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CHAPTER I  

THE PROBLEM AND ITS SETTING

A® I n t r o d u c t i o n

One o f  th e  p ro b lem s w h ich  h a s  b e e n  p re d o m in a te  i n  t h e  i n t e r e s t  

o f  p s y c h o lo g is ts  from  th e  b e g in n in g  o f  i t s  s c i e n t i f i c  i n q u i r y  i s  t h a t  

o f  how o rg an ism s  l e a r n .  P o s s ib ly  l e a r n in g  a s  such  e x te n d s  a  g r e a t e r  

c h a l le n g e  t o  th e  p s y c h o lo g i s t  th a n  a n y  o th e r  p h a se  o f  human a c t i v i t y .

As a  r e s u l t  o f  t h i s  i n t e r e s t  t h e r e  h a s  b e e n  much e v id e n c e  a sse m b le d  as 

t o  t h e  b e h a v io r  o f  a n im a ls  and humans i n  l e a r n in g  s i t u a t i o n s ;  y e t  l i t t l e  

a g re e m e n t a s  to  i n t e r p r e t a t i o n  h a s  b e e n  r e a c h e d .  The n a t u r a l  q u e s t io n  

t o  r a i s e  th e n  i s ,  how d o e s  l e a r n in g  ta k e  p la c e ?

I n  an  a t te m p t  t o  an sw er t h i s  q u e s t i o n ,  T h o rn d ik e  lo n g  a g o , 

th ro u g h  h i s  in g e n io u s  s tu d y  o f  a n im a l b e h a v io r ,  advanced  th e  t h e o r y  o f  

l e a r n in g  b y  t r i a l  and a c c i d e n ta l  s u c c e s s .  I n  d e s c r ib in g  one  o f  h i s  

c a t ' s  b e h a v io r ,  h e  s a y s :

I t  b u r s t s  o u t  a t  once  i n t o  th e  a c t i v i t y  w h ich  i n s t i n c t  and 
e x p e r ie n c e  have  s e t t l e d  on a s  s u i t a b l e  r e a c t i o n s  to  t h e  s i t u a t i o n .
. . . .  The one im p u lse  o u t  o f  many a c c i d e n ta l  o n es  w h ich  le a d s  t o  
p l e a s u r e ,  becom es s t r e n g th e n e d  and  stam ped i n ,  and th e  f u t i l e  im p u lse s  
a r e  g r a d u a l ly  stam ped o u t .  1

T h is  s ta te m e n t  i n  s u b s ta n c e  a c c o u n ts  f o r  l e a r n in g  b y  t r i a l ,  

e r r o r ,  and  a c c id e n ta l  s u c c e s s  o p e r a t in g  th ro u g h  th e  la w  o f  e f f e c t  u n t i l

1
E .L . T h o rn d ik e , "A nim al I n t e l l i g e n c e , "  P s y c h o lo g ic a l  Review  

M onograph , V o l. I I  ( J u n e ,  1 8 9 8 ) , p .  4 5 .

1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2

th e  r i g h t  a c t  i s  f i r m l y  e s t a b l i s h e d .  I t  f u r t h e r  im p l ie s  t h a t  l e a r n in g  

ta k e s  p la c e  g r a d u a l ly  r a t h e r  th a n  s u d d e n ly .

I n  a  m ore r e c e n t  p u b l i c a t i o n  he  m a in ta in s  somewhat th e  same 

p o in t  o f  v iew * lie s a y s :

T h is  p u r e ly  a s s o c i a t i v e  le a r n in g  by  t r i a l  and s u c c e s s ,  to  resp o n d  
i n  t h i s ,  t h a t  and  th e  o th e r  m y ,  i s  th e  same i n  n a tu r e  from  minnow t o  
m an. 2

A gain  he sa y s :

W hat i s  a n y  g iv e n  s e t  o r  a t t i t u d e  o r  d i s p o s i t i o n  o r  m ind made 
o u t  o f ?  . . . .  i t  i s  -tha t a l l  t h e s e  a r e  i n  t h e  l a s t  a n a ly s i s  made o u t  
o f  c o n n e c t io n s  and  r e a d i n e s s e s ,  w h ereb y  s a t i s f y i n g n e s s  and a n n o y in g n e ss  
a re  a t t a c h e d  to  c e r t a i n  e v e n ts  • • • •  3

T h is  t h e o r y  had  i t s  b i r t h  i n  t h e  e x p e r im e n ta l  l a b o r a t o r y .  I t  

h a s  d o m in a ted  e d u c a t io n a l  p r a c t i c e s  f o r  t h e  p a s t  two d e c a d e s .

A n o th e r th e o r y  w h ich  h a s  a r i s e n  a s  a  p r o t e s t  a g a in s t  t r i a l  and  

e r r o r  l e a r n in g  i s  d e v e lo p e d  b y  th e  G e s t a l t  sc h o o l o f  p s y c h o lo g y . I t  

p ro p o s e s  t o  e x p la in  b e h a v io r  i n  te rm s  o f  i n s i g h t .  I t  s e t s  up many 

c r i t e r i a  o f  i n s i g h t .  Those w h ich  seem  c l e a r e s t  and m o st a p p l i c a b le  to  

l e a r n in g  a r e :

a .  The sudd en n ess  w i th  w h ich  an  a c t i v i t y  i s  done o r  w i t h  w hioh  

a  ch an g e  i n  b e h a v io r  t a k e s  p l a c e .

b .  The a b i l i t y  t o  resp o n d  t o  a  p a r t  i n  te rm s  o f  th e  w h o le .

The t r a n s p o s i t i o n  o f  g e n e r a l  p r o p e r t i e s  fro m  one s i t u a t i o n

to  a n o th e r .

2
E .L . T h o rn d ik e , human L e a rn in g ,  p .  1 6 6 . Mew Y ork: The C e n tu ry

C o .,  1 9 3 1 .
3

I b i d . ,  p .  12 1 .
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A* The co m p le te  d i s c a r d in g  o r  r e o r d e r in g  o f  h a b i t u a l  r e s p o n s e s .

K o h le r s a y s :

I n s i g h t  i s  a  co m p le te  s o lu t i o n  w i th  r e s p e c t  to  t h e  w ho le  la y o u t  
o f  t h e  f i e l d .  ^

K o ffk a  h a s  no d o u b t m ore c l e a r l y  d e f in e d  th e  t e r m  i n  th e  fo l lo w ­

in g  s ta te m e n ts

. . . .  The m a n ip u la t io n  o f  t h in g s  w i th  r e f e r e n c e  t o  t h e i r  im p o r ta n t  
m a t e r i a l  r e l a t i o n s  c a n  b e  em ployed a s  a  c r i t e r i o n  o f  b e h a v io r  w i th  
i n s i g h t .  5

T hese  tw o w r i t e r s  a r e  t h e  le a d in g  e x p o n e n ts  o f  t h i s  t h e o r y  w h ich  

had  i t s  b e g in n in g  w i t h  t h e  e x p e r im e n ta l  w ork o f  V fertheim er i n  191 2 .

They h ave  b o ld ly  c h a l le n g e d  o th e r  t h e o r i e s  a s  t o  t h e i r  a d e q u a c y  f o r  

e x p la in in g  l e a r n i n g ,  and e s p e c i a l l y  T h o rn d ik e ’ s t h e o r y .

The l e a d e r s  o f  t h e  two s c h o o ls  c la im  i n a b i l i t y  t o  s e e  o r  u n d e r ­

s ta n d  th e  o t h e r ’ s p o in t  o f  v iew  o r  h i s  a p p ro a c h  t o  t h e  p ro b le m  o f  hcrw

l e a r n in g  t a k e s  p l a c e .

6
K o ffk a  im p l ie s  t h a t  a l l  l e a r n in g  i s  b y  i n s i g h t .  I t  c a n n o t be  

u s e d  a s  a  su p p le m e n ta ry  m ethod t o  t r i a l  and e r r o r  l e a r n i n g ,  b u t  m u st 

d i s p l a c e  i t  a l t o g e t h e r .  H is  u n d e rs ta n d in g  o f  t r i a l  and  e r r o r  l e a r n in g  

i s  t h a t  b y  t h i s  m ethod n o th in g  new c a n  b e  l e a r n e d .  I n  s p e a k in g  o f  

T h o rn d ik e * s  a n im a ls ,  he s a y s :

4
W olfgang  K o h le r ,  The M e n ta l i t y  o f  A pes,  p .  1 9 8 . Hew Y ork: 

E a r c o u r t  B ra c e  and C o .,  192 5 .
5

K u r t  K o f fk a , The Grovrtfa o f  t h e  M ind,  p .  217* New Y ork: 
H a rc o u r t  B ra c e  and  C o .,  1925 .

6
I b i d . ,  p p .  1 7 9 -2 0 5 .
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The a n im a l had  n o t  th e  s l i g h t e s t  n o t io n  why i t s  b e h a v io r  i s  
b e in g  m o d if ie d ;  th e  w hole  p r o c e s s ,  i n  w h ich  th e  s u c c e s s f u l  a c t s  a r e  
p r e s e r v e d  and th e  u n s u c c e s s f u l  a c t s  g r a d u a l ly  e l im in a te d ,  i s  p u r e l y  
m e c h a n ic a l .  T h is  i s  t h e  p r i n c i p l e  o f  t r i a l  and  e r r o r .  7

A cco rd in g  t o  K o ffk a  t h e  a n im a l i s  e n g a g in g  i n  a  s e t  o f  b l in d  

a c t s  w h ich  c an  n e v e r  a c c o u n t f o r  l e a r n i n g .

W h ee le r m a in ta in s  even  a  s t r o n g e r  p o s i t i o n .  He s a y s :

. . . .  The c h i l d  sh o u ld  be  a b le  p e r f e c t l y  and e a s i l y  t o  s o lv e  
e a c h  new p ro b lem  t h e  f i r s t  t im e  i t  i s  a t t a c k e d .  When he  m u st r e s o r t  
t o  t r i a l  and e r r o r  and  random  p r o c e d u r e ,  i t  i s  e v id e n t  he  i s  n o t  
r e a d y  f o r  t h e  p ro b le m . ®

On t h e  o th e r  hand  T h o rn d ik e  i s  e q u a l ly  a s  s u re  o f  th e  p o s i t i o n  

w h ic h  he m a in ta in s • He s a y s :

I  r e a d  th e  f a c t s  w h ich  p s y c h o lo g i s t s  r e p o r t  a b o u t  a d ju s tm e n t ,  
c o n f i g u r a t io n s ,  d r i v e s ,  i n t e g r a t i o n ,  p u r p o s e s ,  t e n s i o n s ,  and t h e  l i k e ,  
and a l l  o f  t h e s e  f a c t s  seem t o  me r e d u c ib le  so  f a r  a s  c o n c e rn s  t h e i r  
pow ers t o  i n f lu e n c e  th e  c o u rs e  o f  th o u g h t  o r  f e e l i n g  o r  a c t i o n ,  t o  
c o n n e c t io n s  and r e a d i n e s s e s .  L e a rn in g  i s  c o n n e c t in g .  The m ind i s  
man» s c o n n e c t in g  s y s te m . P u rp o se s  a r e  a s  m e c h a n ic a l  i n  t h e i r  n a tu r e  
and  a c t i o n  a s  a n y th in g  e l s e  i s .  ®

A g ain  he s a y s :

I  c a n n o t g iv e  e v id e n c e  f o r  o r  a g a in s t  t h e  a l l e g e d  p h y s io lo g ic a l  
c o n f ig u r a t io n s  o r  d i s c u s s  t h e i r  u s e f u l n e s s .  F o r I  c a n n o t  im a g in e  a t  
a l l  c l e a r l y  w hat t h e y  a r e  supposed  t o  b e .

The s tu d e n t s  o f  p sy c h o lo g y  a r e  n a t u r a l l y  s t im u la te d  t o  r a i s e  

such  q u e s t io n s  a s  th e  f o l lo w in g :  Can l e a r n in g  b e h a v io r  b e  e x p la in e d

7
K u rt K o ffk a , o p . e i t . ,  p .  15 5 .

8
Ramond H o ld e r  W h e e le r , S c ie n c e  o f  P sy c h o lo g y ,  p .  1 1 5 . New 

York* Thomas Y . C ro w e ll C o .,  1 9 2 9 .
9

E .L . T h o rn d ik e , Human L e a rn in g ,  p .  1 2 2 . New fo rk *  ih e  C e n tu ry
Co » , 1931»

10
I b i d . ,  p .  125 .
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b y  t h e  th e o r y  o f  t r i a l  and e r r o r  a lo n e ?  I s  i t  p o s s ib l e  t o  e x p la in  i t  

i n  te rm s  o f  i n s i g h t  a lo n e ?  Do a n im a ls  a s  w e l l  a s  humans e x h i b i t  b o th  

ty p e s  o f  l e a r n in g ?  A re c o n c e p ts  b u i l t  u p  b y  b o th  t r i a l  and  e r r o r  and 

b y  i n s i g h t ?  And do t h e  p re v io u s  e x p e r ie n c e s  o f  t h e  o rg an ism  i n  an y  

way a i d  i n  e x p la in in g  e i t h e r  o f  t h e s e  t h e o r i e s ?

T u rn in g  t o  th e  i n v e s t i g a t i o n  by -these  two s c h o o ls  one f i n d s  th e  

e x p e r im e n ta l  e v id e n c e  y i e l d in g  c o n f l i c t i n g  r e s u l t s .  Soms o f  t h e  m o st 

o u t s ta n d in g  ones a r e  s e t  f o r t h  i n  t h e  summary b e lo w .

B . Summary o f  I n v e s t i g a t i o n s

K o h le r* s  e x p e r im e n ts  w i th  ch im p an zees  have  a t t r a c t e d  w id e  

a t t e n t i o n .  B e l ie v in g  t h a t  a n im a ls  w e re  c a p a b le  o f  s o lv in g  p ro b lem s 

b y  i n s i g h t  a lo n e ,  h e  i n  t u r n  s e t  h i s  e x p e r im e n ts  i n  k e e p in g  w i th  t h i s  

p r i n c i p l e .  He d e s ig n e d  h i s  e x p e r im e n ts  so t h a t

o . . .  The o b j e c t i v e ,  t h e  o b s t r u c t i o n  and th e  t o t a l  f i e l d  o f  
p o s s i b l e  ro u n d a b o u t r o u te s  a r e  i n  p l a i n  s i g h t .  H

The a n im a l becam e a c q u a in te d  w i th  t h e  w h o le  s i t u a t i o n .  Thus he  c la im ed  

t h a t  an  a n im a l p la c e d  i n  a  s i t u a t i o n  su c h  a s  th e  one m en tio n e d  above 

w as a b le  to  a p p ly  i t s  know ledge and th e r e b y  behave  i n t e l l i g e n t l y .  I n  

d e s c r ib in g  two o f  h i s  s u b je c ts *  b e h a v io r ,  he  s a y s :

Tsohego f i r s t  t r i e s  t o  r e a c h  th e  f r u i t  w i th  h e r  h a n d ; o f  c o u r s e ,  
i n  v a i n .  She th e n  moves b ack  and  l i e s  down; th e n  she  m akes a n o th e r  
a t t e m p t ,  o n ly  t o  g iv e  i t  up a g a in .  T h is  g o e s  on f o r  m ore th a n  h a l f  an  
h o u r .  F i n a l l y  she  l i e s  down f o r  good , and t a k e s  no f u r t h e r  i n t e r e s t  
i n  t h e  o b j e c t i v e .  The s t i c k  m ig h t be n o n - e x i s t e n t  a s  f a r  a s  she  i s  
c o n c e rn e d , a l th o u g h  th e y  can  h a r d l y  e sc a p e  h e r  a t t e n t i o n  a s  t h e y  a r e  i n

11
W olfgang  K o h le r ,  The M e n ta l i t y  o f  A pes,  p .  1 1 . hew York: 

H a rc o u r t  B race  and Co . ,  192 5 .
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h e r  im m ed ia te  n e ig h b o rh o o d . B ut now t h e  yo u n g er a n im a ls ,  who a r e  d i s ­
p o r t i n g  th e m s e lv e s  o u ts id e  i n  t h e  s to c k a d e ,  b e g in  t o  ta k e  n o t i c e  and 
a p p ro a c h  th e  o b j e c t iv e  g r a d u a l ly .  S u d d en ly  T schego l e a p s  to  h e r  f e e t ,  
s e i z e s  a  s t i c k ,  and q u i t e  a d r o i t l y  p u l l s  t h e  b a n an as  u n t i l  t h e y  a r e  
w i t h i n  r e a c h .  I n  t h i s  m anoeuvre sh e  im m e d ia te ly  p la c e s  th e  s t i c k  on 
th e  f u r t h e r  s id e  o f  th e  b a n a n a s . She u s e s  f i r s t  th e  l e f t  arm , t h e n  th e  
r i g h t ,  and  f r e q u e n t l y  ch an g es  fro m  one to  t h e  o th e r*  12

A g a in  he  s a y s :

Koko w a s , a s  u s u a l ,  f a s t e n e d  t o  a  t r e e  w ith  a  c o l l a r  and c h a in .
A t h i n  s t i c k  w as s e c r e t l y  pushed  i n t o  h i s  r e a c h ;  he d id  n o t  n o t i c e  i t  
a t  f i r s t ,  th e n  h e  gnawed a t  i t  f o r  a  m in u te .  When an  h o u r  had  e la p s e d ,  
a  b a n a n a  w as l a i d  upon th e  g ro u n d , o u t s id e  th e  c i r c l e  o f  w h ich  h i s  
c h a in  fo rm ed  a  r a d i u s ,  and a ls o  beyond h i3  r e a c h .  A f t e r  some u s e l e s s  
a t t e m p ts  t o  g ra s p  i t  w i th  h i s  h a n d , Koko s u d d e n ly  s e iz e d  th e  s t i c k ,  
w h ic h  l a y  a b o u t one m e tre  b eh in d  h im , gazed  a t  h i s  o b j e c t i v e ,  t h e n  
a g a in  l e t  f a l l  t h e  s t i c k .  He th e n  made v ig o ro u s  e f f o r t s  to  g ra s p  th e  
o b j e c t iv e  w i th  h i s  f o o t ,  w h ich  c o u ld  r e a c h  f a r t h e r  th a n  h i s  h a n d , owing 
t o  th e  c h a in  b e in g  a t t a c h e d  to  h i s  n e c k , and  th e n  gave up  t h i s  m ethod 
o f  a p p ro a c h , ih e n  he s u d d e n ly  to o k  th e  s t i c k  a g a in ,  and drew  t h e  
o b j e c t iv e  to w ard  h im , th o u g h  v e r y  c lu m s i ly .  13

K o h le r i n t e r p r e t s  t h i s  a s  l e a r n in g  w i th  i n s i g h t .  On c lo s e  r e a d ­

i n g ,  one i s  made t o  w onder i f  th e  w ho le  s t o r y  h a s  b e e n  ta k e n  i n t o  

a c c o u n t .  T h a t  i s ,  w ould  f u r t h e r  a n a ly s i s  r e v e a l  t h a t  l e a r n in g  b y  i n ­

s i g h t  i s  a  ty p e  o f  b e h a v io r  i n  w h ic h  t r i a l  and e r r o r  may p la y  a n  

im p o r ta n t  r o l e ?  S in c e  he  s u g g e s ts  t h a t  i t  i s  n o t ,  th e  d e s i r e  t o  f i n d  

o u t  s h o u ld  be f u r t h e r  e n c o u ra g e d  and s t im u la to u .

