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2 .

ABSTRACT.

T h is  r e s e a r c h  was co n c e rn ed  w i t h  v i s u a l  d i s c r i m i n a t i o n  

i n  t h e  g o ld e n  h a m s t e r .  R e lev an t  l i t e r a t u r e  on  t h e  r a t  

s u g g e s t s  t h a t  d i s c r i m i n a t i o n  o f  s im ple  g e o m e t r i c a l  shapes  

i s  d e te rm in e d  by t h e  i s o l a t i o n  o f  a d i s t i n c t i v e  f i g u r a i  

e l e m e n t ;  t h i s  i s  n o rm a l ly  t h e  b a s e  l i n e .  L e a rn in g  o f  

s o l i d  shapes  i s  t r a n s f e r r e d  t o  o u t l i n e s  and s i z e  a l t e r a t i o n s ,  

b u t  not  t o  r o t a t e d  f i g u r e s  and f i g u r e - g r o u n d  b r i g h t n e s s  

r e v e r s a l s .

Some o f  t h e s e  r e s u l t s  may be e x p e r i m e n t a l  a r t i f a c t s  

p roduced  by t h e  t e c h n i q u e  o f  i n v e s t i g a t i o n ,  i n  which  th e  

main  f l a w s  a p p e a r  t o  be t h e  use o f  l a r g e  f i g u r e s  and a 

f i x e d  c h o ic e  d i s t a n c e .  I n  t h e  s e r i e s  o f  e x p e r im e n t s  

r e p o r t e d  h e r e  on  form d i s c r i m i n a t i o n  i n  t h e  g o ld e n  h a m s te r ,  

t e c h n i q u e s  were d ev e lo p ed  t o  meet t h e s e  c r i t i c i s m s .

The m a jo r  ex p e r im en t  o f  t h i s  s e r i e s  i n d i c a t e d  t h a t  

g o ld e n  h a m s te r s  were a b le  t o  l e a r n  a b r i g h t n e s s  

d i s c r i m i n a t i o n  r a p i d l y .  Form d i s c r i m i n a t i o n  o f  a t r i a n g l e  

from a c i r c l e  was more a i f f i c u l t  and l e a r n i n g  s low .

However, a l l  an im a ls  a c h ie v e d  d i s c r i m i n a t i o n  s c o r e s  above 

t h e  0 .0 1  l e v e l  o f  s i g n i f i c a n c e .

T r a n s f e r  t e s t s  showed t h a t ,  a s  w i th  r a t s ,  t h e  r e s p o n s e  

was t o  t h e  p o s i t i v e  f i g u r e  and not t o  th e  n e g a t i v e .



G e n e r a l i s a t i o n  e x t e n d e d  t o  r o t a t e d  f i g u r e s ,  t o  b o th  

t h e  t o p s  and b a s e s  o f  f i g u r e s ,  and t o  a l l  a l t e r a t i o n s  

i n  s i z e  e x c e p t  t h e  s m a l l e s t  ( 0 .2 5  c m s . ) ;  a b e h a v i o u r a l  

measure o f  v i s u a l  a c u i t y  had e v i d e n t l y  b ee n  r e a c h e d  a t  

t h i s  p o i n t .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  an im a ls  were 

r e s p o n d in g  t o  t h e  f i g u r e  as  a whole r a t h e r  t h a n  t o  i t s  

p a r t s .  A com plete  breakdown i n  d i s c r i m i n a t i o n  o c c u r r e d  

when th e  f i g u r e - g r o u n d  b r i g h t n e s s  r e l a t i o n s h i p  was r e v e r s e d  

A s u b s i d i a r y  ex p e r im e n t  showed t h a t  h a m s te r s  were ca p a b le  

o f  p e r c e i v i n g  d e p t h .

The r e s u l t s  o b t a i n e d  on  r o t a t e d  f i g u r e s  and th e  p a r t s  

o f  f i g u r e s  s u g g e s t  e i t h e r  t h a t  form d i s c r i m i n a t i o n  i n  t h e  

g o ld e n  h a m s te r  i s  s u b s t a n t i a l l y  d i f f e r e n t  from t h a t  i n  t h e  

r a t ,  o r  t h a t  t h e y  a r e  due t o  th e  s m a l l e r  f i g u r e s  used and 

th e  f reedom o f  s c r u t i n y  a l l o w e d .
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1 2 .

I  INTRODUCTION

T h is  r e s e a r c h  was d e s i g n e d  t o  i n v e s t i g a t e  v i s u a l  

d i s c r i m i n a t i o n  i n  t h e  g o ld e n  h a m s te r  i n  te rm s  o f  d e p t h ,  

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

i m p o r t a n t ,  i n  v iew o f  t h e  l a r g e  amount o f  work w i t h  o t h e r  

s p e c i e s  i n  t h i s  f i e l d .

The c h o i c e  o f  t h e  g o l d e n  h a m s te r  a s  an  e x p e r i m e n t a l  

an im a l  was not  e n t i r e l y  a r b i t r a r y .  A p a r t  from t h e  

a v a i l a b i l i t y  o f  t h e  h a m s te r  i n  t h i s  l a b o r a t o r y ,  t h e  

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

t h e  m u tan t  s t r a i n s  o f  r a t s  u sed  f o r  most e x p e r i m e n t s ,  

s u g g e s t e d  t h a t  i n f o r m a t i o n  o n  t h e  a n i m a l e s  powers  o f  

v i s u a l  d i s c r i m i n a t i o n  would be v a l u a b l e .  T h i s  was 

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

t h a t  m u t a t i o n s  ca n  g i v e  r i s e  t o  d e f e c t s  w h ich  i n t r o d u c e  

unknown, u n c o n t r o l l e d  v a r i a b l e s ;  where su c h  a n a to m i c a l  

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

c o n fu s e  s e n s o r y  im p a irm en t  w i t h  c o n c e p t u a l  l i m i t a t i o n s .

Some a i f f i c u l t y  h a s  a r i s e n  o v e r  t h e  a s p e c t s  o f  t h e  

f i g u r e  w h ich  d e t e r m in e  form d i s c r i m i n a t i o n .  R e s u l t s  

o b t a i n e d  w i t h  r a t s  s u g g e s t  t h a t  t h e  f i g u r e s  a r e  d i f f e r 

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



1 3 .

namely t h e  b a s e  l i n e s ;  t h e r e  i s  l i t t l e  o r  no t r a n s f e r  

t o  r o t a t e d  f i g u r e s ;  s q u a r e s  and c i r c l e s  a r e  c o n f u s e d ,  

e x c e p t  when t h e  a n im a l s  have  b e e n  p r e v i o u s l y  t r a i n e d  o n  

h o r i z o n t a l  and  v e r t i c a l  s t r i a t i o n s ,  t a s h l e y  (1938) fo u n d  

t h a t  t h e r e  was no t r a n s f e r  when t h e  f i g u r e - g r o u b d  b r i g h t n e s s  

r e l a t i o n s h i p s  were r e v e r s e d ,  a l t h o u g h  R e e tz  (1957) o b t a i n e d  

p o s i t i v e  r e s u l t s  w i t h  r a t s  and  m i c e .  On t h e  o t h e r  hand ,  

r a t s  c a n  l e a r n  t o  d i s c r i m i n a t e  b e tw e en  d i f f e r e n t  

o r i e n t a t i o n s  o f  t h e  same f i g u r e ,  and t r a n s f e r  t o  d i f f e r e n t  

s i z e s  and f rom  s o l i d  f i g u r e s  t o  o u t l i n e s  i s  g o o d .

Work w i t h  o t h e r  s p e c i e s  i n d i c a t e s  t h a t  c h i c k e n s  and 

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

b u t  t h a t  d i s c r i m i n a t i o n  i s  b a s e d  on  t h e  p a r t s  t h a t  most 

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

b a s e  l i n e s .  H ig h e r  mammals and o c t o p u s e s ,  ho w ev e r ,  t e n d  

t o  r e s p o n d  t o  t h e  whole f i g u r e ,  and  a r e  l e s s  d i s t u r b e d  by  

c h an g es  i n  r o t a t i o n ;  t h e  h i g h e r  mammals a r e  a l s o  a b l e  t o  

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

o f  t h e  f i g u r e  and  b ack g ro u n d  a r e  r e v e r s e d  ( S u t h e r l a n d  1961) •

C o n s i d e r a t i o n  o f  t h e  r e s u l t s  w i th  r a t s  s u g g e s t e d  t h a t  

e r r o r s  may have  a r i s e n  t h r o u ^  t h e  t e c h n i q u e s  u sed  t o  

o b t a i n  th e m .  I t  was f e l t  t h a t  t h e  f i g u r e s  u sed  i n  most 

e x p e r i m e n t s  were  t o o  l a r g e  (2 t o  4 i n c h e s  b a s e ) ,  and  t h a t



1 4 .

t h e  m ethods  were c o n f u s i n g  d i s c r i m i n a t i v e  d i s t a n c e  w i t h  

d i s c r i m i n a t i v e  a b i l i t y .

B ecause  o f  t h e s e  p o s s i b i l i t i e s ,  s m a l l e r  f i g u r e s  ( 2 . 0  

cm s.)  were u sed  i n  t h e  f o m  d i s c r i m i n a t i o n  e x p e r i m e n t s  

d e s c r i b e d  i n  t h i s  t h e s i s .  M o d i f i c a t i o n  o f  t h e  t e c h n i q u e  

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

s h o u ld  be so d e s i g n e d  t h a t  t h e  a n im a l  was a b l e  t o  show i t s  

maximum d i s c r i m i n a t i v e  a b i l i t y .  As l i t t l e  i s  known ab o u t  

t h e  l i m i t a t i o n s  im posed  by t h e  a n i m a l ’ s o p t i c a l  sy s te m ,  i t  

was n e c e s s a r y  t o  e l i m i n a t e  t h e  a r b i t r a r y  c o n d i t i o n s  imposed 

by a f i x e d - d i s t a n c e  c h o i c e .  S in c e  t h e  g o l d e n  h a m s t e r  i s  

u n a b le  t o  jump f a r ,  any  form  o f  a p p a r a t u s  t h a t  n e c e s s i t a t e d  

jum ping was i n a p p l i c a b l e ;  i t  was a l s o  d e s i r a b l e  t o  r e d u c e  

any  t e n d e n c y  t o  p o s i t i o n  h a b i t s  a s  f a r  a s  p o s s i b l e .  T hus ,  

a p p a r a t u s  was r e q u i r e d  w hich  b o t h  s a t i s f i e d  t h e s e  c r i t e r i a ,  

and p r o v i d e d  a s t a t i s t i c a l l y  s e n s i t i v e  m easu re  o f  

d i s c r i m i n a t i v e  a b i l i t y .

I n  t h e  s e c t i o n s  t h a t  f o l l o w ,  r e l e v a n t  l i t e r a t u r e  on  

v i s u a l  d i s c r i m i n a t i o n  i s  r e v i e w e d .  N ex t ,  s i n c e  t h e  g o l d e n  

h a m s te r  i s  a s p e c i e s  o f  a n im a l  which i s  r a r e l y  u se d  i n  

ccxnpara t ive  p s y c h o lo g y ,  a b r i e f  d e s c r i p t i o n  o f  some o f  t h e  

r e l e v a n t  m o r p h o lo g ic a l  and b e h a v i o r a l  c h a r a c t e r i s t i c s  h a s  

b e e n  i n c l u d e d ,  w i t h  some d i s c u s s i o n  o f  t h e  p ro b le m s  a r i s i n g  

from s o u r c e s  o f  m o t i v a t i o n  and from m ethods  o f  h a n d l i n g .
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The p r o b a b l e  s t r u c t u r e  o f  t h e  e y e ,  i n  so f a r  a s  i t  a f f e c t s  

form d i s c r i m i n a t i o n ,  i s  t h e n  o u t l i n e d .

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

The measurem ent o f  v i s u a l  a c u i t y ,  and t h e  p r e s e n c e  o r  

a b s e n c e  o f  d e p t h  p e r c e p t i o n  a r e  t r e a t e d  f i r s t .  Then an  

ac c o u n t  i s  g i v e n  o f  p r e l i m i n a r y  a t t e m p t s  t o  i n v e s t i g a t e  

b r i g h t n e s s  and form d i s c r i m i n a t i o n  i n  t h e  h a m s t e r ;  t h i s  

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

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

o f  t h e  work i n  d e v e lo p i n g  a s u i t a b l e  a p p a r a t u s  f o r  use  w i t h  

a new s p e c i e s ,  w h i le  a t  t h e  same t im e  a t t e m p t i n g  t o  a v o i d  

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

t e c h n i q u e s  w h ich  h ave  b ee n  u se d  w i th  r a t s .

The f i n a l  p a r t  o f  t h e  t h e s i s  r e p o r t s  t h e  m a j o r  

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

n e c e s s a r y  c r i t e r i a  had  b ee n  d e v i s e d .  D ur ing  t h i s  e x p e r i m e n t ,  

t h e  a n i m a l s  were t r a i n e d  t o  d i s c r i m i n a t e  a t r i a n g l e  from 

a c i r c l e ;  i n f o r m a t i o n  o n  c e r t a i n  a s p e c t s  o f  t h e  d i s 

c r i m i n a t i o n  arvi on  t h e  e x t e n t  o f  t h e  c o n c e p t  was o b t a i n e d  

by g i v i n g  t r a n s f e r  t e s t s ,  i n  which t h e  q u e s t i o n s  o f  s i z e  

v a r i a t i o n ,  p a r t  v e r s u s  w h o le ,  f i g u r e - g r o u n d  r e v e r s a l ,  

a l t e r n a t i v e  f i g u r e s  and r o t a t i o n s  were e x a m in e d .

I n  so f a r  a s  t h e s e  i n v e s t i g a t i o n s  were s u c c e s s f u l .
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I t  was c o n s i d e r e d  t h a t  t h i s  r e s e a r c h  w ould  be o f  v a l u e  

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

and  p e r h a p s  i n  a d d in g  f u r t h e r  e v i d e n c e  on  some o f  t h e  

c o n t r o v e r s i a l  p o i n t s  which  have  a r i s e n  i n  t h e  s t u d y  o f  

v i s u a l  d i s c r i m i n a t i o n  i n  s m a l l  mammals.



IV.

I I  REVIEW OP THE LITERATURE

The G e s t a l t  p s y c h o l o g i s t s  can  be s a i d  t o  have  drawn 

a t t e n t i o n  t o  t h e  p rob lem  o f  form  p e r c e p t i o n  i n  t h e  1920*s .

I n  t h e i r  a t t e m p t  t o  combat t h e  t h e o r i e s  o f  n i n e t e e n t h  

c e n t u r y  n a t i v i s m  and  e m p i r i c i s m ,  t h e y  p roduced#  b e s i d e s  a 

r e v o l u t i o n a r y  t h e o r y ,  a l a r g e  amount o f  e x p e r i m e n t a l  e v id e n c e  

o n  form  d i s c r i m i n a t i o n  and  l e a r n i n g .  S u t h e r l a n d  (1961) 

r em ark s  t h a t  t h i s  e r a  was n o te d  f o r  a m u l t i t u d e  o f  e x p e r im e n t s  

i n s u f f i c i e n t l y  g u id e d  by t h e o r y .

I n  e a r l y  e x p e r i m e n t s  t h e  m ethods  em ployed were o f t e n  

so s p e c i f i c  t o  t h e  a n im a l  b e i n g  i n v e s t i g a t e d  a s  t o  admit  

o f  no u s e f u l  g e n e r a l  c o n c l u s i o n s .  Morgan (1939) p o i n t s  o u t  

t h a t  p r o g r e s s  i n  t h e  a c q u i s i t i o n  o f  knowledge c o n c e r n in g  t h e  

p s y c h o l o g i c a l  c a p a c i t y  o f  a n im a l s  i s  l a r g e l y  d e p e n d e n t  upon 

t h e  deve lopm ent  o f  s a t i s f a c t o r y  i n s t r u m e n t s  o f  m easu rem en t ;  

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

an im a l  v i s i o n .  One o f  t h e  f i r s t  t o  i n t r o d u c e  a more g e n e r a l  

method o f  i n v e s t i g a t i o n  was Y erkes  (1907) who e v o l v e d  a  

p r o t o t y p e  o f  a p p a r a t u s  which  was d e v i s e d  t o  in d u c e  t h e  

an im a l  t o  g i v e  a d i f f e r e n t i a l  r e s p o n s e  t o  two o r  more 

s t i m u l i .  L a s h l e y  (1 9 3 0 a ) ,  F i e l d s  (1928) and Munn (1 9 3 1 ) ,  

among o t h e r s ,  ( f o r  exam ple .  G en t ry  1934, Morgan 1939) 

d e v e lo p e d  t h i s  l i n e  o f  a t t a c k ,  w i th  a  v iew  t o  c o n t r o l l i n g
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t h e  more o b v io u s  e x t e r n a l  v a r i a b l e s ,  su ch  a s  o l f a c t o r y  

and t a c t i l e  c u e s ,  a u t o m a t i c  c o n t r o l  o f  rew ard  and 

p u n is h m e n t ,  and  so f o r t h .

S in c e  t h e n ,  t h e  p rob lem  o f  v i s u a l  d i s c r i m i n a t i o n  h a s  

a t t r a c t e d  g r e a t e r  a t t e n t i o n ;  more s p e c i e s  o f  a n i m a l s  a r e  

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

o f  v i s i o n  h a s  b ee n  p ro d u c e d ,  o f  which  t h a t  o f  Hebb, D e u ts c h ,  

D4dw ell ,  S u t h e r l a n d ,  J . Z .  Young and von F r i s c h  a r e  o n l y  a 

few o f  t h e  e x a m p l e s . However, t h e r e  a r e ,  o d d ly  en o u g h ,  few 

r e a l l y  c o m p a ra t iv e  s t u d i e s  i n  w hich  one s p e c i e s  i s  compared 

s y s t e m a t i c a l l y  w i t h  a n o t h e r .  T h e re  a r e  two ways o f  t a c k l i n g  

t h i s  p ro b lem :  f i r s t ,  f o r  two i n d i v i d u a l  e x p e r i m e n t e r s  t o

use  t h e  same t e c h n i q u e s  on  two d i f f e r e n t  s p e c i e s ,  and  

s e c o n d l y ,  f o r  one e x p e r i m e n t e r  t o  s t u d y  s e v e r a l  d i f f e r e n t  

s p e c i e s •

B e a r in g  t h e  c o m p a r a t iv e  b a s i s  i n  m ind ,  i t  was d e c i d e d  

t o  s e e  i f  t h e r e  was any  s i m i l a r i t y  b e tw een  r a t s  and g o l d e n  

h a m s te r s  i n  t e rm s  o f  v i s u a l  d i s c r i m i n a t i o n .  T here  i s  no 

a p p a r e n t l y  r e l e v a n t  work on  h a m s t e r s ,  a p a r t  f rom a r e c e n t  

s t u d y  i n  Germany by  Rensch and Rahmann ( 1 9 6 0 ) ,  who s t u d i e d  

th e  e f f e c t  o f  t h e  d ru g  P e r v i t i n  on  t h e  g o ld e n  h a m s t e r ’ s 

a b i l i t y  t o  remember a l e a r n e d  d i s c r i m i n a t i o n  be tw een  

h o r i z o n t a l  and v e r t i c a l  s t r i p e s ;  a m o d i f i e d  form o f  Munn* s 

t w o - d o o r  a p p a r a t u s  was u s e d .
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I t  was t h e r e f o r e  n e c e s s a r y  t o  t u r n  t o  t h e  l i t e r a t u r e  

o n  t h e  r a t ,  and t h e  most im m e d ia te ly  r e l e v a n t  b ac k g ro u n d  

i n  t e rm s  o f  m e th o d o lo g y  a p p e a r e d  t o  be t h e  work o f  L a s h l e y ,  

F i e l d s  and Munn, who, b e tw e en  them, have p r o v i d e d  a q u a n t i t y  

o f  d a t a  on  t h e  r a t ’ s a b i l i t y  t o  d i s t i n g u i s h  b e tw e e n  v a r i o u s  

sy m b o ls .

S in c e  a d i s c u s s i o n  o f  a l l  t h e  work i n  t h e  f i e l d  o f  

v i s u a l  d i s c r i m i n a t i o n  i s  beyond t h e  scope  o f  t h i s  t h e s i s ,  

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

t h r e e  e x p e r i m e n t e r s ,  and a r e  d i v i d e d  a s  f o l l o w s :  t h e

f i r s t  s e c t i o n  d e s c r i b e s  t h e  m ethods  t h a t  were u s e d ;  t h e  

second  sum m arises  t h e  r e s u l t s  and t h e  g e n e r a l  c o n c l u s i o n s  

t h a t  may be drawn from them , w h i l e ,  i n  t h e  t h i r d  s e c t i o n ,  

t h e  v a l i d i t y  o f  b o th  method and  r e s u l t s  i s  exam in ed ,  and 

t h e i r  a p p l i c a b i l i t y  t o  t h e  g o l d e n  h a m s t e r  d i s c u s s é d .

A. T e c h n iq u e s  and A p p a ra tu s  Used I n  
V i s u a l  D i s c r i m i n a t i o n  E x p e r i m e n t s .

The p r o t o t y p e  o f  t h e  t w o - c h o ic e  v i s u a l  d i s c r i m i n a t i o n  

a p p a r a t u s  was d e v i s e d  by Y erkes  i n  1907 ,  p r i m a r i l y  t o  s t u d y  

v i s i o n  i n  t h e  d a n c in g  m ouse .  The a n i m a l ,  w hich  was fo o d -  

d e p r i v e d ,  was t r a i n e d  t o  d i s c r i m i n a t e  b e tw e en  two s t i m u l i  

p l a c e d  i n  t h e  e n d - w a l l  o f  t h e  c h o i c e - b o x ;  t h e  s t i m u l i ,  

w hich  were c o v e re d  w i t h  f r o s t e d  g l a s s  and i l l u m i n a t e d  from 

b e h i n d ,  were s e p a r a t e d  from one a n o t h e r  by  a p a r t i t i o n .
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A f t e r  a c o r r e c t  c h o i c e ,  t h e  a n im a l  was a b l e  t o  go t h r o u ^  

a d o o r  i n  t h e  s i d e - w a l l ,  and down a p a s s a g e  t o  a compartment 

a t  t h e  o p p o s i t e  end  o f  t h e  c h o i c e - b o x ;  h e r e  i t  was rew ard ed  

w i t h  f o o d .  I t  was t h e n  r e a d m i t t e d  t o  t h e  c h o i c e - b o x  f o r  

t h e  n e x t  t r i a l .  A wrong c h o ic e  was p u n i s h e d  w i th  e l e c t r i c  

s h o c k .

The im p o r ta n c e  o f  t h i s  a p p a r a t u s  l a y  i n  t h e  method 

o f  i n d u c i n g  a n  an im al  t o  make a d i f f e r e n t i a l  r e s p o n s e  t o  

two o r  more s t i m u l i ,  so t h a t  t h e  n a t u r e  o f  t h e  s e n s o r y  

p r o c e s s e s  c o u ld  be s t u d i e d .  However, a l t h o u g h  t h e  a p p a r a t u s  

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

n e v e r  gave any v e r y  s a t i s f a c t o r y  r e s u l t s ;  a l t h o u g h  e a s y  

d i s c r i m i n a t i o n  p r o b le m s ,  s u c h  a s  d i f f e r e n t i a t i o n  b e tw e en  

b l a c k  and w h i t e ,  were a d e q u a t e l y  d e m o n s t r a t e d ,  t h e  s u b s t i 

t u t i o n  o f  form d i s c r i m i n a t i o n  was s t i l l  p r o d u c in g  n e g a t i v e  

f i n d i n g s  a f t e r  a s  many a s  2000 t r i a l s .  W i l l i a m s  (1926) w^s 

u n a b le  t o  t e a c h  dogs t o  d i s c r i m i n a t e  i n  t h i s  s i t u a t i o n .

F i e l d s  (1928) c r i t i c i s e d  Yerkes* a p p a r a t u s  on  t h r e e  

g ro u n d s :  i )  t h e  s i t u a t i o n  was u n n e c e s s a r i l y  complex;

i i )  t h e r e  was a marked l a c k  o f  c o n t i g u i t y  b e tw e en  t h e  

S t im u lu s  and  t h e  r e w a rd ,  and i i i )  t h e  p r e s e n c e  o f  a 

p a r t i t i o n  b e tw e en  t h e  s t i m u l i  meant a n  a r b i t r a r y  c h o i c e  

d i s t a n c e  f o r  t h e  a n i m a l ,  which  was n o t  n e c e s s a r i l y  b e s t  

s u i t e d  t o  i t s  powers  o f  accom m odation .
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F i e l d s  (1928) m o d i f i e d  t h e  Y erkes  a p p a r a t u s  by l e a v i n g  

o u t  t h e  p a r t i t i o n ,  and  by p r e s e n t i n g  t h e  s t i m u l i  a s  

d i f f e r e n t - s h a p e d  h o l e s ;  t h e  r a t  had  t o  go th r o u g h  t h e  

c o r r e c t  h o l e ,  a f t e r  which  i t  o b t a i n e d  fo o d  o n  t h e  o t h e r  

s i d e .  However, a l t h o u g h  he a p p e a r e d  t o  be a b l e  t o  t r a i n  

r a t s  t o  d i s c r i m i n a t e  on  t h i s  a p p a r a t u s .  F i e l d s  (1929) l a t e r  

showed t h a t  t h e  d i s c r i m i n a t i o n  had  b e e n  b a s e d  on  t a c t i l e  

and k l h a e s t h e t i c  cues  r a t h e r  t h a n  on  v i s u a l  o n e s ;  b l i n d e d  

r a t s  were s t i l l  a b l e  t o  a c h i e v e  s c o r e s  s i g n i f i c a n t l y  above 

c h a n c e .  He t h e r e f o r e  p l a c e d  t h e  h o l e s  im m e d ia t e ly  be low  

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

s im ple  g e o m e t r i c  fo rm s i n  a b o u t  800 t r i a l s .

M eanwhile ,  L a s h l e y  (1930a)  h ad  d e v i s e d  a new t y p e  o f  

a p p a r a t u s  w h ich  was c o n s i d e r a b l y  more s u c c e s s f u l  t h a n  i t s  

p r e d e c e s s o r s ;  t h e  r a t e  o f  d i s c r i m i n a t i o n  l e a r n i n g  was 

f a s t e r ,  a M  s a t i s f a c t o r y  r e s u l t s  were  o b t a i n e d  i n  l e s s  

t h a n  100 t r i a l s .  The c r i t e r i o n  f o r  l e a r n i n g  was u s u a l l y  

150 t r i a l s  ( L a s h le y  1 9 3 8 ) .  L a s h l e y ’ s method o f  s c o r i n g  

r e s u l t s  i s  p e r h a p s  w o r th  a t t e n t i o n :  a l l  c o r r e c t  c h o i c e s

Were c a l l e d  t r i a l s .  Thus a r a t  m aking  two wrong jumps f i r s t  

would be r e c o r d e d  a s  h a v i n g  made 1 t r i a l  and 2 e r r o r s .  

T h e r e f o r e  150 t r i a l s  a r e  e q u i v a l e n t  t o  150 c o r r e c t  c h o i c e s ,  

a l t h o u g h  n o t  n e c e s s a r i l y  c o r r e c t  f i r s t  c h o i c e s .  L a s h l e y
arv Oufcypîc4.l I

u sed  c o r r e c t i o n  m ethod o f  t r a i n i n g  and ju d g e d  t h e

n  In  t h e  u s u a l  c o r r e c t i o n  m e thod ,  t h e  a n im a l  c o r r e c t s  i t s  
own m i s t a k e .  In  L a s h le y * s  m e thod ,  t h e  a n im a l  was r e p l a c e d  
on t h e  jumping s t a n d  a f t e r  an e r r o r .
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a n i m a l s  I n  t e rm s  o f  e r r o r s .  F i e l d s ,  on  t h e  o t h e r  h an d ,  

u sed  t h e  word " t r i a l* *  i n  t h e  more u s u a l  s e n s e :  t h a t  i s ,

he  u sed  i t  t o  d e n o t e  one r u n  t h r o u g h  t h e  a p p a r a t u s ,  t h e r e b y  

i n c l u d i n g  b o t h  t h e  c o r r e c t  c h o i c e  and t h e  e r r o r s .

The a p p a r a t u s  c o n s i s t e d  o f  a p l a t f o r m ,  from w h ich  r a t s  

were t r a i n e d  t o  jump a d i s t a n c e  o f  25 cm s . t o  one o f  two 

s t i m u l u s  c a r d s  (m e a s u r in g  15 x  15 cm s .)  e x p o s e d  s i d e  by 

s i d e ;  t h e  c o r r e c t  c a r d  f e l l  b ac k  when p u s h e d ,  g i v i n g  t h e  

r a t  a c c e s s  t o  fo o d  o n  t h e  o t h e r  s i d e .  The wrong c a r d  was 

f i x e d ;  t h u s ,  a wrong c h o i c e  r e s u l t e d  i n  a  bump, and  a f a l l  

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

t r a i n i n g  i s  l e n g t h y :  t h e  r a t  i s  t r a i n e d  t o  jump t o  t h e

two h o l e s  by  g r a d u a l l y  i n c r e a s i n g  t h e  d i s t a n c e  b e tw e e n  t h e  

jum ping  p l a t f o r m  and t h e  a p e r t u r e s ;  when t h e  r e q u i r e d  

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

s t i m u l i  and t r a i n i n g  on  d i s c r i m i n a t i o n  b e g i n s .

The im p o r ta n c e  o f  L a s h l e y ’ s t e c h n i q u e  c e n t r e s  on  t h e  

f o l l o w i n g  p o i n t s :  by t h e  n a t u r e  o f  t h e  s i t u a t i o n ,  a l l

a c t i v i t y  i s  f o c u s e d  o n  t h e  s t i m u l i  t h e m s e l v e s ,  w hich  become 

s i g n s  f o r  r e w a rd  o r  p u n i s h m e n t ;  t h i s  i s  u n l i k e  Y e r k e s ’ 

a p p a r a t u s ,  where  a g r e a t  d e a l  o f  p r e l i m i n a r y  r u n n i n g  a ro u n d  

i n  f r o n t  o f  t h e  s t i m u l i  may o c c u r ,  and where t h e  l o n g  a l l e y s  

t o  t h e  r ew ard  may n e v e r  become a s s o c i a t e d  w i t h  t h e  s t i m u l i  

t h e m s e l v e s .  I n  L a s h l e y ’ s a p p a r a t u s ,  t h e r e  i s  c l o s e  t e m p o r a l
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and s p a t i a l  c o n t i g u i t y  b e tw e e n  t h e  r e s p o n s e  and  e i t h e r  

r ew a rd  o r  p u n i s h m e n t .  T h ere  i s  a l s o  a n  e n f o r c e d  p au se  

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

t h e  a n im a l  w i l l  be e f f e c t i v e l y  s t i m u l a t e d  by t h e  s t i m u l i ,  

r a t h e r  t h a n  making an  im m ed ia te  u n d i s c r i m i n a t i n g  r e s p o n s e  

(M uenz inger  & F l e t c h e r ,  1 9 3 V ) . N e i t h e r  o f  t h e s e  s i t u a t i o n s  

0 CCUÇ» i n  Yerkes* a p p a r a t u s .

The c h i e f  d i f f i c u l t i e s  W ith  t h i s  a p p a r a t u s  l i e ,  f i r s t l y ,  

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

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

who c a n  be t r a i n e d  t o  jump. M o reo v e r ,  i f  a r a t  i s  f a c e d  

w i t h  a d i f f i c u l t  a i s c r i m i n a t i o n  p ro b le m ,  i t  may r e f u s e  t o  

jump a t  a l l ;  i t  i s  t h e n  n e c e s s a r y  t o  f o r c e  i t  t o  do so 

by r e s o r t i n g  t o  e l e c t r i c  sh o c k ,  a i r  b l a s t s ,  p u s h e s  and so  

f o r t h ,  a l l  o f  which  may make t h e  r a t  jump i n d i s c r i m i n a t e l y ,  

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

f a c t o r s .
b

Some y e a r s  l a t e r .  F i e l d s  ( 1 9 3 ! ^ ,  h a v i n g  u s e d  L a s h l e y * s  

t e c h n i q u e  f o r  some t i m e ,  m o d i f i e d  t h e  jum p in g  a p p a r a t u s  

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

o f  tw o .  The jum ping  p l a t f o r m  was a l o n g  s t r i p  r u n n in g  i n  

f r o n t  o f  t h e  s t i m u l i .  G r e t h e r  and  W o l f le  (1936) a l t e r e d  

t h e  a p p a r a t u s  so t h a t ,  i n s t e a d  o f  h a v i n g  t o  jump, t h e  r a t  

r a n  a l o n g  an  e l e v a t e d  p a th w ay  t o  t h e  s t i m u l u s ;  i n  t h e
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c a s e  o f  a wrong r e s p o n s e ,  t h e  pa thw ay  c o l l a p s e d .  T h i s  

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

jump b e f o r e h a n d .

Munn (1931) a l s o  d e v e lo p e d  a form o f  a p p a r a t u s  

d e s i g n e d  t o  overcome some o f  t h e  a i f f i c u l t i e s  i n h e r e n t  i n  

L a s h l e y * s  m e th o d .  T h i s  a p p a r a t u s ,  w h ich  com bines s e v e r a l  

f e a t u r e s  o f  b o t h  L a s h l e y * s  and  Yerkes* t e c h n i q u e s ,  r e q u i r e s  

t h e  minimum amount o f  p r e l i m i n a r y  t r a i n i n g ,  and i s  r e a d i l y  

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

c a r d s  a r e ,  a s  i n  L a s h l e y * s  a p p a r a t u s ,  f i x e d  t o  d o o r s  w hich  

g iv e  im m ed ia te  a c c e s s  t o  f o o d .  However, t h e  a p p ro a c h  t o  

t h e  c a r d s  i s  c o n t i n u o u s ,  so t h a t  t h e  a n im a l s  do n o t  have 

t o  l e a r n  t o  jump t h e  c o r r e c t  d i s t a n c e ;  a n  e l e c t r i c  g r i d  

im m e d ia te ly  p r e c e d e s  t h e  s t i m u l i  c a r d s ,  e n a b l i n g  a wrong 

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

by p l a c i n g  t h e  f o o d  e q u i d i s t a n t l y  b e tw e e n  t h e  two d o o r s .  

S in ce  t h e  d o o r  o p e n in g s  a r e  t h e  same s h a p e ,  t h e  r a t  can n o t  

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

Munn c l a im s  t h a t  t h i s  a p p a r a t u s  h a s  e v e r y  a d v a n ta g e  

n o te d  f o r  L ash ley *  s m ethod ,  and  t h a t  i t  a l s o  y i e l d s  

com parab le  r e s u l t s .  A s i m i l a r  form o f  a p p a r a t u s  h a s  b e e n  

used  by  G r ic e  (1948) and G ibson  and Walk ( 1 9 5 6 ) .

Twenty y e a r s  l a t e r .  F i e l d s  (1953) m o d i f i e d  t h e  jum ping  

a p p a r a t u s  s t i l l  f u r t h e r  by com bin ing  a s e r i e s  o f  f i v e - c h o i c e
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Jumping s t a n d s  i n  su ch  a way t h a t  u c o r r e c t  Jump o n  one 

s t a n d  b r o u g h t  t h e  a n im a l  o n to  t h e  Jumping p l a t f o r m  o f  t h e  

n e x t  s t a n d ;  i t  o n l y  o b t a i n e d  fo o d  a f t e r  i t  had  r e a c h e d  

t h e  f i f t h  and l a s t  s t a n d .  T h i s  meant  t h a t  t h e r e  was o n l y  

one u n i t  o f  r e w a rd  f o r  f i v e  t r i a l s ,  w h ic h ,  when m o t i v a t i o n  

dep en d s  on  d e p r i v a t i o n ,  p r e v e n t s  r a p i d  s a t i a t i o n  d u r i n g  a 

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

d r i v e  l e v e l .  I n  t h e  c a se  o f  an  e r r o r ,  t h e  an im a l  f e l l  i n t o  

a n e t ;  i t  was a b l e  t o  c l im b  a l a d d e r  b ac k  o n to  t h e  Jumping 

p l a t f o r m .  The Jumping d i s t a n c e  i n  t h i s  c a s e  was 21 cms.

F i e l d s  fo u n d  t h i s  a p p a r a t u s  t o  be an  improvem ent on  

L a s h l e y ’ s o r i g i n a l  t e c h n i q u e ,  and  he g i v e s  a v a l u a b l e  l i s t  

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

a p p a r a t u s .  T hese  a r e  a s  f o l l o w s :

a)  The number o f  t r i a l s  g i v e n  b e f o r e  t h e  s i m p l e s t  p rob lem

l e a r n t  by a g r o u p  o f  r e p r e s e n t a t i v e  s u b j e c t s .

b) t h e  number o f  m a n -h o u rs  s p e n t  p e r  an im a l  i n  t r a i n i n g

i t  t o  meet t h e  s i m p l e s t  c r i t e r i o n .

c)  t h e  perm anence  and  s t a b i l i t y  o f  r e t e n t i o n  o f  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 .

d) t h e  d e g r e e  and k i n d  o f  m o t i v a t i o n  r e q u i r e d .

e )  t h e  a d a p t a b i l i t y  o f  t h e  a p p a r a t u s  and t e c h n i q u e  t o  a

v a r i e t y  o f  p ro b le m s  •

f )  t h e  number o f  p ro b le m s  which  ca n  be i n v e s t i g a t e d

s i m u l t a n e o u s l y .
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g) t h e  s u i t a b i l i t y  o f  r e s p o n s e  t o  a number o f  a n im a l

s p e c i e s .

h)  t h e  e x t e n t  t o  w h ich  t h e  a t t e n t i o n  o f  S may be d i r e c t e d

t o  t h e  p e r t i n e n t  p o i n t s  o f  t h e  p r o b l e m s .

i )  t h e  e a s e  w i t h  w hich  v a r i o u s  e l e m e n t s  o f  t h e  t o t a l

p ro b lem  can  be  i s o l a t e d  f o r  c o n t r o l .

j )  t h e  r e p r o d u c i b i l i t y  o f  e x p e r i m e n t a l  f i n d i n g s  i n  o t h e r  

l a b o r a t o r i e s •

k) f re ed o m  from t h e  p o s s i b i l i t y  o f  g r o s s  m e t h o d o l o g i c a l  

and  s c o r i n g  e r r o r s  on  t h e  p a r t  o f  t h e  e x p e r i m e n t e r .

1) t h e  s t a t i s t i c a l  s e n s i t i v i t y ,  r e l i a b i l i t y  and  v a l i d i t y  

o f  t h e  r e s u l t s  o b t a i n e d .

F i e l d s  fo u n d  t h a t  i f  h i s  a p p a r a t u s  was u s e d  a s  a s e r i e s  

o f  t w o - c h o i c e  u n i t s  ( i . e .  o n l y  d o o r s  2 and  4 i n  e a c h  p a n e l  

were u sed )  t h e n  t h e  r a t  jumps t o  o n e ,  makes an  e r r o r ,  and  

m e re ly  c l im b s  t h e  l a d d e r  and  jumps t o  t h e  o t h e r .  Thus ,

" r a t s  q u i c k l y  l e a r n  t h i s  a l t e r n a t i o n ,  and  do no t  p a y  a s  

much a t t e n t i o n  t o  t h e  c r u c i a l  p a r t  o f  t h e  p r o b l e m . "  However, 

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

i s  d i r e c t e d  more t o  t h e  p ro b lem  and i s  l e s s  d e p e n d e n t  on  

k i n a e s t h e t i c  c u e s .

The SMVLA c a n  a l s o  be u se d  f o r  a n  o d d i t y  t e s t ;  f o r  

e x a m p le ,  t h e  f i r s t  p a n e l  w ould  have 2CXnm s t r i a t i o n s  b o t h
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p o s i t i v e  and n e g a t i v e ,  t h e  s e c o n d  p a n e l  would have  15mm 

s t r i a t i o n s ,  and  so o n .

T u i t i o n a l  c o n t r o l s  a r e  p o s s i b l e ;  t h u s ,  p a n e l s  1 and  

2 m ig h t  h av e  one p o s i t i v e  symbol e a c h ,  w i t h  4 b l a n k s ;  

p a n e l  3 w ould  t h e n  have  one p o s i t i v e  symbol and  f o u r  

n e g a t i v e  sy m b o ls ,  p a n e l  4 w ou ld  be a r e i n f o r c e m e n t  o f  1 

and 2 ,  and  p a n e l  5 would  r e p e a t  p a n e l  3 .  T h i s ,  F i e l d s  

m a i n t a i n s ,  i s  a most  e f f i c i e n t  m ethod  f o r  e s t a b l i s h i n g  

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

s im p le  m u l t i p l e - c h o i c e  p ro b le m s  on  t h i s  s e r i a l  a p p a r a t u s  

i n  l e s s  t h a n  20 t r i a l s ,  w here  one t r i a l  = 5 ju m p s .

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

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

L a s h l e y * s  jum ping  s t a n d .  W h e re a s ,  i n  a t w o - c h o i c e  a p p a r a t u s ,  

9 / lO  c o r r e c t  f i r s t  c h o i c e s  a r e  s i g n i f i c a n t  a t  t h e  0 .0 1  l e v e l ,  

i n  t h e  f i v e - c h o i c e  a p p a r a t u s ,  w i t h  one  p o s i t i v e  t o  f o u r  

n e g a t i v e  d o o r s  p e r  p a n e l ,  9 / 2 0  a r e  s i g n i f i c a n t  a t  t h e  0 .0 0 7  

l e v e l .

The s p e e d  and  a c c u r a c y  w i t h  w h ich  a n i m a l s  c a n  be t r a i n e d  

on  t h i s  a p p a r a t u s  i n d i c a t e  t h a t  some o f  t h e  d i f f i c u l t i e s  

p o s e d  by  t h e  Y e rk e s  and L a s h l e y  t e c h n i q u e s  h a v e  b e e n  

s u c c e s s f u l l y  o v e rc o m e .  P o s i t i o n  h a b i t s  a r e  l e s s  l i k e l y ,  

and  F i e l d s *  r e s u l t s  s u g g e s t  t h a t  t h e  g r e a t e r  number o f  

s t i m u l i  d i r e c t  t h e  a n i m a l * s  a t t e n t i o n  t o  t h e  p r o b le m .
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F i e l d s  c l a i m s  t h a t  t h e  g r e a t e r  v a r i a t i o n  i n  t h e  k i n a e s t h e t i c  

and  o t h e r  c u e s  f o r c e s  t h e  r a t  t o  a t t e n d  more c l o s e l y  t o  

t h e  v i s u a l  c u e s  t h a n  i t  m ig h t  o t h e r w i s e  h av e  do n e ;  t h i s  

i s  p a r t i c u l a r l y  i n t e r e s t i n g  i n  v iew  o f  L a s h l e y * s  (1938)  

comment o n  t h e  w eakness  o f  v i s u a l  a t t e n t i o n  i n  t h e  r a t .  

However,  t h e  l e n g t h y  p r e l i m i n a r y  t r a i n i n g  t o  ju m p in g  i s  

s t i l l  n e c e s s a r y ,  and t h i s  t y p e  o f  a p p a r a t u s ,  l i k e  L a s h l e y ’ s ,  

c a n  s t i l l  o n l y  be  u se d  f o r  s m a l l  a n i m a l s  w i t h  t h e  a b i l i t y  

t o  jum p.

B. M a jo r  E x p e r i m e n t a l  F i n d i n g s  On 
V i s u a l  D i s c r i m i n a t i o n  I n  The R a t .

The r e s u l t s  o b t a i n e d  on  t h e  a p p a r a t u s  d e s c r i b e d  i n  

t h e  p r e v i o u s  s e c t i o n  a r e  sum m arised  b r i e f l y ,  so t h a t  i t  i s  

p o s s i b l e  t o  d raw  some b r o a d  c o n c l u s i o n s  o n  t h e  mechanism 

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

L a s h l e y  (1938)  fo u n d  t h a t  b r i g h t n e s s  d i s c r i m i n a t i o n  

was more e a s i l y  l e a r n t  t h a n  any  form  d i s c r i m i n a t i o n ;  f o r  

e x a m p le ,  r a t s  q u i c k l y  l e a r n t  t o  d i s t i n g u i s h  b e tw e e n  b l a c k  

and  w h i t e ,  and  g r e y  and  b l a c k .

When i n v e s t i g a t i n g  fo rm  d i s c r i m i n a t i o n  i n  t h e  jum ping  

s t a n d ,  L a s h l e y  fo u n d  t h a t  i t  was more d i f f i c u l t  f o r  r a t s  

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

t h a n  t o  d i s c r i m i n a t e  a n  i n v e r t e d  t r i a n g l e  f rom  a s q u a r e ;  

i t  was a l s o  r e l a t i v e l y  e a s y  f o r  them  t o  l e a r n  t o  d i s t i n g u i s h
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b e tw e e n  a n  u p r i g h t  an d  a n  i n v e r t e d  t r i a n g l e .  These  

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

d i s t i n g u i s h e d  i n  t h e  jum ping  s t a n d ,  and s e c o n d l y ,  t h a t  

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

F u r t h e r  d i f f i c u l t y  was e n c o u n t e r e d  when a s q u a r e  and 

a c i r c l e  w ere  p r e s e n t e d ;  7 5 ^  o f  t h e  r a t s  f a i l e d  t o  r e a c h  

t h e  c r i t e r i o n  i n  180 t r i a l s ,  a l t h o u g h  t h e y  l e a r n t  i t  

e v e n t u a l l y .  However,  a diamond and  c i r c l e  were  l e a r n t  

e a s i l y ,  and  t h i s  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  t h e  b a s e  l i n e s  

need  t o  be m a rk e d ly  d i f f e r e n t  i n  o r d e r  f o r  l e a r n i n g  t o  t a k e  

p l a c e  w i t h  any  r a p i d i t y .

As w ou ld  be  e x p e c t e d ,  a c r o s s  c a u s e d  l i t t l e  d i f f i c u l t y ,  

w h e th e r  p r e s e n t e d  w i t h  a c i r c l e ,  a n  u p r i g h t  t r i a n g l e ,  o r ,  

i n  a r o t a t e d  fo rm ,  ( X ) ,  w i t h  a r e c t a n g l e ;  a l l  t h r e e  

p a i r s  were l e a r n t  w i t h i n  t h e  c r i t e r i o n  o f  180 t r i a l s .

However,  t h e r e  a p p e a r e d  t o  be no t r a n s f e r  o f  l e a r n i n g  from 

a c r o s s  ( +  ) and a n  u p r i ^ t  t r i a n g l e  t o  a r o t a t e d  c r o s s  ( X ) 

and an  i n v e r t e d  t r i a n g l e . On t h e  o t h e r  h a n d ,  a l t h o u g h  

l e a r n i n g  t o  d i s c r i m i n a t e  b e tw e e n  a n  H and a  c r o s s  (H-)  was 

more d i f f i c u l t ,  L a s h l e y  f o u n d  t h a t  t h e r e  was good t r a n s f e r

and  X. R e e tz  (1957) f o u n d  t h a b  r a t s  and  m ice  t r a i n e d  

o n  a s q u a r e  and  a c r o s s  t r a n s f e r r e d  w e l l  when b o t h  s h a p e s  

were  r o t a t e d  t h r o u g h  45^# T h ese  r e s u l t s  seem r a t h e r  

c o n t r a d i c t o r y .
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O th e r  e v i d e n c e  o n  t r a n s f e r  s u g g e s t s  t h a t  fo rm ,  r a t h e r  

t h a n  t h e  a r e a  o f  b r i g h t n e s s ,  i s  i m p o r t a n t ;  f o r  e x a m p le ,  

Lashüqr f o u n d  t h a t  t h e r e  was e x c e l l e n t  t r a n s f e r  f rom  a 

d i s c r i m i n a t i o n  b e tw e e n  a  s o l i d  u p r i g h t  and a s o l i d  i n v e r t e d  

t r i a n g l e  t o  t h e  o u t l i n e s  o f  t h e s e  f o rm s ;  t h e r e  was a l s o  

t r a n s f e r e n c e  f rom  a c r o s s  and a n  u p r i ^ t  t r i a n g l e  t o  t h e i r  

o u t l i n e s .  R e e tz  (195?)  o b t a i n e d  s i m i l a r  r e s u l t s  w i t h  a  

c r o s s  and a s q u a r e .

Of n i n e t e e n  p a i r s  o f  s h a p e s  p r e s e n t e d ,  h o r i z o n t a l  and  

v e r t i c a l  s t r i p e s  were t h e  most e a s i l y  l e a r n e d ;  t h e r e  was 

good t r a n s f e r  t o  s i n g l e  l i n e s , a n d  a l s o  t o  i n t e r r u p t e d  l i n e s  

( - - - - ) ,  p r o v i d e d  t h a t  t h e  g a p s  were n o t  t o o  l a r g e ;  

t h e r e  was e v e n  t r a n s f e r  t o  z i g z a g  l i n e s ,  p r o v i d e d  t h a t  t h e  

d e v i a t i o n  f rom t h e  m i d l i n e  d i d  n o t  e x c e e d  t h e  w i d t h  o f  t h e  

o r i g i n a l  s t r i a t i o n .  However,  i t  was a l s o  f o u n d  t h a t  t h e  

r a t s  showed a m arked  i n i t i a l  p r e f e r e n c e  f o r  t h e  h o r i z o n t a l  

s t r i a t i o n s  when t h e y  h a d  b e e n  t r a i n e d  i n  t h e  jum ping  s t a n d .  

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

h o r i z o n t a l  s t r i a t i o n s ,  o r  t h a t  t h e s e  h o r i z o n t a l  l i n e s  

r e s e m b le  t h e  s u r f a c e  o n  w h ich  t h e  an im a l  i s  g o i n g  t o  l a n d .

I n v e s t i g a t i o n  o f  t r a n s f e r  t o  p a r t s  o f  t h e  f i g u r e  

i n d i c a t e d  t h a t  r a t s  t r a i n e d  on  a s q u a r e  and a a iam ond  would  

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

t h e  u p p e r  h a l v e s  o r  t h e  o u t e r  l a t e r a l  h a l v e s  were p r e s e n t e d ,  

d i s c r i m i n a t i o n  b ro k e  down. T h i s  a g a i n  s u p p o r t s  t h e  b a s e  

l i n e  h y p o t h e s i s ,  and  i n  t h e  l i g h t  o f  t h e  p r e f e r e n c e  f o r  

t h e  h o r i z o n t a l  s t r i a t i o n s ,  t a k e s  i t  a s t e p  f u r t h e r .  I t  

seems l i k e l y  t h e  r a t  f i x a t e s  t h e  l o w e r  h a l f  o f  t h e  symbol 

b e c a u s e ,  when i t  jum ps ,  t h i s  i s  t h e  p a r t  o f  t h e  symbol 

n e a r e s t  t h e  l a n d i n g  p l a t f o r m .  S i m i l a r l y  i t  f i x a t e s  t h e  

i n n e r  l a t e r a l  h a l v e s  b e c a u s e  i t  t e n d s  t o  jump t o  t h e  m id d l e  

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

s e p a r a t i n g  t h e  two f i g u r e s  s h o u ld  i t  h av e  made a wrong 

c h o i c e •

F u r t h e r  work showed t h a t  C and  J  were  more d i f f i c u l t  

t o  l e a r n  t h a n  u  and r i  ,  w h i l e  t h e r e  was no s i g n i f i c a n t  

d i f f e r e n c e  b e tw e e n  l e a r n i n g  t h e  p a i r  V  a n d  A  s and  t h e  

p a i r  <1 and  >  • These  r e s u l t s ,  w h ich  a g a i n  i n d i c a t e  t h e

im p o r t a n c e  o f  t h e  b a s e  l i n e ,  a l s o  s u g g e s t  t h a t  i t  i s  no 

more a i f f i c u l t  t o  d i s c r i m i n a t e  b e tw e e n  up-down an d  l e f t -  

r i g h t  i n v e r s i o n s  t h a n  b e t w e e n  o t h e r  f i g u r e s  o f  co m p a ra b le  

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

When t h e  r e l a t i v e  b r i g h t n e s s  o f  t h e  f i g u r e - g r o u n d  

r e l a t i o n s h i p  was r e v e r s e d ,  t h e r e  was no t r a n s f e r  a t  a l l ;  

when a w h i t e  t r i a n g l e  o n  a b l a c k  g ro u n d  became a b l a c k
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t r i a n g l e  on  a w h i t e  g r o u n d ,  t h e  r a t  f a i l e d  t o  r e c o g n i s e  i t ,

L a s h l e y  (1938)  p o i n t e d  o u t  t h a t  t h e  r a t  t e n d s  t o  

i s o l a t e  a n  e l e m e n t  o f  t h e  v i s u a l  s t i m u l u s .  He a l s o  s a i d  

t h a t  " S y s t e m a t i c  t e s t s  h av e  shown t h a t  t h e  m a j o r i t y  o f  

a n i m a l s  do not  r e a c t  t o  t h e  e n t i r e  f i g u r e  p r e s e n t e d  i n  t h e  

s t i m u l u s  p a t t e r n s . . ••  The most  i m p o r t a n t  f a c t o r  i n  d e f i n i n g  

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

t h e  s u r r o u n d i n g  f r a m e , "

F i e l d s *  work  o n  v i s u a l  d i s c r i m i n a t i o n  i s  i m p o r t a n t ,  

b o t h  b e c a u s e  i t  e s s e n t i a l l y  s u p p o r t s  L a s h l e y * s  r e s u l t s ,  

and b e c a u s e  he c o n t r i b u t e s  o r i g i n a l  i n f o r m a t i o n  o n  c e r t a i n  

a s p e c t s  o f  t h e  p ro b lem  h i t h e r t o  u n e x p l o r e d .

F i e l d s *  e a r l y  work  (1928 ,  1929) i n  w h ich  he u sed  a 

t w o - c h o i c e  a p p a r a t u s  b a s e d  o n  t h e  Yerkes*  m o d e l ,  s u g g e s t e d  

t h a t  r a t s  c o u l d  d i s t i n g u i s h  b e tw e e n  e q u i l a t e r a l  t r i a n g l e s  

d i f f e r i n g  i n  ap ex  p o s i t i o n ,  b e tw e e n  c i r c l e s  and  s t a r s ,  and  

b e tw e e n  d i f f e r e n t  c o m b i n a t i o n s  o f  c i r c l e s .  T h ese  r e s u l t s  

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

t a c t i l e  and  k i n a e s t h e t i c  c u e s .

