in u u m .  Is  l e a r n i n g  f a c i l i t a t e d  when po in ts  a long  the 

s t i m u l u s  d im e n s io n  and the r e s p o n s e  d im e n s io n  a r e  m o n o to n ic a l ly  r e ­

l a t e d ,  t h a t  i s ,  for  e x a m p l e ,  when the f i r s t  key on the  le f t  m u s t  be 

p e ck ed  in the p r e s e n c e  of  the  lo w e s t  lu m in a n c e ,  the s e c o n d  key  f r o m  

the  le f t  in the p r e s e n c e  of  the  nex t  h ig h e s t  l u m in a n c e ,  e tc .  ? I f  p ig e o n s  

a r e  c a p ab le  of  l e a r n i n g  about  such  a r e l a t i o n s h i p  b e tw e e n  s t i m u l u s  and  

r e s p o n s e  d i m e n s i o n s ,  one would e x p e c t  a m o n o to n ic  o r d e r i n g  to f a c i l ­

i ta te  p e r f o r m a n c e .  If, on the o t h e r  hand,  p ig e o n s  J e a rn  only  to  a s ­

s o c i a t e  s p e c i f i c  key c h o ic e s  with s p e c i f i c  l u m i n a n c e s ,  i t  should  m a k e
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no d i f f e r e n c e  w h ich  k e y  i s  d e s ig n a t e d  a s  c o r r e c t  in  the  p r e s e n c e  o f  a n y  

p a r t i c u l a r  l u m i n a n c e .

S k i n n e r  p o in te d  ou t  t h a t  m u c h  o f  d i s c r i m i n a t i o n  b e h a v i o r  c an  b e s t  

b e  d e s c r i b e d  a s  " the  c o h e r e n t ,  c o n t in u o u s  a c t i v i t y  o f  an  i n t e g r a l  o r g a n ­

i s m "  (S k in n e r ,  1953, p. 116).  He s t a t e d  t h a t  th e  o r g a n i s m  a c q u i r e s  a  

" c o h e r e n t  r e p e r t o i r e "  (S k in n e r ,  1953, p. 117) and  s u g g e s t e d  th a t  s u c h  

a c o h e r e n t  r e p e r t o i r e  m a y  be  a c q u i r e d  a s  a r e s u l t  o f  t r a i n i n g  on l i m ­

i t e d  p o in t s  o f  c o r r e s p o n d e n c e  b e t w e e n  a s t i m u l u s  d i m e n s i o n  and  a  r e ­

s p o n s e  d i m e n s i o n .  A n  a t t e m p t  a t  e x a m i n i n g  s u c h  a r e p e r t o i r e  w a s  m a d e  

b y  G u m m in g  and E c k e r m a n  (1965) who t r a i n e d  p i g e o n s  to  p e c k  a t  one 

en d  of  a  1 0 - i n c h  h o r i z o n t a l  key  s t i ' i p  w hen  it  w a s  d im ly  i l l u m i n a t e d  

(. 1 log ft. L) and a t  th e  o t h e r  end w hen  it  w a s  b r i g h t l y  i l l u m i n a t e d  (1 . 1 

lo g  ft. L).  F o l lo w in g  t h i s  t r a in i n g ,  the  p ig e o n s  w e r e  g iv e n  o n e - m i n u t e  

p e r i o d s  d u r in g  w h ich  the  i l l u m i n a t i o n  o f  t h e  k e y  s t r i p  a s s u m e d  v a lu e s  

e q u a l  to  o r  i n t e r m e d i a t e  b e t w e e n  t h o s e  p r e s e n t  d u r i n g  t r a i n i n g  ( . 1 , . 6 ,

. 8 , and 1 . 1 log  ft. L) .  No r e i n f o r c e r s  w e r e  d e l i v e r e d  d u r in g  t h i s  p a r t  

o f  the  e x p e r i m e n t .  T h e  p ig e o n s  did n o t  show  an y  a p p r e c i a b l e  i n c r e a s e  

i n  p e c k s  on the  c e n t r a l  a r e a s  o f  th e  s t r i p  w h en  th e  n ew  s t i m u l i  w e r e  

p r e s e n t e d .  An i n c r e a s e  in  r e s p o n d i n g  in  the  i n t e r m e d i a t e  r e g i o n  o f  the  

key  s t r i p  in the p r e s e n c e  o f  the  i n t e r m e d i a t e  s t i m u l i  would h a v e  b e e n  an 

i n d i c a t i o n  th a t  the p ig e o n s  l e a r n e d  the  r e l a t i o n s h i p  b e tw e e n  l u m i n a n c e  

and lo c a t io n  of  p e c k s .  P o s s i b l y  C u m m in g  and  E c k e r m a n  fa i le d  to find 

e v i d e n c e  o f  a  c o h e r e n t  r e p e r t o i r e  b e c a u s e  t h e y  t r a i n e d  u s in g  on ly  two 

p o in t s  of c o r r e s p o n d e n c e  on the s t i m u l u s - r e s p o n s e  d i m e n s i o n .  In one



o f  t h e i r  e x p e r i m e n t s ,  W i ld e m a n n  and H o l la n d  (1072) t r a i n e d  p ig e o n s  to 

r e s p o n d  to  t h r e e  p o in t s  of  c o r r e s p o n d e n c e  b e t w e e n  the s t i m u l u s  and 

r e s p o n s e  d i m e n s i o n s .  T h e  r e s p o n s e  d i m e n s i o n  w as  s i m i l a r  to t h a t  

u s e d  b y  C u m m in g  and E c k e r m a n  (19G5), k e y  p o s i t i o n  a lo n g  a h o r i z o n ­

t a l  r e s p o n s e  p a n e l ,  and  th e  s t i m u l u s  d i m e n s i o n  w a s  f r e q u e i i c y  o f  a 

to n e .  P e c k s  on  th e  le f t  end  of  th e  p a n e l  w e r e  r e i n f o r c e d  in  th e  p r e s ­

e n c e  o f  a tone  o f  1250 Hz,  p e c k s  on th e  r i g h t  end  o f  the  p a n e l  w e r e  

r e i n f o r c e d  in  th e  p r e s e n c e  o f  a  2500 Hz to n e ,  an d  p e c k s  on th e  p a n e l ' s  

c e n t e r  r e g i o n ,  in  the  p r e s e n c e  o f  a  166 8 I i z  t o n e .  P i g e o n s  w e r e  t h en  

t e s t e d  w i th  two i n t e r m e d i a t e  t o n e s :  1470 I-Iz and  2222 Hz.  P e c k s  a t  

t h e  r e g i o n  b e t w e e n  le f t  and  c e n t e r  in  th e  p r e s e n c e  o f  th e  1470 H z  tone  

an d  p e c k s  at  the  r e g i o n  b e t w e e n  r i g h t  and  c e n t e r  in t h e  p r e s e n c e  o f  

th e  2222 Hz tone would  h a v e  p r o v id e d  e v i d e n c e  th a t  the  r e l a t i o n s h i p  

b e t w e e n  to n a l  f r e q u e n c y  and  r e s p o n s e  l o c a t i o n  h a d  b e e n  l e a r n e d .  H o w ­

e v e r ,  few r e s p o n s e s  w e r e  e m i t t e d  to  th e  i n t e r m e d i a t e  a r e a s  w h en  the  

i n t e r m e d i a t e  t o n e s  w e r e  p r e s e n t e d ;  r e s p o n s e s  w e r e  d i s t r i b u t e d  a r o u n d  

t r a i n i n g  p o s i t i o n s .  T h u s ,  no  e v id e n c e  o f  a " c o h e r e n t  r e p e r t o i r e "  w a s  

found.  W i ld e m a n n  and H o l l a n d  (1 072) d i s c u s s  the  p o s s i b i l i t y  t h a t  r e ­

s p o n s e s  to  the i n t e r m e d i a t e  a r e a s  w e r e  e x t i n g u i s h e d  b e c a u s e  r e i n ­

f o r c e m e n t  w as  n e v e r  a v a i l a b l e  fo l lowing  p e c k s  on t h e s e  r e g i o n s .  E v e n  

i f  the  r e l a t i o n s h i p  b e t w e e n  to n a l  f r e q u e n c y  and r e s p o n s e  p o s i t i o n  w e r e  

l e a r n e d  it  m a y  n o t  h a v e  a p p e a r e d  d u r in g  th e  t e s t .  H o w e v e r ,  t h i s  c a n ­

no t  be  c o m p l e t e l y  r e s p o n s i b l e  for  the  r e s u l t s  s in c e  C h a s e ,  G e l l e r ,  and  

H e n d r y  (1 974) h a v e  show n,  fo l lowing  a  s i m i l a r  l e a n i n g  p r o c e d u r e ,  tha t



p i g e o n s  wi ll  p e c k  k e y s  in  new p o s i t i o n s  p r o v id e d  tha t  th e  s t i m u l u s  and 

r e s p o n s e  d i m e n s i o n s  a r e  t o p o g r a p h i c a l l y  r e l a t e d .  C h a s e ,  G e l l e r  and 

H e n d r y  (1974) p r e s e n t e d  p ig e o n s  w i th  a  r o w  o f  five c h o ic e  k e y s  (Key 1 

t h r o u g h  5, f r o m  le f t  to  r ig h t ) .  On e a c h  t r i a l ,  a c i r c u l a r  sp o t  o f  l i g h t  

a p p e a r e d  above one o f  the  k e y s .  R e i n f o r c e m e n t  o c c u r r e d  w h en  a  peck,  

w a s  m a d e  on th e  k e y  b e lo w  the  sp o t .  D u r in g  t r a in in g ,  th e  s p o t  on ly  

a p p e a r e d  above  K e y s  1, 3, and 5, T h e  b i r d s  w e r e  t h e n  t e s t e d  w i th  the 

s p o t  ab o v e  K e y  2 o r  K e y  4. W h e n  the  s p o t  w a s  above K e y  2 the  b i r d s  

p e c k e d  K ey  2 and  w hen  th e  s p o t  w a s  ab o v e  K e y  4, t h e  b i r d s  pecked-  

K e y  4 on s o m e  b u t  not  a l l  o f  the  t r i a l s .  In a  s u b s e q u e n t  s tu d y ,  H e n d r y  

(Note 4) sh o w ed  t h a t  p ig eo n s  w i l l  p e c k  a  n o v e l  key w h e n  t r a i n e d  to  p e c k  

th e  k e y  to  the le f t  o f  the  sp o t ,  to  the  r i g h t  of  the spo t ,  a s  w el l  a s  b e lo w  

th e  sp o t .  P i g e o n s  w e r e  t r a i n e d  w i th  the  s p o t  in two p o s i t i o n s ,  above  

K e y  2 and  Key 4, an d  th e  t e s t  f o r  a c o h e r e n t  r e p e r t o i r e  w a s  m a d e  b y  

p r e s e n t i n g  the  s p o t  ab o v e  th e  m id d le  key ,  K e y  3. T h e  c o h e r e n t  r e p e r ­

t o i r e  w a s  a c q u i r e d  u n d e r  a l l  t h r e e  s p o t - k e y  c o r r e s p o n d e n c e s  and  f u r ­

t h e r m o r e ,  two  p o in t s  o f  c o r r e s p o n d e n c e  d u r i n g  t r a i n i n g  w e r e  s u f f i c i e n t  

f o r  the  e s t a b l i s h m e n t  o f  su c h  c o h e r e n t  r e p e r t o i r e .  H e n d r y  (Note 4) 

a l s o  found th a t  th e  p a r t i c u l a r  t y p e  o f  r e s p o n s e  s u r f a c e  did  n o t  a f f e c t  

th e  e s t a b l i s h m e n t  o f  a c o h e r e n t  r e p e r t o i r e :  pigeon;;  t r a i n e d  w i th  five 

d i s c r e t e  k e y s  p e r f o r m e d  as  w e l l  a s  p ig e o n s  t r a i n e d  to p e c k  on d i f f ­

e r e n t  p o s i t i o n s  on a  c o n t in u o u s  h o r i z o n t a l  s u r f a c e .  C h a s e ,  e t  a l .

(1974) p o in te d  out t h a t  th e  d i f f e r e n c e s  b e t w e e n  th e sa  s tu d i o s  in w h ich  

a  c o h e r e n t  r e p e r t o i r e  w a s  a c q u i r e d  and th o s e  o f  \ \f  M e m a n n  and



H o l lan d  (1 972) and C u m m in g  an d  E c k o r m a n  (3 OG5) w h ich  fa i led  to  d e m ­

o n s t r a t e  s u c h  b e h a v i o r  m a y  be due  to  the  d i f f e r e n c e s  in  the  s t i m u l u s  

c o n t in u a  s tu d ie d :

A f t e r  th e y  w e r e  w e l l  t r a i n e d ,  e a c h  p ig e o n  t y p i c a l ly  m o v e d  

h i s  h e a d  h o r i z o n t a l l y  un t i l  i t  w a s  l in e d  up with  a po in t  j u s t  

a b o v e  the  sp o t ,  and  th e n  l o w e r e d  i t  to  p e c k  the key .  T h i s  

s o r t  o f  i n t e r a c t i o n  b e t w e e n  the  d i s c r i m i n a t i v e  s t im ul i ,  an d  

th e  t o p o g ra p h y  o f  the r e s p o n s e  d o e s  n o t  e x i s t  w h e n  th e  

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

Such  i n t e r a c t i o n s  m a y  w e l l  p l a y  a c r i t i c a l  r o l e  in  the  

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

( C h a s e ,  e t  al .  , 1974, p. 16)

I t  w e l l  m a y  b e ,  a s  C h a s e ,  e t  a l .  (1974) s u g g e s t ,  t h a t  a  c o h e r e n t  

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

b e t w e e n  s t i m u l u s  and r e s p o n s e  c o n t in u a .  W hen  po in ts  a lo n g  the  s t i m ­

u l u s  c o n t i n u u m  a r e  to n a l  f r e q u e n c i e s  o r  i n t e n s i t i e s  o f  a l ig h t ,  i t  m a y  

p r o v e  a  d i f f i c u l t  t a s k  to  l o c a t e  th e  c o r r e s p o n d i n g  p o in t  a lo n g  the  r e ­

s p o n s e  d i m e n s i o n .  I t  i s  a l s o  p o s s i b l e  t h a t  had  C u m m in g  and E c k e r -  

m a n  (1 965) u s e d  a  l a r g e r  n u m b e r  of  p o in t s  o f  c o r r e s p o n d e n c e  th e y  

w ould  h a v e  o b t a in e d  e v i d e n c e  of  a  c o h e r e n t  r e p e r t o i r e ,  e v e n  w i th  l u m ­

in a n c e  a s  a  s t i m u l u s  d i m e n s i o n .  In the  p r e s e n t  s tudy ,  th e  t r a i n i n g  of 

one o f  the g r o u p s  i s  v e r y  s i m i l a r  to  t h a t  o f  C u m m in g  and E c k o r m a n  

(19u .j ) e x c e p t  i h a i  d i s c r e t e  k e y s  a r e  u s e d  and t r a in i n g  w as  g iv e n  on five 

p o in t s  of  c o r r e s p o n d e n c e  he tw een  the  m o n o to n ic a l ly  o r d e r e d  s t i m u l u s



a n d  r e s p o n s e  d i m e n s i o n s .  T h e  p e r f o r m a n c e  of  t h i s  g r o u p  w a s  c o m ­

p a r e d  to  the  p e r f o r m a n c e  o f  a n o t h e r  g r o u p  in  which  the  r e l a t i o n s h i p  

b e t w e e n  s t i m u l u s  m a g n i tu d e  and  r e s p o n s e  lo c a t io n  w a s  a r b i t r a r y .



M e th o d

S u b j e c t s . T h e  s u b j e c t s  w e r e  18 W h i te  C a r n e a u x  p i g e o n s  p u r c h a s e d  

f r o m  th e  P a l m e t t o  P i g e o n  P l a n t ,  S u m t e r ,  S ou th  C a r o l i n a .  A t  the  

s t a r t  o f  th e  e x p e r i m e n t ,  a l l  of  t h e  b i r d s  w e r e  u n d e r  two y e a r s  o ld .

T h e  b i r d s  w e r e  m a i n t a i n e d  b e t w e e n  80% to  85% of  t h e i r  f r e e - f e e d i n g  

w e i g h t s * .  W a t e r  and  g r i t  w e r e  a l w a y s  a v a i l a b l e  in t h e i r  h o m e  c a g e s .  

A p p a r a t u s . T w o  B R S / L V E  ( B e l t s v i l l e ,  Md.  ) p i g e o n  c h a m b e r s  (M ode l  

No,  1 3 2 -0 2 )  w e r e  u s e d .  T h e  d i m e n s i o n s  of  th e  m o d i f i e d  i n t e l l i g e n c e  

p a n e l s  (M ode l  No.  1.41-13} a r e  g i v e n  in  F i g u r e  2. T h e  s u r f a c e s  o f  t h e  

two  i n t e l l i g e n c e  p a n e l s  w e r e  c o v e r e d  w i th  b l a c k  c o n t a c t  p a p e r .

W h i te  l ig h t  c o u ld  be  p r o j e c t e d  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 c k i n g  k ey ,  th e  d i s p l a y  key .  T h e  d i s c r i m i n a t i v e  s t i m u l i  w e r e  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 ig h t .  T h e  l u m i n a n c e  o f  the d i s p l a y  k ey  w a s  

v a r i e d  b y  p l a c i n g  v a r i o u s  K o d a k  W r a t t e n  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  (t/96) in  th e  b e a m  o f  a  K o d a k  C a r o u s e l  p r o j e c t o r ,  T h e  f i l t e r s  w e r e  

i n s e r t e d  in  E k t a m o u n t  35 m m  c a r d b o a r d  s l i d e s .  B a c h  s l i d e  w a s  c o d e d  

b y  m e a n s  o f  a  s p e c i f i c  c o m b i n a t i o n  o f  t h r e e  h o l e s ,  , 6  c m  in d i a m e t e r ,  

p u n c h e d  in  th e  s i d e s  o f  t h e  s l i d e  m o u n t s .  L ig h t  p a s s i n g  t h r o u g h  t h e s e  

h o l e s  c o u ld  i l l u m i n a t e  a n y  one  of,  o r  a  c o m b i n a t i o n  of, t h r e e  p h o t o ­

r e s i s t i v e  c e l l s  ( A r c h e r ,  E l e c t r o n i c  P a r t s  / / 2 7 6 - l l f i ; .  V a r i o u s  c o m b i ­

n a t i o n s  o f  l i t  p h o t o r e s i s t i v e  c e l l s  w e r e  u s e d  to i n d i c a t e  w h i c h  s t i m u l u s  

w a s  p r e s e n t e d .  F o r  B ox  1 an d  B o x  2, K o d a k  C a r o u s e l  S l id e  P r o j e c ­

t o r s  (M odel  No, 800TI a n d  7 5 Oil, r e s p e c t i v e l y )  w e r e  u s e d  with  q u a r t z  

io d id e  p r o j e c t o r  b u l b s  (S y lv a n ia  T u n g s t e n  H a l o g e n  FL1~I Q u a r t z



17.

F i g u r e  2. F r o n t  p a n e l  o f  p i g e o n  c h a m b e r s .  D i m e n s i o n s  a r e  i n  c m .
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T r u b e a m ,  300W, 120V). The  low s e t t i n g  on th e  p r o j e c t o r s  w a s  u s e d .

S e v e n  c i r c u l a r  p e c k in g  k e y s  w e r e  l o c a t e d  b e lo w  th e  d i s p l a y  k ey  in

e a c h  box.  T h e s e  w i l l  be r e f e r r e d  to  a s  c h o i c e  k e y s .  One k e y  a t  e a c h

end  of  the  r o w  w a s  c o v e r e d  d u r in g  E x p e r i m e n t  1 and  u n c o v e r e d  d u r in g

the  T r a n s p o s i t i o n  T e s t .  E a c h  ch o ic e  k e y  cou ld  be i l l u m i n a t e d  a t  a b o u t  
2

1, 2 ft.  L  f r o m  b eh ind  by l i g h t in g  a g r e e n ,  6 vol t  p i l o t  l ig h t .  T h e  

c h a m b e r s  w e r e  c o n t in u o u s ly  i l l u m i n a t e d  b y  a 28 vo l t  p i lo t  l i g h t  ( G .E .  

1829)  r e c e s s e d  in to  the  c e n t e r  o f  th e  c h a m b e r  c e i l i n g .  T h i s  w a s  c o v ­

e r e d  b y  one t h i c k n e s s  o f  t r a n s l u c e n t  t a p e  to  f u r t h e r  d e c r e a s e  t h e  l e v e l  

a t  w h i c h  the  c h a m b e r  w a s  i l l u m i n a t e d .  V e n t i l a t i o n  an d  m a s k i n g  n o i s e  

in  t h e  c h a m b e r  w e r e  p r o v id e d  b y  a  fan .  L u m i n a n c e  w a s  m e a s u r e d  

u s i n g  a  S p e c t r a  P r i t c h a r d  P h o t o m e t e r ,  P h o t o  R e s e a r c h  C o r p o r a t i o n ,  

H ol lyw ood ,  C a l i f o r n i a .  Code / /1 9 7 0 -P R .

A l l  e x p e r i m e n t a l  c o n t i n g e n c i e s  w e r e  c o n t r o l l e d  b y  s t a n d a r d  r e l a y  

e q u i p m e n t  l o c a t e d  in  an  a d j a c e n t  r o o m .

P r e t r a i n i n g , T h e  b i r d s  in a l l  c o n d i t i o n s  w e r e  t r a i n e d  in  the  s a m e  

m a n n e r .  E a c h  b i r d  w a s  f i r s t  t r a i n e d  to  e a t  f r o m  th e  food h o p p e r  and  

n e x t  t r a i n e d  b y  th e  m e th o d  of  s u c c e s s i v e  a p p r o x i m a t i o n  to  p e c k  th e  

m i d d l e  k e y  in  th e  r o w  of  f ive  c h o ic e  k e y s .  In a l l  s u b s e q u e n t  d i s c u s s i o n ,  

t h e  k e y s  w il l  b e  r e f e r r e d  to  a s  K e y s  1 t h r o u g h  5 b e g in n in g  w i th  t h e  f i r s t  

k ey  on the  l e f t  and  p r o c e e d i n g  in  o r d e r  to t h e  l a s t  k e y  on the  r i g h t .  A 

p e c k  at Key 3, d u r in g  the  f i r s t  p h a s e  o f  p r e t r a i n i n g  w a s  r e i n f o r c e d  b y  

2 - s e c o n d  a c c e s s  to t h e  f e e d e r  f i l led  w i th  m i x e d  g r a i n .  T h i s  p h a s e  o f  

p r e t r a i n i n g  w as  co n t in u ed  u n t i l  th e  b i r d  h a d  e a r n e d  2 0  g r a i n  p r e s e n -



2 0 .

t a t i o n s .

D u r in g  the  s e c o n d  p h a s e  o f  p r e t r a i n i n g ,  the  b i r d s  w e r e  t r a i n e d  to  

p e c k  a i l  of  the  c h o ic e  k e y s .  D u r in g  th i s  p h a s e  only  one c h o ic e  k e y  w a s  

i l l u m i n a t e d  on  e a c h  t r i a l .  A  p e c k  a t  the  i l l u m i n a t e d  c h o ic e  key  w a s  

r e i n f o r c e d  by  2 - s e c o n d  a c c e s s  to  the  f e e d e r  d u r in g  w h ich  t im e  a l l  

c h o ic e  k e y s  w e r e  d a r k e n e d .  A f t e r  th e  t w o - s e c o n d  f e e d e r  p r e s e n t a t i o n ,  

a  c h o ic e  k ey  w as  a g a in  i l l u m i n a t e d .  T h e  o r d e r  in w h ich  e a c h  c h o ic e  

k e y  w a s  i l l u m i n a t e d  and  the n u m b e r  o f  r e i n f o r c e m e n t s  r e c e i v e d  f o r  

c o r r e c t  c h o i c e s  on e a c h  k ey  w a s  a s  fo l low s :  K e y  3, 20 r e i n f o r c e m e n t s ;  

K e y  2, 10 r e i n f o r c e m e n t s ;  K e y  4,  10 r e i n f o r c e m e n t s ;  K e y  1, 10 r e i n ­

f o r c e m e n t s ;  K ey  5, 10 r e i n f o r c e m e n t 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  w a s  t h e n  b e g u n .  In t h i s  f ina l  s t a g e ,  

th e  d i s p l a y  k e y  w a s  i l l u m i n a t e d  a t  570 ft. L. A  p e c k  on the  d i s p l a y  key  

i l l u m i n a t e d  a l l  o f  th e  f ive  c h o ic e  k e y s ;  a p e c k  on  any one  of  the  f ive  

c h o ic e  k e y s  w a s  r e i n f o r c e d  and  a l l  k e y s  w e r e  d a r k e n e d  f o r  a 6 - s e c o n d  

i n t e r t r i a l  i n t e r v a l .  D u r in g  th e  i n t e r t r i a l  i n t e r v a l  (l'TI) th e  l u m i n a n c e  

l e v e l  o f  the  d i s p l a y  k ey  w a s  . 0044 ft. L. P r e t r a i n i n g  w a s  c o m p l e t e d  

w h e n  th e  p igeon  h ad  r e c e i v e d  40 r e i n f o r c e m e n t s  u n d e r  t h i s  co n d i t io n .  

P r o c e d u r e . T h e  o n s e t  o f  a  t r i a l  w a s  i n d i c a t e d  b y  th e  i l l u m i n a t i o n  o f  

th e  d i s p l a y  k e y  a t  one o f  five l e v e l s  of  l u m i n a n c e .  T h e r e  w e r e  t h r e e  

s u c h  s e t s  of  l u m i n a n c e s .  T h e  s e t  r e f e r r e d  to  a s  th e  n a r r o w  r a n g e  

c o v e r e d  . 9 log u n i t s ,  th e  m o d e r a t e  r a n g e ,  1 . 8 log  u n i t s ,  and  the  wide  

r a n g e ,  3. 0 log  u n i t s .  W i th in  e a c h  r a n g e ,  an  a t t e m p t  w a s  m a d e  to  

s p a c e  the  s t i m u l i  s o  a s  to  d iv id e  the  r a n g e  in to  five s t e p s ,  e a c h  e q u a l



in  t e r m s  of  d i s c r i m i n a b i l i t y ,  w i th  th e  c e n t e r  s t i m u l u s  th e  s a m e  f o r  a l l

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

s h o w n  in T a b le  1 a lo n g  with  the  p a r t i c u l a r  k e y  ch o ice  r e q u i r e d  f o r  r e -

3
i n f o r c e m e n t  in  the p r e s e n c e  of  e a c h  o f  the  s t i m u l i .  T he  m e th o d  by  

w h ic h  the  s p a c i n g  b e t w e e n  a d j a c e n t  s t i m u l i  w a s  d e t e r m i n e d  i s  d e ­

s c r i b e d  in  A p p e n d ix  A. Two d i f f e r e n t  k e y - l u m i n a n c e  a s s i g n m e n t s  

w e r e  m a d e  w i th in  e a c h  r a n g e .  T h e s e  w i l l  b e  r e f e r r e d  to  a s  o r d e r e d  

and  u n o r d e r e d .  U n d e r  the  con d i t io n  r e f e r r e d  to  a s  o r d e r e d ,  t h e r e  w a s  

a  m o n o to n ic  r e l a t i o n s h i p  b e t w e e n  l u m i n a n c e  and th e  p o s i t i o n  o f  the  k ey  

c h o ic e  r e q u i r e d ,  t h a t  i s ,  K e y  1 w a s  c o r r e c t  in  th e  p r e s e n c e  o f  S I ,

K e y  2 w a s  c o r r e c t  in  th e  p r e s e n c e  of  S2, and  s o  on. U n d e r  t h e  c o n ­

d i t io n  r e f e r r e d  to a s  u n o r d e r e d ,  t h e r e  w a s  a n  i r r e g u l a r  o r d e r  b e tw e e n  

l u m i n a n c e  and  key  p o s i t i o n .  R e f e r r i n g  to  th e  k e y s  a s  1 to  5 f r o m  le f t  

t o  r i g h t ,  K ey  4 w a s  c o r r e c t  in  th e  p r e s e n c e  o f  S I ,  K ey  1 w a s  c o r r e c t  

i n  th e  p r e s e n c e  o f  S2, K e y  3 i n  t h e  p r e s e n c e  o f  S3, K e y  5 in  th e  p r e s ­

e n c e  o f  S4 and K e y  2 in  the  p r e s e n c e  o f  S5. T h e r e  w e r e  t h r e e  b i r d s  

in  e a c h  o f  the  s i x  g r o u p s .