T u rn in g  now to  a n o th e r  ty p e  o f  e x p e rim e n t we f i n d  t h a t  i n s i g h t

i s  made t h e  s o le  b a s i s  f o r  d e s c r ib in g  b e h a v io r .

14The p u rp o se  o f  M a ie r 's  e x p e r im e n ts  was to  l e a r n  w h e th e r  o r

12
W olfgang  K o h le r ,  o p . c i t . ,  p .  3 2 .

13
I b i d . ,  p .  3 4 .

14
Norman R .F . M a ie r ,  R easo n in g  i n  W hite  R a t s .  C om parative  

P sy c h o lo g y  M onograph, V o l .  VI (May, J u l y ,  1 9 2 9 ) , p .  1 0 .
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n o t  r a t s  c o u ld  s o lv e  p ro b lem s w i th o u t  t r i a l  and e r r o r .  He d e s ig n e d  

n in e  e x p e r im e n ts ,  v a ry in g  th e  s e t - u p  f o r  e a c h  e x p e r im e n t .  S in c e  a l l  

w ere  s i m i l a r ,  one which, w as t y p i c a l  o f  h i s  w h o le  g ro u p  o f  e x p e r im e n ts  

w i l l  b e  r e f e r r e d  t o .

A ( l ) .  A l a r g e  t a b l e  w as d iv id e d  i n t o  h a lv e s  b y  a  b a r r i e r  made 

o f c a rd b o a r d .  The fo o d  box  was p la c e d  on  one c o rn e r  o f  t h e  t a b l e ,  

d i r e c t l y  o p p o s i te  t h e  s t a r t i n g  p o i n t  o f  t h e  a n im a l ,  b u t  i t  c o u ld  be 

e n te r e d  o n ly  a f t e r  s c a l in g  t h e  p a s te b o a rd  w a l l  -  g o in g  t o  b  a t  th e  f a r  

c o rn e r  o f  t h e  t a b l e ,  and p ro c e e d in g  f ro m  h e r e  o v e r  a  com plex r e c t a n g u la r  

m aze, an d  f i n a l l y  r e a c h in g  th e  fo o d  b o x . The a n im a ls  w ere  f a m i l i a r  

w i th  th e  t a b l e  and th e  w a l l  and w e re  ta u g h t  to  r u n  th e  m aze. The t a b l e  

and m aze w ere  th e n  c o n n e c te d . The p ro b le m  w as f o r  th e  r a t ,  b y  u se  o f  

i t s  p r e v io u s  e x p e r ie n c e s ,  t o  c o n n e c t  th e  two s i t u a t i o n s  and f i n d  th e  

w ay t o  f o o d .

M a ie r  c la im e d  t h a t  t r i a l  and e r r o r  and chance  h a v e  no p a r t  i n  

e x p la in in g  th e  b e h a v io r  o f  th e  r a t s  i n  s o lv in g  t h i s  type, o f  p ro b le m . 

Yfould f u r t h e r  i n t e r p r e t a t i o n  and a n a l y s i s  o f  su c h  f a c t s  a s  a r e  g iv e n  

be low  p ro v id e  a  p la c e  f o r  t r i a l  and e r r o r  a ls o ?  I n  d e s c r ib in g  R a t A 's  

b e h a v io r ,  h e  s a y s j

1 .  A -  A round s id e  o f  cage  -  back  and  f o r t h  on t a b l e  n e a r  th e
cage  - a t p ( 5 0 ) - A -  t r i e s  to  g e t  a ro u n d  cage  (8 0 ) -  15 -  o v e r  w a l l
a t  p  (100 ) -  d i r e c t l y  t o  box -  a t  b (125  -  F ( 1 4 7 ) .  15

I n  e x p e rim e n t G, t h e  p u rp o se  w as to  d e te rm in e  w h e th e r  t h e  r a t

w ould  u s e  th e  f l o o r  to  b r id g e  a  gap be tw een  i t s e l f  and f o o d .  He

15
H om an R .F . M a ie r ,  o p . c i t . ,  p .  1 1 ,

15a
Humbers i n  p a re n th e s e s  i n d i c a t e  se co n d s  o f  e la p s e d  t im e .
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d e s c r i b e s  R a t C’ s  b e h a v io r  th u s :

R a t C -  a t  cage  lo o k s  down t o  f l o o r  (4 5 )  w ashes (5 0 )  lo o k s  
down t o  f l o o r  -  ( 7 0 )  r e a c h e s  th ro u g h  cage  a t  fo o d  w i th  f o r e f o o t  -  
lo o k s  down to w ard  f l o o r  (1 5 0 ) c lim b s  on ca g e  (1 6 0 )  d ig s  a t  p a p e r  ^  
u n d e r  c ag e  -  t r y i n g  to  g e t  u n d e r ,  b i t e s  and  p u l l s  a t  p a p e r  ( 2 0 0 ) .

T h is  t y p e  o f  b e h a v io r  c o n tin u e d  327 seco n d s  b e f o r e  th e  a n im a l re a c h e d  

f o o d .  P ro b a b ly  t h e r e  a r e  j u s t  r e a s o n s  f o r  s tu d e n t s  t o  w onder i f  i n ­

s i g h t  i s  a  fu n d a m e n ta l  t y p e  o f  b e h a v io r  i n  w h ich  t r i a l  and e r r o r  may

h a v e  a  s u b t l e  p a r t .

17H e lso n  h a s  shown t h a t  r a t s  re sp o n d  t o  a  v i s u a l  s t r u c t u r e ;

th u s  a n im a ls  t r a i n e d  to  go t o  a  c e r t a i n  l i g h t  B , i n s t e a d  o f  a  l e s s

b r i g h t  l i g h t  h ,  go t o  l i g h t  ^ i n s t e a d  of' B when C i s  b r i g h t e r  th a n  B .

I n  a  g e n e r a l  d e s c r i p t i o n  o f  a  r a t ’ s b e h a v io r  he  s a y s :

The r a t  v e r y  q u ic k ly  le a r n e d  to  go to w a rd  th e  fo o d  box  and t o  
t r y  t h e  seco n d  b o x  i f  1he  f i r s t  c h o ic e  i s  w ro n g .

T h is  s tu d y  g iv e s  p l a c e  t o  t h e  f a c t  t h a t  t h e  a n im a ls  r e s p o n d  b y  w h a t

p ro b a b ly  may b e  i n s i g h t ,  and  d e n ie s  t h a t  t r i a l  and  e r r o r  h a s  any  p a r t

i n  t h e  l e a r n i n g .

I n  a  s tu d y  o f  i n s i g h t  i n  a  s p a t i a l  com plex H sa io  Hung H saio

d e s ig n e d  a  m aze f o r  h i s  r a t s .  I t  w as c o n s t r u c te d  a s  f o l lo w s :

T here  w ere  p a th s  l e a d in g  to  th e  fo o d  b o x . R 1 and R 2 l e d  to  
a  common pathw ay  and  a  common d o o r  w h ich  opened i n to  t h e  fo o d  b o x .
R 3 a , t h i r d  p a th ,  fo llo w e d  a  d i f f e r e n t  r o u t e  and l e d  to  t h e  food  box  
th ro u g h  a  d i f f e r e n t  d o o r .  M ore t r a i n i n g  w as g iv e n  o v e r  R 1 and R 2 
t h a n  R 3 .  T h is  w as done to  b u i ld  up  a  s t r o n g  d e s i r e  f o r  R 1 and R 2 .  
The p ro b lem  w as t o  d i s c o v e r  w h e th e r  a  r a t  can  g e t  i n s i g h t  when two 
p a th s  h a v in g  a  common s e c t i o n  a re  c lo s e d ,  t h a t  b o th  o f  t h e s e  a r e

16
Norman R .F .  M a ie r ,  o p . c i t . ,  p .  5 2 .

17
H a rry  H e ls o n , " I n s i g h t  i n  W hite  R a t s , "  J o u rn a l  o f  E x p e r i­

m e n ta l  P sy c h o lo g y ,  V o l .  X ( 1 3 2 7 ) ,  p p .  3 8 8 -8 9 .
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u s e l e s s  and t h a t  o n ly  a  t h i r d  a l t e r n a t i v e  R 3 ,  n o t  i n  t h i s  common 
s e c t i o n ,  l e a d s  t o  food* 18

He co n c lu d e d  t h a t  t h e r e  was l i t t l e  e v id e n c e ,  i f  a n y , o f  i n s i g h t  p r e s e n t .

H ence t r i a l  and  e r r o r  e x p la in e d  t h e  l e a r n i n g .

I n  an e f f o r t  t o  f u r t h e r  s tu d y  i n s i g h t  i n  th e  w h i te  r a t ,  Tolman 

19and H onzik  r e p e a te d  H s a io 's  e x p e rim e n t -with a  l a r g e r  number o f  r a t s ,  

u s in g  an  e x p e r im e n ta l  s e t - u p  t h a t  w as th e  same i n  p r i n c i p l e  b u t  d i f f e r ­

ed  some i n  d e s ig n .  T h a t i s ,  t h e  r a t  had  t h e  a l t e r n a t i v e  o f  a  t h i r d  

r o u te  w hen h e  found  th e  o th e r  two b lo c k e d .  They s t a t e d  t h a t  i n  one o f  

t h e i r  m o d if ic a t io n s  o f  H sa io * s  maze t h e r e  was some e v id e n c e  o f  i n s i g h t  

b u t  n o th in g  c o n c lu s iv e .  T here  was no a tte m p t t o  s tu d y  l e a r n in g  fro m

th e  two p o in t s  o f  v ie w .

20P a u l E . F i e l d s  ,  i n  a  s tu d y  o f  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 n  t h e  w h i te  r a t ,  u s in g  a  d i s c r im in a t io n  a p p a ra tu s  o f  t h e  L a s h le y  ty p e ,  

r e q u i r e d  t h e  a n im a ls  t o  r e a c t  to  t h e  shape  o f  th e  t r i a n g l e  and d i s ­

r e g a r d  o th e r  f i g u r e s  w hen p r e s e n te d  w ith  i t .  The change i n  p o s i t i o n  

c a u se d  a  r e v e r s a l  i n  r e s p o n s e .  A m is c e l la n e o u s  a rra n g e m e n t o f  geo ­

m e t r i c a l  d e s ig n  r e v e a le d  t h a t  t h e  r a t  s t i l l  re sp o n d ed  t o  t r i a n g u l a r i t y .  

From h i s  s tu d y  he co n c lu d ed  t h a t  r a t s  h ave  a b i l i t y  t o  fo rm  c o n c e p ts  

" o r  t o  re sp o n d  t o  a  l a r g e  number o f  r e t i n a l  p a t t e r n s  and t o  q u a l i t i e s

IS
H saio  Hung H s a io ,  "An E x p e r im e n ta l  S tu d y  o f  R a t ’ s I n s i g h t

W ith in  a  S p a t i a l  Com plex," U n iv e r s i ty  o f  C a l i f o r n ia  P u b l i c a t i o n  i n
P sy c h o lo g y , V o l .  I f ,  Ho. 4 (1 9 2 9 ) , p p .  5 7 -7 7 .

19
E . C .  Tolman and  C.H . H o n z ik , " I n s i g h t  i n  R a t s ,"  U n iv e r s i ty  

o f  C a l i f o r n i a  P u b l i c a t i o n  i n  P sy c h o lo g y ,  V o l .  IV , Ho. 4  (19 3 0 7 , 
p p .  2 1 5 -3 2 .

20
P a u l E . F i e l d s ,  "The D evelopm ent o f  th e  C oncep t o f  T r i ­

a n g u l a r i t y  i n  th e  W hite  R a t ,"  P ro c e e d in g s  o f  th e  T h ir ty - K in th  A nnual 
M e e tin g  o f  t h e  A m erican  P s y c h o lo g ic a l  A s s o c ia t io n  (S e p te m b er, 1 9 3 1 ) , 
p p .  6 8 3 -8 4 .
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i n h e r e n t  i n  th em ."

T h is  s tu d y  p o i n t s  o u t t h a t  th e  r a t  i s  c a p a b le  o f  a  c e r t a i n  k in d  

o f  b e h a v io r .  I t  em p h asizes  r e s p o n d in g  to  a  d e t a i l .  I t  g iv e s  no  p la c e

to  r e l a t i o n s h i p  i n  th e  l e a r n in g  o r  t o  t h e  ty p e s  o f  l e a r n in g  p r e s e n t .

21G e n g e r e l l i  i n  a  s tu d y  o f  a b s t r a c t i o n  i n  w h i te  r a t s  u se d  th e  

u n i t  a d ju s t a b l e  m aze . The p ro b lem  w as t o  d i s c o v e r  i f  r a t s  t r a i n e d  to  

go t o  t h e  l e f t  o r  r i g h t  i n  t h i s  maze w ould make a n  i n t e l l i g e n t  c h o ic e  

when t h i s  open in g  w as b lo c k e d .  T h a t i s ,  i f  t h e y  had  b een  accustom ed  

t o  go t o  th e  l e f t ,  w ould  t h e y  make an i n t e l l i g e n t  c h o ic e  t o  th e  

r i g h t  o r  r e v e r s e  t h e  o ld  h a b i t  i f  th e  s i t u a t i o n  demanded i t ?  He con­

c lu d e d  t h a t  t i e  r a t  w as c a p a b le  o f  r e s p o n s e s  o f  c e r t a i n  g e n e ra l iz e d  

n a tu r e  p ro v id e d  th e  tw o s i t u a t i o n s  p r e s e n te d  e le m e n ts  w hich  w e re  s im i la r  

t o  th o s e  i n  w hich  i t  w as p r e v io u s ly  t r a i n e d ,  b u t  he made no d e f i n i t e  

c la im  f o r  e i t h e r  ty p e  o f  b e h a v io r .

I n  th e  s tu d ie s  on co n c ep t f o rm a tio n  i n  human s u b j e c t s ,  th e  

r e c e n t  em phasis  h a s  been  upon w h a t c o n c e p ts  a r e  form ed r a t h e r  th a n  how 

th e y  sire  fo rm e d . The te rm  " c o n c e p t"  i s  em ployed t o  mean th e  g e n e ra l iz e d  

id e a  t h a t  we have  a b o u t t h in g s ;  t h a t  i s ,  w h a t do th e y  mean to  u s?  I t  

i s  h e r e  h e ld  t h a t  c o n c e p ts  a r e  b u i l t  up b y , and a s ,  we a b s t r a c t  id e a s  

from  o u r e x p e r ie n c e s .

K .a g e t ,  i n  h i s  m ethod o f  p e r s o n a l  i n te r v ie w ,  was a b le  t o  a s c e r ­

t a i n  w h a t c o n c e p ts  th e  c h i l d  h a d  form ed a t  d i f f e r e n t  a g e s . As a  r e s u l t  

o f  t h i s ,  he d iv id e d  th e  p e r io d s  o f  c o n c e p t fo rm a tio n  i n to  t h r e e  s t a g e s .