Munn (1930) s e v e r e l y  c r i t i c i s e d  t h i s  w o rk ,  on  t h e  

g ro u n d s  o f  i t  b e i n g  a p o o r l y  c o n t r o l l e d  e x p e r i m e n t ;  

a c c u m u l a t e d  bo d y  o d o u r  f rom  p r e c e d i n g  r e t s ,  t a c t i l e  c u e s  

f rom v i s u a l  fo rm s  and  movement c u e s  f rom  t h e  e x p e r i m e n t e r  

h o l d i n g  t h e  d o o r  r o p e s ,  may a l l  h av e  c o n t r i b u t e d  t o  t h e
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a p p a r e n t l y  s u c c e s s f u l  v i s u a l  d i s c r i m i n a t i o n .  Munn a l s o  

f e l t  t h a t ,  b e c a u s e  t h e  b l i n d e d  r a t s  w ere  u n a b le  t o  a c h i e v e  

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

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

o n  v i s u a l  c u e s  a l o n e .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  F i e l d s ,  

h a v i n g  t r a i n e d  h i s  r a t s  t o  d i s c r i m i n a t e  b e tw e e n  a p o s i t i v e  

u p r i g h t  a n d  a n e g a t i v e  i n v e r t e d  t r i a n g l e ,  fo u n d  t h a t  t h e r e  

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

i n v e r t e d  t r i a n g l e .  T h i s  s u g g e s t s  t h a t  t h e  a n i m a l s  were  

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

which  s u p p o r t s  L a s h l e y * s  work -  and  a l s o  t h a t  t h e y  r e s p o n d e d  

e q u a l l y  t o  b o t h  p o s i t i v e  and  n e g a t i v e  f i g u r e s ;  t h i s  r e s u l t  

i s  n o t  b o r n e  o u t  by  F i e l d s *  l a t e r  work,  i n  w h ich  v a r i a t i o n s  

i n  t h e  n e g a t i v e  f i g u r e  d i d  no t  d i s t u r b  d i s c r i m i n a t i o n .

S in ce  t h e  l a t e r  e x p e r i m e n t s  w ere  more c l o s e l y  c o n t r o l l e d ,  

t h i s  s u g g e s t s  t h a t  p e r h a p s  some o f  Munn* s c r i t i c i s m s  w ere  

j u s t i f i e d .

Two y e a r s  l a t e r .  F i e l d s  ( 1 9 3 ^ ,  u s i n g  a s l i g h t l y  

m o d i f i e d  fo rm  o f  L a s h l e y * s  jum ping  s t a n d  i n s t e a d  o f  t h e  

Y erkes  a p p a r a t u s ,  fo u n d  t h a t  r a t s  c o u l d  d i s t i n g u i s h  b e tw e e n  

a c i r c l e  and a t r i a n g l e ,  bu t  t h a t  i f  t h i s  t r i a n g l e  was 

i n v e r t e d ,  d i s c r i m i n a t i o n  b r o k e  down. I f  t h e  u p r i g h t  t r i a n g l e  

was r o t a t e d  t h r o u g h  ICP, d i s c r i m i n a t i o n ,  a l t h o u g h  i m p a i r e d ,  

was no t  s e r i o u s l y  a f f e c t e d ;  i f  t h e  r o t a t i o n  was a s  much
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a s  2 0 ^ ,  t h e  number o f  c o r r e c t  c h o i c e s  f e l l  t o  be low  

ch a n c e  l e v e l .  T h u s ,  once  a g a i n ,  t h e  r e s u l t s  s u g g e s t  t h a t  

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

F i e l d s  t r i e d  t o  t r a i n  h i s  r a t s  t o  d i s c r i m i n a t e  b e t w e e n  a  

c i r c l e  and  t r i a n g l e s  i n  any r o t a t i o n ,  b u t  t h e  amount o f  

t r a n s f e r  o f  l e a r n i n g  was e x t r e m e l y  s m a l l ;  f o r  ex a m p le ,  i t  

t o o k  580 t r i a l s  t o  l e a r n  t h e  o r i g i n a l  u p r i g h t  t r i a n g l e ,  

a f u r t h e r  500  t o  l e a r n  t h e  l e f t  r o t a t i o n ,  240 t o  l e a r n  t h e  

r i g h t  r o t a t i o n ,  and 230 t o  l e a r n  t h e  i n v e r t e d  t r i a n g l e .

The e v i d e n c e  s u g g e s t s ,  h o w ev e r ,  t h a t  t r a n s f e r ,  a l b e i t  

v a r y  s m a l l ,  does  o c c u r ,  p a r t i c u l a r l y  i n  t h e  l a t t e r  s t a g e s  

o f  t h e  t r a i n i n g ;  t h a t  t h i s  i s  n o t  a v o i d a n c e  o f  t h e  n e g a t i v e  

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

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

d i s c r i m i n a t i o n .  T h e re  i s  c o n s i d e r a b l e  t r a n s f e r  f rom  an  

e q u i l a t e r a l  t r i a n g l e  t o  a r i g h t - a n g l e  t r i a n g l e .

I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  b a s e  l i n e  o f  t h e  

p o s i t i v e  f i g u r e  i s  a n  i m p o r t a n t  f a c t o r  i n  form d i s c r i m i n a t i o n  

l e a r n i n g ;  m in o r  a l t e r a t i o n s ,  s u c h  a s  c h a n g in g  t h e  s i z e  o f  

t h e  b a s e  l i n e  a n g l e s  f rom  60® t o  4 5 ^ ,  do n o t  i m p a i r  

d i s c r i m i n a t i o n ,  w h i le  m a jo r  a l t e r a t i o n s ,  s u c h  a s  c h a n g in g  

t h e  a n g l e  o f  t h e  b a s e  l i n e  t o  t h e  h o r i z o n t a l ,  d o .  T h u s ,  

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

e m e r g e .
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F u r t h e r  work  i n d i c a t e s  t h a t  t h e  b a s e  l i n e  a n g l e s  

t h e m s e l v e s  a r e  n o t  n e c e s s a r y  f o r  a i s c r i m i n a t i o n ;  F i e l d s  

fo u n d  t h a t  t h e r e  was good t r a n s f e r  f rom  a s o l i d  t r i a n g l e  

and  c i r c l e  t o  a n  o u t l i n e  t r i a n g l e  w i t h  t h e  c o r n e r s  m i s s i n g  

{ /Js ) ,  w h ic h  was p a i r e d  w i t h  v e r t i c a l  s t r i a t i o n s .  The 

b a s e  l i n e  i s  p r e s e r v e d ,  and r e a c t i o n  i s  t o  t h e  p o s i t i v e  

f i g u r e ,  so t h e  a n i m a l s  were  s t i l l  a b l e  t o  d i s c r i m i n a t e  i n  

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

When o u t l i n e  f i g u r e s  were  s u b s t i t u t e d  f o r  t h e  s o l i d  

t r i a n g l e  and  c i r c l e .  F i e l d s ,  l i k e  L a s h l e y  and R e e t z ,  fo u n d  

t h a t  t h e r e  was e x c e l l e n t  t r a n s f e r ;  t h i s  s u p p o r t s  t h e  t h e o r y  

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

I n v e s t i g a t i o n s  i n  s i z e  v a r i a t i o n  s u g g e s t e d  t h a t ,  when 

r a t s  were  t r a i n e d  on  an  i n v e r t e d  and  an  u p r i ^ t  t r i a n g l e ,  

o r  on  a n  u p r i g h t  t r i a n g l e  and a c i r c l e ,  t r a n s f e r  was b e t t e r  

when l a r g e r  f i g u r e s  r a t h e r  t h a n  s m a l l e r  w ere  s u b s t i t u t e d ;  

a l t h o u g h  t r a n s f e r  t o  s m a l l e r  f i g u r e s  d i d  o c c u r ,  i t  was no t  

so s u c c e s s f u l .  F i e l d s  a l s o  t r a i n e d  r a c c o o n s  on  a t r i a n g l e  

and c i r c l e ,  an d  t h e s e  a n i m a l s  showed good t r a n s f e r  when t h e  

s i z e  o f  t h e  f i g u r e  was changed  i n d e p e n d e n t l y .  A l t e r a t i o n s  

i n  t h e  s i z e  o f  t h e  n e g a t i v e  f i g u r e  h ad  l i t t l e  e f f e c t ,  b u t  

t h e  r e s u l t s  w ere  n o t i c e a b l y  p o o r e r  when t h e  p o s i t i v e  f i g u r e  

was r e d u c e d  i n  s i z e .  Here  a g a i n  t h e r e  i s  r e a c t i o n  t o  t h e  

p o s i t i v e  f i g u r e  o n l y .  Among t h e  r a t s ,  t h o s e  w i t h  t h e  most
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o v e r - l e a r n i n g  w ere  t h e  m ost  a c c u r a t e  i n  a i s c r i m i n a t i n g  

s i z e .

L ik e  L a s h l e y ,  F i e l d s  fo u n d  a c o m p le t e  l a c k  o f  t r a n s f e r  

when t h e  f i g u r e - g r o u n d  r e l a t i o n s h i p  was r e v e r s e d .  He 

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

t h i s  r e q u i r e d  more t r i a l s  t h a n  t h e  o r i g i n a l  l e a r n i n g .  

However,  a n  i n t e r e s t i n g  r e s u l t  was o b t a i n e d :  two r a t s ,

who s u c c e e d e d  i n  r e l e a r n i n g  t h i s  r e v e r s a l ,  t h e n  t r a n s f e r r e d  

t o  o t h e r  o r i e n t a t i o n s  o f  t h e  t r i a n g l e ,  a l t h o u g h  t h e y  h ad  

f a i l e d  t o  do so o r i g i n a l l y ,  a n d  h ad  r e c e i v e d  no d i f f e r e n t i a l  

t r a i n i n g  o n  r o t a t i o n s  w i t h  t h e  r e v e r s e d  f i g u r e s ,  b u t  o n l y  

o n  t h e  o r i g i n a l s .  F i e l d s  s u g g e s t s  t h a t  t h e  mechanism  f o r  

shape  d i s c r i m i n a t i o n  i s  d i f f e r e n t  f rom  t h a t  f o r  b r i g h t n e s s  

d i s c r i m i n a t i o n ,  a n  o b s e r v a t i o n  b o r n e  o u t  by  t h e  e a s e  w i t h  

w h ich  b r i g h t n e s s  d i s c r i m i n a t i o n  i s  l e a r n t  i n  c o m p a r i s o n  

w i t h  fo rm  d i s c r i m i n a t i o n .  He g o e s  on  t o  s a y  t h a t  t h e  

o r i g i n a l  f a i l u r e  t o  t r a n s f e r  f rom  w h i t e  f i g u r e s  o n  b l a c k  

t o  b l a c k  f i g u r e s  on  w h i t e  was due t o  t h e  new f i g u r e s  b e i n g  

p l a c e d  i n  d i f f e r e n t  c a t e g o r i e s  f rom  t h e  o r i g i n a l s  w i t h  t h e  

change  i n  b r i g h t n e s s .  T h i s  d o e s  n o t  e x p l a i n  t h e  r e c o g n i t i o n  

o f  t h e  r o t a t e d  f i g u r e s ;  h o w e v e r .  F i e l d s  i m p l i e s  t h a t  a  

p o i n t  i n  t i m e  a r r i v e s  when s u d d e n l y  t h e  r a t  i s  aware  o f  t h e  

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

fo rm e d ;  t h u s ,  an y  r o t a t e d  t r i a n g l e  i s  r e c o g n i s e d  f o r  what  

i t  i s .  I t  i s  p e r h a p s  w o r t h  n o t i n g  t h a t  t h e  f o r m a t i o n  o f  

t h i s  c o n c e p t  t o o k  o v e r  4 0 ,0 0 0  t r i a l s  a l t o g e t h e r ,  w h ic h  

s u g g e s t s  t h a t  i t  i s  d i f f i c u l t  t o  a c h i e v e .  U n f o r t u n a t e l y ,  

no o t h e r  w ork  e i t h e r  f o r  o r  a g a i n s t  t h i s  p o i n t  o f  v ie w  seems 

t o  h a v e  b e e n  p u b l i s h e d  y e t . The p ro b le m  h a s  now become one 

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

r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n  a l o n g  t h e s e  l i n e s .  Of 

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

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

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

a c o n c e p t ;  t h i s  i s  i n  d i r e c t  c o n t r a s t  t o  t h e  r e l a t i o n s h i p  

b e tw e e n  o v e r l e a r n i n g  and  s i z e  g e n e r a l i s a t i o n .

R e e tz  (1957)  o b t a i n e d  r e s u l t s  t o t a l l y  o p p o s e d  t o  t h o s e  

o f  L a s h l e y  and  F i e l d s ;  w i t h  f i g u r e - g r o u n d  r e v e r s a l ,  he  

o b t a i n e d  good  t r a n s f e r  w i t h  r a t s  and  s l i g h t  p o s i t i v e  t r a n s f e r  

w i t h  m i c e .  I t  w ould  be i n t e r e s t i n g  t o  know w h e t h e r  h i s  

a n i m a l s  w ere  s u b j e c t e d  t o  o v e r l e a r n i n g  o r  n o t .  The p ro b le m  

o f  f i g u r e - g r o u n d  r e v e r s a l  s t i l l  a p p e a r s  t o  r e q u i r e  

i n v e s t i g a t i o n .

Munn* 8 e v i d e n c e  o n  v i s u a l  d i s c r i m i n a t i o n  i n  t h e  r a t  

i s  a g a i n  r e l e v a n t ,  c h i e f l y  b e c a u s e  o f  i t s  h a v i n g  b e e n
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o b t a i n e d  f ro m  two d i f f e r e n t  t y p e s  o f  a p p a r a t u s .

The p r e l i m i n a r y  w ork  was done p r i n c i p a l l y  a t  L a s h l e y * s  

r e q u e s t ;  Munn*s (1930)  r a t  was t r a i n e d  p r i m a r i l y  t o  

d i s c r i m i n a t e  a n  u p r i g h t  t r i a n g l e  f rom  a n  i n v e r t e d  t r i a n g l e .  

L ik e  b o t h  L a s h l e y  and  F i e l d s ,  he  u s e d  a  ju m p in g  s t a n d  and  

fo u n d  t h a t  t h e r e  was e x c e l l e n t  t r a n s f e r  f ro m  t h e  s o l i d  fo rm s  

t o  t h e i r  o u t l i n e s .  However ,  when t h e  a n g l e  o u t l i n e s  o n l y  

were  p r e s e n t e d ,  and  t h e  s i d e s  o m i t t e d  ( / \  >/^ ) ,  t h e r e

was no t r a n s f e r ;  s i m i l a r l y ,  o m i s s i o n  o f  t h e  h o r i z o n t a l  l i n e  

i n  b o t h  t r i a n g l e s  ( A  V ) c a u s e d  a b rea k d o w n  i n  d i s c r i m 

i n a t i o n ;  t h u s ,  t h e  e m p h a s i s  i s  a g a i n  l a i d  o n  t h e  b a s e  l i n e  

o f  t h e  p o s i t i v e  f i g u r e .  Munn a l s o  fo u n d  t h a t  when he 

p r e s e n t e d  t h e  b a s e s  o f  t h e  t r i a n g l e s  ( ^  v ) h e  o b t a i n e d  

t r a n s f e r ,  b u t  t h e r e  was no t r a n s f e r  t o  t h e  t o p s  ( ^  ) .

T h i s  s u g g e s t s  t h a t  t h e  p o s i t i o n  o f  t h e  b a s e  l i n e  o n  t h e  

symbol c a r d  i t s e l f  i s  i m p o r t a n t ,  s i n c e  r a i s i n g  i t  (w h ich  

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

t h i s  c a s e )  i m p a i r s  a i s c r i m i n a t i o n .

Munn (1931)  t h e n  u s e d  a d i f f e r e n t  t y p e  o f  a p p a r a t u s ,  

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

b e t w e e n  a s q u a r e  and  a c i r c l e .  T h i s  r e s u l t  i s  v a l u a b l e ,  

s i n c e ,  h a v i n g  b e e n  o b t a i n e d  f rom  a d i f f e r e n t  t y p e  o f  a p p a r a t u s ,  

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

r e s u l t s  w ere  s i m i l a r  t h r o u g h  t h e  e x p e r i m e n t e r s  h a v i n g  u s e d



3 9 .

t h e  same t e c h n i q u e .  A g a in ,  l i k e  L a s h l e y ,  Munn o b t a i n e d  

d i s c r i m i n a t i o n  b e t w e e n  h o r i z o n t a l  an d  v e r t i c a l  s t r i a e ,  

and  b e t w e e n  t r i a n g l e s  i n  d i f f e r e n t  o r i e n t a t i o n s .  However,  

he a l s o  fo u n d  t h a t  i f  a r e c t a n g l e  o f  e q u a l  a r e a ,  b r i g h t n e s s  

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

t r i a n g l e ,  t h e  r a t s  t r a n s f e r r e d  w i t h o u t  d i f f i c u l t y ;  when 

a d iam ond  was s u b s t i t u t e d  f o r  t h e  n e g a t i v e  f i g u r e ,  r e s p o n s e  

t o  t h e  r e c t a n g l e  s t i l l  o c c u r r e d .  R esponse  t o  t h e  b a s e  l i n e  

o n l y  h a s  a p p a r e n t l y  t a k e n  p l a c e .

L a t e r ,  Dodwell  (1957)  d i s c o v e r e d  t h a t  r a t s  c o u l d  l e a r n  

t o  d i s c r i m i n a t e  b e tw e e n  a  s q u a r e  and  a c i r c l e  i f  t h e y  w ere  

f i r s t  t r a i n e d  t o  d i s c r i m i n a t e  b e t w e e n  h o r i z o n t a l  and  

v e r t i c a l  s t r i a t i o n s ,  w i t h  t h e  h o r i z o n t a l  p o s i t i v e ;  t h e  

s q u a r e  was t h e n  p o s i t i v e  i n  t h e  s u c c e e d i n g  p a i r .  T h i s  

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

u p r i g h t  t r i a n g l e  a n d  c i r c l e ,  b u t  n o t  t o  a n  i n v e r t e d  t r i a n g l e  

and c i r c l e . T h e se  r e s u l t s  a g a i n  s u p p o r t  t h e  b a s e  l i n e  

h y p o t h e s i s ,  a n d  s u g g e s t  t h a t  t h e  f a i l u r e  o f  Munn*s and  

L a s h l e y * s  r a t s  t o  d i s t i n g u i s h  b e t w e e n  a s q u a r e  and  a c i r c l e  

was c a u s e d  by  t h e  s i m i l a r i t y  i n  t h e  b a s e  l i n e .  I t  i s  a l s o  

a p p a r e n t  t h a t  t h e  r e a c t i o n ,  a s  b e f o r e ,  i s  t o  t h e  p o s i t i v e  

f i g u r e  a n d  n o t  t o  t h e  n e g a t i v e .

D o d w el l* s  w ork  o n  s i z e  g e n e r a l i s a t i o n  s u p p o r t s  F i e l d s *  

r e s u l t s ,  i n  t h a t  he r o u n d  t h a t  r a t s  t r a n s f e r r e d  d i s c r i m i n a t i o n
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more e a s i l y  t o  l a r g e r  f i g u r e s  t h a n  t o  s m a l l e r  o n e s .

However,  s i n c e  a l l  D od w el l* s  work was done o n  o u t l i n e  and  

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

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

i s  i n  t h e  same d i r e c t i o n .

The b r o a d  c o n c l u s i o n s  w h ich  em erge  f rom  t h e s e  r e s u l t s  

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

e a s i e r  t h a n  fo rm  a i s c r i m i n a t i o n .  However ,  fo rm  d i s c r i m i n a 

t i o n  i s  p o s s i b l e ;  i t  d e p e n d s  upon a n  a p p r o a c h  r e a c t i o n  t o  

t h e  p o s i t i v e  f i g u r e  r a t h e r  t h a n  upon  a n  a v o i d a n c e  r e a c t i o n  

t o  t h e  n e g a t i v e  f i g u r e .  The b a s e  l i n e  o f  t h e  f i g u r e  i s  t h e  

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

and n o t  upon  t h e  w ho le  f i g u r e .  D i s c r i m i n a t i o n  i s  i n  

t e r m s  o f  fo rm  r a t h e r  t h a n  o f  a r e a  b r i g h t n e s s ;  i t  would  

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

b a s e  l i n e  d i f f e r e n c e s .

C, C r i t i c a l  D i s c u s s i o n .

L a s h l e y * s  c o n t r i b u t i o n  t o  t h e  s t u d y  o f  v i s u a l  

d i s c r i m i n a t i o n  i s  i m p o r t a n t . He o p e n e d  up » new f i e l d  o f  

i n v e s t i g a t i o n  and  i n  d o i n g  so d i d  t h r e e  t h i n g s :  h e  drew

a t t e n t i o n  t o  t h e  p ro b le m  o f  v i s u a l  d i s c r i m i n a t i o n ;  he  

p r o d u c e d  a t y p e  o f  a p p a r a t u s  w h ic h  was n o t e d  f o r  i t s  

s i m p l i c i t y ,  and  e x p e r i m e n t a l  a d v a n t a g e s  o v e r  p r o c e e d i n g
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t y p e s ;  he  a l s o  p r o d u c e d  a l a r g e  q u a n t i t y  o f  r e s u l t s  

w h ich  p r o v i d e d  a p o i n t e r  f o r  f u t u r e  r e s e a r c h  w o r k e r s ,  

s i n c e  t h e y  now h a d  d a t a  upon  w h ic h  t o  b u i l d  p r e l i m i n a r y  

h y p o t h e s e s .  The i m p o r t a n c e  o f  t h i s  work i n  i t s  b e a r i n g  

upon  t h e  t h e o r i e s  o f  l e a r n i n g  and  p h y s i o l o g i c a l  p s y c h o l o g y  

i n  g e n e r a l  d o e s  n o t  n e e d  t o  be e m p h a s i s e d .  However ,  t h e r e  

a r e  p o i n t s  a t  w h ich  L a s h l e y * s  m e th o d s  do no t  seem e n t i r e l y  

s a t i s f a c t o r y ;  b e c a u s e  o f  t h e  way i n  w h ich  h i s  r e s u l t s  may 

have b e e n  d e t e r m i n e d  by  h i s  m e th o d ,  t h e s e  need  t o  be 

exam ined  more c l o s e l y .

The ju m p in g  s t a n d  i s  o b v i o u s l y  l i m i t e d  i n  i t s  a p p l i c a t i o n  

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

jump; i t  i s  t h e r e f o r e  a i f f i c u l t  t o  o b t a i n  s t r i c t l y  

c o m p a ra b le  r e s u l t s  f rom  d i f f e r e n t  s p e c i e s ,  f o r  ex am p le  a  

r a t  and  a  g u i n e a p i g .  T h e r e  i s  a n  a d d e d  d i s a d v a n t a g e  i n  

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

s i n c e  t h e  a n i m a l  h a s  t o  l e a r n  when and  w here  t o  jum p .  I n  

i t s  f a v o u r ,  h o w e v e r ,  e x t r a n e o u s  cu e s  a r e  a d e q u a t e l y  

c o n t r o l l e d .

The f i x e d - d i s t a n c e  f o r  t h e  o b s e r v a t i o n  o f  t h e  sym bols  

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

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

t o  a l l o w  e i t h e r  movement o r  a s i d e v i e w  o f  t h e  s y m b o ls ;  t h e  

r a t  i s  f o r c e d  t o  r e m a i n  a t  a s e t  d i s t a n c e  and  t o  v ie w  t h e
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f i g u r e s  f rom  a h e a d - o n  p o s i t i o n .  T h i s  may h a v e  s o m e th in g  

t o  be  s a i d  f o r  i t ,  i n  t h a t  t h e  f i g u r e s  a r e  a lw a y s  s e e n  from  

t h e  same p o s i t i o n ,  a n d  t h e  movement v a r i a b l e  i s  c l o s e l y  

c o n t r o l l e d .  However,  t h i s  c o n t r o l  o f  t h e  p o i n t  o f  

o b s e r v a t i o n  d o e s  n o t  seem s t r i c t l y  n e c e s s a r y  a t  t h i s  s t a g e  

o f  t h e  i n v e s t i g a t i o n s ;  t h e s e  t y p e s  o f  a p p a r a t u s  w i t h  f i x e d  

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

m e a s u r e d ,  b u t ,  i n  many e x p e r i m e n t s ,  ( fo r  exa m p le  F i e l d s  and  

L a s h l e y )  t h e  a im  was t o  d e t e r m i n e  t h e  more b a s i c  f a c t o r  o f  

d i s c r i m i n a t i v e  a b i l i t y .  I t  seems more s e n s i b l e  t o  e s t a b l i s h  

t h e  r a n g e  o f  t h i s  a b i l i t y  f i r s t ,  and  t h e n  t o  i n v e s t i g a t e  

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

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

e x p e r i m e n t e r s  a r e  p o s s i b l y  m i s i n t e r p r e t i n g  t h e  r e s u l t s .

I t  i s  s u r e l y  more i m p o r t a n t  t o  d i s c o v e r  t h e  i n i t i a l  r a n g e  

o f  t h i s  a b i l i t y ,  and  t h e n  t o  d e f i n e  t h e  l i m i t s ,  a s  im posed  

by  d i s t a n c e .  T h i s  c a n  o n l y  be  done i n  a n  a p p a r a t u s  w h ic h  

a l l o w s  c o m p le t e  f re ed o m  o f  s c r u t i n y .

I t  m ig h t  seem p o s s i b l e  t o  j u s t i f y  L a s h l e y * s  c h o i c e  o f  

d i s c r i m i n a t i o n  d i s t a n c e  f rom  h i s  work on  t h e  im a g e - f o r m i n g  

pow er  o f  t h e  r a t  * s eye  ( L a s h l e y  1 9 3 2 ) .  L a s h l e y  w orked  w i t h  

e x c i s e d  e y e s :  he  a p p a r e n t l y  l o o k e d  t h r o u g h  t h e  e y e ,  and

m e a s u re d  t h e  d i s t a n c e s  a t  w h ich  he c o u l d  o b t a i n  f a i r l y  

d i s t i n c t  im a g e s ,  a t e c h n i q u e  w h ich  i s  p e r h a p s  r a t h e r  r o u g h
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and  r e a d y .  G e n e r a l i s a t i o n  from  t h e  f u n c t i o n i n g  o f  a n  

e x c i s e d  o r g a n  t o  t h e  f u n c t i o n i n g  o f  t h e  same o r g a n  i n  

t h e  i n t a c t  a n i m a l  may a l s o  i n t r o d u c e  p r o b l e m s .  However,  

a l l o w i n g  t h a t  t h e  m e thod  d o e s  g i v e  some i n f o r m a t i o n ,  i t  

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

e x am in ed  by L a s h l e y ,  was a b o u t  8  cm s.  A f i x e d  ju m p in g  

d i s t a n c e  o f  25 cm s.  w ould  n o t ,  u n d e r  t h e  c i r c u m s t a n c e s ,  

a p p e a r  t o  be m ak ing  t h e  o p t i m a l  use  o f  t h e  a n i m a l * s  v i s u a l  

c a p a c i t y ,  e s p e c i a l l y  i f  D u k e - E ld e r  (1958)  i s  c o r r e c t  i n  

h i s  a s s e r t i o n  t h a t  t h e r e  i s  a l a c k  o f  a c co m m o d a t io n  i n  t h e  

n o c t u r n a l  e y e .  I t  i s  i n  f a c t  d i f f i c u l t  t o  s e e  t h a t  t h e  

c h o i c e  o f  s c r u t i n y  d i s t a n c e  o f  25 cm s.  was o t h e r  t h a n  

a r b i t r a r y .

O t h e r  p r o b le m s  a r e  r a i s e d  by  t h e  t y p e  o f  a n i m a l s  u s e d  

i n  t h e s e  e x p e r i m e n t s .  T h ese  a n i m a l s  w e re :  a )  W i s t a r

a l b i n o s ,  f rom  h o o d e d  s t o c k ,  b) McCollum h o o d e d ,  i n t e r b r e d  

w i t h  a l b i n o s ,  c) S e l f - c o l o u r e d  a g o u t i  (P 3  & P4 ) f rom  a n  

o r i g i n a l  c r o s s  o f  a l b i n o  and  w i l d  p i g m e n t e d .  I t  i s  commonly 

a g r e e d  t h a t  l a b o r a t o r y  s t o c k  i s  o f t e n  m y o p ic ;  t h i s  t e n d e n c y  

c a n n o t  h av e  b ee n  h e l p e d  by  t h e  i n t e r b r e e d i n g  w i t h  a l b i n o s ;  

i t  i s  n o t  known w h e t h e r  t h e  g en e  f o r  a l b i n o t i c  m yop ia  i s  

c o m p l e t e l y  r e c e s s i v e .  Eye d e f e c t s  i n  m u t a n t s ,  a l t h o u g h  

o f t e n  s t r o n g l y  l i n k e d  w i t h  c o a t  c o l o u r ,  h a v e  b e e n  shown t o  

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

t h e  p o s s i b i l i t y  o f  m y o p ia ,  L a s h l e y  r e p o r t s  t h a t  3 0 ^  o f  h i s
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r a t s  w ere  fo u n d  t o  be  s u f f e r i n g  f rom  e y e  d e f e c t s .  I t  i s  

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

m e n t a l  a n i m a l s  u s e d  i n  o t h e r  s t u d i e s  m ig h t  h av e  r e v e a l e d  

a s i m i l a r  s t a t e  o f  a f f a i r s .  However,  i t  d o e s  mean t h a t  

h i s  r e s u l t s  m ust  be v ie w e d  w i t h  c e r t a i n  r e s e r v a t i o n s  a s  

t o  t h e i r  g e n e r a l  a p p l i c a b i l i t y .

I t  i s  p e r h a p s  w o r t h  n o t i n g  t h a t  many o f  L a s h l e y * s  

r a t s  w ere  p r e t r a i n e d  on  h o r i z o n t a l  and  v e r t i c a l  s t r i p e s ,  

and t h a t  t h i s  may h av e  a f f e c t e d  t h e i r  r e s p o n s e  t o  l a t e r  

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

a p p a r e n t  b a s e  l i n e  r e a c t i o n .

F i n a l l y  t h e r e  i s  t h e  q u e s t i o n  o f  symbol s i z e .  The 

sym bols  i n  L a s h l e y * s  e x p e r i m e n t s  u s u a l l y  h ad  a b a s e  

m e a s u r in g  a b o u t  9 c m s . ,  a l t h o u g h  t h i s  was v a r i e d  f o r  some 

s t u d i e s  f rom  a b o u t  11 cm s.  t o  3 cm s.  The r a t  was p l a c e d  

e i t h e r  20 o r  25 cm s.  aw ay .  The s p a n  o f  v i s i o n  r e q u i r e d  t o  

t a k e  i n  b o t h  sym bo ls  a d e q u a t e l y  w ou ld  b e ,  f rom  s i d e  t o  s i d e ,  

no t  l e s s  t h a n  t e n  i n c h e s ;  v e r t i c a l l y ,  a b o u t  t h r e e  i n c h e s  

w ould  be n e c e s s a r y .  I t  i s  a  l i t t l e  d i f f i c u l t  t o  r e c o n c i l e  

L a s h l e y * s  e x p e r i m e n t a l  t e c h n i q u e s  w i t h  h i s  p h y s i o l o g i c a l  

o b s e r v a t i o n s ;  f o r  e x a m p le ,  h e  ^1932} s t a t e s  t h a t  t h e  

c l e a r e s t  a n g l e  o f  v i s i o n  i s  p r o b a b l y  a b o u t  1 6 ° .  However,  

i n  t h e  jum ping  s t a n d ,  and w i t h  t h e  s i z e  o f  sym bols  t h a t  

L a s h l e y  u s e d ,  an  a n g l e  o f  o v e r  60°  i s  r e q u i r e d  i n  o r d e r
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f o r  t h e  a n im a l  t o  s e e  b o t h  o f  t h e  l a r g e s t  sym bo ls  c l e a r l y  

and a t  o n c e ;  t o  s e e  one symbol c l e a r l y ,  i t  w o u ld  need  a n  

a n g l e  o f  3 0 ° .  An a n g l e  o f  16°  w ou ld  o n l y  i n c l u d e  one o f  

t h e  s m a l l e s t  s y m b o l s .  One m us t  assume t h a t  e i t h e r  L a s h l e y  

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

a l t e r n a t i v e l y ,  he  may have  c o n s i d e r e d  t h a t  h i s  e s t i m a t e d  

v a l u e  f o r  t h e  t o t a l  r a n g e  o f  t h e  b i n o c u l a r  f i e l d ,  nam ely  

1 1 7 ^ ,  ( s e e  p .  7 4 . )  was a d e q u a t e  f o r  t h i s  t y p e  o f  a i s c r i m i n 

a t i o n .  I f  we a c c e p t  h i s  c a l c u l a t i o n  t h a t  1 0 1 ® o f  t h e  117® 

b i n o c u l a r  f i e l d  was h a z y  v i s i o n ,  i t  i s  h a r d  t o  see  why he  

c h o s e  sym bols  o f  t h i s  s i z e .  On t h e  o t h e r  h a n d ,  i f  Duke- 

E l d e r  *s (1958) e s t i m a t i o n  o f  t h e  b i n o c u l a r  f i e l d s  i n  t h e  

r a b b i t  and  s q u i r r e l  i s  n e a r e r  t o  t h a t  o f  t h e  r a t ,  i t  i s  

l i k e l y  t h a t  u n i o c u l a r  v i s i o n  m ust  have  b e e n  u s e d  t o  a g r e a t  

e x t e n t ;  i n  t h i s  c a s e ,  p r e s u m a b ly  some s c a n n i n g  m o t i o n  o f

t h e  h e a d  w ould  b e  e s s e n t i a l  t o  c o v e r  t h e  a r e a  g i v e n  by  t h e  
1

s t i m u l u s •

What seems t o  emerge f rom  t h i s  i s  t h a t  i t  i s  u n l i k e l y  

t h a t  t h e  r a t  w ould  be  a b l e  t o  l o o k  a t  t h e  whole  f i g u r e  

e a s i l y ,  and p a r t s  o f  i t  m ig h t  assume a r a t h e r  a r t i f i c i a l  

i m p o r t a n c e .  The b a s e  l i n e s  were  r o u g h l y  o n  a l e v e l  w i t h

1 A c c o r d in g  t o  L a s h l e y ,  ( 1 9 3 8 ) ,  t h e  a v e r a g e  m in im a l  
a n g l e  f o r  r e s o l u t i o n  o f  two p o i n t s  a t  a d i s t a n c e  o f  
20  cm s .  was 1 ® 4 1 ' ,  w h i l e  t h e  m in im a l  v i s u a l  a n g l e  f o r  
a c u i t y  was 2 6 '  i n  t h e  p ig m e n te d  r a t  and  5 2 '  i n  t h e  
a l b i n o  r a t  ( L a s h l e y  1 9 3 0 b ) .
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t h e  a n i m a l ’ s h e a d ,  an d ,  i n  most  c a s e s ,  t h e y  may h av e  

p r o v i d e d  a n  a d e q u a te  g u id e  a s  t o  i t s  c h o i c e .  T h i s  w ould  

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

t h e  c i r c l e  r e p o r t e d  i n  t h e s e  e x p e r i m e n t s ;  t h e  d i f f e r e n c e  

b e t w e e n  t h e  b a s e  l i n e  o f  t h e  s q u a r e  and  t h e  c u r v e d  b a s e  o f  

t h e  l a r g e  c i r c l e  w ould  be s l i g h t  i f  s e e n  f rom  a d i s t a n c e  

by  a m yopic  s u b j e c t .  Once t h e  s q u a r e  i s  x o t a t e d  t h r o u g h  

4 5 ° ,  t h e  a n i m a l  l e a r n s  t h e  d i s c r i m i n a t i o n  r a p i d l y ;  t h i s  

i s  u n d e r s t a n d a b l e ,  s i n c e  a n  a n g l e  h a s  now come w i t h i n  i t s  

im m e d ia te  r a n g e  o f  v i s i o n ,  and t h e  d i f f e r e n c e  b e t w e e n  t h e  

two b a s e  l i n e s  i s  m a rk e d .

L a s h l e y  (1938) rem a rk e d  on  t h e  a p p a r e n t  p r e s e n c e  o f  

a  s e n s i t i v e  a r e a  i n  t h e  u p p e r  i n n e r  q u a d r a n t  o f  t h e  r e t i n a ,  

w h ic h  m ig h t  be r e s p o n s i b l e  f o r  b e t t e r  v i s i o n  i n  t h a t  a r e a ;  

i t  d e t e r m i n e s  t h e  l i n e  o f  f i x a t i o n  o f  t h e  r a t ’ s ey e  a t  5(P  

f ro m  t h e  o p t i c a l  a x i s .  T h i s  i s  q u i t e  p o s s i b l e ,  b u t  i t  i s  

d i f f i c u l t  t o  a r r i v e  a t  a c r i t e r i o n  f o r  " s e n s i t i v e " .  I t  i s  

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

b u t  how b a d  i s  t h e  p e r i p h e r a l  v i s i o n ?  I s  t h e  r a t  s e n s i t i v e  

o n l y  t o  l i g h t  c h a n g es  p e r i p h e r a l l y  and n o t  t o  f o rm ?  At 

p r e s e n t ,  t h e r e  seem t o  be no s a t i s f a c t o r y  a n s w e rs  t o  t h e s e  

q u e s t i o n s .

R e s u l t s  have  shown that* r a t s  w i l l ,  h o w e v e r ,  e v e n t u a l l y  

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

fo rm  a s  a w hole  when i t  i s  n e c e s s a r y ,  o r  p o s s i b l y  o f  

r e s p o n d i n g  t o  t h e  whole  o f  t h e  l o w e r  h a l f  r a t h e r  t h a n  j u s t  

t o  t h e  b a s e  l i n e .  The l a c k  o f  c o n f u s i o n  b e tw e e n  a  t r i a n g l e  

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

p o s s i b l y  i m p o r t a n t .  On t h e  o t h e r  h a n d ,  t h e  a n im a l  may 

r e s p o n d  t o  some e x t e n t  t o  t h e  whole o f  t h e  f i g u r e  w i t h i n  

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

w ou ld  be f a i r l y  d i s t i n c t ,  and  i t s  w i d t h  w i t h i n  t h e  v i s u a l  

r a n g e ;  i t  i s  u n l i k e l y  t o  be c o n f u s e d  w i t h  t h e  c i r c l e .

T h e re  i s  a  d e f i n i t e  p o i n t  o f  f i x a t i o n  ( t h e  ap ex )  on  t h e  

v e r t i c a l  a x i s ,  w h ic h ,  f rom  L a s h l e y * s  e x p e r i m e n t a l  r e s u l t s ,  

w ould  w p p e a r  t o  be  more i m p o r t a n t  t h a n  t h e  h o r i z o n t a l  a x i s ;  

t h e r e  i s  no s u c h  p o i n t  o n  t h e  s q u a r e .  T h i s  i s  an  a l t e r n a t i v e  

e x p l a n a t i o n  f o r  t h e  e a s e  w i t h  w h ic h  a r o t a t e d  s q u a r e  and  a 

c i r c l e  a r e  l e a r n t .  D odw ell* s  (1957)  r e s u l t s  i n d i c a t e  t h a t  

i t  i s  p o s s i b l e  t o  d i r e c t  t h e  a n im a l  * s a t t e n t i o n  t o  t h e  

p r o p e r t i e s  o f  t h e  s q u a r e  by  p r e l i m i n a r y  t r a i n i n g ,  t h e r e b y  

s p e e d i n g  l e a r n i n g ;  h o w e v e r ,  h i s  r e s u l t s  c a n n o t  be  s a i d  

t o  c o n t r i b u t e  much t o  t h e  p ro b le m  o f  d i s c r i m i n a t i o n  b e tw e e n  

s o l i d  f i g u r e s ,  s i n c e  he o n l y  u se d  o u t l i n e s .  T h e r e f o r e ,  

t r a i n i n g  on  h o r i z o n t a l  s t r i p e s  e n a b l e s  t r a n s f e r  t o  t h e  

s i n g l e  h o r i z o n t a l  l i n e  f o r m i n g  t h e  b a s e  o f  t h e  o u t l i n e  

s q u a r e ;  t h i s  m e r e l y  c o n f i r m s  L a s h l e y * s  f i n d i n g s  o n  t h e  

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

b a s e  l i n e .

F i e l d s *  o r i g i n a l  work on  th e  m o d i f i e d  Y e rk e s  * a p p a r a t u s  

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

Munn, n am e ly ,  t h a t  a p a r t  f rom  t h e  l a c k  o f  i n f o r m a t i o n  i n  

F i e l d s *  p a p e r ,  t h e r e  were  many t a c t i l e ,  o l f a c t o r y  and  

a u d i t o r y  cu e s  a v a i l a b l e .  One m a j o r  c r i t i c i s m  was t h a t  

t h e  r a t s  w ere  u n a b l e  t o  s e e  t h e  t o p s  o f  t h e  fo rm s  a t  a l l  

u n d e r  c e r t a i n  c o n d i t i o n s  o f  i l l u m i n a t i o n .  However,  F i e l d s  

l a t e r  a d a p t e d  t h e  L a s h l e y  t e c h n i q u e ,  w i t h  s l i g h t  m o d i f i 

c a t i o n s ;  t h e  m ost  i m p o r t a n t  was t h e  r e p l a c e m e n t  o f  t h e  

c i r c u l a r  jum ping  s t a n d  by  a r e c t a n g u l a r  b r i d g e  i n  b o t h  

t h e  tw o-  and  f i v e - c h o i c e  jum ping  a p p a r a t u s e s .  T h i s  a l l o w e d  

f o r  g r e a t e r  movement a n d  some e x p l o r a t o r y  d r i v e ;  i t  was 

a l s o  e q u i d i s t a n t  f rom  a l l  t h e  f i g u r e s .  U n f o r t u n a t e l y ,  

h o w e v e r .  F i e l d s  f o u n d  t h a t  a r a t  f a c e d  w i t h  a d i f f i c u l t  

d i s c r i m i n a t i o n  p ro b lem  so m et im es  r e f u s e d  t o  jump; he  

t h e r e f o r e  tw ea k ed  i t s  t a i l  t o  e n c o u r a g e  i t .  T h i s  p r o b a b l y  

h a d  t h e  e f f e c t  o f  m ak ing  t h e  r a t  jump i n d i s c r i m i n a t e l y ,  and  

may h a v e  a f f e c t e d  t h e  r e s u l t s .

N e v e r t h e l e s s ,  t h e  f i v e - c h o i c e  a p p a r a t u s  a p p e a r s  t o  be 

a  more s e n s i t i v e  i n s t r u m e n t ,  p a r t i c u l a r l y  i n  t h e  f i v e - u n i t
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fo rm  I n  w h ich  i t  a p p e a r e d  i n  1 9 5 3 .  F i e l d s  c l a i m s  t h a t  

l e a r n i n g  i s  q u i c k e r ,  r e t e n t i o n  b e t t e r  and  a c c u r a c y  h i g h e r ;  

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

o b t a i n e d  d i s c r i m i n a t i o n  o f  1  mm. s t r i a e  w i t h  a l b i n o  r a t s ,  

a t  a d i s t a n c e  o f  2 1  c m s . ,  s u p p o r t i n g  L a s h l e y * s  a s s e s s m e n t  

o f  t h e i r  v i s u a l  a c u i t y .  N e v e r t h e l e s s ,  F i e l d s  i s  s t i l l  

o p e n  t o  many o f  t h e  m a j o r  c r i t i c i s m s  t h a t  a p p l y  t o  L a s h l e y :  

h i s  a p p a r a t u s  i s  r e s t r i c t e d  i n  i t s  a p p l i c a t i o n ;  h e  u s e s  

l a r g e  sym bols  (28 s q .  c m s . ) ;  h e  em ploys  a  f i x e d  d i s t a n c e  

f o r  s c r u t i n y .  A d m i t t e d l y ,  F i e l d s *  f i v e - u n i t  f i v e - c h o i c e  

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

e f f e c t  o f  r a d i a t i o n ,  o r  some o t h e r  c o n t r o l l e d  v a r i a b l e ,  

o n  d i s c r i m i n a t i o n ;  t h i s  i s  q u i t e  a c c e p t a b l e ,  b u t  i t  w ould  

seem a d v i s a b l e  t o  have  a p p a r a t u s  c a p a b le  o f  b e i n g  u s e d  t o  

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

o f  s t u d y  s t i l l  p r e s e n t s  a g r e a t  number o f  p r o b l e m s .

Munn* 8 (1930)  o r i g i n a l  work w i t h  t h e  jum ping  s t a n d  i s  

n o t  v e r y  r e l i a b l e ,  a s  he  o n l y  u s e d  one r a t ;  h o w e v e r ,  h i s  

r e s u l t s  s u p p o r t  t h o s e  o f  L a s h l e y  and F i e l d s .

Munn (1931)  l a t e r  u s e d  a t w o - c h o i c e  a p p a r a t u s  w i t h  a 

c o n t i n u o u s  a p p r o a c h .  T h i s  a p p a r a t u s  i s  a d a p t a b l e  t o  many 

s p e c i e s  o f  a n i m a l s ,  s i n c e  i t  i s  n o t  c o n f i n e d  t o  t h e  jum p ing  

v a r i e t i e s ;  t a c t i l e  and  o l f a c t o r y  cu e s  a p p e a r  t o  be
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a d e q u a t e l y  c o n t r o l l e d .  However,  a n  e l e c t r i c a l  g r i d  was 

u s e d  t o  p r o v i d e  sh o c k  a s  p u n is h m e n t  f o r  a w rong  c h o i c e ;  

a l t h o u g h  t h e r e  i s  no a p p a r e n t  f i x e d  c h o i c e  d i s t a n c e ,  i t  

i s  l i k e l y  t h a t  t h e  r a t  w ould  t r y  t o  c h o o s e  b e f o r e  i t  

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

e f f e c t  m ig h t  t h e r e f o r e  o c c u r ,  s i n c e  t h e r e  i s  no c o m p le t e  

f r e e d o m  o f  s c r u t i n y .  A p a r t  f rom  t h i s ,  t h e  e f f e c t  o f  sh o ck  

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

(ct — ) , The s i z e  o f  t h e  sym bols  was s i m i l a r  t o  t h o s e

u s e d  by  L a s h l e y  an d  F i e l d s .

D o d w e l l^ s  (1957) r e s u l t s  a r e  o f  i n t e r e s t ,  b u t  t h e r e  

i s  t o o  l i t t l e  i n f o r m a t i o n  i n  h i s  p a p e r  f o r  i t  t o  be o f  

much a s s i s t a n c e .  F i r s t l y ,  he  u s e d  o u t l i n e  f i g u r e s ,  w h ich  

makes c o m p a r i s o n  w i t h  o t h e r  p e o p l e s *  r e s u l t s  d i f f i c u l t .

T h i s  was done f o r  a t h e o r e t i c a l  r e a s o n ,  nam ely  t h a t  

L a s h l e y * s  r a t s  m ig h t  h a v e  b e e n  r e s p o n d i n g  t o  t h e  d i s t r i 

b u t i o n  o f  b r i g h t n e s s  r a t h e r  t h a n  t o  f o r m .  T h i s  i s  o d d ,  

s i n c e  t h e  e x c e l l e n t  t r a n s f e r  f rom  t h e  s o l i d  fo rm s  t o  t h e i r  

o u t l i n e s ,  d e m o n s t r a t e d  by a l l  t h e  e x p e r i m e n t e r s ,  w o u ld  seem 

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

S e c o n d l y ,  he  d o e s  n o t  s t a t e  what  t h e  w i d t h s  o f  t h e s e  

o u t l i n e s  w e re ,  b u t  m e r e l y  t h a t  t h e y  w ere  c o n s t a n t .  T h i r d l y ,  

he g i v e s  no m easu rem en t  f o r  t h e  Jumping d i s t a n c e ,  an d  one
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m ust  assume t h a t ,  l i k e  L a s h l e y ,  i t  I s  e i t h e r  2 0  o r  25 cms. 

F o u r t h l y ,  t h e  f i g u r e s  were r a i s e d  o n  t h e  b a c k g r o u n d ,  and  

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

o f  a t h i r d  d im e n s io n  seems t o  i n t r o d u c e  e x t r a  v a r i a b l e s ,  

and  t o  c o n f u s e  t h e  o r i g i n a l  p r o b l e m .  F i n a l l y ,  two o u t  o f  

t w e l v e  a n i m a l s  were d i s c a r d e d  d u r i n g  t h e  e x p e r i m e n t :  i t

w ou ld  be i n t e r e s t i n g  t o  know f o r  what r e a s o n .

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

due t o  l a c k  o f  i n f o r m a t i o n ,  t h e  use  o f  a f i x e d  c h o i c e  

d i s t a n c e  an d  l a r g e ,  o u t l i n e  s y m b o l s .

D. Summary.

Prom t h e  r e l e v a n t  l i t e r a t u r e  on  v i s u a l  d i s c r i m i n a t i o n  

i n  t h e  r a t ,  i t  a p p e a r s  t h a t  b r i g h t n e s s  an d  fo rm  d i s c r i m i n a 

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

t o  a c h i e v e .  S im ple  g e o m e t r i c a l  fo rm s  c a n  be d i s c r i m i n a t e d  

f ro m  one a n o t h e r ,  w h e t h e r  t h e y  d i f f e r  e s s e n t i a l l y  i n  s h a p e , 

o r  o n l y  i n  o r i e n t a t i o n .  R e s u l t s  i n d i c a t e  t h a t  fo rm  

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

r a t h e r  t h a n  by t h e  w h o le ,  and t h a t  g e n e r a l i s a t i o n  t o  

d i f f e r e n c e s  i n  s i z e  and from  s o l i d  f i g u r e s  t o  t h e i r  o u t 

l i n e s  i s  r e l a t i v e l y  e a s y ;  t h e  r e s p o n s e  i s  one o f  a p p r o a c h  

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

n e g a t i v e  f i g u r e .  Breakdown i n  d i s c r i m i n a t i o n  o c c u r s  when
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t h e  p o s i t i v e  f i g u r e  i s  r o t a t e d ,  when o n l y  t h e  t o p s  o f  t h e  

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

o f  t h e  f i g u r e  and b a c k g ro u n d  a r e  r e v e r s e d .

E x a m i n a t i o n  o f  t h e  t e c h n i q u e s  u s e d  t o  o b t a i n  t h e s e  

r e s u l t s  s u g g e s t s  two t h i n g s :  f i r s t l y ,  t h e  r e s p o n s e  t o  t h e

b a s e  o f  t h e  f i g u r e  may be an  e x p e r i m e n t a l  a r t i f a c t  i n t r o d u c e d  

b y  t h e  l a r g e  s i z e  o f  t h e  s y m b o l s .  S e c o n d l y ,  t h e  a n im a l  * s 

r e s p o n s e  a p p a r e n t l y  d e p e n d s  p r i m a r i l y  on  g r o s s  b a s e  l i n e  

d i f f e r e n c e s ;  t h i s  t y p e  o f  r e s p o n s e  may be a f f e c t e d  by  

m y o p ia ,  l a c k  o f  l e n s  accom m odat ion  and  t h e r e f o r e  b y  t h e  

a r b i t r a r i l y  f i x e d  d i s t a n c e  f o r  s c r u t i n y .
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I l l  THE GOLDEN HAMSTER

A. I n t r o d u c t i o n ,

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

i n f o r m a t i o n  ab o u t  t h e  h a m s t e r  w h ich  may n o t  be r e a d i l y  

a v a i l a b l e  e l s e w h e r e ,  and p a r t l y  t o  d i s c u s s  some v a r i a b l e s  

w h ic h  a r e  r e l e v a n t  t o  t h e  l e a r n i n g  s i t u a t i o n  i n v o l v e d  i n  

t h e  d i s c r i m i n a t i o n  t a s k s  t o  be d e s c r i b e d  l a t e r .  T h i s  

s e c o n d  a s p e c t  h a s  b e e n  d e v e l o p e d  a t  some l e n g t h ,  s i n c e  

l i t t l e  a t t e n t i o n  seems t o  have  b e e n  g i v e n  t o  t h e s e  v a r i a b l e s ,  

and  i t  i s  f e l t  t h a t  t h e y  may be more c r i t i c a l  f o r  t h e  

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

a l l o w e d .  F u r t h e r ,  a s  p r e v i o u s  w o rk e r s  i n  t h i s  f i e l d  seem 

t o  h av e  assum ed  t h a t  r a t s  w i l l  o n l y  l e a r n  u n d e r  c o n d i t i o n s  

o f  maximal s t r e s s ,  t h e  t y p e  o f  m o t i v a t i o n  u s e d  i n  t h i s  

r e s e a r c h  r e p r e s e n t s  so r a d i c a l  a d e p a r t u r e  f rom  t h e  s t a n d a r d  

p r o c e d u r e s  a s  t o  r e q u i r e  some j u s t i f i c a t i o n .

B. P h y s i c a l  C h a r a c t e r i s t i c s .

1 • S p e c i e s

The g o l d e n  h a m s t e r  ( M e s o c r i c e t u s  a u r a t u s ,  W a te rh o u s e  

1839)  b e l o n g s  t o  t h e  o r d e r  R o d e n t i a ,  f a m i l y  M u r id a e ,  s u b 

f a m i l y  C r i c e t i n a e  ( E l l e r m a n n  1 9 4 0 ) .  The a n im a l  i s  a  n a t i v e  

o f  S y r i a ,  and  t h e  p r e s e n t  p o p u l a t i o n  o f  a n i m a l s  i n
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c a p t i v i t y  i s  d e s c e n d e d  from  a f em a le  and h e r  l i t t e r  

fo u n d  n e a r  J e r u s a l e m  i n  1930;  t h e  g e n e t i c  p u r i t y  o f  t h e  

s t o c k  i s  t h e r e f o r e  r a t h e r  e x c e p t i o n a l .  T h i s  s p e c i e s  o f  

h a m s t e r  i s  c l o s e l y  r e l a t e d  t o  o t h e r  h a m s t e r  s p e c i e s  i n  

A s i a  and  E u ro p e ,  and  d i f f e r s  c h i e f l y  i n  b e i n g  s m a l l e r  and  

l e s s  s a v a g e  (H in d le  1 9 4 7 ) .

M u t a t i o n s  i n  b o t h  c o a t  and  eye  c o l o u r  h av e  o c c u r r e d  

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

g e n e t i c a l l y  d o m in a n t ;  i t  was t h i s  t y p e  t h a t  was u s e d  i n  

t h i s  r e s e a r c h .

2 . A p p e a ra n c e

The w i l d  t y p e  g o l d e n  h a m s t e r  i s  a smS.1  a n i m a l  m e a s u r i n g  

b e t w e e n  10 and 15 cm s.  f rom  n o se  t o  t a i l ,  and  w e ig h i n g  a b o u t  

1 5 0  gm s.  when f u l l y  g ro w n .  The h e a d  i s  s q u a r i s h  i n  s h a p e ,  

t h e  n o se  i s  l e s s  p o i n t e d  t h a n  i n  a r a t ,  w h i l e  t h e  e y e s  a r e  

l a r g e ,  b l a c k  and  p r o m i n e n t .  T h e re  a r e  two b i l a t e r a l  ch e ek  

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

s m a l l  o b j e c t s .  The s h o r t  t a i l  m e a s u r e s  a b o u t  1  cm. i n  

l e n g t h ;  t h e  s m a l l  l e g s  a r e  h e l d  c l o s e  t o  t h e  b o d y .