T h e  o r d e r  o f  p r e s e n t a t i o n  o f  the  s t i m u l i  w a s  r a n d o m  w i th  the  r e ­

s t r i c t i o n  tha t  e a c h  s t i m u l u s  a p p e a r  a n  e q u a l  n u m b e r  o f  t i m e s  w i th in  

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  

p r o g r a m ,

A p e ck  on the d i s p l a y  k ey  i l l u m i n a t e d  the five ch o ic e  k e y s ;  the 

d i s p l a y  key r e m a i n e d  liU A p e c k  a t  a n y  c h o ic e  key w a s  fo l low ed  by  

a  1 0 - s e c o n d  i n t e r t r i a l  i n t e r v a l  d u r in g  w h ich  the  c h o ic e  and  d i s p l a y



Ta b le  1

G e n e r a l  d e s ig n  o f  e x p e r i m e n t

R a n g e  N a r r o w  M o d e r a t e  Wide

. 9 log  u n i t s  1. S log u n i t s  3. 0 log u n i t s

S t im u l i*
1 th r o u g h  5

18. 2, 36. 3, 57. 5, 
9 1 .2 ,  144.

4. 57, 18. 2, 57. 5, 
144, 288

. 57, 9, 12, 57. 5, 
229, 570

R e in f o r c e d  
K e y  Choice

O r d e r e d
1 - 2 - 3 - 4 - 5

O r d e r e d
1 - 2 - 3 - 4 - 5

O r d e r e d
1 - 2 - 3 - 4 - 5

U n o r d e r e d  
4 - 1 - 3 - 5 - 2

U n o r d e r e d
4 - 1 - 3 - 5 - 2

U n o r d e r e d  
4 - 1 - 3 - 5 - 2

*in  ft. L

to
to



k e y s  w e r e  d a r k e n e d  and  i n o p e r a t i v e .  A c o r r e c t  ch o ic e  w a s  fo l lowed  

b y  r e i n f o r c e m e n t  w h ic h  c o n s i s t e d  o f  a c c e s s  to  a h o p p e r  f i l led  w i th  

m i x e d  g r a i n  fo r  2 s e c o n d s .  A n  i n c o r r e c t  c h o ic e  w a s  fo llowed by  the 

ITI  a f t e r  w h ic h  the  s t i m u l u s  in  th e  p r e s e n c e  o f  w hich  th e  e r r o r  o c ­

c u r r e d  w a s  p r e s e n t e d  a g a in .  A p e c k  on th e  d i s p l a y  k e y  or. th e  t r i a l  

fo l low ing  an  e r r o r  i l l u m i n a t e d  on ly  the  k e y s  not p r e v i o u s l y  p e c k e d  in 

e r r o r .  T h i s  p r o c e d u r e  c o n t in u ed  u n t i l  t h e  b i r d  m a d e  the  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  the  p r o j e c t o r  s t e p p e d  f o r w a r d  

t o  th e  n e x t  p r o g r a m m e d  s t i m u l u s  and  a  n e w  t r i a l  w a s  in  e f f e c t .  A l l  

d a t a  w e r e  a n a ly z e d  i n  t e r m s  o f  f i r s t  c h o i c e s ,  th a t  i s ,  th e  f i r s t  p r e s ­

e n t a t i o n  o f  t h e  s t i m u l u s  a c c o r d i n g  to  th e  p r e d e t e r m i n e d  p r o g r a m .  ^ 

R e p e a t e d  p r e s e n t a t i o n s  o f  t h e  s t i m u l u s  fo l lowing  an e r r o r  w e r e  e x ­

c l u d e d  f r o m  the  d a ta  t r e a t m e n t .  A s e s s i o n  en d ed  a f t e r  80 n ew  t r i a l s .  

T r a i n i n g  w a s  c o n t in u e d  fo r  100 s e s s i o n s .  T h e r e  w e r e  s ix  s e s s i o n s  

p e r  w e e k  w i th  the  e x c e p t i o n  o f  th e  p e r i o d  w h e n  d a ta  fo r  B l o c k s  11 and 

17 w e r e  c o l l e c t e d  d u r i n g  w h ic h  t h e r e  w e r e  five s e s s i o n s .



T r a n s p o s i t i o n  T e s t  

Method

S u b j e c t s . The  18 White  C a r n e a u x  p ig e o n s  who s e r v e d  a s  s u b je c t s  in 

the  f i r s t  e x p e r i m e n t  w e r e  g iv en  the  t r a n s p o s i t i o n  t e s t .

A p p a r a t u s .  T he  a p p a r a t u s  w as  id e n t i c a l  to  t h a t  u s e d  and  d e s c r i b e d  

in  the f i r s t  e x p e r i m e n t  with  the  e x c e p t io n  th a t  two e x t r a  cho ice  k e y s  

w e r e  added  in  e a c h  e x p e r i m e n t a l  c h a m b e r ,  one to the  le f t  o f  key  1 

(key 0) and one to  the r i g h t  of  key  5 {key 6 ). T h e  two new k e y s  w e r e  

i d e n t i c a l  to  th e  o t h e r  ch o ic e  k ey s .

S t im u l i .  T h e  s t i m u l i  fo r  the t r a n s p o s i t i o n  t e s t  w e r e  i d e n t i c a l  to  t h o s e  

u s e d  in  the f i r s t  e x p e r i m e n t  e x c e p t  fo r  the ad d i t io n  of two new  s t i m u l i .  

F o r  S t im u lu s  0, a p iec e  of  b l a c k  oalctag w a s  i n s e r t e d  in  the  s l i d e  m o u n t .  

T he  l u m in a n c e  l e v e l  of  the d i s p l a y  key  w hen  th is  s l id e  w a s  in  the  p r o ­

j e c t o r  w as  . 05 ft. L, w h ich  i s  an  i n c r e a s e  f r o m  the l e v e l  o f  . 004 ft.

L  p r e s e n t  d u r in g  the  ITI.  F o r  S t im u lu s  6 , no th ing  w as  i n s e r t e d  in  

th e  s l id e  m o u n t  and  the i n t e n s i t y  of  l ig h t  w a s  i n c r e a s e d  b y  u s in g  the  

h ig h  s e t t i n g  on  the p r o j e c t o r .  T he  l u m in a n c e  leve l  o f  the d i s p l a y  k e y  

fo r  S t im u lu s  6 w as  685 ft. L.

P r o c e d u r e . The  p r o c e d u r e  w a s  the s a m e  a s  t h a t  u s e d  fo r  a n  o r d i n a r y  

s e s s i o n  with  th e  e x c e p t io n  t h a t  S t im u l i  1 t h ro u g h  5 w e r e  p r e s e n t e d  a  

t o t a l  o f  12 t i m e s  e a c h  i n s t e a d  o f  16, and S t im u l i  0 and 6 w e r e  e a c h  

p r e s e n t e d  a to ta l  of  1 0 t i m e s .  R e i n f o r c e m e n t  w as  a v a i l a b l e  fo llowing 

a  c o r r e c t  r e s p o n s e  to an y  one of  the  t r a in i n g  s t i m u l i  bu t  not  fo llowing 

a r e s p o n s e  to e i t h e r  novel  s t i m u l u s .  F o l lo w in g  an i n c o r r e c t  r e s p o n s e



to  one of  the t r a i n i n g  s t i m u l i ,  the  s a m e  s t i m u l u s  in th e  p r e s e n c e  of  

w h ic h  an  e r r o r  o c c u r r e d  w a s  p r e s e n t e d  a g a in .  A p e c k  on the  d i s p l a y  

k e y  fo l low ing  a n  e r r o r  i l l u m i n a t e d  o n ly  Lhe k e y s  not  p r e v i o u s l y  p e c k e d  

in  e r r o r .  T h i s  p r o c e d u r e  c o n t in u ed  u n t i l  the  b i r d  m a d e  the 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  the  p r o j e c t o r  s t e p p e d  f o r w a r d  

t o  th e  n ex t  p r o g r a m m e d  s t i m u l u s .  On t r i a l s  in  which one o f  t h e  n ove l  

s t i m u l i  w a s  p r e s e n t e d ,  the c o r r e c t i o n  p r o c e d u r e  j u s t  d e s c r i b e d  w as  

n o t  in  e f f e c t ,  s o  t h a t  the  p r o j e c t o r  s t e p p e d  f o r w a r d  fo l low ing  a n y  r e ­

s p o n s e  m a d e  by  th e  b i r d .  A s e s s i o n  c o n s i s t e d ,  t h e r e f o r e ,  of  80 t r i a l s ,  

on  60 o f  w h ic h  r e i n f o r c e m e n t  o c c u r r e d .  T h e  o r d e r  of  p r e s e n t a t i o n  o f  

t h e  s t i m u l i  w a s  r a n d o m  w i th  the  e x c e p t i o n  o f  the  f i r s t  f ive  s t i m u l i  

w h i c h  w e r e  p r e s e n t e d  in o r d e r ,  1 t h r o u g h  5. E a c h  b i r d  r e c e i v e d  a 

s in g l e  t e s t  s e s s i o n .
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D a ta  A n a l y s i s  

T o t a l  .Sensi t ivi ty  ( )

T o t a l  s e n s i t iv i ty ,  is  a  m e a s u r e  o f  d i s c r i m i n a b i l i t y  d e v e lo p e d  b y  

D u r l a c h  and B r a i d a  (1969), It i s  b a s e d  upon c o n c e p t s  d e r i v e d  f r o m  

s ig n a l  d e t e c t i o n  t h e o r y  and i s  simply_d_' fo r  the  two o u t e r m o s t  s t i m ­

u l i  of  the  s e t .  F i g u r e  1 i l l u s t r a t e s  the  s e n s o r y  e f f e c t s  p r o d u c e d  b y  

five s t i m u l i .  A s  P a n e l  (A) in  F i g u r e  l s h o w s ,  d '  i s  th e  d i f f e r e n c e  

b e t w e e n  the  m e a n s  o f  two 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  e x p r e s s e d  in 

t e r m s  o f  t h e i r  c o m m o n  s t a n d a r d  d e v ia t io n .  To o b ta in  to t a l  s e n s i t i v i ­

ty ,  ( c u m u la t iv e  cF) a l l  o f  the  cF v a lu e s  b e t w e e n  a d j a c e n t  s t i m u l i  a r e  

s u m m e d .

T a b le  2 i l l u s t r a t e s  the  r a t i n g  s c a l e  m e th o d  o f  o b t a in in g  d'  u s in g  

a  h y p o t h e t i c a l  c o n fu s io n  m a t r i x  ( P a n e l  A) . In P a n e l  (A), a  5 x 5 m a ­

t r i x ,  s h o w in g  the  p r o p o r t i o n  o f  t i m e s  e a c h  r e s p o n s e  w a s  m a d e  a s  a  

f i r s t  c h o ic e  in  the p r e s e n c e  of  e a c h  o f  the  five s t i m u l i .  F o r  e x a m p l e ,  

i n  the  p r e s e n c e  of  S I ,  R1 w a s  m a d e  69% o f  the  t i m e ,  R2 w as  m a d e  24% 

o f  the  t i m e ,  and  s o  on. In P a n e l  (B) the  p r o p o r t i o n s  o f  f i r s t  r e s p o n s e s  

sh o w n  in  P a n e l  (A) a r e  c u m u l a t e d  fo r  e a c h  s t i m u l u s ,  a s  fo r  e x a m p l e ,  

P (R  1 + 2 + 3 1S1) i s  . 99.

In t h i s  m e th o d  o f  c a l c u l a t i n g  cF and to ta l  s e n s i t i v i t y ,  up to fo u r  e s ­

t i m a t e s  o f  j F  a r e  c a l c u l a t e d  fo r  e a c h  of  the  d i s c r i m i n a t i o n s  b e t w e e n  a d ­

j a c e n t  s t i m u l i .  T h e s e  four  e s t i m a t e s  fo r  the m e a n  of  d i s c r i m i n a t i o n  

b e t w e e n  SI + 2, S2 + 3, S3 + 4, S4 + 5 a r e  g iv en  in  P a n e l  C. T h e s e  

f o u r  e s t i m a t e s  a r e  u s e d  a s  d'  fo r  tha t  s t i m u l u s  p a i r .
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T a b le  2

P r o c e d u r e  fo r  o b ta in in g  d'  and A .

P r o p o r t i o n

SI S 2 S3 S4 S5

R1 . 69 . 31 . 07 . 0 1 0

R 2 . 24 . 38 . 24 . 06 . 0 1

R3 . 06 . 24 . 38 . 2 4 . 06

R4 . 0 1 . 06 . 24 . 38 . 24

R5 0 . 0 1 . 07 . 31 . 69

C u m u la t iv e  P r o p o r t i o n

s i S2 S3 S4 S5

R1 . 69 . 31 . 0 7 . 0 1 0

R 1 + 2 . 93 . 69 . 31 . 07 . 01

R 1+2+3 . 99 . 93 . 69 . 31 . 07

R 1 +2+3+4 1 . 0 0 . 99 . 93 . 69 . 31

Rl+2+3+4+5 1 . 0 0

oo• 1 . 0 0  1 . 0 0 1 . 0 0

d  ’ f o r th e  d i s c r i m i n a t i o n  b e tw e e n :

S l+ 2 S2+3 S3+4 S4+5

R 1 1 . 0 1 , 96 . 8 5 -

R 1 + 2 . 96 1 . 0 1 . 96 . 85

R 1+2+3 . 85 . 96 1 . 01 . 96

R 1+2+3+4 - . 85 . 96 . 1 . 01

X . 94 . 94 . 94 . 94

A ’ 3 4 76



F o r  e x a m p l e ,  to  o b ta in  the  fo u r  e s t i m a t e s  o f  d '  fo r  the d i s c r i m i ­

n a t io n  b e t w e e n  SI and S2, th e  p r o p o r t i o n  o f  R1 r e s p o n s e s  in  th e  p r e s ­

e n c e  o f  S i ,  P (R 1 |S 1 )  i s  t r e a t e d  a s  the  h i t  r a t e ,  and the  p r o p o r t i o n  of  

R1 r e s p o n s e s  in  th e  p r e s e n c e  o f  S2, P ( R l | S 2 )  i s  t r e a t e d  a s  the  f a l s e  

a l a r m  r a t e .  B a s e d  on  the  p r o p o r t i o n  o f  R1 r e s p o n s e s ,  one  e s t i m a t e  

o f  dP m a y  th e n  be  o b ta in e d  for  the d i s c r i m i n a t i o n  b e t w e e n  Si and  S2, 

f r o m  t a b l e s  p u b l i s h e d  in  S w e ts  (1964). The  s e c o n d  e s t i m a t e  o f  d' 

b e t w e e n  Si and  S2 i s  o b t a in e d  b y  t r e a t i n g  P(R1 + R2 |S1)  a s  th e  h i t  

r a t e ,  and  P(R1 + R2(S2) a s  th e  f a l s e  a l a r m  r a t e ,  a n d  o b ta in in g  the  

c o r r e s p o n d i n g  dP v a lue  f r o m  th e  cP t a b l e .  The  t h i r d  and  f o u r th  e s t i ­

m a t e s  of  d '  a r e  o b t a in e d  in s i m i l a r  f a sh io n :  P (R1  + R2 + R3[S1)  i s  

t r e a t e d  a s  the  h i t  r a t e ,  and  P ( R !  + R2 + R3 |S2)  a s  th e  f a l s e  a l a r m  r a t e ,  

an d  f in a l ly ,  P (E1  + R2 + R3 + R4 |S1 )  i s  t r e a t e d  a s  t h e  h i t  r a t e ,  and  

P{R3 + R2 + R3 + R4 |S2)  a s  the  f a l s e  a l a r m  r a t e .  T h e i r  c o r r e s p o n d ­

in g  d '  v a lu e s  a r e  a l s o  o b ta in e d  f r o m  th e  dP tab le .  I f  a h i t  o r  f a l s e  

a l a r m  r a t e  sh o u ld  b e  l e s s  t h a n  . 01 o r  g r e a t e r  t h a n  . 99, fo r  e i t h e r  the  

h i t  o r  the  f a l s e  a l a r m  r a t e ,  th e  p a i r  i s  n o t  u s e d  in the  a n a l y s i s .  The 

m e a n  o f  e a c h  o f  the  f o u r  e s t i m a t e s  o f  _d' i s  now o b t a i n e d  f o r  th e  d i s ­

c r i m i n a t i o n  b e t w e e n  SI + 2, S2 + 3, S3 + 4, and  S4 + 5 ( P a n e l  C). 

F i n a l l y ,  t o t a l  s e n s i t i v i t y  i s  o b t a in e d  b y  s u m m i n g  a l l  four  e s t i m a t e s  of
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R e s u l t s

■ A c q u i s i t i o n  o f  th e  f i v e - c h o i c e  d i s c r i m i n a t i o n

One p u r p o s e  o f  the p r e s e n t  i n v e s t i g a t i o n  w a s  to  e x a m i n e  the c h o ic e  

b e h a v i o r  of  p ig e o n s  in a f i v e - c h o i c e  l u m i n a n c e  d i s c r i m i n a t i o n  t a s k .

T h e  b i r d s  w e r e  g iv en  100 s e s s i o n s  o f  t r a i n i n g .  A s  e v id e n c e  th a t  r e ­

s p o n d in g  w as  u n d e r  s t i m u l u s  c o n t r o l  an d ,  th u s ,  t h a t  a  f i v e - c h o i c e  d i s ­

c r i m i n a t i o n  c a n  b e  a c q u i r e d  b y  p ig e o n s ,  c h o ic e  c u r v e s  w e r e  d r a w n ,  

sh o w in g  the  p r o p o r t i o n  o f  t i m e s  e a c h  r e s p o n s e  w a s  m a d e  in  the  p r e s ­

e n c e  o f  e a c h  s t i m u l u s .  F i g u r e s  3 th ro u g h  5 i l l u s t r a t e  the  c h o ic e  

c u r v e s  f o r  th e  l a s t  25 s e s s i o n s  o f  t r a i n i n g  fo r  e a c h  b i r d .  F i g u r e  3 ’ 

s h o w s  the c h o ic e  c u r v e s  fo r  the  w i d e - r a n g e  b i r d s .  Note  t h a t  th e  ch o ice  

c u r v e  fo r  e a c h  of  the  five r e s p o n s e s  i s  h i g h e s t  i n  th e  p r e s e n c e  o f  the  

s t i m u l u s  fo r  w h ic h  the  r e s p o n s e  w as  c o r r e c t .  T h e  c u r v e s  f o r  the  

m o d e r a t e - r a n g e  b i r d s  a r e  s i m i l a r  ( see  F i g u r e  4). F i g u r e  5 sh o w s  the  

c h o ic e  c u r v e s  f o r  the n a r r o w  r a n g e  b i r d s .  W hi le  c o n t r o l  o v e r  e a c h  of  

t h e  five r e s p o n s e s  i s  n o t  a s  c l e a r  h e r e ,  the  m a x i m u m  f o r  e a c h  r e s p o n s e

i n  m o s t  c a s e s  (18 out  of  30) o c c u r s  in th e  p r e s e n c e  o f  th e  a p p r o p r i a t e  
0

s t i m u l u s .  In s u m m a r y ,  t h e s e  c u r v e s  a r e  s i m i l a r  to  t h o s e  e x p e c t e d  

i f  t h e  b i r d s  fo llow the d e c i s i o n  s t r a t e g y  d e s c r i b e d  in  the  i n t r o d u c t i o n  

( s e e  F i g u r e  1).

C h o ic e  c u r v e s  s i m i l a r  to  t h o s e  s h o w n  in  F i g u r e s  3 to  5 w e r e  o b ­

t a in e d  e a r l y  in  t r a in in g .  T h e  b i r d s  a p p r o a c h e d  a s y m p t o t e  e a r l y  in  

t r a i n i n g  a s  c a n  be  s e e n  b o th  in  p e r c e n t  c o r r e c t  ( F i g u r e  G) and  to ta l  

s e n s i t i v i t y  ( F i g u r e  7). T h e  c o n fu s io n  m a t r i c e s  for  e a c h  b i r d  f r o m



F i g u r e  3, F i v e - r e s p o n s e  c h o ic e  c u r v e s  f o r  the  w i d e - r a n g e  b i r d s  f o r  

the  l a s t  tw e n t y - f i v e  d a y s  of t r a i n i n g .  In t h e  w i d e - r a n g e  co n d i t io n ,

S I ,  S 2 , S3, S4, and  S5 w e r e  l u m i n a n c e s  of  . 57, 9, 32, 57. 5, 229, 570 

ft. L- r e s p e c t i v e l y .  F o r  the  o r d e r e d  g r o u p ,  K e y  1 w a s  c o r r e c t  in  the  

p r e s e n c e  of  S I ,  K e y  2 i n  the p r e s e n c e  o f  S2, K e y  3 in  the p r e s e n c e  

o f  S3, K e y  4 in  th e  p r e s e n c e  o f  S4,  and K e y  5 in  th e  p r e s e n c e  o f  S5. 

F o r  the  u n o r d e r e d  g r o u p ,  K e y  4 w a s  c o r r e c t  in  the  p r e s e n c e  o f  S3, 

K e y  1 in  th e  p r e s e n c e  o f  S2, K e y  3 i n  the  p r e s e n c e  o f  S3, K e y  5 in  the  

p r e s e n c e  of  S4, and  K ey  2 in  t h e  p r e s e n c e  of S5. T h i s  i s  s h o w n  in  the  

i n s e r t  a t  the  top  of e a c h  c o lu m n .
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F i g u r e  4 .  F i v e - r e s p o n s e  c h o ic e  c u r v e s  f o r  the  m o d e r a t e  r a n g e  b i r d s  

f o r  th e  l a s t  tw e n t y - f i v e  d a y s  o f  t r a i n i n g .  In the  m o d e r a t e  r a n g e ,  S i ,  

S2, S3, S4,  and  S5 w e r e  l u m i n a n c e s  o f  4. 57, 18. 2, 57. 5, 144,

288 ft. L  r e s p e c t i v e l y .  F o r  th e  o r d e r e d  g ro i ip ,  K e y  1 w a s  c o r r e c t  in  

t h e  p r e s e n c e  o f  S I ,  K e y  2 in  th e  p r e s e n c e  of  S2, K ey  3 in  th e  p r e s e n c e  

o f  S3,  K ey  4 in  the  p r e s e n c e  of  S4, and K e y  5 in  the  p r e s e n c e  o f  S5, 

F o r  the  i m o r d e r e d  g r o u p ,  K ey  4 w a s  c o r r e c t  in  the p r e s e n c e  o f  S I ,  

K e y  1 in  th e  p r e s e n c e  o f  S2, K ey  3 in  the  p r e s e n c e  o f  S3,  K e y  5 i n  th e  

p r e s e n c e  of  S4,  and  K ey  2 in  the  p r e s e n c e  of  S5. T h i s  i s  s h o w n  in  t h e  

i n s e r t  a t  th e  to p  o f  e a c h  co lu m n .
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F i g u r e  5. F i v e - r e s p o n s e  c h o ic e  c u r v e s  fo r  the  n a r r o w  r a n g e  b i r d s  

fo r  the  l a s t  t w e n t y - f i v e  d a y s  of t r a i n i n g .  In the n a r r o w  r a n g e ,  S I ,

S2, S3, S4 an d  S5 w e r e  l u m i n a n c e s  o f  18. 2, 36. 3, 57. 5, 91. 2,

144 ft. L, r e s p e c t i v e l y .  F o r  the  o r d e r e d  g r o u p ,  K e y  1 w a s  c o r ­

r e c t  in  the  p r e s e n c e  of  S I ,  K ey  2 in  the  p r e s e n c e  o f  S2, K e y  3 in  the  

p r e s e n c e  of  S3,  K ey  4 i n  the p r e s e n c e  of  S4, and K e y  5 in  the  p r e s e n c e  

o f  S5. F o r  t h e  u n o r d e r e d  g r o u p ,  K e y  4 w a s  c o r r e c t  in  th e  p r e s e n c e  of  

S I ,  K e y  1 in  the  p r e s e n c e  of  S2, K e y  3 in  the  p r e s e n c e  o f  S3, K e y  5 in  

t h e  p r e s e n c e  of  S4, an d  K e y  2 in t h e  p r e s e n c e  o f  S5. T h i s  i s  show n  in  

t h e  i n s e r t  a t  th e  top  o f  e a c h  c o lu m n .
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F i g u r e  6 . P e r c e n t  c o r r e c t  a s  a  f u n c t io n  o f  t r a i n i n g .  E a c h  p o in t  i s  

b a s e d  upon  d a t a  o b ta in e d  f r o m  t h r e e  b i r d s .
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lOO-i N a r r o w  Range
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F i g u r e  7. T o t a l  s e n s i t i v i t y  ( / \ ' )  a s  a  f u n c t io n  o f  t r a i n i n g ,  

p o in t  i s  b a s e d  upon  d a ta  o b ta in e d  f r o m  t h r e e  b i r d s .

E a c h
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w h ich  t h e s e  d a ta  w e r e  o b t a in e d  a p p e a r  in  A p p e n d ix  B,  T h e  100 s e s ­

s io n s  of  t r a i n i n g  a r e  d iv id ed  in to  20 b l o c k s  o f  5 s u c c e s s i v e  s e s s i o n s  

e a c h .  Only  f i r s t  r e s p o n s e s ,  d e f in e d  a s  th e  f i r s t  key  p e c k e d  f o r  e a c h  

o f  the  80 s t i m u l u s  p r e s e n t a t i o n s  w i th in  a s e s s i o n ,  w e r e  t a b u la t e d .