21
J .A . G e n g e r e l l i ,  " S tu d ie s  i n  A b s t r a c t io n  w i th  W hite  H a ts ,"  

J o u r n a l  o f  G e n e tic  P sy c h o lo g y ,  V o l .  XXXVIII (D ecem ber, 1 9 3 0 ) , p p .  171- 
20 2 .
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He s a y s :

I n  t h e  f i r s t  s ta g e  e v e ry th in g  i s  a l i v e  and  m o v es . The names 
o f  t h in g s  a r e  i n  th e  t h i n g .  D u rin g  th e  seco n d  s ta g e  t h e  names o f  
t h in g s  a r e  ev e ry w h ere  o r  now here . A n y th in g  can  f e e l  t h a t  m oves. I n  
t h e  t h i r d  s t a g e ,  names a r e  r e g a rd e d  a s  i n  t h e  v o i c e ,  t h e n  i n  t h e  
h e a d , and t h e n  i n  th e  th o u g h t  i t s e l f .  22

23S h a f f e r  a t te m p te d  t o  d i s c o v e r  b y  th e  f r e e  a s s o c i a t i o n  m ethod 

w h a t c o n c e p ts  c h i l d r e n  h ad  o f  such  w ords a s  " r e p u b l i c " ,  "g o v e rn m en t" , 

" s o c i e t y " ,  and o th e r s  o f  s im i la r  g e n e r a l i z e d  m e a n in g . H is s tu d y  

showed t h a t  c h i l d r e n  d id  n o t  a lw ays have  t h e  c o r r e c t  c o n c e p t .  H is  

s tu d y  d i f f e r e d  fro m  th e  p rob lem  t o  b e  p ro p o se d  h e r e  i n  t h a t  i t  p a id  

no a t t e n t i o n  t o  how t h e s e  c o n c e p ts  w ere  fo rm e d .

H e id b re d e r  i n  an  e x p e r im e n ta l  s tu d y  t o  d e te rm in e  t h e  

r i g i d i t y  o r  f l e x i b i l i t y  o f  t h in k in g  i n  c o l l e g e  s t u d e n t s ,  u se d  a  number 

o f  g e o m e tr ic  f i g u r e s  and m is c e l la n e o u s  fo rm s a r r a n g e d  on c a r d s .  On 

e a ch  c a rd  w as p la c e d  one l a r g e  f i g u r e  and two s m a ll  o n e s .  F o r 

ex am p le , t h e  s q u a re  had b e s id e  i t  a  and  " 4 " .  The s u b j e c t  w as r e ­

q u i r e d  t o  p l a c e  one o f  t h e  sm a ll f i g u r e s  i n  t h e  l a r g e  o n e . The 

e x p e r im e n te r  t h e n  announced  r i g h t  o r  w ro n g . She c o n c lu d e d  t h a t  t h in k ­

in g  was p r e s e n t  i n  v a r io u s  fo rm s i n  com plex s i t u a t i o n s .  T hese form s 

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

T h is  s tu d y  a tte m p te d  t o  f i n d  o u t  how , and w h a t k in d s  o f ,  

t h in k in g  to o k  p l a c e .  The o th e r s  m e n tio n e d  w ere  c o n c e rn e d  w i t h  w h a t

22
J e a n  P i a g e t ,  The C h i ld 8s C o n c e p tio n  o f  t h e  W o rld ,  p .  72 . 

Hew Y ork: H a r c o u r t  B race  and  C o . ,  1929 .
23

L .F .  S h a f f e r ,  "M easu rin g  C h ild re n * s  C o n c e p ts ,"  J o u r n a l  o f  
E d u c a t io n a l  P s y c h o lo g y , Y o l . XIX ( J a n u a r y ,  1 9 2 8 ) , p p . 4 1 -4 4 .

24
Edna H e id b re d e r ,  "An E x p e r im e n ta l  S tu d y  o f  T h in k in g ,"  

A rc h iv e s  o f  P sy c h o lo g y ,  V o l . I I ,  No. 73 (1 9 1 4 ) , p p . 1 0 4 -6 8 .
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c o n c e p ts  a r e  fo rm ed  o r  w h a t h a s  b een  l e a r n e d .

The above s u rv e y  p o i n t s  t o  t h e  m ag n itu d e  o f  th e  i s s u e  and t h e

i n t e r e s t  i t  h a s  a t t r a c t e d .  A sid e  from  t h e  w r i t e r s  m en tio n e d  a b o v e ,

o t h e r s  have  m a n if e s te d  an  i n t e r e s t  i n  th e  c o n tr o v e r s y  th ro u g h  t h e i r

25 26
w r i t i n g s .  I h e  m o st n o te d  ones o f  t h e s e  a r e  W oodworth ,  H sa io  ,

27 28
Tolman ,  and  Ogden .  H ow ever, o n ly  one o f  t h e s e ,  n o ta b ly  O gden, 

h a s  s u g g e s te d  t h a t  m ore e x p e r im e n ta l  e v id e n c e  i s  n e e d e d .

Hence an  enorm ous f i e l d  f o r  r e s e a ro h  a w a i ts  th e  i n q u i s i t i v e  

m in d . The i s s u e  r e g a r d in g  fu n d a m e n ta l p o i n t s  o f  v ie w  may be  sum m arized 

a s  f o l lo w s :

a .  To t h e  c o n f i g u r a t i o n i s t  l e a r n in g  b y  t r i a l  and  e r r o r  d o e s  

n o t  e x i s t .

b .  To T h o rn d ik e  l e a r n in g  i s  a  p r o c e s s  o f  fo rm in g  c o n n e c t io n s  

i n  s im p le  and  com plex  s i t u a t i o n s  b y  th e  t r i a l  a n d  e r r o r  p r o c e s s .

_c. I n  t h e  s t u d i e s  on c o n c e p t  fo rm a t io n  th e  i n t e r e s t  h a s  been  

c e n te r e d  a ro u n d  th e  s tu d y  o f  w hat c o n c e p ts  h a v e  been  fo rm ed  r a t h e r  th a n  

how t h e y  a r e  fo rm e d . Humans and a n im a ls  h a v e  b e e n  u se d  a s  s u b je c t s  f o r  

e x p e r im e n ta t io n  b y  b o th  s c h o o ls .  B u t t h e r e  h a s  n o t  b e e n  a  d e l i b e r a t e  

a t t e m p t  t o  ap p ro a c h  th e  i s s u e  e x p e r im e n ta l ly  i n  o rd e r  t o  d i s c o v e r  t o

25
R . S .  W oodw orth, C on tem porary  S c h o o ls  o f  P sy c h o lo g y .  Hew 

Y orks The R onald  P r e s s ,  193 1 . P p . v i  ^  2 2 5 .
26

H .H . H s a io , "A Review  o f  G e s t a l t  P s y c h o lo g y ,"  P s y c h o lo g ic a l  
R e v iew , Y o l .  XXXV ( J u l y ,  1 9 2 8 ) , p p .  2 8 0 -9 7 ,

27
Edward Chase T olm an, "A B e h a v i o r i s t i c  T heory  o f  I d e a s , "  

P s y c h o lo g ic a l  R eview , V o l .  XXXIII (S e p te m b e r , 1 9 2 6 ) , p p .  3 5 2 -6 9 .
28

R o b e r t  M o rr is  O gden, "The G e s t a l t  H y p o th e s is ,"  P s y c h o lo g ic a l  
R ev iew ,  V o l .  XXXV (M arch , 1 9 2 8 ) , p p .  1 3 6 -4 6 .
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w h a t d e g re e  b o th  m ethods o f  l e a r n in g  may b e  p r e s e n t  i n  l e a r n in g  s i t u a ­

t i o n s  o r  t o  com pare humans and a n im a ls  i n  t h e i r  u se  o f  t r i a l  and e r r o r  

and i n s i g h t  i n  s o lv in g  p a r a l l e l  o r  i d e n t i c a l  p ro b le m s . Hence t h e s e  two 

r i v a l  t h e o r i e s  p r e s e n t  a  number o f p ro b le m s , one o f  w h ic h  w i l l  b e  th e  

c o n c e rn  o f t h i s  s tu d y .

C . The P rob lem

Ih e  p ro b lem  i s  t o  make an  e x p e r im e n ta l  c o m p ariso n  o f  t r i a l  and 

e r r o r  l e a r n in g  and  c o n f i g u r a t io n a l  l e a r n i n g ,  t h e s e  te rm s  b e in g  i n t e r ­

p r e te d  a s  h a s  b e e n  s e t  f o r t h  i n  ih e  w r i t i n g s  o f  T h o rn d ik e  and t h e  

G e s t a l t  p s y c h o lo g is ts  r e s p e c t i v e l y .  S p e c i f i c  q u e s t io n s  on  w h ic h  t h i s  

i n v e s t i g a t i o n  p ro p o se s  t o  th ro w  some l i g h t  may b e  l i s t e d  a s  f o l lo w s :

1 .  A re c o n f i g u r a t io n a l  and  t r i a l  and e r r o r  l e a r n in g  tw o d i s t i n c t  

ty p e s  o f  l e a r n in g ?

2 .  I s  t r i a l  and  e r r o r  l e a r n in g  p r e s e n t  i n  p ro b le m s r e q u i r in g  

i n s i g h t ?

3 .  W hat a r e  t h e  d i f f e r e n c e s  a s  b e tw e en  s p e c ie s  and g ro u p s  o f  

t h e  same s p e c ie s  i n  th e  u s e  o f  t h e  two m ethods o f  l e a r n in g ?

4 .  W hat i s  ‘the  d e g re e  o f  a g re e m e n t and d i f f e r e n c e  a s  be tw een  

s p e c ie s  and g ro u p s  o f  th e  same s p e c ie s  i n  th e  u s e  o f  t h e  two m ethods 

i n  s o lv in g  p a r a l l e l  o r i d e n t i c a l  p ro b lem s?

5 .  W hat c u e s ,  e . g . ,  v i s u a l ,  k i n a e s t h e t i c ,  e t c . ,  a re  em ployed 

i n  -the s o lu t io n  o f  th e  p rob lem s?

D . D e f in i t io n s

C e r ta in  te rm s  w i l l  be  u sed  f r e e l y  th ro u g h o u t  t h i s  s tu d y .  To 

be  s u re  t n a t  u n ifo rm  m eaning  may b e  a t t a c h e d  to  th em , th e y  a r e  d e f in e d
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h e re w ith :

C o n f ig u r a t io n a l . C o n f ig u ra t io n a l  l e a r n in g  i s  a  re sp o n se  t o  a  

p a t t e r n  o f  s t i m u l i .  I t  i s  p e rc e iv in g  an o b je c t  o r i d e a  i n  i t s  r e l a ­

t i o n  t o  o th e r  o b je c t s  o r  i d e a s .  I t  i s  u se d  i n  t h i s  s tu d y  a s  synony­

mous w i th  I n s i g h t .

Sudden . The t e r n  sudden w i l l  be  u sed  th ro u g h o u t t h i s  s tu d y  to  

mean an i n s t a n t  change i n  b e h a v io r  o r  th e  im m edia te  s o lu t i o n  o f  t h e  

p ro b le m .

T r i a l  and e r r o r .  T r i a l  and e r r o r  l e a r n in g  w i l l  r e f e r  to  th o se  

random  movements w hich  th e  o rgan ism  makes i n  re s p o n s e  to  a  s i t u a t i o n .

A n a ly s is .  The f u n c t io n a l  m eaning w i l l  be a p p lie d  to  t h i s  te rm  

i n  th e  s tu d y .  F u n c t io n a l  a n a ly s i s  p r e s e r v e s  th e  w h o le . Each p a r t  o r  

d e t a i l  em erges from  th e  w hole and is ^ s e e n  a s  a  s u b o rd in a te d  w hole o f  

th e  grea/fcer w h o le .

I n s i g h t . L e a rn in g  by  i n s i g h t  w i l l  r e f e r  to  ( a )  t h a t  b e h a v io r  

w h ich  e n a b le s  th e  o rg an ism  to  su d d e n ly  r e c o n s t r u c t  i t s  b e h a v io r  i n  

k e e p in g  w ith  th e  e x ig e n c y  o f  th e  s i t u a t i o n ,  and (b )  th e  a b i l i t y  t o  

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

C o n c e p t.  The te rm  co n c ep t w i l l  be  em ployed to  mean th e  g e n e r a l ­

iz e d  id e a  t h a t  we have ab o u t t h i n g s .
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CHAPTER I I

TRIAL AM) ERROR AM) IHSIGHT LEARUIHG -  A COMPARATIVE ANALYSIS

A . I n t r o d u c t i o n

So f a r  a s  p u b l is h e d  e v id e n c e  g o e s ,  t h e r e  i s  none i n  w h ich  human 

and a n im a l s u b je c t s  h av e  b e e n  u s e d  t o  make a  c o m p a ra tiv e  s tu d y  o f  th e  

two m eth o d s o f  l e a r n i n g .

The s u b je c t s  s e l e c t e d  f o r  t h i s  e x p e r im e n t w e re  tw e n ty  c h i l d r e n  

fro m  t h e  e le m e n ta ry  g r a d e s ,  tw e n ty  a d u l t  s tu d e n t s  o f  c o l l e g e  sophom ore 

l e v e l ,  and t e n  w h i te  r a t s .

I n  th e  s e a r c h  f o r  a  l e a r n in g  s i t u a t i o n ,  th e  c o n c e p t  m id d le *. 

s iz e n e s s  w as d e c id e d  u p o n . I t  was c h o sen  b e c a u s e  i t  seem ed t o  th e  

w r i t e r  t o  make p o s s ib l e  a  l e a r n in g  p ro b lem  w h ich  m ig h t c o n c e iv a b ly  be  

s o lv e d  b y  i n s i g h t ,  b y  t r i a l  and e r r o r  o r  b y  a  c o m b in a tio n  o f  th e  two 

m e th o d s . I t  w ou ld  p ro v e  a d a p ta b le  t o  b o th  a n im a l and  human s u b je c t s  

and t o  a  v a r i e t y  o f  m a t e r i a l s .  I t  may be i n t e r p r e t e d  a s  a  p ro b lem  i n  

c o n c e p t f o r m a t io n .  The e x a c t  d e t a i l  o f  e x e c u t io n  o f  t h i s  p ro g ram  i s  

s u b s e q u e n t ly  s e t  f o r t h  i n  th e  p r e s e n t  c h a p te r .  I n  a n t i c i p a t i o n ,  th e
I

g e n e r a l  s ta te m e n t  may h e re w ith  b e  m ade . A l l  s u b j e c t s  th ro u g h o u t  th e  

i n v e s t i g a t i o n  w ere  f a c e d  w i t h  t h e  p ro b lem  o f  l e a r n in g  to  r e a c t  s e l e c t -
iI i v e l y  t o  a  m id d le - s iz e d  s t im u lu s  i n  co m p ariso n  w i th  tw o o th e r  s i z e s ,
1
? one l a r g e  and one s m a l l .
4

I
I

1 I t
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B* The Two Types o f  L e a rn in g  and  C oncep t 
F o rm a tio n  i n  Yfh.ite R a ts

1 .  E x p e r im e n ta l  P ro c e d u re

S u b je c t s « —  The a n im a ls  chosen  f o r  -th is s tu d y  w ere w h i te  r a t s .  

F our m a le s  and s i x  fe m a le s  o f  th e  W is ta r  s to c k  w e re  s e l e c t e d .  The 

m a le s  w ere  a d u l t  a g e  when b ro u g h t  t o  th e  l a b o r a t o r y ;  th e  f e m a le s  w ere  

a p p ro x im a te ly  t h r e e  m onths o f  a g e .  T hese a n im a ls  w ere  b o u g h t from  th e  

a n im a l l a b o r a t o r y  o f  th e  D e p a rtm en t o f  Z o o lo g y  o f  th e  U n iv e r s i ty  o f  

C i n c in n a t i .  They h ad  b e e n  caged  i n  t h i s  l a b o r a t o r y ,  w here  t h e y  had  

n o t  had  an y  e x p e r ie n c e  w i th  a n y  p re v io u s  l e a r n in g  s i t u a t i o n .

P l a c e .  —  The e x p e r im e n t was c o n d u c te d  i n  th e  a n im a l l a b c r a t o r y  

o f  t h e  T e a c h e rs  C o lle g e  o f  th e  U n iv e r s i ty  o f  C in c in n a t i .  I t  b egan  

J a n u a r y  1 4 , 1 952 , and ended  F e b ru a ry  1 9 , 1 9 3 2 . The e x p e r im e n ta l  h o u rs  

w e re  i n  t h e  a f t e r n o o n  o f  e a c h  d ay  i n  t h e  w eek e x c e p t  S u n d a y ..

The L e a rn in g  S i t u a t i o n .  — I n  o r d e r  to  s e t  up a  s i t u a t i o n  i n  

w h ich  m id d le - s iz e n e s s  w as c o n t r o l l e d  and a t  t h e  same tim e p r e s e r v e  t h e  

a b s t r a c t n e s s  c o n n e c te d  w i th  t h e  c o n c e p t ,  t h e  e x p e r im e n te r  ch o se  t h e  

m id d le  num ber o f  t h e  t h r e e  num b ers , 0 . 5 ,  2 . 5 ,  4 . 5 ,  a rra n g e d  i n  a s c e n d in g  

o r d e r ,  su c h  t h a t  t h e  d i f f e r e n c e  be tw een  t h e  f i r s t  and second  and th e  

seco n d  and t h i r d  w as c o n s t a n t .  T h is  p ro c e d u re  s e t  up t h r e e  num bers i n  

a  p r o p o r t io n  su c h  t h a t  th e  m id d le - s iz e d  num ber i s  th e  mean p r o p o r t io n  

be tw een  t h e  two ex tre m e  n u m b ers . A l l  t h e  p o s s ib l e  d i s t i n c t  p e rm u ta ­

t i o n s  o f  t h i s  p r o p o r t io n  w ere  u sed  i n  d e s ig n in g  "the l e a r n in g  p a t t e r n s  

w h ich  a p p e a r  on th e  18" x  12" wooden p a n e l s .  (S ee  F ig u re  7 ,  p .  4 4 ) .  

B ecause o f  t h i s ,  th e  m id d le - s iz e d  num ber a p p e a re d  i n  s ix  d i f f e r e n t  

r e l a t i o n s  w i th  r e s p e c t  to  th e  tw o e x tr e m e s . T h is  made up  a  l e a r n in g
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s e r i e s  h e r e a f t e r  c a l l e d  S e r i e s  A.