The f u r  i s  s o f t ,  s h o r t  and  t h i c k ;  t h e  t o p  c o a t  o f  t h e  

b a c k  a n d  h e a d  v a r i e s  f rom  l i g h t  t o  d a r k  r e d - b r o w n ,  w h i l e  t h e  

f u r  o n  t h e  b e l l y  and l e g s  i s  l i g h t  g r e y  o r  w h i t e ;  t h e  

u n d e r c b a t  i s  a m i d - g r e y .  A c r e s c e n t  o f  b l a c k  f u r  s t r e t c h e s  

f rom  t h e  s i d e s  o f  t h e  neck  u n d e r  t h e  c h i n .
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C, B e h a v i o u r a l  C h a r a c t e r i s t i c s  R e l e v a n t  
t o  t h e  D i s c r i m i n a t i o n  E x p e r i m e n t s .

H a m s te r s  a r e  s e m i - n o c t u r n a l  a n i m a l s ,  a n d ,  a s  s u c h ,  

e x h i b i t  a t y p i c a l  a c t i v i t y  c y c l e .  A l th o u g h  t h e y  c a n  be 

woken e a s i l y  a t  any  h o u r  o f  t h e  d a y ,  t h e y  t e n d  t o  be m ost  

a c t i v e  i n  t h e  m o rn in g  o r  e v e n i n g  t w i l i g h t ,  t h i s  a c t i v i t y  

l a s t i n g  f o r  two o r  t h r e e  h o u r s  a t  a t i m e .  (L a w lo r  1 9 6 1 ) .

The optimum t e m p e r a t u r e  f o r  g o l d e n  h a m s t e r s  i s  f rom  

70^ t o  7 5 ^ P . ;  e x t r e m e  v a r i a t i o n s  i n  t e m p e r a t u r e  c a n  c a u s e  

b e h a v i o u r a l  d e v i a t i o n s  su c h  a s  h i b e r n a t i o n .  However,  u n d e r  

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

a  c o n s t a n t  t e m p e r a t u r e  o f  7 2 ^ P .  was m a i n t a i n e d  t h r o u g h o u t  

t h e  e x p e r i m e n t s .

G o lden  h a m s t e r s  c a n  be f e d  s a t i s f a c t o r i l y  o n  f r e s h  g r e e n  

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

o f  a b a l a n c e d  d r y  c o m m erc ia l  d i e t  (MRC 41 B and SG 1 ) .

They d r i n k  l i t t l e  o r  no w a t e r ,  p r o v i d e d  t h e y  have  enough  

f r e s h  g r e e n s t u f f .  The f o o d  i s  h o a r d e d  i n  l a r g e  q u a n t i t i e s  

and  s t o r e d  n e a r  t h e  n e s t ;  o n l y  one o r  two o u n c e s  o f  f o o d  

a r e  a c t u a l l y  e a t e n  a d a y ,  i n  s m a l l  q u a n t i t i e s  a t  i n t e r v a l s  

d u r i n g  t h e  24 h o u r s ;  h o w e v e r ,  t h e  amount h o a r d e d  may be a s  

much a s  f i v e  t i m e s  t h e  h a m s t e r * s  own body  w e ig h t  (W adde l l  

1 9 5 1 ) .

Two o t h e r  b e h a v i o u r a l  a s p e c t s  d i r e c t l y  r e l e v a n t  t o
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t h e  work  t o  be  r e p o r t e d  a r e  ju m p in g  and w a s h i n g .  Owing 

t o  t h e  h a m s te r*  s r e l a t i v e l y  s h o r t  and  d e l i c a t e  b ac k  l e g s ,  

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

d o e s  n o t  u s u a l l y  e x c e e d  a few i n c h e s .  T h i s  t y p e  o f  jump 

i s  a p p a r e n t  i n  two s i t u a t i o n s :  f i r s t l y ,  i t  may o c c u r  i n

moments o f  s t r e s s ,  s u c h  a s  u n a c c u s to m e d  r e s t r a i n t  t h r o u g h  

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

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

i n t o  s p a c e .  S e c o n d l y ,  a h a m s t e r ,  when p e r c h e d  o n  t o p  o f  

a s u i t a b l e  o b j e c t ,  may t r y  t o  jump f rom  t h i s  o n to  t h e  t o p  

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

When d o in g  t h i s ,  a n  a n im a l  c a n  be s e e n  a s s e s s i n g  t h e  d i s t a n c e  

b e f o r e  t h e  a t t e m p t ;  t h e  maximum d i s t a n c e  i t  c a n  c o v e r  i s  

a b o u t  f o u r  t o  f i v e  i n c h e s .  A f i n a l  t y p e  o f  jump c o u l d  more 

j u s t i f i a b l y  be c a l l e d  a  d r o p ;  t h i s  t h e  h a m s t e r  d o es  

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

t o  s l i d e  o v e r  t h e  ed g e  o f  t h e  s u r f a c e  u n t i l  i t  i s  h o l d i n g  

o n  by  i t s  b a c k  l e g s ;  i t  s e a r c h e s  f o r  a f u r t h e r  f o o t h o l d ,  

a n d ,  i f  none i s  a v a i l a b l e ,  l e t s  go and  d r o p s .  Due t o  a n  

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

t o  a d e l i c a t e  s k e l e t a l  s t r u c t u r e ,  t h i s  c a n  r e s u l t  i n  b r o k e n  

l i m b s ,  c o n c u s s i o n  and e v e n  d e a t h .  However,  s u c h  d r o p s  

u s u a l l y  o n l y  o c c u r  when t h e  a n i m a l  i s  f a m i l i a r  w i t h  t h e
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s i t u a t i o n ,  and when i t  c a n  see  enough  t o  fo rm  some i d e a  

o f  t h e  d e p t h  i n v o l v e d ;  d r o p s  i n t o  t h e  b l a c k  unknown do 

o c c u r ,  b u t  a r e  much l e s s  f r e q u e n t .  (See  S e c t i o n  3T ) .

W ash ing  i s  I m p o r t a n t  i n  t h a t  t h e  two t y p e s  o b s e r v e d  

g i v e  some i d e a  o f  t h e  h a m s t e r * s  s t a t e  o f  a g i t a t i o n .  The 

p r o l o n g e d  w a s h in g ,  f o r  g room ing  p u r p o s e s ,  o n l y  t a k e s  p l a c e  

i n  e n v i r o n m e n t s  w i t h  w h ich  t h e  a n im a l  i s  t h o r o u g h l y  f a m i l i a r  

and a t  e a s e .  T h i s  g room ing  i s  t h o r o u g h ,  s lo w ,  r e l a x e d  and 

i n t e n t ,  and t h e  a n im a l  i s  o f t e n  i m p e r v i o u s  t o  e n v i r o n m e n t a l  

c h a n g e s  i n  t h e  way o f  n o i s e  and  m ovem ent .  The g ro o m in g  

o f t e n  l a s t s  f o r  20 m i n u t e s  o r  m ore ,  and  i s  s u c c e e d e d  by  a 

l o n g ,  s low  s t r e t c h .

The s e c o n d  t y p e  o f  w a s h in g  c a n  more a c c u r a t e l y  be c a l l e d  

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

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

g ro o m in g  p r o c e d u r e .  The w a s h in g  i s  u s u a l l y  r e s t r i c t e d  t o  

t h e  h e a d ,  and  i s  p e r f o r m e d  i n  s h o r t ,  s h a r p  j e r k y  m ovem en ts .  

The whole  p r o c e d u r e  may o n l y  l a s t  a few s e c o n d s ,  and  i s  

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

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

A l th o u g h  more t r a d i t i o n a l  m e a s u r e s  o f  e m o t i o n a l i t y  

( H a l l  1934) s u c h  a s  u r i n a t i o n  and d e f a e c a t i o n ,  m ig h t  have  

b e e n  t h o u g h t  more c r i t i c a l  t h a n  d i s p l a c e m e n t  w a s h i n g ,  i n  

f a c t ,  d i s p l a c e m e n t  w a s h in g  seems t o  g i v e  a b e t t e r  m e a su re



5 8 .

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

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

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

was v e r y  r a r e ;  when i t  a i d  o c c u r ,  i t  d i d  n o t  a p p e a r  t o  be 

a v e r y  good  i n d i c a t i o n  o f  e m o t i o n a l i t y  s i n c e  t h e r e  was 

l i t t l e  c o r r e l a t i o n  b e t w e e n  i t s  o c c u r r e n c e  an d  r e f u s a l s  t o  

t a k e  f o o d .  I n  a r e p e t i t i o n  o f  H a l l * s  (1934)  o r i g i n a l  

v a l i d a t i n g  e x p e r i m e n t  o n  t h e  o p e n  f i e l d  w i t h  10  h a m s t e r s ,  

d e f a e c a t i o n  o c c u r r e d  t w i c e  o u t  o f  a  100  p o s s i b l e  o c c u r r e n c e s ;  

on  b o t h  o c c a s i o n s  t h e  a n i m a l s  c o n c e r n e d  d i d  no t  r e f u s e  t o  

e a t .

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

by c o n f i n i n g  t h e  a n im a l  i n  a s m a l l  w i r e  cage  i n  t h e  c e n t r e  

o f  i t  h a d  no e f f e c t  on  d e f a e c a t i o n  and  u r i n a t i o n  s c o r e s ,  

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

s i g n i f i c a n t l y  (p <1 0 . 0 1 ) .  I t  seem s ,  t h e r e f o r e ,  t h a t  d i s 

p la c e m e n t  w a s h in g  i s  a more a c c u r a t e  i n d e x  o f  a g i t a t i o n .

D. H a n d l i n g  a s  a V a r i a b l e  i n
t h e  D i s c r i m i n a t i o n  E x p e r i m e n t s .

S e v e r a l  r e c e n t  i n v e s t i g a t i o n s  (L e v in e  i 9 6 0 ,  B e r n s t e i n  

1952 ,  1957 ,  B ova rd  1958 ,  W e i n i n g e r  1956)  s u g g e s t  t h a t  

a n i m a l s  t h a t  a r e  h a n d l e d  i n  i n f a n c y  show g r e a t e r  r e s i s t a n c e  

t o  s t r e s s  i n  a d u l t  l i f e  t h a n  t h o s e  w h ic h  a r e  n o t ;  t h e s e
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h a n d l e d  a n i m a l s  show l e s s  e m o t i o n a l  r e a c t i v i t y ,  g r e a t e r  

e x p l o r a t o r y  d r i v e  and f e w e r  e r r o r s  i n  m a z e - l e a r n i n g ,  

s u p p o r t i n g  B o v a rd * s  h y p o t h e s i s  t h a t  e a r l y  h a n d l i n g  r a i s e s  

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

p i t u i t a r y ,  a d r e n a l  and  s y m p a t h e t i c o - a d r e n a l  m e d u l l a  

r e s p o n s e s *  I t  seem s ,  t h e r e f o r e ,  t h a t  e a r l y  h a n d l i n g  o f  

e x p e r i m e n t a l  a n i m a l s  i s  a d v i s a b l e ,  i f  t h e  l e a r n i n g  c a p a c i t y  

i s  n o t  t o  be  b l o c k e d  by e x c e s s i v e  e m o t i o n a l  r e a c t i o n  t o  t h e  

t e s t i n g  s i t u a t i o n .

I t  was on  t h i s  b a s i s ,  t h e r e f o r e ,  t h a t  a l l  t h e  h a m s t e r s  

u se d  on  t h e  e x p e r i m e n t s  r e p o r t e d  i n  t h i s  t h e s i s  were  h a n d l e d  

f o r  a b o u t  t e n  m i n u t e s  a d a y  f o r  two w ee k s ,  p r i o r  t o  any  

t r a i n i n g  i n  e x p e r i m e n t a l  s i t u a t i o n s . However,  t h e  h a m s t e r  

r e s i s t s  b e i n g  p i c k e d  up more t h a n  t h e  r a t ;  a l t h o u g h  i t  i s  

am enab le  t o  h a n d l i n g  f o r  a s h o r t  t i m e ,  p r o l o n g e d  h a n d l i n g  

i n  e x p e r i m e n t a l  s i t u a t i o n s  r e s u l t s  i n  w r i g g l i n g ,  v i o l e n t  

e f f o r t s  t o  e s c a p e ,  and  a m arked  i n c r e a s e  i n  t h e  l e v e l  o f  

a g i t a t i o n .  T h i s  r e s i s t a n c e  i s  p r o b a b l y  due t o  s e v e r a l  

f a c t o r s :  t h e  s k e l e t a l  s t r u c t u r e  o f  t h e  h a m s t e r  i s

c o n s i d e r a b l y  more f l e x i b l e  and d e l i c a t e  t h a n  t h a t  o f  t h e  

r a t ,  and  w i t h  i t s  n a r ro w  s h o u l d e r s ,  t h e  h a m s t e r  i s  a b l e  

t o  w r i g g l e  o u t  o f  any  h o l e  t h e  s i z e  o f  i t s  n e c k ;  i t  i s  

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

w h ich  a w r i g g l i n g  h a m s t e r  can  be g r a s p e d ,  and  t h i s  r e s u l t s
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i n  o v e r a l l  p r e s s u r e  w h ic h  p r o b a b l y  h u r t s  i t .  The t h i n  

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

h a i r s ,  i s  p r o b a b l y  s e n s i t i v e  t o  t o u c h ;  i n t e n s e  human 

s m e l l  i s  p o s s i b l y  u n p l e a s a n t .  W h a te v e r  t h e  r e a s o n s ,  

h o w e v e r ,  t h e  h a m s t e r  a i s l i k e s  e x c e s s  h a n d l i n g ,  and  t h i s  

shows i t s e l f  i n  a p p a r e n t l y  p u r p o s e l e s s  a c t i v i t y ,  s u c h  a s  

s c r a b b l i n g  and  d i s p l a c e m e n t  w a s h i n g .

T hese  o b s e r v a t i o n s  i n d i c a t e  t h a t ,  a l t h o u g h  t h e  h a m s t e r  

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

s i t u a t i o n s ,  i n  e x p e r i m e n t a l  s i t u a t i o n s  w h ich  a r e  e m o t i o n a l l y  

d i s t u r b i n g  i n  t h e m s e l v e s ,  i t  seems a d v i s a b l e  t o  r e d u c e  t h e  

amount o f  h a n d l i n g  a s  much a s  p o s s i b l e .  T h u s ,  t h e  a g i t a t i o n  

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

a v a i l a b l e  e n e r g y  w ould  be d i r e c t e d  to w a r d s  t h e  l e a r n i n g  o f  

t h e  p ro b le m  r a t h e r  t h a n  b e i n g  d i s s i p a t e d  i n  p u r p o s e l e s s  

a c t i v i t y .

The p r o b le m  o f  e x c e s s  h a n d l i n g  was r e d u c e d  i n  two o f  

t h e  p r e l i m i n a r y  e x p e r i m e n t s  ( s e e  p p s .  \ o \ a ^ ) z ç )  by  i n t r o 

d u c i n g  m u l t i - u n i t  a p p a r a t u s .  However,  h a n d l i n g  was n o t  

e l i m i n a t e d  e n t i r e l y  u n t i l  t h e  f i n a l  e x p e r i m e n t  ( s e e  p p s .

I n  t h i s  c a s e ,  a s i m p l e  p r o c e d u r e  i n v o l v i n g  a p l a s t i c  

mug was a d o p t e d .  T h i s  had  b e e n  f o u n d  t o  be v e r y  s u c c e s s f u l  

when u se d  i n  e x p e r i m e n t a l  c l a s s e s  by s t u d e n t s  who w ere
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u n a c cu s to m ed  t o  h a m s t e r s ;  a n  u n t r a i n e d  a n im a l  c o u l d  be 

c a r r i e d  by a n  i n e x p e r i e n c e d  p e r s o n  w i t h  t h e  minimum 

d e t r i m e n t  t o  e i t h e r .

The p r o c e d u r e  was t h e r e f o r e  a s  f o l l o w s  f o r  t h e  f i n a l  

e x p e r i m e n t  : t h e  a n i m a l s  w ere  h a n d l e d  m a n u a l l y  f o r  a b o u t

t h r e e  weeks b e f o r e  t h e  e x p e r i m e n t .  D u r in g  t h e  e x p e r i m e n t  

i t s e l f ,  t h e y  were  t r a n s p o r t e d  i n  t h e  mug. A l l  a n i m a l s  

r a p i d l y  l e a r n t  t o  e n t e r  t h e  mug, and  t o  t u r n  ro u n d  i n s i d e  

so t h a t  t h e y  f a c e d  o u t w a r d s .  The e x p e r i m e n t e r * s  h an d  was 

p l a c e d  l o o s e l y  o v e r  t h e  t o p  a s  a p r e c a u t i o n .  However,  

w r i g g l i n g  and p u s h i n g  was r a r e ,  and  t h e  h a m s t e r s  t r a v e l l e d  

q u i e t l y .  T hus ,  t h e  e n v i ro n m e n t  i n  w h ich  t h e y  w ere  c a r r i e d  

was a lw a y s  c o n s t a n t  an d  t h e r e  was no t i g h t  r e s t r a i n t  a t  any  

t i m e .

The s u c c e s s  o f  t h i s  t y p e  o f  h a n d l i n g  was a p p a r e n t  when 

t h e  b e h a v i o u r  o f  Groups I  and  I I  o n  t h e  S e r i a l  M u l t i p l e  

V i s u a l  D i s c r i m i n a t i o n  A p p a r a t u s  (SMVDA) ( s e e  p p s .  ff*. ) 

was com pared .  Group I  b e i n g  t r a n s f e r r e d  by h a n d  and  Group I I  

by mug. The amount o f  s c r a b b l i n g ,  d i s p l a c e m e n t  w a s h in g  and  

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

Group I I ,  a n d ,  u n l i k e  Group I ,  t h e r e  was n e v e r  any  *f r e e z i n g *  

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

W ith  Group I ,  t h e  e x p e r i m e n t a l  s e s s i o n  so m e t im es  h a d  t o  be 

t e r m i n a t e d  b e f o r e  i t  was c o m p l e t e ,  s i n c e  t h e  a n i m a l s  were
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t o o  a g i t a t e d  t o  make i t  w o r t h  c o n t i n u i n g ;  t h i s  n e v e r  

o c c u r r e d  w i t h  Group I I .

I t  w ou ld  a p p e a r ,  t h e r e f o r e ,  t h a t  e a r l y  h a n d l i n g  i s  

i m p o r t a n t  f o r  r a i s i n g  t h e  s t r e s s  r e s p o n s e  t h r e s h o l d  i n  

a d u l t  a n i m a l s ,  and  f o r  t r a i n i n g  them t o  become a c c u s to m e d  

t o  t h e  e x p e r i m e n t e r  and  c o n s e q u e n t l y  r e l a t i v e l y  d o c i l e . 

However, e x c e s s  h a n d l i n g  i n  a s i t u a t i o n  w h ich  i s  a l r e a d y  

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

p ro b lem )  a p p a r e n t l y  a c t s  a s  a f u r t h e r  t h r e a t ,  and  l e a r n i n g  

i s  r e t a r d e d  by a g i t a t i o n  (Tolman 1954) . E l i m i n a t i o n  o f  

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

m arked  d e c r e a s e  i n  t h i s  a g i t a t i o n ,  and  t h e r e f o r e ,  p r e s u m a b ly  

i n  t h e  c o r t i c o - a d r e n a l  o u t p u t .  T h i s  seems a d v i s a b l e ,  i n  

v iew  o f  t h e  p h y s i o l o g i c a l  damage t o  i n t e r n a l  o r g a n s  w h ich  

p r o l o n g e d  s t r e s s  c a n  c a u s e .  ( S e ly e  1 9 5 0 ) .

E .  M o t i v a t i o n  i n  E x p e r i m e n t s  W hich I n v o l v e  
Complex L e a r n i n g .

1 •  The use  o f  e x p l o r a t o r y  d r i v e  a s  a s o u r c e  o f  
M o t i v a t i o n .

P r e v i o u s  e x p e r i e n c e  i n  t h i s  l a b o r a t o r y  h ad  e s t a b l i s h e d  

t h a t  h a m s t e r s  c o u l d  be a d e q u a t e l y  m o t i v a t e d  f o r  s im p le  

l e a r n i n g  t a s k s ,  by r e w a r d i n g  t h e i r  c u r i o s i t y .  C o n f in em en t  

i n  a ' d u l l *  e n v i ro n m e n t  w i t h  t h e  p o s s i b i l i t y  o f  r e a c h i n g  

a more ' i n t e r e s t i n g *  a r e a  p r o d u c e d  e f f i c i e n t  e s c a p e
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l e a r n i n g .  (L a w lo r  1 9 5 9 ) .  I t  was f e l t  t h a t  i t  was w o r t h 

w h i l e  a t t e m p t i n g  t o  u se  t h i s  s o r t  o f  m o t i v a t i o n  f o r  t h e  

complex l e a r n i n g  t a s k  i n v o l v e d  i n  t h i s  r e s e a r c h  r a t h e r  t h a n  

r e s o r t i n g  t o  t h e  s t r o n g e r ,  more c l a s s i c a l  fo rm s  o f  

m o t i v a t i o n  s u c h  a s  s h o c k ,  f o o d  d e p r i v a t i o n  an d  so f o r t h .

The r e a s o n s  f o r  t h i s  w ere  t w o f o l d :  f i r s t l y ,  t h e r e  i s

c e r t a i n  t h e o r e t i c a l  i n t e r e s t  i n  e s t a b l i s h i n g  t h e  l i m i t s  

o f  t h e  e f f i c a c y  o f  m i l d  m o t i v a t i o n  o f  t h i s  k i n d  i n  complex 

l e a r n i n g  w i t h  a Rodent s p e c i e s .  S e c o n d l y ,  a h a m s t e r ,  i n  

c o m p a r i s o n  w i t h  a r a t ,  i s  e a s i l y  o v e r - e x c i t e d ,  and  u n d e r  

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

l i k e l y  t o  r i s e  so s t e e p l y  a s  t o  make t h e  a n im a l  i m p o s s i b l e  

t o  work w i t h  i n  e x p e r i m e n t a l  s i t u a t i o n s .  Tolman*s (1954) 

s u g g e s t i o n  t h a t  a g i t a t i o n ,  o r  e x c e s s i v e  e m o t i o n a l  a r o u s a l ,  

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

o b s e r v a t i o n  o f  h a m s t e r s .  T h e re  seems t o  be  a p o i n t  beyond  

w hich  a g o l d e n  h a m s t e r  c a n n o t  become a c c u s to m e d  t o  a n  

u n p l e a s a n t  s i t u a t i o n ,  h o w e v e r  much t r a i n i n g  and  p r e l i m i n a r y  

h a n d l i n g  a r e  a d m i n i s t e r e d  t o  r a i s e  t h e  s t r e s s  t h r e s h o l d .

On t h i s  b a s i s ,  e x p l o r a t o r y  d r i v e  was u s e d  a s  a means o f  

m o t i v a t i o n .  The g o l d e n  h a m s t e r  i n  c a p t i v i t y  i s  n o t a b l e  f o r  

i t s  c u r i o s i t y ;  i t  w i l l  s p e n d  most  o f  i t s  w ak in g  t i m e  

e x p l o r i n g  i t s  e n v i ro n m e n t  en d  a t t e m p t i n g  t o  e s c a p e  f rom  

i t s  c a g e .  I n  a new e n v i r o n m e n t ,  e v e r y  a s p e c t  i s  s u b j e c t e d
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t o  a t h o r o u g h  and  p e r s e v e r i n g  e x a m i n a t i o n ,  b y  means o f  

s m e l l ,  t a s t e ,  t o u c h  and  s i g h t . E v en  when an  a n im a l  i s  

f a m i l i a r  w i t h  a n  e n v i r o n m e n t ,  e a c h  day  means a f r e s h  

i n v e s t i g a t i o n .  H a m s te r s  a r e  a l e r t  and i n t e r e s t e d  i n  a l l  

t h a t  i s  g o i n g  on  a ro u n d  them ,  and  w i l l  c l im b  any  a v a i l a b l e  

o b j e c t  w h ich  w i l l  g i v e  them  a v ie w  o f  t h e  l a b o r a t o r y ,  e v e n  

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

T h i s  s t r o n g  e x p l o r a t o r y  d r i v e  p r o v i d e s  a c o n s i s t e n t  

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

when e x t e r n a l  s t i m u l a t i o n  i s  s l i g h t  o r  a b s e n t  t h r o u g h o u t  

l i f e ,  i t  i s  n o t  e n t i r e l y  e x t i n g u i s h e d  (L a w lo r  1959) . Among 

a n i m a l s  who a r e  h a n d l e d  f rom a n  e a r l y  a g e ,  i t  i s  m arked  and 

was fo u n d  t o  be q u i t e  a d e q u a t e  i n  a com plex  e x p e r i m e n t a l  

s i t u a t i o n ,  where  t h e  o n l y  p u n i s h m e n t  i s  i n  t h e  fo rm  o f  

l o c k e d  d o o r s .  I n  t h e  l a t e r  s t a g e s  o f  SMVDA I I  ( s e e  p p s .

) a d d i t i o n a l  p o s i t i v e  f o o d  r e i n f o r c e m e n t  was o f f e r e d ,  

i n  t h e  fo rm  o f  a v e r y  s m a l l  p i e c e  o f  p e a n u t ;  h o w e v e r ,  t h i s  

d i d  no t  a p p e a r  t o  a f f e c t  b e h a v i o u r  i n  an y  way, and  i n  f a c t  

was som et im es  t o t a l l y  d i s r e g a r d e d  by t h e  h a m s t e r ,  t h e  r e w a rd  

o f f e r e d  by  t h e  g o a l  box b e i n g  more i m p o r t a n t .

The g o a l  box was d e s i g n e d  t o  s t i m u l a t e  and  s u s t a i n  

e x p l o r a t o r y  b e h a v i o u r .  Thus i t  was c o n s i d e r a b l y  l a r g e r  t h a n  

e i t h e r  t h e  c h o i c e  box o r  t h e  l i v i n g  c a g e ,  end  c o n t a i n e d  

com plex ,  n o v e l  s t i m u l i .  T hese  s t i m u l i  w ere  m o v e a b le ,  so
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1
t h a t  t h e  n o v e l t y  o f  t h e  s i t u a t i o n  was m a i n t a i n e d .

I n  a s h o r t  m o t i v a t i o n  s t u d y  p e r f o r m e d  i n  t h e  l a b o r a t o r y ,  

t h e  r e l a t i o n s h i p  o f  d e l a y - o f - e s c a p e  t i m e s  an d  r e w a r d  t i m e s  

was i n v e s t i g a t e d ,  t h e  h y p o t h e s i s  b e i n g  t h a t  v a r i a t i o n  i n  

t h e  l e n g t h  o f  t h e s e  t i m e s  would  a f f e c t  t h e  s t r e n g t h  o f  t h e  

e x p l o r a t o r y  d r i v e .  Only t h r e e  s i g n i f i c a n t  r e s u l t s  were  

o b t a i n e d :  f i r s t l y ,  t h a t  t h e  a n i m a l ' s  em e rg e n c e  i n t o  t h e

g o a l  box on  t h e  f i r s t  t r i a l  o f  a b l o c k  o f  t r i a l s  was 

c o n s i d e r a b l y  s l o w e r  t h a n  on  s u c c e e d i n g  t r i a l s  i n  t h e  same 

b l o c k ,  due t o  t h e  c h o i c e  box b e i n g  e x p l o r e d ;  o b s e r v a t i o n s  

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

s u p p o r t e d  t h i s  f i n d i n g .  S e c o n d l y ,  w i t h  t h e  m in im a l  amount 

o f  d e l a y  t im e  ( t h e  a n im a l  b e i n g  r e l e a s e d  f rom  r e s t r a i n t  a s  

so o n  a s  i t  was p l a c e d  i n  t h e  c h o i c e  b o x ) ,  t h e r e  was a 

p o s i t i v e  l i n e a r  r e l a t i o n s h i p  b e tw e e n  t h e  r e w a r d  t i m e s  and  

t h e  em ergence  t i m e s ;  t h u s ,  t h e  s h o r t e r  t h e  r e w a r d  t i m e ,  

t h e  q u i c k e r  t h e  s u c c e e d i n g  em ergence  t i m e .  T h i s  r e l a t i o n s h i p  

was l o s t  when l o n g e r  d e l a y  t i m e s  were  i n t r o d u c e d .  T h i r d l y ,  

t h e r e  were  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  a n i m a l s .

The i m p o r t a n t  f i n d i n g  i n  r e l a t i o n  t o  t h e  v i s u a l  

d i s c r i m i n a t i o n  work was t h e  s e c o n d  o n e :  t h e  r e l a t i o n s h i p

1 Work by B e r l y n e  and S l a t e r  (1957)  s u p p o r t s  t h e  h y p o t h e s i s  
t h a t  e x p l o r a t o r y  b e h a v i o u r  i s  a r o u s e d  by  s p a c i o u s ,  n o v e l  
and  complex s t i m u l i .
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b e tw e e n  em ergence  an d  r e w a r d  t i m e s .  The g r a p h  (Appendix  

/ \  ) i n d i c a t e d  t h a t  v e r y  s h o r t  r e w a r d  t i m e s  w ou ld  p ro d u c e  

a q u i c k  d a s h  t h r o u g h  t h e  a p p a r a t u s .  T h i s  was t o  be a v o i d e d  

i f  p o s s i b l e ,  on  t h e  g r o u n d s  t h a t  t h e  h a m s t e r  would  be 

u n l i k e l y  t o  exam ine t h e  sym bols  and  would p r e s s  d o o r s  

i n d i s c r i m i n a t e l y ;  t h e  a g i t a t i o n  l e v e l  w ould  p r o b a b l y  a l s o  

r i s e .  At t h e  o t h e r  end  o f  t h e  d i s t r i b u t i o n ,  t o o  l o n g  a 

r e w a rd  t im e  ( t h r e e  m i n u t e s  o r  more)  p r o d u c e d  l o n g  em ergence  

t i m e s ,  s u g g e s t i n g  t h a t  t h e  a n i m a l ' s  e x p l o r a t o r y  d r i v e  was 

more t h a n  p a r t i a l l y  s a t i s f i e d *  I n  t h e  f a c e  o f  a complex 

l e a r n i n g  p r o b le m ,  t h e r e f o r e ,  i t  seemed l i k e l y  t h a t  t h e  

h a m s t e r  would r e m a in  i n  t h e  c h o i c e  b o x . On t h i s  e v i d e n c e ,  

a r a n g e  o f  1& t o  2& m i n u t e s  r e w a r d  t im e  a p p a r e n t l y  f u l f i l l e d  

t h e  r e q u i r e m e n t s  o f  m a i n t a i n i n g  t h e  h a m s t e r ' s  e x p l o r a t o r y  

d r i v e  a t  t h e  most  s a t i s f a c t o r y  l e v e l  f o r  p ro b le m  l e a r n i n g .

2 . O th e r  t y p e s  o f  M o t i v a t i o n .

I t  i s  p o s s i b l e  t o  u s e  o t h e r  s t r o n g e r  fo rm s  o f  

m o t i v a t i o n ,  b u t  t h i s  seems i n a d v i s a b l e  i n  v ie w  o f  t h e  

a g i t a t i o n  w h ich  s u c h  s t r e s s  would p r o d u c e .

E l e c t r i c  sh o c k  p r o v i d e s  s t r o n g  n e g a t i v e  m o t i v a t i o n  

w hich  c a n  be c l o s e l y  c o n t r o l l e d ;  h o w e v e r ,  l i t t l e  work h a s  

b e e n  done o n  t h e  e f f e c t s  o f  p r o l o n g e d  c u t a n e o u s  s h o c k .  I t  

h a s  b e e n  shown t h a t  e l e c t r o s h o c k  c o n v u l s i o n  c a n  d i s t u r b  

r e t e n t i o n  o f  com plex  t a s k s  and i m p a i r  maze l e a r n i n g  (Duncan
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1945; P o r t e r  and  S to n e  1947 ;  B ra u n ,  R u s s e l l  an d  P a t t o n  

1 9 4 9 ) .  I n  v ie w  o f  s u c h  m arked  b e h a v i o u r a l  d i s t u r b a n c e s  

u n d e r  t h e s e  c o n d i t i o n s ,  i t  seems u n w ise  t o  assume t h a t  m i l d  

c u t a n e o u s  shock  h a s  no e f f e c t  on  t h e  e l e c t r i c a l  a c t i v i t y  

o f  t h e  n e rv o u s  s y s t e m ,  ( B r a z i e r  I 9 6 0 )  and t h e  p o s s i b l e  

l o n g - t e r m  e f f e c t s  seem q u e s t i o n a b l e #

O th e r  fo rm s  o f  n e g a t i v e  m o t i v a t i o n ,  s u c h  a s  à i r - p u f f s ,  

b u z z e r s ,  and  f a l l s ,  have  b e e n  u s e d ;  a i r  p u f f s  and  h i g h  

f r e q u e n c y  s o u n d s  a r e  l i a b l e  t o  i n d u c e  a u d i o g e n i c  s e i z u r e s  

( H a l l  and  M a r t i n  1940;  Humphrey and  M arcuse  1939) w h i l e  

low f r e q u e n c y  b u z z e r s  have  l i t t l e  e f f e c t  upon  a h a m s t e r ' s  

b e h a v i o u r  ( s e e  p p .  lo i  ) .  The f a l l s  i n t o  a n e t ,

u sed  by b o t h  L a s h l e y  (1 9 3 0 a ,  1938)  and F i e l d s  (1 9 3 2 a ,  1953) 

a r e  l i k e l y  t o  p ro d u c e  p h y s i o l o g i c a l  shock#

S t r o n g  n e g a t i v e  m o t i v a t i o n  r e q u i r e s  s t r o n g  p o s i t i v e  

m o t i v a t i o n  t o  f o r c e  t h e  a n i m a l  t o  make a r e s p o n s e ;  w a t e r - ,  

f o o d - ,  and  s e x - d e p r i v a t i o n  a r e  a l l  p o s s i b l e  s o u r c e s  o f  

p o s i t i v e  m o t i v a t i o n .  However,  s i n c e  t h e  h a m s t e r  d r i n k s  

v e r y  l i t t l e ,  w a t e r - d e p r i v a t i o n  i s  i n a p p l i c a b l e .  Pood- 

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

s t r o n g  h o a r d i n g - d r i v e  o f  t h e  h a m s t e r ,  and  t h i s  w ould  c a u s e  

m arked  d i s t r e s s ;  s i n c e  t h e  f e e d i n g  r e q u i r e m e n t s  o f  t h e  

h a m s t e r  a r e  complex  i n  c o m p a r i s o n  t o  t h e  r a t  ( P o i l e y  1950)
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i t  i s  v e r y  l i k e l y  t h a t  f o o d - d e p r i v a t i o n  w ould  r e s u l t  i n  

v i t a m i n  d e f i c i e n c y ,  w h ich  seems p a r t i c u l a r l y  i l l - a d v i s e d  

when i n v e s t i g a t i n g  v i s i o n  (Morgan 1 9 4 2 ) .

O b s e r v a t i o n  s u g g e s t s  t h a t  u se  o f  t h e  s e x - d r i v e  a s  

m o t i v a t i o n  would  be d i f f i c u l t ;  a n i m a l s  a r e  l i k e l y  t o  

become o v e r - e x c i t e d .  A l t e r n a t i v e l y ,  among h a m s t e r s  i n  

l a b o r a t o r y  c o n d i t i o n s ,  t h e  s e x e s  a r e  u s u a l l y  k e p t  s e p a r a t e .  

P r o lo n g e d  s e g r e g a t i o n  ca n  r e s u l t  i n  a m arked  d e c r e a s e  o f  

t h e  s e x  d r i v e  ( Jen lc in s  1928) and u n d e r  t h e s e  c o n d i t i o n s  i t  

i s  u n l i k e l y  t h a t  m o t i v a t i o n  would be e i t h e r  a d e q u a t e  o r  

c o n s i s t e n t  from one a n im a l  t o  a n o t h e r .

The a rgum en t  a g a i n s t  a l l  t h e s e  s t r o n g e r  t y p e s  o f  

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

S e ly e  (1950)  h a s  shown t h a t  s e v e r e  s t r e s s  c a u s e s  p h y s i o 

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

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

dam age.  S i n c e  t h e  h a m s t e r ' s  t h r e s h o l d  t o  s t r e s s  a p p e a r s  

low i n  c o m p a r i s o n  w i t h  t h e  r a t ,  i t  was c o n s i d e r e d  b o t h  

w i s e r  and  k i n d e r  no t  t o  u se  t h e s e  t y p e s  o f  m o t i v a t i o n  i f  

p o s s i b l e .
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IV THE STRUCTURE OP THE EYE

T h e re  a p p e a r  t o  h av e  b e e n  no p h y s i o l o g i c a l  

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

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

i t  i s  u s e f u l  t o  l o o k  a t  t h e  a v a i l a b l e  i n f o r m a t i o n  on  t h e  

Rodent o r d e r  i n  g e n e r a l ,  and  o n  t h e  r a t  i n  p a r t i c u l a r .

The r a t  i s  a c l o s e l y  a l l i e d  member o f  t h e  same f a m i l y  

(M uridae)  and  p r o v i d e s  a p a r t i c u l a r l y  u s e f u l  c o m p a r i s o n  

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

The eye  o f  a n o c t u r n a l  v e r t e b r a t e  i s  c h a r a c t e r i s e d  by 

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

amount o f  l i g h t  r e c e i v e d ,  and t h e  way i n  w h ich  t h i s  l i g h t  

i s  r e c e i v e d .

The l e n s  i s  n o r m a l l y  l a r g e  i n  p r o p o r t i o n  t o  t h e  r e s t  

o f  t h e  e y e b a l l :

D i s s e c t i o n  o f  a h a m s t e r  eye  h a s  shown t h a t  t h e  p r o p o r t i o n  

o f  l e n s t e y e b a l l  i s  s i m i l a r  t o  t h a t  o f  a r a t ,  and  t h a t  t h e  

l e n s  i s  a l m o s t  s p h e r i c a l .

T h i s  enorm ous l e n s  i s  e s s e n t i a l  i n  o r d e r  t h a t  a s  much
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l i g h t  ca n  be  g a t h e r e d  a s  p o s s i b l e  f rom  t h e  aim s u r r o u n d i n g s ;  

h o w e v e r ,  t h i s  i n  t u r n  means t h a t  a l t e r a t i o n  i n  l e n s  sh ap e  

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

cham bers  o f  t h e  ey e  a r e ,  o f  n e c e s s i t y ,  s m a l l .  T h e r e f o r e ,  

accom m odat ion  t o  b o t h  n e a r  and f a r  d i s t a n c e s  i s  e i t h e r  

l a c k i n g  o r  f e e b l e  i n  n o c t u r n a l  mammals; i n  f a c t ,  i n  m ost  

r o d e n t s ,  e x c e p t  f o r  t h e  s q u i r r e l ,  t h e  c i ï a r y  m u s c l e s  a r e  

v e s t i g i a l ,  i f  n o t  a b s e n t ,  w h i l e  t h e  s u s p e n s o r y  l i g a m e n t  

i s  w e l l  d e v e l o p e d .  T h i s  i s  s u p p o r t e d  by  L a s h l e y ' s  (1932)  

o b s e r v a t i o n s .

I t  becomes a p p a r e n t  t h a t  t h e  e m p h a s i s  i s  o n  s e n s i t i v i t y  

t o  l i g h t  r a t h e r  t h a n  o n  s e n s i t i v i t y  t o  f o r m .  Munn (1932)  

fo u n d  t h a t  d i s c r i m i n a t i o n  o f  b r i g h t n e s s  i n  t h e  r a t  was 

e x c e l l e n t ;  i n  c o n t r a s t  S g n o n in a  (1936)  m e n t i o n s  t h a t ,  w i th  

g u i n e a  p i g s ,  w h ich  a r e  d i u r n a l ,  t h e  i n t e n s i t y  o f  two g r e y s  

h ad  t o  d i f f e r  by  a s  much a s  one t h i r d  b e f o r e  d i s c r i m i n a t i o n  

o c c u r r e d .  The m a j o r i t y  o f  work o n  b r i g h t n e s s  d i s c r i m i n a t i o n  

i n  n o c t u r n a l  a n i m a l s  a g r e e s  w i t h  M unn 's  f i n d i n g s ,  and  f u r t h e r  

s u p p o r t  i s  p r o v i d e d  by  t h e  p h y s i o l o g i s t s .  T h u s ,  t h e  r e t i n a  

o f  t h e  r a t  and  m ouse ,  b o t h  o f  w h ich  a r e  s e m i - n o c t u r n a l ,  i s  

r o d - r i c h ;  i t  h a s  a h i g h  p r o p o r t i o n  o f  r o d ÿ s  t o  c o n e s ,  

p r o b a b l y  i n  t h e  r e g i o n  o f  1 0 0 : 1 .  I t  i s  i n t e r e s t i n g  t o  n o te  

t h a t  t h e s e  c o n e s  have  b e e n  f o u n d  (d‘Day, 1 9 4 7 ) ,  a l t h o u g h
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t h e y  a r e  few i n  number; t h i s  c o n t r a d i c t s  t h e  e a r l i e r  

t h e o r i e s ,  w h ich  m a i n t a i n e d  t h a t  n o c t u r n a l  mammals had  

p u r e  r o d  r e t i n a s  a n d ,  i n d e e d ,  i t  seems e a s i e r ,  w i t h  t h e  

p r e s e n c e  o f  c o n e s ,  t o  a c c o u n t  f o r  t h e  a p p a r e n t  o c c u r r e n c e  

o f  fo rm  p e r c e p t i o n .

One w ould  e x p e c t ,  o n  t h e  f o r e g o i n g  e v i d e n c e ,  t h a t  

v i s u a l  a c u i t y  w ou ld  be p o o r  by c o m p a r i s o n  w i t h  P r i m a t e s .  

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

n a t u r a l  s u r r o u n d i n g s ,  s m a l l  w i l d  mammals, su c h  a s  r o d e n t s ,  

t e n d  t o  h y p e r m e t r o p i a  o f  a s  much a s  + 7 t o  + 1 0  d i o p t r e s ;  

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

t o  r e l y  on  an  a p p r e c i a t i o n  o f  a i f f e r e n c e s  i n  i l l u m i n a t i o n  

and i n  movement,  r a t h e r  t h a n  o n  i m p e r f e c t  p a t t e r n  v i s i o n .  

Myopia i n  w i l d  a n i m a l s  i n  n a t u r a l  c o n d i t i o n s  a p p e a r s  t o  

be r a r e  and s p o r a d i c ,  b u t  among d o m e s t i c  a n i m a l s ,  k e p t  i n  

h u t c h e s ,  s u c h  a s  g u i n e a p i g s  and r a b b i t s  a m arked  d e g r e e  

o f  myopia  o f t e n  d e v e l o p s .  However,  a b r i e f  i n v e s t i g a t i o n  

o f  a h a m s t e r ' s  eye  r e v e a l e d  no d i s t i n c t i v e  a b n o r m a l i t i e s  

i n  t h e  way o f  myopia  o r  l e n s  d e f o r m a t i o n  ( s e e  p p / .  74 -  ) •

S in c e  em m etro p ic  s t a t i c  r e f r a c t i o n  i s  n e c e s s a r y  f o r  

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

o b t a i n e d  by  Munn (1930 ,  1 9 3 1 ) ,  K a r l i  ( 1 9 5 4 ) ,  L a s h l e y  (1 9 3 0 a ,  

1938) and o t h e r s ,  a r e  no t  s u i ^ r i s i n g .  I n  a s e r i e s  o f  

t r a i n i n g  e x p e r i m e n t s ,  fo rm  d i s c r i m i n a t i o n  i n  r a t s  was
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fou n d  t o  be  r e l a t i v e l y  p o o r ;  t h e  minimum v i s u a l  a n g l e  

f o r  a p ig m e n te d  r a t  was 2 6 '  and  f o r  a n  a l b i n o  r a t  5 2 '  

( L a s h l e y  1 9 3 0 b ) ,  w h i l e  t h e  m in im a l  v i s u a l  a n g l e  f o r  t h e  

r e s o l u t i o n  o f  two p o i n t s  was 1^41* ( L a s h l e y  1 9 3 2 ) .

However, i n  v iew  o f  t h e  d i f f e r e n c e  b e tw e e n  t h e  w i l d  and  

d o m e s t i c  -  and t h e r e f o r e ,  p r e s u m a b l y ,  t h e  l a b o r a t o r y  -  

s t o c k ,  t h e s e  r e s u l t s  a r e  p r o b a b l y  n o t  v e r y  r e l i a b l e ,  and  

L a s h l e y  r e m a rk s  on  t h e  m yopia  o f  t h e  e y e s  he i n v e s t i g a t e d .  

However, t h e  d i v e r g e n c e  o f  t h e  f i n d i n g s  a s  a whole  f rom  

t h o s e  o n  P r i m a t e s  ( f o r  e x a m p le ,  t h e  minimum v i s u a l  a n g l e  

i n  Man i s  0 . 5 ' )  i s  so l a r g e  t h a t  i t  seems r e a s o n a b l y  s a f e  

t o  assum e ,  on  b o t h  p h y s i o l o g i c a l  and  b e h a v i o u r a l  g r o u n d s ,  

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

F u r t h e r  p h y s i o l o g i c a l  work o n  t h e  a c t u a l  r e t i n a l  

s t r u c t u r e  i n d i c a t e s  t h a t  an  a r e a  c e n t r a l i s  i n  t h e  form  

o f  an  i l l - d e f i n e d  h o r i z o n t a l  band e x i s t s  i n  b o t h  t h e  r a b b i t  

and t h e  s q u i r r e l ,  w h ich  a r e  d i u r n a l . T h i s  a r e a  i s  assum ed 

t o  a s s i s t  v i s u a l  a c u i t y ,  s i n c e  t h e  r e c e p t o r  e l e m e n t s  a r e  

more c l o s e l y  p a c k e d  t h e r e  t h a n  anyw here  e l s e  i n  t h e  r e t i n a .  

I t  i s  p o s s i b l e ,  h o w e v e r ,  t h a t ,  i n  some n o c t u r n a l  a n i m a l s ,  

t h i s  a r e a  may i n c r e a s e  s e n s i t i v i t y  r a t h e r  t h a n  a c u i t y ,  

s i n c e ,  i n  a r o d - r i c h  r e t i n a ,  i t  i s  r o d s  r a t h e r  t h a n  co n es  

w h ich  w i l l  be m u l t i p l i e d .  T h e re  i s  a p p a r e n t l y  no f o v e a .
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The p o o r  d e g r e e  o f  v i s u a l  a c u i t y  i n  t h e  l o w e r  n o c t u r n a l  

mammals i s  a p p a r e n t l y  s u p p o r t e d  by  t h e  l a c k  o f  d i s t a n c e  

jud g em en t  shown by r a t s  i n  an  e x p e r i m e n t  by  G re en h u t  and  

Young (1953) • I n  t h i s  e x p e r i m e n t ,  i t  was fo u n d  t h a t  r a t s  

h a d  l i t t l e  o r  no p e r c e p t i o n  o f  d i s t a n c e  when a s s e s s i n g  t h e  

a c c u r a c y  o f  ju m p s .  G ib so n  and  Walk ( I 9 6 0 ) ,  on  t h e  o t h e r  

h a n d ,  u s e d  t h e  v i s u a l  c l i f f  t e c h n i q u e  and fo u n d  t h a t  hooded  

r a t s  were  a b l e  t o  p e r c e i v e  d e p t h  ( c o n f i r m i n g  a n  e a r l i e r  

f i n d i n g  by T a k a t s u k i  (1937)  w i t h  a l b i n o  r a t s . )  I t  i s  

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

t h e  same f a c t o r ,  s i n c e ,  i n  G re en h u t  and Y o u n g 's  e x p e r i m e n t ,  

t h e  p e r c e i v e d  d i s t a n c e  h a s  t o  be t r a n s l a t e d  i n  t e rm s  o f  

m u s c u l a r  a c t i v i t y ;  t h u s  t h e  d i s t a n c e  ju d g e m en t  may be 

masked by p o o r  c o - o r d i n a t i o n .  A l t e r n a t i v e l y ,  a i s t a n c e  

judgem ent  may be a r e f i n e m e n t  o f  d e p t h  p e r c e p t i o n ,  o r  

p o s s i b l y  a s e p a r a t e  a b i l i t y  a l t o g e t h e r ,  a l t h o u g h  t h e  

l a t t e r  seems l e s s  l i k e l y .  A r e p e t i t i o n  o f  t h e  G ib so n  and  

Walk e x p e r i m e n t  w i t h  h a m s t e r s  ( s e e  p p s .  ^ 3  fë4 ^  ) i n d i c a t e d  

t h a t  d e p t h  p e r c e p t i o n  was w e l l - d e v e l o p e d  i n  t h e s e  a n i m a l s .

A m a j o r  c o n s i d e r a t i o n  i n  any  i n v e s t i g a t i o n  o f  v i s i o n  

i s  t h e  r a t i o  o f  t h e  u n i o c u l a r  t o  t h e  b i n o c u l a r  f i e l d .  The 

e x t e n t  o f  t h e  b i n o c u l a r  f i e l d  i s  d e t e r m i n e d  l a r g e l y  by t:he 

p o s i t i o n  o f  t h e  e y e s  i n  t h e  h e a d ;  t h u s ,  a n i m a l s  w i t h  

l a t e r a l l y  p l a c e d  e y e s  h av e  a s m a l l e r  f i e l d  o f  b i n o c u l a r
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v i s i o n  t h a n  t h o s e  w i t h  e y e s  f r o n t a l l y  p l a c e d .  The 

b i n o c u l a r  f i e l d  o f  t h e  r a b b i t ,  a c c o r d i n g  t o  D u k e - E ld e r  

(1958) i s  a p p r o x i m a t e l y  10^ i n  t h e  f r o n t  and  9^ b e h i n d :

w h e rea s  i n  t h e  s q u i r r e l ,  w h ich  h a s  p r o t r u d i n g  e y e s ,  t h e

b i n o c u l a r  f i e l d  i s  25^ t o  3 0 ^ .  I t  seems l i k e l y  t h a t  t h e  

h a m s t e r ,  whose e y e s  a l s o  p r o t r u d e  t o  a c o n s i d e r a b l e  e x t e n t ,  

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

s q u i r r e l  t h a n  t h a t  o f  t h e  r a b b i t .  T h i s  i s  e v e n  more l i k e l y  

i f  t h e  a n g l e  b e t w e e n  t h e  o p t i c a l  a x i s  and  t h e  body  m id 

l i n e  i s  s i m i l a r  t o  t h a t  o f  t h e  r a t :
0 rv\(\,n

fy\auSe .

The u n i o c u l a r  f i e l d  i n  v e r t e b r a t e s  a p p e a r s  t o  be 

r e l a t i v e l y  c o n s t a n t ,  a v e r a g i n g  i n  a n g u l a r  s i z e  a b o u t  1 7 0 ^ .

1 L a s h l e y  (1932)  m a i n t a i n s  t h a t ,  i n  t h e  l i v i n g  r a t ,  t h e  
b i n o c u l a r  f i e l d  may e x t e n d  t o  a s  much a s  1 1 7 ^ .  T h i s  
seems a l i t t l e  h a r d  t o  r e c o n c i l e  w i t h  D u k e - E l d e r ' s  
m e a su re m e n ts  f o r  o t h e r  R o d e n t s .
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L a s h l e y  (1932)  s t a t e s  t h a t  i t  i s  a s  much a s  207°  i n  t h e  

d a r k - a d a p t e d  p ig m e n te d  r a t  e y e ,  b u t  t h a t  t h i s  i s  c o n s i d e r a b l y  

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

p u p i l  d e c r e a s e s .  I t  i s  l i k e l y ,  t h e r e f o r e ,  t h a t  t h e  u n i 

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

t o  o c c u r  t o  fo rm  a b i n o c u l a r  f i e l d .

I t  i s  a mammalian f e a t u r e  t h a t  any  o c u l a r  movement, 

w h e th e r  i t  i s  l a i ? e r a l ,  v e r t i c a l ,  o b l i q u e  o r  c o n v e r g e n t ,  i s  

a lw ays  c o n j u g a t e d .  However,  t h i s  movement i s  r e s t r i c t e d  

i n  t h e  l o w e r  c l a s s e s ,  s u c h  a s  R o d e n t s ,  and D u k e - E ld e r  (1958) 

s u g g e s t s  t h a t  t h e  e y e s  o f  t h e  mouse and  r a t  a r e  m o t i o n l e s s ,  

p o s s i b l y  b e c a u s e  v i s i o n  i s  p o o r  e v e r y w h e r e ;  e v e n  t h e  

s q u i r r e l ,  w i t h  a c o n e - r i c h  r e t i n a  and  good  a c u i t y ,  h a ^ v e r j  

l i t t l e  o c u l a r  m ovem ent .  T h i s  l a c k  o f  movement i s  co m p en sa ted  

by  h e a d  movement t o  some e x t e n t ,  so t h a t  t h e  o b j e c t  o f  

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

s u g g e s t i o n  i s ,  h o w e v e r ,  d i r e c t l y  c o n t r a d i c t e d  b y  L a s h l e y ’ s 

(1934) e v i d e n c e ,  w h ic h  i n d i c a t e s  t h a t  o c u l a r  movement i n  

t h e  r a t  i s  g o od ,  and  t h a t  t h e  b u l b ,  w h ic h  i s  l o o s e l y  

s u s p e n d e d  i n  t h e  o r b i t ,  c a n  be r o t a t e d  t h r o u g h  a t  l e a s t  90® 

w i t h o u t  s t r a i n .  A c c o rd in g  t o  h i s  o b s e r v a t i o n s ,  t h e  e x t r i n s i c  

m u s c l e s ,  o f  w hich  t h e r e  a r e  f o u r  r e c t u s  and  two o b l i q u e ,  a r e  

l a r g e ,  s u g g e s t i n g  good c o n t r o l  o f  m ovem ent .  O c u l a r  movement
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I n  t h e  h a m s t e r  h a s  b e e n  f r e q u e n t l y  o b s e r v e d ,  and  c a n  be 

g r e a t  enough  f o r  a e r e  s c e n t - s h a p e d  ban d  o f  g r e y  c o n j u n c t i v a  

t o  be  s e e n  i n  e i t h e r  t h e  n a s a l  o r  t e m p o r a l  o r b i t a l  r e g i o n s .

L a s h l e y  d raw s  a t t e n t i o n  t o  t h e  r a t ’ s pow er  o f  

p r o t r u d i n g  i t s  e y e s ,  so t h a t  a s  much a s  t w o - t h i r d s  o f  t h e  

b u lb  may p r o j e c t  b eyond  t h e  o r b i t a l  e d g e s .  When t h e  l i d s  

a r e  t i g h t l y  c l o s e d ,  t h e  ey e  i s  r e t r a c t e d  i n t o  t h e  o r b i t  

u n t i l  t h e  c o r n e a l  s u r f a c e  i s  a lm o s t  f l u s h  w i t h  t h e  s u p e r 

o r b i t a l  r i d g e ;  t h e  p r e s s u r e  o f  t h e  l i d s  a p p e a r s  t o  be 

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

h as  t h e  pow er  o f  p r o t r u d i n g  i t s  e y e s  when n e c e s s a r y ;  t h u s ,  

a s l e e p y  h a m s t e r ’ s e y e s  a r e  a lm o s t  f l a t ,  w h i l e  t h e  e y e s  o f  

a f u l l y  a l e r t  a n im a l  p r o t r u d e  v e r y  n o t i c e a b l y ;  i t  i s  

p o s s i b l e  t o  w a tc h  t h e  e y e s  become more p r o m in e n t  a s  t h e  

a n im a l  wakes u p .  B o th  u n i o c u l a r  and b i n o c u l a r  f i e l d s  a r e  

p r e s u m a b ly  i n c r e a s e d  as  t h i s  o c c u r s ;  t h e  eye  i s  a l s o  

c a p a b l e  o f  r e c e i v i n g  a g r e a t e r  amount o f  i l l u m i n a t i o n .