P r o m  F i g u r e  6 i t  c a n  be  s e e n  th a t  b i r d s  t r a i n e d  on th e  o r d e r e d  

r e l a t i o n  b e t w e e n  s t i m u l u s  m a g n i tu d e  and  r e s p o n s e  l o c a t i o n  w e r e  m o r e  

a c c u r a t e  th a n  th o s e  t r a i n e d  on  th e  u n o r d e r e d  r e l a t i o n s h i p  and  t h a t  th e  

w i d e r  th e  s e p a r a t i o n  b e t w e e n  a d j a c e n t  s t i m u l i  t h e  g r e a t e r  the  a c c u r a ­

cy.  M o s t  g a i n s  in  p e r c e n t  c o r r e c t  o c c u r r e d  d u r i n g  th e  f i r s t  f ive  

b l o c k s  of  t r a i n i n g .

F i g u r e  7 s h o w s  t o t a l  s e n s i t i v i t y  f o r  th e  s i x  d i f f e r e n t  c o n d i t i o n s  

t h r o u g h o u t  the  e n t i r e  e x p e r i m e n t .  T o t a l  s e n s i t i v i t y  i s  h i g h e r  f o r  the  

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

g r o u p s ,  i s  g r e a t e r  a s  t h e  s p a c i n g  b e t w e e n  a d j a c e n t  s t i m u l i  (the r a n g e )  

i n c r e a s e s .

A f i r s t  c o n s i d e r a t i o n  o f  t h i s  s tu d y  w a s  t h a t  t h e  p e r f o r m a n c e  w a s  

s t a b l e  s o m e t i m e  b e f o r e  t r a i n i n g  w a s  d i s c o n t i n u e d ;  t h e r e f o r e ,  t h e  d a ta  

f o r  the  l a s t  25 s e s s i o n s  o f  t r a i n i n g  w e r e  c o m b i n e d  fo r  f u r t h e r  a n a l y s e s .  

A n  a n a l y s i s  o f  v a r i a n c e  w a s  done  on  th e  t o t a l  s e n s i t i v i t y  o b ta in e d  fo r  

e a c h  o f  th e  l a s t  five b l o c k s  of  t r a i n i n g  (25 s e s s i o n s )  to  d e t e r m i n e  

w h e t h e r  the  a s s u m p t i o n  th a t  p e r f o r m a n c e  w a s  s ta b ' l e  w a s  j u s t i f i e d .

T h e  r e s u l t s  o f  t h e s e  s ix  a n a l y s e s  o f  v a r i a n c e  a p p e a r  in  T a b l e  3. T he  

d a t a  o f  the  l a s t  five b l o c k s  of  s e s s i o n s  (total. 25 s e s s i o n s )  w e r e  s t a b l e  

f o r  e a c h  e x p e r i m e n t a l  c o n d i t io n  s i n c e  the  r e s u l t s  o f  a l l  o f  the  a n a l y s e s
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T a b le  3

R e s u l t s  o f  s ix  s i n g l e - f a c t o r  r e p e a t e d - m e a s u r e  a n a l y s e s  o f  v a r i a n c e  

p e r f o r m e d  on t o t a l  s e n s i t i v i t y  v a lu e s  o b ta in e d  fu r in g  the l a s t  five 

b lo c k s  of  t r a i n i n g  fo r  b i r d s  u n d e r  e a c h  of  s ix  co n d i t io n s .

C o n d i t io n F d f S ig n i f i c a n c e

N a r r o w - o r d e r e d

N a r r o w - u n o r  de r e d

M o d e r a t e - o r d e r e d

M o d e r a t e - u n o r d e r e d

W i d e - o r d e r e d

W i d e - u n o r d e r e d

. 56 

2. 03 

. 0 2 . 

. 63 

1. 48 

. 26

4 . 8

4 . 8

4 . 8  

4, 8

4 . 8

4 . 8

n o t  s ig n i f i c a n t  

n o t  s ig n i f i c a n t  

n o t  s ig n i f i c a n t  

n o t  s ig n i f i c a n t  

n o t  s ig n i f i c a n t  

n o t  s i g n i f i c a n t
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o f  v a r i a n c e  w e r e  i n s i g n i f i c a n t .

T he  E f f e c t s  o f  R ange  on P e r f o r m a n c e

In T a b le  4 the  p e r c e n t  c o r r e c t  f o r  the  f in a l  25 s e s s i o n s  i s  g iv e n  

f o r  e a c h  b i r d .  The  m e a n  p e r c e n t  c o r r e c t  fo r  e a c h  o f  the  s ix  c o n d i ­

t i o n s  i s  a l s o  show n .  A s  r a n g e  i n c r e a s e s ,  p e r c e n t  c o r r e c t  i n c r e a s e s ,

A t w o - w a y  a n a l y s i s  o f  v a r i a n c e  p e r f o r m e d  on the  d a t a  y i e l d e d  s i g n i f ­

i c a n t  m a i n  e f f e c t s  fo r  r a n g e  and  o r d e r  (F  ( o r d e r )  = 5. 30, cif  ̂ = 2 ,  1 2 , 

p  <  . 001).  T h e  i n t e r a c t i o n  b e t w e e n  r a n g e  an d  o r d e r  w a s  n o t  s i g n i f ­

i c a n t  ( F  - . 096, d £  = 2 ,  12, p  > . 05).  T h i s  r e l a t i o n s h i p  b e t w e e n  

r a n g e  and  p e r c e n t  c o r r e c t  i s  i l l u s t r a t e d  in  F i g u r e  8  f o r  b o th  o r d e r e d  

and  u n o r d e r e d  g r o u p s .  T h e r e  i s  no e v i d e n c e  th a t  t h e  r a t e  o f  i n c r e a s e  

i n  p e r c e n t  c o r r e c t  l e v e l s  of f  a s  r a n g e  i n c r e a s e s  a s  would  be  e x p e c t e d  

i f  the  r a n g e  e f f e c t  w e r e  d e m o n s t r a t e d .  A n o t h e r  w a y  o f  d e t e r m i n i n g  

w h e t h e r  a  r a n g e  e f f e c t  e x i s t s  i s  to  p lo t  t o t a l  s e n s i t i v i t y  a g a i n s t  r a n g e .  

T h i s  i s  done  in  F i g u r e  9. F i g u r e  9 s h o w s  to t a l  s e n s i t i v i t y  a s  a f u n c ­

t io n  of  r a n g e  fo r  the  l a s t  25 s e s s i o n s  o f  t r a i n i n g .  T h e  d a t a  f o r  i n d i ­

v idua l  b i r d s  a r e  g iv e n  i n  T a b le  5 a lo n g  w i th  th e  m e a n s  fo r  e a c h  c o n ­

d i t ion .  In  g e n e r a l ,  f o r  b o th  o r d e r e d  and  u n o r d e r e d  g r o u p s ,  s e n s i ­

t i v i t y  i n c r e a s e s .  I f  a  r a n g e  e f f e c t  w e r e  p r e s e n t ,  t h e r e  w ou ld  b e  d i ­

m i n i s h i n g  g a in s  in  t o t a l  s e n s i t i v i t y  a s  r a n g e  i s  i n c r e a s e d .  C l e a r l y ,  

a n  e x a m i n a t i o n  of  F i g u r e  9 d o e s  n o t  p r o v id e  e v i d e n c e  fo r  a  r a n g e  

e f f e c t  in  the  p r e s e n t  s tu d y .

In  s u m m a r y ,  b o th  a n  o r d e r e d  r e l a t i o n s h i p  b e t w e e n  s t i m u l u s  m a g ­

n i tu d e  and  r e s p o n s e  l o c a t io n  an d  an  i n c r e a s e  in  the s p a c i n g  b e t w e e n
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T a b l e  4

P e r c e n t  c o r r e c t  r e s p o n s e s  fo r  e a c h  b i r d .  D a t a  b a s e d  on l a s t  25 s e s s i o n s  
o f  t r a i n i n g . _______________________________________________________________________

C o n d i t io n  B i r d  P e r c e n t  C o r r e c t

W i d e -  1 9 2 . 6
O r d e r e d

2  80. 8

3 8 6 . 6

x =
W i d e -
U n o r d e r e d  4 7 8 . 4

5 87.  0

6  87. 2

x  =
M o d e r a t e -
O r d e r e d  7 76. 6

8 8 9 . 0

9 6 7 . 8

x  =
M o d e r a t e -
U n o r d e r e d  10 5 6 . 2

11 6 4 . 4

12 7 0 . 6

x  =
N a r r o w -
O r d e r e d  13 4 3 . 6

14 5 6 , 4

15 4 0 . 4

N a r r o w  -
U n o r d e r e d  16 3 8 . 0

17 3 6 . 0

1 8 .  44.  8

8 6 . 7

84. 2

77. 8

63. 7

x  = 46. 8

x  = 3 9 .6



F i g u r e  8 , P e r c e n t  c o r r e c t  f o r  the  t h r e e  r a n g e s  o f  s t i m u l i  f o r  th e  

l a s t  25 s e s s i o n s  o f  t r a i n i n g .  D a ta  a r e  f o r  f i r s t  r e s p o n s e s .  T he  

s p a c i n g  on the a b s c i s s a  i s  a c c o r d i n g  to th e  p o w e r  l aw  s c a l e  u s e d  

i n  t h e s e  e x p e r i m e n t s .  See  A p p e n d ix  A.
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F i g u r e  9 . T o t a l  s e n s i t i v i t y  ( A ' )  fo r  th e  t h r e e  r a n g e s  of  s t i m u l i  f o r  

the  l a s t  25 s e s s i o n s  o f  t r a i n i n g .  T h e  s p a c i n g  on th e  a b s c i s s a  i s  

a c c o r d i n g  to the  p o w e r  l a w  s c a l e  u s e d  in  t h e s e  e x p e r i m e n t s .  See  

A p p e n d ix  A.
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T a b l e  5

/T o ta l  s e n s i t i v i t y  fo r  e a c h  b i r d .  D a ta  b a s e d  on  l a s t  25 s e s s i o n s  of  
t r a in i n g . __________________  ____ __________________ ________
Condi t ion

W i d e -
O r d e r e d

W id e -
U n o r d e r e d

M o d e r a t e -
O r d e r e d

M o d e r a t e  - 
U n o r d e r e d

N a r r o w -
O r d e r e d

N a r r o w -
U n o r d e r e d

B i r d

1

o

4

5

6

7

8 

9

10

11

12

13

14

15

16

17

18

S e n s i t i v i t y

14. 51 

10. 56 

12. 24

x =

4. 94 

6 . 68

5. 42

x  =

7. 93 

11. 10 

5. 60

x  =

3. 8 8

4. 35 

4. 89

x  =

3. 43

4. 36 

3. 00

x  =

2. 67 

2. 07 

2. 93

1 2 . 44

5. 6 8

'8 . 21

4. 37

3. 60

2. 56



a d j a c e n t  s t i m u l i  e n h a n c e  the  a c q u i s i t i o n  o f  a  f i v e - c h o i c e  d i s c r i m i n a t i o n  

i n  p ig e o n s .  A l though  a r a n g e  e f f e c t  w a s  not  d e m o n s t r a t e d ,  th e  s u p e ­

r i o r  p e r f o r m a n c e  o f  the  o r d e r e d  g r o u p s  s u g g e s t s  th a t  p ig e o n s  l e a r n e d  

how th e  s t i m u l u s  and  r e s p o n s e  d i m e n s i o n s  w e r e  r e l a t e d ,  th a t  i s ,  th e y  

a c q u i r e d  a c o h e r e n t  r e p e r t o i r e ,  and t h i s  r e l a t i o n a l  l e a r n i n g  a id e d  

t h e m  in  th e  d i s c r i m i n a t i o n  t a s k .  A n  e x p l a n a t i o n  for  the  d i f f e r e n c e s  

b e t w e e n  th e  o r d e r e d  and u n o r d e r e d  g r o u p s  w i l l  be  c o n s i d e r e d  in  the  

fo l lo w in g  s e c t io n .



50.

T h e  E f f e c t s  o f  the R e l a t i o n s h i p  b e t w e e n  S t i m u l u s - R e s p o n s e  D i m e n ­
s i o n s  on P e r f o r m a n c e

A n  e x a m i n a t i o n  o f  the  t y p e s  o f  e r r o r s  m a d e  b y  p ig e o n s  s u g g e s t s  

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

t a i n e d  in  th e  p r e s e n t  s tu d y  m a y  be  a c c o u n te d  for  s i m p l y  b y  a s s u m i n g  

t h a t  th e  b i r d s  o c c a s i o n a l l y  p e c k  a  k e y  a d j a c e n t  to  t h e  a p p r o p r i a t e  key .  

T h a t  s o m e  o f  th e  e r r o r s  o b s e r v e d  w e r e  due  to  s u c h  k e y  c o n f u s io n  

s e e m s  p a r t i c u l a r l y  l i k e ly  h e r e ,  s i n c e ,  to  s tu d y  the  f i v e - c h o i c e  d i s ­

c r i m i n a t i o n ,  a d d i t i o n a l  k e y s  w e r e  p l a c e d  b e t w e e n  t h o s e  a l r e a d y  p r e s ­

e n t  in  the  t h r e e - k e y  b ox .  T h e  k e y s  w e r e  t h e r e f o r e  c l o s e r  th a n  t h e y  

n o r m a l l y  a r e  in m u l t i p l e - k e y  e x p e r i m e n t s .

W h e n  an  e r r o r  i s  m a d e ,  t h a t  i s ,  w h e n  the i n c o r r e c t  k e y  i s  p e c k e d ,  

t h e  m i s t a k e  m a y  b e  due  e i t h e r  to  s t i m u l u s  c o n f u s io n , k e y  c o n f u s io n , o r  

b o th .  S t im u lu s  c o n fu s io n  h a s  a l r e a d y  b e e n  c o n s i d e r e d .  E r r o r s  a r i s i n g  

f r o m  t h i s  s o u r c e  o c c u r  when s e n s o r y  e f f e c t s  o v e r l a p  ( s e e  F i g u r e  1). 

E r r o r s  due to  k e y  c o n f u s io n  o c c u r  w hen  th e  s u b j e c t  c o r r e c t l y  i d e n t i ­

f i e s  th e  s t i m u l u s ,  e.  g. th e  s e n s o r y  e f f e c t s  p r o d u c e d  b y  S t i m u l u s  3 fa l l  

w i th in  the  r e g i o n  fo r  R 3 ,  and a  p e c k  a t  the  k e y  d e s ig n a t e d  a s  c o r r e c t  

f o r  R3 i s  " in t e n d e d "  b u t  i n s t e a d  th e  p ig e o n  p e c k s  one o f  th e  a d j a c e n t  

k e y s .  F o r  p u r p o s e s  o f  the  fo l lowing  a n a l y s e s ,  i t  w a s  a s s u m e d  t h a t  

s u c h  p e c k s  w e r e  m a d e  on ly  on a d j a c e n t  k e y s .  F o r  K e y  1 and  K e y  5, 

t h e  e n d  k e y s ,  s u c h  p e c k s  w e r e  a s s u m e d  to be  m a d e  on ly  on the  c l o s e s t  

i n n e r  key ,  and f o r  K e y s  2, 3, and 4, th e  i n n e r  k e y s ,  s u c h  p e c k s  w e r e  

a s s u m e d  to be  m a d e  on  e i t h e r  a d j a c e n t  k ey  and  with  e q u a l  f r e q u e n c y .



5 1 .

E x a c t l y  w h a t  e f f e c t  k e y  c o n f u s io n  h a s  on  th e  o b s e r v e d  b e h a v i o r  

d e p e n d s  on the  p a r t i c u l a r  k e y  c h o ic e  r e q u i r e d  fo r  e a c h  r e s p o n s e .  F o r  

the  o r d e r e d  g r o u p s ,  a d j a c e n t  k e y s  a r e  c o r r e c t  f o r  a d j a c e n t  s t i m u l i .

O f  th e  p o s s i b l e  n o n - m o n o t o n i c  r e l a t i o n s h i p s  b e t w e e n  l u m i n a n c e  an d  a s ­

s ig n e d  k e y  c h o ic e  to  be  u s e d  f o r  the  u n o r d e r e d  c o n d i t io n ,  one w a s  c h o ­

s e n  fo r  w h ich  a d j a c e n t  k e y s  w e r e  n e v e r  c o r r e c t  for  a d j a c e n t  s t i m u l i .  

C h o ic e  of  a k e y  a d j a c e n t  to  th e  c o r r e c t  one w o u ld ,  t h e r e f o r e ,  b e  c o r ­

r e c t  f o r  a s t i m u l u s  a t  l e a s t  one r e m o v e d  f r o m . t h a t  f o r  w h ic h  the  r e ­

s p o n s e  w a s  i n t e n d e d .  In t h e s e  e x p e r i m e n t s ,  f o r  the  u n o r d e r e d  g r o u p s ,  

R1 (the c o r r e c t  r e s p o n s e  g iv e n  S i )  w a s  d e f in e d  as  a  p e c k  on K e y  4, R2  

a s  a  p e c k  on K e y  1, R3 a s  a  p e c k  o n  K e y  3, R 4  a s  a  p e c k  on  K e y  5 and  

R 5  a s  a  p e c k  on K e y  2.

I f  k e v  c o n fu s io n  o c c u r s ,  th e  c o n f u s io n  m a t r i c e s  f o r  the  o r d e r e dw *

a n d  u n o r d e r e d  g r o u p s  w ou ld  d i f f e r .  T h i s  i s  i l l u s t r a t e d  in  T a b le  6 f o r  

a  s i t u a t i o n  in  w h ic h  t h e r e  i s  k e y  c o n f u s io n  w i th  no s t i m u l u s  co n fu s io n .

In  t h i s  i l l u s t r a t i o n  k e y  c o n fu s io n  i s  a s s u m e d  to  o c c u r  on 4% of the 

t r i a l s .  T h i s  w ould  r e d u c e  th e  p e r c e n t  c o r r e c t  f r o m  100 to  96, On th e  

4% o f  the  t r i a l s  on  w h ic h  k e y  c o n f u s io n  o c c u r s ,  i t  i s  a s s u m e d  th a t  

p e c k s  a r e  m a d e  on k e y s  a d j a c e n t  to  th e  c o r r e c t  o n e .  T h e  c e l l s  in to  

w h ic h  s u c h  r e s p o n s e s  w ould  fall a r e  c i r c l e d  in T a b l e  6 ,

In T a b le  7 the  c o n fu s io n  m a t r i c e s  fo r  the  l a s t  25 s e s s i o n s  fo r  b i r d s  

t r a i n e d  u n d e r  t h e  w ide  c o n d i t io n  a r e  show n  f o r  the  o r d e r e d  and u n o r d e r ­

ed  co n d i t io n .  M a t r i c e s  fo r  in d iv id u a l  b i r d s  a p p e a r  in  A p p e n d ix  C. A s  

in  T a b le  G the  c e l l s  w h ic h  a r c  c i r c l e d  a r e  t h o s e  i n t o  w h ic h  r e s p o n s e s



T a b le  G

P r o p o r t i o n s  of  r e s p o n s e s  w i thout  key c o n fu s io n  and with  4% confus ion .

W ithou t  K e y  C on fu s io n  

SI  S2 S3 S4 S5

P I  1 . 0

R2 1. 0

' R3 1 .0

R4 1. 0

R5  ] . 0

O r d e r e d  G r o u p  with  4 % K ey  C o n fu s io n  

SI S 2  S3 S4 S5

K ey  1 R3 . 9 6  ^ 0 2 )

. 02

. 96 . 02

,  0 2 , . 04,. 96

, 02 . 96

with  4% K ey  C o n f u r io n

(A)

K e y  2 R2 . 96 (. 02) <B)

K e y  3 R3 ^ 0 2 )

K ey  4 R4 

K ey  5 R5
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T a b l e  7-

P r o p o r t i o n s  o f  r e s p o n s e s  f o r  l a s t  25 s e s s i o n s  o f  t r a i n i n g  f o r  w ide

Wide-- o r d e r e d

SI S2 S3 ■ S4 ■ S5

R1 . 77 © 0 0 0

R2 © . 81 © 0 0

R3 0 © . 87 0 0

R4 0 0 © . 90 ©
R 5 0 0 0 Gh . 98

W i d e - u n o r d e r e d

R 1

R2

R3

R 4

R 5

S 2 

. 03 

. 81 

. 14 

. 01

@

S3

© 
. 11

. 73

. 06

Co2",

S4

© 
. 0

. 10

. 83

. 03

S5

©
©
. 01

. 97



w ould  fa l l  i f  a key  is  p e c k e d  a d j a c e n t  to  th e  key  c o r r e c t  fo r  the  p a r -  

' t i c u l a r  r e s p o n s e .  A c o m p a r i s o n  of th e  c o n fu s io n  m a t r i x  fo r  th e  u n ­

o r d e r e d  c o n d i t io n  w h e n  no  s t im u lu s '  c o n fu s io n  e r r o r s  o c c u r  ( s e e  T a b l e  

6 ) w i th  t h a t  fo r  the  w ide  u n o r d e r e d  g r o u p  s u g g e s t s  t h a t  e v e n  w i th in  th e  

w ide  r a n g e ,  the  s t i m u l i  w e r e  no t  p e r f e c t l y  d i s c r i m i n a b l e .  N o n e t h e ­

l e s s ,  i f  one  a s s u m e s  th a t  on ly  a d j a c e n t  s t i m u l i  a r e  c o n f u s e d ,  the  d a t a  

f o r  th e  u n o r d e r e d  c o n d i t io n  c a n  be  u s e d  a s  a  r o u g h  e s t i m a t e  of  the 

p r o p o r t i o n  of  t r i a l s  on  w h ic h  key  c o n fu s io n  o c c u r r e d .  K e y  c o n fu s io n  

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

t i o n s  in th e  c i r c l e d  c e l l s :  . 05 fo r  S I ,  . 01 f o r  S2, . 1 0  fo r  S3, , 0 3  f o r  

S4,  an d ,  . 01 f o r  S5. F r o m  t h e s e  c o n s i d e r a t i o n s ,  i t  a p p e a r s  t h a t  k e y  

c o n f u s io n  o c c u r s  on ab o u t  4% of  th e  t r i a l s .

In th e  n ex t  s e c t i o n  th e  e f f e c t s  o f  k e y  c o n fu s io n  c n  p e r c e n t  c o r r e c t  

an d  t o t a l  s e n s i t i v i t y  w il l  be  c o n s i d e r e d  in  an  e f fo r t  to  d e t e r m i n e  w h e t h ­

e r  k e y  c o n f u s io n  i s  s u f f i c i e n t  to a c c o u n t  f o r  th e  d i f f e r e n c e s  b e t w e e n  

th e  o r d e r e d  a n d  u n o r d e r e d  g r o u p s .

In  o r d e r  to  d e t e r m i n e  how k e y  c o n f u s io n  m a y  h a v e  a f f e c t e d  p e r ­

c e n t  c o r r e c t  and  t o t a l  s e n s i t i v i t y  o b ta in e d  in  t h e s e  e x p e r i m e n t s ,  c o n ­

f u s i o n  m a t r i c e s  f o r  the  o r d e r e d  and  u n o r d e r e d  g r o u p s  w e r e  g e n e r a t e d

7
w i t h  d i f f e r e n t  d e g r e e s  o f  k e y  c o n fu s io n .

In  g e n e r a t i n g  t h e s e  m a t r i c e s  i t  w a s  a s s u m e d  th a t  (1) th e  d e c i s i o n  

a s  to  w h ic h  s t i m u l u s  w a s  p r e s e n t e d  and  h e n c e  w h ic h  r e s p o n s e  sh o u ld  

b e  m a d e  i s  a s  d e s c r i b e d  by th e  s t a t i s t i c a l  d e c i s i o n  t h e o r y  m o d e l  fo r  

s t i m u l i  e q u a l ly  s p a c e d  and w i th  c r i t e r i a  p l a c e d  m id w a y  b e t w e e n  the



m e a n s  o f  a d j a c e n t  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  (see  p a g e s  4 to 7); (2) 

on s o m e  t r i a l s  the  key  ch o ic e  m a d e  i s  t h a t  in ten d ed ,  fo r  e x a m p l e ,  the  

o u tc o m e  of  the  d e c i s io n  p r o c e s s  r e q u i r e d  a p ec k  on the  R 2 k e y  and the  

R2 key i s  p eck ed ;  (3) on o t h e r  t r i a l s ,  a  key  a d j a c e n t  to  the k e y  in ten d ed  

i s  peck ed  ( t r i a l s  on w hich  k ey  co n fu s io n  o c c u r s ) .  A s  show n in  T a b le s  

6  and 7, b e c a u s e  of  the  d i f f e r e n c e  in  k e y s  a s s i g n e d  fo r  e a c h  r e s p o n s e  

fo r  the o r d e r e d  and u n o r d e r e d  g r o u p s ,  un in ten d ed  c h o ic e s  hav e  d i f f ­

e r e n t  e f f e c t s  on the  co n fu s io n  m a t r i c e s  fo r  the  o r d e r e d  and u n o r d e r e d  

g r o u p s .

In t h e s e  e x p e r i m e n t s  i t  w as  o b s e r v e d  th a t  the  p e r c e n t  c o r r e c t  f o r  

t h e  o r d e r e d  g r o u p s  w a s  h i g h e r  th a n  th e  u n o r d e r e d  g r o u p s  ( see  F i g u r e s  

6 and 8 ).

A s  r e p o r t e d  e a r l i e r  th e  d i f f e r e n c e  b e t w e e n  the o r d e r e d  and  u n ­

o r d e r e d  g r o u p s  in  p e r c e n t  c o r r e c t  w a s  s ig n i f i c a n t .  In  F i g u r e  10 the 

t h e o r e t i c a l  p e r c e n t  c o r r e c t  i s  show n f o r  d i f f e r e n t  d e g r e e s  o f  key  c o n ­

fu s io n  fo r  to t a l  s e n s i t i v i t i e s  o f  4 and 16. T he  o c c u r r e n c e  o f  e r r o r s  r e ­

s u l t s  in a  d i f f e r e n c e  in  p e r c e n t  c o r r e c t  u n d e r  the  o r d e r e d  and  u n o r d e r e d  

c o n d i t io n s  e s p e c i a l l y  w hen  the  s e n s i t i v i t y  is  low. The  p e r c e n t  c o r r e c t  

i s  h i g h e r  u n d e r  the  o r d e r e d  co nd i t ion  a s  a  r e s u l t  o f  a c c i d e n t a l  c o r r e c t  

c h o ic e s .