I n  o r d e r  t o  f u r t h e r  c o m p lic a te  t h e  p ro b le m , a  second  s e r i e s  

o f  t h r e e  num bers, 2* 5 , 4 * 5 , 6 * 5 , d e s ig n a te d  a s  S e r ie s  B , 'was ch o sen  

w i th  th e  c o n s ta n t  d i f f e r e n c e  th e  same a s  i n  S e r i e s  A® The p ro p o r ­

t i o n s  o f  t h e  seco n d  s e r i e s  -were so  ch o sen  t h a t  th e  l a s t  num ber o f  t h e  

f i r s t  s e r i e s  w as u se d  a s  th e  m id d le - s iz e d  number i n  t h i s  set®  These 

•taro s e r i e s  made up th e  l e a r n in g  s i t u a t i o n  f o r  th e  a n im a ls  and  ch ild ren ®

I n  th e  c r u c i a l  t e s t s ,  w h ich  w i l l  be  f u l l y  d e s c r ib e d  i n  th e  su b ­

s e q u e n t  d i s c u s s i o n s ,  th e  c o n s ta n t  d i f f e r e n c e  w as m ain ta ined®

L a b o ra to ry  A p p a ra tu s ® —  To c a r r y  o u t  t h e  e x p e r im e n t i t  was 

n e c e s s a r y  to  d e s ig n  l a b o r a to r y  a p p a ra tu s  w h ich  w ould ( a )  b e  a p p l i c a b l e  

t o  b o th  humans and  a n im a ls ,  (b )  p r e s e r v e  t h e  c o n c e p t m id d le - s iz e n e s s  

s e t  f o r t h  a b o v e , and  ( c )  g iv e  am ple o p p o r tu n i ty  f o r  e i t h e r  o r  b o th  

ty p e s  o f  l e a r n in g  i n  q u e s t io n  t o  f u n c t i o n .

The l a b o r a to r y  a p p a ra tu s  c o n s i s t e d  o f  two l a b o r a to r y  t a b l e s  

4 ’ x  3 1; f i v e  tu n n e lw a y s  2*4" x  ,  r e s p e c t i v e l y ;  a  b o a rd  w a l l  18" 

x  5 6 " ; n in e  b o a rd  p a n e ls  18" x  12" ( s e e  F ig u re  7 , p .  4 4 ) ;  a  w ir e  fo o d  

box  15" x  1 2 " ,  and  a  c o n t r o l  b o x . Bach p a n e l  was made so t h a t  i t  

w ould  f i t  i n  taie c e n t e r  o f  th e  b o a rd  w a l l .  (S ee  F ig u re s  1 ,  2 ,  p .  1 8 .)  

I n  t h e s e  p a n e ls  m id d le - s iz e n e s s ,  t o g e th e r  w i th  th e  o th e r  e x tre m e s , 

a p p e a re d  i n  t h e  h e ig h t s  o f  t h e  tu n n e lw a y  e n tr a n c e  fro m  th e  s t a r t i n g  

t a b l e .  T h is  m id d le - s iz e n e s s  was p r e s e n t  and p re s e rv e d  i n  th e  s te p  o r  

a p p ro a c h  w h ich  a lw ay s l e d  t o  th e  tu n n e lw ay  e n tr a n c e  w ith  m id d le - s iz e d  

h e ig h t ;  t h i s  c r e a te d  a  u n i t  made up o f  m id d le - s iz e  h e ig h t  o f  th e  

e n tr a n c e  and m id d le - s iz e d  l e n g t h  o f  a p p ro a c h . The s u b je c t  re sp o n d e d  

to  t h i s  u n i t .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



19

The h e ig h t s  w ere g ro u p ed  to  make t h e  l e a r n in g  p a t t e r n s .  They 

w ere  a r r a n g e d  so t h a t  m id d le - s iz e n e s s  was i n  a  d i f f e r e n t  p o s i t i o n  i n  

e a ch  p a t t e r n .  T hese p a t t e r n s  made up th e  l e a r n in g  p ro b le m . E ach  o f  

t h e s e  p a t t e r n s  c o u ld  b e  r e v e r s e d  a t  w i l l  b y  tu r n in g  t h e  p a n e ls  o v e r .

By r e v e r s in g  th e  p a n e l  m id d le - s iz e  w as p la c e d  i n  a  new r e l a t i o n s h i p  

w i th  r e s p e c t  to  t h e  o th e r  two s i z e s .  A d e s c r i p t i o n  o f  each  s e r i e s  

f o l l o w s .  S e r ie s  A in c lu d e s  a l l  th o s e  p a t t e r n s  w h ich  c o u ld  be d e s ig n e d  

b y  m aking  u s e  o f  a l l  p o s s ib l e  d i s t i n c t  a rra n g e m e n ts  o f  th e  t h r e e  

num bers o c c u r r in g  i n  th e  p r o p o r t io n  0 .5 ,  2 . 5 ,  4 .5  i n c h e s .  S e r ie s  B 

in c lu d e d  a l l  th o s e  p a t t e r n s  w h ich  co u ld  b e  d e s ig n e d  b y  m aking u s e  o f  

th e  s i x  d i s t i n c t  a rra n g e m e n ts  o f  t h e  t n r e e  num bers o c c u r r in g  i n  t h e  

p r o p o r t io n  2 .5 ,  4 .5 ,  6 .5  i n c h e s .  S e r ie s  C (o n e  o f  t h e  c r u c i a l  t e s t s  

l a t e r  to  be  f u l l y  d e s c r ib e d )  in c lu d e d  a l l  th o s e  p a t t e r n s  w h ic h  c o u ld  

b e  d e s ig n e d  b y  m aking u s e  o f  t h e  s i x  d i s t i n c t  a rra n g e m e n ts  o f  th e  

t h r e e  num bers o c c u r r in g  i n  th e  t e s t  s e r i e s  o f  t h e  p r o p o r t io n  3 .5 ,  5 .5 ,

7.5 i n c h e s .  F o r  T e s ts  D and E th e  p r o p o r t io n s  o f  S e r ie s  B w ere  u s e d .

The a p p ro a c h e s  to  th e  tu n n e lw a y  e n t r a n c e s  w ere s te p s  made o f  

wood and c o v e re d  w i th  o r d in a r y  s c re e n  w i r e .  The s te p  f o r  each  e n tr a n c e  

e x te n d e d  f ro m  th e  to p  o f  th e  s t a r t i n g  t a b l e  to  th e  b a s e  o f  th e  t u n n e l ­

way e n t r a n c e .  Each w as a t t a c h e d  w i th  an a d ju s t a b l e  h in g e  and c o u ld  

be rem oved a t  w i l l .  The w id th  o f e a ch  s te p  w as two i n c h e s .  The r e l a ­

t i v e  h e ig h t s  a r e  shown i n  th e  accom panying i l l u s t r a t i o n s .  (S ee  

F ig u r e s  1 - 6 ,  p p . 1 8 , 2 1 , 2 3 .)  The tu n n e iw a y s  w ere  c o n s t r u c te d  o f  

s o f t  p in e  lu m b e r; th e  b o a rd  w a l l  and th e  p a n e ls  w ere  made o f  t h r e e -  

p l y  redw ood . The b o a rd  w a l l ,  t h e  tu n n e iw a y s , t h e  p a n e l s ,  and one s e t  

o f  s te p s  f o r  t e s t  S e r ie s  D w ere  p a in te d  b l a c k .  The o t h e r  s te p s  w e re  

p a in u e d  w h i t e .  The l a b o r a to r y  t a b l e s  w ere  c o v e re d  w i th  b la c k  o i l
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c l o t h .

The tu n n e lw a y , w h ich  w as e n te r a h l e  o n ly  o v e r  th e  m id d le - s iz e d  

s t e p ,  had  a  f l i p  doo r a t  th e  o p p o s i te  end made o f  h e a v y  b la c k  p a p e r  

and  s e t  on w i th  h in g e s  so t h a t  t h e  a n im a ls  c o u ld  open  i t  e a s i l y  and 

go t o  th e  fo o d  b o x . T h is  door w as so  a d ju s te d  t h a t  no l i g h t  e n te r e d  

t h e  tu n n e lw a y  w hen i t  w as c lo s e d .  The o th e r  tu n n e iw a y s  w ere  p e r ­

m a n e n tly  c lo s e d  a t  t h e  e n d . (S e e  F ig u re  3 ,  p .  2 1 .)  R ep ea ted  o b s e rv a ­

t i o n  b y  t i e  e x p e r im e n te r  and h e r  f a c u l t y  a d v i s e r s  f a i l e d  t o  r e v e a l  

a n y  l i g h t  e n t e r in g  t h e  lo n g  tu n n e iw a y s  e x c e p t  th ro u g h  th e  e n te r in g  

a p e r t u r e .  I n  o th e r  w o rd s , t h e  a p p a r a tu s  e f f e c t i v e l y  p re v e n te d  th e  

anim alte g e t t i n g  a n y  v i s u a l  c u e s  from  i n s i d e  th e  tu n n e iw a y s  t h a t  w ould  

g u id e  i t  i n  m aking  a  c h o ic e .  O l f a c to r y  c u e s  w ere  c o n t r o l l e d  b y  d u s t ­

in g  fo o d  on th e  s te p s  and i n  th e  tu n n e iw a y s  and p la c in g  bow ls o f  fo o d  

a t  p o i n t s  i n  th e  room o th e r  th a n  i n  t h e  fo o d  b o x .

The c o m p le te  e x p e r im e n ta l  s e t - u p  i s  shown i n  th e  fo llo w in g  

i l l u s t r a t i o n  .  (S ee  F ig u re  3 ,  p .  2 1 ) .  T h is  g iv e s  t h e  a rra n g e m e n t 

f o r  t h e  p r o c e d u r e .  The two t a b l e s  w e re  p la c e d  e n d - to -o n d  two f e e t  

a p a r t  j th e  b o a rd  w a l l  was c lam ped to  th e  end  o f  t h e  s t a r t i n g  t a b l e  

o p p o s i te  t h e  s t a r t i n g  p o in t; X . The tu n n e iw a y s  c o n n e c te d  t h e  s t a r t i n g  

t a b l e  and t h e  fo o d  t a b l e .  The p rob lem  f o r  th e  r a t  w as to  r e a c h  t h e  

fo o d  box Y when p la c e d  a t  th e  s t a r t i n g  p o i n t  X . T h is  c o u ld  be done 

b y  c h o o s in g  th e  m id d le - s iz e d  tu n n e lw a y  from  th e  p a t t e r n  o f  e a c h  t r i a l *  

F o r  ex a m p le , when th e  r a t  was p la c e d  a t  p o i n t  X on  th e  s t a r t i n g  

t a b l e  and  w as f a c in g  th e  p a t t e r n s  0 * 5 , 2 . 5 ,  4 .5  ( s e e  F ig u re  3 ,  p .  21) 

h e  w as to  choose  2 .5 ,  t r a v e r s e  t h e  tu n n e lw a y  to  th e  e sca p e  d o o r Z ,
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f l i p  i t  op en  w i th  h i s  n o s e ,  jump down on  th e  fo o d  t a b l e  and e n te r  

t h e  fo o d  b o x  a t  Y . E ach r a t  had  b e e n  f e d  i n  t h e  fo o d  box  f o r  t h r e e  

d a y s  b e f o r e  he  w as g iv e n  h i s  f i r s t  t r i a l  and e v e ry  day  t h e r e a f t e r  

u n t i l  h i s  l e a r n in g  w as c o m p le te d , b u t  he  was n o t  f a m i l i a r  w i th  a n y  

o th e r  f e a t u r e  o f  t h e  s e t - u p .  The w hole  d e t a i l  o f  t h e  p ro b lem  w as 

t o t a l l y  new , th e  a n im a l b e in g  o n ly  f a m i l i a r  w i th  th e  fo o d  t a b l e  and 

f e e d in g  s i t u a t i o n .

2* C onduct o f  E x p e r im e n t

M ethod .  —  T u rn in g  t o  th e  m ethod u se d  i n  t h e  a c t u a l  e x p e r i ­

m e n ta t io n ,  th e  an im a l w as t a k e n  from  th e  c o n t r o l  box  and p la c e d  a t  

X on th e  s t a r t i n g  t a b l e  f o r  e a c h  t r i a l .  When i t  had  f i n a l l y  made 

th e  s u c c e s s f u l  c h o ic e  and  e n te r e d  th e  fo o d  b o x , i t  was a llo w e d  to  

ta k e  a  b i t e  o f  fo o d  b e f o r e  b e in g  p la o e d  i n  th e  c o n t r o l  box  o n  th e  

f l o o r  t o  w a i t  f o r  th e  n e x t  t r i a l .

R e c o rd s .  —  R e c o rd s  w e re  k e p t  o f  t im e  and  e r r o r s  and d e s c r i p t i v e  

a n a l y s i s .  Time f o r  e a c h  t r i a l  w as s c o re d  i n  se co n d s  and w as re c o rd e d  

fro m  th e  tim e  th e  a n im a l was p la c e d  a t  X u n t i l  he  re a c h e d  t h e  food  

box  Y . E r r o r s  w ere  c o u n te d  b y  tu n n e iw a y s ;  t h e  s u b je c t  made an  e r r o r  

when i t s  b o d y  w as c o m p le te ly  i n  e i t h e r  o f  th e  c lo s e d  tu n n e iw a y s . A 

g e n e ra l  d e s c r i p t i o n  o f  th e  an im al*  s b e h a v io r  w as a l s o  k e p t .  S in c e  

t h e r e  w as no fo rm  o f  p u n ish m en t u s e d ,  th e  anim al co u ld  e n t e r  th e  

w rong tu n n e lw a y  a s  many t im e s  a s  i t  w ish e d  i n  any  one t r i a l .

P ro c e d u re .  — The a n im a ls  w ere  d iv id e d  i n t o  two g ro u p s , w h ich  

f o r  c o n v e n ie n c e  w e re  c a l l e d  G roup I  a i d  Group I I .  S in c e  th e  p ro b lem  

w as f o r  t h e  an im al t o  re sp o n d  to  m id d le - s i z e n e s s ,  r e g a r d le s s  o f  i t s
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p o s i t i o n  o r  s i z e  i n  th e  p a t t e r n ,  t h e  l e a r n in g  s e r i e s  w ere  a r r a n g e d  so 

t h a t  one g ro u p  o f  a n im a ls  w ould  l e a r n  th e  w ho le  p ro b le m , o r b o th  p r o ­

p o r t i o n s .  T h is  w ould  em phasize  13x6 law  o f  r e a o t io n  advanced  b y  th e  

c o n i ' i g u r a t i o n i s t  w h ich  c la im s  t h a t  l e a r n in g  i s  t o  be  s tu d ie d  a s  t h e  

r e s p o n s e  o f  t h e  o rg an ism  a s  a  w hole  t o  th e  t o t a l  p ro b lem  o r  a r r a n g e ­

m en t o f  s t i m u l i .  T h is  was d e s ig n a te d  as  M ethod I*  I n  M ethod I I  th e  

g roup  w ould  l e a r n  h a l f  th e  p ro b lem  o r  one p r o p o r t i o n .  T h is w ould  

p e rm i t  m id d le - s iz e n e s s  t o  ch ange  i n  p o s i t i o n  o n ly  i n  each  p a t t e r n .

I t  w ou ld  f u r t h e r  a f f o r d  o p p o r tu n i ty  f o r  b u i l d i n g  up a  s p e c i f i c  h a b i t  

o r  bond t o  one p a r t i c u l a r  i n i d d l e - s i z e ,  and th u s  conform  t o  th e  

p r i n c i p l e s  o f  t r i a l  and e r r o r  l e a r n i n g .

3» The L e a rn in g

A rrangem en t o f  P a t t e r n s . G roup I  l e a r n e d  b y  M ethod I .  T h a t 

i s ,  t h e  s t im u lu s  p a t t e r n s  changed  i n  s i z e  and p o s i t i o n  a f t e r  each  

t r i a l .  F o r  e x am p le , i n  t r i a l  o n e , e a c h  a n im a l re sp o n d e d  t o  0 . 5 ,  2 ^ 5 , 

4 .5 ;  i n  t r i a l  tw o , e a c h  a n im a l re sp o n d e d  t o  4 . 5 ,  6 .5 ,  2 .5 .  S in c e  

each  an im a l w as g iv e n  tw e lv e  t r i a l s  p e r  d a y , i t  re sp o n d e d  t o  e a ch  

p a t t e r n  tw ic e  e ach  d a y . B u t i n  no c a se  vras t h e  l e a r n in g  upon  th e  

f o l lo w in g  d a y  beg u n  on th e  l a s t  p a t t e r n  o f  t h e  p re v io u s  d a y ’ s w o rk .