I t  w ould  a p p e a r ,  t h e n ,  t h a t  t h e  n o c t u r n a l  eye i s  

a t t u n e d  t o  a h i g h  d ev e lo p m e n t  o f  l i g h t  s e n s e ,  r a t h e r  t h a n  

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

an im a l  i s  i n  e i t h e r  t h e  m o rn in g  o r  e v e n i n g  t w i l i g h t ,  and i t  

d ep en d s  e s s e n t i a l l y  on  s e n s e s  o t h e r  t h a n  v i s i o n .  Form 

v i s i o n  need  o n l y  be c r u d e ,  s i n c e  o n l y  h a z y  o u t l i n e s  a r e
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v i s i b l e ;  c o l o u r  v i s i o n  would n o t  be p a r t i c u l a r l y  u s e f u l .  

B r i g h t n e s s  d i s c r i m i n a t i o n  and  p e r c e p t i o n  o f  movement a r e  

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

en d s  t h a t  t h e  n o c t u r n a l  eye  seems p e c u l i a r l y  a d a p t e d .

G e n e r a l  o b s e r v a t i o n  s u g g e s t s  t h a t  t h e s e  p h y s i o l o g i c a l  

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

g o l d e n  h a m s t e r .  B e h a v i o u r a l l y ,  t h e  o l f a c t o r y  and  a u d i t o r y  

s e n s e s  a r e  more i m p o r t a n t  t h a n  t h e  v i s u a l ,  i n  t h a t  t h e  

h a m s t e r  a p p e a r s  t o  a i s c r i m i n a t e  b e tw e e n  so u n d s  and s c e n t s  

t o  a v e r y  h i g h  d e g r e e ;  u n f a m i l i a r ,  s l i g h t  so u n d s  a t t r a c t  

im m ed ia te  a t t e n t i o n ,  w h i l e  t h e  s c e n t  o f  o t h e r  h a m s t e r s  c a n  

be p i c k e d  up e a s i l y  a f t e r  a l o n g  i n t e r v a l ;  any  u n f a m i l i a r  

o b j e c t  i s  t h o r o u g h l y  i n v e s t i g a t e d  by b o t h  s m e l l  and  t o u c h .  

O b s e r v a t i o n  i n d i c a t e s  t h a t  v i s i o n  i s  s u b s i d i a r y  t o  t h e s e  

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

h o w ev e r ,  an y  s u d d e n  u n u s u a l  movement o n  t h e  p a r t  o f  t h e  

e x p e r i m e n t e r ,  f rom  a few i n c h e s  t o  s e v e r a l  y a r d s  away, i s  

i m m e d i a t e l y  n o t i c e d ,  and i t  a p p e a r s ,  f rom r e s u l t s  t o  be 

r e p o r t e d  l a t e r  i n  t h e  t e x t  ( s e e  p . ^ ^ f f ) ,  t h a t  v i s i o n  i s  

a l s o  i m p o r t a n t  i n  a s s e s s i n g  d e p t h .  No e x p e r i m e n t a l  work 

on  t h e  r e l a t i v e  im p o r t a n c e  o f  t h e  o l f a c t o r y ,  a u d i t o r y ,  

t a c t i l e  and v i s u a l  s e n s e s  h a s  b e e n  d o n e ,  and t h e s e  comments 

a r e  b a s e d  on  g e n e r a l  o b s e r v a t i o n .
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V PRELIMINARY INVESTIGATIONS

A, I n t r o d u c t i o n .

B e fo r e  i n v e s t i g a t i n g  v i s u a l  fo rm  d i s c r i m i n a t i o n  i n  

a n  a n im a l  a b o u t  w h ic h  r e l a t i v e l y  l i t t l e  i s  known, i t  i s  

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

v i s i o n .  As t h e  h a m s t e r  i s  a s e m i - n o c t u r n a l  a n i m a l ,  i t  

seems l i k e l y  t h a t  i t s  v i s u a l  c a p a c i t y ,  b e i n g  o f  s e c o n d a r y  

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

( s e e  p . / 6  ) .  I t  t h e r e f o r e  seemed a d v i s a b l e  t o  t r y  and 

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

t r y i n g  t o  t e a c h  t h e  a n im a l  a p ro b le m  w h ic h  m ig h t  p o s s i b l y  

be beyond  i t s  c a p a b i l i t i e s .

T h e re  a p p e a r e d  t o  be two i m p o r t a n t  b a s i c  a s p e c t s  o f  

v i s i o n  t o  be  i n v e s t i g a t e d :  f i r s t ,  i t  s h o u l d  be p o s s i b l e

t o  d e t e r m i n e  w h e t h e r  t h e r e  a r e  any  m arked  eye  a b n o r m a l i t i e s  

common t o ,  o r  o c c u r r i n g  f r e q u e n t l y  w i t h i n ,  t h e  s p e c i e s ;  

t h i s  seemed p a r t i c u l a r l y  n e c e s s a r y  i n  v ie w  o f  r e p o r t s  o f  

t h i s  h a v i n g  b e e n  o b s e r v e d  i n  p r e v i o u s  s t u d i e s  on  r a t s  

( L a s h l e y  1 9 3 8 ) .  S e c o n d ly ,  some know ledge  o f  t h e  l i m i t s  o f  

v i s u a l  a c u i t y  was r e q u i r e d ,  i n  o r d e r  t h a t  t h e  v i s u a l  

d i s c r i m i n a t i o n  p r o b le m s  t o  be p r e s e n t e d  c o u l d  be k e p t  

w i t h i n  t h e  bounds  o f  t h e  a n i m a l ’ s c a p a b i l i t i e s .  F i n a l l y ,
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a f u r t h e r  a s p e c t  o f  v i s i o n  w h ic h  c o u l d  be e a s i l y  

i n v e s t i g a t e d  was p e r c e p t i o n  o f  d e p t h ;  i t  seemed a d v i s a b l e  

t o  do t h i s  a s  w e l l  so t h a t  a s  much g e n e r a l  i n f o r m a t i o n  a s  

p o s s i b l e  c o u l d  be o b t a i n e d .

B. Eye E x a m i n a t i o n .

T h re e  g o l d e n  h a m s t e r s ,  w h ic h  w ere  b e i n g  u se d  i n  a 

c u r r e n t  e x p e r i m e n t  ( f o r  d e t a i l s ,  s e e  a p p e n d ix  B ) ,  were  

t a k e n  t o  t h e  D ep a r tm en t  o f  P a t h o l o g y  a t  t h e  I n s t i t u t e  o f  

P s y c h i a t r y .

Under t h e  d i r e c t i o n  o f  D r .  W. B r i e r l e y ,  e a c h  a n im a l  

was a n a e s t h e t i s e d ;  one ey e  was t h e n  r e l a x e d  w i t h  a t r o p i n e ,  

and exam ined  w i t h  an  o p t h a l m o s c o p e .

No ey e  a b n o r m a l i t i e s  were o b s e r v e d  d u r i n g  t h i s  

i n v e s t i g a t i o n ;  i t  a l s o  a p p e a r e d  t h a t  h a m s t e r s  were n o t  

m a rk e d ly  m y o p ic .  I t  was i n t e r e s t i n g  t o  n o t e ,  how eve r ,  

t h a t  c o n s i d e r a b l y  more a t r o p i n e  was r e q u i r e d  t o  r e l a x  a 

h a m s t e r ’ s eye  t h a n  t h e  eye  o f  a n  a l b i n o  r a t .

C. V i s u a l  A c u i t y .

No m ethod  o f  i n v e s t i g a t i o n  o t h e r  t h a n  t h a t  p r o p o s e d  

by  S m ith  (1937)  a p p e a r e d  t o  be a v a i l a b l e .  B r i e f l y ,  t h e  

an im a l  i s  h e l d  i n  a f i r m  s t a t i o n a r y  h a r n e s s ,  w h ic h  i s  p l a c e d  

i n  t h e  c e n t r e  o f  a r o t a t i n g  c y l i n d e r  o f  b l a c k  and  w h i t e  

s t r i a e ;  t h e  a n i m a l  h a s  a p o i n t e r  a t t a c h e d  t o  t h e  en d  o f  

i t s  nose  t o  r e c o r d  h e a d  m ovem ents .  T h e o r e t i c a l l y ,  t h e
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a n i m a l s  show r e f l e x  movements o f  t h e  h e a d  and  e y e s  t o  

p e r c e i v e d  movement,  and  so i t  s h o u l d  be p o s s i b l e  t o  

e s t a b l i s h  t h e  l i m i t s  o f  t h e i r  a c u i t y .  An e x p e r i m e n t  was 

t h e r e f o r e  a t t e m p t e d  a l o n g  t h e s e  l i n e s .

I n  c o n n e c t i o n  w i t h  i n v e s t i g a t i n g  a c u i t y ,  i t  seemed 

p o s s i b l e  t h a t  a h a m s t e r ,  b e i n g  a n o c t u r n a l  a n i m a l ,  w ould  

p r o b a b l y  s e e  b e t t e r  i n  a weak l i g h t  t h a n  i n  a s t r o n g ;  t h e  

e f f e c t  on  v i s u a l  a c u i t y  o f  a l t e r a t i o n s  i n  i l l u m i n a t i o n  h ad  

t h e r e f o r e  t o  be i n v e s t i g a t e d  a s  w e l l .  T h u s ,  a l t h o u g h  i t  

was no t  known w h e t h e r  t h e  s t r e n g t h  o f  i l l u m i n a t i o n  was 

r e a l l y  i m p o r t a n t ,  i t  seemed w i s e r  t o  i n v e s t i g a t e  t h e  

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

d i s c r i m i n a t i v e  a b i l i t y  c o u l d  be d e t e r m i n e d  a s  a c c u r a t e l y  

a s  p o s s i b l e ,  an d  so t h a t  t h e  r e s u l t s  o f  t h e  m a in  e x p e r i m e n t  

would n o t  be p a r t i a l l y  i n v a l i d a t e d  t h r o u g h  u s i n g  t h e  wrong 

i l l u m i n a t i o n .

The p r e c i s e  aim o f  t h i s  e x p e r i m e n t ,  w h ic h  i s  r e p o r t e d  

i n  A ppendix  C , was t o  d e t e r m i n e  w h e t h e r  a g o l d e n  h a m s t e r  

h a s  s u f f i c i e n t  v i s u a l  a c u i t y  t o  d i s c r i m i n a t e  2 °  s t r i p e s  a t  

a d i s t a n c e  o f  2 8 . 6  c m s . ,  and  i f  s o ,  t h e  o p t i m a l  v a l u e  o f  

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

The a p p a r a t u s  ( s e e  p l a t e  I. ) c o n s i s t e d  o f  a c y l i n d e r  

l i n e d  w i t h  b l a c k  and  w h i t e  s t r i p e s ;  t h i s  c y l i n d e r ,  w h ich
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was e v e n l y  i l l u m i n a t e d ,  r o t a t e d  i n d e p e n d e n t l y  o f  a  c e n t r a l  

p e r s p e x  b o x .  The a n im a l  u n d e r  i n v e s t i g a t i o n  was p l a c e d  i n  

t h e  p e r s p e x  bo x ,  and  i t s  r e a c t i o n s  t o  t h e  r o t a t i n g  drum, 

i n  t e r m s  o f  r e f l e x  h e a d  and  ey e  m ovem ents ,  w ere  o b s e r v e d .

G e n e ra l  o b s e r v a t i o n  o f  t h r e e  a n i m a l s  s u g g e s t e d  t h a t  

t h e y  w ere  a b l e  t o  s e e  t h e  s t r i p e s ;  t h e  i n t e n s i t y  o f  

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

e x t e n t .

T h ese  r e s u l t s  m us t  be  t r e a t e d  w i t h  r e s e r v e ,  h o w ev e r ,  

f o r  two r e a s o n s :  s i n c e  i t  i s  i m p o s s i b l e  t o  h a r n e s s  a

h a m s t e r  s a t i s f a c t o r i l y ,  t h e  a n im a l  moved c o n t i n u a l l y  i n  t h e  

p e r s p e x  c o n t a i n e r ;  i t  was t h e r e f o r e  d i f f i c u l t  t o  p i c k  o u t  

r e f l e x  h e a d  movements f rom g r o s s  body  m o v em en ts .  A l s o ,  t h e  

i r i s  o f  t h e  ey e  i s  l a r g e  an d  d a r k ,  a p p a r e n t l y  m e rg in g  w i t h  

t h e  p u p i l ,  and  so m aking  i t  d i f f i c u l t  t o  o b s e r v e  r e f l e x  eye  

m ovem ents .  B o th  o f  S m i t h ’ s c r i t e r i a  w ere  t h e r e f o r e  

I n a p p l i c a b l e .

The o n l y  c r i t e r i o n ,  a p a r t  f rom  a few s u b j e c t i v e  j u d g e 

m en ts  a s  t o  r e f l e x  movement,  was t h e  phenomenon m e n t io n e d  

by  S m i th ,  i n  w h ich  t h e  a n i m a l s  a p p e a r  t o  become com atose  

a f t e r  a few m i n u t e s  i n  t h e  a p p a r a t u s .  A l l  t h r e e  h a m s t e r s  

u sed  i n  t h i s  e x p e r i m e n t  became l e t h a r g i c ;  a s su m in g  t h a t  

t h i s  was c a u s e d  by  t h e  r e g u l a r  movement o f  t h e  s t r i p e s ,  t h i s  

phenomenon c a n  p o s s i b l y  be  t a k e n  a s  some s o r t  o f  a
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c r i t e r i o n  -  i n  w h ic h  c a s e ,  w i t h  a n  i l l u m i n a t i o n ^ b y 100  

t o  220 v o l t s ,  t h r o u g h  a 60 w a t t  240 v o l t  b u l b  a t  a d i s t a n c e  

o f  t h r e e  f e e t  f rom t h e  a n i m a l ,  h a m s t e r s  a p p e a r e d  t o  be a b l e  

t o  s e e  2 - d e g r e e  s t r i p e s . The whole  b a s i s  o f  t h i s  c r i t e r i o n  

i s  so s h a k y ,  h o w ev e r ,  t h a t  t h e  e x p e r i m e n t  was no t  p u r s u e d  

much f u r t h e r .

However,  t h i s  e x p e r i m e n t  d o e s  s e r v e  t o  p i n p o i n t  some 

o f  t h e  p ro b le m s  t h a t  a r i s e  when v i s u a l  a c u i t y  i s  b e i n g  

i n v e s t i g a t e d .  An o b j e c t i v e  m e thod  i s  r e q u i r e d ,  w h ic h ,  

l i k e  S m i t h ’ s ,  i s  q u i c k ,  d o e s  n o t  r e q u i r e  p r e - t r a i n i n g ,  and 

w h ich  g i v e s  a b e h a v i o u r a l  m e a su re  o f  a c u i t y ,  b u t  w h ich  i s  

a l s o  a p p l i c a b l e  t o  a l l  a n i m a l s ,  and  n o t  j u s t  t o  t h o s e  w h ich  

ca n  be e a s i l y  h a n d l e d  a n d  c o n t r o l l e d .

D. P e r c e p t i o n  o f  D e p th .

T h i s  was a f u r t h e r  p o s s i b i l i t y  f o r  a p r e l i m i n a r y  

i n v e s t i g a t i o n  o f  b a s i c  p r o c e s s e s ,  and  one t h a t  c o u l d  be 

s t u d i e d  r e l a t i v e l y  e a s i l y .  I t  was f e l t  t h a t ,  a l t h o u g h  

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

r e l y  upon t a c t i l e  and  o l f a c t o r y  c u e s  t h a n  upon  v i s u a l  c u e s ,  

i t  was p o s s i b l e  t h a t  t h e y  w ere  s i m i l a r  t o  r a t s  i n  t h a t  

t h e y  c o u l d  r e l y  s o l e l y  on  v i s u a l  c u e s  when n e c e s s a r y .

G ibson  and W a lk ’ s ( i 9 6 0 )  v i s u a l  c l i f f  t e c h n i q u e  was t h e r e 

f o r e  em ployed  t o  i n v e s t i g a t e  d e p t h  p e r c e p t i o n  i n  t h e  h a m s t e r

F o r t y - t w o  h a m s t e r s  w ere  u s e d  i n  t h i s  e x p e r i m e n t ;
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d e t a i l s  a r e  g i v e n  i n  A ppend ix  6  . They  i n c l u d e d  a n i m a l s  

o f  b o t h  s e x e s  and  o f  d i f f e r e n t  a g e s .

1 .  A p p a r a t u s .

The a p p a r a t u s ,  ( s e e  P l a t e  Ü ) was a s m a l l e r  v e r s i o n  

o f  G i b s o n ’ s ,  c o n s i s t i n g  o f  one f i x e d  h o r i z o n t a l  s u r f a c e  

p l a c e d  3 f e e t  f ro m  t h e  g r o u n d ,  and  one m o v e a b le  s u r f a c e  

whose d i s t a n c e  c o u ld  be v a r i e d  t o  any  one o f  f o u r  p o s i t i o n s .  

Both  s u r f a c e s  were  c o v e r e d  w i t h  c o n t r a s t i n g  s q u a r e d  m a t e r i a l ,  

and w ere  j o i n e d  by a " c l i f f  f a c e "  o f  t h e  same s t u f f .  The 

whole o f  t h e  t o p  o f  t h e  a p p a r a t u s  was c o v e r e d  w i t h  one 

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

d i v i d e d  by a p l a t f o r m  (2" d e e p ,  3" w ide )  p l a c e d  o n  t o p  o f  

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

s q u a r e d  m a t e r i a l . The g l a s s  was bounded  by a n  8" deep  

s u r r o u n d  o f  h a r d b o a r d ,  t o  p r e v e n t  t h e  a n i m a l s  from f a l l i n g  

o n to  t h e  f l o o r ;  t h e  e n t i r e  a p p a r a t u s  was b u i l t  o n  a d e x i o n  

f ram ew ork ,  and  was m o v e a b le .  F u r t h e r  d e t a i l s  o f  t h i s  

a p p a r a t u s  and  a d ia g ra m  a r e  g i v e n  i n  A ppend ix  D .

The i l l u m i n a t i o n  was k e p t  a s  e v e n  a s  p o s s i b l e  by  u s i n g  

one o v e r h e a d  lam p, and  s i x  w a l l  a n g l e p o i s e  l a m p s ,  so  p l a c e d  

t h a t  b o t h  s u r f a c e s  r e c e i v e d  a p p r o x i m a t e l y  t h e  same amount 

o f  l i g h t ;  t h e  p h o t o m e t e r  r e a d i n g  f o r  i n c i d e n t  l i g h t  

r e c e i v e d  by  t h e s e  s u r f a c e s  was 17 f c .



^5"

T î l

2.. V i s u a l  c l i f f  a p p a r a t u s  ( a f t e r  G ibson  I 9 6 0 )
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2 . D e s ig n  o f  E x p e r i m e n t .

The f o l l o w i n g  v a r i a b l e s  w h ich  m ig h t  h av e  a f f e c t e d  

t h e  a n i m a l s  were c o n t r o l l e d :  t h e  i l l u m i n a t i o n  was k e p t

c o n s t a n t  t h r o u g h o u t  t h e  e x p e r i m e n t ;  t h e  a n i m a l  was a lw a y s  

p l a c e d  i n  t h e  c e n t r e  o f  t h e  p l a t f o r m  f a c i n g  away f rom  t h e  

e x p e r i m e n t e r ;  t h e  a n i m a l s  were t r a n s p o r t e d  f rom  cage  t o  

a p p a r a t u s  and  v i c e  v e r s a  i n  a p l a s t i c  mug, t h u s  m aking  t h e  

c o n d i t i o n s  a s  n e a r l y  i d e n t i c a l  f o r  e a c h  a n im a l  a s  p o s s i b l e ;  

t h e  s h e e t  o f  g l a s s  was w ip ed  a f t e r  e a c h  b l o c k  o f  f i v e  

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

o f  t h e  a p p a r a t u s  e n s u r e d  t h a t  t h e  p l a t f o r m  was deep  enough  

t o  p r e v e n t  t h e  h a m s t e r  f rom  f e e l i n g  t h e  g l a s s  w i t h  i t s  

w h i s k e r s •

T h e re  was some d o u b t  a b o u t  t h e  e f f i c i e n c y  w i th  w h ich  

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

w i t h  a few a n i m a l s  i n  w h ich  t h e  whole  s u r f a c e  was made t o  

l o o k  s o l i d  s u g g e s t e d  t h a t  t h e y  d i d  n o t  f o l l o w  t h e  s c e n t  o f  

o t h e r  a n i m a l s ;  h o w e v e r ,  t h e r e  i s  s t i l l  a s l i g h t  p o s s i b i l i t y  

t h a t  s m e l l  may have  b e e n  more i m p o r t a n t  t h a n  i t  a p p e a r e d .

One o t h e r  u n c o n t r o l l e d  f a c t o r  i n  t h i s  e x p e r i m e n t  s h o u ld  

p e r h a p s  be m e n t io n e d :  a few  o f  t h e  h a m s t e r s  a p p e a r e d  t o

l o s e  t h e i r  b a l a n c e  on  t h e  p l a t f o r m  (w h ich  was n a r ro w  and 

s l i g h t l y  s l i p p e r y ) ;  i n  t h i s  c a s e  t h e y  o f t e n  s l i p p e d  b a c k 

w ards  o n to  a s u r f a c e  t h e y  w ere  n o t  l o o k i n g  a t .  I n  f a c t  t h i s  

d i d  n o t  h a p p e n  v e r y  o f t e n ,  and  when i t  d i d ,  i t  was
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r e c o r d e d  a s  a r e s p o n s e  t o  t h a t  s i d e .

I n  t h e  d e s i g n  o f  t h e  e x p e r i m e n t ,  t h e  o r d e r  o f  p r e s e n 

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

e x p e r i m e n t e r  and  t h e  p o s s i b i l i t y  o f  l e a r n i n g  w ere  a l l  t a k e n  

i n t o  a c c o u n t .  The d e s i g n  was a s  f o l l o w s :  t h e  f o r t y - t w o

a n i m a l s  were  d i v i d e d  i n t o  9 g r o u p s ;  e i g h t  g r o u p s  had  f i v e  

a n i m a l s  i n  them ,  w h i l e  t h e  r e m a i n i n g  g r o u p  had  o n l y  tw o .

U s in g  a L a t i n  s q u a r e  o f  ABCD, w here  e a c h  l e t t e r  d e n o t e s  

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

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

t h e r e f o r e  a s  f o l l o w s :
O rd e r  o f  g r o u p s  

Key t o  l e t t e r s L a t i n  s q u a r e  o f  a n i m a l s

A: 24" c l i f f  d e p t h  A B C D  1 ,  5 ,  9 .

B: 12" c l i f f  d e p t h  B C D A 2 ,  6 .

C: 6" c l i f f  d e p t h  0 D A B 3, 7 .

D: 18" c l i f f  d e p t h  D_A B_C 4 ,  8 .
E*s p o s i t i o n  -  L e f t  R ig h t  
by  a p p a r a t u s

E ’ s p o s i t i o n  r e l e v a n t  t o  t h e  a p p a r a t u s  was t h u s  d i s t r i b u t e d  

e q u a l l y  o v e r  t h e  c l i f f  c o n d i t i o n s ;  she  s t o o d  o n  a d i f f e r e n t  

s i d e  f o r  e a c h  h a l f  o f  e a c h  b l o c k .

E ac h  b l o c k  o f  a n i m a l s  was t e s t e d  a s  f o l l o w s :  w i t h

t h e  c l i f f  d e p t h  a d j u s t e d  t o  t h e  r e q u i s i t e  h e i g h t ,  t h e  a n im a l  

was r e l e a s e d  i n  t h e  c e n t r e  o f  t h e  p l a t f o r m  s e p a r a t i n g  t h e  

two s u r f a c e s .  A f t e r  i t  h a d  made a r e s p o n s e  by  c l i m b i n g
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f rom  t h e  p l a t f o r m  o n t o  one o r  o t h e r  o f  t h e  s u r f a c e s ,  i t  

was r e t u r n e d  t o  i t s  c a g e .  I f ,  h o w ev e r ,  t h e  a n im a l  r e m a in e d  

o n  t h e  p l a t f o r m  f o r  more t h a n  3 m i n u t e s ,  i t  was rem oved and  

a n o n - r e s p o n s e  was r e c o r d e d .

When t h e  f i v e  a n i m a l s  had  b e e n  t e s t e d  o n  t h e  one  d e p t h ,  

t h e  c l i f f  d e p t h  was a l t e r e d ,  and t h e  p r o c e d u r e  r e p e a t e d  

u n t i l  a l l  f o u r  d e p t h s  had  b e e n  t e s t e d .  A l l  42 a n i m a l s  were  

t e s t e d  d u r i n g  t h e  same d a y ,  and no a n im a l  was g i v e n  t h e  same 

d e p t h  t w i c e .

3 .  R e s u l t s .

The r e s u l t s  were r e c o r d e d  a s  f o l l o w s :

S -  a n im a l  c h o o s e s  s o l i d  s i d e

C -  an im a l  c h o o s e s  c l i f f  s i d e

R -  a n im a l  r e m a in s  o n  p l a t f o r m

R% -  a n i m a l  w a lk s  on  edge  o f  c l i f f  s i d e

Rl was i n t r o d u c e d  when i t  was fo u n d  t h a t  a few o f  t h e  

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

w alk  on  t h e  l e d g e  s u p p o r t i n g  t h e  g l a s s ;  i n  t h e  f i n a l  

a n a l y s i s ,  R% was t h e r e f o r e  c o u n t e d  a s  a n  "S" r e s p o n s e .

The r e s u l t s  o b t a i n e d  d u r i n g  t h i s  e x p e r i m e n t ,  w h ich  

a r e  sum m arised  i n  T a b l e s  1 and  2 and F i g u r e  1 ,  w e re :

i )  t h a t  t h e r e  w ere  no s i g n i f i c a n t  e f f e c t s  a t t r i b u t a b l e  

t o  t h e  o r d e r  o f  p r e s e n t a t i o n ,  t o  t h e  e x p e r i m e n t e r ’ s 

p o s i t i o n ,  t o  t h e  age o r  s e x  o f  t h e  a n i m a l s ,  o r  t o
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TABLE 1 .

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

T o t a l  n o .

D epth  o f  c l i f f
A

24"
D

18"
B

1 2 "
C
6 "

o f  r e s p o n s e s

S r e s p o n s e 37 32 26 22 117

Rl r e s p o n s e 1 2 2 4 9

C r e s p o n s e 4 8 13 15 40

R r e s p o n s e - - 1 1 2

T o t a l : 42 42 42 42 168

t e s t  (1 d . f . ) 1 3 .7 6  8 . 0 5 2 . 7 4 1 . 4 8 2 2 .2 6

P v a l u e  f o r  
S r e s p o n s e  P<0 .001 P< 0 .0 0 5  NS 

TABLE 2 .

NS P<0 .0 0 1

C om par ison  o f  r e s p o n s e s  t o  f o u r  
c l i f f  d e p t h s .

P v a l u e s  f o r  x2 t e s t s .

a i f f e r e n t

Depth  o f  c l i f f • A
24"

D
18"

B
1 2 "

C
6"

A 24" - NS 0 . 025 0 .0 0 5

D 18" - - NS NS

B 12" - - - NS

C 6" - - - -
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t h e i r  c o a t  c o l o u r .

1 1 ) t h a t  t h e  h a m s t e r s  a v o i d e d  t h e  c l i f f ,  and  t h a t  t h e

d e e p e r  t h e  c l i f f ,  t h e  g r e a t e r  t h e  a v o i d a n c e .  T h u s :

a )  t h e  a n i m a l s  showed a s t r o n g  a v o i d a n c e  r e s p o n s e  

t o  b o t h  t h e  24** and  18** c l i f f s ,

b) t h e  a v o i d a n c e  o f  t h e  12** and  6** c l i f f s  was n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  a l t h o u g h  I t  o c c u r s

I n  a b o u t  t w o - t h i r d s  o f  t h e  t o t a l  number o f  c h o i c e s ,

c)  t h e  24** c l i f f  g i v e s  r e s u l t s  s i g n i f i c a n t l y  

d i f f e r e n t  f rom  t h e  12** and 6** d e p t h s .

4 .  C o n c l u s i o n .

I t  I s  a p p a r e n t  f rom  t h e s e  r e s u l t s  t h a t  h a m s t e r s  a r e  

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

o r d e r  o f  d e p t h  p r e s e n t a t i o n  n o r  E*s p o s i t i o n  w ere  r e s p o n s i b l e  

f o r  t h e  h i g h  number o f  **solid** r e s p o n s e s  t h a t  were o b t a i n e d .

However,  t h e  r e s p o n s e s  a p p e a r  t o  be more w e l l - d e f i n e d  

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

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

o r  w h e t h e r  t h e y  a r e  I n d i f f e r e n t  t o  t h e  c o n s e q u e n c e s  o f  

l e s s e r  f a l l s .

I t  seems l i k e l y  t h a t  t h e  l a t t e r  i s  t h e  c a s e .  A l l  t h e  

h a m s t e r s  u s e d  I n  t h e s e  e x p e r i m e n t s  l i v e  I n  c a g e s  e i t h e r  6** 

o r  8** d e e p ;  t h e y  a r e  a c c u s to m ed  t o  s w in g in g  o n  t h e  mesh 

o f  t h e  cage  t o p .  T hus ,  t h e  6** c l i f f  d e p t h  w ould  p r e s e n t
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no d a n g e r s .

T a k a t s u k i  (1937)  fo u n d  t h a t  a l b i n o  r a t s  c o u l d  

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

d e p t h  d i s c r i m i n a t i o n  became l o w e r  a s  t h e  d i s t a n c e  I n c r e a s e d ;  

t h e  t h r e s h o l d  I s  ab o u t  3 cms. I n  d i s t a n c e s  l e s s  t h a n  20 

c m s . .  I n c r e a s i n g  t o  a b o u t  9 cms. I n  t h o s e  b e tw e e n  40 and 

50 cms. T h i s  s u g g e s t s  t h a t  n o t  o n l y  I s  d e p t h  p e r c e p t i o n  

good I n  r o d e n t s ,  b u t  t h a t  s m a l l e r  d i s t a n c e s  a r e  p e r c e i v e d  

w i t h  g r e a t e r  a c c u r a c y .  The t r e n d  o f  t h e  r e s u l t s  o b t a i n e d  

I n  t h e  m a in  e x p e r i m e n t  t h e r e f o r e  s u g g e s t s  t h a t  a l l  t h e  

d e p th s  a r e  p e r c e i v e d ,  b u t  t h a t  t h e  r e s p o n s e  I s  d e t e r m i n e d  

by  t h e  amount o f  d a n g e r  a t t a c h e d  t o  any  one o f  th e m .

I t  would be I n t e r e s t i n g  t o  p u r s u e  t h i s  p a r t i c u l a r  

p ro b lem  by  i n v e s t i g a t i n g  t h e  f i r s t  a p p e a r a n c e  o f  d e p t h  

p e r c e p t i o n  I n  t h e  young h a m s t e r ,  and  by t e s t i n g  t h e  p o s s i b i 

l i t y  o f  d e p t h  p e r c e p t i o n  b e i n g  d e t e r m i n e d  by  m o t i o n  p a r a l l a x  

o r  b i n o c u l a r  p a r a l l a x ,  o r  b o t h .  However,  none o f  t h e s e  

l a s t  t h r e e  a s p e c t s  were  c o n s i d e r e d  r e l e v a n t  t o  t h e  m a in  

s t u d y ,  and  t h e y  were  t h e r e f o r e  n o t  p u r s u e d  f o r  t h e  t im e  

b e i n g .  However,  t h r e e  f u r t h e r  e x p e r i m e n t s  were  c a r r i e d  o u t  

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

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

5 .  C o n t r o l  E x p e r i m e n t s .

S in c e  a  q u e r y  was r a i s e d  a s  t o  w h e t h e r  d i f f e r e n c e s
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i n  t h e  i l l u m i n a t i o n  o f  t h e  two s i d e s  o f  t h e  v i s u a l  c l i f f  

had  a f f e c t e d  t h e  r e s u l t s ,  t h e  f o l l o w i n g  c o n t r o l  s e r i e s  

w ere  r u n :

( i )  P r e - e x i s t i n g  p r e f e r e n c e  f o r  e i t h e r  t h e  l i g h t  o r  t h e  

d a r k  s i d e :

The s u r f a c e  I l l u m i n a t i o n s  o f  t h e  c l i f f  and  s o l i d  s i d e  

were a l t e r e d  so t h a t , I n  t h e  two t e s t i n g  c o n d i t i o n s ,  t h e y  

were a s  f o l l o w s :

a )  c l i f f  s i d e  = 1 f c . ,  and  s o l i d  s i d e  = 14 f c .

b)  c l i f f  s i d e  = 20 f c . ,  and s o l i d  s i d e  = 2 f c .

Thus ,  one s i d e  was d a r k  and t h e  o t h e r  l i g h t .

The c l i f f  was s e t  a t  24” . U s ing  t h e  same p r o c e d u r e  

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

was a l t e r e d ,  s i x  a n i m a l s  were  t e s t e d  u n d e r  b o t h  c o n d i t i o n s .

A l l  s i x  a n i m a l s  chose  t h e  s o l i d  s i d e  b o t h  t i m e s .  I t  

was t h e r e f o r e  c o n c lu d e d  t h a t  t h e r e  was no p r e - e x i s t i n g  

p r e f e r e n c e  f o r  e i t h e r  t h e  l i g h t  o r  t h e  d a r k  s i d e .

( i l )  E q u a l i s a t i o n  o f  t h e  amount o f  r e f l e c t e d  l i g h t  r e c e i v e d

a t  t h e  p l a t f o r m ,  r a t h e r  t h a n  e q u a l i s a t i o n  o f  t h e  I n c i d e n t  

l i g h t  r e c e i v e d  by  t h e  s o l i d  and c l i f f  s u r f a c e s :

The p h o t o m e t e r  r e a d i n g  f o r  r e f l e c t e d  l i g h t  o n  b o t h  

s i d e s  o f  t h e  p l a t f o r m  was 11 f c .  The m a in  e x p e r i m e n t a l  

p r o c e d u r e  was f o l l o w e d .  I n c l u d i n g  t h e  u se  o f  t h e  L a t i n  

s q u a re  and t h e  f o u r  d i f f e r e n t  d e p t h s .  The p h o t o m e t e r
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r e a d i n g  was k e p t  c o n s t a n t  by  a d j u s t i n g  t h e  s o u r c e  o f  

t h e  i l l u m i n a t i o n  w i t h  a V a r i a c .  E l e v e n  a n i m a l s  w ere  u s e d .

The r e s u l t s  were  s i m i l a r  t o  t h o s e  o b t a i n e d  i n  t h e  

m a in  e x p e r i m e n t :

C l i f f  d e p t h : 24" 18" 1 2 " 6 " T o t a l

T o t a l  S r e s p o n s e s 11 9 9 8 37

T o t a l  C r e s p o n s e s — 2 2 3 7

The p r e f e r e n c e  f o r  t h e  s o l i d  s i d e  was s i g n i f i c a n t  

a t  t h e  0 ,0 0 5  l e v e l .  The t r e n d  o f  t h e s e  r e s u l t s  f o l l o w s  

t h e  same p a t t e r n  a s  t h o s e  o f  t h e  m a in  e x p e r i m e n t .  I t  

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

r e s p o n s i b l e  f o r  t h e  p r e f e r e n c e  f o r  t h e  s o l i d  s i d e .

( i l l )  C o n t r o l  o f  d e p t h  p e r c e p t i o n  I n  t h e  v i s u a l  c l i f f  by  

t h e  s q u a r e d  m a t e r i a l  o n l y :

As G ib so n  and Walk ( i 9 6 0 )  h ad  fo u n d  t h a t  h ooded  r a t s  

showed no d e p t h  p e r c e p t i o n  when t h e  e n t i r e  a p p a r a t u s  was 

c o v e re d  w i t h  a homogeneous g r e y  m a t e r i a l ,  t h i s  e x p e r i m e n t  

was r e p e a t e d  w i t h  t h e  h a m s t e r s .

The a p p a r a t u s  was s h r o u d e d  w i t h  g r e y  m a t e r i a l ,  so t h a t  

none o f  t h e  d e x i o n  f ram ew ork  showed, and  shadows were  

r e d u c e d  a s  much a s  p o s s i b l e .  A l l  t h e  s i d e s  o f  t h e  c l i f f  

s i d e  were c o v e r e d ,  so t h a t  an y  d i s t a n c e  c u e s  t h a t  m ig h t
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have b e e n  p r o v i d e d  by  t h e  f l o o r  were  re m o v e d .  The p h o t o 

m e t e r  r e a d i n g  f o r  i n c i d e n t  l i g h t  on  b o t h  s o l i d  and  c l i f f  

s u r f a c e s  was 25 f c .

The c l i f f  d e p t h  was s e t  a t  2 4 " .  F o l l o w i n g  t h e  p r e v i o u s  

p r o c e d u r e ,  t e n  a n i m a l s  w ere  g i v e n  one t r i a l  e a c h .  A l l  ch o se  

t h e  s o l i d  s i d e ,  o n l y  one a n im a l  show ing  any  h e s i t a t i o n .

I n  t h i s  c a s e ,  t h e  p e r c e p t i o n  o f  d e p t h  was i n d e p e n d e n t  

o f  t h e  s q u a r e s  o n  t h e  o r i g i n a l  m a t e r i a l .  However,  t h e  

i n a d e q u a t e  c o n t r o l  o f  shadows may h av e  g i v e n  a d d i t i o n a l  

c u e s .  A l s o ,  t h e  a p p a r a t u s  was s m a l l  i n  c o m p a r i s o n  w i t h  

G ibson  and W a l k ' s ;  t h u s ,  t h e  c o r n e r s  o f  t h e  c l i f f  w e l l  

m igh t  come w i t h i n  t h e  h a m s t e r ’ s f i e l d  o f  v i s i o n  and  p r o v i d e  

p a r a l l a x  c u e s .
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VI METHODS AND APPARATUS

A. P i l o t  S t u d y .

1 •  I n t r o d u c t i o n

The r e s u l t s  o f  t h e  e x p e r i m e n t s  q u o te d  i n  S e c t i o n  V, 

and o t h e r  more g e n e r a l  o b s e r v a t i o n s  o f  t h e  h a m s t e r ’ s use  

o f  v i s i o n  i n  d a y - t o - d a y  a c t i v i t i e s ,  fo rm e d  t h e  b a s i s  o f  

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

2 • Summary o f  Method an d  R e s u l t s

I n  t h i s  s t u d y ,  a t w o - c h o i c e  box was d e s i g n e d  w i t h  a 

c o n t i n u o u s  a p p r o a c h ,  and  d o o r s  w h ich  o p en ed  i n  r e s p o n s e  

t o  a p u sh  i f  t h e  c h o i c e  was c o r r e c t . The s o u r c e  o f  m o t i v a 

t i o n  was e x p l o r a t o r y  d r i v e ,  and t h e  r e w a rd  was i n  t e r m s  o f  

r e l e a s e  i n t o  a n  o p e n  a r e a .  P l a t e s  shows t h i s  a p p a r a t u s ,  

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

g i v e n  i n  A ppend ix  E  .

S i x  a n i m a l s  were t r a i n e d  t o  r e s p o n d  p o s i t i v e l y  t o  a 

2 .0  cm s.  e q u i l a t e r a l  t r i a n g l e  and  n e g a t i v e  l y  t o  a 2 . 0  cms. 

d i a m e t e r  c i r c l e .  However,  o n l y  one a n im a l  a c h i e v e d  a 

s i g n i f i c a n t  d i s c r i m i n a t i o n  s c o r e  i n  200 t r i a l s ;  t h i s  

a n im a l  was g i v e n  t r a n s f e r  t e s t s  t o  i n v e s t i g a t e  t h e  e x t e n t  

o f  g e n e r a l i s a t i o n  t o  s i z e ,  t o  r o t a t e d  f i g u r e s ,  t o  r e v e r s a l  

i n  f i g u r e - g r o u n d  b r i g h t n e s s  r e l a t i o n s h i p s ,  t o  a l t e r n a t i v e
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P la te -3* G enera l v iew  o f  th e  two c h o ic e  ap paratus

Plate. 4r.View o f  th e  doors w ith  s t i m u l i  in  p la c e
(two c h o ic e  ap p ara tu s)



1'  ■ ■ 47(y

Plate ^  The f r o n t  o f  two c h o ic e  a p p a r a tu s ,  
show ing n o .  2 door lo c k e d .

Plate, 6 Hamster em erging from c h o ic e  hox
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n e g a t i v e  f i g u r e s  and t o  p a r t s  o f  t h e  f i g u r e .

The r e s u l t s  were  n o t  c o n c l u s i v e ,  b u t  t h e y  i n d i c a t e d  

t h a t  t h e  r e s p o n s e  was one o f  a p p r o a c h  t o  t h e  p o s i t i v e  

f i g u r e  r a t h e r  t h a n  o f  a v o i d a n c e  o f  t h e  n e g a t i v e  f i g u r e ;  

g e n e r a l i s a t i o n  t o  s m a l l e r  f i g u r e s  was p o s s i b l e .  A 2 . 0  cms. 

t r i a n g l e  r o t a t e d  t h r o u g h  45*  ̂ and  a 0 . 5  cm s.  t r i a n g l e  

r o t a t e d  t h r o u g h  90^ w ere  r e c o g n i s e d ,  w h i l e  a 2 . 0  cms. 

t r i a n g l e  r o t a t e d  t h r o u g h  90^ was n o t .

T h e re  was no t r a n s f e r  when t h e  f i g u r e - g r o u n d  b r i g h t 

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

were s u b s t i t u t e d  f o r  t h e  c i r c l e ,  d i s c r i m i n a t i o n  was no t  

i m p a i r e d ,  e x c e p t  i n  t h e  c a s e  o f  t h e  c r o s s ;  t h e n  t h e r e  

a p p e a r e d  t o  be some c o n f u s i o n .  The f i n a l  t e s t s ,  o n  t h e  

p a r t s  o f  t h e  f i g u r e ,  showed t h a t  t h e r e  was t r a n s f e r  t o  

t h e  t o p s  b u t  a p p a r e n t l y  no t  t o  t h e  b a s e s ;  t h e  whole  f i g u r e  

seemed t o  be p r e f e r r e d  t o  t h e  p a r t s .

3 .  D i s c u s s i o n .

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

t h e  e f f i c i e n c y  o f  t h e  m ethod  em p loyed ;  o n l y  one a n im a l  

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

n e a r l y  200  t r i a l s .  Yet o b s e r v a t i o n  i n d i c a t e d  t h a t  t h e  

r e m a in i n g  f i v e  knew t h e  p r o b le m ,  a l t h o u g h  t h e  r e s u l t s  were  

so i n c o n s i s t e n t .  The c h i e f  f a u l t  seemed t o  l i e  i n  t h e
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h i g h  number o f  c o r r e c t  c h o i c e s  r e q u i r e d  t o  r e a c h  an  

a c c e p t a b l e  s i g n i f i c a n c e  l e v e l  ( f o r  e x a m p le ,  9 o u t  o f  10 -  

P < 0 . 0 1 ) ,  w h ich  g i v e s  v e r y  l i t t l e  l e e w a y  f o r  a d v e r s e  

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

i n t e r r u p t i n g  t h e  e x p e r i m e n t ,  w a l k i n g  down c o r r i d o r s ,  

s lamming d o o r s  and  so on  c o u l d  be v e r y  d i s t u r b i n g .  H a m s te r s  

a r e  e x t r e m e l y  e a s i l y  d i s t r a c t e d ,  and t h i s  a p p a r a t u s  gave  

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

A f u r t h e r  d raw b ack  was t h e  amount o f  h a n d l i n g  r e q u i r e d  

f o r  e a c h  s e r i e s  ( s e e  S e c t i o n  I I I ) ;  t h i s  c a n  a c t  a s  a n o t h e r  

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

f o r  t h e  wide v a r i a t i o n  i n  t h e  r e s u l t s . I n  f u t u r e  e x p e r i 

m e n ts ,  t h e r e f o r e ,  i t  seemed a d v i s a b l e  t o  e l i m i n a t e  h a n d l i n g  

as  f a r  a s  p o s s i b l e .

Two p o i n t s  a i d  emerge from  t h i s  s t u d y ,  h o w e v e r ,  w h ic h  

were o f  i n t e r e s t .  F i r s t ,  t h e  c o n t i n u o u s  a p p r o a c h  t o  t h e  

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

s t i m u l i  o b s e r v a t i o n  a p p e a r e d  t o  be q u i t e  f e a s i b l e ,  b e s i d e s  

a l l o w i n g  f o r  t h e  unknown a c u i t y  r a n g e .  S e c o n d l y ,  t h e  s m a l l  

s i z e  o f  t h e  sy m b o ls ,  a s  com pared w i t h  t h o s e  u se d  by L a s h l e y ,  

have b e e n  shown t o  be a d e q u a t e ,  and a r e  p o s s i b l y  more 

s a t i s f a c t o r y ,  f o r  r e a s o n s  w h ich  have  b e e n  d i s c u s s e d  e l s e 

where ( s e e  S e c t i o n  I I ) .
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The r e s u l t s  o f  t h i s  p i l o t  s t u d y ,  a l b e i t  f rom  o n l y  

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

o f  l e a r n i n g  form  d i s c r i m i n a t i o n ,  and o f  m ak in g  a g e n e r a l 

i s a t i o n  t o  s i z e ;  t h e  r e m a i n i n g  r e s u l t s ,  c o n c e r n i n g  

b a c k g ro u n d  r e v e r s a l ,  a l t e r n a t i v e  n e g a t i v e  sy m b o ls .  G e s t a l t  

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

i n d i c a t i v e ,  p a r t i c u l a r l y  i n  v iew  o f  t h e  a p p a r e n t  c o n t r a 

d i c t i o n  o f  some o f  t h e  r e s u l t s  o b t a i n e d  w i t h  r a t s . I n  

f a c t  t h e  r e a l  p ro b le m  a t  t h i s  s t a g e  was t o  f i n d  a m ethod  

which  would make i t  p o s s i b l e  t o  t e s t  t h e s e  p o s s i b i l i t i e s  

w i t h  a c c u r a c y .  The m e thod  had  t o  be one w h ic h  c o u l d  be . 

used  w i t h  a l l  h a m s t e r s  r a t h e r  t h a n  w i t h  t h e  o c c a s i o n a l  

g e n i u s .

I n i t i a l l y  i t  seemed t h a t  t h e  m ethod  must  be m o d i f i e d  

t o  cope w i t h  t h e  f o l l o w i n g  m a in  p r o b le m s ,  any  o f  w h ich  

m igh t  h a v e  b e e n  i n t e r f e r i n g  w i t h  t h e  e f f i c i e n c y  o f  t h e  

t e s t i n g  p r o c e d u r e ,  a )  The amount o f  h a n d l i n g  n e e d ed  t o  

be r e d u c e d ;  t h e  a n i m a l s  were o v e r e x c i t e d  and  n e rv o u s  i n  

s p i t e  o f  p r e t r a i n i n g ,  b) Some m o d i f i c a t i o n  o f  t h e  l e a r n i n g  

t a s k  seemed e s s e n t i a l ;  o b s e r v a t i o n  s u g g e s t e d  t h a t  t h e  

h a m s t e r s  h a d  l e a r n t  t h e  d i s c r i m i n a t i o n ,  b u t  t h e  t e c h n i q u e  

made i t  a i f f i c u l t  t o  show t h i s  i n  any  a c c e p t a b l e  f o rm .

The h a m s t e r s  were  e a s i l y  d i s t r a c t e d  and t h e  s t a t i s t i c a l  

c r i t e r i a  v e r y  s t r i n g e n t  i n  a t w o - c h o i c e  s i t u a t i o n ,

c)  I t  a l s o  seemed p o s s i b l e  t h a t  m o t i v a t i o n  was t o o  weak.
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and t h e  a d e q u a c y  o f  t h e  e x p l o r a t o r y  d r i v e  by  i t s e l f  h a d  

t o  be  q u e s t i o n e d .

T h e re  seemed t o  be f o u r  p o s s i b l e  l i n e s  o f  a p p r o a c h  

t o  t h e s e  p r o b le m s :

(a)  To d e v i s e  a n  a p p a r a t u s  w h ich  would  r e d u c e  h a n d l i n g .

(b) To i n c r e a s e  t h e  n e g a t i v e  m o t i v a t i o n .

(c )  To u se  t h e  same a p p a r a t u s  a s  i n  t h e  p i l o t  s t u d y ,

b u t  w i t h  c a r e f u l l y  c o n t r o l l e d  d e l a y  and r e w a r d  

t i m e s ,  i n  t h e  hope t h a t  t h i s  w ould  u t i l i s e  t h e  

m o t i v a t i o n a l  d r i v e  t o  t h e  maximum, w i t h o u t  i n t r o 

d u c i n g  o t h e r  s o u r c e s  o f  m o t i v a t i o n .

(d) To i n v e n t  a n  e n t i r e l y  d i f f e r e n t  t y p e  o f  a p p a r a t u s

from  t h o s e  h i t h e r t o  u s e d  i n  t h e  s t u d y  o f  v i s u a l  

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

T h ese  f o u r  p o s s i b i l i t i e s  w ere  t a c k l e d  i n  t h a t  o r d e r .

B. R e d u c t i o n  o f  H a n d l in g  and I n c r e a s e  o f  N e g a t iv e  
M o t i v a t i o n .  ( F i v e - u n i t  t w o - c h o i c e  A p p a r a t u s ) .

The a n s w e r  t o  t h i s  p ro b le m  seemed t o  l i e  i n  i n c r e a s i n g  

t h e  number o f  c h o i c e  u n i t s  p e r  u n i t  o f  r e w a r d ;  t h u s ,  t h e  

o r i g i n a l  p i l o t  s t u d y  a p p a r a t u s  was m o d i f i e d  t o  g i v e  5 p a n e l s  

i n  s e r i e s ,  e a c h  p a n e l  w i t h  two c h o i c e s .  E ach  t r i a l  w ould  

t h e n  p r o d u c e  f i v e  s e p a r a t e  c h o i c e s  i n s t e a d  o f  one p e r  t r i a l ,  

and t h e  h a n d l i n g  w ould  be r e d u c e d  by 4 / 5 ,  s i n c e  two t r i a l s



1 0 2 .

w ould  g i v e  10 c h o i c e s .  A p a r t  f rom  r e d u c t i o n  i n  h a n d l i n g ,  

t h e  a d m i n i s t r a t i o n  o f  t h e  t r i a l s  would a l s o  be c o n s i d e r a b l y  

q u i c k e r .  The a d d i t i o n  o f  b u z z e r s  w h ich  c o u l d  be w i r e d  t o  

t h e  n e g a t i v e  d o o r s ,  t o  add  t o  n e g a t i v e  m o t i v a t i o n ,  was a 

f e a t u r e  o f  t h i s  new a p p a r a t u s .  T hese  w ere  u se d  f o r  p a r t  

o f  t h e  e x p e r i m e n t  t o  be d e s c r i b e d .

S i x  m ale  g o l d e n  h a m s t e r s ,  ag e d  n in e  w ee k s ,  w ere  u s e d  

i n  t h i s  e x p e r i m e n t  ( f o r  d e t a i l s  s e e  A ppend ix  B  ) .

1 .  A p p a r a t u s : The a p p a r a t u s  ( s e e  P l a t e  7  )

c o n s i s t e d  o f  a c h o i c e  box o p e n i n g  i n t o  a r e w a rd  bo x ,  w h ich  

was c o n s i d e r a b l y  l a r g e r  t h a n  t h e  c h o i c e  b o x ,  c o n t a i n e d  

sa w d u s t ,  and  s e v e r a l  " t o y s " ,  su c h  a s  a n  a c t i v i t y  w h e e l ,  

two s m a l l  i r o n  g r i d s ,  a w i r e  cage  and so o n .  The c h o i c e  

box was i l l u m i n a t e d  by  two t u n g s t e n  b a r  l i g h t s  (150 w a t t  

240 v o l t  a r c h i t e c t u r a l  Mazda s t r i p  l i g h t s ,  48" l o n g ,  s t r a i g h t ,  

o p a l ) ,  w h ic h  were p l a c e d  18" above t h e  b o x ,  and  whose 

i n t e n s i t y  was c o n t r o l l e d  by  a V a r i a c .  T u n g s t e n  l i g h t i n g  

was c h o s e n  s i n c e  i t  a p p r o x im a t e d  m ost  c l o s e l y  t o  d a y l i g h t ,  

b e i n g  s l i g h t l y  r e d d i s h  r a t h e r  t h a n  b l u e ,  o r a n g e  ( s o d iu m ) ,  

y e l lo w  and so f o r t h .

The c h o i c e  b o x ,  made o f  b row n h a r d b o a r d ,  was d i v i d e d  

i n t o  f i v e  s e c t i o n s ;  t h e  f i r s t  s e c t i o n  was s l i g h t l y  l a r g e r  

t h a n  t h e  o t h e r s ,  w h ich  w ere  a l l  th e  same s i z e ,  and  was
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known a s  t h e  " s t a r t i n g  b o x " .  A l l  f i v e  c o m p a r tm e n t s  w ere  

s e p a r a t e d  f rom  one a n o t h e r  by  p a n e l s ,  w h ich  w ere  p a i n t e d  

m a t t  b l a c k  o n  t h e  a p p r o a c h  ( o r  s t a r t i n g  box) s i d e ;  e a c h  

o f  t h e  f i v e  p a n e l s  c o n t a i n e d  two d o o r s ,  w h ic h  o p e r a t e d  o n  

a p u l l e y - w e i g h t  s y s t e m ,  and s l i d  upw ards  when p u s h e d  from  

t h e  a p p r o a c h  s i d e .  E ach  a o o r  c o u l d  be l o c k e d  when r e q u i r e d ;  

when a l o c k e d  d o o r  was p u s h e d  h a r d  enough  t o  t o u c h  t h e  

l o c k i n g  b a r ,  an  e l e c t r i c a l  c i r c u i t  was c o m p le t e d ,  c a u s i n g  

a s m a l l  l i g h t  t o  f l a s h  and ( i f  i t  was s w i t c h e d  i n t o  t h e  

c i r c u i t )  a  b u z z e r  t o  r i n g ;  t h e  l i g h t  was no t  v i s i b l e  t o  

t h e  h a m s t e r ,  b u t  t h e  b u z z e r  was v e r y  a u d i b l e .

I n  t h i s  e x p e r i m e n t  t h e  t r i a n g l e  was p o s i t i v e  and t h e  

c i r c l e  n e g a t i v e .  A l l  t e n  d o o r s  were  c o n s t r u c t e d  t o  h o l d  

symbol c a r d s ,  w h ic h  w ere  v i s i b l e  f rom  t h e  a p p r o a c h  s i d e .  