In g e n e r a l ,  the  b i r d s  in  the  o r d e r e d  g r o u p s  w e r e  c o r r e c t  on 7. 9% 

m o r e  t r i a l s  than  t h o s e  in  the  u n o r d e r e d  g r o u p s .  A s  c a n  be s e e n  f r o m  

F i g u r e  10 fo r  a to t a l  s e n s i t i v i t y  of  4 a d i f f e r e n c e  th is  l a r g e  would  be  

ob ta in ed  i f  key  c o n fu s io n  o c c u r r e d  on 30 p e r c e n t  of th e  t r i a l s .  F o r  a



F i g u r e  10. P e r c e n t  c o r r e c t  f o r  d i f f e r e n t  a m o u n t s  o f  key  c o n fu s io n  

w h e n  t o t a l  s e n s i t i v i t y  i s  4 and  16. See  t e x t  f o r  a s s u m p t i o n s  m a d e  

in  g e n e r a t i n g  t h e s e  c u r v e s .
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to ta l  s e n s i t i v i t y  of  16, k e y  c o n fu s io n  m u s t  o c c u r  on an  e v e n  g r e a t e r  

p e r c e n t a g e  o f  t r i a l s  to  p r o d u c e  t h i s  l a r g e  a d i f f e r e n c e .  F r o m  i n ­

s p e c t i o n  of  the  c o n fu s io n  m a t r i c e s  fo r  the  w i d e - u n o r d e r e d  g ro u p  

(T ab le  7) d i s c u s s e d  e a r l i e r ,  i t  a p p e a r s  t h a t  k e y  c o n f u s io n  o c c u r s  on 

on ly  4% o f  th e  t r i a l s .  With  t h i s  d e g r e e  of  k e y  c o n fu s io n  t h e r e  would  

be  v i r t u a l l y  no d i f f e r e n c e  in  p e r c e n t  c o r r e c t  b e t w e e n  the  o r d e r e d  and 

u n o r d e r e d  g r o u p s  e v e n  a t  lo w  l e v e l s  of  t o t a l  s e n s i t i v i t y .  A l though  

t h i s  e s t i m a t e  i s  b a s e d  on  th e  p e r f o r m a n c e  o f  o n ly  t h r e e  b i r d s  the 

h i g h e r  p e r c e n t  c o r r e c t  sh o w n  by th e  o r d e r e d  g r o u p s  p r o b a b l y  i s  no t  

e n t i r e l y  due to  the  s m a l l e r  e f f e c t s  o f  k e y  co n fu s io n .

In  th e  fo l low ing  s e c t i o n  th e  e f f e c t s  o f  k e y  c o n fu s io n  on  to t a l  s e n s i ­

t i v i t y  w i l l  be  c o n s i d e r e d .

In  F i g u r e  11, the  e f f e c t s  o f  k e y  c o n f u s io n  on the  o b ta in e d  to ta l  

s e n s i t i v i t y  a r e  s h o w n  fo r  d i f f e r e n t  d e g r e e s  o f  k e y  c o n fu s io n .  Note t h a t  

e v e n  s m a l l  a m o u n t s  o f  k e y  c o n fu s io n  d r a s t i c a l l y  r e d u c e  t o t a l  s e n s i t i v i t y  

f o r  the u n o r d e r e d  g r o u p s .

E a r l i e r  i t  w a s  o b s e r v e d  th a t  th e  e f f e c t s  of  r a n g e  on to ta l  s e n s i ­

t i v i t y  w e r e  q u i t e  d i f f e r e n t  f o r  the  o r d e r e d  an d  u n o r d e r e d  g ro u p .  G a in s  

i n  t o t a l  s e n s i t i v i t y  w i th  i n c r e a s e d  r a n g e  l e v e l e d  off  s l i g h t l y  fo r  the  o r ­

d e r e d  b i r d s  and  s h a r p l y  fo r  the  u n o r d e r e d  b i r d s  ( s e e  F i g u r e  9). T h e s e  

r e s u l t s  m a y  r e f l e c t  th e  e f f e c t s  o f  k ey  c o n f u s io n ,  s i n c e ,  a s  show n in 

F i g u r e  11, th e  r e d u c t i o n  in  to t a l  s e n s i t i v i t y  a s  a  r e s u l t  o f  k e y  c o n ­

f u s io n  i s  g r e a t e s t  u n d e r  the  u n o r d e r e d  c o n d i t io n .  H o w e v e r ,  key  c o n ­

fu s io n  a lone  c a n n o t  c o m p l e t e l y  a c c o u n t  fo r  the  o b s e r v e d  le v e l in g  off  of



F i g u r e  11. T o t a l  s e n s i t i v i t y  f o r  d i f f e r e n t  a m o u n t s  o f  k e y  c o n f u s io n  

w h e n  t o t a l  s e n s i t i v i t y  i s  4 a n d  16. S ee  t e x t  f o r  a s s u m p t i o n s  m a d e  in  

g e n e r a t i n g  t h e s e  c u r v e s .
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t o ta l  s e n s i t i v i t y  w i th  i n c r e a s e d  r a n g e .  T o ta l  s e n s i t i v i t y  fo r  the  w i d e -  

u n o r d e r e d  g r o u p  i s  5. 7 (Tab le  5). W ith  on ly  4% key c o n f u s io n ,  t o t a l  

s e n s i t i v i t y  fo r  the  u n o r d e r e d  g r o u p  w ould  n o t  r e a c h  t h i s  l e v e l  e v e n  f o r  

w i d e r  s t i m u l u s  s p a c i n g  t h a n  u s e d  in  the  p r e s e n t  s tu d y  (e. g. f o r  t o ta l  

s e n s i t i v i t y  w i thou t  k e y  c o n f u s io n  o f  18, 4% k e y  co n fu s io n  w i l l  r e d u c e  

t o t a l  s e n s i t i v i t y  to  4. 2).

T h e r e f o r e ,  a l th o u g h  k ey  c o n f u s io n  a p p e a r s  to b e  r e s p o n s i b l e  f o r  

s o m e  o f  the  d i f f e r e n c e s  b e t w e e n  g r o u p s  it  d o e s  not a p p e a r  t o  p r o v id e  

a  c o m p l e t e  e x p l a n a t i o n  fo r  t h e s e  d i f f e r e n c e s .  T he  d i f f e r e n c e s  b e ­

t w e e n  th e  o r d e r e d  an d  u n o r d e r e d  g r o u p s  a r e  m u c h  l a r g e r  t h a n  w ould  

b e  e x p e c t e d  i f  k e y  c o n f u s io n  o c c u r r e d  on  o n ly  4% of  the  t r i a l s .  It i s  

p o s s i b l e  th a t  th e  p ig e o n s  in  the  o r d e r e d  g r o u p s  l e a r n e d  th a t  " a s  th e  

b r i g h t n e s s  o f  t h e  d i s p l a y  k e y  i n c r e a s e s ,  p e c k s  f u r t h e r  to th e  r i g h t  

a r e  n e c e s s a r y  to  o b t a in  food" and  t h a t  t h i s  r u l e  a id e d  t h e m  in  c h o o s in g  

a m o n g  the  k e y s .  M o r e  d i r e c t  e v i d e n c e  th a t  t h e  r e l a t i o n s h i p  b e t w e e n  

s t i m u l u s  m a g n i t u d e  and  r e s p o n s e  l o c a t i o n  w a s  l e a r n e d  m a y  b e  o b ­

t a i n e d  b y  e x p o s in g  th e  p ig e o n s  to n e w  l u m i n a n c e s  i n  a  s i t u a t i o n  in 

w h ic h  i t  i s  p o s s i b l e  fo r  t h e m  to  m a k e  r e s p o n s e s  t h a t  s h o w  th e  s a m e  r e ­

l a t i o n s h i p  to  t h e s e  n e w  s t i m u l i  a s  t h a t  e x p e r i e n c e d  d u r in g  t r a i n i n g .  The  

r e s u l t s  o f  su c h  a  t r a n s p o s i t i o n  t e s t  w i l l  be  r e p o r t e d  be lo w .



R e s u l t s  of  th e  T r a n s p o s i t i o n  T e s t

C o n fu s io n  m a t r i c e s  fo r  the  t r a n s p o s i t i o n  t e s t ,  sh o w in g  the  n u m b e r  

o f  t i m e s  e a c h  r e s p o n s e  w as  m a d e  in  the  p r e s e n c e  o f  e a c h  o f  th e  s e v e n  

s t i m u l i  a p p e a r  in A p p e n d ix  D, The  a d d i t io n  o f  a  n e w  k e y  a t  e i t h e r  en d  

o f  th e  r o w  of  c h o ic e  k e y s  d i s r u p t e d  p e r f o r m a n c e  of  th e  f i v e - c h o i c e  d i s ­

c r i m i n a t i o n  s o m e w h a t .  In T a b le  8  th e  p e r c e n t  c o r r e c t  f o r  e a c h  b i r d  

d u r in g  t h e  l a s t  25 d a y s  o f  t r a i n i n g  i s  g iv e n  a long  w i th  the  p e r c e n t  c o r ­

r e c t  in  t h e  p r e s e n c e  o f  th e  t r a i n i n g  s t i m u l i  {Si to  S 5) d u r in g  th e  t e s t  

s e s s i o n .  A t j t e s t  sh o w e d  th a t  p e r c e n t  c o r r e c t  r e s p o n s e s  in the  p r e s ­

e n c e  o f  SI t h r o u g h  S5 d id  no t  d e c r e a s e  s ig n i f i c a n t ly  d u r in g  the  t r a n s p o ­

s i t i o n  t e s t  f o r  th e  o r d e r e d  g r o u p  (t_(8 ) = 1. 8 6 , p^>. 05) b u t  d id  d e c r e a s e  

s ig n i f i c a n t l y  f o r  t h e  u n o r d e r e d  g r o u p s  (t_{8 ) = 3. 24, p<C. 02).  H o w e v e r ,  

a n  e x a m i n a t i o n  of  p e r c e n t  c o r r e c t  r e s p o n s e s  in  T a b le  8  s h o w s  th a t  p e r ­

c e n t  c o r r e c t  w a s  s t i l l  s u b s t a n t i a l l y  ab o v e  th a t  e x p e c t e d  i f  the  k e y s  w e r e  

c h o s e n  r a n d o m l y  {2 0 % c o r r e c t ) .

T h e  t r a n s p o s i t i o n  t e s t  d i f f e r s  f r o m  th e  u s u a l  g e n e r a l i z a t i o n  t e s t  in  

t h a t  an  o p p o r tu n i ty  to  m a k e  a  n e w  r e s p o n s e  in  t h e  p r e s e n c e  o f  the  n ew  

( " g e n e r a l i z a t i o n  t e s t " )  s t i m u l u s  i s  p r o v id e d .  H e r e  th e  o p p o r tu n i t y  w a s  

t o  p e c k  th e  k e y s  a d d e d  a t  the  le f t  (Key 0) and  the  r i g h t  {Key 6 ) e n d s  o f  

t h e  r o w  o f  c h o ic e  k e y s .  W ithout  t h i s  o p p o r tu n i ty ,  a t  l e a s t  i n  a  tw o -  

c h o i c e  s i t u a t io n ,  th e  n o v e l  s t i m u l i  a r e  c l a s s i f i e d  in t h e  s a m e  w ay  a s  

t h e  t r a i n i n g  s t i m u l i .  F o r  e x a m p l e ,  i f  one k e y  ( R l )  is  to b e  c h o s e n  in  

t h e  p r e s e n c e  of  a  d im  l igh t  and  a n o t h e r  k e y  (R2) in the p r e s e n c e  o f  a  

b r i g h t  l ig h t ,  R 1 i s  m a d e  w hen  t e s t  s t i m u l i  d i m m e r  th a n  the  d im



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

O r d e r e d
C o n d i t i o n

N a r r o w

M o d e r a t e

W id e

U n o r d e r e d
C o n d i t i o n

N a r r o w

M o d e r a t e

W id e

63.
T a b l e  8

I r s t  r e s p o n s e s  to S i  t h r o u g h  So d u r i n g  t h e  l a s t  25 d a y s  
r i n g  th e  t r a n s p o s i t i o n  t e s t .  ________

B i r d  T r a i n i n g  T e s t

13 43. 6  35
14 56. 4 6 3 . 2
15 40.  4 3 8 . 2

7 76. 6 70
8  89. 0 8 3 . 4
9 67. 8 5 1 . 6

1 92. 6 8 5 . 2
2 80. 8  75
3 8 6 . 6 9 3 . 4

" x  = 70. 5 6 6 . 1

B i r d  T r a i n i n g  T e s t

16 38. 0 2 8 . 4
17 36. 0 34. 8

18 44. 8  5 0 . 0

10 5 6 . 2  4 8 . 2
11 64. 4 5 3 . 4
12 70. 6 6 6 . 8

4 7 8 . 4  7 3 . 4
5 87. 0 7 1 . 8
6  87. 2 7 1 . 6

X  = 62. 4 5 5 . 3



t r a i n i n g  s t i m u l u s  a r e  p r e s e n t e d  and  R 2  i s  m a d e  w hen  t e s t  s t i m u l i  

b r i g h t e r  th an  th e  b r i g h t  t r a i n i n g  s t i m u l u s  i s  p r e s e n t e d  ( I l e in e m a n n  

and  C h a s e ,  1975).

In th e  p r e s e n t  s tu d y ,  h o w e v e r ,  th e  p r o p o r t i o n  o f  n e w  r e s p o n s e s  (RO 

and  R 6 ) m a d e  in  th e  p r e s e n c e  o f  the  t e s t  s t i m u l i  (SO an d  S6 ) an d  in  the  

p r e s e n c e  o f  th e  a d j a c e n t  t r a i n i n g  s t i m u l i  (SI a n d  S5) w a s  e x a m i n e d  to  

s e e  w h e t h e r  n e w  r e s p o n s e s  w e r e  m a d e  in  the  p r e s e n c e  o f  n e w  s t i m ­

u l i .  F o r  b i r d s  in  th e  u n o r d e r e d  g r o u p s ,  K e y s  0 an d  6 s h o w  no s p e c i a l  

r e l a t i o n s h i p  to  th e  t r a i n i n g  p r o b l e m .  T h e s e  k e y s  m a y  b e  i g n o r e d  c o m ­

p l e t e l y .  E v e n  i f  p e c k e d ,  t h e r e  i s  no r e a s o n  to  e x p e c t  t h a t  t h e s e  k e y s  

w i l l  b e  p e c k e d  m o r e  o f te n  in th e  p r e s e n c e  o f  t h e  n o v e l  s t i m u l i  t h a n  an y  

o t h e r .  F o r  the o r d e r e d  g r o u p s ,  on th e  o t h e r  h a n d ,  p e c k s  on K e y s  0 

and  6 in  th e  p r e s e n c e  o f  SO and S 6  r e s p e c t i v e l y ,  p r o v i d e  e v i d e n c e  th a t  

th e  r e l a t i o n s h i p  p r e s e n t  d u r in g  t r a i n i n g  w a s  t r a n s p o s e d  to  a  n e w  s i t u ­

a t io n .

In  T a b l e  9 th e  p r o p o r t i o n  o f  t r i a l s  o n  w h ic h  RO i s  m a d e  in  the  

p r e s e n c e  o f  SI a n d  o f  SO and  th e  p r o p o r t i o n  o f  t r i a l s  o n  w h ic h  R 6 i s
O

m a d e  in  t h e  p r e s e n c e  o f  S5 and  S 6 i s  s h o w n  f o r  a l l  b i r d s .  F o r  th e  

o r d e r e d  b i r d s ,  RO w a s  m a d e  a  s i g n i f i c a n t l y  g r e a t e r  p r o p o r t i o n  of  t i m e s  

i n  t h e  p r e s e n c e  o f  SO t h a n  in  t h e  p r e s e n c e  o f  S i  (t (S) = 2 . 46, p <C. 05),  

an d  R 6 w a s  m a d e  a s ig n i f i c a n t l y  g r e a t e r  p r o p o r t i o n  of  t i m e s  in  th e  p r e s ­

e n c e  o f  SG th an  in  th e  p r e s e n c e  o f  S5 (t_{8 ) = 2. 71, p  <C, 05). F o r  the 

u n o r d e r e d  g r o u p s ,  t h e r e  w e r e  no s i g n i f i c a n t  d i f f e r e n c e s  in the  p r o p o r ­

t ion  of  t i m e s  the  n o v e l  r e s p o n s e s  w e r e  m a d e  in  th e  p r e s e n c e  o f  e i t h e r
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p r o p o r t i o n  o f  R e s p o n s e  0 t o  S t i m u l u s  1 a n d  0 a n d  p r o p o r t i o n  o f  r e s p o n s e  
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the  t r a i n i n g  s t i m u l i  o r  the  t e s t  s t i m u l i  (t_(3) = . 41, p X  05; t_(8 ) = 1. 00, 

p > . 05).

T a b le  10 s h o w s  the  p r o p o r t i o n  o f  t r i a l s  in  w h ich  R e s p o n s e  1 w a s  

m a d e  in th e  p r e s e n c e  of  SI and  SO and  the p r o p o r t i o n  o f  t r i a l s  in  w h ich  

R e s p o n s e  5 w a s  m a d e  in  th e  p r e s e n c e  o f  S5 and  S6 . F o r  the  o r d e r e d  

g r o u p s ,  in  the  p r e s e n c e  o f  the  n e w  s t i m u l i ,  (SO and  S6 , r e s p e c t i v e l y ) ,  

R e s p o n s e  1 and R e s p o n s e  5 w e r e  m a d e  l e s s  o f te n  t h an  in  th e  p r e s e n c e  

o f  SI an d  S5, a l th o u g h  t h e s e  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t  (t_(8 ) = 

, 4 2 8 ,  p  > . 05; t_(8 ) = . 684 ,  p > . 05).  F o r  th e  u n o r d e r e d  g r o u p s ,  R1 

and  R 5  w e r e  m a d e  s l i g h t l y  m o r e  o f te n  in  the  p r e s e n c e  o f  SO and  S 6 

r e s p e c t i v e l y ,  a l th o u g h ,  a g a in ,  t h e s e  d i f f e r e n c e s  w e r e  no t  s ig n i f i c a n t  

(t_(8 ) = . 404 ,  p > . 05; t_(8 ) = . 304, p  >  . 05).

T h e s e  r e s u l t s  show  th a t  t h e  m o n o t o n i c  r e l a t i o n s h i p  b e t w e e n  s t i m -  

u lu s  an d  r e s p o n s e  d i m e n s i o n s  w h ic h  w a s  p r e s e n t  d u r i n g  t r a i n i n g  w a s  

a t  l e a s t  p a r t i a l l y  t r a n s p o s e d .
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T a b l e  10

P r o p o r t i o n  o f  R e s p o n s e  1 to  S t i m u l u s  1 a n d  0 a n d  p r o p o r t i o n  of  R e s p o n s e  
5 to  S t i m u l u s  5 an d  6  f o r  a l l  b i r d s  d u r i n g  t h e  t r a n s p o s i t i o n  t e s t .  P r o ­
p o r t i o n s  a r e  b a s e d  o n  1 2  p r e s e n t a t i o n s  o f  e a c h  t r a i n i n g  s t i m u l u s  a n d  
1 0  n r e s e n t a t i o n s  o :  e a c h  t e s t  s t i m u l u s .

R e s p o n s e  1 R e s p o n s e  5

C o n d i t io n B i r d S t i m u l u s  1 S t i m u l u s  0 S t i m u l u s  5 S t im u lu
( T r a i n i n g ) ( T e s t ) ( T r a i n i n g ) ( T e s

W i d e - 1 . 67 . 90 1 . 0 0 1 . 0 0

o r d e r e d 2 . 25 . 50 1 . 0 0 . 90
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X = . 61 . 70

oo• . 90

M o d e r a t e  - 7 . 33 . 30 , 92 . 1 0

o r d e r e d 8 . 50 0 . 83 . 90
9 . 17 . 30 . 58 . 70

X = . 33 . 2 0 . 78 . 57

N a r r o w - 13 0 . 30 . 25 . 50
o r d e r e d 14 . 92 . 2 0 . 75

oo•

1 5 0 . 1 0 . 5 8 ’ . 33

X = . 31 . 2 0 . 53 . 6 1

G r o u p
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M o d e r a t e - 10 0 . 50 1. 00 1. 00
u n o r d e r e d 11 . 25 . 50 . 92 . 90

1 2 . 83 . 90 . 92 1. 00

X = . 36 . 63 . 95 . 97

N a r r o w  - 16 . 17 0 . 83 . 1 0
u n o r d e r e d 17 . 58 . 60 . 58 1. 00

18 . 83 . 2 0 . 58 1. 00
* ► = . 53 . 27 . 66 . 7 0

G r o u p
X

_ . 50 . 54 . 83 . 87



D i s c u s s i o n

* A c q u i s i t i o n  o f  a  f i v e - c h o i c e  d i s c r i m i n a t i o n

O n e  o f  t h e  p u r p o s e s  o f  the  p r e s e n t  i n v e s t i g a t i o n  w a s  to e x a m i n e  

t h e  c h o i c e  b e h a v i o r  o f  p i g e o n s  w hen  a  f i v e - c h o i c e  d i s c r i m i n a t i o n  w a s  

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

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

( W i ld e m a n n  and  H o l l a n d ,  1 972; R i c h t e r ,  N o te  1 ). T h e  r e s u l t s  o f  th e  

p r e s e n t  s tu d y  s h o w e d  t h a t  s t i m u l u s  c o n t r o l  o f  a  f i v e - c h o i c e  d i s c r i m i ­

n a t i o n  i s  a c q u i r e d  r e l a t i v e l y  e a r l y ,  t h a t  i s ,  w i th in  th e  f i r s t  b lo c k .  

M o r e o v e r ,  th e  a c q u i s i t i o n  o f  a f i v e - c h o i c e  d i s c r i m i n a t i o n  w a s  no t  

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

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

g r o u p s  a c q u i r e d  the  d i s c r i m i n a t i o n .

T h e  E f f e c t s  o f  R a n g e  on P e r f o r m a n c e

A n o t h e r  p u r p o s e  o f  the  p r e s e n t  s tu d y  w a s  t o  e x a m i n e  t h e  e f f e c t s  o f  

r a n g e  on  d i s c r i m i n a b i l i t y  w h e n  t h r e e  r a n g e s  of  s t i m u l i  w e r e  u s e d .

B r a i d a  an d  D u r l a c h  (1972),  found  th a t  w h e n  h u m a n s  i d e n t i f y  t o n e s  d i f f e r ­

i n g  in  i n t e n s i t y  e q u a l  i n c r e a s e s  in  r a n g e  (in dB) a r e  n o t  a c c o m p a n i e d  b y  

e q u a l  i n c r e a s e s  in  t o t a l  s e n s i t i v i t y ,  e s p e c i a l l y  f o r  l a r g e r  r a n g e s .

F i g u r e  12 s h o w s  th e  r e l a t i o n s h i p  b e t w e e n  r a n g e  and to t a l  s e n s i t i v i t y .

A s  F i g u r e  1 2  i l l u s t r a t e s ,  a s  r a n g e  i n c r e a s e s ,  t h e r e  a r e  d i m i n i s h i n g  

g a i n s  in  t o t a l  s e n s i t i v i t y .  No s u c h  r e l a t i o n s h i p  b e a v e e n  r a n g e  and to t a l  

s e n s i t i v i t y  w a s  found in  the  p r e s e n t  s tu d y .  I f  th e  f u n c t io n  r e l a t i n g  

t o t a l  s e n s i t i v i t y  to r a n g e  i s  the  s a m e  fo r  p i g e o n s  as  i t  i s  f o r  h u m a n s ,



F i g u r e  12. T o ta l  s e n s i t i v i t y  a s  a  fu n c t io n  o f  i n t e n s i t y  r a n g e  ( f r o m  

B r a i d a  a n d  D u r l a c h  1972,  F i g u r e  4d).  T he  s m o o t h  c u r v e  d r a w n  i s  

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

g r o u p s  in  th e  p r e s e n t  s tu d y  a r e  s u p e r i m p o s e d .  N ote  t h a t  i f  i t  i s  

r e a s o n a b l e  to  a s s u m e  t h a t  the f u n c t io n  r e l a t i n g  to t a l  s e n s i t i v i t y  to  

r a n g e  i s  the  s a m e  f o r  p ig e o n s  a s  i t  i s  f o r  h u m a n s ,  an d  l ig h t  and  

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

t a i n e d  in  the p r e s e n t  s tu d y  c o r r e s p o n d  to  the  r i s i n g  p o r t i o n  o f  the  

c u r v e .  See  t e x t  f o r  f u r t h e r  d i s c u s s i o n .
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7 1 .

t h e n  i t  m a y  be  the  c a s e  t h a t  the  r a n g e s  u s e d  in the p r e s e n t  e x p e r i ­

m e n t  m a y  c o r r e s p o n d  to the  r i s i n g  p o r t i o n  o f  th e  c u r v e  in  F i g u r e  12.

I t  i s  p o s s i b l e ,  in the p r e s e n t  s tu d y ,  t h a t  e v e n  th e  l a r g e s t  r a n g e  w a s  

too  s m a l l  fo r  a  s t r o n g  r a n g e  e f f e c t  to be o b s e r v e d .

A n  e x p e r i m e n t  r e c e n t l y  c o m p l e t e d  in  the  l a b o r a t o r y  in w h ich  the 

p r e s e n t  r e s e a r c h  w a s  c o n d u c te d  ( L a n d r y ,  Note  5). s u g g e s t s  t h a t  th i s  

h y p o t h e s i s  m a y  be c o r r e c t .  The  t h r e e  b i r d s  t r a i n e d  on the  m o d e r a t e  

r a n g e  o r d e r e d  c o n d i t io n  w e r e  t r a i n e d  on a  s e v e n - c h o i c e  d i s c r i m i n a t i o n  

t a s k  s i m i l a r  to t h a t  in  e f f e c t  d u r i n g  the T r a n s p o s i t i o n  T e s t .  F o r  t h e s e  

b i r d s ,  th e  d i m m e s t  s t i m u l u s  w a s  . 4 7  ft. L  and  the  b r i g h t e s t  s t i m u l u s  

w a s  6 8 6  ft. L. T h i s  s w i t c h  f r o m  1. 8 to  3. 1 log  u n i t s  h a s  b e e n  a c c o m ­

p a n ie d  b y  an  i n c r e a s e  in  to t a l  s e n s i t i v i t y  o f  4. 8 . The t h r e e  b i r d s  

t r a i n e d  on the  w ide  r a n g e  o r d e r e d  co n d i t io n  w e r e  t r a i n e d  on a s e v e n -  

c h o i c e  d i s c r i m i n a t i o n  t a s k .  F o r  t h e s e  b i r d s ,  th e  d i m m e s t  s t i m u l u s  

w a s  . 06 ft.  L  and  the b r i g h t e s t  s t i m u l u s  w a s  828 ft. L. T h i s  ch an g e  

f r o m  3. 0  to 4. 1 log u n i t s  had  v i r t u a l l y  no e f f e c t  on t o t a l  s e n s i t i v i t y .  

F u r t h e r  w o r k  i s  n e e d e d  bu t  t h e s e  r e s u l t s  s u g g e s t  t h a t  p i g e o n s  do sh o w  

a  r a n g e  e f f e c t  s i m i l a r  to  t h a t  found f o r  h u m a n s .

T h e  a c c u r a c y  of  d i s c r i m i n a t i o n  a l s o  a p p e a r s  to  b e  a f f e c t e d  by  the  

s p a c i n g  of  s t i m u l i  w i th in  a g iv e n  r a n g e .  F i g u r e  13 p e r m i t s  a  c o m ­

p a r i s o n  o f  th e  s t i m u l u s  s e t s  u s e d  b y  R i c h t e r  (Note 1), C o n n e a l ly  

(Note  3), and  in the  p r e s e n t  s tu d y .  A c o m p a r i s o n  b e t w e e n  the  r e s u l t s  

o b ta in e d  in  t h e s e  s t u d i e s  i s  f a c i l i t a t e d  b y  the u s e  of  a c o n c e p t  e m ­

p lo y ed  b y  D u r l a c h  and  B r a i d a  (1969), s e n s i t i v i t y  p e r  b e l  ( £ * ) .