The f o l lo w in g  t a b l e  g iv e s  t h e  a rra n g e m e n t o f  th e  d a y ’ s w ork 

f o r  t h i s  g ro u p .
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TABLE I

LEARNING PATTERNS GROUP I  METHOD I

0 ,5 2 .5 4 .5

4*5 6 .5 2 .5

4*5 0 .5 2 .5

2 .5 4 .5 6 .5

2 .5 4 .5 0 .5

6 .5 2 .5 4 .5

4 .5 0 .5 2 .5

4*5 6 .5 2 .5

0 .5 2 .5 4 .5

6 .5 2 .5 4 .5

2 .5 4 .5 0 .5

2 .5 4 .5 6 .5

G roup I I  l e a r n e d  b y  M ethod I I  j t h a t  i s ,  t h e  p a t t e r n s  o f  S e r ie s  

A changed  i n  p o s i t i o n  o n ly  a f t e r  e a c h  t r i a l *  The p u rp o se  o f  t h i s  

m ethod w as t o  d e te rm in e  w h e th e r  t h e  m ore f r e q u e n t  o c c u rre n c e  o f  th e  

r e s p o n s e  t o  2*5 a s  m id d le - s iz e n e s s  i n  t h i s  s e r i e s  w ould  re d u c e  i t  t o  

a  m e c h a n ic a l  p r o c e s s ,  h e n c e  p ro v o k in g  t h i s  same re s p o n s e  when r e q u i r e d  

to  r e s p o n d  t o  4 .5  a s  m id d le - 3 iz e n e s s  i n  S e r i e s  B . L ik e w ise  t h i s  m ethod 

w ould  t e s t  w h e th e r  a  c o n s ta n t  p r o p o r t io n  i s  m ore e a s i l y  l e a r n e d  th a n  a  

ch a n g in g  p r o p o r t i o n .  The a rra n g e m e n t o f  th e  p a t t e r n s  f o r  th e  tw e lv e  

t r i a l s  i s  l i s t e d  below *
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SABLE I I

LEARNING PATTERNS GROUP I I  METHOD I I

0 .5 2 .5 4 .5

2 .5 4 .5 0 .5

4 .5 0 .5 2 .5

0 .5 2»5 4 .5

2 .5 4 .5 0 .5

4 .5 0 .5 2 .5

0 .5 2 .5 4 .5

2 .5 4 .5 0 .5

4 .5 0 .5 2 .5

0 .5 2 .5 4 .5

2 .5 4 .5 0 .5

4 .5 0 .5 2 .5

I t  -w ill  b e  n o t ic e d  a t  once  fro m  t h e  above l i s t  t h a t  each  

p a t t e r n  a p p e a re d  f o u r  t im e s  i n  one day*s w o rk , w h i le  i n  M ethod I  

e a c h  p a t t e r n  a p p e a re d  b u t  tw ic e  i n  one d a y 's  work®

C r i t e r i o n  o f  L earning®  —  A f te r  c h o o s in g  th e  two le a r n in g  

s e r i e s  and th e  tw o m ethods o f  p r o c e d u r e ,  i t  was n e c e s s a ry  to  s e t  up 

a  l e a r n in g  c r i t e r i o n .  Each s e r i e s  o f  e a c h  m ethod w as c o n s id e re d  

l e a r n e d  when t h e  s u b je c t  re sp o n d e d  c o r r e c t l y  e le v e n  o u t  o f  tw e lv e  

t r i a l s  f o r  two s u c c e s s iv e  d ay s  on  i t s  r e s p e c t i v e  s e r i e s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27

4* The T e s t

The L e a rn in g  T e s t .  —  I t  i s  a p p a re n t  t h a t  a f t e r  t h e  c r i t e r i o n  

o f  l e a r n in g  w as r e a c h e d , f u r t h e r  t e s t s  o f  th e  d e g re e  and m anner o f  

l e a r n in g  w ere  d e s i r a b l e .  T h e r e f o r e ,  two t e s t s  w ere  p r o j e c t e d .  The 

f i r s t  o f  t h e s e  w as d e s ig n a te d  a s  th e  l e a r n in g  t e s t .  The l e a r n in g  t e s t  

f o r  each  g roup  w as e a ch  p a t t e r n  o f  t h e  l e a r n in g  s e r i e s  o f  t h a t  g ro u p  

r e v e r s e d .  R e v e rs in g  th e  p a t t e r n  w ou ld  r e v e a l  w h e th e r  th e  a n im a l had  

l e a r n e d  by  s e e in g  r e l a t i o n s  o r  b y  p o s i t i o n ,  a s  m id d le - s iz e n e s s  a p p e a re d  

i n  a  d i f f e r e n t  p o s i t i o n  and a  d i f f e r e n t  r e l a t i o n s h i p  t o  th e  o th e r  two 

i n  th e  p a t t e r n .  The c r i t e r i o n  f o r  t h i s  t e s t  w as e le v e n  c o r r e c t  r e ­

sp o n se s  i n  tw e lv e .  The t e s t  s e r i e s  f o r  e a c h  g ro u p  i s  g iv e n  i n  th e  

t a b l e  on  th e  f o l lo w in g  p a g e .
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TABLE I I I

FIRST TEST SERIES -  LEARhlxiG PATTER* REVERSED

Group I  M ethod I G roup I I  M ethod I I

4 .5 2 .5 0 .5 4 .5 2 .5 0 .5

2 .5 6 .5 4 .5 2 .5 0 .5 4 .5

2 .5 0 .5 4 .5 0 .5 4 .5 2 .5

6 .5 4 .5 2 .5 4 .5 2 .5 0 .5

0 .5 4 .5 2 .5 2 .5 0 .5 4 .5

4 .5 2 .5 6 .5 0 .5 4 .5 2 .5

2 .5 0 .5 4 .5 4 .5 2 .5 0 .5

2 .5 6 .5 4 .5 2 .5 0 .5 4 .5

4 .5 2 .5 0 .5 0 .5 4 .5 2 .5

4 .5 2 .5 6 .5 4 .5 2 .5 0 .5

0 .5 4 .5 2 .5 2 .5 0 .5 4 .5

6 .5 4 .5 2 .5 0 .5 4 .5 2 .5

H aving  re a c h e d  th e  c r i t e r i o n  f o r  s u c c e s s f u l  l e a r n in g  s e t  on 

i t s  r e s p e c t i v e  t e s t  s e r i e s ,  e a c h  g roup  w as th e n  r e q u i r e d  t o  re sp o n d  

t o  t h e  l e a r n in g  s e r i e s  o f  th e  o t h e r  g ro u p . KVhen t h i s  c i* i te r io n  was 

r e a c h e d ,  e a c h  an im a l i n  e a ch  g ro u p  t h e n  re sp o n d e d  t o  a  seco n d  t e s t  

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

C r u c ia l  T e s t .  — The p u rp o se  o f  th e  c r u c i a l  t e s t s  w a s j

a .  To d e te rm in e  beyond q u e s t io n  w h e th e r  th e  s u b je c t s  had 

fo rm ed  th e  c o n c e p t m id d le - s iz e n e s s .

b .  To d i s c o v e r  hov. t h e y  had  form ed t h i s  c o n c e p t .

I n  an  e f f o r t  t o  d i s c l o s e  th e  f a c t s  b e a r in g  d i r e c t l y  upon th e
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a n sw e rs  t o  t h e  above  s t a t e m e n ts ,  t h r e e  c r u c i a l  t e s t s  -  S e r i e s  C, S e r ie s  

D, and S e r i e s  E -  w e re  d e s ig n e d .

I n  t h e  f i r s t  t e s t  t h e  p r o p o r t io n s  o f  th e  r e c t a n g u l a r  s te p s  w ere  

i n c r e a s e d  a s  f o l lo w s :  2 .5  was in c r e a s e d  t o  3 .5 ;  4 .5  w as in c r e a s e d  to

5 .5 ;  6 .5  w as i n c r e a s e d  t o  7 .5 .  T h is  r e q u i r e d  th e  a n im a l to  s e l e c t  

m id d le - 3 iz e n e s s  i n  a  p r o p o r t io n  i n  w h ich  3 .5  was t h e  c o n fu s in g  e le m e n t . 

I t  f e l l  b e tw een  2 .5  and  4 . 5 ,  and re se m b le d  v e r y  much 4 . 5 .  F u r th e rm o re , 

a n  i n c r e a s e  i n  t h e  p r o p o r t io n  p ro b a b ly  p ro d u ced  a  g r e a t e r  p ro b le m  th a n  

a  d e c re a s e  i n  p r o p o r t i o n ,  s in c e  t h e  r a t ‘ s  f i e l d  o f  v i s i o n  i s  n o t  g r e a t .  

I n  a  seco n d  t e s t  th e  r e c t a n g u l a r  s te p s  i n  th e  p r o p o r t io n  2 .5 ,  4 . 5 ,  6 .5  

w ere  p a in te d  b l a c k .  T h is  made th e  f i g u r e  and ground lo o k  t h e  same and 

w ould  p re su m a b ly  t e s t  w h e th e r  t h e  a n im a l w as re s p o n d in g  t o  am ount o f  

b r ig h t n e s s  a s  su ch  o r  t o  t h e  m a th e m a tic a l  r a t i o  o f  t h e  l e n g th  o f  th e  

m id d le - s iz e d  s te p  t o  t h e  o th e r  two s te p s  ( s e e  F ig u re  5 ,  p .  2 3 ) .  I n  

th e  t h i r d  t e s t ,  t h e  am ount o f  b r ig h t n e s s  was in c r e a s e d  by  m aking t r a p e ­

z o id a l  s te p s  w i th  w id th  a t  th e  b o tto m  i n  2 .5 ,  4 .5 ,  6 .5  p r o p o r t io n  i n ­

c r e a s e d ,  w i th  th e  fo rm  a t  th e  t o p  and th e  le n g th  re m a in in g  c o n s ta n t .  

T h is  w ould  t e s t  w h e th e r  th e  fo rm  and am ount o f  b r ig h t  s t r u c t u r e  w ere 

p o te n u  f a c t o r s  i n  th e  s o l u t i o n  o f  t h e  p ro b le m . A c o m p ariso n  o f  th e  

r e c t a n g u l a r  s te p s  i n  l e a r n in g  w i ih  th e  t r a p e z o i d a l  s te p s  i n  t e s t i n g  

w i l l  make c l e a r  t h e  problem , in v o lv e d  ( s e e  F ig u re s  2 and  6 ,  p p .  16 and 

2 3 ) .

S in c e  t n e r e  w ere  o n ly  s i x  d i s t i n c t  p e rm u ta t io n s  i n  a n y  s e r i e s ,  

th e  t r i a l s  w ere  re d u c e d  t o  s i x  f o r  e a c h  o f  t h e s e  t e s t  s e r i e s  and  th e  

p a t t e r n s  a r r a n g e d  t o  c o n t r o l  p o s i t i o n  a l s o .  One t e s t  was g iv e n  each  

d a y  and th e  c r i t e r i o n  w as f i v e  c o r r e c t  t r i a l s  i n  s i x .  The fo l lo w in g
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t a b l e  shows t h e  o r d e r  i n  w h ich  e a c h  t e s t  w as p re s e n te d *

TABLE IV

CRUCIAL TEST PATTERNS GROUP I ,  AND I I

R e c ta n g u la r  S te p s  -  
P r o p o r t io n  I n c r e a s e d

R e c ta n g u la r  S te p s  -  
B la c k

3 .5 5 .5 7.5 4 .5 6.5 2 .5

5 .5 7.5 3 .5 2 .5 4 .5 6 .5

7 .5 3 .5 5.5 6.5 2 .5 4 .5

5 .5 3 .5 7.5 4 .5 2 .5 6 .5

7.5 5 .5 3 .5 2 .5 6 .5 4 .5

3 .5 7.5 5 .5 6 .5 4 .5 2 .5

T ra p e z o id a l  S te p s  -  Yfidtfa I n c r e a s e d

6 .5  2 .5  4 .5

2 .5  4 .5  6 .6

4 .5  2 .5  6 .5

6 .5  4 .5  2 .5

4 .5  6o5 2 .5

2 .5  6 .5  4 .5
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5 . R e s u l ts

Group I  M ethod I » The t o t a l  number o f  t r i a l s  t h a t  i t  to o k  f o r  

e a c h  an im a l o f  t h i s  g ro u p  t o  l e a r n  th e  p rob lem  i s  shown i n  th e  accom pany­

in g  t a b le *

TABLE V

TOTAL LEARNING TRIALS FOR EACH SUBJECT GROUP I  METHOD I

S u b je c t  R a t No* T r i a l s  R e q u ire d

4 120

5 216

6 120

7 132

8 60

Mean 129*6

I n s p e c t io n  o f  th e  above t a b l e  r e v e a ls  c o n s id e r a b le  v a r i a t i o n  

i n  th e  number o f  t r i a l s  r e q u i r e d  f o r  each  s u b je c t  t o  l e a r n  th e  p ro b le m .

The g ra p h  o f  th e  tim e  c u rv e  (S ee  G raph I ,  p* 33) shows p r o g re s s  

i n  l e a r n in g  i n  term s o f  th e  harm on ic  mean tim e  b a sed  on th e  tim e  s c o re  

f o r  each  d a y  (See T a b le  XXX, A p p e n d ix ). The com ple te  r e c o r d  o f  t h e  

tim e  i n  se co n d s  from  th e  b e g in n in g  o f  th e  l e a r n in g  p rogram  u n t i l  t h e  

c lo s e  i s  shown i n  th e  ap p e n d ix  (See T ab le  XXIV, A p p e n d ix ) . I n i s  t a b l e  

shows th e  g re a x  r e d u c t io n  i n  tim e  o f th e  su b se q u e n t t r i a l s  o v e r  th e  

i n i t i a l  t r i a l s .  For exam p le , R a t .  4 , on h i s  i n i t i a l  t r i a l ,  to o l: 4500 

seconds t o  r e a c h  th e  fo o d  box . The second  t r i a l  r e q u i r e d  f i f t y  s e c o n d s .
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The m ean t im e  f o r  e a ch  t r i a l  w as s i x t y - e i g h t  s e c o n d s . F o r t h e  second 

d a y  th e  mean tLme was f i f t y - t w o  s e c o n d s .  The c u rv e  c o n tin u e s  t o  f a l l  

u n t i l  t h e  s e v e n th  d a y , when an  a v e ra g e  o f  sev en  seconds i s  r e a c h e d .

The s u b je c t  m a in ta in e d  a p p ro x im a te ly  t h i s  l e v e l  u n t i l  t h e  c r i t e r i o n  o f  

l e a r n in g  was re a c h e d  on t h e  t e n t h  d a y 's  w o rk . The e r r o r  cu rv e  shows 

a  su d d en  f a l l  t o  t h e  z e ro  p o i n t  on  th e  f o u r t h  d a y , w i th  a  m arked 

te n d e n c y  f o r  t h e  s u b je c t  to  rem a in  n e a r  t h i s .  The f i r s t  c r u c i a l  t e s t  

p ro d u ce d  a  s l i g h t  r i s e  i n  b o th  t h e  t im e  and e r r o r  c u rv e  (S e e  Graph I I ,  

p .  3 5 ) .

R a t 5 no d o u b t fo u n d  th e  c o r r e c t  tu n n e lw a y  by  c h a n c e , a s  h i s  

i n i t i a l  t r i a l  to o k  o n ly  385 s e c o n d s . H ow ever, th e  a v e ra g e  tim e  f o r  

th e  re m a in in g  e le v e n  t r i a l s  f o r  t h a t  d ay  w as n i n e t y - t h r e e  seconds .  On 

th e  s i x t h  d a y  th e  c u rv e  f e l l  t o  f i v e  seco n d s  and  rem a in e d  a t  a p p ro x i­

m a te ly  t h i s  p o i n t  f o r  th e  rem a in d e r  o f  t h e  t im e .  A r e d u c t io n  o f  t h e  

e r r o r s  to  two on  th e  f i f t h  d a y  (S ee  Graph I I ,  p .  3 5 ) ,  shows d e c id e d  

a g re e m e n t i n  r e s u l t s .  I t  i s  i n t e r e s t i n g  t o  n o te  how lo n g  i t  to o k  

t h i s  s u b je c t  to  r e a c h  th e  c r i t e r i o n *  T h is  i s  p ro b a b ly  a n  i n d i c a t i o n  

o f  i n d i f f e r e n c e  o r  o f  grow ing s t a l e  to th e  p ro b le m . S in c e  t h e  s u b je c t  

r e a c h e d  th e  c r i t e r i o n  s e t  on each  o f  th e  t e s t s ,  t h i s  shows e v id e n c e  o f  

i n s i g h t  i n  t h e  s o l u t i o n ;  i . e . ,  t h a t  s u c c e s s  was n o t  s e c u re d  i n  te rm s  

o f  f i x e d  h a b i t s  o f  r e s p o n s e .

The p e rfo rm a n c e  o f  R a t 6 i s  n o t  v e r y  d i f f e r e n t  fro m  th e  f i r s t  

two m e n tio n e d . The i n i t i a l  t r i a l  r e q u i r e d  1150 seco n d s t o  f in d  th e  

c o r r e c t  tu n n e lw a y . The a v e ra g e  tim e  f o r  e a c h  o f  t h e  o th e r  e le v e n  

t r i a l s  f o r  t h a t  d a y  7/as tw e n ty - fo u r  s e c o n d s . The cu rv e  th e n  had  a  

r a p id  d e s c e n t  u n t i l  th e  s i x t h  d a y , w hen s i x  seco n d s  was th e  a v e ra g e
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f o r  e a c h  t r i a l .  The c u rv e  (S e e  G raph I ,  p .  33) rem a in ed  a t  t h i s  p o i n t  

and b e lo w  u n t i l  th e  c r u c i a l  t e s t  s i t u a t i o n  p ro d u ced  a s h o r t  a s c e n t  i n  

t h e  tim e  c u r v e .  T h is shows e v id e n c e  o f  t a k in g  tim e  to  a d j u s t  t o  t h e  

new s i t u a t i o n  and re s p o n d in g  a d e q u a te ly  t o  i t .

The e r r o r  c u rv e  o f  th e  same r a t  (S ee  Graph I I ,  p .  35) f a l l s  t o  

one  on  th e  s e v e n th  d a y , fo llo w e d  b y  a  s t e e p  a s c e n t  on th e  e ig h th  d a y , 

f ro m  w h ic h  i t  f a l l s  t o  z e ro  on th e  n i n th  d a y . A f t e r  t h i s  i t  f l u c t u a t e s  

b e tw e en  one and z e ro  f o r  th e  re m a in d e r  o f  th e  e x p e r im e n ta l  p e r io d .