Each  c a r d  was p l a c e d  b e tw e e n  two p i e c e s  o f  g l a s s ,  and c o u l d  

be rem oved  from  t h e  d o o r  when n e c e s s a r y .  Ten symbol c a r d s  

were u s e d ,  f i v e  2 . 0  c m s . e q u i l a t e r a l  t r i a n g l e s ,  and  f i v e  

c i r c l e s  2 . 0  cm s.  i n  d i a m e t e r ;  t h e s e  sym bols  were  s o l i d  

w h i t e  o n  a b l a c k  b a c k g r o u n d .  One c i r c l e  and one t r i a n g l e  

were u s e d  f o r  e a c h  p a n e l .

2 . P r e - t r a i n i n g :

A l l  s i x  a n i m a l s  were  h a n d l e d  f rom  t h e  age o f  4 weeks 

t o  7 w ee k s ,  so t h a t  t h e y  became a c c u s to m e d  t o  b e i n g  

t r a n s f e r r e d  by h an d  f rom  t h e i r  c a g e s  t o  t h e  a p p a r a t u s .
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At t h e  age  o f  8 w ee k s ,  t h e  a n i m a l s  w ere  p u t  i n t o  

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

e x p l o r e  i t  t h o r o u g h l y .  A f t e r  two d a y s ,  t h e  d o o r s  were 

c l o s e d ,  and  a f u r t h e r  t h r e e  d a y s  were a l l o w e d  f o r  t h e  

s u b j e c t s  t o  l e a r n  t o  o p e n  th e m .  E a c h  a n im a l  s p e n t  a p p r o x i 

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

When i t  was f e l t  t h a t  t h e  a n i m a l s  w ere  s u f f i c i e n t l y  

u se d  t o  t h e  a p p a r a t u s  and  t o  b e i n g  h a n d l e d ,  t r a i n i n g  s t a r t e d  

on  t h e  2 . 0  cm s.  s t a n d a r d  t r i a n g l e  and c i r c l e .

3 .  D e s ig n  o f  t h e  e x p e r i m e n t :

C ho ice  o f  t h e  t r i a n g l e  was s c o r e d  a s  a c o r r e c t  r e s p o n s e ,  

and c h o i c e  o f  t h e  c i r c l e  a s  an  e r r o r ;  s i n c e  t h e  number o f  

c o r r e c t  c h o i c e s  was f i x e d  and t h e  e r r o r s  w ere  n o t ,  t h e  s c o r e  

i s  g i v e n  i n  t e r m s  o f  c o r r e c t  c h o i c e s .

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

t r i a l s ,  w here  one t r i a l  i s  e q u i v a l e n t  t o  one r u n  t h r o u g h  t h e  

a p p a r a t u s ,  i . e .  f i v e  c h o i c e s ;  t h u s ,  20  c h o i c e s  w ere  made i n  

a s e r i e s .  T h e re  w ere  19 s e r i e s  i n  a l l  i n  t h i s  e x p e r i m e n t ,  

i n v o l v i n g  380 c h o i c e s  f o r  e a c h  a n i m a l .

The o r d e r  i n  w h ich  s t i m u l i  a r e  p r e s e n t e d  i s  a n  

i m p o r t a n t  v a r i a b l e  i n  an  e x p e r i m e n t  o f  t h i s  k i n d .  The 

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

a c c o r d i n g  t o  G e H e r m a n n ' s  (1933^)  s y s t e m .  Of t h e  1024 

p o s s i b l e  c o m b i n a t i o n s  o f  r i g h t s  and l e f t s  i n  a s e r i e s  o f
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10 ,  G e l l e r m a n n  ch o se  o n l y  t h o s e  w hich  met t h e  f o l l o w i n g  

c r i t e r i a :

i )  e a c h  s e r i e s  must c o n t a i n  5 r i g h t s  and 5 l e f t s ,

i i )  no s e r i e s  c o u l d  have  more t h a n  3 r i g h t s  o r  3 l e f t s  

i n  s u c c e s s i o n ,  

i i i )  a t  l e a s t  2 r i g h t s  and  2 l e f t s  must  a p p e a r  i n  b o t h  

t h e  f i r s t  and  th e  l a s t  h a l v e s  o f  e a c h  s e r i e s ,  

i v )  e a c h  s e r i e s  must c o n t a i n  o n l y  5 r e v e r s a l s  f rom  r i g h t  

t o  l e f t  o r  f rom  l e f t  t o  r i g h t . 

v) t h e  s e r i e s  must o f f e r  a chance  s c o r e  o f  50^  c o r r e c t  

f rom  e i t h e r  s im p le  o r  a o u b l e  a l t e r n a t i o n  r e s p o n s e .

C r i t e r i a  i ) ,  i i )  and  i v )  were  i n t e n d e d  t o  g i v e  a 

w e l l - b a l a n c e d  s e r i e s  i n  w h ic h  t h e  f o r m a t i o n  o f  p o s i t i o n  

h a b i t s  would n o t  be  g r e a t l y  e n c o u r a g e d .  The t h i r d  c r i t e r i o n  

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

t h e  change  o f  s t i m u l i  f rom  s i d e  t o  s i d e  i n  some t r i a l s  and  

n o t  i n  o t h e r s .  The 5 t h  c r i t e r i o n  was c h o s e n  t o  m in im is e  

t h e  s u b j e c t ' s  o p p o r t u n i t y  o f  m aking  more t h a n  50^  c o r r e c t  

r e s p o n s e s  t h r o u g h  h a b i t s  o f  a l t e r n a t i o n .  The 19 s e r i e s  o f  

20 t r i a l s  met t h e s e  c r i t e r i a .

The m a in  e x t r a n e o u s  v a r i a b l e  w h ich  i t  p r o v e d  i m p o s s i b l e  

t o  c o n t r o l  was n o i s e .  The i n t e r m i t t e n t  sound  o f  p e o p l e  and 

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

t i m e ,  b u t  t h e r e  was n o t h i n g  t h a t  c o u l d  be none a b o u t  t h i s .
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4 .  P r o c e d u r e :

The a n im a l  was p u t  i n  t h e  r e w a rd  box f o r  a few m i n u t e s  

a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t ;  i t  was t h e n  t r a n s f e r r e d  t o  

t h e  f i r s t  c h o i c e  box and p u t  midway b e tw e e n  t h e  d o o r s  a t  

t h e  b a c k  o f  t h e  b o x .  The c h o i c e s  were  r e c o r d e d  as  t h e  

a n im a l  made them ,  and S was a l l o w e d  a b o u t  one m in u te  i n  

t h e  r e w a r d  box a f t e r  i t s  l a s t  c h o i c e .  Any n e c e s s a r y  

a d j u s t m e n t  t o  t h e  a p p a r a t u s  was made d u r i n g  t h i s  t i m e .

S was t h e n  r e t u r n e d  t o  t h e  c h o i c e  box f o r  t h e  second  t r i a l .

F o r  t h e  f i r s t  f i v e  s e r i e s ,  e a c h  an im a l  h a d  t h e  f o u r

t r i a l s  c o n s e c u t i v e l y .  F o r  s e r i e s  VI t o  X I I ,  e a c h  s e r i e s

was b r o k e n  up i n t o  4 b l o c k s ,  so t h a t  a l l  t h e  a n i m a l s  d i d

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

so f o r t h .  The e x p e r i m e n t a l  p r o c e d u r e  was m o d i f i e d  i n  t h i s

way s i n c e  t h e r e  a p p e a r e d  t o  be a t e n d e n c y  f o r  e a c h  S t o  do

b e t t e r  i n  t h e  f i r s t  t r i a l  t h a n  i n  t h e  r e m a i n i n g  t h r e e  when
\

t h e y  w ere  a d m i n i s t e r e d  i n  a b l o c k .  As t h e  e x p e r i m e n t  

p r o g r e s s e d ,  h o w e v e r ,  t h e  h y p o t h e s i s  a p p e a r e d  t o  be  un

j u s t i f i e d ;  s e r i e s  X I I I  t o  XV were t h e r e f o r e  g i v e n  i n  two 

b l o c k s  o f  2 t r i a l s  e a c h ,  and  t h e  r e m a i n i n g  s e r i e s  (XVI t o  

XIX) w ere  a d m i n i s t e r e d  a s  one b l o c k  o f  f o u r  t r i a l s ,  a s  

b e f o r e .

T h re e  t y p e s  o f  l i g h t i n g  w ere  u s e d ,  t o  s e e  w h e t h e r  t h e
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a l t e r a t i o n  o f  t h i s  c o n t r o l l e d  v a r i a b l e  w o u ld  a f f e c t  t h e  

r e s u l t s  t o  any  e x t e n t .  F o r  t h e  f i r s t  e l e v e n  s e r i e s ,  two 

t u n g s t e n  b a r  l i g h t s  were u s e d ;  f o r  t h e  n e x t  f o u r  s e r i e s ,  

one b a r  l i g h t  was u s e d ,  and  f o r  t h e  r e m a i n i n g  f o u r  s e r i e s ,  

i l l u m i n a t i o n  was p r o v i d e d  by t h e  c e n t r a l  room l i g h t .

F o r  t h e  l a s t  f o u r  s e r i e s  o f  t h e  e x p e r i m e n t ,  b u z z e r s  

were added  t o  t h e  e l e c t r i c a l  sy s t e m  o f  t h e  a p p a r a t u s ;  s i n c e  

p r e s s u r e  on  a l o c k e d  d o o r  p r o d u c e d  a  l o u d  n o i s e  f rom  t h e  

a d j a c e n t  s i d e  o f  t h e  c h o i c e  b o x ,  i t  was h o p ed  t h a t  t h i s  

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

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

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

o f  t h e  s e r i e s  were  v a r i e d ,  w h i l e  n e g a t i v e  m o t i v a t i o n  was 

i n c r e a s e d .

S u b j e c t  N h ad  t o  be o m i t t e d  a f t e r  s e r i e s  X I I ,  b e c a u s e  

o f  i l l n e s s .

5 .  R e s u l t s :

T hese  a r e  g i v e n  i n  T a b le  3 .  They  may be  sum m arised  

by  s a y i n g  t h a t  : -

1 ) The a n i m a l s  showed l i t t l e  e v i d e n c e ,  by  o b j e c t i v e

c r i t e r i a ,  o f  h a v i n g  le a rn t*  a n y t h i n g .

2 ) N e i t h e r  l i g h t  c o n d i t i o n s  n o r  t h e  a d d i t i o n  o f  n e g a t i v e

r e i n f o r c e m e n t  a p p e a r e d  t o  h ave  any  a p p r e c i a b l e

e f f e c t  o n  t h e  r e s u l t s .
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TABLE 3 .

T o t a l  number o f  c o r r e c t  c h o i c e s  f o r  e a c h  o f  s i x  
a n i m a l s  d u r i n g  n i n e t e e n  s e r i e s  o f  t w e n t y  c h o i c e s

e a c h .

C o n d i t i o n s . S e r i e s •

0 M
A nim als  

RS N LS T
Mean 
S c o r e .

Two b a r 1 10 9 10 8 10 9 9 . 3
L i g h t s

2 10 8 10 12 13 6 9 . 8

3 9 11 9 8 12 8 9 . 5

4 10 11 12 11 11 10 1 0 . 7

5 9 11 10 8 8 10 9 . 3

6 10 11 13 12 11 5 1 0 . 3

7 7 9 7 9 8 6 7 . 7

8 9 9 9 9 6 15 9 .1

9 12 14 17 11 13 10 1 2 .7

10 10 14 11 9 12 12 1 1 . 3

11 11 9 9 11 8 11 9 . 8

One b a r 12 13 11 4 11 6 8 8 .8
L i g h t

13 13 10 10 - 8 13 1 0 .8

14 9 5 8 - 11 7 8

15 14 9 9 - 10 10 1 0 .4

One room 16 13 11 9 11 10 1 0 .4
L i g h t
Bvz.%.&Trs 17 12 12 11 - 12 17 1 2 .8

' 18 8 7 10 - 11 9 9

19 8 14 11 - 14 10 1 1 .6
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6 . D i s c u s s i o n .

I t  c a n  be s e e n  f rom  t h e  r e s u l t s  t h a t  t h e r e  i s  no 

m arked  im provem ent  t h r o u g h o u t  t h e  e x p e r i m e n t .  The r e s u l t s  

r e m a in  o n  o r  a b o u t  t h e  ch an ce  l e v e l  a l l  t h e  t i m e ,  and  t h e r e  

i s  no s i g n  o f  a l e a r n i n g  c u rv e  o c c u r r i n g  f o r  t h e  g ro u p  a s  

a whole  o r  f o r  an y  one i n d i v i d u a l  a n i m a l ,  d e s p i t e  t h e  f a c t  

t h a t  f i v e  a n i m a l s  made 380 c h o i c e s  e a c h .

T h u s ,  r e d u c t i o n  i n  h a n d l i n g ,  v a r i a t i o n  i n  i l l u m i n a t i o n  

and an  i n c r e a s e  i n  n e g a t i v e  m o t i v a t i o n  do n o t  a p p e a r  t o  be 

t h e  a n s w e r .  Y e t ,  o b s e r v a t i o n  i n d i c a t e d  t h a t  t h e  a n i m a l s  

were  aw are  o f  t h e  d i f f e r e n c e  b e tw e e n  t h e  two sy m b o ls ,  a n d ,  

o n  two o c c a s i o n s ,  t h e  s c o r e  o f  17 o u t  o f  20  c o r r e c t  c h o i c e s  

( s i g n i f i c a n t  a t  t h e  .05  l e v e l )  was a c h i e v e d .  The c h i e f  

p ro b le m  s t i l l  r e m a in e d :  what  was t h e  b e s t  m ethod  f o r

o b t a i n i n g  a more c o n s i s t e n t  m easu re  o f  b e h a v i o u r ?  Or was 

t h e r e  some unknown e x t e r n a l  v a r i a b l e  r e s p o n s i b l e  f o r  

b e h a v i o u r a l  v a r i a t i o n s ,  and i f  s o ,  what was i t ?  I t  seemed 

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

t e c h n i q u e  was t h e  a n s w e r ,  and  t h e  i n v e s t i g a t i o n  was 

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

I t  s h o u ld  be n o t e d  h e r e  t h a t  t h e  use  o f  s m a l l  l i g h t s  

a s  a means o f  r e c o r d i n g  e r r o r s  was n o t  fo u n d  t o  be v e r y  

s a t i s f a c t o r y ;  t h e  e l e c t r i c a l  c i r c u i t s  w ere  no t  v e r y  

s e n s i t i v e ,  and a g e n t l e  p u s h  on  t h e  p a r t  o f  t h e  a n im a l  was
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no t  enough  t o  make a h a r d  c o n t a c t  b e tw e e n  t h e  d o o r  and  

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

a g e n t l e  push  was enough  t o  t e l l  t h e  h a m s t e r  t h a t  i;he d o o r  

was l o c k e d .  I n  f u t u r e ,  t h e r e f o r e ,  s t r a i g h t  o b s e r v a t i o n  by  

t h e  e x p e r i m e n t e r  seemed t o  be more r e l i a b l e .

C. C o n t r o l l e d  D e la y  an d 'R e w a rd  
T im e s .  (One u n i t  t w o - c h o i c e  

a p p a r a t u s )

S in c e  t h e  amount o f  h a n d l i n g  and  o f  n e g a t i v e  m o t i v a t i o n  

were  n o t  r e s p o n s i b l e  f o r  t h e  p o o r  r e s u l t s ,  i t  seemed 

p o s s i b l e  t h a t  t h e  p o s i t i v e  m o t i v a t i o n ,  i n  t h e  form  o f  

e x p l o r a t o r y  d r i v e ,  was n o t  b e i n g  u t i l i s e d  t o  i t s  f u l l e s t  

e x t e n t . A f i x e d  r e w a r d  t im e  was t h e r e f o r e  em ployed ;  a l s o ,  

a f i x e d  d e l a y  t i m e  was i n c o r p o r a t e d ,  i n  t h e  hope t h a t  t h i s  

w ould  i n c r e a s e  t h e  m o t i v a t i o n  t o  l e a v e  t h e  a p p a r a t u s .  I n  

o r d e r  t o  t r y  and  o b t a i n  some s o r t  o f  i n f o r m a t i v e  r e s u l t ,  a 

p l a i n  b l a c k / w h i t e  d i s c r i m i n a t i o n  p ro b le m  was u s e d ,  s i n c e  

i t  was h oped  t h a t  t h i s ,  a t  any r a t e ,  would be  w i t h i n  t h e  

h a m s t e r ' s  c a p a c i t y ,  e v e n  i f  t h e  t r i a n g l e  v e r s u s  c i r c l e  

p ro b le m  was n o t .  Assuming t h a t  t h e  a n im a l  c o u l d  l e a r n  t h i s  

s i m p l e r  t a s k ,  t h e r e  would be some s o r t  o f  b a s e  l i n e  f o r  

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

p r o b l e m s .  I t  h a d  a l s o  b e e n  s u g g e s t e d  t h a t  t h e  a n i m a l s  w ere  

b e i n g  g i v e n  t o o  many t r i a l s  p e r  d a y ,  and t h a t  t h i s  was 

c o n t r i b u t i n g  t o  t h e  a g i t a t i o n  l e v e l ;  i t  was t h e r e f o r e



1 1 2 .

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

d a y ,  and  s e e  w h e t h e r  t h i s  had  any e f f e c t .

A r e d u c t i o n  o f  h a n d l i n g  was i n c l u d e d ,  s i n c e  i t  was 

e a s y  t o  i n c o r p o r a t e  t h i s  w i t h o u t  a l t e r i n g  t h e  e x p e r i m e n t  

i n  any  way; i f  t h i s  d i d ,  i n  f a c t ,  d e c r e a s e  t h e  l e v e l  o f  

a g i t a t i o n ,  i f  o n l y  i n  a s m a l l  d e g r e e ,  i t  seemed w o r t h  

i n c l u d i n g  i t .

1 .  D e s ig n  o f  E x p e r i m e n t .

One m ale  g o l d e n  h a m s t e r ,  aged  s i x  m o n th s ,  was u s e d  

i n  t h i s  e x p e r i m e n t  ( f o r  d e t a i l s ,  s e e  A ppend ix  6  ) .  The 

a p p a r a t u s  was l i k e  t h a t  u se d  i n  t h e  p i l o t  s t u d y ,  i n  o t h e r  

w o rd s ,  a t w o - c h o i c e  s i n g l e  u n i t  o p e n i n g  i n t o  a r e w a rd  box ,  

b u t  w i t h  two a l t e r a t i o n s :

i )  A s m a l l  a p e r t u r e  (3" d e e p ,  2" w ide )  was c u t  i n  t h e  

b ac k  o f  t h e  c h o i c e  box ;  t h i s  o p e n e d  i n t o  a m oveab le  d e l a y  

box ( 6 " l o n g ,  4" d e e p ,  4" w i d e ) ,  whose o p e n  f r o n t  c o u l d  be 

c l o s e d  by a h a r d b o a r d  o r  p e r s p e x  s h e e t  s l i d i n g  i n  v e r t i c a l  

g r o o v e s ;  p e r s p e x  was u s e d  f o r  t h e  l a s t  24 s e r i e s  o f  t h e  

m a in  e x p e r i m e n t .

i i )  A c h o i c e  b o a r d ,  4" d e e p ,  was i n s e r t e d  b e tw e e n  t h e  

two a o o r s .

An a n g l e p o i s e  l i g h t  ( 6 0  w a t t  240 v o l t  b u lb )  was 

s u s p e n d e d  c e n t r a l l y  above  t h e  c h o i c e  box ,  18" f rom t h e  

c h o i c e  box f l o o r .

The s t i m u l i  c o n s i s t e d  o f  one p l a i n  w h i t e  and  one
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p l a i n  b l a c k  s l i d e ;  t h e  w h i te  s l i d e  was p o s i t i v e .  Bo th  

s t i m u l i  w ere  m ounted  b e tw een  g l a s s ;  h o w e v e r ,  f o r  t h e  l a s t  

f o u r  s e r i e s ,  t h e  g l a s s  was rem oved ,  and  t h e y  w ere  p r e s e n t e d  

a s  m a t t  s u r f a c e s ;  i t  was t h o u g h t  t h a t  r e f l e c t i o n  f rom  t h e  

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

The a n im a l  was o n l y  h a n d l e d  d i r e c t l y  a t  t h e  b e g i n n i n g  

and end  o f  e a c h  s e r i e s ;  a t  o t h e r  t i m e s ,  i t  was c o ax ed  i n t o  

t h e  d e l a y  box a t  t h e  end  o f  e a c h  r e w a rd  p e r i o d .  The d e l a y  

t im e  b e f o r e  a c h o i c e  was f i x e d  a t  30 s e c o n d s ,  t h e  a n im a l  

b e i n g  k e p t  i n  t h e  d e l a y  box f o r  t h a t  t i m e . Reward t im e  

a f t e r  a c h o i c e  was f i x e d  a t  2 i  m i n u t e s ,  w h i l e  t h e  t im e  

t a k e n  by S t o  make a c h o i c e  was m e a s u re d  f rom t h e  t im e  i t  

l e f t  t h e  d e l a y  b o x .  E ac h  s e r i e s  i n  t h i s  e x p e r i m e n t  

c o n s i s t e d  o f  f i v e  t r i a l s  and  one s e r i e s  was g i v e n  p e r  d a y .

2 . P r o c e d u r e .

The a n im a l  was g i v e n  c o n s i d e r a b l e  p r e t r a i n i n g  i n  

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

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

t h i s  w ou ld  i n c r e a s e  t h e  s p e e d  o f  d i s c r i m i n a t i o n  l e a r n i n g .  

D u r in g  p r e l i m i n a r y  t r a i n i n g ,  c o r r e c t  c h o i c e s  o n l y  w ere  

a l l o w e d ;  t h e  a l l e y  t o  t h e  n e g a t i v e  d o o r  was b l o c k e d  o f f  

by a s h e e t  o f  h a r d b o a r d  f o r  t h e  f i r s t  2  s e r i e s .  T h i s  h a r d 

b o a r d  was r e p l a c e d  by p e r s p e x  f o r  a f u r t h e r  4 s e r i e s ;  t h e  

n e g a t i v e  symbol c o u l d  t h e r e f o r e  be s e e n  b u t  no t  a p p r o a c h e d .
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D u rin g  t h e s e  4 s e r i e s ,  t h e  p e r s p e x  s h e e t  was g r a d u a l l y  

moved n e a r e r  t h e  n e g a t i v e  d o o r  u n t i l  i t  was j u s t  i n  f r o n t  

o f  i t ;  i t  was t h e n  removed a l t o g e t h e r .

The 28 s e r i e s  o f  t h e  e x p e r i m e n t  p r o p e r  were  c o n d u c t e d  

w i t h  b o t h  d o o r s  a c c e s s i b l e  b u t  w i t h  t h e  n e g a t i v e  d o o r  l o c k e d

3 .  R e s u l t s .

The r e s u l t s  o f  t h e  i n d i v i d u a l  s e r i e s  a r e  g i v e n  i n  t h e  

g r a p h  (page  1 1 6 ) ,  b u t  may be sum m arised  by s a y i n g  t h a t  t h e  

a n i m a l  gave  no e v i d e n c e  o f  h a v i n g  l e a r n t  t h e  d i s c r i m i n a t i o n .

4 .  D i s c u s s i o n .

E x a m i n a t i o n  o f  t h e  r e s u l t s  shows a s l i g h t  improvem ent 

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

t h e  cha n ce  l e v e l ,  e x c e p t  f o r  t h e  e x c e p t i o n a l  s / s  r e s u l t  i n  

S e r i e s  2 3 .  L a t e r  r e s u l t s  a i d  n o t  s u p p o r t  t h i s  f l u k e ,  

h o w e v e r ,  and  so t h e  e x p e r i m e n t  was t e r m i n a t e d .  The l e n g t h  

o f  t i m e  s p e n t  i n  t r a i n i n g  t h e  a n im a l  was becom ing  o u t  o f  

p r o p o r t i o n  t o  t h e  i n f o r m a t i o n  r e c e i v e d .

Once a g a i n ,  t h e  f i x e d  r e w a rd  t i m e ,  t h e  e n f o r c e d  d e l a y  

t i m e ,  t o g e t h e r  w i t h  t h e  r e d u c t i o n  i n  b o t h  h a n d l i n g  and  t h e  

number o f  t r i a l s  p e r  day  have  no t  p r o v i d e d  t h e  a n s w e r ;  t h e  

a n im a l  som e t im es  gave  t h e  i m p r e s s i o n  o f  r e c o g n i s i n g  t h e  

sym bols  and  a t  o t h e r  t i m e s  d i d  n o t .  The s o - c a l l e d  " d e l a y "  

t im e  was o f t e n  u se d  f o r  s c r a b b l i n g  i n  t h e  d e l a y  b o x ,  o r  f o r  

d i s p l a c e m e n t  w a s h i n g ;  a t  t i m e s ,  t h e  a n im a l  m e r e l y  f r o z e
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i n  t h e  c o r n e r ,  and  t o o k  no n o t i c e  o f  t h e  a p e r t u r e ,  e v e n  

when t h e  s l i d e  was rem o v e d .  I t  seemed t h e r e f o r e  t h a t  t h i s  

f o r c e d  d e l a y  was more d e s t r u c t i v e  t h a n  c o n s t r u c t i v e ,  i n  

t h a t  i t  h e i g h t e n e d  t h e  l e v e l  o f  a g i t a t i o n ,  and t h u s  p o s s i b l y  

o f f s e t  any  b e n e f i t  r e c e i v e d  f rom  f i x e d  r e w a r d  t i m e ,  and  

r e d u c t i o n  i n  t r i a l s  and  h a n d l i n g  -  i n  w h ich  c a s e ,  -che 

b e n e f i t  g a i n e d  f ro m  t h e s e  t h r e e  m o d i f i c a t i o n s  was p r o b a b l y  

s l i g h t .

I t  was f e l t  t h a t ,  i n  140  t r i a l s ,  t h e  h a m s t e r  s h o u l d  

h av e  l e a r n e d  t o  d i s t i n g u i s h  b e tw e e n  b l a c k  and w h i t e ,  i f  i t  

was c a p a b l e  o f  l e a r n i n g  any  d i s c r i m i n a t i o n  -  f o r m e r  

o b s e r v a t i o n s  i n d i c a t e d  t h a t  i t  w a s .  T h e r e f o r e , i t  seemed 

l i k e l y  t h a t  t h e r e  was s o m e th in g  more b a s i c a l l y  wrong w i t h  

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

t h i s  e x p e r i m e n t .  The m a in  p o s s i b i l i t y  was t h a t  t h e  a n i m a l  

fo u n d  i t  t o o  e a s y  t o  make a m i s t a k e  and t h e n  t o  c o r r e c t  i t  

w i t h i n  a v e r y  s h o r t  s p a c e  o f  t im e  by  g o i n g  s t r a i g h t  t o  t h e  

c o r r e c t  d o o r ;  i t  was t h e r e f o r e  n o t  w o r t h  i t s  w h i l e ,  t o  p u t  

i t  a n t h r o p o m o r p h i c a l l y ,  t o  l e a r n  t h e  p ro b le m ,  s i n c e  i t  was 

a b l e  t o  g e t  o u t  o f  t h e  c h o i c e  box w i t h  t h e  minimum o f  

d i f f i c u l t y ,  w h i c h e v e r  d o o r  i t  t r i e d .  The a n s w e r  t o  t h i s  

m ig h t  have  seemed t o  be t o  make t h e  n e g a t i v e  d o o r  more un 

p l e a s a n t ,  b u t  t h e  e x p e r i m e n t  i n  w h ich  b u z z e r s  were  u se d  ( s e e  

page  io\^ d i d  n o t  make t h i s  s o l u t i o n  seem v e r y  p r o m i s i n g .
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I t  a p p e a r e d  t h a t  a n  Im p asse  had  b e e n  r e a c h e d *  C o n c l u s i v e  

e v i d e n c e  was s t i l l  need ed  t o  show t h a t  t h e  a n i m a l s  were  

c a p a b le  o f  l e a r n i n g  a  d i s c r i m i n a t i o n  t a s k  w i t h  any d e g r e e  o f  

a c c u ra c y *

1
D. New Type o f  A p p a r a t u s .

( C i r c u l a r ;

H av ing  a t t e m p t e d  s e v e r à  m o d i f i c a t i o n s  o f  b o t h  a p p a r a t u s  

and m e th o d ,  i t  was d e c i d e d  t o  b r e a k  away from  t h e  t r a d i t i o n a l  

t y p e  o f  a p p a r a t u s  a l t o g e t h e r .  The e x p e r i m e n t  d e s c r i b e d  be low  

i n c o r p o r a t e d  a s im p le  l e a r n i n g  d e v i c e ,  w h ich  i s  c h i e f l y  

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

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

p ro b le m ;  t h e r e  a r e  t h e r e f o r e  no i r r e l e v a n t  d i s t r a c t i n g  f e a t u r e s .

1 .  A p p a r a t u s . ^ ,

The d e s i g n  o f  t h e  a p p a r a t u s  i s  shown i n  pUfe g The 

whole o f  t h e  a p p a r a t u s  c o u l d  be r o t a t e d  o n  a c e n t r a l  p i v o t  

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

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

changed  f o r  e a c h  t r i a l .

C y l i n d e r s  A and B a c t e d  a s  " d i s c r i m i n a t i o n  a r e a s " ;  A was 

l i n e d  w i t h  one s t i m u l u s ,  and  B w i t h  t h e  o t h e r ,  f o r  e x a m p le ,  

b l a c k  and w h i t e .  The p e r s p e x  c y l i n d e r  i n  t h e  c e n t r a l  c h o i c e

1 T h i s  e x p e r i m e n t  was d e s i g n e d  and p e r f o r m e d  by 
D r.  Monica L a w l o r .
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cham ber  was m o v e a b le ;  when rem oved,  i t  gave  a c c e s s  t o  

b o t h  A and B.

2 . D e s ig n  o f  E x p e r i m e n t .

Two m ale  g o ld e n  h a m s t e r s ,  0J5I and  BA, ag e d  e i g h t  m o n th s ,  

were  u se d  f o r  t h i s  e x p e r i m e n t ;  BA h a d  b e e n  u se d  i n  t h e  

p r e v i o u s  t w o - c h o i c e  e x p e r i m e n t .  (F o r  d e t a i l s  o f  t h e s e  

a n i m a l s ,  s e e  A ppend ix  6  ) •

The p o s i t i o n s  o f  t h e  a p p a r a t u s  were  r a n d o m is e d  o v e r  

t h e  f o l l o w i n g  p o s i t i o n s :
h

6 C

E

Thus f o r  any  g i v e n  l e t t e r ,  t h e  p o s i t i v e  s t i m u l u s  would  be 

p l a c e d  i n  t h a t  p o s i t i o n .  The p o s i t i v e  and  n e g a t i v e  s t i m u l i  

were  ch an g ed  b e tw e e n  c y l i n d e r s  a b o u t  e v e r y  f o u r t h  t r i a l ,  t h a t  

i s ,  once  i n  e a c h  s e r i e s .

The s t i m u l i  u s e d  were w h i t e  ( p o s i t i v e )  and b l a c k  

( n e g a t i v e ) .  The a n im a l  was a lw a y s  p l a c e d  i n  t h e  c e n t r e  o f  

t h e  c h o i c e  c y l i n d e r  a t  t h e  b e g i n n i n g  o f  e a c h  t r i a l .

O l f a c t o r y  a n d  t a c t i l e  c u e s  were  e l i m i n a t e d  by  t h e  p e r s p e x  

c y l i n d e r ,  a s  i t s  p o s i t i o n  c o u l d  be a l t e r e d ,  and  i t  c o u l d  

be w ip e d .



11 9 .

E a c h  s e r i e s  c o n s i s t e d  o f  f i v e  t r i a l s ,  one s e r i e s  

b e i n g  g i v e n  p e r  d a y .

3 .  P r o c e d u r e .

S i n c e  two d i f f e r e n t  p r o c e d u r e s  were  u s e d ,  t h e s e  w i l l  

be d e s c r i b e d  s e p a r a t e l y .

a )  Animal OA:

The e x p e r i m e n t  was d i v i d e d  i n t o  two p a r t s :  i n  s e r i e s

I  t o  V (25 t r i a l s )  t h e  a n im a l  was a l l o w e d  t e n  s e c o n d s  i n  t h e  

c e n t r a l  p e r s p e x  a r e a ;  i t  was t h e n  r e l e a s e d  i n t o  w h ic h e v e r  

s i d e  i t  c h o s e .  I f  t h e  n e g a t i v e  ( b l a c k )  s i d e  was c h o s e n ,  i t  

was l e f t  i n  t h e  b l a c k  a r e a  f o r  60 s e c o n d s ;  i f  t h e  p o s i t i v e  

( w h i t e )  s i d e  was c h o s e n ,  i t  was r e l e a s e d  f rom t h i s  a?ea i n t o  

a n  o p e n  r e w a r d  a r e a ,  by e n c o u r a g i n g  i t  t o  c l im b  up E ’ s s l e e v e

D u r in g  t h e  s e c o n d  p a r t  o f  t h e  e x p e r i m e n t ,  nam ely  s e r i e s  

VI t o  X I I I  (32 t r i a l s ) ,  t h e  a n im a l  was r e l e a s e d  f rom  t h e  

p e r s p e x  c y l i n d e r  o n l y  when i t  t o u c h e d  t h e  s i d e  n e a r e s t  t h e  

p o s i t i v e  a r e a .  A c o r r e c t  c h o i c e  was r e c o r d e d  o n l y  i f  i t  

t o u c h e d  t h e  p o s i t i v e  s i d e  f i r s t .  Thus i t  c o u l d  no t  g e t  i n t o  

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

b) Animal BA:

The t e c h n i q u e  u se d  f o r  OA d u r i n g  t h e  s e co n d  p a r t  o f  t h e  

e x p e r i m e n t  was a l s o  a p p l i e d  t o  t h i s  a n i m a l ,  b u t  was u s e d  f o r  

9 s e r i e s  (42 t r i a l s ) .
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4 .  R e s u l t s .

The ft^vy-e^^^ifCsee p p s . 121 and 122) show t h a t  OA 

a c h i e v e d  a u i s c r i m i n a t i o n  s c o r e  o f  8 0 ^  a f t e r  3 5  t r i a l s .

The m ark ed  d r o p  o n  s e r i e s  XI o c c u r r e d  a f t e r  a l e n g t h y  b r e a k  

i n  t r a i n i n g .

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

s c o r e  o f  1 0 0 % c o r r e c t  a f t e r  27 t r i a l s ;  i t  made 16 c o r r e c t  

c h o i c e s  d u r i n g  t h e  l a s t  17 t r i a l s .

5 .  D i s c u s s i o n .

The r e s u l t s  o f  t h i s  e x p e r i m e n t  were  v a l u a b l e  i n  t h a t  

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

a s im p le  d i s c r i m i n a t i o n  v e r y  r a p i d l y .  T h i s  i s  p a r t i c u l a r l y  

i m p o r t a n t  i n  v iew  o f  t h e  f a c t  t h a t ,  i n  t h e  p r e c e d i n g  

e x p e r i m e n t .  Animal BA h a d  e x h i b i t e d  no e v i d e n c e  o f  l e a r n i n g  

o f  t h e  same b l a c k / w h i t e  d i s c r i m i n a t i o n  e v e n  a f t e r  150 t r i a l s .  

However,  t h i s  same a n im a l  showed s a t i s f a c t o r y  b r i g h t n e s s  

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

seems l i k e l y  t h a t  some l e a r n i n g  had  t a k e n  p l a c e  i n  t h e  

p r e v i o u s  e x p e r i m e n t .

The f o l l o w i n g  p o i n t s  a r i s e  o u t  o f  t h i s :  f i r s t l y ,

a l t h o u g h  l e a r n i n g  may t a k e  p l a c e  i n  t h e  tw o - d o o r  a p p a r a t u s ,  

t h i s  a p p a r a t u s  i s  n o t  d e s i g n e d  t o  show t h e  f u l l  e x t e n t  o f  

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

t o  f o c u s  t h e  an im a l^  s a t t e n t i o n  on  t h e  e s s e n t i a l  p ro b le m ;
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and t h e  f o r m a t i o n  o f  p o s i t i o n  h a b i t s  and  e x p e c t a t i o n s  

i s  a l m o s t  i m p o s s i b l e .  F i n a l l y  i t  made i t  q u i t e  c l e a r  

t h a t  t h e  r e w a rd  was a d e q u a t e .  The c i r c u l a r  a p p a r a t u s  i s  

r e s t r i c t e d  by  i t s  v e r y  n a t u r e  t o  b r i g h t n e s s  d i s c r i m i n a t i o n  

and  c e r t a i n  fo rm  d i s c r i m i n a t i o n s ,  f o r  exam ple  h o r i z o n t a l  

and  v e r t i c a l  s t r i p e s .  However,  i t  was u s e f u l  i n  e l u c i d a t i n g  

t h e  p o i n t s  o f  w e a k n e ss  i n  t h e  p r e v i o u s  e x p e r i m e n t a l  d e s i g n s .  

I t  now re m a in e d  t o  d e v i s e  a n  a p p a r a t u s  w h ich  r e d u c e d  t h e  

p o s s i b i l i t y  o f  p o s i t i o n  h a b i t s  and e x p e c t a n c i e s ,  and was 

more e f f e c t i v e  i n  f o c u s s i n g  t h e  a n i m a l ’s a t t e n t i o n  o n  t h e  

d i s c r i m i n a t i o n  t a s k .  M o t i v a t i o n  b a s e d  o n  e x p l o r a t o r y  

d r i v e  c o u l d  be  t a k e n  t o  be  a d e q u a t e .
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V II  FORM DISCRIMINATION AND GENERALISATION 
(SERIAL MULTIPLE VISUAL DISCRIMINATION

APPARATUS)

A, I n t r o d u c t i o n .

The r e s u l t s  o f  t h e  l a s t  e x p e r i m e n t  q u o te d  i n  S e c t i o n  VI 

e s t a b l i s h e d  t h a t  a s im p le  d i s c r i m i n a t i o n  c a n  be l e a r n t . 

However,  f o r  t h e  more com plex t y p e  o f  d i s c r i m i n a t i o n ,  t h i s  

a p p a r a t u s  i s  o b v i o u s l y  n o t  s u i t a b l e .  The o t h e r  e x p e r i m e n t s  

d i d  n o t  p ro d u c e  r e s u l t s  t h a t  were  s t a t i s t i c a l l y  a c c e p t a b l e ,  

e i t h e r  w i t h  s im p le  b l a c k / w h i t e  d i s c r i m i n a t i o n ,  o r  w i th  

more com plex  t r i a n g l e / c i r c l e  d i s c r i m i n a t i o n .  V a r io u s  

a s p e c t s  o f  t e c h n i q u e  o r  m ethod  w ere  m o d i f i e d  d u r i n g  t h e  

e x p e r i m e n t s ,  b u t  none o f  t h e s e  r e l a t i v e l y  m in o r  m o d i f i c a t i o n s  

p r o v e d  t o  be u s e f u l .  The a p p a r a t u s e s  h i t h e r t o  u sed  were  

e v i d e n t l y  n o t  d e s i g n e d  t o  show t h e  f u l l  e x t e n t  o f  l e a r n i n g  

w h ich  h ad  t a k e n  p l a c e .

The a n s w e r  t o  t h e s e  p ro b le m s  seemed t o  l i e  i n  f o c u s i n g  

t h e  a n i m a l ’ s a t t e n t i o n  more c l o s e l y  on  t h e  d i s c r i m i n a t i o n  

t a s k .  I t  was t h e n  fo u n d  t h a t  F i e l d s  (1953)  h a d  a d a p t e d  

L a s h l e y ’ s t e c h n i q u e  t o  g i v e  a m u l t i - d o o r ,  m u l t i - p a n e l  

jum ping  a p p a r a t u s  f o r  r a t s ,  w h ic h ,  he  c la im ed ^  gave  b e t t e r  

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

s i n g l e  tw o -  o r  t h r e e -  c h o i c e  u n i t ,  he u s e d  a f i v e - c h o i c e ,  

f i v e - u n i t  a p p a r a t u s ,  m a i n t a i n i n g  t h a t  i t  was more r e l i a b l e .
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and t h a t  i t  was c o n s i d e r a b l y  q u i c k e r  t o  u s e .  (See S e c t i o n  

I I )  .

The f o l l o w i n g  e x p e r i m e n t s  were  t t ^ e f o r e  b a s e d  o n  

F i e l d s ’ t e c h n i q u e  w h ic h ,  when a d a p t e d  t o  h a m s t e r s  r a t h e r  

t h a n  t o  r a t s ,  seemed a l o g i c a l  a n s w e r  t o  t h e  p ro b le m s  t h a t  

h a d  a r i s e n  a u r i n g  t h i s  s t u d y ,  nam ely :  a d i r e c t i o n  o f  t h e

a n i m a l ’ s a t t e n t i o n  t o  t h e  p r o b le m ,  and t h e  g r e a t l y  i n c r e a s e d  

s t a t i s t i c a l  s e n s i t i v i t y  and  r e l i a b i l i t y .

S i n c e  t h i s  e x p e r i m e n t  was p e r f o r m e d  t w i c e ,  w i t h  two 

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

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

a r e  a i s c u s s e d  i n  S e c t i o n  V I I I ,

B , S e r i a l  M u l t i p l e  V i s u a l  D i s c r i m 
i n a t i o n  A p p a r a t u s  I .

T h i s  f i r s t  e x p e r i m e n t  was c a r r i e d  o u t  l a r g e l y  i n  

o r d e r  t o  t e s t  t h e  s u i t a b i l i t y  o f  t h e  a p p a r a t u s  f o r  t h e  

p ro b le m  i n  h a n d .

1 .  A p p a r a t u s :

The c h o i c e  box o p en e d  i n t o  t h e  r e w a r d  box a s  b e f o r e ,  

b u t  o t h e r w i s e  t h i s  a p p a r a t u s  d i f f e r e d  i n  d e s i g n  f rom  t h o s e  

d e s c r i b e d  i n  S e c t i o n  V I .  I t  was c o n s i d e r a b l y  l a r g e r ,  and 

ea c h  o f  t h e  f i v e  p a n e l s  c o n t a i n e d  f i v e  d o o r s ,  m ak ing  25 

d o o r s  i n  a l l .  The r e w a r d  bo x ,  a s  b e f o r e ,  c o n t a i n e d  saw d u s t
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and " toys**.  (F o r  d ia g ra m  o f  a p p a r a t u s ,  s e e  A p pend ix  F ) •

The c h o i c e  box was i l l u m i n a t e d  by  d a y l i g h t ,  a n d ,  

f a i l i n g  t h a t ,  by  a r t i f i c i a l  o v e r h e a d  l i g h t s .  The whole  

a p p a r a t u s  r e s t e d  o n  t h e  f l o o r  o f  t h e  l a b o r a t o r y  a t  t h e  

b e g i n n i n g  o f  t h e  e x p e r i m e n t ,  b u t  was r a i s e d  o n  a 3 f o o t  

d e x i o n  s t a n d  l a t e r ,  t o  make i t  e a s i e r  f o r  t h e  e x p e r i m e n t e r  

t o  r e a c h  t h e  d o o r s .  T hese  d o o r s  c o u l d  be o p en ed  f rom  t h e  

a p p r o a c h  e n d ;  e a c h  d o o r  was s l u n g  by  two f i l i n g  r i n g s ,  

and  was p r e v e n t e d  f rom o p e n i n g  t h e  wrong  way by  a b a t o n  

o f  wood s t u c k  a c r o s s  t h e  b a c k ;  a l l  t h e  a o o r s  c o u l d  be 

l o c k e d  when n e c e s s a r y  by  f a s t e n i n g  down t h e s e  b a t o n s  w i t h  

b u t t e r f l y  c a t c h e s .  I t  was t h e r e f o r e  i m p o s s i b l e  t o  t e l l  

w h ich  d o o r  was u n lo c k e d  f ro m  t h e  a p p r o a c h  s i d e .

T h re e  t y p e s  o f  s t i m u l i  w ere  u s e d ,  t r i a n g l e s ,  c i r c l e s  

and b l a n k s .  The t r i a n g l e s  w ere  e q u i l a t e r a l ,  and i n  t h r e e  

s i z e s ,  2 . 0 ,  1 , 5  and  1 . 0  cm s . ;  t h e r e  w ere  f i v e  s i z e s  o f  

c i r c l e s ,  r a n g i n g  f rom  2 . 0  cm s.  t o  0 . 2 5  cms.  i n  d i a m e t e r ;  

o f  t h e  two b l a n k s ,  one was b row n ( n a t u r a l  h a r d b o a r d ) ,  and 

t h e  o t h e r  m a t t  b l a c k .  Of t h e  t e n  s t i m u l i  t h u s  o b t a i n e d ,  

t h e  t r i a n g l e s  w ere  d u p l i c a t e d  f i v e  t i m e s  e a c h ,  (one symbol 

f o r  e a c h  p a n e l ) ,  w h i l e  t h e  c i r c l e s  and b l a n k s  were  e a c h  

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

E a c h  symbol was d u p l i c a t e d  by  a c o m m erc ia l  p h o t o 

s t a t i c  p r o c e s s ;  t h e  sym bols  were  t h e n  s t u c k  d i r e c t l y
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o n to  t h e  d o o r s ,  e a c h  f i g u r e  b e i n g  c e n t r a l l y  p l a c e d  and  

one c e n t i m e t r e  f ro m  t h e  d o o r  b a s e .  I t  was f e l t  t h a t  m a t t  

s u r f a c e s  w ere  p r e f e r a b l e  t o  g l a s s  s u r f a c e s ,  so t h a t  any  

r i s k  o f  c o n f u s i n g  r e f l e c t i o n s  was o b v i a t e d .  T h e r e f o r e ,  

s p a r e s  w ere  made o f  a l l  t h e  sy m b o ls ,  so t h a t ,  i n  t h e  e v e n t  

o f  any  b e i n g  chewed, t o r n  o r  d e f a c e d  i n  some way, t h e y  

c o u l d  be r e p l a c e d .  F o r  c o p i e s  o f  t h e  sym bols  u sed  i n  t h i s  

e x p e r i m e n t  and t h e  n e x t  s e e  A ppendix  G- .

2 .  Desipin o f  E x p e r i m e n t .

One s e r i e s  was g i v e n  a d a y .  E ac h  s e r i e s  c o n s i s t e d  

o f  4 o r  2 t r i a l s ,  t h u s  g i v i n g  20  o r  10 c h o i c e s  r e s p e c t i v e l y  

(a t r i a l  b e i n g  one r u n  t h r o u g h  t h e  f i v e - p a n e l  a p p a r a t u s ) ;

2  t r i a l s  w ere  g i v e n  l e s s  o f t e n ,  i n  c i r c u m s t a n c e s  w here  t h e  

e x p e r i m e n t e r ’ s t im e  was s h o r t ,  o r  t h e  a n i m a l s  were t o o  

a g i t a t e d  t o  make i t  w o r t h  c o n t i n u i n g .

The f i r s t  two s e r i e s  h ad  brown n e g a t i v e  d o o r s ;  i n  t h e  

f o l l o w i n g  t .w o  > s e r i e s ,  t h e  n e g a t i v e  d o o r s  were  m a t t  b l a c k .  

I n  t h e  s u c c e e d i n g  t h r e e  s e r i e s ,  h o w e v e r ,  2 . 0  cms. w h i t e  

c i r c l e s  i n  b l a c k  b a c k g ro u n d s  were  i n t r o d u c e d  i n  e v e r y  o t h e r  

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

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

I n  t h e  n e x t e i ^ h t  s e r i e s ,  a l l  t h e  n e g a t i v e  s t i m u l i  were 

2 . 0  cm s.  w h i t e  c i r c l e s .  I n  t h e  l a s t  e i g h t  s e r i e s ,  t h e
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s i z e s  o f  b o t h  p o s i t i v e  and n e g a t i v e  s t i m u l i  w ere  v a r i e d ,  

r a n g i n g  f rom  2 . 0  cm s.  t o  0 .2 5  cms. f o r  t h e  c i r c l e s ,  and 

from 2 . 0  cm s.  t o  1 . 0  cm. f o r  t h e  t r i a n g l e .  T hese  v a r i a t i o n s  

som et im es  t o o k  p l a c e  w i t h i n  t h e  s e r i e s ,  and  som e t im es  

b e tw e e n  t h e  s e r i e s ,  so t h a t  a l l  t h e  s i z e s  o f  t r i a n g l e  w ere  

p l a y e d  a g a i n s t  a l l  t h e  s i z e s  o f  c i r c l e .  T h i s  was done i n  

o r d e r  t o  s e e  w h e t h e r  d i s c r i m i n a t i o n  l e a r n i n g  was i n  any  

way a f f e c t e d  by  s i z e  v a r i a t i o n s .

A c o r r e c t  c h o i c e  was r e c o r d e d  i f  a n  a n im a l  p u s h e d  

t h e  p o s i t i v e  u n lo c k e d  d o o r  f i r s t ;  i f  any  o f  t h e  l o c k e d  

d o o r s  w ere  p u sh e d  f i r s t ,  t h e  number o f  p u s h e s  was c o u n t e d ,  

and was r e c o r d e d  a s  t h e  number o f  e r r o r s  f o r  t h a t  p a n e l .

The numbers o f  t h e  d o o r s  were  r a n d o m is e d ,  so t h a t  t h e  

p o s i t i v e  s t i m u l u s  d i d  no t  a p p e a r  i n  t h e  same d o o r  p o s i t i o n  

on  t h e  f i v e  p a n e l s  a t  any  one t i m e ;  n e i t h e r  d i d  t h e  

s t i m u l i  a p p e a r  i n  t h e  same d o o r  p o s i t i o n  o n  t h e  one p a n e l  

d u r i n g  t h e  t r i a l s  i n  any  one  s e r i e s .

O l f a c t o r y  c u e s  were  p a r t i a l l y  c o n t r o l l e d  by  e x c h a n g in g  

t h e  s t i m u l i  (an d  t h e r e f o r e  t h e  d o o r s )  a t  r e g u l a r  i n t e r v a l s ;  

b o t h  t h e  p o s i t i v e  and  n e g a t i v e  s t i m u l i  w ere  p r i n t e d  w i t h  

t h e  same t y p e  o f  i n k ,  an d  so t h e  c h e m ic a l  s m e l l s  were 

p r e s u m a b ly  s i m i l a r .  T a c t u a l l y  i d e n t i c a l  p a p e r  was u se d  f o r  

a l l  s t i m u l i .

S ix  m ale  g o l d e n  h a m s t e r s ,  aged  17 w ee k s ,  w ere  u se d
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f o r  t h i s  e x p e r i m e n t ,  (F o r  f u r t h e r  d e t a i l s  o f  t h e s e  a n i m a l s ,  

see  A ppend ix  8  ) .  The a n i m a l s  had  p r e v i o u s l y  b e e n  t r a i n e d

i n  t h e  t w o - c h o i c e  f i v e - p a n e l  a p p a r a t u s  ( s e e  S e c t i o n  V I ) ,  

and  w ere  t h e r e f o r e  a c c u s to m e d  t o  b o t h  h a n d l i n g  and  e x p e r i 

m e n ta l  s i t u a t i o n s ,

3 .  P r o c e d u r e .

As b e f o r e ,  t h e  a n i m a l s  were  p u t  i n t o  t h e  o p e n  a p p a r a t u s ,  

so t h a t  t h e y  c o u l d  e x p l o r e  i t  and l e a r n  t h e i r  way a b o u t .

The a o o r s  were  r e p l a c e d  and  l e f t  u n l o c k e d ,  u n t i l  a l l  t h e  

s u b j e c t s  were  a b l e  t o  o p e n  them  e a s i l y .

To f a c i l i t a t e  t h e  t r a n s i t i o n  f rom  t h e  o r i g i n a l  l e a r n i n g  

s i t u a t i o n ,  t h e  o r i g i n a l  b rown h a r d b o a r d  d o o r s  were r e t a i n e d  

a s  n e g a t i v e  sym bols  f o r  t h e  f i r s t  few s e r i e s .  T h u s ,  i n  

e a c h  p a n e l ,  t h e r e  was one 2 . 0  cms. w h i t e  t r i a n g l e  ( p o s i t i v e )  

on  a b l a c k  m a t t  b a c k g r o u n d ,  and  u n l o c k e d ,  w i t h  f o u r  l o c k e d  

brown n e g a t i v e  a o o r s .  The p o s i t i o n  o f  t h e  t r i a n g l e  v a r i e d  

from p a n e l  t o  p a n e l ;  one p o s i t i o n  was n e v e r  r e p e a t e d  t w i c e  

i n  one t r i a l ,  so t h a t  a l l  f i v e  p o s s i b l e  p o s i t i o n s  were  u s e d ;  

t h e  o r d e r  o f  t h e s e  p o s i t i o n s  was r a n d o m is e d  t h r o u g h o u t  t h e  

e x p e r i m e n t .

F o r  e a c h  t r i a l ,  t h e  a n im a l  was p l a c e d  i n  t h e  c e n t r e  

o f  t h e  f i r s t  c h o i c e  box ;  a l l  t h e  n e g a t i v e  a o o r s  were  l o c k e d ,  

and t h e  p o s i t i v e  d o o r s  o p e n .  The c h o i c e s  were  o b s e r v e d  by  

t h e  e x p e r i m e n t e r  and w ere  r e c o r d e d  i n  t e r m s  o f  t h o s e
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c o r r e c t  and  t h e  number o f  e r r o r s  p e r  p a n e l . On r e a c h i n g  

t h e  r e w a r d  box ,  t h e  a n im a l  was a l l o w e d  t o  r e m a i n  t h e r e  f o r  

a b o u t  two m i n u t e s ,  a f t e r  w h ic h  i t  was r e t u r n e d  t o  i t s  c a g e .  

The a n i m a l s  were  t e s t e d  i n  s t r i c t  r o t a t i o n ,  no a n im a l  d o in g  

two t r i a l s  c o n s e c u t i v e l y .

B o th  d a y l i g h t  and  e l e c t r i c  l i g h t  w ere  u s e d ,  a c c o r d i n g  

t o  t h e  t i m e  o f  day ;  t h e  t i m e s  o f  t h e  e x p e r i m e n t  v a r i e d  

f rom 2 . 3 0  p .m .  t o  1 1 .1 5  p . m . ,  b u t  on  th e  w h o le ,  t h e  

e x p e r i m e n t  was p e r f o r m e d  i n  t h e  l a t e  a f t e r n o o n  o r  e a r l y  

e v e n i n g .

4 .  R e s u l t s .

a .  T r e a tm e n t  o f  R e s u l t s . The l e v e l s  o f  p r o b a b i l i t y  were 

c a l c u l a t e d ,  u s i n g  P a s c a l ’ s T r i a n g l e  and t h e  B in o m ia l  Method; 

f o r  t h e  f u l l  r a n g e  o f  t h e s e  p r o b a b i l i t i e s ,  s e e  A ppendix  H 

A d o p t in g  F i e l d s ’ (1953)  m e th o d ,  a l l  p r o b a b i l i t i e s  were 

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

b e i n g  c o r r e c t  on  any  one p a n e l  were  1 i n  5; t h u s ,  9 c o r r e c t  

c h o i c e s  o u t  o f  20 a r e  s i g n i f i c a n t  a t  t h e  0 .0 0 7  l e v e l ,  and  

7 o u t  o f  2 0  a t  t h e  0 . 0 5  l e v e l .