F i g u r e  13. S c h e m a t i c  i l l u s t r a t i o n  o f  d e s i g n  of  e x p e r i m e n t s  b y  R i c h t e r  

{Note 1), C o n n e a l ly  (Note 3) and  p r e s e n t  s tu d y .  A 4 m m .  d i s t a n c e  in  

t h i s  d i a g r a m  i s  e q u i v a l e n t  to a p p r o x i m a t e l y  . 2 log  u n i t s .
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S e n s i t i v i t y  p e r  be l  i s  fo r  a s t i m u l u s  d i f f e r e n c e  o f  one log u n i t ,  and 

i t  p e r m i t s  a  c o m p a r i s o n  of  s e n s i t i v i t y  w h en  d i f f e r e n t  r a n g e s  and  s t i m ­

u lu s  s p a c i n g s  a r e  u se d .  C o n n e a l ly  found,  f o r  e x a m p le ,  th a t  s e n s i t i v i t y  

p e r  b e l  i s  d e p e n d e n t  on the  s t i m u l u s  s p a c in g .  U n d er  b o th  c o n d i t io n s  

th e  r a n g e  w a s  1 . 4  log u n i t s .  H o w e v e r ,  u n d e r  Condi t ion  1, s e n s i t i v i t y  

p e r  b e l  w a s  1. 70 and  u n d e r  C o n d i t io n  2, s e n s i t i v i t y  p e r  b e l  w a s  2. 25.

In F i g u r e  3 4, s e n s i t i v i t y  p e r  b e l  i s  sh o w n  a s  a  funct ion  o f  r a n g e  f o r  

th e  p r e s e n t  s tu d y  and  t h a t  o f  R i c h t e r .  T h i s  f ig u r e  s h o w s  c l e a r l y  the  

d i s c r e p a n c y  b e t w e e n  R i c h t e r ' s  r e s u l t s  and  t h o s e  r e p o r t e d  in  the  p r e s ­

e n t  s tu d y .  N o te  t h a t  in  th e  n a r r o w  r a n g e s ,  s e n s i t i v i t y  p e r  b e l  i s  a p ­

p r o x i m a t e l y  th e  s a m e ,  w h e r e a s  in  th e  3. 0 log un i t  r a n g e ,  R i c h t e r  found 

a  s u b s t a n t i a l  d r o p  in  s e n s i t i v i t y  p e r  b e l .  In th e  p r e s e n t  s tu d y ,  s e n s i ­

t i v i t y  p e r  b e l  w a s  v i r t u a l l y  u n ch a n g e d .  T h e  two d i f f e r e n c e s  b e tw e e n  

R i c h t e r ' s  s tu d y  an d  th e  p r e s e n t  s tu d y  a r e  the n u m b e r  o f  s t i m u l i  and the  

s t i m u l u s  s p a c in g .  C h a s e  (Note 2) found th a t  s e n s i t i v i t y  i s  no t  s t r o n g l y  

a f f e c t e d  by  n u m b e r  o f  c h o i c e s  w hen  th e  n u m b e r  w a s  v a r i e d  b e t w e e n  two 

an d  f ive .  It  would  t h e r e f o r e  a p p e a r  t h a t  th e  s p a c in g  of  t h e  s t i m u l i  i s  

r e s p o n s i b l e  fo r  d i f f e r e n c e s  o b s e r v e d  h e r e .



F i g u r e  14. S e n s i t i v i t y  p e r  b e l  a s  a f u n c t io n  o f  r a n g e  fo r  th e  p r e s e n t  

s tu d y  and  t h a t  o f  R i c h t e r  (Note 1),
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77.
T r a n s p o s i t i o n  T e s t

T h e  r e s u l t s  o f  t h e  p r e s e n t  s tu d y  s h o w e d  th a t  a m o n o t o n i c  r e l a ­

t i o n s h i p  b e t w e e n  s t i m u l u s  a n d  r e s p o n s e  d i m e n s i o n s  p r e s e n t  d u r i n g  

t r a i n i n g  c o u ld  b e  t r a n s p o s e d  to  n o v e l  s t i m u l i  and n o v e l  r e s p o n s e s  w h e n  

p i g e o n s  w e r e  p r e s e n t e d  w i t h  tw o  n e w  p o i n t s ,  one a t  e a c h  e n d  o f  t h e  

s t i m u l u s - r e s p o n s e  c o n t i n u u m .  In  a d d i t i o n ,  i t  a p p e a r s  t h a t  a  m o n o ­

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

c r i m i n a t i o n .  T h i s  s u g g e s t s  t h a t  n o t  on ly  a r e  p i g e o n s  c a p a b l e  o f  l e a r n ­

i n g  a  r e l a t i o n s h i p  b e t w e e n  s t i m u l u s - r e s p o n s e  d i m e n s i o n s ,  b u t  t h a t  t h e y  

c a n  a p p l y  t h i s  r u l e  to  n e w  s i t u a t i o n s .  T h u s ,  S k i n n e r ' s  (1 953) n o t i o n  

t h a t  c o h e r e n t  r e p e r t o i r e s  m a y  b e  a c q u i r e d  fo l lo w in g  t r a i n i n g  o n  l i m ­

i t e d  p o i n t s  of c o r r e s p o n d e n c e  b e t w e e n  s t i m u l u s - r e s p o n s e  d i m e n s i o n s  

h a s  b e e n  s u p p o r t e d  b y  t h e s e  r e s u l t s .  P r e v i o u s l y ,  w o r k  b y  C h a s e ,  

G e l l e r  a n d  H e n d r y  (1974) s h o w e d  t h a t  a  c o h e r e n t  r e p e r t o i r e  c o u l d  b e  

e s t a b l i s h e d  w h e n  a  t o p o g r a p h i c a l  r e l a t i o n s h i p  (as d e s c r i b e d  o n  p a g e !  4) 

b e t w e e n  s t i m u l u s  an d  r e s p o n s e  c o n t i n u a  e x i s t s .  O t h e r  e a r l i e r  a t t e m p t s  

t o  d e m o n s t r a t e  t h a t  a  c o h e r e n t  r e p e r t o i r e  c o u ld  be e s t a b l i s h e d  i n  t h i s  

w a y  w e r e  n o t  s u c c e s s f u l  ( C u m m i n g  and  E c k e r m a n ,  1965;  W i l d e m a n n  

a n d  H o l la n d , .  197.2). H o w e v e r ,  a l t h o u g h  a  t o p o g r a p h i c a l  r e l a t i o n s h i p  

b e t w e e n  s t i m u l u s  and  r e s p o n s e  c o n t i n u a  d id  n o t  e x i s t  in  t h e  p r e s e n t  

s t u d y ,  t h e  t r a n s p o s i t i o n  t e s t  s h o w e d  s o m e  e v i d e n c e  t h a t  a  c o h e r e n t  r e p ­

e r t o i r e  w a s  e s t a b l i s h e d .  In  s p i t e  o f  th e  a b s e n c e  o: s p a t i a l  c u e s  b e t w e e n  

t h e  s t i m u l u s - r e s p o n s e  d i m e n s i o n s ,  t h e r e f o r e ,  c u e s  w h i c h  w e r e  p r e s e n t  

i n  t h e  s t u d y  b y  C h a s e ,  G e l l e r  an d  H e n d r y  (1974) ,  c o n t i n u o u s  r e p e r -
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t o i r e  w a s  n e v e r t h e l e s s  d e m o n s t r a t e d .

T h e r e  m a y  be  s e v e r a l  r e a s o n s  why a  c o n t in u o u s  r e p e r t o i r e  w a s  

found  in  t h e  p r e s e n t  s tu d y  b u t  no t  i n  the  p r e v i o u s  s t u d i e s  b y  C u m m i n g  

an d  E c k e r m a n ,  (1 965) an d  W i l d e m a n n  a n d  H o l l a n d ,  (1 972).  In  the  

p r e s e n t  s tu d y ,  th e  r e s p o n s e  c o n t i n u u m  w a s  c o m p o s e d  of a  r o w  of 

d i s c r e t e  c h o ic e  k e y s ,  e a c h  s e p a r a t e d  b y  1, 5 c m ,  w h e r e a s  i n  th e  two 

p r e v i o u s  s t u d i e s  c i t e d ,  the  r e s p o n s e  c o n t i n u u m  w a s  n o t  c o m p o s e d  o f  

d i s c r e t e  k e y s .  It  i s  p o s s i b l e  t h a t  in  the  p r e s e n t  s tu d y  e a c h  k e y  m a y  

h a v e  fu n c t io n e d  a s  a  h i g h ly  d i s c r i m i n a b l e  s t i m u l u s  s i n c e  i t  w a s  i l l u ­

m i n a t e d  f r o m  b e h i n d  b y  a  g r e e n  p i l o t  l i g h t .  T h e  c h o i c e  k e y s ,  t h e r e ­

f o r e ,  c o n t r a s t e d  h i g h l y  w i th  th e  s u r r o u n d i n g  i n t e l l i g e n c e  p a n e l  w h ic h  

w a s  black.  T h u s ,  t h e  f a c t  t h a t  e a c h  k e y  w a s  s e p a r a t e  f r o m  t h e  n e x t  

a n d  c o n t r a s t e d  w i th  th e  b a c k g r o u n d  m a y  s e r v e  to  m a k e  th e  c h o i c e  k e y s  

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

e a c h  k e y ' s  p o s i t i o n  a lo n g  th e  r e s p o n s e  c o n t in u u m .  A l t h o u g h  H e n d r y ' s  

(N o te  4) d a t a  s h o w e d  t h a t  t h e  p a r t i c u l a r  ty p e  o f  r e s p o n s e  s u r f a c e  d id  

n o t  s i g n i f i c a n t l y  a f f e c t  p e r f o r m a n c e  on  t h e  t r a n s p o s i t i o n  t e s t ,  th e  n o v e l  

k e y  w a s  c h o s e n  m o r e  o f te n  b y  the  p i g e o n s  t r a i n e d  w i th  d i s c r e t e  k e y s  

(on 82% o f  th e  t r i a l s )  t h a n  b y  b i r d s  t r a i n e d  on a  c o n t i n u o u s  s u r f a c e  (72% 

o f  t h e  t r i a l s ) .

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

t a t e d  w h en  m a n y  r e s p o n s e s  a lo n g  d iscre te*  a r e a s  of  t h e  r e s p o n s e  c o n t i n ­

u u m  a r e  r e q u i r e d .  In the  p r e s e n t  s tu d y ,  the  b i r d s  w e r e  t r a i n e d  on  five 

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

a n y  u s e d  p r e v i o u s l y .  Tt i s  p o s s i b l e  t h a t  h a v i n g  b o th  m a n y  p o i n t s  o f  

c o r r e s p o n d e n c e  a s  w e l l  a s  a r e s p o n s e  c o n t i n u u m  c o n s i s t i n g  of  d i s ­

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

o u s  r e p e r t o i r e .  A t o p o g r a p h i c a l  r e l a t i o n s h i p  b e t w e e n  s t i m u l u s  a n d  

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

m e n t  o f  a  c o h e r e n t  r e p e r t o i r e ,  a l t h o u g h  th e  g r e a t e r  n u m b e r  of  p o i n t s  

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

p r o v i d e d  a d v a n t a g e s  to  t h e  l e a r n i n g  s i t u a t i o n  w h ic h  o f f s e t  a n y  d i s ­

a d v a n t a g e s  d u e  to t h e  l a c k  o f  a  t o p o g r a p h i c a l  r e l a t i o n s h i p .

I n  t h e  s t u d y  b y  C h a s e ,  G e l l e r ,  a n d  H e n d r y  (1974) a s  w e l l  a s  i n  

t h e  p r e s e n t  o n e ,  i t  w a s  o b s e r v e d  t h a t  t h e  n e w  k e y s  w e r e  p e c k e d  in  t h e  

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

p r e s e n t e d  w i t h  n o v e l  s t i m u l i ,  s u b j e c t s  c o n t i n u e  to m a k e  r e s p o n s e s  

w h i c h  w e r e  p r e v i o u s l y  r e i n f o r c e d .  I n  t h e  p r e s e n t  e x p e r i m e n t ,  f o r  

e x a m p l e ,  w h e n  S t i m u l u s  0 a n d  S t i m u l u s  (5 w e r e  p r e s e n t e d ,  s o m e  r e ­

s p o n s e s  w e r e  m a d e  on K e y s  1 a n d  5, r e s p e c t i v e l y ,  It  a p p e a r s  l i k e l y ,  

t h e r e f o r e ,  t h a t  tw o  t y p e s  o f  l e a r n i n g  a r e  b e i n g  o b s e r v e d ,  o n e  in  w h i c h  

t h e  r e l a t i o n s h i p  b e t w e e n  s t i m u l u s  a n d  r e s p o n s e  d i m e n s i o n s  i s  t r a n s ­

p o s e d  to  a n e w  s i t u a t i o n ,  a n d  one  in  w h i c h  p r e v i o u s l y  l e a r n e d  r e ­

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

a p p r o p r i a t e  t r a i n i n g  s t i m u l u s .

F u t u r e  s t u d i e s  m i g h t  f o c u s  o n  (1) th e  n u m b e r  o f  p o i n t s  o f  c o r r e ­

s p o n d e n c e  n e c e s s a r y  to p r o d u c e  a c o n t i n u o u s  r e p e r t o i r e  o f  b e h a v i o r



and  (2 ) th e  n a t u r e  o f  the s t i m u l u s - r e s p o n s e  d i m e n s i o n s  a n d  th e  t y p e  

o f  i n t e r a c t i o n s  w h ic h  m a y  o c c u r  b e t w e e n  t h e s e  d i m e n s i o n s .
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F oo tno tes

^ F r e e - f e e d i n g  w e ig h t s  w e r e  o b t a in e d  fo r  e a c h  b i r d  b y  a v e r a g i n g  

t h e  w e ig h t s  t a k e n  d a i ly  in a 2 - w e e k  p e r i o d  p r i o r  to the  e x p e r i m e n t  

d u r in g  w h ich  m i x e d  g r a i n  w a s  f r e e l y  a v a i l a b l e  i n  e a c h  h o m e  c ag e , .

^1 ft.  L  = 3. 43 c d / m ^ .  L u m i n a n c e  w a s  m e a s u r e d  in ft. L  in  the  

p r e s e n t  i n v e s t i g a t i o n  to  f a c i l i t a t e  c o m p a r i s o n s  b e t w e e n  th e  p r e s e n t  

s tu d y  and th o s e  o f  R i c h t e r  (Note 1) an d  o t h e r s  p e r f o r m e d  p r e v i o u s l y  

in  t h e  s a m e  l a b o r a t o r y .

^As a  r e s u l t  o f  a c c u m u l a t i o n  o f  d u s t  on  t h e  o p t i c a l  s y s t e m ,  p a r ­

t i c u l a r l y  on  the  s l i d e s ,  t h e r e  w a s  a  r e d u c t i o n  o f  a p p r o x i m a t e l y  , 5 log 

u n i t s  f r o m  the  l u m i n a n c e  l e v e l s  m e a s u r e d  a t  t h e  o n s e t  of  the  e x p e r i ­

m e n t .  The  r e l a t i v e  l e v e l s ,  h o w e v e r ,  r e m a i n e d  a p p r o x i m a t e l y  the  

s a m e  th r o u g h o u t  the  e x p e r i m e n t s .

4
D a ta  f o r  a n  a n a l y s i s  o f  k e y  p r e f e r e n c e s  o r  r e s p o n s e  b i a s e s  a f t e r  

a n  e r r o r  h ad  b e e n  m a d e  w e r e  no t  a v a i l a b l e .

^ A n o th e r  m e a s u r e  f r e q u e n t l y  u s e d  in  d e t e r m i n i n g  th e  e f f e c t s  o f  

r a n g e  on  p e r f o r m a n c e  h a s  b e e n  i n f o r m a t i o n  t r a n s m i t t e d .  H o w e v e r ,  

due to  th e  f a c t  t h a t  a c o r r e l a t i o n  e x i s t s  b e t w e e n  th e  m e a s u r e s  o f  t o t a l  

s e n s i t i v i t y  an d  i n f o r m a t i o n  t r a n s m i t t e d ,  th e  a d d i t i o n a l  a n a l y s i s  o f  the  

d a t a  in  t e r m s  o f  i n f o r m a t i o n  t r a n s m i t t e d  w a s  e x c l u d e d  f r o m  the  p r e s e n t  

s tu d y .

^Hodos and B o n b r ig h t  (!972) r e p o r t e d  th a t  the d i f f e r e n c e  t h r e s h o ld  

fo r  v isua l  s t im u l i  which v a r i e d  in in tensi ty1, was  a p p r o x i m a t e ly  0. 12
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l o g a r i t h m i c  u n i t s .  T h e r e f o r e ,  a  g r e a t e r  n u m b e r  o f  e r r o r s  would  be 

e x p e c t e d  fo r  the  n a r r o w  r a n g e  g r o u p s  s i n c e  the  s p a c in g  b e t w e e n  a d j a ­

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

t h e  s p a c i n g  b e tw e e n  s t i m u l i  in  th e  m o d e r a t e  and  wide r a n g e s .

^ T h e s e  w e r e  done  by  h a n d  a s  w e l l  a s  on  a  P D P - 8  c o m p u t e r  l o c a t e d  

in  the  R e s e a r c h  L a b o r a t o r y  of  E l e c t r o n i c s ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  

T e c h n o lo g y ,  C a m b r i d g e ,  M a s s a c h u s e t t s .  I w ou ld  l ike  to t h a n k  L o u i s  

D. B r a i d a  and N a t h a n i e l  I, D u r l a c h  fo r  th e  u s e  o f  t h e i r  c o m p u t e r .

O
B i r d  16 w a s  a c c i d e n t a l l y  g iv en  a  s e s s i o n  o f  t r a i n i n g  a p p r o p r i a t e  

f o r  the  w i d e - o r d e r e d  g r o u p  on th e  t h i r d  d a y  p r e c e d i n g  t h e  t r a n s p o s i t i o n  

t e s t .  T h i s  e x p e r i e n c e  w ith  a  l a r g e  r a n g e  and  w i th  s t i m u l u s  and r e ­

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

b i r d ' s  p e r f o r m a n c e  on the  t r a n s p o s i t i o n  t e s t .



A p p e n d ix  A. M e th o d  fo r  o b ta in in g  s t i m u l i  s p a c e d  on  an e q u a l  d i s -  

c r i n i i n a b i l i t y  s c a l e .
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A p p e n d ix  A

E a r l i e r  w o r k  b y  C h a s e  (Note 2) h a s  s h o w n  th a t  Lum inances  e q u a l l y  

s p a c e d  on a l o g a r i t h m i c  s c a l e  a r e  no t  e q u a l l y  d i s c r i m i n a b l e .  When 

p i g e o n s  w e r e  p r e s e n t e d  w i th  13 l u m i n a n c e  l e v e l s  of  w h i te  l ig h t  r a n g i n g  

f r o m  . 5 to 2. 9 log ft. L  in  . 2 log u n i t  s t e p s  a n d  r e i n f o r c e m e n t  w a s  c o n ­

t i n g e n t  upon  d i s c r i m i n a t i o n  of  the l u m i n a n c e s ,  i t  w as  a p p a r e n t  t h a t  th e  

h i g h e r  i n t e n s i t y  s t i m u l i  w e r e  m o r e  d i s c r i m i n a b l e  than  the  l o w e r  i n t e n ­

s i t y  s t i m u l i .  A  s c a l e  b a s e d  u p o n  e q u a l  l o g a r i t h m i c  s t e p s  b e t w e e n  a d j a ­

c e n t  s t i m u l i  i s  no t ,  t h e r e f o r e ,  a n  e q u a l  d i s c r i m i n a b i l i t y  s c a l e .  S in ce  

B o a k e s  (1969) found t h a t  a  p o w e r  law  s c a l e  w i t h  an e x p o n e n t  of  . 2 i s  a  

b e t t e r  a p p r o x i m a t i o n  of  a n  e q u a l  d i s c r i m i n a b i l i t y  s c a l e  f o r  the  p ig e o n ,  

t h i s  s c a l e  w a s  u s e d .

T h e  fo l low ing  p r o c e d u r e  w a s  u s e d  to  d e c i d e  upon th e  l u m i n a n c e  

l e v e l s  of  the  f iv e  s t i m u l i  fo r  e a c h  o f  th e  t h r e e  r a n g e s .  S in ce  a  t h r e e  

lo g  un i t  r a n g e  w a s  to b e  u s e d  fo r  th e  w ide  r a n g e  g r o u p  and  th e  s m a l l ­

e s t  s p a c i n g  p o s s i b l e  w a s  . 1 log  u n i t s ,  the  s c a l e  w a s  c o n s t r u c t e d  b y  

f ind ing  the  a n t i lo g  o f  v a lu e s  r a n g i n g  f r o m  0 to  3. 0 log  u n i t s  in  . 1 log  

u n i t  s t e p s .  T h e s e  a n t i l o g s  w e r e  th e n  r a i s e d  to  a p o w e r  o f  . 2 a s  s h o w n  

in  T a b le  A .  -The a p p r o p r i a t e  v a lu e s  f o r  th e  e q u a l  d i s c r i m i n a b i l i t y  

s c a l e  w e r e  s e l e c t e d  b y  d iv id in g  t h i s  p o w e r  s c a l e  i n to  e q u a l  s t e p s  w i th in  

e a c h  o f  t h r e e  r a n g e s :  n a r r o w ,  m o d e r a t e ,  and  -wide. T h e  c o n s t r a i n t s  

w e r e  t h a t  the  c e n t e r  s t i m u l u s  b e  the s a m e  fo r  a l l  r a n g e s ,  t h a t  th e  t h r e e  

r a n g e s  be  a s  c l o s e  to 3, 2, and  3 log u n i t s  a s  p o s s i b l e  ( c o r r e s p o n d i n g  

to  the  n a r r o w ,  m o d e r a t e  a n d  w id e  r a n g e s ,  r e s p e c t i v e l y ,  and th a t  r e s o -



88.

T a b l e  A

S c a l e  of log  v a l u e s  r a n g i n g  f r o m  0  to 3, 0  log  u n i t s  and  c o r r e s p o n d i n g  
a n t i l o g s  r a i s e d  to a  p o w e r  of  . 2 .

L o g A n t i l o g L*

0 1 . 0 0 1 . 0 0

. 1 1 . 26 1. 05

. 2 1 . 58 1 . 1 0

. 3 2 . 0 0 1. 15

. 4 2.  51 1 . 2 0

. 5 3 . 1 6 1 . 26

. 6 3. 98 1. 32

. 7 5. 01 1. 38

. 8 6 . 31 1. 45

. 9 7.  94 1. 51
1 . 0 1 0 . 0 0 1. 58
1 . 1 12 .  59 1 . 6 6

1 . 2 15 .  85 1. 74
1. 3 19.  95 • 1 . 82
1. 4 25 .  12 1. 91
1. 5 31 .  62 2 . 0 0

1 . 6 39.  81 2. 09
1, 7 50 .  12 2. 19
1 . 8 63 .  10 2. 29
1. 9 79 .  43 2. 40
2 . 0 1 0 0 . 0 0 2. 51
2 . 1 1 2 5 . 8 9 2. 63
2 . 2 ' 1 5 8 . 4 9 2. 75
2. 3 1 9 9 . 5 3 2 . 83
2. 4 2 5 1 . 1 9 3. 0 2

2. 5 3 1 6 . 2 3 3. 16
2 . 6 3 9 8 . 1 1 3. 31
2 . 7 501 .  19 3. 47
2 . 8 6 3 0 .  96 3. 63
2. 9. 7 9 4 . 3 3 3. 80
3. 0 1 0 0 0 . 0 0 3. 98



l u t io n  w a s  l i m i t e d  to . ] log u n i t s .

It  w a s  d e c id e d  to  u s e  a  f i l t e r  of  1 lo g  u n i t  fo r  S t im u lu s  3, the 

c e n t e r  l u m i n a n c e  fo r  a l l  t h r e e  r a n g e s .  T h e r e f o r e ,  a f t e r  the  s p a c i n g  . 

i n  log  u n i t s  w a s  found,  the a c t u a l  f i l t e r s  t o  b e  u s e d  w h ich  p r e s e r v e d  

th e  s p a c i n g  w e r e  d e t e r m i n e d .  T a b le  B s h o w s  the l u m i n a n c e  v a lu e s  

o b t a in e d  f r o m  the  a n t i lo g  s c a l e  o f  T a b le  A an d  t h e i r  c o r r e s p o n d i n g  

l o g a r i t h m i c  v a lu e s  and n e u t r a l  d e n s i t y  f i l t e r s  fo r  e a c h  of  the  t h r e e  

r a n g e s .



T a b le  B

■'Luminances fo r  t h r e e  r a n g e s  of s t i m u l i

L u m i n a n c e '  ^ c l o s e s t  va lue  
f r o m  T a b le  11

Log  value ND F i l t e r

N a r r o w SI 2 . 0 0 2 . 0 0 1. 5 1. 5
R a n g e S2 2. 25 2. 29 1 . 8 1 . 2

S3 2. 50 2 . 51 2 . 0 1 . 0
S4 2. 75 2. 75 2 . 2 . 8
S5 3. 00 3. 02 2 . 4  . . 6

R a n g e  on Lum in an ce*   ̂ S c a le = 1 . 0 2

M o d e r a t e SI 1. 5 L  51 . 9 2 . 1
R a n g e S2 2 . 0 2 . 0 0 1. 5 1. 5

S3 2. 5 2. 51 2 . 0 1 . 0
S4 3. 0 3. 0 2 2. 4 . 6
S5 3. 5 3. 47 2. 7 . 3

R a n g e  on Lum in an ce*  ^ S ca le = 1. 96

W ide SI 1 . 0 1 . 0 0 0 3. 0
R a n g e S2 1. 75 1. 74 1 . 2 1 . 8

S3 2. 50 2. 51 2 . 0 1 . 0
S4 3. 25 3. 31 2 . 6 . 4
S5 4. 00 3. 98 3. 0 0

R a n g e  on
2

Lum in an ce*  S ca le = 2. 93



A p p e n d ix  B.  C o n fu s io n  m a t r i c e s  fo r  a l l  b i r d s  for  100 s e s s i o n s  o f  

t r a i n i n g .  Shown a r e  th e  p e r c e n t  o f  t r i a l s  on w h ich  e a c h  r e s p o n s e  

(R1 to  PI5) w a s  m a d e  in  th e  p r e s e n c e  o f  e a c h  s t i m u l u s  (SI to S5). 

T h e s e  v a l u e s  a r e  b a s e d  upon  80 p r e s e n t a t i o n s  o f  e a c h  s t i m u l u s .



92.

W i d e - o r d e ;re<i  B i r d s -  c o n fu s io n  m a t r i c e s

B i r d I B i r d 2 B i r d 3

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R 1 53 19 03 0 0 33 13 0 1 0 0 41 46 06 0 0

R2 32 46 35 03 11 38 41 33 0 1 0 1 41 28 25 0 2 0 1

R3 1 1 23 48 27 08 21 37 41 26 0 1 14 15 32 1 0 11

R4 0 1 09 09 49 44 0 1 07 15 53 33 0 1 08 26 56 31

R 5 03 03 06 2 2 38 07 0 2 1 0 19 64 0 2 04 1 0 31 57

R1 64 24 04 0 0 67 34 07 0 1 0 43 53 01 0 1 0

R2 26 45 13 0 2 0 30 40 21 03 0 48 41 26 0 1 0

R3 0 31 6 8 0 2 0 03 2 2 52 2 2 0 06 06 54 04 0

R 4 0 0 13 6 6 23 0 03 18 64 30 0 0 18 64 1 1

R 5 1 1 0 03 31 77 0 0 0 1 1 0 70 04 0 01 30 89

R1 72 58 32 0 0 1 59 29 0 2 0 0 1 72 37 03 0 0 1

R2- 26 33 27 11 03 38 46 18 0 03 28 57 08 0 1 0

R3 0 1 08 30 16 0 0 1 23 6 8 03 0 0 07 63 01 0 1

R 4 0 0 11 61 42 0 0 1 1 1 92 42 0 0 25 72 13

R 5 0 0 0 1 2 54 0 0 0 05 54 0 0 25 84

S e s s i o n s

1 - 5

6 - 1 0

1 1 -15



93.