The i n i t i a l  t r i a l  f o r  R a t  7 r e q u i r e d  210 s e c o n d s . The o th e r  

e le v e n  t r i a l s  f o r  t h e  d a y  r e q u i r e d  an  a v e ra g e  o f  t h i r t y  s e c o n d s .  On 

th e  second  d a y  t h e r e  was a  r a p id  d e s c e n t  o f  th e  c u rv e  (S ee  G raph I ,  

p .  33 ) t o  s e v e n . I t  rem a in ed  a t  t h i s  p o i n t  o r  be low  f o r  th e  re m a in d e r  

o f  th e  e x p e r im e n t . The e r r o r  c u rv e  (S e e  Graph I I ,  p .  35) shows m arked  

a g re e m e n t w i th  th e  e x c e p t io n  o f  th e  s te e p  a s c e n t  on  th e  s i x t h  d a y ; t h e  

two p l a t e a u s  fo l lo w in g  t h i s  w i t h  sudden  f a l l s  p o i n t  to  g row th  o f  m ore 

i n s i g h t  in u o  th e  p ro b le m . The e r r o r  c u rv e  f o r  each  t r i a l  (S e e  G raph 

I I I ,  p .  3$) shows t h a t  t h i s  s u b je c t  had  a  low  e r r o r  r e c o rd  from  th e  

b e g in n in g .  T h is  p re su m a b ly  d e m o n s tra te s  i n s i g h t  w i th  r e s p e c t  t o  t h e  

l e a r n in g  s i t u a t i o n .

The p e rfo rm a n c e  o f  R a t 8 s u rp a s s e d  t h a t  o f  a l l  o th e r s  o f  t h e  

g ro u p  (S ee  T ab le  XXIV, A p p e n d ix ) . The i n i t i a l  t r i a l  o f  690 seco n d s  

f a l l s  to  e ig h te e n  seco n d s (S ee  Graph I ,  p .  33) i n  th e  re m a in in g  e le v e n  

t r i a l s  f o r  t h a t  d a y . T here  w as a  sudden  d e s c e n t  t o  s ix  seco n d s  on th e  

t h i r d  d a y  and  t h e  c u rv e  re m a in s  a t  a p p ro x im a te ly  t h i s  p o in t  e x c e p t  f o r  

t h e  t e s t  p e r io d s  w h ich  cau se d  a  s l i g h t  a s c e n t .  The e r r o r  c u rv e  (S ee  

G raph I I ,  p .  35) shows a  sudden  f a l l  on th e  t h i r d  d a y , a t  w h ich  p o i n t

|
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i t  r e m a in s  f o r  th e  re m a in d e r  o f  -the e x p e rim e n t*  T his c u rv e  f u r t h e r  

shows a  "very low  e r r o r  r e c o rd  f o r  t h i s  s u b je c t  th ro u g h o u t  th e  e n t i r e  

e x p e r im e n ta l  p e r i o d .  These l a s t  two s u b je c t s  p r e s e n te d  v e ry  few  e r r o r s ;  

b e s i d e s ,  t h e i r  p e rfo rm a n c e  re a c h e d  a  h ig h  p o i n t  e a r l y  and  rem ained  so 

u n t i l  t h e  c lo s e  o f  t h e  e x p e rim e n t*  They a r e  v e r y  s t r i k i n g  exam ples o f  

r a p i d  d ev e lo p m en t o f  i n s i g h t  i n t o  th e  p ro b le m ; h o w ev er, r e f e r e n c e  t o  

th e  e r r o r  o u rv e  shows t h a t  t h i s  was p re c e d e d  by a  t r i a l  and  e r r o r  o r  

e x p lo r a to r y  p e r io d *

Group I I  M ethod I I * — I t  w i l l  b e  r e c a l l e d  fro m  th e  d i s c u s s io n  

o f  t h e  p ro c e d u re  t h a t  Group I I  was t r a i n e d  t o  S e r ie s  A w i th  t h e  p ro ­

p o r t i o n s  ch a n g in g  i n  p o s i t i o n  o n ly  w i th  e a c h  t r i a l *  I t  w i l l  b e  f u r t h e r  

n o te d  t h a t  b o th  Groups I  and I I  re sp o n d e d  t o  th e  same p a t t e r n  i n  th e  

f i r s t  o r  i n i t i a l  t r i a l  (S e e  T ab le  IV , p .  3 0 ) .  The r e s u l t s  o f  Group n  

a r e  shown i n  t h e  t a b l e  below  (S ee  T ab le  V I)*  The num ber o f  t r i a l s  r e ­

q u i r e d  b y  e a c h  s u b je c t  f o r  l e a r n in g  and t h e  mean num ber o f  t r i a l s  f o r  

t h i s  g ro u p  a r e  p r e s e n te d .

TABLE V I

TOTAL LEARNING TRIALS FOR EACH SUBJECT -  GROUP I I  METHOD I I

S u b je c t  R a t ho« T r i a l s  R e q u ire d

2 264r

3 132

9 156

10 216

11 120

Mean 1 7 7 .6
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The r e c o r d  shews R a t 2 t o  have  t a k e n  th e  g r e a t e s t  num ber o f  

t r i a l s  t o  r e a c h  th e  c r i t e r i o n  s e t .  The tim e  f o r  th e  i n i t i a l  t r i a l  

■was 3634 s e c o n d s . T h is  w as th e  l o n g e s t  t im e  p e r io d  f o r  t h e  i n i t i a l  

t r i a l  i n  t h i s  g ro u p  and ra n k s  se co n d  f o r  th e  e n t i r e  g ro u p  o f  t e n .

E ach  o f  th e  o th e r  e le v e n  t r i a l s  f o r  t h i s  d ay  had  an  a v e ra g e  t im e  o f  

s i x t y - f o u r  (S e e  G raph I I I ,  p .  3 8 ) .  On th e  second  d ay  th e  c u rv e  d e ­

sc en d e d  t o  tw e n ty - n in e  s e c o n d s , b u t  th e  - th ird  day showed a  s h a rp  

a s c e n t .  On th e  s i x t h  d ay  b o th  t h e  t im e  and e r r o r  c u rv e  d e scen d ed  to  

a  low  l e v e l .  T hey  re m a in e d  on p r a c t i c a l l y  a  lo n g  p l a t e a u  f o r  th e  

r e m a in d e r  o f  t h e  e x p e r im e n t .  T h is  i n d i c a t e s  a  n o t ic e a b le  i n s i g h t  i n t o  

t h e  p ro b lem  on t h e  s i x t h  an d  s e v e n th  days (S ee  G raph IV , p .  4 0 ) .

T h is  s u b j e c t  m e t t h e  c r i t e r i o n  on  t h e  f i r s t  l e a r n in g  t e s t ,  p a t t e r n  

r e v e r s e d ,  b u t  f a i l e d  upon t r a n s f e r  t o  S e r i e s  B t o  r e a c h  th e  c r i t e r i o n  

o f  l e a r n i n g ;  h e n c e ,  t r a i n i n g  was c o n tin u e d  u n t i l  t h a t  w as re a c h e d  on 

th e  tw e n ty -s e c o n d  d a y .

The p ro lo n g e d  a c t i v i t y  w h ic h  rem a in e d  a t  a lm o s t a  p l a t e a u  from  

th e  s e v e n th  t o  t h e  t w e n t y - f i r s t  d a y  seems t o  i n d i c a t e  im p a ire d  v ig o r  

o r  e n e rg y  w i th  r e s p e c t  t o  t h e  p ro b le m , r a t h e r  th a n  i n c a p a c i t y  t o  l e a r n .  

T h is  i s  f u r t h e r  d e m o n s tra te d  by  t h e  low  e r r o r  r e c o r d  w hich  w as h e ld  by 

t h e  s u b je c t  th ro u g h o u t  th e  p e r io d  (S ee  G raph IV , p .  4 0 ) .  When t r a n s ­

f e r r e d  t o  th e  c r u c i a l  t e s t  s e r i e s ,  t h i s  a n im a l re sp o n d e d  a d e q u a te ly  t o  

e a c h .  T h is  p o i n t s  v e r y  c l e a r l y  t o  th e  f a c t  t h a t  th e  r e s p o n s e  o f  th e  

s u b j e c t  had  n o t  become m e c h a n ic a l  o r  f i x e d .  Yet t h e r e  was am ple o p p o r-  

u u n i ty  f o r  h a b i t s  t o  b e  d e f i n i t e l y  f i x e d ,  s in c e  th e  l e a r n in g  c o n s i s t e d  

i n  re s p o n d in g  to  one s e r i e s  c h a n g in g  i n  p o s i t i o n  o n ly ,  and e x te n d in g  

o v e r  a lo n g  p e r io d  o f  t im e .
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The i n i t i a l  t r i a l  o f  R a t  3 w as one h u n d red  s e c o n d s , p ro b a b ly  

f o r  ch an ce  r e a s o n s .  T ha t i s ,  i t  fo u n d  th e  e s c a p e  d o o r a t  once th ro u g h  

i t s  e f f o r t s  to  e x p lo re  th e  t o t a l  s i t u a t i o n .  The a v e ra g e  f o r  each  o f  

t h e  o th e r  e le v e n  t r i a l s  f o r  t h a t  d a y  was tw e n ty - e ig h t  seco n d s  (S ee  

Graph I I I ,  p .  3 8 ) .  On th e  t h i r d  day  th e  a v e ra g e  p e rfo rm a n c e  re c o rd  

d e sc e n d e d  t o  f i v e  seconds and  m a in ta in e d  a p p ro x im a te ly  t h i s  r e c o r d  

f o r  t h e  re m a in d e r  o f  th e  t im e .  T here  w a s , h o w ev er, a  s l i g h t  a s c e n t  

o f  t h e  c u rv e  on th e  t e s t s .  The e r r o r  cu rv e  (S e e  Graph IV , p» 40) 

d ro p s  t o  z e ro  on th e  t h i r d  d a y  b u t  a sc e n d s  a g a in  to  f i v e  e r r o r s .

T h is  f l u c t u a t i o n  o f  th e  e r r o r  c u rv e  betw een f i v e  and z e ro  c o n tin u e s  

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

w as r e a c h e d .  T h is  f l u c t u a t i o n  i n d i c a t e s  c o n fu s io n  w i th  r e s p e c t  t o  

th e  p ro b le m . S in c e  t h e  t e s t  a t  th e  end  o f  t h i s  p e r io d  f a i l e d  to  c a u se  

a n y  in c r e a s e  i n  e r r o r s ,  we have  p ro d u ced  a n o th e r  i n s t a n c e  o f  b e h a v io r  

a s  a  dynam ic p r o c e s s .  T h a t i s ,  t h e  b e h a v io r  o f  th e  s u b je c t  i n  t h e  

new s i t u a t i o n  i s  d e te rm in e d  b y  th e  f o r c e s  o r  s t i m u l i  p la y in g  upon i t ,  

and i t s  r e s p o n s e  w i l l  be  m o d if ie d  i n  te rm s  o f  th e  ch a n g in g  s i t u a t i o n  

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

The tim e  c u rv e  o f  R a t  9 b e g in s  a t  s i x t e e n  seco n d s  (S ee  Graph 

I I I ,  p .  38 ) f o r  e a ch  o f th e  e le v e n  t r i a l s  fo l lo w in g  t h e  i n i t i a l  t r i a l  

o f  611 s e c o n d s . On th e  t h i r d  day  th e  cu rv e  f a l l s  t> e i g h t  s e c o n d s .

The c r i t e r i o n  o f  l e a r n in g  w as re a c h e d  on th e  s e v e n th  d a y . B ut when 

th e  p a t t e r n  was r e v e r s e d ,  t h e r e  was a  breakdow n i n  b e h a v io r  (See 

T ab le  XXV , A p p e n d ix ). F iv e  more d a y s  o f  t r a i n i n g  w e re  n e c e s s a ry  

b e f o r e  th e  c r i t e r i o n  was r e a c h e d .  A n in e ty  p e r  c e n t  r e c o r d  was re a c h e d  

when t h e  a n im a l w as t r a n s f e r r e d  t o  th e  t e s t  on S e r i e s  b .  The c r u c i a l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4 0

co

a

C3 M i M

O O

to

CM

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4 1

t e s t  p ro d u c e d  a  s l i g h t  a s c e n t  i n  t h e  tim e  c u rv e .  The e r r o r  c u rv e  and 

tam o c u rv e  b o th  show (S ee  G raph I I I  and IV , p p . 38 and 40) t h a t  th e  

c r i t e r i o n  w as r e a c h e d .  T h is  i n d i c a t e s  t h a t  th e  l e a r n e r  w as o b se rv in g  

b e f o r e  r e s p o n d in g .

The b e g in n in g  o f  t h e  tim e  c u rv e  o f  R a t 10 w as f i f t e e n  s e c o n d s , 

w h ic h  i s  p r a c t i c a l l y  th e  same a s  R a t 9 .  The i n i t i a l  t r i a l  w as 1090 

s e c o n d s . T h is  a n im a l w as a  f a s t  r u n n e r ,  a s  w i l l  b e  n o te d  from  th e  

c u rv e  (S e e  G raph I I I ,  p .  3 8 ) .  T h is  a c c o u n ts  i n  p a r t  f o r  t h e  h ig h  e r r o r  

r e c o r d ,  shown i n  t h e  e r r o r  c u rv e  (See G raph IV , p .  4 0 ) .  The c u rv e  o f  

e r r o r s  p e r  t r i a l  (S e e  G raph V I ,  p .  56 ) shows a  r a t h e r  h ig h  and con­

s i s t e n t  e r r o r  r e c o r d  th ro u g h o u t .  T h e re  i s  l i t t l e  e v id e n c e  o f  l e a r n in g  

b e f o r e  t h e  t e n t h  d a y . The c u rv e  f a l l s  su d d e n ly  on t h a t  d a y  and r e ­

m ain s  a p p ro x im a te ly  a t  t h i s  l e v e l  u n t i l  t h e  s i x t e e n t h  d a y ,  when t h e r e  

i s  a  f u r t h e r  d r o p .  The c r i t e r i o n  o f  l e a r n in g  w as a t t a i n e d  on th e  

e ig h t e e n t h  d a y . The f i r s t  c r u c i a l  t e s t  shows a  breakdow n i n  b e h a v io r ,  

b u t  i n  t h e  l a s t  tw o t h e  c r i t e r i o n  i s  r e a c h e d .  As w i l l  b e  p o in te d  o u t  

l a t e r ,  t h i s  a n im a l r e v e a le d  s lo w n e ss  i n  t h e  s o lu t i o n  o f  t h e  p ro b le m . 

The e r r o r  t a b l e  b y  tu n n e lw a y  (S ee  T a b le  V I I I ,  p .  59) shows a  s tro n g  

p r e f e r e n c e  f o r  th e  0 .5  tu n n e lw a y . I n  o t h e r  v ro rd s , t h e r e  w as a  s tro n g  

te n d e n c y  t o  fo l lo w  th e  l i n e  o f  l e a s t  a c u io n .  D e s c r ip t iv e  a n a ly s i  s , 

i n  th e  s u b s e q u e n t  d i s c u s s i o n s ,  w i l l  show t h a t  f a s t  r u n n i n g  and f a i l u r e  

t o  make o b s e r v a t io n  and com p ariso n  a l s o  p la y e d  t h e i r  p a r t  i n  p ro lo n g ­

in g  t h e  l e a r n i n g  p e r io d  and p ro d u c in g  a  h ig h  e r r o r  r e c o r d .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  R a t 11*s i n i t i a l  t im e  r e c o r d  

w as much h ig h e r  th a n  t h a t  o f  R a t  10 ; a l s o ,  t h a t  th e  tim e  c u rv e  s t a r t s  

a t  a  h ig h e r  p o i n t  (S ee  Graph I I I ,  p .  3 8 ) ,  tw e n ty - th r e e  seco n d s f o r
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e a ch  o f  t h e  f i r s t  e le v e n  t r i a l s  fo l lo w in g  th e  i n i t i a l  t r i a l .  The e r r o r  

c u rv e  (S ee  Graph IV , p .  40) a l s o  b e g in s  a t  a  h ig h e r  p o i n t  and rem a in s  

on  a  p l a t e a u  f o r  two d a y s .  The sudden  f a l l  fro m  t h i s  p o i n t  t o  th e  z e ro  

l e v e l  d e m o n s tra te s  r a p id  m a tu r in g  o f  i n s i g h t .  The a s c e n t  i n  th e  c u rv e  

o f  e r r o r s  on  th e  s i x t h  and s e v e n th  d a y s  i s  c o n s id e re d  t o  b e  a  r e s u l t  

o f  th e  a n im a l ’ s b e in g  f e d  by  m is ta k e .  I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  

sh e  made t e n  c o r r e c t  c h o ic e s  o u t  o f  tw e lv e  on th e s e  two d ay s  and n e v e r  

e n te r e d  th e  fo o d  box* She made th e  c o r r e c t  c h o ic e ,  w en t t o  th e  fo o d  

t a b l e  and p la y e d  u n t i l  t h e  e x p e r im e n te r  to o k  h e r  up* As soon  a s  she  

w as h u n g ry  a g a in  th e  c u rv e  d e sc e n d s  to  t h e  z e ro  p o in t  and rem a in s  

u n t i l  t h e  p ro b lem  i s  f i n i s h e d .  I t  i s  f u r t h e r  i n t e r e s t i n g  t o  o b se rv e  

t h a t  t h e  r e c o r d  o f  t h i s  a n im a l ( b a r r in g  th e  a c c i d e n ta l  f e e d in g )  i s  

d i r e c t l y  c o m p arab le  w i th  R a t  8 i n  Group I  (S ee  G raphs I  and  I I ,  p p . 33 

and  3 5 ) .  A n o th e r  p o in t  o f  i n t e r e s t  f o r  t h i s  g ro u p  i s  (S ee  T a b le  XXV ,  

A ppend ix ) t h a t  th e  b e h a v io r  o f  each  a n im a l i n  t h i s  g ro u p , e x c e p t  R a t 

10 and  R a t  2 ,  b ro k e  down when th e  p a t t e r n  w as re v e r s e d *  The s t a r  on 

th e  e r r o r  t a b l e  i n d i c a t e s  t h e  p o i n t  a t  ’w hich t h i s  o c c u rre d  and t h e  

num ber o f  t r i a l s  w hich  w ere  n e c e s s a r y  to  re a c h  t h e  c r i t e r i o n  a g a in .  