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

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

s t a n c e s ,  t h i s  i s  more m e a n i n g f u l  t h a n  m e r e l y  s t a t i n g  t h e  

number o f  c o r r e c t  c h o i c e s  made a t  any  one  t i m e .  T h e r e f o r e ,  

r e f e r e n c e s  t o ,  f o r  e x a m p le ,  " t h e  0 .0 0 7  l e v e l "  mean t h a t  

P <  0 . 0 0 7 .
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The a v e r a g e  o f  t h e  r e s u l t s  i s  shown m ost  c l e a r l y  

on  t h e  g r a p h  g i v e n  a s  F i g u r e  5^ . The g r a p h s  i n  A ppend ix  I

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

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

p a r a g r a p h s .

b .  Summary. I n  t h i s  p r e l i m i n a r y  m u l t i p l e - c h o i c e  i n v e s t i g 

a t i o n ,  i t  was fo u n d  t h a t ,  u s i n g  t h i s  p a r t i c u l a r  g ro u p  o f  

a n i m a l s ,  b r i g h t n e s s  d i s c r i m i n a t i o n  ( 2 . 0  cms. w h i t e  t r i a n g l e  

on  b l a c k  g ro u n d  and  n e g a t i v e  b l a n k )  was l e a r n t  r a p i d l y ;  

r e p l a c e m e n t  o f  a brown n e g a t i v e  s t i m u l u s  by  a b l a c k  d i d  no t  

a f f e c t  a i s c r i m i n a t i o n  t o  any  g r e a t  e x t e n t ,  and  t h e  a v e r a g e  

s c o r e  i n  t h e  f i n a l  s e r i e s  was s i g n i f i c a n t  a t  t h e  0 . 0 0 0 0 1  

l e v e l  •

T h e re  was a m arked  d r o p  i n  s c o r e s  . .hen form d i s c r i m i n a t i o n  

(2 . 0  cm s.  t r i a n g l e  and 2 . 0  cm s.  c i r c l e )  was p r e s e n t e d  i n  t h e  

same s e r i e s  w i t h  b r i g h t n e s s  d i s c r i m i n a t i o n ,  and  a s t i l l  

f u r t h e r  d ro p  t o  ch an ce  l e v e l  when form  d i s c r i m i n a t i o n  a l o n e  

was g i v e n .  However,  a f t e r  t h r e e  s e r i e s ,  s c o r e s  im p ro v ed  

r a p i d l y ,  and  t h e  d i s c r i m i n a t i o n  was l e a r n t  by  t h e  end  o f  

e i g h t  s e r i e s .

T e s t s  w ere  t h e n  g i v e n  t o  i n v e s t i g a t e  g e n e r a l i s a t i o n  

o f  t h i s  l e a r n i n g  t o  a l t e r a t i o n s  i n  s i z e  o f  t h e  s t i m u l i .

I t  a p p e a r e d  t h a t  a l t e r a t i o n s  i n  t h e  s i z e  o f  t h e  c i r c l e  

d i s t u r b e d  d i s c r i m i n a t i o n  s l i g h t l y ,  b u t  d i d  no t  g r e a t l y ^
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i m p a i r  i t  • However,  a l t e r a t i o n s  i n  t h e  s i z e  o f  t h e  

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

t h e  1 . 5  cms* t r i a n g l e ,  when a i s c r i m i n a t i o n  seemed t o  be 

s e r i o u s l y  i m p a i r e d *

c . D e t a i l s  o f  R e s u l t s * A. B r i g h t n e s s  D i s c r i m i n a t i o n *

1 ) 2 * 0  cms* e q u i l a t e r a l  w h i t e  t r i a n g l e  on  b l a c k  g ro u n d

( p o s i t i v e )  w i t h  p l a i n  brown h a r d b o a r d  d o o r s  ( n e g a t i v e ) ;

2  s e r i e s .

A l l  a n i m a l s  o b t a i n e d  s c o r e s  t h a t  were  s i g n i f i c a n t  a t  

t h e  0*05 l e v e l  o r  above  i n  t h e  f i r s t  s e r i e s .  D u r in g  t h e  

s e co n d  s e r i e s ,  o n l y  one a n im a l  h a d  a s c o r e  a t  t h e  0 .0 5  

l e v e l ;  a l l  t h e  o t h e r s  were  s i g n i f i c a n t  a t  t h e  0 .0 0 0 5  l e v e l  

o r  above  *

2 ) 2 . 0  cms* t r i a n g l e  w i t h  p l a i n  b l a c k  ( n e g a t i v e ) ;

2  s e r i e s *

I n  t h e  f i r s t  s e r i e s ,  t h e r e  was a s m a l l  i n i t i a l  f a l l - o f f  

i n  t h r e e  s c o r e s ,  w h i l e  t h e  o t h e r  t h r e e  im p ro v ed ;  t h e  

l o w e s t  s c o r e  was s i g n i f i c a n t  a t  t h e  0 .0 0 0 5  l e v e l  * 

D i s c r i m i n a t i o n  was e x t r e m e l y  good i n  t h e  s e c o n d  s e r i e s ,  

t h e  s c o r e s  a l l  b e i n g  s i g n i f i c a n t  a t  t h e  0 . 0 0 0 0 1  l e v e l  o r  

above *

3) I n t r o d u c t i o n  o f  2 * 0  cms* d i a m e t e r  w h i t e  c i r c l e :  i n

e v e r y  t r i a l  o f  t h e  f i r s t  two s e r i e s ,  two p a n e l s  h a d
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t h e  b l a c k / w h i t e  d i s c r i m i n a t i o n  and  t h r e e  t h e  fo rm  

d i s c r i m i n a t i o n ;  i n  t h e  t h i r d  s e r i e s ,  t h e  b l a c k /  

w h i t e  p ro b le m  was o n l y  p r e s e n t e d  t h r e e  t i m e s .

3 s e r i e s .

The r e s u l t s  show a m arked  d ro p  i n  t h e  l e v e l s  o f  t h e  

d i s c r i m i n a t i o n  s c o r e s ;  t h e  a v e r a g e  s c o r e  d r o p p e d  t o  ch a n ce  

l e v e l .  E x a m i n a t i o n  o f  t h e  i n d i v i d u a l  r e s u l t s  showed t h a t  

t h e  m a j o r i t y  o f  c o r r e c t  c h o i c e s  were  o b t a i n e d  on  t h e  

b r i g h t n e s s  d i s c r i m i n a t i o n  r a t h e r  t h a n  o n  t h e  fo rm  d i s c r i m 

i n a t i o n .

B. Form D i s c r i m i n a t i o n :  t r a i n i n g .  2 . 0  cm s.

e q u i l a t e r a l  w h i t e  t r i a n g l e  ( p o s i t i v e ) ,  w i t h  2 . 0  cm s . 

d i a m e t e r  w h i t e  c i r c l e  ( n e g a t i v e ) ,  b o t h  o n  b l a c k  g r o u n d s ;

8  s e r i e s .

A l l  s c o r e s  d r o p p e d  t o  c h a n c e  l e v e l  i n  t h e  f i r s t  s e r i e s ,  

and t h e r e  was l i t t l e  e v i d e n c e  o f  d i s c r i m i n a t i o n .  I n  t h e  

seco n d  s e r i e s ,  two a n i m a l s  a c h i e v e d  s c o r e s  w h ich  were 

s i g n i f i c a n t  a t  t h e  0 .0 0 6  l e v e l ,  b u t  t h i s  im provem ent  was 

not m a i n t a i n e d  i n  t h e  f o l l o w i n g  s e r i e s .  However,  s e r i e s  4 

showed an  o v e r a l l  im p ro v e m e n t ,  and a l l  t h e  s c o r e s ,  e x c e p t  

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

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

c l o s e  t o  t h e  0 .0 0 7  l e v e l ,  and  a l l  t h e  a n i m a l s  e x c e p t  one 

had a c h i e v e d  s c o r e s  t h a t  w ere  s i g n i f i c a n t  a t  t h e  0 .0 5  l e v e l .
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S e v e r a l  i n d i v i d u a l  s c o r e s  h ad  b e e n  c o n s i s t e n t l y  above t h e  

0 , 0 1  l e v e l  f o r  t h e  l a s t  t h r e e  s e r i e s .

C. Form D i s c r i m i n a t i o n :  T r a n s f e r  T e s t s . S i z e

G e n e r a l i s a t i o n .

1) 2 . 0  cm s.  t r i a n g l e  w i t h  0 . 2 5 ,  0 . 5 0 ,  1 . 0 ,  1 . 5  and  2 . 0  

cms. c i r c l e ;  5 s e r i e s .

The a v e r a g e  s c o r e  f o r  a l l  s i x  a n i m a l s  r e m a in e d  o n  o r  

above t h e  0 .0 2  l e v e l  o f  s i g n i f i c a n c e .  Only f o u r  s c o r e s  i n  

t h e  t o t a l  o f  30 o b t a i n e d  d u r i n g  t h e s e  s e r i e s  w ere  below 

t h e  0 . 0 5  l e v e l .

2 ) 1 . 0  cms. t r i a n g l e  w i t h  0 . 2 5  an d  2 . 0  cms. c i r c l e ;  l i  

s e r i e s .  ( S t a n d a r d  2 . 0  cm s .  sym bols  were  g i v e n  i n  t h e  f i r s t  

h a l f  o f  t h e  f i r s t  s e r i e s ) .

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

d i s c r i m i n a t i o n  t o  some e x t e n t ;  t h r e e  s c o r e s  d ro p p e d  t o  

be low  t h e  0 .0 5  l e v e l  i n  t h e  s e c o n d  s e r i e s .

3) 1 . 5  cm s .  t r i a n g l e  w i t h  0 .2 5  and  2 . 0  cm s.  c i r c l e s ;

1 s e r i e s .

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

an  a lm o s t  c o m p le t e  b reak d o w n  i n  d i s c r i m i n a t i o n .  Only one 

an im a l  a c h i e v e d  a s c o r e  t h a t  was s i g n i f i c a n t  a t  t h e  0 ,0 5  

l e v e l ;  a l l  t h e  o t h e r s  d ro p p e d  t o  chance  l e v e l .

T hese  r e s u l t s  a r e  d i s c u s s e d  t o g e t h e r  w i t h  t h o s e  o f  t h e  

f o l l o w i n g  e x p e r i m e n t  i n  t h e  f i n a l  s e c t i o n  o f  t h e  t h e s i s .
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C, S e r i a l  M u l t i p l e  V i s u a l  D i s c r i m i n a t i o n
A p p a r a t u s  I I .

1 . I n t r o d u c t i o n .

The r e s u l t s  o b t a i n e d  w i t h  SItfVDA I  ( s e e  p ag e  (36 ) 

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

s a t i s f a c t o r y .  A c c o r d i n g l y ,  t h e  e x p e r i m e n t  was r e p e a t e d ,  

b u t  w i t h  b e t t e r  c o n t r o l s ,  f o r  e x a m p le ,  a f i x e d  r e w a rd  t i m e ,  

and c o n t r o l l e d  i l l u m i n a t i o n .  The a p p a r a t u s  was a l s o  

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

2 .  A p p a r a t u s :

The a p p a r a t u s  was s i m i l a r  t o  t h a t  o f  SMVDA I  ( s e e  

p . l i f )  b u t  was c o n s i d e r a b l y  s m a l l e r .  The d o o r s  were  

s m a l l e r  and  c l o s e r  t o g e t h e r ;  t h e y  were p e r m a n e n t l y  f i x e d  

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

t h e  sy m b o ls ;  t h e y  were  l o c k e d  by means o f  a b a r  w h ic h  c o u l d  

be d ro p p e d  i n t o  a r e t a i n i n g  cu p -h o o k  on  t h e  o p p œ i te  s i d e .

The l o c k i n g  b a r  was h i d d e n  by  a  b a t o n  o f  wood f i x e d  a c r o s s  

t h e  b ac k  o f  t h e  d o o r ;  i t  was t h e r e f o r e  i m p o s s i b l e  t o  t e l l  

which  a o o r  was u n lo c k e d  f rom  t h e  a p p r o a c h  s i d e .  The whole  

a p p a r a t u s ,  e x c e p t  f o r  t h e  r e w a r d  box ,  was p a i n t e d  m a t t  b l a c k  

t h r o u g h o u t ,  a n d  was p l a c e d  on  a 4 f o o t  d e x i o n  s t a n d .

I l l u m i n a t i o n  was p r o v i d e d  by s i x  25 w a t t  240 v o l t  b u l b s  

su sp e n d ed  a t  a f i x e d  d i s t a n c e  (24" and 1 8 " )  above t h e  c h o i c e  

b o x e s ;  b l a c k  s h a d e s  above t h e  b u l b s  h e l p e d  t o  r e f l e c t  t h e



137

l i g h t  dow nw ards .  The h e i g h t  o f  t h e  b a r  h o l d i n g  t h e  l i g h t s  

c o u l d  be  a l t e r e d  i f  r e q u i r e d .  Thus when t h e  l i g h t  b u l b s  

were 24"  f rom  t h e  f l o o r  o f  t h e  c h o i c e  b o x ,  t h e  p h o t o m e t e r  

r e a d i n g  f o r  r e f l e c t e d  l i g h t  f rom  t h e  d o o r s  was 3 . 6  f c .  When 

t h e  l i g h t s  were  18" away, t h e  p h o t o m e t e r  r e a d i n g  was 4 . 5  f c .  

F o r  f u r t h e r  d e t a i l s  o f  t h e  a p p a r a t u s ,  s e e  P l a t e s  ^  and  /D , 

and A p p en d ix  .

The sym bo ls  w ere  s i m i l a r  t o  t h o s e  u se d  i n  SlVTVDA I  i n  

s i z e  a n d  t y p e ,  b u t  w ere  s t u c k  o n to  c a r d s ,  so t h a t  t h e y  c o u l d  

be ch a n g e d  i n  t h e  h o l d e r s  o n  t h e  d o o r s ;  e a c h  c a r d  had  a 

b l a c k  t a b  a t t a c h e d ,  so t h a t  i t  couJ.d be e a s i l y  removed 

w i t h o u t  t o u c h i n g  t h e  c a r d  i t s e l f .

3 .  D e s i g n  o f  E x p e r i m e n t .

The r e w a r d  t i m e  f o r  t h i s  e x p e r i m e n t  was f i x e d  a t  

2 m i n u t e s  p e r  t r i a l  f o r  e a c h  a n i m a l ;  t h i s  l e n g t h  o f  t im e  

was c h o s e n  on  t h e  b a s i s  o f  t h e  m o t i v a t i o n  s t u d y  ( s e e  

A ppend ix  A) ,

As i n  SMVDA I ,  t h e  p o s i t i o n  o f  t h e  p o s i t i v e  d o o r  i n  

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

d o o r s  i n  e a c h  p a n e l  w ere  numbered f rom  1 t o  5; t e n  g r o u p s  

o f  f i g u r e s  f o r  t h e  p r e s e n t a t i o n  o r d e r  o f  t h e  p o s i t i v e  

s t i m u l u s  w ere  o b t a i n e d ,  w h ic h  c o m p l ie d  w i t h  t h e  f o l l o w i n g  

c r i t e r i a :
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(b)

PlcLte\o, SLfVDAApparatus I I ,  r e w a r d  a r e a ,  a)  show ing  h a c k  
o f  t h e  d o o r s ,  h )  o t h e r  v iew  o f  t h e  r e w a rd  a r e a
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a )  No t h r e e  f i g u r e s  i n  s e q u e n c e  i n  a t r i a l ,  e i t h e r

b a c k w a rd s  o r  f o r w a r d s .  ( e . g .  1 ,  2 ,  3 o r  5 ,  4 ,  3) .

b) One d o o r  i n  one  p a n e l  i s  n e v e r  u s e d  t w i c e  i n  t h e

same s e r i e s .

c)  A d i f f e r e n t  d o o r  i s  u s e d  on  e v e r y  p a n e l  i n  e a c h

t r i a l .

d) No one t r i a l  s e q u e n c e  i s  r e p e a t e d  i n  any  o f  t h e  t e n

g r o u p s  o f  f i g u r e s .  (one g ro u p  p e r  s e r i e s ) .

e )  As f a r  a s  was p o s s i b l e ,  change  i n  t h e  a o o r s  o f  one

p a n e l  i n  a c o n t i n u o u s  a s c e n d i n g / d e s c e n d i n g  o r d e r

was a v o i d e d ,  ( e . g .  1 ,  2 ,  3 ,  4 ,  5 o r  5 ,  4 ,  3,  2 ,  1 ) .

f )  The g r o u p s  o f  f i g u r e s  were u s e d  i n  s t r i c t

r o t a t i o n .

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

t r i a l s  o r  tw e n t y  c h o i c e s .  E a c h  a n im a l  c o m p le t e d  t h e  s e r i e s  

b e f o r e  t h e  n e x t  a n im a l  was s t a r t e d ;  one s e r i e s  p e r  a n im a l  

was g i v e n  a d a y .

The d e t e r m i n a t i o n  o f  c o r r e c t  and i n c o r r e c t  c h o i c e s  was 

s i m i l a r  t o  t h a t  u s e d  i n  SMVDA I  ( s e e  p . 11%); a c h o i c e  was 

ju d g e d  by o b s e r v a t i o n  o n  t h e  p a r t  o f  t h e  e x p e r i m e n t e r ,  s i n c e ,  

as  h a s  b e e n  s t a t e d  e a r l i e r  ( s e e  p . l i o ) ,  t h i s  m ethod  was 

found t o  be more r e l i a b l e  t h a n  t h e  i n c o r p o r a t i o n  o f  a n  

e l e c t r i c a l  s i g n a l l i n g  c i r c u i t .  The c r i t e r i o n  f o r  a p u sh  

was t h e  h a m s t e r  a c t u a l l y  t o u c h i n g  t h e  d o o r  w i t h  i t s  n o s e .
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The o b s e r v a t i o n  o f  a c o r r e c t  c h o i c e  was a s s i s t e d  by  t h e  

f a c t  t h a t  i t  r e q u i r e d  a f i r m  p u s h  t o  o p e n  t h e  c o r r e c t  d o o r ,  

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

t h a n  t o  b r u s h  i t  i n  p a s s i n g .

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

s i g n i f i c a n c e  w e r e ,  a s  b e f o r e ,  b a s e d  on  F i e l d s ’ (1953)  

s u g g e s t e d  p r o b a b i l i t i e s  ( s e e  A ppend ix  H ) .

S i x  m ale  g o l d e n  h a m s t e r s ,  aged  6  w e e k s ,  were  u s e d  f o r  

t h i s  e x p e r i m e n t .  ( F o r  f u r t h e r  d e t a i l s  o f  t h e s e  a n i m a l s ,  

see  A p p en d ix  8  ) .

4 .  O r d e r  a n d  R a t i o n a l e  o f  D i s c r i m i n a t i o n  T r a i n i n g  
end T e s t s .

a )  B r i ^ t n e s s  d i s c r i m i n a t i o n :  p l a i n  w h i t e  p a n e l

( p o s i t i v e )  an d  p l a i n  b l a c k  p a n e l  ( n e g a t i v e ) .  (3 s e r i e s ) .

b )  B r i g h t n e s s  d i s c r i m i n a t i o n  ( c o n t . )  : 2 . 0  cms.  w h i t e

t r i a n g l e  ( p o s i t i v e )  and  p l a i n  b l a c k  p a n e l  ( n e g a t i v e ) .

T h ese  s e r i e s  w ere  g i v e n  t o  t e s t  t h e  t r a n s f e r  o f  

b r i g h t n e s s  d i s c r i m i n a t i o n ;  t h e y  a l s o  i n t r o d u c e d  fo rm  i n t o  

t h e  p r o b l e m ,  a s  t h e r e  was a s l i g h t  p o s s i b i l i t y  t h a t  t h e r e  

m ight  be a s m a l l  amount o f  t r a n s f e r  when form  d i s c r i m i n a t i o n  

t r a i n i n g  was b e g u n .  (3 s e r i e s ) .

c)  Form d i s c r i m i n a t i o n :  t r a i n i n g .  2 . 0  cms. e q u i l a t e r a l

w h i t e  t r i a n g l e  ( p o s i t i v e )  and  2 . 0  cms.  d i a m e t e r  w h i t e  c i r c l e  

( n e g a t i v e ) .

T h ese  sym b o ls  w ere  c a l l e d  t h e  " s t a n d a r d " .  (42 s e r i e s ) .
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d) A l t e r n a t i v e  n e g a t i v e  f i g u r e s :  2 . 0  oms. t r i a n g l e ,  

w i t h  2 . 0  cm s .  c r o s s ,  r e c t a n g l e ,  z i g z a g  and  s q u a r e .

A l t e r n a t i v e  f i g u r e s  w ere  s u b s t i t u t e d  f o r  t h e  n e g a t i v e  

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

was one o f  a p p r o a c h  t o  t h e  p o s i t i v e  f i g u r e ,  o r  o f  a v o i d a n c e  

o f  t h e  n e g a t i v e  f i g u r e .  The b a r s  o f  t h e  c r o s s  w ere  2 . 0  cms. 

l o n g ;  t h e  h e i g h t  o f  t h e  r e c t a n g l e ,  t h e  d i a g o n a l  o f  t h e  

s q u a r e  and  t h e  c r o s s - b a r  o f  t h e  z i g z a g  w ere  a l l  2 . 0  cms.

A l l  f o u r  a l t e r n a t i v e  f i g u r e s  were  p r e s e n t e d  f o r  one t r i a l  

i n  e a c h  s e r i e s ;  t h u s  any  d i f f e r e n c e  i n  r e s p o n s e  t o  any  one 

f i g u r e  i s  l e s s  l i k e l y  t o  be c a u s e d  by u n c o n t r o l l e d  e x t e r n a l  

v a r i a b l e s  a f f e c t i n g  one p a r t i c u l a r  s e r i e s .  I t  was t h e n  

p o s s i b l e  t o  e x t r a c t  t h e  r e s u l t s  f o r  e a c h  f i g u r e  and compare 

th e m .  (4 s e r i e s ) .

e )  S t a n d a r d :  t h e  s t a n d a r d  sym bols  w ere  p r e s e n t e d  a f t e r

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

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

a c t  a s  a " r e f r e s h e r  c o u r s e " .  ( E i t h e r  1 o r  2 s e r i e s ) .

f )  S i z e  G e n e r a l i s a t i o n :  2 . 0  cms. t r i a n g l e  w i t h  0 . 2 5 ,  

0 . 5 ,  1 . 0 , 1 . 5  and 2 . 0  cm s.  c i r c l e  (2 s e r i e s ) ;  2 . 0  cms. 

c i r c l e  w i t h  0 . 2 5 ,  0 . 5 ,  1 . 0 ,  1 . 5  and  2 . 0  cms. t r i a n g l e

( 2  s e r i e s ) ;  1 . 5  cm s.  t r i a n g l e  and c i r c l e  ( l  s e r i e s ) ;

1 .0  cm s.  t r i a n g l e  and c i r c l e  (1 s e r i e s ) ;  0 . 5  cms. t r i a n g l e  

and c i r c l e  (1 s e r i e s ) ;  0 . 2 5  cm s.  t r i a n g l e  and c i r c l e
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( 2  s e r i e s ) .

T h ese  s e r i e s  were  d e s i g n e d  t o  i n v e s t i g a t e  t h e  p o s s i b l e  

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

s t i m u l u s  s i z e s ,  o r  by a l t e r i n g  one and  n o t  t h e  o t h e r .  Only 

s i z e s  s m a l l e r  t h a n  t h e  t r a i n i n g  s t a n d a r d  w ere  i n v e s t i g a t e d .  

(9 s e r i e s ) .

g)  P a r t s  o f  f i g u r e s :  o u t l i n e  ap e x  o f  2 . 0  cm s.  t r i a n g l e  

and u p p e r  a r c  o f  2 . 0  cms.  c i r c l e  ( l  s e r i e s ) ; o u t l i n e  b a s e  

o f  2 . 0  cms.  t r i a n g l e  and  l o w e r  a r c  o f  2 . 0  cm s.  c i r c l e  ( 1  

s e r i e s ) ;  2 . 0  cm s.  s o l i d  t r i a n g l e  and  2 . 0  cm s.  d i a g o n a l  

diamond ( 1  s e r i e s ) .

The p a r t - f i g u r e s  were  i n  o u t l i n e  fo rm ,  s i n c e  i t  was 

f e l t  t h a t  t h e  r e s u l t s  o f  t h e s e  t e s t s  would  p o s s i b l y  p r o v i d e  

i n f o r m a t i o n  b o t h  o n  t h e  p r e f e r r e d  p a r t  o f  t h e  o r i g i n a l  

f i g u r e ,  and  o n  t r a n s f e r  t o  o u t l i n e s  f rom  t h e  s o l i d  f i g u r e .  

The s o l i d  f i g u r e  was p r e s e n t e d  w i t h  t h e  d iam ond t o  

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

t h e  p r e s e n c e  o f  two a p i c e s .  (3 s e r i e s ) .

h )  R o t a t e d  f i g u r e s :  45® r o t a t e d  2 . 0  cm s.  t r i a n g l e  and

2 . 0  cm s.  c i r c l e  (1 s e r i e s ) ; 90® r o t a t e d  2 . 0  cm s .  t r i a n g l e

and 2 . 0  cm s .  c i r c l e  (1 s e r i e s ) ; 45^ r o t a t e d  0 .5  cms.

t r i a n g l e  and  0 . 5  cm s.  c i r c l e  ( l  s e r i e s ) ;  90® r o t a t e d

0 .5  cms.  t r i a n g l e  and  0 . 5  cm s .  c i r c l e  ( l  s e r i e s ) ; 90®

r o t a t e d  2 . 0  cm s .  t r i a n g l e  and c r o s s  ( l  s e r i e s ) ;  90^ 

r o t a t e d  2 . 0  cm s .  t r i a n g l e  and  s q u a r e  and diamond ( 2  s e r i e s ) .
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I n  v iew  o f  t h e  r e s u l t s  o b t a i n e d  by  F i e l d s  (1932;  

see  S e c t i o n  I I )  and  w i t h  one a n im a l  i n  t h e  p i l o t  s t u d y  

r e p o r t e d  i n  S e c t i o n  V I ,  i t  was t h o u g h t  w o r t h w h i l e  t o  

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

t h o r o u g h l y .  A c c o r d i n g l y ,  two s i z e s  o f  t r i a n g l e s ,  e a c h  

w i t h  two r o t a t i o n s ,  w ere  p r e s e n t e d ,  t o  s e e  w h e t h e r  s i z e  

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

( I t  s h o u l d  p e r h a p s  be m e n t io n e d  t h a t  a 90® r o t a t i o n  g i v e s  

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

r e f e r r e d  t o  i n  t h e  l i t e r a t u r e )  .

The r e m a i n i n g  t h r e e  s e r i e s  w ere  g i v e n  a f t e r  a b r e a k ,  

d u r i n g  w h ich  s e v e r a l  s t a n d a r d  s e r i e s  were p r e s e n t e d ,  and  

f i g u r e - g r o u n d  r e v e r s a l  was i n v e s t i g a t e d .  T hese  l a s t  t h r e e  

r o t a t i o n  s e r i e s  were  g i v e n  i n  an  e f f o r t  t o  th ro w  some l i g h t  

on t h e  d e t e r m i n i n g  q u a l i t i e s  o f  f i g u r e  r e c o g n i t i o n .  T hese  

p a r t i c u l a r  n e g a t i v e  sym b o ls  w ere  c h o s e n  b e c a u s e  a)  a l t h o u g h  

t h e y  had  b e e n  s e e n  p r e v i o u s l y  by t h e  a n i m a l s ,  i t  was 

u n l i k e l y  t h a t  t h e r e  had  b e e n  t im e  f o r  any  m arked  a v o i d a n c e  

r e s p o n s e  t o  be a t t a c h e d  t o  them ,  and  b) a l l  t h r e e  f i g u r e s  

had some a s p e c t s  s i m i l a r  t o  t h e  i n v e r t e d  t r i a n g l e ,  i . e . :  

c r o s s :  v e r t i c a l  a x i s ;  d iam ond :  l o w e r  ap e x ;  s q u a r e :  u p p e r

base  l i n e .  (7 s e r i e s ) .

i )  F i g u r e - g r o u n d  r e v e r s a l  : 2 . 0  cms. b l a c k  t r i a n g l e

and 2 . 0  cm s .  b l a c k  c i r c l e  o n  a w h i t e  g r o u n d .



145

T h i s  s e r i e s  was p r e s e n t e d  i n  o r d e r  t o  s e e  w h e t h e r  

t h e r e  was any  t r a n s f e r  when t h e  b r i g h t n e s s  r e l a t i o n s h i p  

o f  t h e  f i g u r e  and  g ro u n d  was r e v e r s e d .  ( l  s e r i e s ) .

j ) C o n t r o l  a n d  b re a k d o w n  m e a s u r e :  F iv e  2 . 0  cms.

c i r c l e s  i n  e v e r y  p a n e l .

The p u r p o s e  o f  t h i s  s e r i e s  was t w o f o l d :  a )  t o

a s c e r t a i n  w h e t h e r  p r e v i o u s  d i s c r i m i n a t i o n  h ad  b e e n  d e p e n d e n t  

on any  c u e s  o t h e r  t h a n  v i s u a l  o n e s ,  b) t o  p r o v i d e  a  chan ce  

b ase  l i n e  a g a i n s t  w h ic h  o t h e r  r e s u l t s  c o u l d  be co m p ared .

( 1  s e r i e s ) .

k )  B l a c k / w h i t e  r e t e n t i o n :  p l a i n  w h i t e  ( p o s i t i v e )  and

p l a i n  b l a c k  ( n e g a t i v e )  s t i m u l i .

T h i s  s e r i e s  was g i v e n  t o  see  w h e t h e r ,  a f t e r  l e n g t h y  

form d i s c r i m i n a t i o n  t r a i n i n g  and t e s t i n g ,  t h e r e  was any 

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

b een  r e t a i n e d .

(C o p ie s  o f  t h e  sym bo ls  u sed  i n  t h i s  e x p e r i m e n t  a r e  

g i v e n  i n  A ppend ix  &■ ) .

5 .  P r e - t r a i n i n g .

The g r o u p  o f  a n i m a l s  u se d  i n  t h i s  e x p e r i m e n t  w ere  

e x p e r i m e n t a l l y  n a i v e ,  so  a l l  a n i m a l s  were  h a n d l e d  by  t h e  

e x p e r i m e n t e r  e v e r y  day  f o r  1 0  d ay s  b e f o r e  t h e  e x p e r i m e n t .

E v e r y  a n i m a l  s p e n t  10 m i n u t e s  a d ay  f o r  t h e  n e x t  t h r e e  

days i n  t h e  a p p a r a t u s ,  w i t h  a l l  t h e  d o o r s  wide o p e n .  On
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t h e  f o u r t h  d a y ,  t h e  a o o r s  were  g r a d u a l l y  c l o s e d ,  u n t i l  

by  t h e  l a s t  t r i a l ,  t h e y  w ere  c o m p l e t e l y  c l o s e d ;  t h i s  was 

r e p e a t e d  o n  t h e  f i f t h  d a y .  F i n a l l y ,  a l l  a n i m a l s  w ere  

a l l o w e d  t o  r u n  t h r o u g h  t h e  a p p a r a t u s  s e v e r a l  t i m e s ,  w i t h  

a l l  t h e  d o o r s  c l o s e d  b u t  u n l o c k e d .

6 . P r o c e d u r e .

When two o r  t h r e e  i n d i v i d u a l s  b e g a n  t o  show p o s i t i o n  

h a b i t s  i n  t h e  p r e - t r a i n i n g ,  t h e  e x p e r i m e n t ;  i n v o l v i n g  

s im p le  b l a c k / w h i t e  a i s c r i m i n a t i o n  was s t a r t e d .  The f o u r  

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

sym bol ,  w ere  l o c k e d ;  t h e  one p o s i t i v e  d o o r ,  w i t h  t h e  w h i t e  

sym bol ,  was l e f t  u n l o c k e d .

At t h e  b e g i n n i n g  o f  e a c h  s e r i e s ,  S was p l a c e d  i n  t h e  

re w ard  box f o r  one  m i n u t e ,  t o  g i v e  i t  t im e  t o  wake up and  

t o  a d a p t  t o  t h e  s i t u a t i o n .  I t  was t h e n  coax ed  i n t o  a 

p l a s t i c  mug ( s e e  S e c t i o n  I I I ) ,  and t r a n s p o r t e d  t o  t h e  f i r s t  

c h o ic e  b o x ,  where  i t  was r e l e a s e d  i n  t h e  c e n t r e ,  a t  t h e  b a c k

The c h o i c e s  f o r  e a c h  p a n e l  were r e c o r d e d  i n  t e r m s  o f  

t h o s e  c o r r e c t  and  t h e  number o f  e r r o r s .  On r e a c h i n g  t h e  

rew ard  b o x ,  t h e  a n i m a l  was a l l o w e d  two m i n u t e s ,  a f t e r  w h ic h  

i t  was t a k e n  b a c k  t o  t h e  f i r s t  c h o i c e  box f o r  t h e  n e x t  

t r i a l ;  t h e  sym bo ls  w ere  c h a n g e d  by  t h e  e x p e r i m e n t e r  d u r i n g  

t h i s  r e w a r d  p e r i o d .  D u r in g  some o f  t h e  l a t e r  s e r i e s ,  i t
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was f o u n d  t h a t  t h e  h a m s t e r s  would  so m e t im e s  a c c e p t  a 

v e r y  s m a l l  q u a n t i t y  o f  p e a n u t ,  w h ic h  t h e y  a t e  r a p i d l y ;  

a t  o t h e r  t i m e s ,  t h e  p e a n u t  was p o u c h e d ,  o r  r e f u s e d  

a l t o g e t h e r ,  so t h i s  b e h a v i o u r  was n o t  c o n s t a n t .

When t h e  b l a c k / w h i t e  d i s c r i m i n a t i o n  had  b e e n  l e a r n t ,  

w h i t e  2 . 0  cm s .  t r i a n g l e s  w ere  s u b s t i t u t e d  f o r  t h e  p l a i n  

w h i t e  p o s i t i v e  s y m b o l .  When t h i s ,  t o o ,  h a d  b e e n  l e a r n t ,  

t h e  p l a i n  b l a c k  sy m b o ls  w ere  r e p l a c e d  by 2 . 0  cm s.  w h i t e  

c i r c l e s  o n  a b l a c k  g r o u n d .  T h u s ,  t h e  l e a r n i n g  p ro b le m  h a s  

changed  f rom  b r i g h t n e s s  d i s c r i m i n a t i o n  t o  fo rm  d i s c r i m i n a t i o n .

T r a i n i n g  on  t h e  s t a n d a r d  f i g u r e s  ( 2 . 0  cm s.  t r i a n g l e  and 

c i r c l e )  was c o n t i n u e d  u n t i l  a l l  a n i m a l s  had  a c h i e v e d  t h e  

0 .01  l e v e l  o f  c o n f i d e n c e . A s e r i e s  o f  t r a n s f e r  t e s t s  was 

p e r f o r m e d ,  i n  w h ic h  a l t e r n a t i v e  f i g u r e s  w ere  s u b s t i t u t e d  

f o r  t h e  c i r c l e ,  t h e  s i z e s  o f  b o th  t h e  c i r c l e  and  t r i a n g l e  

were a l t e r e d ,  p a r t s  o f  t h e  o r i g i n a l  sym bols  were p r e s e n t e d ,  

and t h e  t r i a n g l e  was r o t a t e d .  Check t r i a l s  o n  t h e  s t a n d a r d  

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

The e x p e r i m e n t  was n o r m a l l y  p e r f o r m e d  i n  t h e  e a r l y  

e v e n i n g .

7 .  R e s u l t s .

a .  T r e a tm e n t  o f  R e s u l t s . The l e v e l s  o f  p r o b a b i l i t y ,  b a s e d  

on F i e l d s ’ (1953)  m e th o d ,  a r e  g i v e n  i n  A ppend ix  I4y 9 c o r r e c t  

c h o i c e s  o u t  o f  20 a r e  s i g n i f i c a n t  a t  t h e  0 .0 0 7  l e v e l ,  and
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7 o u t  o f  20  a t  t h e  0 .0 5  l e v e l .

As i n  SWDA I ,  r e s u l t s  a r e  d e s c r i b e d  i n  t e r m s  o f  

l e v e l s  o f  p r o b a b i l i t y .  Any r e f e r e n c e  t o  a c e r t a i n  l e v e l  

means t h a t  P <  t h a n  t h i s  l e v e l .

The g r a p h s  i n  F i g u r e s  and  show t h e  a v e r a g e  s c o r e  

f o r  a l l  s i x  a n i m a l s  d u r i n g  t h e  t r a i n i n g  a n d  t r a n s f e r  t e s t s .  

The g r a p h s  i n  A ppend ix  K g i v e  t h e  s c o r e s  f o r  e a c h  i n d i v i d u a l .

The v a r i o u s  r e s u l t s  a r e  d e s c r i b e d  i n  d e t a i l  i n  t h e  

f o l l o w i n g  p a r a g r a p h s .

b . Summary o f  R e s u l t s . From t h e  r e s u l t s  w h ich  a r e  g i v e n  

i n  d e t a i l  b e lo w  i t  i s  a p p a r e n t  t h a t  g o l d e n  h a m s t e r s  a r e  

a b l e  t o  l e a r n  a b r i g h t n e s s  d i s c r i m i n a t i o n  b e tw e e n  b l a c k  

and w h i t e .  T hey  a r e  a l s o  a b l e  t o  l e a r n  a fo rm  d i s c r i m i n a t i o n  

b e tw e en  a t r i a n g l e  and  a c i r c l e ,  a l t h o u g h  t h i s  l e a r n i n g  

r e q u i r e s  l o n g e r  t r a i n i n g .

T r a n s f e r  t e s t s  showed t h a t  s u b s t i t u t i o n  o f  a l t e r n a t i v e  

n e g a t i v e  f i g u r e s  ( c r o s s ,  r e c t a n g l e ,  z i g z a g  and s q u a r e )  f o r  

th e  c i r c l e  d i d  no t  i m p a i r  d i s c r i m i n a t i o n .  However,  t h e r e  

was a s i g n i f i c a n t  d i f f e r e n c e  ( P <  0 .0 5 )  b e tw e e n  t h e  r e s u l t s  

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

th e  r e c t a n g l e  b e i n g  l o w e r .  T h e r e  were  no s i g n i f i c a n t  

d i f f e r e n c e s  b e tw e e n  t h e  o t h e r  f i g u r e s .

G e n e r a l i z a t i o n  t o  s i z e  o c c u r r e d  when t h e  s t a n d a r d

2 .0  cms. sy m b o ls  w ere  s u b s t i t u t e d  by 1 . 5 ,  1 . 0 ,  0 . 5  and
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0 .2 5  s y m b o l s .  D i s c r i m i n a t i o n  was u n im p a i r e d  when t h e  

f i r s t  t h r e e  s i z e s  were  p r e s e n t e d ;  h o w ev e r ,  t h e r e  was some 

im p a irm en t  when t h e  s m a l l e s t  s i z e  was g i v e n ,  a l t h o u g h  

d i s c r i m i n a t i o n  d i d  no t  b r e a k  down c o m p l e t e l y .

When t h e  o u t l i n e  t o p s  and b a s e s  o f  t h e  2 . 0  cms. s t a n d a r d  

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

a l t h o u g h  t h e r e  was some i n d i c a t i o n  t h a t  t h e  t o p s  were e a s i e r  

t o  d i s t i n g u i s h  t h a n  t h e  b a s e s .  D i s c r i m i n a t i o n  s c o r e s  

improved when t h e  s o l i d  2 . 0  cms. t r i a n g l e  was p r e s e n t e d  

w i th  a d ia m o n d .

The p r e s e n t a t i o n  o f  a 45^ r o t a t e d  2 . 0  cm s.  t r i a n g l e  

d id  n o t  d i s t u r b  d i s c r i m i n a t i o n ;  t h e r e  was some s l i g h t  

d i s t u r b a n c e  when a 90® 2 . 0  cm s.  t r i a n g l e ,  45° 0 . 5  cms. 

t r i a n g l e  a n d  90® 2 . 0  cm s.  t r i a n g l e ,  were g i v e n ,  b u t  

d i s c r i m i n a t i o n  was no t  s e r i o u s l y  i m p a i r e d ,  a s  most a n i m a l s  

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

o f  t h e  90® 2 . 0  cm s.  t r i a n g l e  w i th  a l t e r n a t i v e  f i g u r e s  ( c r o s s ,  

squa re  and diamond) p r o d u c e d  h i g h  d i s c r i m i n a t i o n  s c o r e s ,  

which were a l l  s i g n i f i c a n t  a t  t h e  0 . 0 2  l e v e l .

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

r e v e r s e d ,  d i s c r i m i n a t i o n  b ro k e  down c o m p l e t e l y ,  a l l  a n i m a l s  

o b t a i n i n g  ch a n ce  s c o r e s .  T h i s  a l s o  o c c u r r e d  when f i v e

2 . 0  cms. c i r c l e s  were p r e s e n t e d  i n  e a c h  p a n e l .
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A f i n a l  s e r i e s  t o  i n v e s t i g a t e  t h e  r e t e n t i o n  or t h e  

b l a c k - w h i t e  b r i g h t n e s s  d i s c r i m i n a t i o n  i n d i c a t e d  t h a t  some 

d i s c r i m i n a t i o n  was t a k i n g  p l a c e ,  btrt t h e  s c o r e s  were no t  

v e r y  h i g h .

c .  D e t a i l s  o f  R e s u l t s . A, B r i g h t n e s s  D i s c r i m i n a t i o n .

1 ) P l a i n  b l a c k  ( n e g a t i v e ) :  p l a i n  w h i t e  ( p o s i t i v e )

d i s c r i m i n a t i o n ;  3 s e r i e s .

D u r in g  t h e  f i r s t  s e r i e s ,  t h r e e  a n i m a l s  a c h i e v e d  

d i s c r i m i n a t i o n  s c o r e s  t h a t  were s i g n i f i c a n t  a t  t h e  0 .007  

l e v e l  o r  a b o v e ,  w h i l e  t h e  s c o r e  o f  a f o u r t h  an im a l  was 

s i g n i f i c a n t  a t  t h e  0 .0 5  l e v e l ;  t h e  r e m a in in g  two a n im a l s  

o b t a i n e d  ch a n ce  s c o r e s .  I n  t h e  seco n d  s e r i e s ,  a l l  s c o r e s  

were s i g n i f i c a n t  a t  t h e  0 . 0 0 2  l e v e l  o r  above ,  w h i le  i n  

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

0 .00001; i n  t h i s  l a s t  s e r i e s ,  two a n im a l s  made 1 9 /2 0  and 

2 0 / 2 0  c o r r e c t  c h o i c e s .

2 ) P l a i n  b l a c k  ( n e g a t i v e ) : w h i t e  2 . 0  cms. e q u i l a t e r a l

t r i a n g l e  on  a b l a c k  g ro u n d ;  3 s e r i e s .

T h e re  was a s l i g h t  i n i t i a l  f a l l - o f f  i n  t h e  s c o r e s  

o b t a i n e d  i n  t h e  f i r s t  s e r i e s ;  ho w ev e r ,  f o u r  a n im a l s  were 

s t i l l  a c h i e v i n g  s c o r e s  a t  th e  0 .0 0 7  l e v e l  and a b o v e .  The 

s c o re s  o f  a l l  s i x  a n i m a l s  w ere  s i g n i f i c a n t  a t  t h e  0 .0 0 7  

l e v e l  i n  t h e  s u c c e e d i n g  s e r i e s ,  and  i n  t h e  l a s t  s e r i e s .
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th e  l o w e s t  l e v e l  o f  s i g n i f i c a n c e  was 0 . 0 0 0 0 0 2 ; a g a i n ,

one a n i m a l  s c o r e d  2 0 / 2 0  and  two a n i m a l s  1 8 / 2 0 .

B, Form D i s c r i m i n a t i o n .  T r a i n i n g .

1 ) W hite  2 . 0  cm s.  d i a m e t e r  c i r c l e  on  b l a c k  g ro u n d :

w h i te  2 . 0  cm s.  e q u i l a t e r a l  t r i a n g l e  on  b l a c k  g ro u n d ;  42 

s e r i e s .

The s c o r e s  o f  a l l  s i x  a n i m a l s  d ro p p e d  t o  chance  l e v e l  

i n  th e  f i r s t  s e r i e s  when form  d i s c r i m i n a t i o n  was i n t r o d u c e d  

There was a g r a d u a l  improvem ent d u r i n g  t h e  n ex t  21 s e r i e s ,  

f o u r  a n i m a l s  o b t a i n i n g  s c o r e s  a t  o r  above t h e  0 .0 0 7  l e v e l  

o f  s i g n i f i c a n c e  i n  s e r i e s  23; t h e  f i f t h  a n i m a l ' s  s c o re  was 

s i g n i f i c a n t  a t  t h e  0 .0 5  l e v e l ,  and t h e  s c o r e  o f  t h e  s i x t h  

animal d r o p p e d  t o . j u s t  above chance  l e v e l ,  a l t h o u g h  i t  had  

o b t a i n e d  s i g n i f i c a n t  s c o r e s  i n  t h e  s e r i e s  im m e d ia te l y  

p r e c e d in g  number 2 2 .

T h e re  was t h e n  a b r e a k  i n  t r a i n i n g  o f  t h r e e  w eeks ,  and 

i t  i s  t h o u g h t  t h a t  t h i s  a c c o u n t s  f o r  t h e  marked d ro p  i n  

s c o re s  i n  s e r i e s  23 ,  24 and 2 5 .  From t h e n  on ,  how ever ,  

the  s c o r e s  r o s e  a g a i n  t o  t h e i r  o r i g i n a l  l e v e l ,  and a l t h o u g h  

i n d i v i d u a l  p e r f o r m a n c e s  were  a l i t t l e  e r r a t i c ,  t h e  a v e ra g e  

s c o re s  f o r  a l l  s i x  a n i m a l s  o f t e n  r o s e  w e l l  above t h e  0 .0 0 7  

l e v e l .  I n d i v i d u a l  s c o r e s  f r e q u e n t l y  r e a c h e d  t h e  0 .00009  

l e v e l  and  a b o v e .

D ur ing  t h e  l a s t  s i x  s e r i e s  o f  t h i s  t r a i n i n g  p r o c e d u r e .
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a l l  a n i m a l s  c o n s i s t e n t l y  a c h i e v e d  s c o r e s  a t  o r  above t h e  

0 .05  l e v e l  o f  s i g n i f i c a n c e ;  a g a i n ,  i n d i v i d u a l  s c o r e s  were 

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

s e t  o f  sym bols  i n  t h e  l a s t  t h r e e  s e r i e s  d i d  no t  I m p a i r  

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

and g e n e r a l  i n v e s t i g a t i o n .

A l th o u g h  f u r t h e r  t r a i n i n g  m ig h t  have  p ro d u c e d  a h i g h e r  

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

sco re  h a d  b e e n  c o n s i s t e n t l y  above t h e  0 . 0 5  l e v e l  f o r  t h e  

l a s t  17 s e r i e s ,  and  a s  a l l  s i x  a n im a l s  had  i n d i v i d u a l l y  

d e m o n s t r a t e d  t h a t  t h e y  had  m a s t e r e d  t h e  P rob lem , 

f u r t h e r  p r a c t i c e  was s u p e r f l u o u s .  T r a i n i n g  on  t h e  s t a n d a r d

2 . 0  cms. sym bols  t h e r e f o r e  s to p p e d  a f t e r  t h e  42nd s e r i e s ,  

and t r a n s f e r  t e s t s  were  i n t r o d u c e d .

0 . Form D i s c r i m i n a t i o n :  T r a n s f e r  T e s t s .

1) S u b s t i t u t i o n  o f  a l t e r n a t i v e  n e g a t i v e  f i g u r e s  ( c r o s s ,  

r e c t a n g l e ,  z i g z a g  and  s q u a r e )  f o r  t h e  n e g a t i v e  2 . 0  cms. 

c i r c l e ;  4 s e r i e s .  A l l  f o u r  f i g u r e s  were p r e s e n t e d  i n  e a ch  

s e r i e s .

At no t im e  d u r i n g  t h e s e  f o u r  t e s t  s e r i e s  d i d  any  o f  

th e  s c o r e s  d r o p  be low  t h e  0 .0 5  l e v e l  o f  s i g n i f i c a n c e ;  many 

rose  w e l l  above  t o  t h e  0 .0 0 0 5  l e v e l .  The a v e ra g e  s c o r e  

remained n e a r  o r  above t h e  0 .0 0 7  l e v e l .
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When t h e  r e s u l t s  f o r  t h e  a i f f e r e n t  a l t e r n a t i v e  f i g u r e s  

were s e p a r a t e d  o u t ,  t h e  a v e r a g e  s c o r e  f o r  e a c h  f i g u r e  was 

a t  t h e  0 . 0 2  l e v e l  o r  ab o v e ;  n e v e r t h e l e s s ,  u s i n g  t h e  Mann- 

W hitney  U _ t e s t ,  t h e  d i f f e r e n c e  b e tw e e n  t h e  s c o r e s  o b t a i n e d  

on t h e  r e c t a n g l e  ( a v e r a g e  8 . 2 ) and t h o s e  on  t h e  s q u a re  

( a v e ra g e  1 0 .3 )  was fo u n d  t o  be s i g n i f i c a n t  ( P <  0 . 0 5 ) .  

B e h a v io u r a l  o b s e r v a t i o n s  s u g g e s t e d  t h a t  t h e  r e c t a n g l e  c a u s e d  

s l i g h t l y  more c o n f u s i o n  t h a n  t h e  o t h e r  f i g u r e s .

2) S i z e  G e n e r a l i s a t i o n ,  from 2 . 0  cms. symbols  t o  0 .2 5  

cms. sy m b o ls ;  9 s e r i e s .

The i n t r o d u c t i o n  o f  a v a r i e t y  o f  c i r c l e  s i z e s  (2 . 0 ,

1 .5 ,  1 . 0 ,  0 . 5 ,  0 . 2 5  cm s .)  w i t h  t h e  s t a n d a r d  2 . 0  cms. t r i a n g l e

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

however,  f i v e  o f  t h e  a n i m a l s  were s t i l l  a c h i e v i n g  s c o r e s  a t  

o r  above t h e  0 . 0 5  l e v e l  o f  s i g n i f i c a n c e ,  and when t h e  s e r i e s  

was r e p e a t e d  i n  S e r i e s  8 , a l l  s i x  a n im a l s  o b t a i n e d  s c o r e s  

a t  t h e  0 .0 2  l e v e l  and  a b o v e .  I n  S e r i e s  2 and 7 ,  t h e  s i z e  

o f  t h e  t r i a n g l e  was v a r i e d  from 2 . 0  t o  0 .2 5  cm s . ,  w h i l e  t h e

c i r c l e  r e m a in e d  a t  2 . 0  cm s . ;  h e r e ,  two o u t  o f  t h e  tw e lv e

sc o re s  w ere  a t  t h e  0 .0 5  l e v e l ,  w h i l e  t h e  r e m a in in g  s c o r e s  

were above t h i s  l e v e l ,  many b e i n g  above th e  0 .0 0 7  l e v e l .

I n  s e r i e s  3 , 4 and 5, 1 . 5  cms. t r i a n g l e  w i t h  1 . 5  cms. 

c i r c l e ,  1 . 0  cm s .  t r i a n g l e  w i t h  1 . 0  cms. c i r c l e ,  and  0 . 5  cms. 

t r i a n g l e  w i t h  0 . 5  cm s.  c i r c l e  were  g i v e n  r e s p e c t i v e l y .  

D i s c r i m i n a t i o n  o f  t h e  sym bols  was s t i l l  u n im p a i r e d .
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a l t h o u g h  one a n im a l  a p p e a r e d  t o  f i n d  some d i f f i c u l t y  w i t h  

th e  1 . 0  cm s.  t r i a n g l e  and c i r c l e .  However,  t h e  a v e r a g e  

s c o re  f o r  a l l  s i x  a n i m a l s  s t i l l  r e m a in e d  a b o u t  t h e  0 . 0 1  

l e v e l  o f  s i g n i f i c a n c e .

A 0 .2 5  cms. t r i a n g l e  and a 0 .2 5  cms. c i r c l e  were  

p r e s e n t e d  i n  s e r i e s  6  and 9; i n  s e r i e s  6 , a i s c r i m i n a t i o n  

was i m p a i r e d  t o  some e x t e n t ,  o n l y  two a n i m a l s  a c h i e v i n g  

s c o r e s  t h a t  were s i g n i f i c a n t  a t  t h e  0 .0 5  l e v e l ;  t h e  a v e ra g e  

s co re  was c o n s i d e r a b l y  l o w e r .  I n  s e r i e s  9 ,  two a n im a l s  

o b t a i n e d  s c o r e s  a t  t h e  0 .0 0 7  l e v e l  o f  s i g n i f i c a n c e ,  and one 

a t  t h e  0 . 0 2  l e v e l ;  h o w e v e r ,  t h r e e  a n i m a l s  were be low  t h e  

0 .05  l e v e l .  B e h a v i o u r a l  o b s e r v a t i o n s  o f  b o th  s e r i e s  

i n d i c a t e d  t h a t  t h e r e  was some c o n f u s i o n .

3) P a r t - F i g u r e s :  s e r i e s  1 : apex  o f  2 . 0  cms. t r i a n g l e

and u p p e r  a r c  o f  2 . 0  cms. c i r c l e ,

s e r i e s  2 : b a s e  o f  2 . 0  cms. t r i a n g l e

and l o w e r  a r c  o f  2 . 0  cms. c i r c l e ,

s e r i e s  3 : com ple te  2 . 0  cms. t r i a n g l e ,  

and  s u b s t i t u t i o n  o f  diamond (2 . 0  cms. 

d i a g o n a l )  f o r  c i r c l e .

F iv e  a n i m a l s  a c h i e v e d  s c o r e s  w e l l  above th e  0 ,0 5  l e v e l  

f o r  b o th  t h e  u p p e r  and  l o w e r  p a r t s  o f  t h e  f i g u r e s ;  t h e  

s i x t h  a n i m a l ’ s s c o r e  f e l l  t o  j u s t  below t h e  0 .0 5  l e v e l .  The 

average  f o r  b o t h  s e r i e s  w as ,  f o r  s e r i e s  1 , j u s t  ab o v e ,  and 

f o r  s e r i e s  2 ,  j u s t  b e lo w ,  t h e  0 .0 0 7  s i g n i f i c a n c e  l e v e l .
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There was some i n d i c a t i o n ,  f rom b e h a v i o u r a l  o b s e r v a t i o n s ,  

t h a t  t h e  b a s e s  o f  t h e  f i g u r e s  were s l i g h t l y  more d i f f i c u l t  

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

t h i s  i n  t h e  r e s u l t s  i s  t h a t  e a c h  a n i m a l ’ s s c o r e  ( e x c e p t  

one) f e l l  b y  e i t h e r  one o r  two p o i n t s ;  e v e n  t h e n ,  a 

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

The p r e s e n t a t i o n  o f  t h e  2 . 0  cm s.  t r i a n g l e  w i t h  t h e  

diamond p r o d u c e d  s c o r e s  t h a t  were a l l  a t  t h e  0 . 0 2  l e v e l  

o f  s i g n i f i c a n c e  o r  above ;  t h e  a v e r a g e  f o r  t h i s  t h i r d  s e r i e s  

was s i g n i f i c a n t  b e tw e e n  t h e  0 . 0 0 2  and t h e  0 .0 0 0 5  l e v e l s .