W i d e - o r d e r e d  B i r d s  -  c o n fu s io n  m a t r i c e s  ( c o n t . )

B i r d  1 B i r d  2 B i r d  3 S e s s i o n s

SI S2 S3 S4 S5 s i S2 S3 S4 S5 SI S2 S3 S4 S5

R 1 73 2 2 0 1 0 0 ' 75 49 1 2 04 0 74 25 0 1 0 0

R 2 26 60 2 2 0 0 25 33 30 06 0 26 6 6 09 0 0

R3 0 17 70 09 0 0 18 39 34 0 0 09 80 06 0

R4 0 0 06 71 11 0 0 17 38 19 0 0 10 89 2 0

R5 0 0 0 19 89 0 0 0 1 19 81 0 0 0 05 80

R1 93 1 1 0 0 0 55 24 04 0 0 81 -27 01 0 •0

R2 06 61 0 2 0 0 38 60 40 0 2 0 18 70 07 0 0

R3 0 27 07 1 2 0 06 13 48 25 0 0 0 2 85 07 0 2

R4 0 0 0 1 75 2 2 0 1 0 2 06 54 37 0 0 06 8 8 17

R5 0 0 0 1 2 77 0 0 0 1 18 63 0 0 0 04 80

R 1 90 1 1 0 0 0 50 30 05 0 0 91 39 05 0 0

R2 09 64 17 0 0 49 47 2 0 05 0 1 1 59 1 1 0 0

R3 0 1 25 .79 08 0 0 1 17 53 08 03 0 0 2 80 09 0

R4 0 0 04 90 2 1 0 06 13 69 31 0 0 04 85 0 2

R5 0 0 0 0 2 79 0 0 0 2 19 6 6 0 0 0 06 98

16 -20

21 -25

2 6 -3 0



94.

W i d e - o r d e r e d  B i r d s  -  c o n f u s io n  m a t r i c e s  ( c o n t . )

B i r d . 1 B i r d : 2 B i r d 3

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S 2 S3 S4 S5

R1 89 0 2 0 0 0 - 71 29 06 0 0 84 35 0 0 0

R2 11 77 08 0 0 26 65 38 06 0 1 16 64 09 0 0

R3 0 19 8 6 04 0 0 2 05 50 23 0 0 0 1 8 8 0 1 0

R4 0 0 1 06 95 04 0 0 1 04 59 14 0 0 04 94 0 2

R5 0 0 0 0 1 96 0 0 0 2 1 2 85 0 0 0 05 98

R1 94 09 0 0 0 62 16 0 0 0 8 8 55 0 0 0

R2 06 76 06 0 0 34 64 1 1 05 0 1 1 2 42 0 1 0 0

R3 0 15 90 08 0 03 2 0 81 19 0 0 0 2 92 0 1 0

R4 0 0 04 92 05 0 0 08 61 1 1 0 0 06 98 0 2

R5 0 0 0 0 95 0 0 0 16 87 0 0 0 0 1 98

R1 85 1 2 0 0 0 6 8 31 0 0 0 75 34 0 0 0

R2 1 0 77 0 2 0 0 32 59 1 1 05 04 25 61 04 0 0

R3 05 1 0 96 0 2 0 0 1 0 77 2 2 0 0 05 92 06 0

R4 0 0 0 1 91 1 0 0 0 11 61 04 0 0 04 91 04

R5 0 0 0 06 90 0 0 0 11 92 0 0 0 0 2 94

S e s s i o n s

3 1 - 3 5

3 6 -4 0

4 1 - 4 5



95.

W i d e - o r d e r e d  B i r d s  - c o n fu s io n  m a t r i c e s  ( c o n t . )

B i r d 1 1 B i r d 1 2 B i r d  3

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R1 95 04 0 0 0 6 6 26 0 1 0 0 6 6 16 0 0 0

R2 05 94 08 0 0 31 6 8 28 0 1 0 34 80 0 1 0 0

R3 0 0 2 90 08 0 0 2 06 64 17 0 0 04 95 04 0

R4 0 0 0 2 92 05 0 0 08 77 14 0 0 04 96 0 2

R5 0 0 0 0 95 0 0 0 04 8 6 0 0 0 0 98

R1 8 6 06 0 0 0 59 21 0 2 0 0 71 1 0 0 0 0

R 2 13 81 05 0 2 0 29 71 14 0 0 29 85 05 0 0

R3 0 1 2 90 04 0 1 2 08 76 1 2 0 0 05 92 1 2 0

R4 0 0 05 92 0 1 0 0 08 80 04 0 0 0 2 85 05

R5 0 0 0 0 1 99 0 0 0 08 96 0 0 0 0 2 95

R1 8 8 09 0 0 0 60 17 0 0 0 64 1 2 0 0 0

R2 1 2 8 6 04 0 0 39 6 6 30 0 1 0 35 84 08 0 0

R3 0 05 89 1 0 0 0 1 16 59 08 0 0 1 04 91 05 0

R4 0 0 0 1 89 05 0 0 11 85 1 2 0 0 0 1 95 04

R5 0 0 0 0 1 95 0 0 0 06 8 8 0 0 0 0 96

S e s s i o n s

4 6 - 5 0

5 1 -5 5

5 6 -6 0



W i d e - o r d e r e d  B i r d s  - c o n fu s io n  m a t r i c e s  ( c o n t . )

B i r d  1 B i r d  2 B i r d  3 S e s s i o n s

SI S2 S3 S4 S 5 SI S2 S3 S4 S5 SI S2 S3 S4 S 5

R 1 8 6 04 0 0 0 6 8 16 0 0 0 75 16 0 0 0

R 2 14 92 05 0 0 32 69 17 0 0 24 81 0 2 0 0

R3 0 04 90 04 0 0 15 71 04 0 0 1 01 98 04 0

R4 0 0 05 95 0 1 0 0 11 92 04 0 0 0 95 06

R5 0 0 0 01 99 0 0 0 04 96 0 0 0 0 1 94

R1 85 1 1 0 0 0 81 19 0 0 0 71 29 0 0 0

R 2 15 8 6 04 0 0 19 72 16 0 0 28 69 04 0 0

R 3 0 0 2 94 08 0 0 09 80 1 0 0 01 0 2 92 04 0

R 4 0 0 0 2 91 0 0 0 04 8 6 0 2 0 0 04 94 0 2

R5 0 0 0 0 1  1 0 0 0 0 0 04 98 0 0 0 0 2 98

R 1 84 1 2 0 0 0 75 29 0 2 0 0 62 2 1 0 0 0

R2 16 84 0 1 0 0 25 65 14 0 0 36 75 06 0 0

R 3 0 04 92 06 0 0 06 80 06 0 0 1 04 92 06 0

R 4 0 0 06 94 0 0 0 04 89 05 0 0 0 1 94 0

R 5 0 0 0 0  1 0 0 0 0 0 05 95 0 0 0 0  1 0 0



97.

W i d e - o r d e r e d  B i r d s -  c o n fu s io n  m a t r i c e s  ( c o n t , )

B i r d 1 B i r d 2 B i r d 3

SI S2 S3 S4 S5 SI S 2 S3 S4 S5 SI S2 S3 S4 S5

H I 8 6 11 0 0 0 79 24 0 0 0 84 2 1 0 0 0

R2 14 85 0 1 0 0 21 6 6 19 0 0 16 75 0 2 0 0

R3 0 04 90 05 0 0 09 72 05 0 0 04 8 8 04 0

R4 0 0 0 09 95 0 0 1 09 91 03 0 0 1 0 94 0 1

R 5 0 0 0 0  1 0 0 0 0 0 0 92 0 0 0 0 2 99

R1 91 08 0 0 0 . 51 25 0 0 0 6 8 14 0 0 0

R 2 09 89 0 0 0 49 70 16 0 0 31 81 0 0 0

R3 0 03 98 05 0 0 05 75 05 0 0 1 05 95 08 0

R4 0 0 0 1 94 03 0 0 09 92 05 0 0 05 90 0 1

R 5 0 0 0 0 1 97 0 0 0 0 2 95 0 0 0 0 2 99

R1 90 04 0 0 0 70 31 0 0 0 65 04 0 0 0

R2 1 0 92 0 0 0 30 69 2 0 0 1 0 35 89 0 2 0 0

R 3 0 04 98 04 0 0 0 76 06 0 0 07 95 04 0

R4 0 0 0 2 97 0 0 0 04 8 8 0 0 0 0 2 91 04

R 5 0 0 0 0  1 0 0 0 0 0 05 100 0 0 0 05 96

S e s s i o n s

7 6 -8 0

8 1 -8 5

8 6 -9 0



98.

W i d e - o r d e r e d  B i r d s co n fu s io n  m a t r i c e s (cont.  )

B i r d 1 B i r d 2 B i r d 3

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI 52 S3 S4 S5

R1 90 05 0 0 0 79 16 0 1 0 0 8 6 16 0 0 0

R2 1 0 92 05 0 0 21 83 11 0 1 0 1 2 74 11 0 0

R3 0 0 2 92 0 2 0 0 0 77 06 0 0 1 1 0 89 1 2 0

R4 0 0 0 2 95 0 2 0 0 1 0 8 8 05 0 0 0 8 8 0

R5 0 0 0 0 2 98 0 0 0 05 95 0 0 0 0 10C

R1 73 04 0 0 0 62 1 1 0 0 0 76 15 0 0 0

R2 26 81 0 1 0 0 38 8 8 11 0 1 0 24 79 06 0 0

R3 0 11 95 0 1 0 0 0 1 8 6 08 0 0 06 91 19 0

R4 0 0 0 2 95 0 0 0 0 2 82 0 0 0 0 2 80 0 1

R5 0 0 0 0 2 0 1 0 0 0 09 1 0 0 0 0 0 0 1 99

S e s s i o n s

91-95

96-100



99.

■ W id e -u n o rd e re d  B i r d s  c o n f u s io n  m a t r i c e s

B i r d 4 B i r d  5 B i r d 6

SI S 2 S3 S4 S5 SI S 2 S3 S4 S5 SI S2 S3 S4 S5

R1 40 27 28 32 13 46 36 28 13 05 30 30 30 09 05

R 2 08 35 1 0 0 0 1 2 2 26 08 0 0 28 38 1 0 0 09

R3 38 2 2 19 05 09 21 1 1 26 13 16 25 18 28 2 0 14

R 4 0 2 06 19 36 2 0 09 19 2 0 30 1 0 04 09 23 26 09

R 5 13 1 0 23 27 57 03 08 18 45 69 14 05 09 45 64

R1 54 09 25 19 0 1 55 23 1 1 05 0 37 16 08 08 05

R 2 15 60 1 0 0 04 41 70 24 04 04 35 45 14 0 0

R 3 2 0 2 1 51 14 0 1 03 05 49 17 04 16 31 56 06 08

R 4 1 0 04 04 40 1 1 0 03 1 1 64 26 0 1 0 1 15 79 17

R 5 0 06 1 0 26 82 0 1 0 04 11 6 6 1 0 07 07 08 70

R1 70 04 2 0 0 2 0 46 26 1 0 04 0 1 82 36 1 1 07 0 2

R 2 05 75 04 0 0 26 50 1 0 0 1 0 1 1 30 04 0 0

R 3 07 19 69 07 0 2 1 14 38 13 06 06 31 76 1 1 06

R 4 18 2 0 05 80 26 1 1 0 1 18 62 31 0 1 0 2 09 80 18

R 5 0 04 0 2 11 74 04 07 2 2 19 61 0 0 0 03 74

S e s s i o n s

1 -5

6 - 1 0



100 .

W i d e - u n o r d e r e d  B i r d s  —

B i r d 4

SI S2 S3 S4 S5 SI

R 1 79 14 16 0 0 6 6

R2 09 75 04 0 0 19

R 3 06 1 0 74 0 2 0 2 14

R 4 06 0 04 90 07 0 1

R 5 0 0 1 0 2 08 90 0

R1 6 8 1 2 15 0 2 0 81

R 2 16 73 09 0 03 05

R 3 08 1 0 64 16 0 2 09

R 4 05 03 1 0 76 39 05

R 5 0 2 0 1 0 2 05 56 0

R1 82 19 CD 04 0 1 65

R 2 05 59 16 0 04 15

R 3 1 0 18 49 19 08 17

R4 0 2 04 16 64 15 0 1

R 5 0 0 0 13 72 0 1

c o n f u s io n  m a t r i c e s (cont.. )

B i r d 5 B i r d 6

S 2 S3 S4 S5 SI S2 S3 S4 S5

29 04 0 . 0 2 83 27 04 04 0

60 25 0 0 1 0 55 05 0 0 2

1 0 51 14 0 0 1 17 82 04 0 1

0 1 17 84 29 06 0 1 08 91 11

0 0 2 0 2 69 0 0 01 0 1 85

29 2 0 0 2 0 2 90 25 03 05 0

49 31 0 2 0 2 0 1 70 13 0 0

13 39 2 0 0 2 08 05 70 1 2 04

0 2 08 6 6 46 0 0 04 80 08

0 1 0 1 08 48 0 0 05 0 2 8 8

2 2 06 04 0 8 6 06 15 04 0

52 38 09 04 1 1 90 1 2 0 0

25 32 06 05 0 04 69 0 2 0

0 19 70 2 1 0 2 0 04 94 0

0 1 05 1 1 70 0 0 0 0 1 0

S e s s i o n s

1 6 -2 0

2 1 -2 5

2 6 -3 0



1 0 1 .

W i d e - u n o r d e r e d  B i r d s - c o n f u s i o n  m a t r i c e s  ( c o n t . )

' B i r d 4 B i r d 5 B i r d 6

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S 2 S3 S4 S5

R 1 64 08 1 0 0 2 06 • 64 05 0 2 0 0 2 76 1 2 11 0 1 0

R 2 15 79 17 0 0 1 31 8 6 40 0 2 0 2 18 76 08 0 0

R3 1 2 14 62 25 1 0 05 06 51 2 2 04 04 1 1 65 05 0 1

R 4 06 0 06 6 6 09 0 0 2 04 71 08 03 0 11 94 05

R 5 0 2 0 05 06 74 0 0 0 2 05 84 0 0 05 0 94

R1 70 16 11 06 0 1 81 08 0 0 1 0 81 08 09 0 1 0 1

R2 1 1 60 14 0 2 05 1 1 82 34 0 0 1 13 74 08 0 0

R 3 16 24 49 16 0 2 06 1 0 55 2 0 01 05 17 74 08 0 2

R 4 0 2 0 2 2 69 0 1 0 1 0 06 69 06 0 1 0 1 09 89 0 2

R 5 0 0 04 06 90 0 0 05 1 0 91 0 0 0 1 0 2 94

R1 69 0 2 1 2 09 0 2 80 1 0 0 1 0 0 91 04 1 0 04 0

R 2 15 77 26 0 1 0 1 1 1 79 08 0 1 0 05 83 1 0 0 0

R 3 15 17 41 1 1 0 2 07 1 1 69 1 2 0 04 07 74 1 2 0 2

R 4 0 1 0 15 69 08 0 1 0 19 82 05 0 0 2 0 2 84 0 1

R5 0 0 2 05 1 0 8 6 0 0 04 04 95 0 0 04 0 96

S e s s i o n s

3 1 -3 5

3 6 -40

4 1 - 4 5



1 02 .

W i d e - u n o r d e r e d  B i r d s  -

B i r d 4

SI S2 S3 S4 S5 SI

R 1 75 05 06 08 08 77

R 2 11 72 24 0 1 0 19

R 3 1 0 2 0 69 1 0 0 1 04

R 4 0 2 0 1 0 75 15 0

R 5 0 1 0 1 0 1 06 76 0

R l 76 1 1 2 0 09 0 1 91

R 2 1 0 76 36 05 0 09

R 3 14 1 2 44 17 04 0

R 4 0 0 0 62 05 0

R 5 0 0 0 06 90 0

R l 62 14 11 0 2 0 8 6

R 2 1 1 6 6 30 0 1 0 2 09

R 3 25 16 52 16 0 04

R 4 0 0 04 72 0 2 0

R 5 0 1 04 0 2 08 95 0 1

c o n f u s io n  m a t r i c e s  (cont .  ) 

B i r d  5 B i r d  6

S2 S3 S4 S5 SI S2 S3 S4 S5

0 2 0 04 0 89 07 1 0 11 0 2

74 08 0 1 0 2 05 70 09 0 1 0

2 2 81 06 06 04 2 0 73 1 0 0 2

0 06 84 0 1 0 2 0 06 74 07

0 05 05 90 0 0 2 0 2 04 8 8

05 05 04 0 75 04 19 06 0

80 16 0 0 1 09 78 06 0 2 0

15 75 1 0 0 2 1 2 15 65 06 0 1

0 04 82 0 1 04 0 05 82 0

0 0 04 95 0 0 2 05 0 2 99

06 0 2 06 0 89 09 08 0 2 0

79 1 1 0 0 2 04 77 13 0 1 0 1

14 81 15 05 04 11 59 19 0 1

0 04 77 08 04 0 11 75 04

0 1 0 1 0 1 85 0 0 2 09 0 2 94

S e s s i o n s

4 6 - 5 0

5 1 -5 5

5 6 -6 0



103.

W i d e - u n o r d e r e d  B i r d s  -

B i r d  4

31 S 2 S3 S4 S5 SI

R l 65 04 09 06 0 74

R 2 1 0 77 39 0 0 2 24

R3 2 0 19 48 38 0 1 0 2

R4 04 0 0 1 54 05 0

R 5 0 1 0 04 0 2 91 0

R l 84 06 08 1 1 0 92

R 2 08 84 36 0 1 0 06

R 3 08 08 51 2 0 05 0 1

R 4 0 1 0 0 1 60 0 2 0

R 5 0 0 2 04 08 92 0

R l 72 1 2 17 08 0 8 8

R 2 1 2 64 41 0 2 0 08

R 3 13 19 38 30 06 0 2

R 4 0 1 0 1 0 1 36 05 0 2

R 5 0 1 04 0 2 24 89 0

c o n f u s io n  m a t r i c e s  {co n t . ) 

B i r d  5 B i r d  6

S2 S3 S4 S5 SI S 2 S3 S4 S5

1 2 04 0 1 0 92 03 23 0 0 1

70 05 0 1 0 1 04 89 27 0 0

17 70 11 04 0 2 03 45 06 0 1

0 2 1 85 16 0 1 04 06 90 1 2

0 0 0 1 79 0 0 1 0 04 8 6

1 1 04 04 0 87 04 13 04 0 1

6 6 08 0 0 04 81 14 0 0

2 2 82 0 2 0 05 13 71 04 0 2

0 06 91 0 1 0 2 0 1 0 92 0

0 0 0 2 99 0 1 0 0 2 0 96

08 0 1 04 0

COCO 06 2 1 0 2 0

75 08 0 0 1 04 79 15 0 0

15 84 06 0 2 06 09 57 0 2 0 2

0 06 84 0 0 2 0 06 95 0 1

0 2 0 1 06 96 0 05 0 0 96

S e s s i o n s

6 1 -6 5

6 6 -7 0

7 1 -7 5



104.

W i d e - u n o r d e r e d i B i r d s — c o n fu s io n  m a t r i c e s (cont . )

B i r d 4 B i r d 5 B i r d 6

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R l 6 8 05 16 1 1 0 1 89 04 0 1 04 - 0 92 05 14 0 1 0

R2 17 65 15 0 0 04 89 1 0 0 0 0 1 71 11 0 0

R3 1 2 29 58 21 0 2 06 08 77 06 0 1 05 2 2 64 09 0 2

R4 0 1 0 08 62 0 1 0 0 09 8 8 0 0 1 0 05 90 0

R 5 0 1 0 1 04 05 95 0 1 0 0 2 0 2 99 0 0 1 06 0 0

R l 76 06 19 08 0 89 0 2 04 08 0 94 05 14 0 1 0 2

R2 17 74 28 0 0 0 1 94 1 2 0 0 0 80 06 0 0 1

R3 05 19 45 16 0 2 1 0 0 2 77 09 0 05 1 2 71 14 0 1

R4 0 1 0 1 06 72 0 1 0 0 06 81 0 1 0 1 0 2 05 35 0

R5 0 0 0 2 05 96 0 0 1 0 0 2 99 0 0 04 0 95

R l 92 0 2 1 1 0 1 0 1 90 0 1 0 1 08 0 85 01 06 0 0 1

R 2 04 76 1 2 0 0 04 8 8 1 2 0 0 0 2 82 04 0 0

R3 0 1 21 62 06 0 1 05 09 76 06 0 1 1 2 14 82 0 1 0

R4 0 2 0 05 91 04 0 1 0 08 84 0 1 0 0 1 05 95 0

R5 0 0 09 0 1 94 0 0 2 0 2 0 2 98 0 0 1 0 2 04 99

S e s s i o n s

76-80

81-85

86-90



105.

W i d e - u n o r d e r e d B i r d s • c o n f u s io n  m a t r i c e s (cont . )

B i r d 4 B i r d 5 B i r d 6

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S 2 S3 S4 S5

R l 96 0 2 14 04 0 1 98 0 1 0 2 0 1 0 69 0 1 0 1 0 0

R 2 0 6 8 08 0 0 0 1 84 09 0 1 0 1 18 84 0 2 0 0

R 3 0 1 24 75 11 0 0 1 14 84 15 0 13 13 81 0 2 0 1

R 4 0 2 0 1 04 85 04 0 0 05 77 0 0 0 11 96 0 1

R 5 0 05 0 0 95 0 0 1 0 05 99 0 0 1 04 0 1 98

R l 89 04 09 06 0 89 09 0 1 0 0 67 0 05 0 1 0

R 2 08 81 16 0 0 06 81 19 0 0 17 93 05 0 0

R 3 04 14 6 8 17 0 0 2 08 72 1 2 01 13 04 8 8 0 2 0

R 4 0 0 0 2 74 0 1 0 1 0 2 05 80 0 2 0 1 0 1 0 2 95 0

R 5 0 0 1 04 0 2 99 0 1 0 0 2 08 96 0 1 0 1 0 0 1 1 0 0

S e s s i o n s

9 1 -9 5

96-1 0 0



- M o d e r a t e - o r d e r e d  B i r d s  - c o n fu s io n  m a t r i c e s

106.

B i r d  '7 B i r d  1B B i r d  !9

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

HI 21 18 07 0 0 54 24 03 0 0 1 47 49 2 0 0 1 0

R 2 64 57 42 14 11 33 44 35 19 16 25 26 28 1 0 03

R3 09 16 2 2 23 09 05 24 44 23 06 11 09 23 18 13

R4 04 08 29 45 30 08 09 17 37 44 14 1 1 25 54 55

R 5 03 0 1 0 17 50 0 0 0 1 2 2 32 04 05 05 18 30

R l 58 38 04 0 0 61 24 0 0 0 71 56 08 04 0 1

R2 36 58 24 03 0 38 53 13 0 0 2 1 25 2 1 05 0

R3 06 04 39 11 0 0 23 82 16 0 08 14 36 26 11

R 4 0 0 31 58 28 0 0 05 77 51 0 04 28 46 36

R 5 0 0 0 1 28 72 0 1 0 0 06 49 0 0 1 07 19 51

R l 74 38 0 1 0 0 70 19 05 1 2 07 80 45 14 03 03

R 2 24 44 18 03 0 29 54 16 0 0 17 30 24 05 06

R 3 03 17 50 26 0 0 1 16 63 05 0 03 24 39 30 1 0

R4
t

0 0 1 15 64 41 0 0 16 70 34 0 0 1 15 47 28

R5 0 0 0 1 07 59 0 11 0 14 58 0 0 07 14 53

to



107.

M o d e r a t e - o r d e r e d  B i r d s  - c o n fu s io n  m a t r i c e s  (cont. )

' B i r d 7 B i r d 8 B i r d 9

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R l 55 1 1 0 0 0 75 30 0 0 0 72 30 1 0 0 0 1

R2 38 67 23 0 0 25 59 31 0 1 0 25 49 16 0 0 1

R3 08 2 0 64 17 0 0 11 62 2 0 0 03 17 51 29 0 1

R4 0 0 1 1 2 75 11 0 0 06 62 21 0 0 1 1 0 60 13

R5 0 0 0 08 89 0 0 0 1 1 77 0 0 1 1 2 11 81

R l 85 33 05 0 0 74 2 0 0 1 0 0 77 37 08 0 2 0 1

R2 1 0 41 29 0 0 24 52 29 0 0 19 39 29 0 1 0 2

R3 05 26 54 42 05 0 2 28 6 8 19 0 2 04 2 0 39 25 0 2

R4 0 0 1 2 45 30 0 0 0 2 74 26 0 04 19 60 34

R 5 0 0 0 13 65 0 0 0 08 71 0 0 04 11 59

R l 71 24 0 1 0 0 76 2 0 0 0 0 70 31 05 0 0

R2 29 61 29 0 0 24 59 17 0 0 25 45 15 0 1 0

R3 0 14 49 26 04 0 2 1 71 1 0 O ' 04 2 0 50 26 1 0

R4 0 0 2 0 49 19 0 0 11 08 06 0 1 0 2 28 58 27

R5 0 0 0 25 77 0 0 0 0 94 0 0 1 0 2 15 63

S e s s i o n s

16-20

2 1-25

26 -30



108.

M o d e r a t e - o r d e r e d  B i r d s  - c o n f u s io n  m a t r i c e s  (cont.  )

B i r d 7 B i r d  ;8 B i r d  !9

SI S 2 S3 S4 S5 SI S2 S3 S4 S 5 SI S2 S3 S4 S5

H I 74 34 0 2 0 0 1 76 1 1 0 0 0 61 2 0 0 0 0

R 2 21 54 25 0 1 0 24 75 04 0 0 26 60 21 04 0

R 3 0 2 08 56 16 04 0 14 95 09 0 1 0 19 55 16 0 2

R4 0 1 0 1 15 69 1 1 0 0 0 1 8 8 11 0 2 0 1 24 6 6 25

R5 0 1 0 0 1 14 83 0 0 0 04 89 0 0 0 14 72

R l 70 30 0 0 0 79 08 0 0 0 73 31 05 0 1 0

R2 29 50 15 0 0 18 74 15 0 1 0 2 0 05 25 05 0 1

R3 0 1 2 0 50 15 0 2 0 1 ID 73 04 0 03 2 0 50 33 06

R 4 0 0 34 6 8 15 0 0 1 1 89 1 0 03 0 1 17 37 2 0

R5 0 0 0 1 17 82 0 1 0 0 1 04 90 0 0 03 23 72

R l 75 26 0 1 0 0 90 1 1 0 0 0 85 52 05 0 1 0

R 2 2 1 56 16 0 1 0 09 84 11 0 0 1 2 38 24 08 0

R3 04 17 60 19 0 0 1 05 8 8 1 0 0 0 2 1 0 48 29 04

R4 0 0 2 2 65 19 0 0 0 1 84 08 0 0 24 38 17

R 5 0 0 0 15 81 0 0 0 06 92 0 0 0 25 79

S e s s i o n s

3 1 -3 5

3 6 -4 0

4 1 - 4 5



M o d e r a t e - o r d e r e d  B i r d s  -  c o n f u s io n  m a t r i c e s  {cont.  )

109.