Each s u b j e c t  th e n  re a c h e d  th e  c r i t e r i o n  when t r a n s f e r r e d  t o  S e r ie s  B. 

R a t 2 r e a c h e d  th e  c r i t e r i o n  when th e  p a t t e r n  w as r e v e r s e d  b u t  b ro k e  

dorm when t r a n s f e r r e d  t o  S e r i e s  B.

D e s c r ip t iv e  A n a ly s is .  — Any l e a r n in g  e x p e r im e n t a f f o r d s  m any 

p o s s i b i l i t i e s  f o r  u t i l i z i n g  o b s e r v a t io n s  Triiich c a n n o t and need n o t  be  

t r e a t e d  q u a n t i t a t i v e l y .  T h is ,  how ev er, d o es  n o t  m in im ize  t h e i r  

im p o r ta n c e .  O fte n  th e y  may be o f  even  g r e a t e r  im p o rta n c e  th a n  th e  

q u a n t i t a t i v e  d a t a .  Many o f  t h e  r e s p o n s e s  w h ich  w i l l  b e  r e p o r te d  h e r e
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o c c u r re d  num erous t im e s  i n  th e  same s u b je c t  and i n  a l l  s u b j e c t s .  I n  

f a c t ,  th o s e  s u b je c t s  and th o s e  t r i a l s  w h ich  w ere m ost c h a r a c t e r i s t i c  

o f  t h e  g ro u p  have been  s e l e c t e d  f o r  t h i s  d e s c r i p t i o n .

R e f e r r in g  t o  th e  e x p la n a t io n  g iv e n  i n  th e  b e g in n in g  o f  t h i s  

e x p e r im e n t , i t  w i l l  b e  r e c a l l e d  t h a t  S e r ie s  A was th e  p r o p o r t io n  0 .5 ,

2 .5 ,  4 .5 j  S e r ie s  B was t h e  p r o p o r t io n  2 .5 ,  4 . 5 ,  6 .5 .  I f  b o th  p ro ­

p o r t i o n s  a r e  m en tio n ed  i n  e x p la in in g  th e  an im a l* s  b e h a v io r ,  i t  i s  

l e a r n in g  b y  Method I .  I f  one p r o p o r t io n  i s  m e n tio n e d , i t  i s  l e a r n in g  

b y  M ethod I I .  Each p r o p o r t io n  w i l l  be s t a t e d  i n  t h e  o r d e r  t h a t  i t  was 

p r e s e n te d  to  th e  s u b je c t*

W ith  a l l  t h e s e  a n im a ls  t h e r e  w as a  m arked te n d e n c y  t o  g e t  

a c q u a in te d  w i th  th e  s i t u a t i o n .  They e x p lo re d  b e fo r e  m aking t h e  r i g h t  

c h o ic e .  A d e t a i l e d  d e s c r i p t i o n  o f  th e  l e a r n in g  b e h a v io r  f o l l o w s .  The 

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

f o l lo w in g  r e a s o n s :

a .  The s u b je c t s  ch o sen  r e p r e s e n t  ones w hich  a r e  t y p i c a l  f o r  

th e  g ro u p .

b .  The i n i t i a l  t r i a l s  p r e s e n t  b e h a v io r  e x h ib i t e d  i n  a  t o t a l l y  

new s i t u a t i o n .

_c. The o th e r  t r i a l s  w ere  ch o sen  t o  show p r o g re s s  i n  b e h a v io r .

d .  S in c e  a l l  c o u ld  n o t  b e  c h o se n , a n  e f f o r t  w as made t o  

a p p ro x im a te  a  random  sam ple t h a t  w ould  be  t y p i c a l  o r  r e p r e s e n t a t i v e .

R a t  5 .  Day 1 ,  T r i a l  1 .  P a t t e r n  0 . 5 ,  2 .5 ,  4 . 5 .  Time: 385 

s e c o n d s . He ap p ro ach ed  th e  e n tr a n c e s  o f  th e  tu n n e lw a y s , e n te r e d  2 .5  

a t  once and w e n t t o  e sc a p e  d o o r ,  r e tu r n e d  t o  e n tra n c e  d o o r a f t e r  

tw e n ty  s e c o n d s , e x p lo r e d ,  r e tu r n e d  to  s t a r t i n g  t a b l e ,  a c r o s s  0 .5  t o
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edge o f  t a b l e ,  i n  0*5 re m a in e d  t h i r t y  s e c o n d s , r e tu r n e d  t o  2 * 5 , t r i e d  

e s c a p e  d o o r ,  p u t  f e e t  dorm, on fo o d  t a b l e ,  b u t  w ith d re w  i n t o  tu n n e lw a y . 

He th e n  r e t u r n e d  t o  t h e  e n tr a n c e  t a b l e ,  e x p lo re d  e n tr a n c e  o f  4 .5 ,  

r e t u r n e d  t o  2 . 5 ,  w e n t th ro u g h  e so ap e  d o o r  t o  fo o d  box a t  th e  end o f  

s i x  m in u te s  and tw e n ty - f iv e  s e c o n d s .

D ay 1 ,  T r i a l  2 .  P a t t e r n  2 .5 ,  4 . 5 ,  6 .5 .  Time: 300 s e c o n d s .

I n  "the se co n d  t r i a l  t h i s  a n im a l re s p o n d e d  to  t h e  p a t t e r n  2 * 5 , 4 .5 ,

6 * 5 . He w e n t s t r a i g h t  ah e ad  t o  th e  e n t r a n c e  d o o r s ,  e n te r e d  4 .5 ,  r e ­

tu r n e d  t o  s t a r t i n g  t a b l e ,  e n te r e d  2 .6  f o r  fo u r  m in u te s ,  r e tu r n e d

t o  s t a r t i n g  t a b l e ,  e n te r e d  4 . 5 ,  fo u n d  e s c a p e  d o o r ,  r e tu r n e d  to  s t a r t ­

in g  t a b l e ,  e n te r e d  and  e x p lo re d  6 .5 ,  r e t u r n e d  t o  s t a r t i n g  t a b l e  a g a in ,  

e n te r e d  4 .5 ,  w e n t to  th e  e s c a p e  d o o r a  second  t im e ,  e n te r e d  th e  fo o d  

box  a f t e r  f i v e  m in u te s .

Day 2 ,  T r i a l  3 .  P a t t e r n  4 .5 ,  0 . 5 ,  2 .5 .  Tim e: 69 s e c o n d s .

'The s u b je c t  w e n t s t r a i g h t  ah e ad  i n to  2 . 5 ,  f a i l e d  t o  f i n d  e sc a p e  d o o r , 

r e t u r n e d  to  s t a r t i n g  t a b l e ,  e n te r e d  and e x p lo re d  0 .5 ,  r e tu r n e d  t o  

s t a r t i n g  t a b l e ,  e n te r e d  4 . 5 ,  o u t  on s t a r t i n g  t a b l e  a g a in ,  r e tu r n e d  t o

2 . 5 ,  l i f t e d  e s c a p e  d o o r  and w e n t s t r a i g h t  t o  fo o d  box a t  th e  end o f  

one m in u te  and n in e  s e c o n d s .

Day 2 ,  T r i a l  6 .  P a t t e r n  6 .5 ,  2 . 5 ,  4 .5 *  Time: 44  s e c o n d s . 

R esp o n d in g  t o  th e  6 .5 ,  2 . 5 ,  4 .5  p r o p o r t io n  i n  t r i e d  s i x ,  t h i s  s u b je c t  

e x p lo r e d  a t  s t a r t i n g  p o i n t  f o r  f i v e  s e c o n d s , e n te r e d  2 .5  and 6 .5  i n  

t u r n ,  r e t u r n e d  to  s t a r t i n g  t a b l e ,  e n te r e d  4 .5  th ro u g h  e s c a p e  do o r t o  

fo o d  box i n  f o r t y - f o u r  s e c o n d s .

R a t 7 . Day 1 ,  T r i a l  1 .  P a t t e r n  6 .5 ,  2 .5 ,  4 .5 .  Time: 210 

s e c o n d s .  T h is  r a t  e x p lo re d  th e  t a o l e  f o r  tw enuy  s e c o n d s , th e n  e n te r e d
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2 .5 ,  r e tu rn e d , t o  e n tr a n c e  t a b l e ,  c i r c l e d  a b o u t  o v e r  t h e  t a b l e ,  w en t 

t o  ed g e  o f  t a b l e ,  lo o k e d  dovm a t  th e  f l o o r ,  r e t u r n e d  t o  2 .5 ,  e n te r e d  

a f t e r  f i f t y - f i v e  s e c o n d s , r e tu r n e d  t o  t h e  s t a r t i n g  t a b l e ,  e x p lo r e d ,  

r e tu r n e d  t o  2 .5  a f t e r  t h r e e  m in u te s ,  w e n t t o  e sc a p e  d o o r ,  t r i e d  i t ,  

l i f t e d  i t ,  jum ped down on  food  t a b l e ,  e x p lo re d  t a b l e ,  e n te r e d  th e  

fo o d  box  a f t e r  t h r e e  m in u te s  and t h i r t y  s e c o n d s .

Day 1 ,  T r i a l  2 .  P a t t e r n  4 .5 ,  6 . 5 ,  2 . 5 .  lim es 56 s e c o n d s .

She a p p ro a c h e d  th e  e n t r a n c e s ,  e n te r e d  2 .5 ,  r e tu r n e d  t o  t h e  s t a r t i n g  

t a b l e ,  e n te r e d  4 .5  a f t e r  f o r t y - f i v e  s e c o n d s , found  e sc a p e  d o o r , h e s i ­

t a t e d  b e fo r e  jum p ing  down (a  s t r a n g e  jump f o r  th e  a n im a l)  a f t e r  f i v e  

se co n d s  jum ped down, e n te r e d  th e  food  box a t  th e  end o f  f i f t y - s i x  

s e c o n d s .

Day 2 ,  T r i a l  3 .  P a t t e r n  4 .5 ,  0 . 5 ,  2 .5 .  Times 25 se c o n d s .

T h is  a n im a l e n te r e d  4 .5 ,  r e tu r n e d  t o  t a b l e  a f t e r  t e n  s e c o n d s , e n te r e d

0 .5  f o r  f i f t e e n  se c o n d s , r e tu r n e d  t o  s t a r t i n g  t a b l e ,  e n te r e d  2 .5  a f t e r  

tw e n ty  seco n d s  a t  e sc a p e  d o o r , th ro u g h  to  t h e  fo o d  box  i n  t h i r t y  

s e c o n d s .

Day 3 ,  T r i a l  1 .  P a t t e r n  0 . 5 ,  2 .5 ,  4 . 5 .  Times 35 s e c o n d s .

T h is  a n im a l r a n  o v e r  th e  t a b l e  f o r  t h i r t y  s e c o n d s , th e n  s u d d e n ly  tu rn e d  

and e n te r e d  2 .5 ,  g o in g  s t r a i g h t  t o  t h e  fo o d  b o x .

R a t  8 .  Day 1 ,  T r i a l  1 .  P a t t e r n  0 . 5 ,  2 .5 ,  4 . 5 .  Time: 690 

s e c o n d s .  T h is  a n im a l s o lv e d  th e  p ro b le m  m ore q u ic k ly  th a n  an y  o f  th e  

o th e r  a n im a ls .  H ow ever, on th e  i n i t i a l  t r i a l  h e r  b e h a v io r  com pared 

w e l l  w i th  "the o th e r s  h e r s  m e n tio n e d . The f i r s t  d a y  s h e  e n te r e d  2 .5  

a f t e r  t h i r t y - f i v e  seoonds o f  e x p lo r in g  th e  t a b l e ,  r e tu r n e d  t o  t h e  

s t a r t i n g  t a b l e  a f t e r  f o r t y  s e c o n d s , e n te r e d  2 .5  a f t e r  one m in u te ,
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r e tu r n e d  to  s t a r t i n g  t a b l e ,  s n i f f e d ,  e x p lo re d  o v e r th e  t a b l e  f i v e  

m in u te s ,  r e tu r n e d  to  e n tr a n c e  o f  tu n n e lw a y , v e n tu re d  body h a l f  i n

2 .5 ,  r e tu r n e d  t o  s t a r t i n g  t a b l e ,  e x p lo re d  t a b l e  o v e r  and  o v e r  a g a in ,  

v e n tu re d  h a l f  i n  0 .5  a f t e r  se v en  m in u te s ,  i n  2 .5  a t  th e  end o f  e le v e n  

m in u te s ,  found th e  e sca p e  d o o r , v e n tu re d  o n to  food  t a b l e ,  re a c h e d  

food  box a t  e le v e n  m in u te s  and t h i r t y  s e c o n d s .

Day 1 , T r i a l  6 .  P a t t e r n  6 .5 ,  2 .5 ,  4 . 5 .  Time: 168 s e c o n d s .

I n  re s p o n d in g  to  t h i s  p a t t e r n  she l in g e r e d  a t  th e  s t a r t i n g  p o i n t ,  

t h e n  app ro ach ed  2 .5  and 6 .5 ,  e n te r e d  6 .5  and rem ain ed  f o r  f i f t e e n  

s e c o n d s , r e tu r n e d  t o  th e  s t a r t i n g  t a b l e ,  e n te r e d  4 .5  a g a in .  A f te r  

one m inu te  she r e tu r n e d  t o  s t a r t i n g  t a b l e ,  e n te r e d  4 .5 ,  came o u t  

im m e d ia te ly , e n te r e d  4 .5  a g a in ,  a f t e r  t h i r t y - f o u r  seco n d s found  th e  

e s c a p e  d o o r , v e n tu re d  o n to  food t a b l e ,  e n te r e d  food  box  i n  one m in u te  

and  n in e  s e c o n d s .

R a t 1 1 . Day 1 , T r i a l  1 . P a t t e r n  0 .5 ,  2 .5 ,  4 . 5 .  Time: 41 

m in u te s  and  f o r t y  s e c o n d s .  T h is  an im a l was ta u g h t  th e  p ro b lem  by 

M ethod I I .  In  t r i a l  one she w en t s t r a i g h t  ahead  from  s t a r t i n g  p o i n t ,  

lo o k e d  i n  2 .5 ,  v e n tu re d  body h a l f  in  a f t e r  two m in u te s  and f iv e  

se c o n d s , r e tu r n e d  to  s t a r t i n g  t a b l e ,  e x p lo r e d ,  s n i f f e d ,  body h a l f  

i n  0 .5  a g a in ,  r e tu r n e d  to  th e  s t a r t i n g  t a b l e  and began  a  C on tinuous 

round  o f  e x p lo r in g ;  a f t e r  s i x  m in u te s  v e n tu re d  in to  2 .5  th e  le n g th  

o f  h e r  b o d y , r e tu r n e d  to  t h e  s t a r t i n g  t a b l e ,  s n i f f e d ,  lo o k e d , e n te r e d

2 .5  a f t e r  f o u r te e n  m in u te s  and t h i r t y  s e c o n d s , h a s te n e d  o u t as i f  

a f r a i d ,  i n t o  2 .5  a g a in  a f t e r  n in e te e n  m in u tes  and t h i r t y  s e c o n d s , 

r e tu r n e d  t o  s t a r t i n g  t a b l e ,  e x p lo re d  a g a in ,  ap p ro ach ed  t h e  e n t r a n c e ,  

h e s i t a t e d  a t  l e n g th ,  e n te r e d  2 .5  a f t e r  f o r t y  m in u tes  a t  e sca p e  door 

made e x i t ,  o u t  o n to  fo o d  t a b l e ,  c lim bed  up on  to p  o f  th e  tu n n e lw a y
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( s e e  F ig u re  3 ,  p .  2 1 ) , e x p lo r e d ,  r e tu r n e d  t o  food  t a b l e ,  w en t to  th e  

fo o d  box a f t e r  f o r ty - o n e  m in u te s  and  f o r t y  s e c o n d s .

Day 1 , T r i a l  5 .  P a t t e r n  2 .5 ,  4 .5 ,  0 * 5 . Time: 100 s e c o n d s .

She e n te r e d  4 .5 ,  rem ain ed  e le v e n  s e c o n d s , r e tu r n e d  to  th e  s t a r t i n g  

t a b l e ,  e n te r e d  0 .5 ,  rem a in ed  f i f t e e n  s e c o n d s , r e tu r n e d  t o  th e  s t a r t ­

in g  t a b l e  a g a in ,  e n te r o d  2 .5 ,  found  th e  e sc a p e  d o o r , o u t o f  th e  tu n n e l ­

way o n to  fo o d  t a b l e ,  e n te r e d  th e  food  box a f t e r  one m in u te  and f o r t y  

s e c o n d s .