4) R o t a t e d  f i g u r e s  : 2 . 0  cms. and 0 . 5  cms. t r i a n g l e s

r o t a t e d  t h r o u g h  45® and 9 0 ° ;  7 s e r i e s .

The p r e s e n t a t i o n  o f  t h e  45® r o t a t e d  t r i a n g l e  w i t h  a

2 . 0  cm s.  c i r c l e  c a u s e d  no im p a irm en t  i n  a i s c r i m i n a t i o n .

A ll  a n i m a l s  a c h i e v e d  s c o r e s  t h a t  were s i g n i f i c a n t  a t  t h e

0 . 0 2  l e v e l  and ab o v e ;  t h e  a v e r a g e  s c o r e  f o r  t h e  s e r i e s  

was s i g n i f i c a n t  a t  t h e  0 . 0 0 2  l e v e l .

I n  t h e  s e c o n d  s e r i e s ,  when a 90® r o t a t e d  2 . 0  cms. 

t r i a n g l e  w i t h  a 2 . 0  cms. c i r c l e  was g i v e n ,  t h e r e  was some 

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

one w h ich  was j u s t  be low )  were  s i g n i f i c a n t  a t  t h e  0 .0 5  l e v e l ,  

a l th o u g h  none r e a c h e d  t h e  0 . 0 1  l e v e l .

A 45® r o t a t e d  0 . 5  cms. t r i a n g l e  p r e s e n t e d  w i t h  a 0 . 5  

cms. c i r c l e  i n  t h e  t h i r d  s e r i e s  p ro d u c e d  s i m i l a r  r e s u l t s .
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a l t h o u g h  one a n i m a l ’ s s c o r e  was s i g n i f i c a n t  a t  t h e  0 . 0 0 2  

l e v e l .

I n  t h e  f o u r t h  s e r i e s ,  a 90® r o t a t e d  0 . 5  cms. t r i a n g l e  

w i th  a 0 . 5  cm s.  c i r c l e  p ro d u c e d  f o u r  s c o r e s  s i g n i f i c a n t  a t  

th e  0 .0 5  l e v e l  and  ab o v e ,  and two j u s t  be low  t h e  0 .0 5  l e v e l .  

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

and was b e tw e e n  t h e  0 .0 5  and  0 .0 2  l e v e l s .

T h e r e f o r e ,  a l t h o u g h  a i s c r i m i n a t i o n  was d i s t u r b e d ,  i t  

was n o t  s e r i o u s l y  i m p a i r e d  by r o t a t i o n  o f  t h e  t r i a n g l e s .  

However, p r e s e n t a t i o n  o f  t h e  s t a n d a r d  2 . 0  cms. u p r i g h t  

t r i a n g l e  an d  2 . 0  cm s.  c i r c l e  im m e d ia t e l y  a f t e r  t h e s e  f o u r  

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

th e  0 .0 0 7  l e v e l  and a b o v e .

I n  t h e  r e m a i n i n g  t h r e e  r o t a t i o n  s e r i e s ,  a 90^ r o t a t e d

2 . 0  cms. t r i a n g l e  was p r e s e n t e d ,  i n  t h e  f i r s t  s e r i e s ,  w i t h  

a c r o s s ,  and  i n  t h e  seco n d  two s e r i e s ,  w i t h  a diamond and 

a s q u a r e .  I n  a l l  t h r e e  s e r i e s ,  a l l  t h e  s c o r e s  were 

s i g n i f i c a n t  a t  t h e  0 .0 2  l e v e l  and a b o v e .  The a v e ra g e  

sco re  f o r  a l l  s i x  a n i m a l s  d i d  not  f a l l  below t h e  0 .0 0 7  

l e v e l .  C om par ison  o f  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  diamond 

and s q u a re  showed t h a t  t h e r e  was no d i f f e r e n c e ,  t h e  a v e r a g e s  

b e ing  i d e n t i c a l .

5) F i g u r e - g r o u n d  B r i g h t n e s s  R e l a t i o n s h i p  R e v e r s a l :

2 . 0  cms. b l a c k  t r i a n g l e  and  2 . 0  cms. b l a c k  c i r c l e  on  w h i t e



159,

g ro u n d s ;  1 s e r i e s .

The p r e s e n t a t i o n  o f  t h i s  s e r i e s  c a u s e d  a co m p le te  

breakdown i n  d i s c r i m i n a t i o n .  No a n im a l  a c h i e v e d  a s c o r e  

above ch a n ce  l e v e l . B e h a v i o u r a l  o b s e r v a t i o n s  showed t h a t  

t h e r e  was m arked  c o n f u s i o n  and a g i t a t i o n  among a l l  s i x  

a n i m a l s .

6 ) C o n t r o l  and  Breakdown M easure :  f i v e  2 . 0  cms. c i r c l e s  

p e r  p a n e l ;  1 s e r i e s .

T h i s  s e r i e s  was p r e c e d e d  by a c h e ck  s e r i e s ,  i n  w hich  th e  

s t a n d a r d  2 . 0  cm s.  t r i a n g l e  and c i r c l e  w ere  g i v e n ;  a l l  

an im a ls  a c h i e v e d  s c o r e s  t h a t  were  s i g n i f i c a n t  a t  t h e  0 . 0 2  

l e v e l  and  a b o v e .

When f i v e  c i r c l e s  were p r e s e n t e d ,  h ow ever ,  d i s c r i m i n 

a t i o n  b ro k e  down c o m p l e t e l y ;  a l l  s c o r e s  d ro p p ed  t o  chance  

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

th e  a n i m a l s  were  d i s t u r b e d ,  a l t h o u g h  no t  so a g i t a t e d  a s  i n  

th e  f i g u r e - g r o u n d  r e v e r s a l  s e r i e s ;  t h e  t e n d e n c y  was f o r  

each  a n im a l  t o  exam ine  a l l  t h e  d o o r s  i n  a p a n e l  t h o r o u g h l y  

s e v e r a l  t i m e s ,  and  t h e n  t 6  p u s h  i n d i s c r i m i n a t e l y .

T h i s  s e r i e s  t h e r e f o r e  c h e c k e d  t h a t  p r e v i o u s  

d i s c r i m i n a t i o n  h ad  b e e n  d e p e n d e n t  on  v i s u a l  cu e s  o n l y .

7) B r i g h t n e s s  D i s c r i m i n a t i o n  R e t e n t i o n :  p l a i n  b l a c k

( n e g a t i v e )  an d  p l a i n  w h i t e  ( p o s i t i v e ) ; 1 s e r i e s .

Only two a n i m a l s  a c h i e v e d  s c o r e s  a t  t h e  0 .0 0 7  l e v e l
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o r  above ;  t h r e e  more r e a c h e d  t h e  0 ,0 5  l e v e l ,  and  one 

rem a in ed  a t  ch a n ce  l e v e l .  The g e n e r a l  i m p r e s s i o n  was 

one o f  c o n f u s i o n  a t  f i r s t ,  b u t  t h e  s c o r e s  im proved  a s  

th e  s e r i e s  p r o g r e s s e d .

These  r e s u l t s  a r e  d i s c u s s e d  i n  t h e  f i n a l  s e c t i o n .

D. P r e f e r e n c e  T e s t s .

1 . I n t r o d u c t i o n .

I n  v iew  o f  L a s h l e y ’ s (1938) r e s u l t s  w i t h  r a t s ,  i n  

which he d e m o n s t r a t e d  t h a t  t h e s e  a n im a l s  a p p e a r  t o  have  a 

p r e - e x i s t i n g  p r e f e r e n c e  f o r  h o r i z o n t a l  s t r i p e s ,  i t  was 

d e c id e d  t o  c o n d u c t  a s h o r t  s e r i e s  o f  p r e f e r e n c e  t e s t s  on 

g o ld e n  h a m s t e r s  who h ad  (a)  b e e n  t r a i n e d  t o  d i s c r i m i n a t e  

be tween  s h a p e s ,  and  (b) who had  n o t .  I n  t h i s  way, i t  was 

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

i n  h a m s t e r s ,  i t  was e i t h e r  i n h e r e n t  o r  due t o  e x p e r i m e n t a l  

t r a i n i n g .

F u r t h e r  t e s t s  were c o n d u c te d  w i t h  t h e  e x p e r i m e n t a l l y  

na ive  g ro u p  o f  a n i m a l s ,  u s i n g  b l a c k / w h i t e  and t r i a n g l e /  

c i r c l e  s t i m u l i .  I t  was f e l t  t h a t ,  i f  any  p r e f e r e n c e  was 

shown by t h e s e  a n i m a l s  f o r  a p a r t i c u l a r  s t i m u l u s ,  t h e n  t h i s  

a p p a re n t  p r e - e x i s t i n g  p r e f e r e n c e  i n  h a m s t e r s  m igh t  have 

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

v i s u a l  d i s c r i m i n a t i o n  e x p e r i m e n t s .
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2. Procedure.

P our  d o o r s  i n  e a c h  p a n e l  o f  SMVDA I I  were u sed  f o r  

t h e s e  t e s t s ;  t h e  f i f t h  d o o r  was b l o c k e d  o f f .  E@ch p a n e l  

had two n e g a t i v e  and two p o s i t i v e  s t i m u l i ,  t h u s  e q u a l i s i n g  

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

T h re e  p a i r s  o f  s t i m u l i  were t e s t e d  f o r  p r e f e r e n c e :  

h o r i z o n t a l  and v e r t i c a l  0 . 4  cms. b l a c k  and w h i t e  s t r i p e s ;

2 . 0  cms. e q u i l a t e r a l  w h i t e  t r i a n g l e  and 2 . 0  cms. d i a m e t e r  

w h i te  c i r c l e ,  b o t h  on  b l a c k  b a c k g ro u n d s ;  p l a i n  b l a c k  and 

p l a i n  w h i t e  s t i m u l i .  One s e r i e s  p e r  an im a l  was g i v e n  f o r  

each  p a i r .

The o r d e r  o f  p r e s e n t a t i o n  o f  t h e  s t i m u l i  were ran d o m ised  

o v e r  t h e  p a n e l s  and  t h r o u g h o u t  t h e  s e r i e s  t o  c o n t r o l  f o r  

p o s i t i o n  h a b i t s .

Two g r o u p s  o f  a n i m a l s  were u s e d :

a) a c o n t r o l  g ro u p  (C) o f  s i x  a n i m a l s ,  who had  not b e e n

u se d  f o r  e i t h e r  b r i g h t n e s s  o r  form d i s c r i m i n a t i o n  b e f o r e ;  

t h e s e  a n i m a l s  were t r a i n e d  t o  o p en  t h e  d o o r s  o f  t h e  

a p p a r a t u s  p r e v i o u s  t o  b e in g  t e s t e d .

b) t h e  e x p e r i m e n t a l  g ro u p  (E) o f  s i x  a n im a l s  t r a i n e d  on b o th

b r i g h t n e s s  and fo rm  d i s c r i m i n a t i o n  i n  t h e  f i n a l  e x p e r i 

ment SMVDA I I .

Both g ro u p s  o f  a n i m a l s  were  o f  t h e  same age (16 w e e k s ) ,  sex  

(male) and s t r a i n  ( w i ld  a g o u t i ) .  F o r  f u r t h e r  d e t a i l s  o f
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t h e s e  a n i m a l s ,  s e e  Appendix  6  .

Group C was t e s t e d  on  a l l  t h r e e  p a i r s  o f  s t i m u l i ;

Group E was t e s t e d  on  t h e  h o r i z o n t a l  and v e r t i c a l  s t r i p e s  

o n ly ,  s i n c e  t h e y  had  b e e n  t r a i n e d  oh  t h e  o t h e r  two p a i r s  

p r e v i o u s l y .

3 .  R e s u l t s .

Group C:

i )  B la c k  and w h i t e :  one a n im a l  showed a p r e f e r e n c e  f o r

w h i t e ,  s i g n i f i c a n t  a t  t h e  P .025 l e v e l .  One o t h e r  an im al  

showed a s l i g h t ,  b u t  no t  s i g n i f i c a n t  p r e f e r e n c e  f o r  w h i t e ,  

w h i le  t h e  r e m a i n i n g  f o u r  showed no p r e f e r e n c e  f o r  e i t h e r  

s h a d e .

i i )  T r i a n g l e  and  c i r c l e :  one an im a l  showed a s l i g h t ,

but  no t  s i g n i f i c a n t  p r e f e r e n c e  f o r  c i r c l e s ,  w h i l e  t h e  o t h e r s  

o b t a i n e d  e q u a l  s c o r e s  on  b o t h  s y m b o l s .  P o u r  a n im a l s  had  by 

now a d o p te d  p o s i t i o n  h a b i t s  t o  t h e  f i r s t  d o o r ,  

i l l )  H o r i z o n t a l  and  v e r t i c a l  s t r i p e s :  no p r e f e r e n c e  was

shown by any  a n im a l  f o r  e i t h e r  s t i m u l u s .

Group E:

H o r i z o n t a l  a n d  v e r t i c a l  s t r i p e s :  one a n im a l  showed a s l i g h t

but no t  s i g n i f i c a n t  p r e f e r e n c e  f o r  v e r t i c a l  s t r i p e s ,  w h i l e  

two o t h e r  a n i m a l s  showed s l i g h t  b u t  no t  s i g n i f i c a n t  

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

an im als  showed no p r e f e r e n c e  f o r  e i t h e r .



163 .

4 . Summary o f  R e s u l t s .

Of t h e  s i x  a n i m a l s  i n  t h e  c o n t r o l  g ro u p  C, who were 

p r e s e n t e d  w i t h  t h r e e  a i f f e r e n t  p a i r s  o f  s t i m u l i ,  o n l y  one 

an im al  showed a s i g n i f i c a n t  p r e f e r e n c e  f o r  w h i t e . The 

r e m a in in g  a n i m a l s  showed no p r e f e r e n c e  f o r  any  o f  t h e  s i x  

s t i m u l i .

I n  t h e  e x p e r i m e n t a l  g ro u p  E, who were g i v e n  

h o r i z o n t a l  and  v e r t i c a l  s t r i p e s ,  one a n im a l  showed a 

p r e f e r e n c e  (P = no t  s i g n i f i c a n t )  f o r  t h e  v e r t i c a l  s t r i p e s ;  

th e  o t h e r  f i v e  a n i m a l s  showed no s i g n i f i c a n t  p r e f e r e n c e  

f o r  e i t h e r  s t i m u l u s .
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V III  DISCUSSION.

A. M ethods end A p p a ra tu s

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

not o n l y  i n  t h e i r  own r i g h t  b u t  f o r  t h e  a t t e n t i o n  t h a t  t h e y  

draw t o  m e th o d o lo g y .

The s o l u t i o n  t o  t h e  m e t h o d o l o g i c a l  p ro b le m s  e n c o u n t e r e d  

i n  t h i s  s t u d y  p r o v e d  i n  t h e  end  t o  l i e  i n  s u c c e s s f u l l y  

f o c u s i n g  t h e  a n i m a l ’ s a t t e n t i o n  on  t h e  d i s c r i m i n a t i o n  t a s k  

i t s e l f .  S in c e  t h e  o b j e c t  o f  t h e  e x p e r i m e n t  i s  t o  t e s t  t h e  

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

i t  i s  i m p o r t a n t  t h a t  t h e  l e a r n i n g  i n v o l v e d  s h o u ld  be a s  e a s y  

f o r  t h e  a n i m a l  a s  p o s s i b l e  and t h a t  t h e  method s h o u ld  make 

th e  o p t i m a l  use  o f  t h e  a n i m a l ’ s c a p a c i t y .  I t  i s  p e rh a p s  

p a r t i c u l a r l y  i n t e r e s t i n g  t h a t  t h e  p rob lem  was u l t i m a t e l y  

so lv e d  n o t  by  i n c r e a s i n g  t h e  s t r e n g t h  o f  m o t i v a t i o n ,  b u t  

by making t h e  b e s t  use  o f  i t .  A l t e r a t i o n s  i n  t h e  t e s t i n g  

p r o c e d u r e ,  w h ich  remove from t h e  a n i m a l ’ s f i e l d  o f  v i s u a l  

a t t e n t i o n  v i r t u a l l y  a l l  o t h e r  s t i m u l i  b u t  t h o s e  t o  be 

d i f f e r e n t i a t e d ,  e l i c i t  r a p i d  l e a r n i n g ,  as  ca n  be s e e n  from 

the  e x p e r i m e n t  ( d e s c r i b e d  i n  S e c t i o n  VI) where an an im a l  

l e a r n t  a b l a c k / w h i t e  d i s c r i m i n a t i o n  t o  a 100% e f f i c i e n c y  

l e v e l  i n  3 0  t r i a l s  on th e  c i r c u l a r  a p p a r a t u s .  The same 

animal showed no e v i d e n c e  o f  h a v i n g  l e a r n t  a n y t h i n g  i n  1 5 0
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t r i a l s  on  a more t r a d i t i o n a l  ty p e  o f  t w o - c h o i c e  a p p a r a t u s .

The same p o i n t  i s  b ro u g h t  o u t ,  t h o u g h  i n  a s l i g h t l y  

d i f f e r e n t  way, when t h e  r e s u l t s  o f  t h e  s i x  a n i m a l s  t r a i n e d  

i n  t h e  5 - u n i t  2 - c h o i c e  a p p a r a t u s  ( s e e  p a g e i o s )  and t h e n  on 

th e  s e r i a l  m u l t i p l e  v i s u a l  d i s c r i m i n a t i o n  a p p a r a t u s  I  ( s e e  

page 130) a r e  c o m p a red .  I n  t h e  f i r s t  e x p e r i m e n t ,  e a c h  an im a l  

made 380 c h o i c e s  on  a form  d i s c r i m i n a t i o n  p rob lem  and t h e r e  

was l i t t l e  o r  no e v i d e n c e  o f  l e a r n i n g  i n  any member o f  t h e  

g r o u p .  Y e t ,  when t h e s e  same a n im a l s  were t r a i n e d  some 

weeks l a t e r  on  t h e  SMVDA I  a p p a r a t u s ,  form d i s c r i m i n a t i o n  

was a c h i e v e d  a t  t h e  0 ,0 5  l e v e l  o f  s i g n i f i c a n c e  i n  l e s s  t h a n  

100 t r i a l s .  The r a p i d i t y  w i t h  w hich  t h i s  l e a r n i n g  t o o k  

p la c e  i n  t h e  seco n d  a p p a r a t u s  by c o m p a r iso n  w i t h  th e  e x p e r i 

m e n t a l l y  n a i v e  g ro u p  who were t r a i n e d  i n  SMVDA I I ,  s u g g e s t s  

t h a t  a l a r g e  amount o f  l a t e n t  l e a r n i n g  h ad  i n  f a c t  o c c u r r e d  

d u r in g  t h e  f i r s t  e x p e r i m e n t .  Yet t h i s  l e a r n i n g  was not  

obv ious  u n t i l  a s u i t a b l e  a p p a r a t u s  was d e s i g n e d  t o  e l i c i t  i t .  

Here, t h e  s u c c e s s  o f  t h e  seco n d  a p p a r a t u s  depends  not on 

s u r ro u n d in g  t h e  a n im a l  w i t h  u n a v o i d a b l e  v i s u a l  s t i m u l i ,  ( w i t h  

form d i s c r i m i n a t i o n  t h i s  would be v e r y  d i f f i c u l t ) ,  b u t  on  a 

s l i g h t  s h i f t  i n  t h e  t a s k  w h ich  c o n f r o n t s  t h e  a n i m a l ,  so 

making t h e  l e a r n i n g  o f  t h e  form d i s c r i m i n a t i o n  t h e  e a s i e s t  

t h i n g  f o r  i t  t o  uo w i t h  t h e  s i t u a t i o n .

The a i f f e r e n c e  b e tw e e n  t h e  two m ethods a s  r e g a r d s
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l e a r n i n g  s u c c e s s  may be i n t e r p r e t e d  i n  t e r m s  o f  t h e  

p h e n o m e n o lo g ic a l  a p p r o a c h  (Snygg 1 9 3 5 ) ;  t h e  l a t t e r  would 

su g g e s t  t h a t  i n  t h e  t w o - c h o i c e  a p p a r a t u s ,  t h e  e a s i e s t  way 

out  o f  t h e  s i t u a t i o n  i s  no t  t o  use  t h e  sym bols  a s  s i g n s ,  

whereas  i n  t h e  5 - c h o i c e  a p p a r a t u s  t h e  s i t u a t i o n  i s  r e v e r s e d .  

I n  f a c t  t h e  s t i m u l i  come t o  have  a s i g n  v a l u e  f o r  t h e  

an im a ls  i n  t h i s  s i t u a t i o n ,  w h ic h ,  i n  v iew o f  t h e  r a p i d i t y  

w i th  w h ich  e r r o r s  c a n  be c o r r e c t e d ,  t h e y  do not  have  i n  

th e  t w o - c h o i c e  s i t u a t i o n .  The e x p e r i m e n t  i s  t h u s  a d j u s t e d  

to  t h e  a n i m a l  and  makes t h e  o p t i m a l  use  o f  i t s  d e s i r e  t o  

e scape  f rom  t h e  c h o i c e  b o x e s .

The form  d i s c r i m i n a t i o n  r e s u l t s  show t h i s  phenomenon 

e q u a l l y  c l e a r l y .  I n  o t h e r  w ords ,  a l t h o u g h  t r a i n i n g  on t h e  

5 -p a n e l  2 - c h o i c e  a p p a r a t u s  was c o n t i n u e d  f o r  380 c h o i c e s ,  

t h e r e  was l i t t l e  o r  no e v i d e n c e  o f  l e a r n i n g .  I n  SMVDA I I ,  

on t h e  o t h e r  h a n d ,  t h e  a v e r a g e  s c o r e  h a d  r e a c h e d  th e  0 .0 2  

l e v e l  o f  s i g n i f i c a n c e  a f t e r  280 c h o i c e s ;  t h e  l e a r n i n g  cu rv e  

showed a m arked  r i s e  a f t e r  80 c h o i c e s  and c o n t i n u e d  t o  r i s e  

s t e a d i l y ,  a l t h o u g h  somewhat e r r a t i c a l l y .

The c o n c l u s i o n  from t h e  e v i d e n c e  i s  t h a t  i t  i s  

im p o r ta n t  t o  a d j u s t  t h e  b a l a n c e  o f  t h e  a v a i l a b l e  m o t i v a t i o n  

i n  su ch  a way t h a t  t h e  most e f f i c i e n t  l e a r n i n g  s i t u a t i o n  i s

e s t a b l i s h e d .

I n  c o n n e c t i o n  w i t h  t h e  q u e s t i o n  o f  m o t i v a t i o n  s t r e n g t h .
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i t  i s  q u i t e  c l e a r  f rom  t h e  r e s u l t s  o b t a i n e d  d u r i n g  t h i s  

i n v e s t i g a t i o n  t h a t  e x p l o r a t o r y  d r i v e  as  a s o u r c e  o f  

m o t i v a t i o n  i s  a d e q u a t e  f o r  t h e  l e a r n i n g  o f  a complex 

d i s c r i m i n a t i o n  t a s k .  I t  m igh t  be a rg u e d  t h a t  s t r o n g e r  

m o t i v a t i o n ,  o f  t h e  c l a s s i c a l  t y p e ,  would p e r h a p s  p ro d u ce  

q u i c k e r  l e a r n i n g  o r  h i g h e r  o v e r a l l  s c o r e s .  However, a l t h o u g h  

some a n i m a l s  may l e a r n  more q u i c k l y  u n d e r  s t r o n g  m o t i v a t i o n ,  

once t h e y  have  g r a s p e d  t h e  p ro b le m ,  o t h e r s  a r e  l i k e l y  t o  

adopt a r i g i d  p a t t e r n  o f  b e h a v i o u r  i n  an  a t t e m p t  t o  r ed u ce  

the  i n c o m p r e h e n s i b l e  p u n i s h m e n t .  I n  a d d i t i o n ,  i t  i s  not  

n e c e s s a r y  t o  o b t a i n  1 0 0 ^  c o r r e c t  c h o i c e s  from each  a n im a l ,  

s in c e  i n  t h e  m u l t i - c h o i c e  a p p a r a t u s  t h e  p r o b a b i l i t y  l e v e l s  

a re  s e n s i t i v e  enough  t o  i n d i c a t e  w h e t h e r  t h e  t a s k  h a s  b een  

l e a r n e d  w i t h o u t  dem anding  co m p u ls iv e  e f f i c i e n c y  from t h e  

a n i m a l s .

Of p a r t i c u l a r  r e l e v a n c e  t o  t h i s  q u e s t i o n  i s  t h e  f a c t  

t h a t  i n  t h i s  s t u d y  a l l  12 a n i m a l s  u sed  i n  SîrîVDA I  and I I  

l e a r n e d  t h e  p ro b le m  s e t  them; y e t  L a s h l e y  (1938) and Dodwell  

(1957) b o t h  adm it  t o  h a v i n g  d i s c a r d e d  a n im a l s  who d i d  not 

r e a c h  t h e  n e c e s s a r y  l e a r n i n g  c r i t e r i o n .

The c h i e f  c o n c l u s i o n  t h a t  i s  r e a c h e d  abou t  t h e  q u e s t i o n  

o f  m o t i v a t i o n  i s  t h a t ,  w i t h  h a m s t e r s  a t  l e a s t ,  t h e  e x p l o r a 

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

a t t e n t i o n  i s  p r o p e r l y  f o c u s e d  on  t h e  d i s c r i m i n a t i o n  p ro b le m .  

The t h e o r e t i c a l  i n t e r e s t  o f  t h i s  l i e s  i n  two d i r e c t i o n s :
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f i r s t  t h i s  s o u r c e  o f  m o t i v a t i o n  i s  commonly u se d  w i t h  

monkeys b u t  i s  u n u s u a l  w i th  r o d e n t s ;  s e c o n d l y ,  f o r  t h e s e  

an im a ls  i t  i s  e n t i r e l y  e f f e c t i v e ,  and  i n c o m p a r a b ly  s i m p l e r  

t o  use  t h a n  t e c h n i q u e s  w h ich  r e q u i r e  e l a b o r a t e  f e e d i n g  

s c h e d u l e s  a n d  e x p e n s i v e  a p p a r a t u s .

B. Form D i s c r i m i n a t i o n  and G e n e r a l i s a t i o n .

W ith  t h e  r e s u l t s  o f  SMVDA I  and I I  ( g i v e n  i n  S e c t i o n  

V I I ) ,  a good d e a l  h a s  b e e n  e s t a b l i s h e d  a b o u t  t h e  v i s u a l  

c a p a c i t i e s  o f  t h e  g o ld e n  h a m s t e r .  S in c e  t h e  o n l y  e x i s t i n g  

e v id e n c e  i s  t h e  e x p e r i m e n t  by Rensch and Rahmann (1 9 6 0 ) ,  i n  

which h a m s t e r s  a r e  r e p o r t e d  t o  have  d i s c r i m i n a t e d  h o r i z o n t a l  

from v e r t i c a l  s t r i p e s ,  t h i s  h a s  some g e n e r a l  v a l u e .  The 

b a s i c  work on  t h i s  s p e c i e s  c a n  now be s a i d  t o  have b ee n  done,

s in c e  b o t h  b r i g h t n e s s  and  form d i s c r i m i n a t i o n  have b e e n

e s t a b l i s h e d  t o g e t h e r  w i t h  an a p p ro x im a te  m easu re  o f  a c u i t y .

With t h e  m o d i f i e d  F i e l d s  a p p a r a t u s ,  i t  s h o u ld  be p o s s i b l e  

to  e x t e n d  t h i s  know ledge f a i r l y  r a p i d l y .  However, most  o f  

th e  p r e v i o u s  work done i n  t h i s  a r e a  on  r a t s  h a g b e e n  c a r r i e d  

out f o r  i t s  t h e o r e t i c a l  i n t e r e s t  r a t h e r  t h a n  f o r  s t r i c t l y  

co m p ara t iv e  p u r p o s e s .  The c o m p a r i so n  o f  t h e  r e s u l t s  o b t a i n e d

1 S ince  Rensch  and  Rahmann u sed  1 . 5  mm. v e r t i c a l  s t r i a e  and 
2 .5  mm. h o r i z o n t a l  s t r i a e  as  s t i m u l i  w i t h o u t  g i v i n g  any 
d a t a  on  a c u i t y ,  a c e r t a i n  a o u b t  a r i s e s  as  t o  w h e th e r  t h i s  
was a form o r  b r i g h t n e s s  d i s c r i m i n a t i o n .  I f ,  a s  t h e  r e s u l t s
r e p o r t e d  i n  t h i s  t h e s i s  s u g g e s t ,  2 . 5  mm. f i g u r e s  a r e  m a r g i n a l
f o r  a c u i t y ,  i t  seems p o s s i b l e  t h a t  Rensch and Rahmann’ s 1 . 5  
mm. s t r i a e  were  s e e n  a s  g r e y ,  and hence  t h e  p o s s i b i l i t y  
e x i s t s  t h a t  t h e  d i s c r i m i n a t i o n  was one o f  b r i g h t n e s s  r a t h e r  
t h a n o f  f o rm .
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h e r e  w i t h  t h o s e  o f  o t h e r  w o r k e r s  i s  i n t e r e s t i n g  b e c a u s e  

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

i n t e r s p e c i e s  c o m p a r i s o n .  I t  c o u l d  be a r g u e d  t h a t  some 

o f  t h e  d i s c r e p a n c i e s  c a n  be e x p l a i n e d  by s p e c i e s  d i f f e r e n c e s ,  

b u t  t h e  s p e c i e s  a r e  c l o s e l y  enough  r e l a t e d  f o r  i t  t o  be 

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

i n  m e thod  r a t h e r  t h a n  i n  v i s u a l  c a p a c i t y .

S in c e  t h e  m a in  o b j e c t  o f  t h e  s t u d y  was fo rm  r a t h e r  

t h a n  b r i g h t n e s s  d i s c r i m i n a t i o n  t h e  l a t t e r  was n o t  i n v e s t i 

g a t e d  f u l l y  b u t  u s e d  r a t h e r  a s  a b u f f e r  f o r  t h e  more 

d i f f i c u l t  fo rm  l e a r n i n g .  However i t  i s  p e r h a p s  w o r t h  n o t i n g  

t h a t  a s im p le  b r i g h t n e s s  d i s c r i m i n a t i o n  i s  v e r y  e a s i l y  

l e a r n t  i n  t h e  r i g h t  s i t u a t i o n .  Form d i s c r i m i n a t i o n  i s  much 

more d i f f i c u l t ,  t a k i n g  300 c h o i c e s  t o  e s t a b l i s h  a s  a g a i n s t  

t h e  20 o r  40 c h o i c e s  f o r  b r i g h t n e s s .

The more r a p i d  d i s c r i m i n a t i o n  l e a r n i n g  a p p a r e n t  i n  

SMVDA I  was t h o u g h t ,  a s  s u g g e s t e d  e a r l i e r ,  t o  be due t o  

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

e x p e r i m e n t  w ou ld  a p p e a r  t o  s u p p o r t  t h e  t h e o r y  t h a t  l e a r n i n g  

t a k e s  p l a c e  i n  s i t u a t i o n s  w h ich  do n o t  e l i c i t  any  e v i d e n c e  

t h a t  i t  h a s  o c c u r r e d .

I t  i s  n e c e s s a r y  h e r e  t o  d i s c u s s  SMVDA I  and SMVDA I I  

s e p a r a t e l y ,  i n  v iew  o f  t h e  d i f f e r e n t  p r o c e d u r e s  u se d  i n  

e a c h  e x p e r i m e n t .  S i n c e  SMVDA I  was i n  t h e  n a t u r e  o f  a
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m e t h o d o l o g i c a l  t e s t ,  g e n e r a l i z a t i o n  o f  a i s c r i m i n a t i o n  

was n o t  p u r s u e d  v e r y  f a r .  Thus a s  so o n  a s  t h e  a n i m a l s  

showed e v i d e n c e  o f  h a v i n g  l e a r n t  t h e  s t a n d a r d  p ro b le m  o f  

d i s c r i m i n a t i n g  a t r i a n g l e  f rom  a c i r c l e ,  a s h o r t  s e r i e s  o f  

s i z e  g e n e r a l i s a t i o n  t e s t s  was g i v e n .  T h e se  s u g g e s t e d  t h a t  

a l t e r a t i o n  i n  t h e  s i z e  o f  t h e  n e g a t i v e  symbol d i s c r i m i n a t i o n  

was n o t  d i s t u r b e d ,  w h e r e a s  a l t e r a t i o n  i n  t h e  s i z e  o f  t h e  

p o s i t i v e  symbol c a u s e d  some i m p a i r m e n t ,  an d ,  i n  t h e  c a s e  o f  

t h e  1 . 5  cm. t r i a n g l e ,  q u i t e  a c o n s i d e r a b l e  am o u n t .  However,  

f o r  r e a s o n s  t o  be g i v e n  b e lo w ,  t h e s e  r e s u l t s  w ere  n o t  

c o n s i d e r e d  t o  be a s  i n f o r m a t i v e  a s  t h o s e  o b t a i n e d  i n  SMVDA I I

I n  t h i s  s e c o n d  e x p e r i m e n t  (SMVDA I I )  o v e r l e a r n i n g  was 

d e l i b e r a t e l y  i n t r o d u c e d  i n t o  t h e  s i t u a t i o n ,  s i n c e  i t  was 

c o n s i d e r e d  t h a t  t h e  i n t r o d u c t i o n  o f  a new symbol i n  t h e  form 

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

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

p r o v i d e  a b e t t e r  m e a s u re  o f  g e n e r a l i s a t i o n  p e r  s e .  T h e r e 

f o r e  t r a i n i n g  was c o n t i n u e d  u n t i l  a l l  t h e  a n i m a l s  w ere  

o b t a i n i n g  s c o r e s  c o n s i d e r a b l y  above  t h e  0 . 0 5  l e v e l  o f  

p r o b a b i l i t y ,  and  t h e  a v e r a g e  s c o r e  was o n  o r  a b o u t  t h e

0 . 0 0 7  l e v e l .

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

t h i s  p o i n t  p r o d u c e d  no d i s t u r b a n c e  i n  d i s c r i m i n a t i o n ,  and  

c l e a r l y  d e m o n s t r a t e d  t h a t  t h e  r e s p o n s e  was made t o  t h e  

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

w h ic h  w ere  s i m i l a r  t o  t h e  t r i a n g l e ,  su ch  a s  t h e  b a s e  

o f  t h e  s q u a r e ,  did. n o t  c a u s e  c o n f u s i o n .  However,  one 

i n t e r e s t i n g  d i s c r e p a n c y  was o b s e r v e d :  a s i g n i f i c a n t l y

g r e a t e r  number o f  c o r r e c t  c h o i c e s  was made when t h e  s q u a r e  

was p r e s e n t e d  t h a n  when t h e  v e r t i c a l  b a r  was p r e s e n t e d .

T h i s  l e n d s  s u p p o r t  t o  L a s h l e y ’s t h e o r y  t h a t  t h e  v e r t i c a l  

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

t h e  h o r i z o n t a l  a x e s ;  h o w e v e r ,  i t  i s  w o r t h  n o t i n g  t h a t  t h e  

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

i t  seems l i k e l y  t h a t  t h i s  q u e s t i o n  o f  t h e  v e r t i c a l  a x e s  

was n o t  a s  i m p o r t a n t  a s  h i s  work  s u g g e s t e d .  I t  i s  a l s o  

w o r t h  n o t i n g  t h a t  t h e  v e r t i c a l  b a r  o f  t h e  c r o s s  d i d  n o t

h av e  t h e  same e f f e c t .  The h o r i z o n t a l  t o p  o f  t h e  s q u a r e

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

f o r  t h e  g r e a t e r  number o f  c o r r e c t  c h o i c e s  i n  t h i s  c a s e ,  and

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

t e r m s  o f  t h e  b a s e  l i n e ,  a s  L a s h l e y ,  Munn and  o t h e r s  f o u n d  

i t  t o  be w i t h  r a t s .  S i n c e  t h e  a v e r a g e  s c o r e s  o f  b o t h  

a p p r o a c h e d  t h e  0 .0 0 7  l e v e l  o f  s i g n i f i c a n c e ,  i t  i s  p e r h a p s  

u n w ise  t o  p l a c e  t o o  much w e i g h t  on  t h e  d i f f e r e n c e s  i n  t h e  

r e s u l t s  f o r  t h e  two s y m b o l s .

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

o f  r e s u l t s :  f i r s t ,  t h a t  t h e  a p p r o a c h  i s  t o  t h e  p o s i t i v e
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f i g u r e ;  s e c o n d l y ,  t h a t  d i s c r i m i n a t i o n  i s  no t  i n  t e r m s  o f  

t h e  b a s e  l i n e  o n l y ;  t h i r d l y ,  i t  i s  p o s s i b l e  t h a t  t h e  t o p s  

o f  t h e  f i g u r e s  a r e  i m p o r t a n t .

The s e c o n d  s e r i e s  o f  t r a n s f e r  t e s t s  w ere  c o n c e r n e d  w i t h  

s i z e  g e n e r a l i s a t i o n .  T h ese  r e s u l t s  showed t h a t  v a r i a t i o n  

i n  t h e  s i z e  o f  one symbol w h i l e  t h e  o t h e r  r e m a in e d  c o n s t a n t  

d i d  n o t  c a u s e  any  im p a i r m e n t  o f  d i s c r i m i n a t i o n .  N e i t h e r  

was t h e r e  im p a i r m e n t  when t h e  s i z e s  o f  b o t h  sym bols  w ere  

r e d u c e d  f ro m  1 . 5  cms. t o  0 . 5  cm s.  However ,  t h e r e  was m arked  

i m p a i r m e n t  when 0 . 2 5  cm s.  t r i a n g l e  and c i r c l e  were  p r e s e n t e d .  

A l t h o u g h  s c o r e s  r o s e  s l i g h t l y  i n  t h e  se co n d  p r e s e n t a t i o n  

o f  t h i s  s i z e ,  t h e r e  was s t i l l  d i f f i c u l t y ,  w h ic h  was a p p a r e n t  

i n  t h e  b e h a v i o u r  o f  t h e  a n i m a l s :  t h e y  w ere  more c o n f u s e d .

T h i s  l a s t  r e s u l t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  i n  t h a t  i t  

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

r e a c h e d ^  s i n c e  i t  a p p e a r e d  t h a t  i f  t h e  s i z e  o f  t h e  sym bols  

was r e d u c e d  any  f u r t h e r ,  a i s c r i m i n a t i o n  w o u ld  b r e a k  down 

c o m p l e t e l y .  I t  a l s o  shows t h a t  v i s u a l  a c u i t y  i n  t h e  g o l d e n  

h a m s t e r  i s  c o n s i d e r a b l y  b e t t e r  t h a n  m ig h t  h a v e  b e e n  

e x p e c t e d  i n  a s e m i - n o c t u r n a l  a n i m a l .

T h e re  i s  a s l i g h t  c o n t r a d i c t i o n  i n  t h e  r e s u l t s  o b t a i n e d  

w i t h  t h e  SMVDA I  and I I ;  r e s u l t s  f rom  t h e  f o r m e r  g r o u p  o f  

a n i m a l s  had  s u g g e s t e d  t h a t  a l t e r a t i o n  i n  t h e  s i z e  o f  t h e  

p o s i t i v e  f i g u r e  i m p a i r e d  d i s c r i m i n a t i o n ,  w h e r e a s  t h i s  a i d
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n o t  o c c u r  i n  t h e  s e c o n d  g r o u p .  I t  i s  t h o u g h t  t h a t  t h i s  

i s  due t o  t h e  o v e r - l e a r n i n g  w h ic h  was a l l o w e d  i n  t h e  s e co n d  

g r o u p ,  and t h a t  t h e  r e s u l t s  o f  t h e  f i r s t  g ro u p  w ere  c a u s e d  

n o t  so much by t h e  l a c k  o f  a b i l i t y  t o  g e n e r a l i s e ,  b u t  by  

t h e  d i s t u r b a n c e  o f  e x p e c t a n c i e s  and s e t  c a u s e d  by  t h e  

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

o f  t h e  s e c o n d  g ro u p  w ere  t h e r e f o r e  c o n s i d e r e d  more v a l i d .

Thus  i t  h a s  b e e n  shown t h a t  g o l d e n  h a m s t e r s  c a n  

g e n e r a l i s e  t o  s i z e s  s m a l l e r  t h a n  t h e  sym b o ls  on  w h ic h  t h e y  

have  b e e n  t r a i n e d ,  b u t  t h a t  d i s c r i m i n a t i o n  i s  I m p a i r e d  when 

a s i z e  a s  s m a l l  a s  0 , 2 5  cm s . i s  g i v e n ,  s u g g e s t i n g  t h a t  a 

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

The t r a n s f e r  t e s t s  o n  p a r t - f i g u r e s  i n d i c a t e d  t h a t ,  n o t  

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

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

f i g u r e s  a s  w e l l .  The f i r s t  f i n d i n g  i s  i n  a c c o r d a n c e  w i t h  

r e s u l t s  f o u n d  i n  t h e  l i t e r a t u r e  on  r a t s . The s e c o n d  i s  n o t ,  

f o r  t h e  f o l l o w i n g  r e a s o n s :  t h e  h a m s t e r s  w ere  a b l e  t o  

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

b u t  n o t  q u i t e  a s  e a s i l y  b e t w e e n  t h e  l o w e r  p a r t s ,  a l t h o u g h  

t h e  r e s u l t s  f o r  t h e  l a t t e r  w ere  s t i l l  c l e a r l y  s i g n i f i c a n t  

a t  t h e  0 , 0 5  l e v e l .  N e v e r t h e l e s s  b e h a v i o u r a l  o b s e r v a t i o n s  

s u g g e s t e d  t h a t  t h e  second  s e r i e s  c a u s e d  s l i g h t l y  more 

d i f f i c u l t y .  However ,  d i s c r i m i n a t i o n  was much b e t t e r  t h a n  

e i t h e r  o f  t h e s e  two s e r i e s  when t h e  whole  f i g u r e  was
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p r e s e n t e d  w i t h  a d ia m o n d .  S i n c e  t h e s e  p a r t - f i g u r e s  were  

o u t l i n e s  o n l y  t h i s  r e s u l t  a l s o  s u g g e s t s  t h a t  Dodwell  ' s  

c o n t e n t i o n  t h a t  t h e  l e a r n i n g  o f  s o l i d  f i g u r e s  was due t o  

b r i g h t n e s s  r a t h e r  t h a n  t o  sh a p e  d i s c r i m i n a t i o n ,  i s  a l i t t l e  

s u p e r f l u o u s .

T h ese  r e s u l t s  s u g g e s t  t h r e e  t h i n g s  : f i r s t ,  t h a t

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

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

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

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

t h a n  e i t h e r  o f  i t s  p a r t s .  T h i s  l a s t  p o i n t  i s  s u p p o r t e d  by

a)  t h e  h i g h e r  r e s u l t s  o b t a i n e d  i n  t h i s  s e r i e s  and  b)  by  t h e  

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

and  t h e  d ia m o n d .  T h e r e f o r e ,  a l t h o u g h  t h e  t o p s  . a p p e a r  t o  be 

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

d o m i n a t e s  .

T h e se  r e s u l t s  a r e  i n  d i r e c t  c o n t r a d i c t i o n  t o  t h o s e  on  

r a t s ,  i n  w h ic h  i t  was f o u n d  t h a t  a p p a r e n t l y  t h e  b a s e  l i n e  

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

w ere  g i v e n ,  d i s c r i m i n a t i o n  b r o k e  down c o m p l e t e l y  (Munn 1 9 3 0 ) .  

I t  i s  s u g g e s t e d  t h a t  t h e  r e s u l t s  o b t a i n e d  w i t h  g o l d e n  

h a m s t e r s  d i f f e r  f rom  t h o s e  o f  r a t s  b e c a u s e  o f  t h e  t e c h n i q u e  

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

The r e s u l t s  f ro m  t h e  r o t a t i o n  t e s t s  w ere  p a r t i c u l a r l y  

i n t e r e s t i n g  i n  v ie w  o f  t h e  r a t  f i n d i n g s .  I n  t h i s
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I n v e s t i g a t i o n ,  i t  was fo u n d  t h a t  h a m s t e r s  w ere  a b l e  t o  

g e n e r a l i s e  n o t  o n l y  t o  45^ r o t a t e d  2 . 0  cm s .  and  0 . 5  cms.  

t r i a n g l e s ,  b u t  t o  i n v e r t e d  t r i a n g l e s  o f  t h e  same s i z e s .

The b e s t  r e s u l t s  w ere  o b t a i n e d  w i t h  t h e  45^ 2 . 0  cm s .  t r i a n g l e ,  

i n  w h ich  d i s c r i m i n a t i o n  was q u i t e  u n d i s t u r b e d .  Some 

d i s t u r b a n c e  o c c u r r e d  i n  t h e  s u c c e s s i v e  t h r e e  s e r i e s ,  b u t  

t h e r e  was no s e r i o u s  i m p a i r m e n t ,  and t h e  m a j o r i t y  o f  s c o r e s  

w ere  a t  t h e  0 .0 5  l e v e l  o f  s i g n i f i c a n c e  and  a b o v e .  A f u r t h e r  

t h r e e  s e r i e s ,  i n  w h ic h  a n  i n v e r t e d  2 . 0  cm s .  t r i a n g l e  was 

p r e s e n t e d  w i t h  a c r o s s ,  s q u a r e  and  d ia m o n d ,  showed no 

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

w ere  s l i g h t l y  l o w e r  t h a n  i n  a p r e c e d i n g  t r i a l  w i t h  t h e  

s t a n d a r d .

I t  i s  s u g g e s t e d  t h a t ,  i n  v iew  o f  t h e s e  l a t e r  r e s u l t s ,  

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

was due t o  d i s t u r b a n c e  o f  s e t  i n t r o d u c e d  by  a m a j o r  a l t e r a t i o n  

t o  t h e  p o s i t i v e  f i g u r e ,  and t h a t  i t  was n o t  due  t o  a n  i n 

a b i l i t y  t o  g e n e r a l i s e  t o  r o t a t e d  f i g u r e s .

Two c o n c l u s i o n s  c a n  be d raw n  from  t h e s e  r e s u l t s :  t h e

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

t h e  r e s p o n s e  a p p e a r s  t o  be t o  t h e  w ho le  f i g u r e  and  no t  t o  i t s  

p a r t s ,  s i n c e  t h e r e  i s  no c o n f u s i o n  w i t h  t h e  apex  o f  t h e  

d iam ond ,  t h e  b a s e  l i n e  o f  t h e  s q u a r e  o r  t h e  a x e s  o f  t h e  c r o s s .  

The s e c o n d ,  an d  more i m p o r t a n t ,  c o n c l u s i o n  i s  t h a t  t h e r e  i s
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e v i d e n c e  o f  f o r m a t i o n  o f  a t  l e a s t  a l i m i t e d  c o n c e p t  o f  

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

p r e s e n t e d  G e s t a l t  fo rm e d  by t h e  symbol and  t h e  d o o r .

A c c o r d in g  t o  L a s h l e y  (1938)  h i s  r a t s  w ere  d i s c r i m i n a t i n g  i n  

t e r m s  o f  t h e  G e s t a l t  fo rm e d  by  t h e  t r i a n g l e  and  t h e  e d g e s  

o f  t h e  c a r d ;  t h i s  was c l e a r l y  n o t  h a p p e n i n g  i n  t h i s  c a s e .

I n  c o n n e c t i o n  w i t h  t h i s  a s p e c t  o f  fo rm  d i s c r i m i n a t i o n ,  

i t  i s  w o r t h  r e f e r r i n g  b a c k  t o  F i e l d s *  ( 19351b) r e s u l t s . He 

s t a t e s :  f i r s t ,  t h a t  a 10°  r o t a t i o n  o f  a t r i a n g l e  c a u s e d  a

d i s t u r b a n c e  i n  d i s c r i m i n a t i o n ;  s e c o n d l y ,  t h a t  i t  r e q u i r e d  

n e a r l y  a s  many t r i a l s  f o r  a r a t  t o  l e a r n  e a c h  new o r i e n t a t i o n  

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

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

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

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

o f  t r i a n g u l a r i t y  c o u l d  o n l y  be s a i d  t o  be fo rm e d  a f t e r  a b o u t  

4 0 ,0 0 0  t r i a l s .  I n  v ie w  o f  t h i s ,  i t  w ou ld  seem t h a t  t h e  

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

a r e  w o r t h y  o f  a t t e n t i o n .

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

l i m i t e d  i s  s u p p o r t e d  by  t h e  r e s u l t s  o f  t h e  f i g u r e - g r o u n d  

b r i g h t n e s s  r e l a t i o n s h i p  r e v e r s a l ,  i n  w h ic h  d i s c r i m i n a t i o n  

b ro k e  down c o m p l e t e l y ,  and  t h e r e  was no t r a n s f e r .  T h i s  

f i n d i n g  i s  i n  a g re e m e n t  w i t h  p r e v i o u s  r a t  s t u d i e s .  T o g e t h e r
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w i t h  t h e  f i v e - c i r c l e  b re ak d o w n  s e r i e s ,  t h i s  s e r i e s  i s  a l s o  

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

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

c a s e  o f  t h e  p a r t - f i g u r e s  and  t h e  r o t a t e d  f i g u r e s  a r e  t h e r e 

f o r e  l e s s  l i k e l y  t o  be  e x p e r i m e n t a l  a r t i f a c t s .

The r e s u l t s  o f  t h e  f i n a l  b l a c k / w h i t e  r e t e n t i o n  s e r i e s  

mean l i t t l e ,  s i n c e  i t  i s  i m p o s s i b l e  t o  t e l l  w h e t h e r  t h e  

d i s c r i m i n a t i o n  t h a t  d i d  o c c u r  was b a s e d  o n  memory o r  on  

l e a r n i n g  w i t h i n  t h e  s e r i e s ;  i n  v iew  o f  t h e  e a s e  w i t h  w h ic h  

b r i g h t n e s s  d i s c r i m i n a t i o n  c a n  be  l e a r n t ,  t h e  l a t t e r  i s  q u i t e  

p o s s i b l e .  The r e s u l t s  a r e  v e r y  s i m i l a r  t o  t h o s e  o f  t h e  f i r s t  

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

t h a t  r e t e n t i o n  o f  t h e  o r i g i n a l  t a s k  was s l i g h t ,  o r  t h a t  t h e  

change  i n  t h e  n a t u r e  o f  t h e  d i s c r i m i n a t i o n  p ro b le m  c a u s e d  

c o n f u s i o n ,  m a s k in g  an y  r e t e n t i o n  t h e r e  was..

The p r e f e r e n c e  t e s t s  s u g g e s t e d  t h a t  t h e r e  was no p r e 

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

f o r  w h i t e ;  t h i s  f i n d i n g  may p o s s i b l y  be c a u s e d  by t h e  

e x p e r i m e n t a l  s i t u a t i o n ,  s i n c e  t h e  w h i t e  p a n e l  was t h e  o n l y  

e a s i l y  d i s t i n g u i s h a b l e  o b j e c t  i n  a n  a r e a  o f  b l a c k .  The 

r e s u l t  a l s o  o c c u r r e d  w i t h . o n l y  one a n i m a l ,  so t h e  p r e f e r e n c e  

c a n  n o t  be s a i d  t o  be v e r y  d o m i n a n t .

The l a c k  o f  p r e f e r e n c e  f o r  e i t h e r  h o r i z o n t a l  o r  v e r t i c a l  

s t r i a t i o n s  i s  i n t e r e s t i n g  when L a s h l e y * s  r e s u l t s  a r e  c o n 

s i d e r e d .  He s t a t e s  t h a t  t h e r e  was a p r e - e x i s t i n g  p r e f e r e n c e  

among h i s  r a t s  f o r  h o r i z o n t a l  s t r i a t i o n s ,  b u t  i t  seems
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p o s s i b l e  t h a t  t h i s  p r e f e r e n c e  i s  a n  a r t i f a c t  i n d u c e d  by 
t h e

t h e  u se  o f / j u m p i n g  s t a n d .  H o r i z o n t a l  s t r i a t i o n s  r e s e m b l e  

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

m e a s u r e  o f  s a f e t y  t o  t h e  a n i m a l .  Dodwell  ( 1 9 5 8 ) ,  o n  t h e  

o t h e r  h a n d ,  f i n d s  no s u c h  p r e f e r e n c e ,  a l t h o u g h  D e u t s c h  (1958)  

d o e s ;  t h e  p o i n t  i s  o b v i o u s l y  d e b a t e a b l e .

A b r i e f  I n s p e c t i o n  o f  t h e  form  d i s c r i m i n a t i o n  r e s u l t s  

shows a n  i n t e r e s t i n g  i n c r e a s e  i n  t h e  s c o r e s  o b t a i n e d  on  t h e  

s t a n d a r d  sym bo ls  p r e s e n t e d  a f t e r  t h e  l a t e r  t r a n s f e r  t e s t s .

T h i s  s u g g e s t s  t h a t  a d i s c r i m i n a t i o n  s e t  ( c o m p a ra b le  t o  

Harlow* s ( I^S ’i )  l e a r n i n g  s e t )  h a s  b e e n  fo rm e d ;  t h u s ,  a l t h o u g h  

t h e r e  i s  a n  i n i t i a l  f a l l - o f f  i n  t r a n s f e r  t e s t  s c o r e s ,  due t o  

a d i s t u r b a n c e  o f  t h i s  s e t ,  t h e  r e c o v e r y  i s  q u i c k ,  a n d  t h e  

b e t t e r  p e r f o r m a n c e  o n  s u c c e s s i v e  t r i a l s  shows a n  o v e r a l l  

im p r o v e m e n t .  Thus t h e  a n i m a l  o r i e n t a t e s  i t s e l f  t o  t h e  

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

The m a rk e d  d i f f e r e n c e  b e t w e e n  t h e  r e s u l t s  o f  t h i s  s t u d y ,  

and  t h e  f i n d i n g s  o f  p r e v i o u s  w ork  w i t h  r a t s  s u g g e s t s  t h a t  

t h e  a c t u a l  t e c h n i q u e  o f  i n v e s t i g a t i o n  i s  more i m p o r t a n t  t h a n  

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

d i s c r i m i n a t i o n  shown by h a m s t e r s  i n  t h e  r o t a t i o n  and  p a r t -  

f i g u r e  t e s t s  i s  due t o  t h e  a b s e n c e  o f  a f i x e d  s c r u t i n y  

d i s t a n c e ,  and  t h e  s m a l l  s i z e  o f  t h e  s y m b o l s . F o rm er  s t u d i e s  

w i t h  r a t s  seem t o  be h e a v i l y  w e i g h t e d  w i t h  e x p e r i m e n t a l  

a r t i f a c t s ,  f o r  e x a m p le ,  t h e  p r e d o m in a n c e  o f  t h e  b a s e - l i n e
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I n  d i s c r i m i n a t i o n .  T h i s  b a s e  l i n e  r e c e i v e s  t h e  g r e a t e s t  

a t t e n t i o n  by t h e  r a t  i n  a ju m p in g  s t a n d ,  s i n c e  i t  i s

( a )  n e a r e s t  t h e  l a n d i n g  p l a t f o r m ,  (b) o n  e y e - l e v e l  and  

(c )  w i t h i n  t h e  f i e l d  o f  v i s i o n .  The e x p e r i m e n t a l  m e thod  

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

r e s u l t  c a n n o t  be  t a k e n  t o  h a v e  any  g e n e r a l  v a l i d i t y .  The 

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

g a t i o n  w i t h  h a m s t e r s  s u p p o r t s  t h e  h y p o t h e s i s :  t h e  a n i m a l s

t e n d e d  t o  f a v o u r  t h e  t o p s  r a t h e r  t h a n  t h e  b a s e  o f  t h e  

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

w h ic h  i s  on  e y e - l e v e l .  However,  t h e  t e n d e n c y  was t o  r e s p o n d  

t o  t h e  w h o le ,  and  t h i s  was made p o s s i b l e  b o t h  b y  t h e  s m a l l  

f i g u r e  coming w i t h i n  t h e  f i e l d  o f  v i s i o n  and  by t h e  f r e e d o m  

o f  s c r u t i n y .  I t  seems p o s s i b l e  t h a t  a m a rk ed  p r e f e r e n c e  

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

by t h e  e x p e r i m e n t a l  s i t u a t i o n .