B i r d  7 B i r d  8  B i r d  9

SI S 2 S3 S4 S5 SI S 2 S3 S4 S5 SI S2 S3 S4 S5

R l 70 15 0 0 0 80 19 0 0 0 75 36 04 0 0

R2 30 71 16 0 0 19 77 1 0 0 0 19 49 29 04 0

R3 0 1 14 62 14 0 1 0 1 04 90 16 0 05 15 46 2 0 05

R 4 0 0 2 0 72 24 0 0 0 82 08 0 1 0 2 1 6 6 30

R 5 0 0 0 14 75 0 0 0 0 1 92 0 0 0 1 0 65

R l 55 17 0 0 0 74 15 0 0 o. CD
 

l—* 35 06 0 0

R2 39 65 25 0 0 26 71 28 0 1 0 06 44 2 1 04 0 1

R3 05 17 69 26 0 1 0 14 70 15 0 0 2 17 48 2 2 04

R 4 0 0 06 70 2 0 0 0 0 2 76 1 0 0 0 2 25 58 38

R 5 0 0 0 04 79 0 0 0 08 90 0 0 1 0 16 58

R l 76 17 0 0 0 90 1 1 0 0 0 8 6 30 0 1 0 0

R2 24 65 1 2 0 0 1 0 75 06 0 0 1 0 52 19 04 0

R 3 0 17 72 24 0 0 14 8 8 09 0 0 1 16 60 28 04

R4 0 0 15 69 29 0 0 06 82 1 0 0 1 0 1 2 0 56 35

R 5 0 0 0 08 71 0 0 0 09 90 0 1 0 0 1 2 61

S e s s i o n s

4 6 -5 0

5 1 -55

5 6 -60



M o d e r a t e - o r d e r e d  B i r d s  -  c o n f u s i o n  m a t r i c e s  (cont .  )

B i r d  '7 B i r d  ;8 B i r d  !9

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S 2 S3 S4 S5

R l 60 1 0 0 2 0 0 80 07 0 0 0 6 8 39 0 2 0 0

R2 32 70 2 2 08 0 19 81 0 2 0 0 24 38 2 2 08 0

R3 06 19 48 16 0 2 0 1 1 1 09 06 0 05 2 0 48 16 0 2

R4 0 1 0 1 25 52 24 0 0 0 90 09 0 1 0 1 25 52 24

R 5 0 0 0 2 24 74 0 0 0 04 91 0 2 0 2 0 2 24 74

R l 80 09 0 0 0 90 2 1 0 0 0 72 42 0 2 0 1 0

R2 19 59 1 1 0 0 1 0 73 0 2 0 0 26 31 16 0 0

R 3 0 1 31 80 14 0 1 0 05 89 2 0 0 0 24 54 14 05

R 4 0 0 1 09 71 17 0 0 08 65 09 0 1 0 1 28 6 6 2 1

R 5 0 0 0 15 81 0 0 0 1 15 91 0 0 1 0 19 74

R l 8 6 16 0 0 0 85 14 0 0 0 81 24 0 0 0

R2 14 55 04 0 0 15 73 0 1 0 0 17 62 19 05 0

R 3 0 29 44 06 0 0 1 1 95 1 0 0 1 0 1 0 6 8 15 0 2

R 4 0 0 17 74 1 0 0 0 1 04 84 08 0 1 04 14 69 2 0

R 5 0 0 0 1 2 0 90 0 0 0 06 91 0 0 0 1 1 77

110.

S e s s i o n s

6 1 - 6 5

6 6 -7 0

.7 1 -7 5



111.

M o d e r a t e - o r d e r e d  B i r d s

B i r d  '7

SI S 2 S3 S4 S5 SI

R l 90 29 0 . 0 0 76

R2 09 51 15 0 0 24

R 3 0 1 17 71 06 0 0

R 4 0 0 2 14 82 16 0

R 5 0 0 0 1 1 84 0

R l 77 16 0 0 0 8 6

R 2 2 2 64 14 0 0 14

R 3 0 19 72 19 0 0

R4 0 0 1 14 69 2 0 0

R 5 0 0 0 1 2 80 0

R l 80 14 0 0 0 91

R 2 19 74 14 0 0 09

R 3 0 1 1 0 6 8 06 0 1 0

R 4 0 0 1 17 71 06 0

R 5 0 0 1 0 1 2 2 92 0

- c o n fu s io n m a t r i c e s (cont. )

B i r d 8 B i r d  !9

S 2 S3 S4 S5 SI S2 S3 S4 S5

14 0 0 0 76 36 0 2 0 0

80 04 0 0 1 21 46 15 0 1 0

06 94 05 0 0 2 16 54 2 1 05

0 0 2 84 0 0 01 28 6 8 35

0 0 11 1 0 0 0 0 0 1 1 0 60

19 0 0 0 6 8 19 01 0 0

74 0 2 0 0 32 62 14 04 0 1

08 96 05 0 0 17 60 15 0 1

0 0 1 94 08 0 0 1 25 74 2 1

0 0 0 1 92 0 0 0 08 76

06 0 0 0 60 14 0 0 0

84 0 0 0 1 38 65 11 0 1 0 1

1 0 1 0 0 05 0 0 2 17 6 6 1 2 04

0 0 85 06 0 04 2 2 70 15

0 0 09 92 0 0 0 16 80

S e s s i o n s

7 6 -8 0

8 1 -8 5

8 6 -9 0



M o d e r a t e - o r d e r e d  B i r d s  -  c o n fu s io n  m a t r i c e s  (cont .  )

B i r d  ‘7 B i r d 8 B i r d 9

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R l 90 25 0 0 0 86 10 0 0 0 84 35 04 0 0

R2 10 64 16 02 0 14 85 05 0 01 16 61 21 04 01

R3 0 10 72 22 01 0 05 95 05 01 0 04 61 14 04

It 4 0 01 10 70 11 0 0 0 92 06 0 0 14 79 24

R 5 0 0 01 04 88 0 0 0 02 91 0 0 0 04 71

R l 82 08 0 0 0 91 15 0 01 0 72 24 02 0 0

R2 17 84 09 0 0 09 79 06 0 0 26 66 17 01 01

R3 0 08 79 06 01 0 05 89 04 0 01 09 69 14 0

R 4 0 01 10 84 17 0 0 05 91 08 0 01 11 77 29

R 5 0 0 01 04 81 0 0 0 04 92 0 0 0 08 70

112.

!»
S e ss io n s

9 1 -9 5

96-1 0 0



M o d e r a t e - u n o r d e r e d  B i r d s  - c o n f u s io n  m a t r i c e s

B i r d 10 B i r d 11 B i r d 12

SI S2 S3 S4 35 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R l 08 10 08 06 01 55 47 31 18 06 23 22 24 16 06

R2 58 59 34 10 04 14 19 09 08 08 25 22 11 05 06

R3 10 10 11 14 09 10 14 21 18 15 27 30 30 31 22

R 4 05 08 17 14 12 09 09 25 26 16 13 08 19 14 10

R 5 20 14 30 56 74 12 10 14 31 55 13 19 16 34 56

R l 13 04 04 02 0 37 32 15 0 03 73 41 22 01 0

R2 77 76 24 05 04 34 48 24 25 0 06 23 23 0 01

R3 10 12 42 10 0 15 15 29 03 08 13 32 28 03 06

R 4 0 02 22 17 01 12 05 24 30 15 04 0 04 15 05

R 5 0 05 08 65 95 01 0 09 42 74 04 04 24 81 87

R l 39 19 09 01 0 52 33 13 11 0 52 27 08 01 02

R2 55 58 20 0 01 -20 39 20 01 04 23 28 11 01 0

R3 05 23 55 39 0 20 25 51 16 02 17 31 55 11 12

R 4 01 0 14 47 30 05 0 0.6 40 11 05 01 26 64 21

R5 0 0 01 12 67 01 02 09 31 82 03 02 0 23 64

113.

S e s s i o n s

1 -5

6 - 1 0



M o d e r a t e - u n o r d e r e d  B i r d s - c o n f u s i o n  m a t r i c e s  (cont.  )

B i r d  :10 B i r d 11 B i r d  :L2

SI S2 S3 S4 S5 SI S2 S3 S4 S5 S I S2 S3 S4 S5

R l 52 29 11 03 0 45 24 09 04 0 81 38 02 01 0

R2 41 56 24 04 0 36 52 33 0 0 11 35 17 04 0

R3 05 14 55 28 04 14 22 35 21 04 04 24 60 20 05

R4 01 0 05 42 18 05 01 13 50 32 04 01 17 56 22

R5 01 0 04 23 78 0 0 10 25 64 0 01 02 19 72

R l 40 35 15 14 01 36 26 10 04 01 70 19 01 05 0

R2 42 43 38 05 09 56 61 35 01 0 12 45 21 01 0

R3 09 11 38 32 02 0 08 44 25 04 09 32 53 20 06

R 4 07 09 08 39 31 06 05 09 44 17 09 02 21 51 18

R 5 02 01 0 09 57 01 0 02 26 77 0 01 02 22 75

R l 22 14 14 06 01 50 22 14 04 0 64 09 09 08 03

R2 75 79 59 16 0 39 68 30 0 0 16 50 14 05 01

R3 01 01 11 06 06 08 10 46 23 05 09 33 53 27 09

R4 01 05 15 50 22 04 0 08 42 17 08 05 19 48 21

R5 0 01 01 21 70 0 0 02 32 78 03 03 05 13 65

114.

S e s s i o n s

1 6 -2 0

2 1 - 2 5

2 6 -3 0



115 .

M o d e r a t e - u n o r d e r e d  B i r d s  -  c o n f u s i o n  m a t r i c e s  ( c o n t . )

B i r d 10 B i r d 11 B i r d  :12

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R1 40 17 05 01 0 70 26 10 01 01 60 29 0 02 0

R2 55 64 08 01 0 24 58 44 04 01 30 36 06 0 0

R 3 02 12 70 33 09 05 16 30 25 10 08 29 72 34 05

R 4 01 02 16 56 19 01 0 12 40 19 01 04 19 58 31

R5 01 04 01 09 72 0 0 04 29 68 01 02 02 06 64

R1 40 09 05 01 0 48 23 09 01 0 81 30 01 02 0

R2 55 54 08 04 0 38 60 19 01 0 10 39 12 01 0

R3 02 38 70 29 09 11 14 69 24 0 02 26 66 41 05

R 4 01 02 16 55 19 04 01 02 56 25 06 04 12 41 17

R 5 01 0 01 11 72 0 01 01 18 75 0 01 08 14 77

R1 31 10 01 0 0 65 16 05 02 01 76 34 0 01 . 0

R 2 68 65 15 01 02 29 66 25 01 0 21 41 17 04 01

R 3 01 17 68 21 0 06 16 60 26 04 02 19 64 44 06

R4 0 06 16 72 22 0 01 10 51 15 0 0 04 41 30

R 5 0 01 0 05 75 0 0 0 19 80 0 06 15 10 62

S e s s i o n s

3 1 -3 5

3 6 -4 0

4 1 - 4 5



136.

M o d e r a t e - u n o r d e r e d  B i r d s  -  c o n f u s i o n  m a t r i c e s  ( c o n t . )

B i r d 10 B i r d 11 B i r d  :12

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R1 55 16 05 01 0 62 16 02 01 0 70 19 02 01 0

R2 41 72 15 02 0 29 57 14 04 0 24 57 20 01 02

R3 02 03 60 23 06 04 25 68 32 01 02 19 49 28 05

R4 01 02 20 68 12 04 01 14 52 12 02 01 20 54 09

R 5 0 01 0 05 81 01 0 02 10 86 01 02 09 16 84

R1 50 15 06 02 0 48 12 04 05 0 63 21 01 02 0

R2 48 71 28 02 0 46 60 11 0 01 26 36 17 02 01

R3 01 10 45 16 0 • 04 24 64 26 02 07 34 57 21 06

R 4 0 02 20 72 17 02 04 19 55 14 03 02 19 59 11

R 5 01 01 01 06 82 0 0 01 14 82 0 06 04 15 81

R1 55 11 01 01 0 42 15 12 04 0 77 17 09 01 0

R2 44 81 24 04 0 48 65 05 0 0 14 60 17 04 01

R3 0 05 48 19 01 06 19 62 28 02 05 20 51 28 11

R 4 0 02 26 61 21 04 0 19 61 20 04 0 19 48 12

R 5 0 0 01 14 77 0 01 01 05 77 0 02 04 18 75

S e s s i o n s

4 6 -5 0

5 1 -5 5

56 -60



M o d e r a t e - u n o r d e r e d  B i r d s  - c o n f u s io n  m a t r i c e s  ( c o n t . )

B i r d 10 B i r d 11 B i r d 12

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R1 39 05 09 02 0 59 30 08 05 01 74 24 08 05 0

R2 54 88 35 02 01 30 49 19 0 0 22 64 15 04 0

R3 01 05 40 21 01 04 20 58 29 01 04 11 62 28 04

R 4 04 02 16 58 10 08 0 08 48 32 0 0 10 53 16

R 5 02 0 0 16 88 0 01 09 19 65 0 01 05 10 80

R1 45 13 16 01 0 50 19 12 01 02 72 26 05 01 0

R2 51 76 17 02 0 49 65 36 05 0 17 51 17 01 0

R 3 04 09 34 24 0 0 15 38 34 08 08 19 65 21 0

R 4 0 0 32 57 0 01 01 14 49 39 0 0 11 69 21

R 5 0 01 0 15 0 0 0 0 11 51 02 04 01 08 79

R1 32 12 11 04 01 70 22 05 01 0 70 09 04 02 01

R 2 62 74 28 01 0 22 72 21 0 01 23 64 17 0 04

R3 06 12 41 24 02 05 04 60 32 05 . 05 27 68 25 02

R4 0 01 19 52 12 02 01 12 62 21 02 0 10 66 14

R5 0 0 01 19 84 0 0 01 04 72 0 0 01 06 79

117.

S e s s i o n s

6 1 -6 5

6 6 - 7 0

7 1 -7 5



M o d e r a t e - u n o r d e r e d  B i r d s  - c o n f u s io n  m a t r i c e s  ( c o n t . )

B i r d 10 B i r d 11 B i r d  :12

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R1 36 14 10 02 0 44 09 04 01 0 72 14 01 0 0

R2 59 68 12 01 0 46 65 09 0 0 27 66 17 0 0

R 3 02 15 42 31 02 06 17 65 14 01 01 14 70 14 04

R 4 01 04 34 42 09 02 09 22 69 20 0 01 11 74 04

R 5 01 0 01 22 89 02 0 0 16 79 0 04 0 12 92

R1 25 08 09 01 0 31 05 06 02 01 72 16 04 02 0

R 2 71 84 29 0 01 56 79 20 0 0 23 62 19 05 0

R 3 04 08 21 12 0 11 14 66 29 0 05 17 68 19 06

R 4 0 01 39 62 04 0 01 06 61 25 0 0 07 64 08

R 5 0 0 02 24 95 01 01 01 08 74 0 04 01 10 86

R1 31 14 06 06 04 34 11 08 0 0 56 13 06 0 0

R 2 59 66 15 01 0 52 61 10 0 o' 33 43 0 0 0

R 3 10 17 60 36 04 13 28 60 09 0 10 37 60 08 02

R 4 0 02 17 45 11 0 0 17 65 08 01 0 32 68 02

R 5 0 0 01 11 81 01 0 05 26 92 0 06 01 25 95

118.

S e s s i o n s

7 6 -8 0

8 1 -8 5

8 6 -9 0



M o d e r a t e - u n o r d e r e d  B i r d s  -  c o n f u s io n  m a t r i c e s  (cont .  )

B i r d 10 B i r d 11 B i r d  !12

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R1 22 09 08 04 0 49 09 10 02 0 52 08 04 02 01

R 2 66 79 21 02 0 48 72 15 0 0 44 75 05 0 0

R 3 11 11 54 49 01 04 19 59 14 01 02 16 62 11 01

R 4 0 0 16 34 14 0 0 12 64 12 0 01 22 72 05

R 5 0 01 01 11 85 0 0 04 20 86 01 0 06 14 92

R1 32 09 01 01 01 50 19 06 01 0 82 22 01 0 01

R 2 58 79 29 02 0 48 61 21 01 0 16 47 10 01 0

R 3 09 11 62 52 09 01 20 61 14 04 01 27 77 12 01

R 4 0 01 06 29 08 01 0 10 75 10 0 0 11 79 14

R 5 01 0 01 15 82 0 0 01 09 86 0 04 0 08 84

* 1 9 .

S e s s i o n s

9 1 -9 5

9 6 -1 0 0



N a r r o w - o r d e r e d  B i r d s  - c o n fu s io n  m a t r i c e s

B i r d 13
-

B i r d 14 B i r d 15

SI S2 S3 S4 S5 SI S2 S3 S4 S 5 SI S2 S3 S4 S5

R 1 32 2 2 06 04 0 2 48 26 15 07 06 35 15 1 0 06 04

R2 35 41 42 29 2 1 2 1 31 30 17 14 31 32 32 24 1 0

R3 19 2 2 2 2 25 16 15 2 2 25 21 26 25 39 32 25 2 0

R 4 1 1 09 2 1 32 52 1 1 1 0 19 41 36 09 1 0 17 29 45

R5 0 2 06 08 1 0 08 05 1 0 1 1 13 17 0 04 08 15 2 1

R1 48 27 05 0 0 42 1 2 0 1 0 0 57 2 2 1 2 0 2 0

R 2 30 38 31 16 07 25 36 28 1 0 0 25 45 30 05 0

R 3 19 25 46 25 2 0 25 34 38 18 15 15 28 40 18 18

R 4 03 08 14 40 40 08 14 29 57 59 03 05 14 64 6 8

R 5 0 0 1 04 19 33 0 04 05 15 26 0 0 04 1 2 14

R1 49 31 06 0 0 41 17 06 0 0 2 2 24 09 06 0 1

R 2 26 33 23 08 08 35 29 2 2 1 2 0 47 50 30 2 2 06

R3 2 2 2 2 30 17 06 . 24 53 56 25 1 2 26 25 32 16 24

R 4 0 1 13 30 51 48 0 0 1 2 46 61 05 0 1 2 2 51 54

R5 0 1 0 1 1 1 24 37 0 0 0 2 17 26 0 0 06 06 15

120 .

S e s s i o n s

1-5

6 - 1 0

1 1 -15



1 21 .

N a r r o w - o r d e r e d  B i r d s  -  c o n fu s io n  m a t r i c e s  (cont.  )

B i r d 13 B i r d 14 B i r d 15

SI S2 S3 S4 S5 SI S2 S3 S4 So SI S2 S3 S4 S5

H I 35 15 0 1 0 0 29 23 06 0 0 29 13 08 0 0

R 2 49 55 35 05 0 49 49 41 14 08 42 45 28 08 04

R3 13 2 2 35 16 0 2 18 24 34 28 19 26 40 51 28 15

R4 0 2 05 32 54 56 0 1 03 1 0 40 39 0 2 0 1 17 47 58

R 5 0 0 2 04 25 41 0 2 0 1 08 18 34 0 0 03 17 23

R1 25 13 16 09 1 2 42 09 0 2 0 0 49 17 06 0 0 1

R2 42 32 19 09 03 32 58 24 06 0 1 45 62 38 1 0 06

R3 08 19 19 23 1 1 25 25 52 30 2 1 06 19 45 36 2 0

R4 0 2 14 29 36 47 0 08 16 49 46 0 0 1 09 29 39

R 5 23 2 1 15 2 1 27 0 0 1 05 15 44 0 0 0 2 25 34

R1 37 32 13 04 0 2 48 14 06 0 0 31 14 04 0 . 0 2

R2 56 49 38 15 06 41 50 24 05 0 1 49 52 30 05 0
R3 06 06 1 0 15 08 11 24 31 24 2 0 28 51 36 14

R4 0 1 1 1 2 2 31 35 0 1 1 38 51 54 0 06 15 42 35

R 5 0 0 1 17 34 49 0 0 1 0 1 2 0 29 0 0 0 17 48

S e s s i o n s

1 6 -2 0

2 1 -2 5

2 6 -3 0



N a r r o w - o r d e r e d  B i r d s  - c o n f u s io n  m a t r i c e s  (cont .  )

B i r d 13 B i r d 14 B i r d  :15

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R 1 1 1 04 04 0 0 35 09 0 2 0 0 49 19 1 0 0 0

R2 59 49 24 1 0 0 1 48 69 35 17 1 0 44 6 6 34 09 04

R3 27 32 31 14 15 1 2 2 1 35 35 21 06 15 43 39 16

R 4 0 2 15 36 59 58 0 2 0 1 2 1 30 45 0 0 13 42 40

R 5 0 0 05 17 25 0 2 0 06 17 24 1 0 40

R1 16 0 2 04 0 0 44 15 04 0 0 54 28 1 2 0 1 0 1

R2 54 54 30 11 04 46 56 32 0 2 0 1 41 56 31 09 04

R3 27 29 34 2 0 1 2 08 29 41 49 17 05 16 39 29 1 2

R 4 0 2 14 26 58 59 0 2 0 2 2 24 30 0 0 1 2 1 2 31

R 5 0 0 1 06 1 1 25 0 0 0 1 25 51 0 0 05 1 1 51

R1 29 09 06 0 0 6 8 2 1 1 0 0 0 47 14 0 1 0 1 0

R2 54 6 6 24 1 0 0 28 38 17 05 0 1 51 64 49' 1 2 08

R3 13 17 39 2 1 17 05 39 45 36 1 0  • 0 2 2 2 41 50 15

R4 0 2 08 28 52 49 0 0 2 17 31 38 0 0 09? 25 41

R 5 0 1 0 04 16 34 0 0 1 0 28 51 0 0 Q) 11 36

12 2 .

S e s s i o n s

3 1 -3 5

3 6 -4 0

4 1 - 4 5



J23.

N a r r o w - o r d e r e d  B i r d s  c o n fu s io n  m a t r i c e s  ( c o n t . )

B i r d 13 B i r d 14 B i r d  :15

SI S2 S3 S4 S5 SI S2 S3 S4 S5 S I S2 S3 S4 S5

R 1 2 0 08 0 1 0 0 46 1 0 05 0 0 54 26 06 0 0 2

R2 61 55 27 09 05 48 55 16 0 1 0 1 46 55 25 06 05

R3 15 30 44 39 2 2 06 34 45 40 04 0 17 42 41 24

R4 0 2 06 2 1 36 51 0 0 31 41 50 0 0 1 2 2 43 39

R 5 0 1 0 1 06 16 2 1 0 0 1 04 17 45 0 0 04 1 0 29

R1 32 11 0 2 0 0 2 64 17 04 0 0 48 2 1 05 0 1 0 2

R 2 56 59 26 16 05 26 54 19 04 0 2 47 64 56 2 0 09

R3 06 19 39 25 17 08 24 46 35 2 0 04 14 2 1 37 15

R 4 05 09 31 44 40 0 04 2 2 42 33 0 1 0 1 16 30 43

R 5 0 0 1 0 1 15 35 0 2 0 1 08 19 43 0 0 0 1 1 1 30

R 1 32 19 04 0 0 69 1 1 05 0 0 33 23 05 0 1 04

R2 60 59 31 2 0 05 28 56 29 0 2 0 1 24 56 40 17 05

R 3 04 1 2 36 32 2 1 0 2 28 35 52 19 08 18 30 42 2 2

R 4 04 1 0 27 35 38 0 05 28 54 50 0 0 2 24 30 35

R 5 0 0 0 2 1 2 35 0 1 0 04 1 0 29 0 0 0 1 1 0 34

S e s s i o n s

4 6 - 5 0

5 1 -5 5

5 6 -60



124.

N a r r o w - o r d e r e d  B i r d s  -

B i r d 13

SI S2 S3 S4 S5 SI

R1 35 19 08 0 0 74

R2 56 59 28 2 0 04 24

R3 08 1 2 34 32 2 0 0 1

R4 0 1 1 0 29 35 31 0

R 5 0 0 0 2 1 2 45 0 1

R 1 41 09 08 0 0 1 85

R2 52 64 40 2 0 04 1 0

R 3 05 17 25 2 0 2 1 04

R 4 0 1 08 24 44 45 0 1

R 5 0 0 2 04 16 29 0

R1 71 76 1 1 0 1 0 6 8

R2 25 44 34 08 05 29

R 3 0 2 2 0 39 31 16 04

R 4 0 1 09 14 40 41 0

R 5 0 0 1 0 2 2 0 38 . 0

c o n f u s io n  m a t r i c e s  ( c o n t , ) 

B i r d  14 B i r d  15

S 2 S3 S4 S5 S I S2 S3 S4 S5

2 0 06 0 0 1 59 1 1 06 0 2 0

55 25 06 0 2 24 55 45 13 04

2 1 39 19 08 17 30 40 0 2 19

04 2 2 48 46 0 04 09 37 40

0 08 26 42 0 0 0 18 37

2 1 06 0 . 0 50 1 0 06 0 1 0

51 29 1 0 04 36 55 45 19 1 1

2 1 42 24 1 1 14 30 34 35 15

05 17 39 31 0 05 14 32 34

0 1 05 28 54 0 0 0 1 1 2 40

15 1 0 0 0 31 04 08 0 2 0

49 2 0 0 04 51 6 6 41 2 0 1 0

30 42 36 09 17 29 42 45 2 2

06 2 2 44 34 0 0 1 09 21 26

0 05 2 0 54 0 0 0 11 41

S e s s i o n s

6 1 -6 5

6 6 - 7 0

7 1 -7 5



N a r r o w - o r d e r e d  B i r d s  c o n f u s io n  m a t r i c e s  ( c o n t . )

B i r d 13 B i r d 14 B i r d  :15

S I S 2 S3 S4 S5 SI S2 S3 S4 S5 SI S 2 S3 S4 S5

R 1 64 25 0 2 0 0 72 2 0 06 0 0 29 09 0 2 0 0

R2 26 48 31 08 05 28 51 2 1 0 2 0 50 45 49 19 06

R3 09 2 0 24 31 16 0 24 36 2 1 1 0 21 42 35 25 16

R 4 0 1 08 40 51 58 0 05 26 44 32 0 04 11 29 30

R 5 0 0 0 2 1 0 2 1 0 0 1 0 32 58 0 0 0 2 28 48

R1 61 25 0 2 0 0 84 28 06 0 1 0 25 1 1 04 0 1 0 1

R2 35 41 28 0 2 0 1 14 45 2 0 04 0 50 38 32 1 0 0 1

R3 0 2 32 49 42 16 0 2 21 40 11 1 0 25 48 51 44 2 0

R 4 0 1 0 2 2 1 54 69 0 06 26 52 30 0 04 09 30 36

R5 0 0 0 0 1 14 0 0 07 31 60 0 0 04 15 41

R1 56 1 1 04 0 1 0 76 1 2 06 0 0 36 06 08 0 0

R 2 32 36 15 09 04 . 2 0 49 18 05 0 46 41 2 2 06 04

R3 1 1 48 45 34 1 1 04 38 55 26 14 16 50 52 28 1 2

R 4 0 04 31 46 51 0 0 1 1 1 33 2 2 0 1 0 2 1 0 36 25

R 5 0 0 1 05 1 0 34 0 0 09 35 64 0 0 08 30 59

S e s s i o n s

7 6 -8 0

8 1 -8 5

8 6 -9 0



126.