The r e s u l t s  o f  t h e  r o t a t i o n  and  s i z e  g e n e r a l i s a t i o n  

t e s t s  a r e  a f f e c t e d  by t h e  same f a c t o r s ;  t h e  i m p a i r m e n t  o f  

d i s c r i m i n a t i o n  when t h e  0 . 2 5  cm s.  sy m b o ls  a r e  p r e s e n t e d  i s  

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

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

an  a r b i t r a r y  f i x e d  d i s t a n c e .  I t  seems l i k e l y  t h a t  i f  t h i s  

m e thod  was r e p e a t e d  w i t h  r a t s ,  s i m i l a r  r e s u l t s  w o u ld  be 

o b t a i n e d .

The ou tcom e o f  a l l  t h i s  may be r e d u c e d  t o  two m a in
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p o i n t s .  F i r s t ,  i t  i s  f e l t  t h a t  t h e  r e s u l t s  o b t a i n e d  i n  

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

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

r a t s  h a s  b e e n .  S e c o n d l y ,  w h e t h e r  o r  n o t  t h i s  i s  s o ,  

e x p e r i m e n t a l  m e th o d  i s  c r i t i c a l l y  i m p o r t a n t ;  t h e  vrrong 

s i t u a t i o n  w i l l  p r o d u c e  no r e s u l t ,  and  t h e r e f o r e  t h e  wrong 

a s s u m p t i o n  a s  t o  t h e  a n i m a l  * s l e a r n i n g  c a p a c i t y ;  t h e  r i g h t  

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

a c c u r a t e  m e a s u r e  o f  a b i l i t i e s .

C. C o n c l u s i o n .

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

a b l e  t o  l e a r n  b o t h  a b r i g h t n e s s  and  a fo rm  d i s c r i m i n a t i o n .  

T h i s  f o rm  d i s c r i m i n a t i o n  c a n  be  g e n e r a l i s e d  t o  a l t e r n a t i v e  

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

t o  r o t a t e d  f i g u r e s ,  b u t  no t  t o  a r e v e r s a l  o f  t h e  f i g u r e -  

g ro u n d  b r i g h t n e s s  r e l a t i o n s h i p s .

The s o u r c e  o f  m o t i v a t i o n ,  n am ely  e x p l o r a t o r y  d r i v e ,  was 

a d e q u a t e  and  i n  many ways a p p e a r s  t o  be  p r e f e r a b l e  t o  t h e  

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

commonly u s e d .

The d i f f e r e n c e  b e t w e e n  t h e  r e s u l t s  o f  t h i s  s t u d y  and  

o f  o t h e r  s t u d i e s  w i t h  r a t s  i s  d i s c u s s e d . I t  i s  s u g g e s t e d  

t h a t  t h e s e  d i f f e r e n c e s  a r e  due t o  t h e  t y p e  o f  m e t h o d o l o g i c a l
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a p p r o a c h  u s e d ,  w h ich  a p p e a r s  t o  be i m p o r t a n t  f o r  

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

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

o n  t h e  f r e e d o m  o f  s c r u t i n y  and  t h e  s m a l l  s i z e  o f  s y m b o ls ,  

and  i t  i s  t h o u g h t  t h a t  t h e  r e s u l t s  o b t a i n e d  by o t h e r  

w o r k e r s  i n  t h i s  f i e l d  h a v e  b e e n  a f f e c t e d  by no t  t a k i n g  

t h e s e  two f a c t o r s  f u l l y  i n t o  a c c o u n t .

.f..:
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APPENDIX A.

E f f e c t  o f  r e w a r d  t im e  and  d e l a y  t i m e  on  t h e
s p e e d  o f  e m e rg e n c e  f rom  c h o i c e  box i n t o  a

r e w a r d  a r e a .

T h i s  e x p e r i m e n t  was d e s i g n e d  by  D r .  L a w lo r  and  M rs .  

H i t c h c o c k ,  and  c a r r i e d  o u t  b y  M iss  I .  Dugmore a s  a n  u n d e r 

g r a d u a t e  r e s e a r c h  p r o j e c t . Only  a b r i e f  summary i s  g i v e n  

h e r e ,  f o r  w h ich  I  am i n d e b t e d  t o  M iss  Dugmore.

S i x  m a le  g o l d e n  h a m s t e r s  w ere  u s e d  i n  t h i s  e x p e r i m e n t ,  

a g e d  10 w e e k s .  The r e w a r d  an d  d e l a y  t i m e s  w ere  e a c h  

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

g r e c o - l a t i n  s q u a r e  d e s i g n .

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

c o m b i n a t i o n  o f  r e w a r d  and  d e l a y  t i m e .  The s e t s  w ere  g i v e n  

a t  t h e  r a t e  o f  two a d a y  w i t h  a t h r e e -  o r  f o u r - h o u r  b r e a k  

b e t w e e n  e a c h .

D e la y  t i m e s  u s e d  w ere

(a )  m i n i m a l : t h e  a n i m a l  was t a k e n  f ro m  i t s  c a g e ,

p l a c e d  i n  t h e  d e l a y  box and  a l l o w e d  t o  g e t  o u t  

a s  s o o n  a s  t h i s  was i n  p l a c e .

(b) 30 s e c o n d s :  a s  f o r  (a)  e x c e p t  t h a t  t h e  s l i d i n g

d o o r  o f  t h e  d e l a y  box was k e p t  i n  p l a c e  f o r  

30 s e c o n d s .

(c)  60 s e c o n d s  : a s  f o r  (b)  e x c e p t  t h a t  t h e  d e l a y

was 60 s e c o n d s .
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Reward t i m e s  ( t h e  t im e  a l l o w e d  i n  t h e  r e w a r d  a r e a  

b e tw e e n  r u n s )  w ere  3 0 " ,  6 0 " ,  9 0 " ,  1 2 0 " ,  1 5 0 " ,  and  1 8 0 " .  

R e s u l t s .

The a v e r a g e  l e n g t h s  o f  em e rg e n c e  t i m e  f o r  e a c h  

c o m b i n a t i o n  o f  c o n d i t i o n s  i s  g i v e n  i n  F i g u r e  1 .  The m a in  

f i n d i n g s  w ere  : -

1 .  The em erg en ce  t i m e  f o r  t h e  f i r s t  t r i a l  o f  e a c h  b l o c k

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

• i n  t h e  same b l o c k .

2 .  The g r a p h  shows t h a t ,  w i t h  t h e  m in im a l  d e l a y  t i m e ,

t h e r e  i s  a p o s i t i v e  l i n e a r  r e l a t i o n s h i p  b e tw e e n  

r e w a r d  t i m e s  and  em erg en ce  t i m e s .

3 .  T h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  a n i m a l s .

4 .  T h e re  a r e  no s i g n i f i c a n t  o v e r a l l  e f f e c t s  when a l l

r u n s  a r e  t a k e n  i n t o  c o n s i d e r a t i o n . *

5 .  When t h e  r e s u l t s  f o r  t h e  f i r s t  r u n  o f  e a c h  b lock  a r e

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

f o r  r e w a r d  a n d  d e l a y  t i m e s .
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APPENDIX B.

D e t a i l s  o f  A n im a ls  u s e d  i n  E x p e r i m e n t s .

1 .  D i e t .

A l l  a n i m a l s  w ere  f e d  on  MRC 41B and  SGX p e l l e t s  ad  

l i b . ,  w a t e r  ad l i b .  an d  one ou n ce  o f  f r e s h  g r e e n  f o o d  a 

d a y  p e r  a n i m a l .

2 . C a ^ e s .

The c a g e s  w ere  o f  t h e  s o l i d  s h o e - b o x  o r  d i s h - t y p e ,  

m e a s u r i n g  IG" x  12" x 6" d e e p .  The l i d s  were  o f  m e sh .

The c a g e s  c o n t a i n e d  s a w d u s t  and  wood wool f o r  n e s t i n g  

m a t e r i a l .

3 .  T e m p e r a t u r e .

The l a b o r a t o r y  t e m p e r a t u r e  was m a i n t a i n e d  a t  7 2 ^ P .

4 .  Coding.

F i v e - i t e m  c o d e :

a )  S o u r c e :  MB (May and  B a k e r )  o r  a l i t t e r  L ( b r e d  i n

t h i s  l a b o r a t o r y ) .

b) B a t c h  number:  MB6 ( s i x t h  g r o u p  f ro m  May and B a k e r )  o r

a l i t t e r  number L6 ( s i x t h  l i t t e r  t o  be b r e d  i n  t h i s  

l a b o r a t o r y ) .

c) Sex :  S o r  ÿ .

d) Type : c o a t  c o l o u r  n o t e d  by l e t t e r  e . g .  B -  a g o u t i ,

C = cream  e t c . ( t h i s  i t e m  i s  o m i t t e d  f o r  May and  

B a k e r  s t o c k ,  w h ich  a r e  a l l  a g o u t i ) .
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e)  I n d i v i d u a l :  e i t h e r  i )  cage  l e t t e r  and dye mark  code

l e t t e r  e . g .  AB (Cage A; m arked

o n  b ac k )

AO (Cage A; no t  

m arked)

o r  i i )  dye code l e t t e r  o n l y ,  w here  g r o u p s  

o r  i n d i v i d u a l s  a r e  u s e d .  e . g .

(a )  LS = l e f t  s i d e  e t c . Code 

f rom  1 - 1 0 :  B, M, N, H, LS,

RS, LC, RC, 0, T ,

(b) A = ca g e  number ( u s i n g  xt-st of 

a l p h a b e t )  .

5 .  E x p e r i m e n t s .

a .  Eye i n v e s t i g a t i o n .

T h re e  m ale  g o l d e n  h a m s t e r s  ag e d  e l e v é n  weeks f rom  May 

and  B a k e r  s t r a i n .  T h ese  a n i m a l s  w ere  b e i n g  t r a i n e d  c u r r e n t l y  

i n  t h e  f i v e - u n i t  t w o - c h o i c e  a p p a r a t u s .

b .  V i s u a l  a c u i t y .

T h re e  m a le  g o l d e n  h a m s t e r s ,  one a g e d  17 m o n th s ,  and  two 

a g e d  s i x  m o n th s ,  f ro m  May and B a k e r  s t r a i n .  P r e v i o u s  e x p e r i 

m e n t a l  e x p e r i e n c e  i n  o b s e r v a t i o n a l  e x p e r i m e n t s .

c .  D ep th  p e r c e p t i o n :  v i s u a l  c l i f f .

The sam ple  o f  42 a n i m a l s  was composed a s  f o l l o w s :

a )  Sex :  m ale  ; ^  f e m a l e .

b)  Age : ^  weeb), ! g ; ^ i{- .

o) Coat c o l o u r :  a g o u t i ;  4, c ream ; 3 a l b i n o .



10 a n i m a l s  had  b e e n  u s e d  p r e v i o u s l y  o n  t h e  v i s u a l  

c l i f f .

d .  P i l o t  S t u d y .

S i x  m ale  g o l d e n  h a m s t e r s  ag e d  s i x  w e e k s ,  f ro m  May and 

B a k e r  s t r a i n .  No p r e v i o u s  e x p e r i m e n t a l  e x p e r i e n c e .

e .  F i v e - u n i t  t w o - c h o i c e  a p p a r a t u s .

S i x  m ale  g o l d e n  h a m s t e r s  a g e d  n i n e  w e e k s ,  f ro m  May and  

B a k e r  s t r a i n .  No p r e v i o u s  e x p e r i m e n t a l  e x p e r i e n c e .

f .  O n e - u n i t  t w o - c h o i c e  a p p a r a t u s .

One m ale  g o l d e n  h a m s t e r  ag e d  t w e n t y - o n e  w e e k s ,  f rom  

May and  B a k e r  s t r a i n .  P r e v i o u s  e x p e r i m e n t a l  e x p e r i e n c e  i n  

s im p le  o b s e r v a t i o n a l  e x p e r i m e n t s ,  f o r  e x a m p le ,  o p e n  f i e l d  

and  v i s u a l  . c l i f f .

g .  C i r c u l a r  a p p a r a t u s .

Two m ale  g o l d e n  h a m s t e r s  ag e d  t h i r t y « w e e k s ,  f rom  May and  

B a k e r  s t r a i n .  One a n im a l  h ad  b e e n  t r a i n e d  p r e v i o u s l y  i n  t h e  

o n e - u n i t  t w o - c h o i c e  a p p a r a t u s  ( f ) .  The o t h e r  h a d  b e e n  u s e d  

f o r  s i m p l e  o b s e r v a t i o n a l  e x p e r i m e n t s .

h .  SMVDA I .

S i x  m a le  g o l d e n  h a m s t e r s  a g e d  f rom  May and

B a k e r  s t r a i n .  A l l  a n i m a l s  h a d  b e e n  t r a i n e d  p r e v i o u s l y  i n  

t h e  f i v e - u n i t  t w o - c h o i c e  a p p a r a t u s  ( e ) .

i .  SMVDA I I .

S i x  m a le  g o l d e n  h a m s t e r s ,  ag ed  n i n e  w e e k s ,  f ro m  May and  

B a k e r  s t r a i n .  P r e v i o u s  e x p e r i m e n t a l  e x p e r i e n c e  on  th e  v i s u a l  

c l i f f  o n l y .
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APPENDIX C.

VISUAL ACUITY EXrERIiViENT.

1 • Aim.

The aim o f  t h i s  e x p e r i m e n t  was t o  d e t e r m i n e  w h e t h e r  

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

i n a t e  2  d e g r e e  s t r i p e s  a t  a d i s t a n c e  o f  2 8 . 6  c m s . ,  and ,  

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

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

2 . M e th o d .

a .  S u b j e c t s : The s u b j e c t s  w ere  t h r e e  m a le  g o l d e n  h a m s t e r s .

b . A p p a r a t u s : The a p p a r a t u s  c o n s i s t e d  o f  a drum w h ic h

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

b o x ,  u n d e r  e v e n  i l l u m i n a t i o n .  The i n s i d e  o f  t h e  drum was 

p a i n t e d  w i t h  u n i f o r m  v e r t i c a l  b l a c k  and  w h i t e  s t r i p e s ,  e a c h  

s t r i p e  m e a s u r i n g  1 . 0  c m s . ;  t h e  f ram e  was 30 cm s.  h i g h ,

5 7 .2 5  eras, i n  d i a m e t e r  and  180 cms. i n  c i r c u m f e r e n c e .

A n a r ro w  p e r s p e x  b o x ,  o p e n  a t  t h e  u p p e r  e n d ,  was 

s u s p e n d e d  o v e r  t h e  c e n t r e  o f  t h e  drum, an d  e x t e n d e d  i n t o  

i t  f o r  a d i s t a n c e  o f  2 0  cms.  The a p p a r a t u s  was i l l u m i n a t e d  

by  a 230  v o l t  60 w a t t  b u l b  p l a c e d  65 cm s.  v e r t i c a l l y  above 

t h e  b o t to m  c e n t r e  o f  t h e  drum; t h i s  l i g h t  was c o n n e c t e d  t o  

a V a r i a c  r e s i s t a n c e ,  w h ic h  i n  t u r n  was c o n n e c t e d  t o  t h e  

m a i n s .

The kym ograph  was s e t  t o  r o t a t e  a t  a s p e e d  o f  37 mm/sec
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( 9 P ) ;  i t  r o t a t e d  u n i f o r m l y .

F o r  a l l  f u r t h e r  d e t a i l s  o f  t h e  a p p a r a t u s ,  s e e  P l a t e  I. 
g-l

p ag e  0 ^  and  f i g u r e  1 .  App.A .

c .  D ep en d en t  V a r i a b l e  : S*s r e s p o n s e  t o  t h e  movement o f

b l a c k  and w h i t e  s t r i p e s  by  h e a d  movements  and t h e  f o c u s s i n g  

o f  a t t e n t i o n .  The t e n d e n c y  t o  become l e t h a r g i c  was a f u r t h e r

p o s s i b l e  r e s u l t  o f  s t i m u l a t i o n  ( S m i th  1937) .

d . I n d e p e n d e n t  V a r i a b l e s ;

i )  The s i z e  o f  t h e  s t i m u l u s :  2 ^ s t r i p e s  a t  a d i s t a n c e

o f  2 8 . 6  cms.

i i )  The l e v e l s  o f  i l l u m i n a t i o n ,  c o n t r o l l e d  b y  t h e  V a r i a c  

r e s i s t a n c e .

e . C o n t r o l  o f  V a r i a b l e s :

i )  E x t e r n a l  i l l u m i n a t i o n :  t h i s  was c o n t r o l l e d  by

p e r f o r m i n g  t h e  e x p e r i m e n t  i n  a d a r k  room ,

i i )  Drum r o t a t i o n :  t h i s  was k e p t  a t  a c o n s t a n t  37 m m /sec .

i i i )  O r d e r  o f  p r e s e n t a t i o n  o f  a i f f e r e n t  i l l u m i n a t i o n s :  

t h e s e  w ere  p r e s e n t e d  i n  a random o r d e r ,

i v )  P o s i t i o n  o f  S ’ s h e a d :  t h e  d i s t a n c e  o f  S ’ s h e a d  f rom

t h e  s i d e s  o f  t h e  drum was k e p t  e q u i d i s t a n t  by o n l y  

t a k i n g  r e a d i n g s  when t h e  a n i m a l  was f a c i n g  t h e  c e n t r e  

o f  t h e  drum.



F i g u r e  1 .  ( a p p e n d i x  C)

D iag ram  o f  a c u i t y  t e s t i n g a p p a r a t u s

«r*»
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D iagram  o f  t h e  a p p a r a t u s
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The p e r s p e x  box



v) H a n d l i n g :  a l l  t h r e e  a n i m a l s  w ere  h a n d l e d  f o r  s e v e r a l

weeks p r i o r  t o  t h e  e x p e r i m e n t .  They w ere  a l s o  

t r a i n e d  f o r  a s h o r t  t i m e  t o  become u s e d  t o  b e i n g  

c o n f i n e d  i n  a s m a l l  s p a c e ,

v i )  Sound: t o  p r e v e n t  S r e a c t i n g  t o  t h e  so u n d  o f  t h e

kym ograph  s w i t c h ,  t h e  drum movement was c o n t r o l l e d  

f rom  t h e  m a in s  w a l l  p o i n t .

f . U n c o n t r o l l e d  V a r i a b l e s :

i )  S*s movement:  i t  was i m p o s s i b l e  t o  c o n t r o l  t h i s

c o m p l e t e l y .  The r e s t r i c t i n g  a p p a r a t u s  p r o p o s e d  by  

S m i th  was i n a p p r o p r i a t e ,  s i n c e  a h a m s t e r ’ s s h o u l d e r s  

a r e  no w i d e r  t h a n  i t s  h e a d ;  i f  i t  was a b l e  t o  g e t  

i t s  neck  t h r o u g h  ^ o l e ,  i t  would  g e t  t h e  r e s t  o f  i t s  

body  t h r o u g h  a s  w e l l .  T h e r e f o r e ,  t h e  maximum amount 

o f  c o n t r o l  t h a t  c o u l d  be e x e r t e d  o n  t h e  a n i m a l  was 

t h a t  o f  a s m a l l ,  n a r ro w  b o x . S i n c e  h a m s t e r s  a r e  v e r y  

a g i l e ,  h o w e v e r ,  t h i s  was no t  v e r y  e f f e c t i v e ,  a s  S was 

a b l e  t o  t w i s t  and  t u r n  i n s i d e  t h e  box q u i t e  e a s i l y ,

i i )  O b s e r v a t i o n s :  t h e  n a t u r e  o f  t h e  e x p e r i m e n t  meant  t h a t

a l l  o b s e r v a t i o n s  w ere  c o m p l e t e l y  s u b j e c t i v e ;  i t  was 

so m e t im e s  d i f f i c u l t  f o r  E t o  d e c i d e  w h e t h e r  S was 

r e a c t i n g  t o  t h e  drum o r  n o t .

i i i )  Eye m ovem en ts :  t h e  e y e s  were  t o o  d a r k  t o  d i s t i n g u i s h

t h e  i r i s  f rom  t h e  p u p i l  s a t i s f a c t o r i l y ;  i t  was



t h e r e f o r e  a l m o s t  I m p o s s i b l e  t o  o b s e r v e  t h e  r e f l e x  

ey e  movements  t h a t  s h o u l d  h av e  o c c u r r e d  when t h e  

a n i m a l  r e s p o n d e d  t o  t h e  m oving  s t r i p e s .

3 .  P r o c e d u r e .

S was g i v e n  t h r e e  t r i a l s  p e r  s e r i e s ,  s e v e r a l  s e r i e s  

b e i n g  g i v e n  a day* D i f f e r e n t  l e v e l s  o f  i l l u m i n a t i o n  were  

u s e d  f o r  e a c h  s e r i e s *

At t h e  b e g i n n i n g  o f  t h e  f i r s t  s e r i e s ,  t h e  p e r s p e x  box 

was rem oved ,  a n d  S p l a c e d  i n s i d e *  The box was t h e n  f i r m l y  

c lam p e d  i n  p o s i t i o n ,  so t h a t  t h e  a n i m a l ' s  h e a d  was e q u i 

d i s t a n t  f rom  t h e  s i d e s  o f  t h e  drum*

As s o o n  a s  S h a d  s e t t l e d  down and was f a c i n g  t h e  c e n t r e  

o f  t h e  drum, t h e  l a t t e r  was r o t a t e d  an d  S ' s  r e a c t i o n s  n o t e d  

and  r e c o r d e d *  The drum was t h e n  s t o p p e d * < Two f u r t h e r  

o b s e r v a t i o n s  were  made u n d e r  t h e  same s t r e n g t h  o f  

i l l u m i n a t i o n *  The l i g h t  v a l u e  was t h e n  a l t e r e d  by  means 

o f  t h e  V a r i a c  r e s i s t a n c e ,  and t h r e e  f u r t h e r  o b s e r v a t i o n s  

made a s  b e f o r e  * I n  e a c h  c a s e ,  i t  was n e c e s s a r y  t o  w a i t  

u n t i l  S was f a c i n g  i n  t h e  r i g h t  d i r e c t i o n  and  was r e a s o n a b l y  

q u i e t .  Not more t h a n  f i v e  s e r i e s  was g i v e n  i n  any  one d ay ;

S was u s u a l l y  a l l o w e d  two s h o r t  r e s t  p e r i o d s  d u r i n g  t h e  

e x p e r i m e n t .
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4 .  Summary o f  R e s u l t s .

R e a c t i o n s  o f  A n im a ls  
( s e e  d e p . v a r i a b l e s  a b o v e )

I l l u m i n a t i o n
i n  v o l t s .  P o s i t i v e .  N e g a t i v e .  D o u b t f u l .

80 1 3 1

1 0 0 3 3

1 1 0 2 4

’ 1 2 0 1 1 1

130 1 1

140 1 3 2

150 2

160 2

180 1 2

2 2 0 1 1

240 1 3 2

The r e s u l t s  a r e  f o r  t h r e e  a n i m a l s  o v e r  v a r y i n g  

c o n d i t i o n s  o f  i l l u m i n a t i o n .  No a n i m a l  was t e s t e d  o n  a l l  

l e v e l s  o f  i l l u m i n a t i o n .

C o n c l u s i o n .

I l l u m i n a t i o n  v a r y i n g ,  f rom  1 0 0  t o  2 2 0  v . a p p e a r s  t o  be 

a d e q u a t e  f o r  d i s c r i m i n a t i o n  o f  2^  s t r i p e s  a t  2 7 . 6  c m s . ,  b u t  

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

o b s e r v a t i o n s  b e i n g  a l m o s t  i m p o s s i b l e .
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APPENDIX E .  

PILOT STUDY.

1 .  P r o b le m .

To d e t e r m i n e  w h e t h e r  a G o ld en  H am s te r  w ould  l e a r n  t o  

d i s c r i m i n a t e  a t r i a n g l e  f ro m  a c i r c l e ,  and  how f a r  t h i s  

i n i t i a l  d i s c r i m i n a t i o n  was t h e n  g e n e r a l i s e d  t o  i n c l u d e  o t h e r  

s y m b o l s ,  f i g u r e - g r o u n d  r e v e r s a l s  and  r o t a t e d  f i g u r e s .

2 • M e th o d .

a .  S u b j e c t s : S i x  m a le  G o ld en  H a m s te r s  f ro m  a n  i n b r e d

s t r a i n  (May a n d  B a k e r ) .  Age: s i x  w e e k s .  No p r e v i o u s

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

b .  A p p a r a t u s : The a p p a r a t u s  c o n s i s t e d  o f  a  c h o i c e  box p l a c e d  

i n s i d e  a r e w a r d  b o x .  The r e w a r d  box was l a r g e ,  m e a s u r i n g  

a p p r o x i m a t e l y  110  x 75 c m s . ;  i t  c o n t a i n e d  sa w d u s t  and  a 

s m a l l  a c t i v i t y  w h e e l ,  w h i l e  t h e  c h o i c e  box was p l a c e d  a c r o s s  

one c o r n e r .

The c h o i c e  b o x ,  i l l u m i n a t e d  by  a 60 w a t t  b u l b  a t  1 0 0  

v o l t s ,  was r a i s e d  a b o u t  15 cm s .  f ro m  t h e  f l o o r  o f  t h e  r e w a r d  

b o x ,  w h ic h  was r e a c h e d  by  means o f  a r a m p .  The h a m s t e r  

c o u l d  l e a v e  t h e  c h o i c e  box  by one o f  two d o o r s ,  w h ich  w ere  

o p e n e d  by b e i n g  p u s h e d  f ro m  t h e  i n s i d e ;  t h e  d o o r s  t h e n  s l i d  

up w ard s  by means o f  a p u l l e y - w e i g h t  s y s t e m .  E a c h  d o o r  c o u l d  

be l o c k e d  a t  w i l l  by  t h e  e x p e r i m e n t e r ;  when a l o c k e d  d o o r
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was p u s h e d ,  an  e l e c t r i c a l  c i r c u i t  was c o m p l e t e d ,  c a u s i n g  

a s m a l l  l i g h t  t o  f l a s h .

B o th  a o o r s  were  c o n s t r u c t e d  t o  h o l d  symbol c a r d s ,  

w h ic h  w ere  v i s i b l e  f rom  t h e  i n s i d e  o f  t h e  c h o i c e  b o x .  E ac h  

c a r d  was p l a c e d  b e tw e e n  two p i e c e s  o f  g l a s s ,  an d  c o u l d  be 

rem oved  f rom  t h e  d o o r  when n e c e s s a r y .

T w en ty - tw o  symbol c a r d s  w ere  u s e d  i n  a l l ;  t h e s e  

c o n s i s t e d  o f  t r i a n g l e s  an d  c i r c l e s  r a n g i n g  f ro m  2 . 0  cms. 

t o  0 , 5  c m s . ,  t o g e t h e r  w i t h  a s q u a r e ,  z i g z a g ,  b a r ,  d iam o n d  

and  c r o s s ,  a l l  m e a s u r i n g  2 . 0  cm s.  T h re e  r o t a t e d  t r i a n g l e s ,  

a t r i a n g l e  a p e x ,  b a s e  and  c i r c l e  a r c s  w ere  a l s o  u s e d .

E x c e p t  f o r  tw o ,  a l l  sym b o ls  w ere  w h i t e  o n  a b l a c k  b a c k 

g r o u n d .

F o r  a l l  f u r t h e r  d e t a i l s  o f  t h e  a p p a r a t u s ,  s e e  ploloo S -L  

p h o t o g r a p h s  i n  t h e  t e x t  p a g e s

c . D ep en d en t  V a r i a b l e s ;

Number o f  c o r r e c t  c h o i c e s  made by h a m s t e r .

d .  I n d e p e n d e n t  V a r i a b l e s :

i )  T r i a n g l e  v e r s u s  c i r c l e .  S t a n d a r d :  w h i t e  t r i a n g l e

and c i r c l e  o n  b l a c k  b a c k g r o u n d ,  b o t h  sym bols  

m e a s u r i n g  2 . 0  cms.

i i )  The e x p e r i m e n t e r ,

i i i )  Symbols  u s e d :

(a )  D i f f e r e n t  s i z e s :  A .  and  O  i n  2 . 0 , 1 . 5 ,  1 . 0 ,

0 . 5  cm s.  T r i a n g l e :  p o s i t i v e  s t i m u l u s .

C i r c l e :  n e g a t i v e  s t i m u l u s .
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(b)  D i f f e r e n t  s h a p e s  i n s t e a d  o f  c i r c l e î O  H I +  0

(c)  B a c k g ro u n d  r e v e r s a l :  b l a c k  o n  w h i t e  and  w h i t e

o n  b l a c k .

(d)  P a r t  f i g u r e s :  / \

(e )  R o t a t i o n :  2 . 0  cm s.  A  t h r o u g h  90^ and  4 5 ^ .

0 . 5  cm s.  A  t h r o u g h  9 0 ^ .

• C o n t r o l  o f  V a r i a b l e s :

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

t i o n  a p p a r a t u s  was 1  f t . c a n d l e  a t  t h e  s t i m u l i  

( T h i s  was b a s e d  o n  r e s u l t s  f ro m  a c u i t y  e x p e r i m e n t  

d e s c r i b e d  i n  A p p en d ix  C . )

i i )  M o t i v a t i o n  o f  S: D e s i r e  t o  e s c a p e  f rom  a c o n f i n e d

s p a c e ,  t o g e t h e r  w i t h  a t e n d e n c y  t o  e x p l o r e ,

i i i )  R a n d o m i s a t i o n  o f  t h e  d o o r s :  t h e  num bers  o f  t h e  d o o r s

w ere  r a n d o m i s e d ,  so  t h a t  t h e  p o s i t i v e  symbol d i d  n o t  

a p p e a r  i n  one a o o r  i n  an y  p a r t i c u l a r  o r d e r ,  i n  a n  

a t t e m p t  t o  p r e v e n t  p o s i t i o n  h a b i t s  and  any  p r e d i c t i o n  

t h a t  m ig h t  o c c u r .  The r a n d o m i s a t i o n  o r d e r  was 

a d j u s t e d  s l i g h t l y  so t h a t  e a c h  d o o r  was u s e d  f i v e  

t i m e s  i n  e a c h  s e r i e s  o f  t e n  t r i a l s ,  and  one d o o r  was

n o t  u s e d  c o n s e c u t i v e l y  more t h a n  t w i c e ,  e . g . -

2 1 2 1 1 2 1 2 2 1 .  T h i s  a g a i n  p r e v e n t e d  a n y  p o s i t i o n  h a b i t  

f rom  o c c u r r i n g ,

i v )  C r i t e r i o n  o f  c o r r e c t  an d  i n c o r r e c t  c h o i c e s :  a n

i n c o r r e c t  c h o i c e  o c c u r r e d  when S p u s h e d  t h e
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l o c k e d  (wrong) d o o r  h a r d  en o u g h  t o  c a u s e  t h e  c o n t a c t  

l i g h t  t o  f l a s h .  ( I t  a l s o  r e q u i r e d  a f a i r l y  h a r d  

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

e a c h  c h o i c e ,

v)  H a n d l i n g :  a l l  t h e  a n i m a l s  w ere  h a n d l e d  f o r  t h r e e

w eeks  p r i o r  t o  t h e  e x p e r i m e n t ;  t h e y  w ere  a l s o  a l l o w e d

t o  become u s e d  t o  t h e  a p p a r a t u s ,  an d  t a u g h t  how t o  

o p e n  t h e  d o o r s .  T hey  w ere  t h e r e f o r e  n o t  f a c e d  w i t h  

a new s i t u a t i o n  when t h e  e x p e r i m e n t  b e g a n ,

v i )  C r i t e r i o n  f o r  l e a r n i n g :  l e a r n i n g  e f f i c i e n c y  was

t a k e n  t o  be 8 0 ^  c o r r e c t  on  t h e  s t a n d a r d ,

v i i )  O l f a c t o r y  and  t a c t u a l  c l u e s :  e a c h  symbol was p l a c e d

b e t w e e n  two p i e c e s  o f  g l a s s ,  w h ic h  c o u l d  be w a s h e d .  

O l f a c t o r y  and  t a c t u a l  c l u e s  w ere  t h e r e f o r e  p r e v e n t e d  

t o  some e x t e n t .  The a n i m a l s  w ere  a l s o  u n a b l e  t o  chew 

t h e  symbol c a r d ,  

v i i i )  Number o f  t r i a l s :  a  d e f i n i t e  number o f  t r i a l s  ( u s u a l l y

t e n )  w ere  g i v e n  e a c h  d a y .  Too many t r i a l s  a t  o n ce  

made S v e r y  n e r v o u s ,  

i x )  E x p e r i m e n t e r :  E s t o o d  i n  t h e  same p o s i t i o n  b e h i n d  t h e

c h o i c e  box f o r  e a c h  t r i a l ,  i n  o r d e r  t o  k eep  t h e

e n v i r o n m e n t  a s  s t a b l e  a s  p o s s i b l e ,

x )  P o s i t i o n i n g  f o r  e a c h  t r i a l :  S was a lw a y s  p l a c e d  i n

t h e  c e n t r e  b a c k  o f  t h e  c h o i c e  b o x ;  i t  was t h e r e f o r e



e q u i d i s t a n t  f rom  b o t h  d o o r s .  T h i s  h e l p e d  t o  

e l i m i n a t e  t h e  a n i m a l ’ s t e n d e n c y  t o  d a s h  f o r  t h e  

n e a r e s t  d o o r .

x i )  When t h e  a n i m a l  had  l e a r n t  t h e  s t a n d a r d ,  a n y  sym bo ls  

t h a t  d i f f e r e d  f rom  t h e s e  two w ere  o n l y  p r e s e n t e d  f o r  

one  s e r i e s  o f  t e n ,  so t h a t  g e n e r a l i z a t i o n  was b e i n g  

t e s t e d  r a t h e r  t h a n  new l e a r n i n g ,

f . U n c o n t r o l l e d  V a r i a b l e s :

i )  C o n d i t i o n s :  t h e r e  was a g r e a t  d e a l  o f  l o u d ,  i r r e g u l a r

e x t e r n a l  n o i s e ,  due  t o  b u i l d i n g  o p e r a t i o n s ,

i i )  E x p e r i m e n t e r :  a ch an g e  o f  e x p e r i m e n t e r s  d u r i n g  t h e

e x p e r i m e n t  was u n f o r t u n a t e l y  u n a v o i d a b l e ;  t h i s  change  

t o o k  p l a c e  f o r  s e r i e s  23 -  28 i n c l u s i v e ,

i i i )  D i f f e r e n c e s  b e t w e e n  t h e  a n i m a l s :  i t  was n a t u r a l l y

i m p o s s i b l e  t o  c o n t r o l  t h i s  c o m p l e t e l y ;  v a r i a b l e s  w ere  

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

t h a t  a l l  s i x  a n i m a l s  b e l o n g e d  t o  an  i n b r e d  s t r a i n ,  and  

w e re ,  o f  t h e  same a g e .

i v )  T e m p e r a t u r e :  t h e  t e m p e r a t u r e  o f  t h e  room f l u c t u a t e d

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

T h i s  was t h e n  c o r r e c t e d  so t h a t  t h e  t e m p e r a t u r e  was a 

s t e a d y  7CPP.

v)  O m is s io n  o f  s e r i e s  N o .17 :  ow ing  t o  t h e  v e r y  b a d

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

t h i s  p a r t i c u l a r  s e r i e s  was p e r f o r m e d ,  i t  was f e l t  t h a t



I t  w o u ld  be a d v i s a b l e  t o  o m i t  t h e  r e s u l t s ,  a s  b e i n g  

i n v a l i d ,

g .  V a r i a b l e s  M e a s u r e d :

i )  C h o ice  t i m e  : t h e  p e r i o d  t h a t  e l a p s e d  b e t w e e n  t h e

t i m e  S was p l a c e d  i n  t h e  c h o i c e  box an d  t h e  t im e  i t  

p u s h e d  one o f  t h e  d o o r s ,  was known a s  t h e  c h o i c e  t im e  

T h i s  was tisasured f o r  e a c h  t r i a l .

i i )  E x i t  t im e  : t h e  t o t a l  t im e  s p e n t  by  S i n  t h e  c h o i c e

box was known a s  t h e  e x i t  t i m e ,  and  was m e a s u r e d  f o r  

e v e r y  t r i a l  t h r o u g h o u t  t h e  e x p e r i m e n t .  F o r  c o r r e c t  

c h o i c e s ,  t h i s  m easu rem e n t  w as ,  o f  c o u r s e ,  synonymous 

w i t h  t h e  c h o i c e  t i m e .

3 .  P r o c e d u r e .

S i n c e  t h e  a n i m a l s  o n  a r r i v a l  w ere  s i x  weeks o l d  and  

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

a p e r i o d  o f  t h r e e  weeks  p r i o r  t o  t h e  e x p e r i m e n t .  T h i s  

h e l p e d  t o  e l i m i n a t e ,  t o  some e x t e n t ,  t h e  n e r v o u s n e s s  c a u s e d  

by  b e i n g  f a c e d  w i t h  a new s i t u a t i o n ,  and  made i t  u s e d  t o  

b e i n g  t r a n s f e r r e d  f rom  p l a c e  t o  p l a c e .

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

t r i a l s ;  one  s e r i e s  was g i v e n  e a c h  d a y .  T h ro u g h o u t  a l l  t h e  

s e r i e s ,  t h e  t r i a n g l e  was t a k e n  a s  p o s i t i v e ,  and t h e  c i r c l e  

o r  s u b s t i t u t e d  symbol a s  n e g a t i v e .  The p o s i t i v e  d o o r  was 

t h e r e f o r e  o p e n  and t h e  n e g a t i v e  d o o r  l o c k e d .



3o-j,

At t h e  b e g i n n i n g  o f  e a c h  s e r i e s ,  a f t e r  a l l o w i n g  t h e  

a n i m a l  a few m i n u t e s  t o  wake up ,  S was p u t  s t r a i g h t  i n t o  

t h e  c h o i c e  box f o r  t h e  f i r s t  t r i a l .  A s t o p w a t c h  was 

s t a r t e d  a t  t h e  same moment,  and  b o t h  e x i t  an d  c h o i c e  t i m e s  

w ere  n o t e d .  S was a l l o w e d  t o  r e m a i n  i n  t h e  r e w a r d  box 

f o r  a b o u t  a m i n u t e ,  d u r i n g  w h ic h  t h e  e x i t  d o o r  was c l o s e d ,  

a n d ,  i f  r e q u i r e d ,  t h e  sym bo ls  c h a n g e d ;  i f  t h e y  w ere  n o t  

c h a n g e d  a n d  a w rong  c h o i c e  h a d  b e e n  m ade,  t h e  l o c k e d  d o o r  

was p r e s s e d  b a c k  t o  b r e a k  t h e  l i g h t  c i r c u i t .  S was t h e n  

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

same p r o c e d u r e  u s e d .  E x c e p t  when t h e  a n i m a l  was a c t u a l l y  

m ak in g  a c h o i c e ,  E t a l k e d  t o  i t  t h r o u g h o u t  t h e  s e r i e s ,  

p a r t i c u l a r l y  when h a n d l i n g  i t ;  t h i s  seemed t o  p r e v e n t  t h e  

a n i m a l  b e i n g  d i s r a c t e d  by  e x t e r n a l  n o i s e  t o  some e x t e n t .  

The sy m b o ls  w ere  p r e s e n t e d  i n  t h e  f o l l o w i n g  o r d e r :

(See P l a t e  1 :  A p p . E ) .

S e r i e s . S y m b o l s . M e asu re m e n ts

1 - 1 5  S t a n d a r d  O  & A  . 2 . 0  cms.

16 & 18 O  & A  . 1 , 5  cms.

1 9 - 2 3  O  & A  . 1 . 0  cms.

24 & 25 O  & A  . 0 . 5  cms.

26 O  & A  , 45^ r o t a t e d .  2 . 0  cms.

27 O  & A  . 90^ r o t a t e d .  2 . 0  cm s.

28  S t a n d a r d  O  & A  . 2 . 0  cms.

29 O  & A  . 0 . 5  cms.
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S e r i e s • S y m b o ls . M easurem ents•

30 O  & A  , 90^ r o t a t e d . 0 . 5 cms.

31 A  & □  . 2 . 0 cm s.

32 A  & +  . 2 . 0 cm s.

33 A  & 1 . 2 . 0 cms.

34 A  & H . 2 . 0 cms.

35 A  & 4- . 2 . 0 cms.

36 s ta n d a r d  A  & O . 2 . 0 cm s.

37 A  & O  , b o th  b a c k g r d s . 
r e v e r s e d . 2 . 0 cm s.

38 A  b l a c k  on w h i te  & O w h i t e  
on b l a c k . 2 . 0 cm s.

39 A  w h i te  on b la c k  & O  b la c k  
on w h i t e . 2 . 0 cms.

40 -  42 Standard  A  & O  . 2 . 0 cm s.

43 A  apex & O  . 2 . 0 cms.

44 A  apex & O  upper a r c . 2 . 0 cms.

45 A  b ase  & O  . 2 . 0 cms.

46 A  b a se  & 0  lo w e r  a r c . 2 . 0 cms.

47 A  apex & A  . 2 . 0 cm s.

48 A  & O  . 2 . 0 cms.

For t h e  l a s t  two s e r i e s ,  b o th  d o o rs  were l e f t  u n lo c k e d ,  t o

a c t  as  a check on e x t e r n a l  c l u e s  p r o v id e d  by l o c k i n g ,  and

t o  e n s u r e t h a t t h e  form er r e s u l t s  were not dependent  on

cu es  o t h e r  th a n  t h o s e  a f f o r d e d  by t h e  s y m b o l s . I n  b o th

s e t s ,  th e co m p le te  t r i a n g l e  was t a k e n  a s  p o s i t i v e ,  f o r



e a s e  in" r e c o r d i n g  r e s u l t s .

E made q u a l i t a t i v e  o b s e r v a t i o n s  o n  e a c h  s e r i e s  

t h r o u g h o u t  t h e  e x p e r i m e n t ,

4 .  R e s u l t s .

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

t e n  t r i a l s  f rom  S ’ s p e r f o r m a n c e  on  t h e  f i r s t  100  t r i a l s  was 

t a k e n  a s  t h e  c r i t e r i o n  o f  e x p e c t e d  p e r f o r m a n c e  when t h e  

a n i m a l  was n o t  d i s c r i m i n a t i n g  b e t w e e n  t h e  s y m b o l s .  T h i s

was 45% c o r r e c t ,  o r  b e t w e e n  4 and  5 c o r r e c t  c h o i c e s  i n  e a c h

s e r i e s .

b .  Q u a n t i t a t i v e  R e s u l t s . The r e s u l t s  f o r  o n l y  one a n im a l  

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

d i d  not  r e a c h  t h e  c r i t e r i o n  f o r  e f f i c i e n t  l e a r n i n g  o n  t h e  

s t a n d a r d ,  and  one became i l l  d u r i n g  t h e  e x p e r i m e n t .

R e s u l t s  o f  Sa

The number o f  t r i a l s  c o r r e c t  i n  e a c h  s e r i e s  o f  t h e  

i n d e p e n d e n t  v a r i a b l e s  was a s  f o l l o w s :

i )  S i z e s .

(a )  S t a n d a r d .  4 s e r i e s  o f  8 : 5,  6 , 7 ,  6 .

5 s e r i e s  o f  10 :  8 , 8 , 6 , 6 , 8 .

(b)  1 . 5  cm s .  2 s e r i e s  o f  1 0 :  7 ,  7 .

(c )  1 . 0  cm s .  5 s e r i e s  o f  10 :  6 , 6 , 6 , 6 , 6 .

(d) 0 . 5  eras .  2 s e r i e s  o f  10 :  6 , 8 .
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i i )  S h a p e s .  A l l  s e r i e s  o f  1 0 .

(a) A  & □  . 6 .

(b) A  & H  . 6 .

(o) A  & I . 7 .

(d) A  & • 4 ,  5 .

i i i )  R o t a t i o n .  A l l  s e r i e s  o f  1 0 ,

(a) 45^ 2 . 0  cms. A  . 8 .

(b) 90^ 2 . 0  cms. A  . 5 .

(c )  90° 0 . 5  cms. A  . 6 .

i v )  Background r e v e r s a l .  A l l  s e r i e s  o f  1 0 ,

(a) 2 . 0  cms. A  & O  b o th  b la c k  on  w h i t e .  4 .

(b) 2 . 0  cms. A  b la c k  on w h i t e ,  O  w h i te  on b l a c k .  4 ,

(c )  2 . 0  cms. A  w h i t e  on b l a c k ,  O  b la c k  on w h i t e . 6 .

v) G e s t a l t .  A l l  s e r i e s  o f  1 0 .

( a )  & O  .  6 .

(b) ^  . 6 .

(c )  & O  , 6 .

(d) /Ul & Lv . 3 .

(e )  / \  & A  . 7 .

( f )  A  & O  .  6 .

Chance l e v e l  c o u ld  be t a k e n  t o  be 50%, but t h i s  i s  

a r b i t r a r y ,  and i t  seemed more l o g i c a l  t o  t a k e  t h e  a c t u a l  

c r i t e r i o n  from t h e  a n i m a l ’ s own perform ance  b e f o r e  th e  

i n i t i a l  d i s c r i m i n a t i o n  was l e a r n t .
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Q u a l i t a t i v e  R e s u l t s .

O b s e r v a t i o n s  w ere  made by  E t h r o u g h o u t  t h e  e x p e r i m e n t .  

T h ese  w ere  a s  f o l l o w s :

i )  S i z e s .

(a) S tandard  A  & O  .

(b) 1 . 5  cms. A  & O  .

(c )  1 . 0  cms. A  & O  .

(d) 0 . 5  cm s, A  & O .

i i )  S h a p e s .

(a) A  & □  .

(b) A  & H  .

(c )  A  & I .

(d) A  & +  .

i i i )  R o t a t i o n .

(a) 45^ 2 . 0  cms. A  .

(b) 900 2 . 0  cms. A  .

(c)  9Q0 0 . 5  cm s. A ,

i v )  Background r e v e r s a l .

(a) 2 . 0  eras. A  & O  bofeh b l . on
wh.

(b) 2 . 0  cm s . A  b l . on w h . ,  O  wh,
on  b l .

(c)  2 . 0  cms. A  wh. on b l . .  O b i .
on wh.

Comments.

Knows i t .

No com m ent .

S ee n ;  s l i g h t l y  
u n c e r t a i n .

No comment.

No com ment.

C e r t a i n

No comment.

No i n d e c i s i o n  o v e r  
' c o r r e c t  c h o i c e .

No comment.

Cannot  do i t .

S e e s  i t ;  a p p a r e n t  
r e c o g n i t i o n .

C o n f u s e d . '

Some c o n f u s i o n .

Some c o n f u s i o n ;  
r e a c t i o n  m a i n l y  
p o s i t i v e .
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v) P a r t  f i g u r e s .

( a )  / \  & O

(b)  / \  8c ^

( c )  & O

(d) ^  ^

(e)  / \  & A

(f) A  & O  .

C o n fu se d  a t  f i r s t .

R e c o g n i t i o n .

Can s e e  i t .

No r e c o g n i t i o n .

P o s i t i v e  r e a c t i o n  t o  
c o m p le t e  f i g u r e .

Most a r e  d e f i n i t e ;  
a b i t  c o n f u s e d  a t  
t i m e s .

I t  was fo u n d  t h a t  S u s u a l l y  e x a m in e d  t h e  sym bols  f rom  a 

d i s t a n c e  o f  1 t o  3 cm s.  The a n im a l  a l s o  t e n d e d  t o  l o o k  

a t  t h e  d o o r s  s i d e w a y s ,  and  a p p e a r e d  t o  u se  o n l y  one eye 

a t  a t i m e ;  no p a r t i c u l a r  p r e f e r e n c e  was shown f o r  e i t h e r  

e y e . The c a r d s  w ere  n o t  o f t e n  ex a m in e d  f ro m  a h e a d - o n  

p o s i t i o n .  S e v e r a l  t i m e s  d u r i n g  t h e  e x p e r i m e n t ,  when S made 

a c o r r e c t  c h o i c e ,  i t  a p p e a r e d  t o  exa m in e  t h e  p o s i t i v e  

symbol o n l y , and  p a i d  no a t t e n t i o n  t o  t h e  n e g a t i v e  one a t  

a l l .

5 .  F i n d i n g s .

I t  was f o u n d  f rom  t h i s  e x p e r i m e n t  t h a t  a G o ld en  H a m s te r  

i s  a b l e  t o  d i s c r i m i n a t e  b e t w e e n  two f o r m s ,  n am e ly ,  a t r i a n g l e  

and  c i r c l e  o f  2 . 0  cm s.  s i z e .  I t  i s  a b l e  t o  g e n e r a l i s e  t h i s  

d i s c r i m i n a t i o n ,  t o  some e x t e n t ,  and c a n  d i f f e r e n t i a t e  

b e t w e e n  s i m i l a r  sym bo ls  o f  s m a l l e r  s i z e s ,  t h a t  i s ,  t r i a n g l e s  

and  c i r c l e s  o f  1 . 5 ,  1 . 0  and 0 . 5  cm s.  s i z e .



T h i s  g e n e r a l i s a t i o n  d o es  no t  i n c l u d e  f i g u r e - g r o u n d  

r e l a t i o n s h i p s ;  i f  t h e  c o l o u r i n g  o f  t h e  f i g u r e  and i t s  

b a c k g r o u n d  i s  r e v e r s e d ,  t h e  a n im a l  i s  a p p a r e n t l y  c o n f u s e d ,  

and  u n a b l e  t o  make a c c u r a t e  c h o i c e s .  The e x c e p t i o n  t o  t h i s  

i s  i n  t h e  c a s e  o f  t h e  w h i t e  t r i a n g l e  and  t h e  b l a c k  c i r c l e s ;  

h e r e ,  a l t h o u g h  t h e r e  was some c o n f u s i o n ,  a g r e a t e r  number 

o f  c o r r e c t  c h o i c e s  was o b t a i n e d .

W i th  d i f f e r e n t  s h a p e s  s u b s t i t u t e d  f o r  t h e  c i r c l e ,  and 

w i t h  t h e  2 . 0  cm s .  t r i a n g l e  r e m a i n i n g ,  S h ad  no d i f f i c u l t y  

i n  d i s t i n g u i s h i n g  b e t w e e n  th e m ,  e x c e p t  w i t h  t h e  c r o s s .

T h u s ,  g e n e r a l i s a t i o n  was a l s o  t r a n s f e r r e d  t o  d i s t i n g u i s h  

b e t w e e n  a t r i a n g l e  and  s q u a r e ,  t r i a n g l e  an d  b a r ,  and  t r i a n g l e  

and  z i g z a g ;  i t  i s  d o u b t f u l  w h e t h e r  i t  was t r a n s f e r r e d  t o  

t h e  t r i a n g l e  and  c r o s s ,  h o w e v e r .  W i th  r o t a t e d  s h a p e s ,  S 

r e c o g n i s e d  t h e  45^ 2 . 0  cm s.  t r i a n g l e ,  and  t h e  90^ 0 , 5  cm s.  

t r i a n g l e ,  b u t  showed a t o t a l  i n a b i l i t y  t o  r e c o g n i s e  t h e  

90^ 2 . 0  cm s .  t r i a n g l e .

I n  t h e  f i n a l  p a r t  f i g u r e  s e r i e s ,  S seemed a b l e  t o  

d i s c r i m i n a t e  b e t w e e n  t h e  ap e x  o f  t h e  t r i a n g l e  a n d  t h e  

c i r c l e  and  i t s  a r c ,  b u t  showed c o n f u s i o n  when f a c e d  w i t h  

t h e  t r i a n g l e  b a s e .  When g i v e n  t h e  t r i a n g l e  ap e x  and t h e  

c o m p le t e  t r i a n g l e ,  i t  t e n d e d  t o  r e a c t  p o s i t i v e l y  t o  t h e  

c o m p le t e  t r i a n g l e .
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APPEÎIDIX G ■ ■ ;  "  ■
C o p ies  b f  t h e  d i s c r i m i n a t i o n  s t i m u l i  

u sed  i n  SiîVDA I  and I I
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APPENDIX H.

PROBABILITY LEVELS 
(b a s e d  on  F i e l d s  1953)

F i r s t
Choice
C o r r e c t

E r r o r s
L e v e l  

. o f  
P .

F i r s t  
C hoice 
C o r r e c t .

E r r o r s
L e v e l  

. o f  
P .

N = 5 5 .33  N = 10 10 .11
1 4 .41 1 9 .27
2 3 .2 0 2 8 .3 0
3 2 .05 3 7 .2 0
4 1 .006 4 6 .09
5 — .0003 5 5 .0 3

6 4 .006
N = 20 - 20 .01 7 3 .0008

1 19 .06 8 2 .00007
2 18 .14 9 1 .000004
3 17 .21 10 _ .061
4 16 .22
5 15 .1 7  N = 15 - 15 .04
6 14 .11 1 14 .13
7 13 .05 2 13 .23
8 12 .02 3 12 .25
9 11 .007 4 11 .19

10 10 .002 5 10 .1 0
11 9 .0005 6. 9 .04
12 8 .00009 7 8 .01
13 7 .00001 8 7 .003
14 6 .058 9 6 .0007
15 5 .062 10 5 .0001
16 4 . 0?1 11 4 .00001
17 3 .cPs 12 3 .069
18 2 . 0103 13 2 .0?6
19 1 .0128 14 1 .0 %
20 - . 0 l 3 i 15 .OIO3

T hese  l e v e l s  w ere o b t a i n e d  u s in g  P a s c a l ’ s T r i a n g l e  and 

t h e  B in o m ia l D i s t r i b u t i o n  (Moroney 1 9 5 7 ) .
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