N a r r o w - o r d e r e d  B i r d s c o n f u s io n  m a t r i c e s ; ( c o n t . )

B i r d 13 B i r d 14 B i r d  15

SI S 2 S3 S4 S5 SI S 2  S3 S4 S5 SI S2 S3 S4 S5

R 1 77 26 08 0 0 81 16 08 0 0 29 12 04 0 0

R2 19 36 17 04 0 15 54 21 04 0 2 59 46 36 09 05

R3 04 34 55 42 25 04 23 56 32 15 1 2 38 51 52 24

R4 0 04 19 42 51 0 0 2  1 1 34 2 1 0 04 05 25 2 0

R5 0 0 0 1 11 24 0 0 04 30 61 0 0 04 14 51

R1 49 2 1 0 0 0 90 22 05 0 0 37 1 2  0 1 0 0

R 2 41 45 21 1 0 0 2 09 42 22 05 0 1 38 41 26 1 1 04

R 3 1 0 30 56 31 2 0 0 1 30 51 15 06 24 45 59 55 2 0

R 4 0 04 16 32 51 0 06 16 52 25 0 1 0 1  11 25 2 2

R5 0 0 06 26 26 0 0  06 28 6 8 0 0  0 2 09 54

S e s s i o n s

9 1 -9 5

96-100



1 27.

N a r r o w - u n o r d e r e d  B i r d s  -  c o n fu s io n  m a t r i c e s

B i r d  16 B i r d  17 B i r d  18

SI S 2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R1 18 18 13 07 06 1 2 1 0 06 1 1 06 33 30 14 13 03

R2 33 25 2 2 13 04 16 1 2 08 07 0 1 2 2 1 0 23 05 1 1

R3 06 18 37 28 15 36 32 28 27 17 23 30 28 16 23

R4 43 29 17 11 29 05 04 04 04 06 03 03 05 14 06

R5 0 1 0 1 1 42 46 30 41 55 51 69 19 26 30 52 56

H I 39 25 15 1 0 03 25 1 1 03 04 0 41 27 24 1 1 04

R2 25 19 2 2 09 03 15 13 14 09 09 33 27 25 34 25

R3 14 46 51 34 2 0 56 6 8 76 72 6 8 14 34 40 14 31

R4 23 1 0 1 0 16 1 1 0 05 0 03 0 1 0 04 04 13 0 1

R 5 0 0 0 1 31 64 04 04 08 13 24 0 2 09 08 29 39

R1 54 36 25 1 0 07 29 16 09 05 0 2 54 26 18 05 03

R2 2 1 25 15 06 11 2 0 16 06 09 09 15 26 19 1 2 09

R3 1 0 2 0 34 54 2 0 36 65 6 8 71 58 25 43 49 32 29

R4 1 0 15 24 16 27 1 0 0 2 05 05 04 0 2 0 03 19 1 2

R 5 05 04 05 14 28 05 04 1 2 1 1 31 0 2 04 11 32 46

S e s s i o n s

1 -5

6 - 10

11-15



128.

N a r r o w - u n o r d e r e d  B i r d s  -  c o n f u s io n  m a t r i c e s  (cont .  )

B i r d 16 B i r d 17 B i r d 18

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S 2 S3 S4 S5

R1 53 30 1 2 04 0 1 2 1 1 1 0 0 2 0 62 38 08 03 0

R2 2 0 28 2 0 2 1 04 09 1 2 1 2 1 2 13 05 14 18 11 03

R3 2 0 29 36 30 16 60 6 6 76 56 47 26 37 47 42 2 2

R4 07 1 2 28 31 30 1 0 05 06 14 15 03 04 1 0 14 18

R5 0 0 1 04 14 49 0 05 05 15 24 03 07 17 30 58

R1 54 36 15 0 2 0 2 15 13 06 0 2 0 80 35 11 06 04

R2 2 1 2 2 23 13 05 18 09 14 1 0 15 05 2 1 16 0 2 0 2

R 3 16 29 32 28 2 1 57 65 67 69 57 14 35 58 29 16

R 4 03 07 13 37 55 08 09 11 13 1 2 0 06 07 19 07

R 5 06 06 16 2 0 16 0 1 03 0 1 06 16 0 1 0 2 06 43 70

R1 54 41 17 08 0 2 2 2 17 09 05 0 1 69 26 06 04 0 1

R2 1 0 1 2 08 06 0 2 06 2 0 15 1 0 1 0 14 2 2 17 06 03

R 3 27 24 26 36 2 1 49 45 54 62 51 15 42 60 54 19

R 4 08 15 34 30 32 2 0 15 17 15 2 0 0 1 06 11 15 09

R 5 0 1 08 15 2 0 41 0 2 0 2 05 08 17 0 1 0 2 05 2 1 67

S e s s i o n s

16-20

2 1-25

2 6 -3 0



129.

N a r r c n v - u n o r d e r e d  B i r d s  -  c o n f u s io n  m a t r i c e s  (cont,  )

B i r d 16 B i r d 17 B i r d  :18

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R 1 49 27 04 0 2 0 32 14 11 04 0 1 52 2 1 05 0 0

R 2 14 11 05 06 05 04 04 0 2 05 05 1 2 15 09 04 05

R3 26 47 50 28 2 0 52 76 62 70 61 34 59 64 44 17

R4 07 15 34 36 35 1 0 06 15 19 2 2 0 1 0 1 17 2 2 15

R5 04 0 08 28 40 0 1 0 09 0 2 1 0 0 04 05 30 62

R1 52 36 1 0 05 0 1 37 28 09 0 2 0 2 55 2 2 0 1 0 0

R 2 14 14 08 04 0 2 06 05 05 06 06 24 29 1 2 04 0

R 3 28 44 52 31 17 55 58 59 55 39 2 1 49 53 41 1 2

R 4 06 06 2 1 46 35 0 07 19 2 1 19 0 0 28 31 17

R 5 0 0 09 14 44 0 1 0 1 09 15 34 0 0 07 24 70

R1 54 26 05 0 0 33 21 08 0 0 1 62 25 05 0 2 0

R 2 17 19 15 1 1 0 1 0 1 04 04 04 04 09 1 1 1 1 0 0 2

R3 25 40 46 31 16 58 70 61 69 46 25 59 61 46 2 2

R4 0 2 11 25 29 30 06 04 71 11 2 0 04 05 15 24 35

R 5 0 1 0 2 09 29 52 0 1 0 1 0 2 16 29 0 0 08 28 60

S e s s i o n s

3 1 -3 5

3 6 -4 0

4 1 - 4 5



130.

N a r r o w - u n o r d e r e d  B i r d s  - c o n fu s io n  m a t r i c e s  (cont .  )

B i r d 16 B i r d 17 B i r d 18

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

HI 70 45 1 2 06 0 56 29 16 05 0 2 71 31 07 0 2 0

R 2 19 15 09 1 0 04 0 1 0 1 05 08 05 1 1 08 11 0 2 0

R3 05 30 46 41 34 38 55 54 62 45 14 54 6 6 57 27

R4 05 1 0 29 2 2 30 05 1 0 14 17 14 04 0 1 07 1 1 11

R 5 0 1 0 04 2 0 32 0 05 11 08 34 0 05 08 26 63

R1 65 29 15 0 0 31 2 0 08 OS 0 2 61 26 06 0 1 0

R2 1 2 15 14 08 0 1 06 04 0 2 05 05 13 15 08 05 0 1

R3 14 39 49 50 36 56 63 62 42 36 2 2 58 64 50 23

R 4 06 1 2 14 26 09 04 06 1 2 14 17 0 2 0 1 1 2 1 09

R5 0 2 05 09 16 54 0 2 06 15 31 39 0 1 0 1 1 0 2 2 67

R1 38 19 0 2 0 0 1 42 16 13 0 1 04 71 18 09 0 1 0

R2 23 15 05 09 06 05 05 0 2 04 0 16 26 1 2 04 0 2

R3 34 58 65 51 35 50 69 6 8 62 52. 1 2 49 64 61 28

R4 0 1 04 08 16 1 1 0 0 2 07 15 08 0 05 1 0 16 16

R 5 0 2 04 2 0 24 46 0 2 08 08 17 36 0 0 2 05 17 54

S e s s i o n s

4 6 -5 0

5 1 -55

5 6 -6 0



131.

N a r r o w - u n o r d e r e d  B i r d s  

B i r d s  16

SI S2 S3 S4 S5 SI

R1 51 1 1 08 0 0 28

R2 2 1 1 2 2 0 1 0 08 05

R3 24 62 50 44 29 64

R4 04 06 08 04 0 2 0 2

R5 0 08 15 42 61 0 1

R1 46 19 09 0 2 0 32

R2 2 1 32 2 0 0 0 05 1 0

R 3 30 38 42 35 0 52

R4 0 0 2 1 0 11 08 04

R5 0 2 09 19 42 69 0 1

R1 47 26 05 0 0 35

R2 23 16 14 16 06 08

R 3 27 50 52 45 24 52

R4 0 1 0 1 06 06 09 05

R5 0 1 06 2 2 32 61 0

-  c o n f u s io n  m a t r i c e s  (cont.  ) 

B i r d s  17 B i r d s  18

S2 S3 S4 S5 SI S2 S3 S4 S5

2 2 1 0 04 0 63 17 09 0 0 1

15 14 0 8 04 15 23 2 0 08 05

56 61 61 56 18 49 50 38 24

04 1 1 14 17 04 06 11 16 14

0 2 04 14 2 2 0 04 1 0 38 55

1 2 08 0 2 0 58 29 1 2 0 2 0 2

11 11 06 05 25 25 11 05 0 2

6 6 6 6 65 48 14 34 52 38 30

04 1 0 14 11 0 2 05 1 0 11 07

06 05 1 2 36 0 1 06 14 44 57

17 1 0 04 0 78 30 11 0 2 0 2

06 19 05 0 09 14 14 04 0 2

6 8 61 6 6 58 09 42 56 50 25

05 06 04 1 0 0 2 09 09 06 1 2

04 04 2 1 32 0 1 05 1 0 38 58

S e s s i o n s

6 1 -6 5

6 6 - 7 0

7 1 -7 5



132.

N a r r o w - u n o r d e r e d  B i r d s  - c o n fu s io n  m a t r i c e s  (cont,  )

B i r d 16 B i r d 17 B i r d 18

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R 1 49 2 0 09 0 1 04 51 29 1 1 04 0 72 26 07 0 0 1

B 2 31 2 0 28 14 04 1 2 14 06 1 1 0 2 08 2 1 14 08 0 2

R3 17 51 40 38 16 35 46 52 40 39 14 43 52 45 30

R4 0 1 04 09 09 1 1 0 1 05 06 1 2 15 06 05 13 15 1 2

R5 0 1 05 15 39 65 0 06 24 32 44 0 04 14 32 54

R1 49 15 1 1 0 2 0 48 25 09 0 2 0 1 76 23 05 0 1 0 1

R2 29 38 2 1 2 0 05 11 16 11 1 0 05 1 1 2 1 1 1 08 04

R3 2 1 26 35 30 15 32 49 58 51 38 1 0 45 60 41 26

R4 0 06 09 15 17 04 0 2 09 05 06 0 2 05 1 0 2 0 2 0

R5 0 1 15 24 32 62 05 08 14 31 50 0 05 14 30 49

R1 46 16 05 0 1 0 45 2 1 1 1 0 1 0 1 71 13 05 0 1 0

R2 30 41 28 29 08 16 2 0 09 06 0 2 1 0 17 09 04 0

R3 2 2 34 40 24 14 34 46 50 48 31 19 64 51 36 2 2

R 4 0 04 11 08 1 1 0 1 0 2 08 06 04 0 0 2 09 11 06

R5 0 1 05 16 39 6 8 04 1 0 2 2 39 61 0 04 26 48 71

S e s s i o n s

7 6 -80

8 1 -8 5

86 -90



133.

N a r r o w - u n o r d e r e d  B i r d s  -  c o n f u s io n  m a t r i c e s  (cont .  )

B i r d 16 B i r d 17

SI S 2 S3 S4 S5 SI S2 S3 S4

R1 52 16 0 2 0 0 77 46 15 0 2

R2 29 36 36 26 14 0 09 11 09

R3 17 39 39 28 15 2 0 38 42 51

R4 0 04 08 09 1 2 0 1 04 0 2 05

R 5 0 1 05 15 38 59 0 1 04 29 32

R1 38 14 06 0 1 0 76 48 2 0 04

R2 45 36 35 2 2 08 04 15 09 06

R3 16 44 32 31 15 19 34 55 60

R4 0 1 0 04 09 09 0 0 06 1 2

R5 0 06 2 2 37 69 0 1 04 1 0 17

B i r d  18 S e s s i o n s

S5 SI S2 S3 S4 S5

0 1 62 24 09 0 0

05 16 16 08 0 04

34 2 0 56 6 6 48 2 1

09 0 1 04 1 0 24 14

51 0 0 06 28 61

05 75 15 0 1 0 0 2

05 06 09 09 0 2 0

49 16 75 73 48 25

06 0 2 0 1 06 26 24

35 0 0 1 0 23 49



A p p e n d ix  C. C o n fu s io n  m a t r i c e s  b a s e d  upon  da ta  o b t a in e d  d u r in g  the  

l a s t  25 s e s s i o n s  o f  t r a i n i n g  f o r  a l l  b i r d s .  Shown a r e  the  p e r c e n t  of  

t r i a l s  on w h ich  each, r e s p o n s e  (R1 to  R5) w a s  m a d e  in  the  p r e s e n c e  

o f  e a c h  s t i m u l u s  (Si to  S5). T h e s e  v a lu e s  a r e  b a s e d  upon  400 p r e s e n ­

t a t i o n s  of  e a c h  s t i m u l u s .



135.

W i d e - o r d e r e d  b i r d s  - -  c o n fu s io n  m a t r i c e s  - -  l a s t  25 s e s s i o n s .

B i r d  1 B i r d  2 B i r d  3 S e s s i o n s

SI S2 S3 S4 S5 S3 S 2 S3 S4 S5 SI S2 S3 S4 S5

R 1 8 6 06 0 0 0 6 8 21 0 0 0 76 14 0 0 0

R2 14 89 0 2 0 0 32 75 15 0 1 0 24 79 04 0 0

R3 0 05 94 03 0 0 03 77 06 0 0 1 06 91 09 0

R4 0 0 04 95 0 1 0 0 07 8 8 03 0 0 04 8 8 01

R5 0 0 0 01 99 0 0 0 05 96 0 0 0 0 2 99

W i d e - u n o r d e r e d  b i r d s  - -  c o n fu s io n  m a t r i c e s  - -  l a s t  25 s e s s i o n s .

B i r d  4 B i r d  5 B i r d  6  S e s s i o n s

SI S 2 S3 S4 S5 SI  S2 S3 S4 S5 S i  S2 S3 S4 S5

R 1 84 04 34 06 01 9] 03 02 04 0 82 03 08 01 01 7 6 -1 0 0

R2 09 73 16 0 0 03 87 12 0 0 08 82 06 0 0

R3 05 21 62 14 01 05 08 77 10 01 10 13 82 06 03

R4 01 0 05 77 02 0 0 06 82 01 01 03 06 92 0

R5 0 01 04 03 96 0 0] 01 04 98 0 01 03 01 98



136.

M o d e r a t e - o r d e r e d  b i r d s  - -  co n fu s io n  m a t r i c e s  - -  l a s t  25 s e s s i o n s .

B i r d  7 B i r d  8  B i r d  9 S e s s i o n s

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5

R! 84 18 0 0 0 86 13 0 0 0 72 25 0 2 0 0

R2 15 67 13 0 1 0 14 80 03 0 0 1 27 60 16 0 2 0 1

R3 01 13 72 1 2 0 1 0 07 95 05 0 01 13 62 15 03

R4 0 0 1 13 75 14 0 0 0 2 90 05 0 0 1 2 0 73 25

R5 0 0 0 1 1 2 85 0 0 0 05 94 0 0 0 05 94

76-100

M o d e r a t e - u n o r d e r e d  b i r d s  - -  c o n fu s io n  m a t r i c e s  - -  l a s t  25 s e s s i o n s .

B i r d  10 B i r d  11 B i r d  12 S e s s i o n s

SI S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5 

R1 30 10 07 03 01 42 10 07 01 0 67 14 03 01 01 76-100

R2 62 75 21 01 0 50 6 8  15 0 0 29 57 10 01 0

R3 07 12 48 36 03 07 19 62 16 01 04 22 6 8  13 03

R4 0 02 22 42 09 01 02 14 67 15 0 01 17 71 06

R5 01 0 01 17 86 01 0 02 16 83 0 03 02 14 90



137.

N a r r o w - o r d e r e d  b i r d s  — c o n f u s io n  m a t r i c e s  - -  l a s t  25 s e s s i o n s .

B i r d  13 B i r d  14 B i r d  15 S e s s i o n s

SI S2 S3 S4 S5 s i S2 S3 S4 S 5 SI S2 S3 S4 S5

R 1 62 2 2 03 0 0 81 19 06 0 0 31 1 0 04 0 0

R2 31 41 2 2 06 0 2 17 48 2 0 04 0 49 42 33 11 04

R3 07 33 46 36 18 0 2 28 48 2 1 1 1 2 0 44 50 41 18

R 4 0 1 04 25 45 56 0 04 18 43 26 0 03 09 29 27

R 5 0 0 03 1 2 24 0 0 07 31 62 0 0 04 19 50

N a r r o w - u n o r d e r e d  b i r d s  - -  c o n f u s io n  m a t r i c e s  - -  l a s t  25 s e s s i o n s .

B i r d  16 B i r d  17 B i r d  18 S e s s i o n s

SI S 2 S3 S4 S5 SI  S2 S3 S4 S5 SI  S 2  S3 S4 S5 

H I  47 16 07 01 01 59 34 13 03 02 71 20 05 0 01 7 6 -1 0 0

R 2  33 34 29 22 07 09 15 09 08 04 10 17 10 04 02

R 3  19 39 37 30 15 23 42 51 50 38 16 57 60 44 25

R4 0 03 08 08 12 01 03 06 08 08 02 03 10 19 15

R5 01 07 18 37 64 02 06 20 30 48 0 02 14 32 57



A p p e n d ix  D. C o n fu s io n  m a t r i c e s  fo r  a l l  b i r d s  fo r  the  T r a n s p o s i t i o n  

T e s t .  Shown a r e  the  p e r c e n t  of  t r i a l s  on w h ic h  e a c h  r e s p o n s e  (RO to  

R 6 ) w a s  m a d e  in  the  p r e s e n c e  o f  e a c h  s t i m u l u s  (SO to S6 ). T h e s e  

v a l u e s  a r e  b a s e d  upon  12 p r e s e n t a t i o n s  o f  SI t h r o u g h  S5 and  10 p r e s e n ­

t a t i o n s  e a c h  o f  SO and  S6 .



139

T r a n s p o s i t i o n  T e s t  - -  c o n fu s io n  m a t r i c e s  - -  w i d e - o r d e r e d  b i r d s

B i r d 1 B i r d 2

SO SI S2 S3 S4 S5 S 6 SO SI S2 S3 S4 S5 S 6

RO 1 0 0 0 0 0 0 0 R0 2 0 17 0 0 0 0 0

R1 90 67 0 0 0 0 0 R1 50 25 08 0 0 0 0

R2 0 33 67 0 0 0 0 R2 2 0 58 75 17 0 0 0

R3 0 0 33 92 0 0 0 R3 1 0 0 17 83 0 0 0

R4 0 0 0 08 1 0 0 0 0 R4 0 0 0 0 92 0 0

R5 0 0 0 0 0 1 0 0 1 0 0 R5 0 0 0 0 08 1 0 0 90

R 6 0 0 0 0 0 0 0 R 6 0 0 0 0 0 0 1 0

SO SI

B i r d

S2

3

S3 S4 S5 S 6

R0 2 0 0 0 0 0 0 0

R1 70 92 08 0 0 0 0

R2 1 0 08 83 0 0 0 0

R3 0 0 08 92 0 0 0

R4 0 0 0 08 1 0 0 0 0

R5 0 0 0 0 0 1 0 0 80

R 6 0 0 0 0 0 0 2 0



140 .

T r a n s p o s i t i o n  T e s t  - -  co n fu s io n  m a t r i c e s  - -  w i d e - u n o r d e r e d  b i r d s

B i r d 4 B i r d 5

SO SI S2 S3 S4 S5 S 6 SO SI S2 S3 S4 S5 S 6

R 0 0 08 0 0 0 0 1 0 R0 0 0 17 0 0 08 0

R1 30 42 0 08 0 0 0 R 1 90 75 0 0 0 0 0

R2 50 50 1 0 0 08 0 0 0 R2 0 0 67 0 0 0 0

R3 1 0 0 0 83 25 0 0 R3 0 17 17 92 50 08 0

R4 1 0 0 0 0 42 0 0 R4 1 0 08 0 0 42 0 0

R5 0 0 0 0 17 1 0 0 90 R 5 0 0 0 0 0 83 1 0 0

R 6 0 0 0 0 17 0 0 R 6 . 0 0 0 08 08 0 0

B i r d

SO SI S 2

R0 0 0 08

R1 1 0 0 67 17

R2 0 08 33

R3 0 17 42

R4 0 0 0

R 5 0 08 0

R 6 0 0 0

S3 S4 S5 S 6

0 0 0 0

0 0 17 1 0

0 0 0 0

92 0 0 0

08 83 0 0

0 0 83 90

0 17 0 0



141.

T r a n s p o s i t i o n  T e s t  - -  c o n f u s i o n  m a t r i c e s  -  m o d e r a t e - o r d e r e d  b i r d s

B i r d 7 B i r d 8

SO SI S2 S3 S4 S5 S 6 SO SI S2 S3 S4 S5 S 6

RO 0 08 0 0 0 0 0 R 0 1 0 0 33 0 0 0 0 0

R1 30 33 08 0 0 0 0 R1 0 50 08 0 0 0 0

R2 2 0 50 50 0 0 0 0 R2 0 17 92 0 0 0 0

R 3 40 08 42 83 0 0 0 R3 0 0 0 1 0 0 08 0 0

R4 1 0 0 0 17 92 0 0 R 4 0 0 0 0 92 17 0

R5 0 0 0 0 08 92 1 0 R5 0 0 0 0 0 83 90

R 6 0 0 0 0 0 08 90 R 6 0 0 0 0 0 0 1 0

B i r d 9

SO SI S 2 S3 S4 S5 S 6

R 0 1 0 0 0 0 0 0 0

R1 30 17 0 0 0 0 0

R2 50 67 58 0 0 0 0

R3 1 0 17 33 58 08 08 0

R 4 0 0 08 42 67 33 0

R 5 0 0 0 0 25 58 70

R 6 0 0 0 0 0 0 30



142.

T r a n s p o s i t i o n  T e s t  - -  c o n f u s io n  m a t r i c e s  - -  m o d e r a t e  u n o r d e r e d  b i r d s

B i r d 1 0 B i r d 1 1

SO SI S2 S3 S4 S5 so SO SI S2 S3 S4 S5 S 6

RO 1 0 08 08 0  0 0 0 R0 0 0 08 0 0 0 0

R1 50 0 08 08 0 0 0 R1 50 25 08 08 0 0 0

R2 2 0 33 58 08 0 0 0 R 2 0 42 25 0 0 0 0

R3 2 0 58 25 75 25 0 0 R3 40 33 50 58 0 0 1 0

R4 0 0 0 0  08 0 0 R4 1 0 0 0 17 67 08 0

R5 0 0 0 08 67 1 0 0 1 0 0 R 5 0 0 08 17 33 92 90

R6 0 0 0 0  0 0 0 R 6 0 0 0 0 0 0 0

B i r d 1 2

SO SI S 2 S3 S4 S5 S6

R0 0 0 0 0 0 0 0

R1 90 83 08 0 0 0 0

R2 0 08 17 0 0 0 0

R3 1 0 08 75 92 42 0 0

R4 0 0 0 08 50 08 0

R5 0 0 0 0 08 92 1 0 0

R 6 0 0 0 0 0 0 0



143.

T r a n s p o s i t i o n  T e s t  - -  c o n fu s io n  m a t r i c e s  - -  n a r r o w - o r d e r e d  b i r d s  

B i r d  13 B i r d  14

SO SI S 2 S3 S4 S5 S 6

HO 40 17 0 0 0 0 0

R 1 30 0 0 0 0 0 0

R2 30 75 33 08 0 0 0

R3 0 08 42 67 50 08 0

R 4 0 0 17 25 50 67 1 0

R5 0 0 08 0 0 25 50

R 6 0 0 0 0 0 0 40

SO SI

B i r d

S2

RO 30 17 0

R1 1 0 0 0

R2 40 42 42

R3 2 0 42 58

R4 0 0 0

R5 0 0 0

R 6 0 0 0

SO SI S 2 S3 S4 S5 S6

R0 80 0 0 0 0 0 0

R1 2 0 92 08 08 0 0 0

R2 0 08 58 33 08 0 0

R3 0 0 25 58 42 0 0

R4 0 0 08 0 33 25 0

R5 0 0 0 0 17 75 1 0 0

R 6 0 0 0 0 0 0 0

15

S3 S4 S5 S 6

0 0 0 0

0 0 0 0

25 0 0 0

58 50 25 33

08 33 17 0

08 08 58 33

0 08 0 17



144.

T r a n s p o s i t i o n  T e s t  - -  c o n fu s io n  m a t r i c e s  — n a r r o w - u n o r d e r e d  b i r d s

B i r d  16

SO SI S2 S3 S4 S5 S6

RO 50 17 08 0 0 0 0

R 1 0 17 08 17 08 0 0

R2 40 42 0 08 0 0 0

R3 1 0 25 67 42 58 08 1 0

R4 0 0 0 0 0 08 60

R 5 0 0 17 33 33 83 1 0

R 6 0 0 0 0 0 0 2 0

B i r d  17

SO SI S2 S3 S4 S5 S 6

R0 0 08 0 0 08 0 0

R 1 60 58 42 08 08 0 0

R2 0 0 08 08 0 0 0

R3 40 33 25 50 42 42 0

R4 0 0 08 0 0 0 0

R5 0 0 08 33 42 58 1 0 0

R 6 0 0 08 0 0 0 0

B i r d  18

SO SI S2 S3 S4 S5 S 6

R0 0 0 0 0 0 0 0

R 1 2 0 83 17 0 0 0 0

R2 30 0 17 0 08 0 0

R3 40 08 50 75 33 25 0

R4 1 0 0 0 08 17 17 0

R5 0 08 17 17 42 58 1 0 0

R 6 0 0 0 0 0 0 0