R a t 9 . Day 1 , T r i a l  1 .  P a t t e r n  0 .5 ,  2 .5 ,  4 . 5 .  Time: 10 

m in u te s  and 11 s e c o n d s . "When she was p la c e d  a t  t h e  s t a r t i n g  p o i n t ,  

w e n t s t r a i g h t  t o  e n tr a n c e s  o f  th e  tu n n e lw a y s , h a l t e d ,  tu rn e d  away and 

b eg an  t o  e x p lo re  th e  s t a r t i n g  t a b l e  ( e v e ry  p o i n t  w as th o ro u g h ly  ex ­

a m in e d ) . A f t e r  f o u r  m in u te s  and t h i r t y  se c o n d s  she e n te r e d  2 .5 ,  

w ith d re w  as  i f  a f r a id }  a f t e r  f iv e  m in u te s  she  v e n tu re d  th e  le n g th  o f  

h e r  body i n to  2 .5 .  She r e tu r n e d  to  s t a r t i n g  t a b l e  and c o n tin u e d  to  

e x p lo r e  f o r  one m in u te . She th e n  r e tu r n e d  to  e n tr a n c e s  o f  tu n n e lw a y s . 

A f t e r  sev en  m in u te s  she  w e n t to  th e  e sc a p e  d oo r and t r i e d  i t .  She 

th e n  r e tu r n e d  t o  th e  s t a r t i n g  t a b l e ,  s e e k in g  e x c i t e d l y  f o r  t h r e e  

m in u te s ,  e n te r e d  2 .5 ,  w en t t o  th e  e sca p e  d o o r , l i f t e d  th e  d o o r , lo o k ed  

o u t ,  jum ped down on t a b l e ,  e n te r e d  food  box  a f t e r  t e n  m in u te s  and 

e le v e n  s e c o n d s .

Day 1 , T r i a l  3 . P a t t e r n  4 .5 ,  0 . 5 . ,  2 . 5 .  Time: 90 s e c o n d s .

On t h i s  t r i a l  sh e  e n te r e d  0 .5  a t  o n c e , r e tu r n e d  to  th e  s t a r t i n g  t a b l e  

a f t e r  f i f t e e n  s e c o n d s , e x p lo re d  t a b l e  and 4 .5  f o r  f i f t y  s e c o n d s , 

e n te r e d  0 .5  a g a in ,  r e tu r n e d  to  s t a r t i n g  t a b l e ,  th e n  e n te r e d  2 .5  a g a in ,  

th ro u g h  e scap e  door to  th e  food  box i n  one m in u te  and t h i r t y  s e c o n d s .
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Day 1 ,  T r i a l  8 .  P a t t e r n  2 .5 ,  4 .6 ,  0 . 5 .  Tim e: 85 s e c o n d s .

She e n te r e d  4 . 5 ,  th e n  r e t u r n e d  t o  s t a r t i n g  p o i n t ,  e x p lo re d  t a b l e  

tw e n ty  s e c o n d s , r e tu r n e d  t o  e n t r a n c e s ,  e n te r e d  0 .5 ,  r e tu r n e d  to  s t a r t ­

i n g  t a b l e ,  e n te r e d  0 .5  a g a in ,  r e tu r n e d  t o  s t a r t i n g  t a b l e ,  e n te r e d  2 .5  

and a f t e r  one m in u te  and tw e n ty - f iv e  s e c o n d s , she w en t t o  fo o d  b o x .

S u rv e y in g  th e  above a n a ly s i s  o f  e a c h  r a t ’ s b e h a v io r  j u s t  a s  i t  

o c c u r r e d  i n  th e  s i t u a t i o n ,  one n o t i c e s  t h a t  t h e  b e h a v io r  i s  v e ry  

s i m i l a r  i n  e a c h  s u b j e c t .  T h is  i s  a l s o  t y p i c a l  o f  th e  b e h a v io r  o f  each  

g ro u p  a s  a  w h o le . Com paring th e  t im e  on th e  i n i t i a l  t r i a l  (S ee  T ab le  

XXIV, A ppend ix ) w i th  th e  second  t r i a l  f o r  R a ts  4 ,  6 ,  7 , 8 ,  2 ,  9 , 10 

and  1 1 , one s e e s  c l e a r l y  t h a t  t h e r e  i s  a  m arked  r e d u c t io n  i n  th e  tim e  

r e q u i r e d  f ro m  th e  f i r s t  t o  t h e  second  t r i a l .  F o r  R a ts  5 and 3 ,  t h e  

d i f f e r e n c e  i s  n o t  g r e a t .  F u r th e r  o b s e r v a t io n  o f  th e  t im e  t a b l e  shows 

t h a t  l e a r n in g  fro m  t r i a l  t o  t r i a l  w as p r o g r e s s iv e  r a t h e r  th a n  su d d en . 

The r e d u c t io n  o f  t im e  fro m  o n e  t r i a l  t o  a n o th e r  may b e  e v id e n c e  o f  

f l a s h e s  o f  i n s i g h t  w h ic h  th e  s u b je c t s  w ere  g a in in g  w i th  r e s p e c t  t o  th e  

g o a l .

The r e c o r d s  show t h a t  t h i s  ty p e  o f  b e h a v io r  w as accom panied  by 

a n o th e r  ty p e  o f  b e h a v io r  w h ic h  b e g a n  a t  d i f f e r e n t  p o i n t s  f o r  e a c h  

a n im a l .  T h is  becam e m o st o b v io u s  a t  th e  p o i n t s  m en tio n e d  i n  th e  f o l ­

lo w in g  d e s c r i p t i o n s .  The a n im a ls  a c t u a l l y  h a l t e d  o u t s id e  th e  t u n n e l -  

w ays b e f o r e  m ak ing  a  c h o ic e .  They w ere  a c t i v e l y  ch o o s in g  m id d le -  

s i z e n e s s  i n  r e l a t i o n  t o  t h e  o th e r  two s i z e s .  The sudden  changes from  

th e  w rong e n t r a n c e  s te p  b a c k  t o  th e  t a b l e ,  and th e n  t o  th e  c o r r e c t  

one p o in t  t o  t h e  f a c t  t h a t  th e  a n im a ls  w ere  r e s p o n d in g  t o  a  r e l a t i o n ­

s h ip  i n  te rm s  o f  th e  g o a l .  Our a t t e n t i o n  w i l l  be  d i r e c te d  t o  th e s e  

ch a n g es  a t  t h i s  p o i n t .
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R a t  9 » Day 2 ,  T r i a l  2 4 . P a t t e r n  0 . 5 ,  2 . 5 ,  4 * 5 . Tim e: 35 

s e c o n d s . T h is  r a t  d a sh ed  s t r a i g h t  ahead  o n to  th e  s te p  o f  0 .5  (See 

F ig u re  7 ,  No. 1 ,  p .  4 4 ) ,  h a l t e d ,  tu rn e d  t o  2 .5 ,  w e n t t o  th e  escape  

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

tu rn e d  and su d d e n ly  e n te r e d  2 .5 ,  th ro u g h  e s c a p e  d o o r  t o  fo o d  box a t  

end o f  t h i r t y - f i v e  s e c o n d s . On t r i a l  tw e n ty - n in e ,  p a t t e r n  4 . 5 ,  0 . 5 ,

2 . 5 ,  t h i s  same a n im a l dashed  s t r a i g h t  a h e a d , on s te p  4 .5  h a l t e d ,  

w h i r le d  t o  2 . 5 ,  th e n  0 .5 ,  lo o k e d  su d d e n ly , tu r n e d ,  ch o se  2 .5 ,  w en t 

s t r a i g h t  t o  fo o d  i n  f i v e  s e c o n d s .  On th e  t h i r t y - s e c o n d  t r i a l ,  

p a t t e r n  2 .5 ,  4 .5 ,  0 . 5 ,  t h i s  a n im a l a p p ro a c h e d  t h e  e n tr a n c e  fro m  s t a r t ­

in g  p o i n t ,  h a l f  up s te p  o f  4 .5  (S ee  F ig u re  7 ,  No. 3 ,  p .  4 4 ) ,  h a l t e d ,  

lo o k e d ;  a f t e r  f o u r  seco n d s she  su d d e n ly  w h i r le d  a ro u n d  t o  t a b l e ,  

tu rn e d  a g a in ,  e n te r e d  2 .5 ,  w en t s t r a i g h t  t o  t h e  fo o d  box a t  t h e  end 

o f  s ix t e e n  s e c o n d s .

R a t 8 .  Day 2 , T r i a l  2 4 . P a t t e r n  2 .5 ,  4 . 5 ,  6 .5 .  Tim e: 5 

s e c o n d s .  She w en t q u ic k ly  t o  4 . 5 ,  t u r n e d  (See F ig u re  7 , No. 4 ,  

p .  4 4 ) ,  s u d d e n ly  t o  2 .5 ,  o b s e rv e d  e x c i t e d l y ,  w h i r le d  c o m p le te ly  

a ro u n d , two f e e t  on s te p  6 .5  (n e rv o u s  a s  i f  s e n s in g  a  p ro b le m ) , 

lo o k e d  o v e r  4 . 5 ,  th e n  t o  2 . 5 ,  tu rn e d  b a c k , e n te r e d  4 .5  th ro u g h  th e  

e sc a p e  d o o r t o  th e  food  box i n  f i v e  s e c o n d s .

The above b e h a v io r  i s  t y p i c a l  o f  t h e  b e h a v io r  o f  t h i s  an im a l 

on  th e  t h i r d  d a y . The p rob lem  w as le a r n e d  a t  x h a t  p o i n t ,  s in c e  on 

th e  tw o d a y s  fo l lo w in g  she had  e le v e n  p e r f e c t  t r i a l s  i n  tw e lv e  f o r  

e a c h  d a y .

R a t  5 .  Day 3 , T r i a l  3 8 . P a t t e r n  4 . 5 ,  6 .5 ,  2 .5 .  Tim e: 20 

s e c o n d s .  T h is  r a t  ru sh e d  i n  f r o n t  o f  2 .5 ,  lo o k e d , tu rn e d  r i g h t  t o
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•cab le , tu rn e d  a g a in  u n d e r  s te p  6 .5  t o  4 .5 ,  e n te r e d  tu n n e lw a y , th ro u g h  

th e  e sc a p e  d o o r t o  fo o d  box i n  tw e n ty  se c o n d s .

R a t  7 . Day 2 ,  T r i a l  2 4 .  P a t t e r n  2 .5 ,  4 . 5 ,  6 .5 .  Tim e: 15 

s e c o n d s . She ap p ro ach ed  th e  e n t r a n c e s ,  h a l t e d  on s te p  2 .5 ,  lo o k e d  

to w ard  4 .5  and 6 .5 ,  d escen d ed  s te p  2 .5 ,  to o k  4 . 5 ,  and  w en t s t r a i g h t  

to  th e  food  box i n  f i f t e e n  s e c o n d s .

Day 3 ,  T r i a l  3 4 . P a t t e r n  6 .5 ,  2 .5 ,  4 . 5 .  Time: 10 s e c o n d s .

On t h i s  t r i a l  she ap p ro ach ed  th e  e n t r a n c e ,  body  h a l f  i n  2 . 5 ,  b ack ed  

o u t  q u ic k ly ,  tu rn e d  on s t e p ,  lo o k ed  a t  6 .5 ,  tu r n e d  a g a in ,  lo o k e d  a t

4 .5 ,  e n te r e d  i t  a f t e r  s ix  se co n d s  and was i n  t h e  fo o d  box i n  t e n  

s e c o n d s . On th e  f i r s t  l e a r n in g  t e s t  (S ee  T ab le  I I I ,  M ethod I ,  

p a t t e r n  r e v e r s e )  t h i s  a n im a l a p p ro ach ed  th e  e n t r a n c e  o f  p a t t e r n

4 .5 ,  6 . 5 ,  2 .5  and h a l t e d  a t  2 .5  (S ee  F ig u re  7 ,  H o. 6 ,  p .  4 4 ) ,  a s -

c e n ie d  th e  e n tr a n c e  s t e p ,  h a l t e d  a g a in ,  (seem ed n erv o u s and c o n fu s e d ) .
/

She th e n  r e tu r n e d  t o  s t a r t i n g  t a b l e ,  r e tu r n e d  t o  2 .5  a g a in ,  s c a le d  

th e  w a l l  t o  p o i n t  X , h a l t e d ,  lo o k ed  down a t  6 . 5 ,  4 . 5 ,  th e n  m ade th e  

c i r c l e  X -  Y, e n te r e d  4 .5 ,  w as i n  th e  food  box in  f i f t e e n  s e c o n d s .

On one o f  th e  c r u c i a l  t e s t s  ( r e c ta n g u la r  s t e p s - b la c k )  t h i s  same 

an im a l w en t s t r a i g h t  to  e n tr a n c e  s t e p s ,  s to p p e d , lo o k e d , t u r n e d  aw ay, 

r e tu r n e d  to  s t a r t i n g  p o i n t ,  tu rn e d  a g a in ,  w ent s t r a i g h t  t o  e n tr a n c e  

o f  4 . 5 ,  h a l t e d ,  lo o k e d , th e n  e n te r e d .

The two d i v i s i o n s  o f  th e  d e s c r i p t i v e  a n a ly s i s  g iv e n  above 

c o rre sp o n d  t o  t h e  le a r n in g  c u rv e s  w h ich  have b e e n  m en tio n ed  i n  e a c h  

d i s c u s s io n .  To s a y  thaw  an y  p a r t i c u l a r  t r i a l  o f  an y  a n im a l m arked 

th e  e x a c t  p o in t  o f  t h e  change w ould b e  e r r o n e o u s .  These d a t a  p o in t  

t o  t h e  f a c t  t h a t  th e  change b egan  uo b e  m ost o b v io u s  on th e  second
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d a y  i’o r  same s u b je c t s  and 021 i±ie t h i r d  and  f o u r t h  d a y s  f o r  o th e r s *

The e r r o r  t a b l e s  (See T a b le s  ¥11 and  V I I I ,  p p .  58 and 59 ) and th e  

e r r o r  g ra p h s  (S ee  G raphs V and V I , p p . 55 and 56 ) p o i n t  o u t th e  low  

e r r o r  r e c o r d  w h ich  w as b e in g  h e ld  b y  e a ch  s u b j e c t .  These t a b l e s  and 

c u rv e s  f u r t h e r  show t h a t  l e a r n in g  was p r o g r e s s iv e  from  day  t o  day  b u t  

r e a c h e d  a  low  p o i n t  on th e  f o u r t h  and f i f t h  d a y s .  T h is  was h e ld  f o r  

th e  re m a in d e r  o f  th e  t im e .  T h is  d o e s  n o t  mean t h a t  t h e r e  w ere  no more 

e r r o r s  m ade, b u t  i t  does p o in t  t o  t h e  f a c t  t h a t  t h e  s u b je c t s  w ere  b e ­

h a v in g  i n  a  m anner w hich  m ig h t be c a l l e d  i n t e l l i g e n t  w i th  r e s p e c t  to  

th e  s i t u a t i o n .

S in c e  t h i s  m arked change o f  b e h a v io r  was p r e s e n t  i n  th e  e n t i r e  

g ro u p , i t  s u g g e s ts  f u r t h e r  t h a t  th e  a n im a ls  w ere  th e n  t r y i n g  t o  d e c id e  

w h a t t o  d o , r a t h e r  th a n  m e re ly  m oving a t  random . A c a r e f u l  exam ina­

t i o n  w as a p p a r e n t ly  b e in g  m ade. E s t a b l i s h i n g  a  m e a n in g fu l g o a l  p r o ­

d u ced  a  c o n f l i c t  b e tw een  t h i s  and o t h e r  g o a l s .  T h e ir  o b s e r v a t io n  o f  

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

f a c t o r i l y .  Random movements w ere  r e s o lv e d  i n t o  a  d i f f e r e n t  k in d  o f  

a c t i v i t y .  The r e a c t i o n  c u rv e s  and th e  t im e  and e r r o r  t a b l e s  (See 

T a b le s  XXIV and XXV, A p p en d ix ), a s  h a s  b een  p o in te d  o u t ,  a r e  d i f f e r ­

e n t  b e fo r e  and a f t e r  t h i s  b e h a v io r  b e g in s .  The r e a c t i o n  i s  more 

u n i fo r m . The w ide  i r r e g u l a r i t y  i n  th e  c u rv e  i s  re d u c e d  to  a p p ro x i­

m a te ly  t h a t  o f  u n i f o r m i ty .  The f l u c t u a t i o n  o f  t h e  e r r o r  r e c o r d  i s  

b e tw e en  z e ro  and o n e , w i th  z e ro  t h e  m ost c h a r a c t e r i s t i c .  O ld r e ­

sp o n s e s  w ere  d i s c a r d e d  and r e p la c e d  b y  new o n e s . E v idence  from  b o th  

o b j e c t iv e  d a ta  and d e s c r i p t i v e  a n a ly s i s  j u s t i f i e s  th e  a ssu m p tio n  

t h a t  th e  a n im a ls  had d e c id e d  upon w ha t to  do to  r e a c h  th e  g o a l .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



53

T h is  d o e s  n o t  mean t h a t  no m ore e r r o r s  w ere m ade, b u t  th e  e r r o r s  

w ere  made w i th  t h e  g o a l  know n. The f a c t  t h a t  t h e s e  a n im a ls  w ere 

c a p a b le  o f  s e e in g  r e l a t i o n s h i p s  and o f  a  sudden  change i n  b e h a v io r  

j u s t i f i e s  th e  s ta te m e n t  t h a t  •the a n im a ls  a r e  c a p a b le  o f  b e h a v io r  

w i t h  i n s i g h t  (S ee  c r i t e r i o n  a ,  p .  2 ) .

6* C o m p ara tiv e  D is o u s s io n

The num ber o f  t r i a l s  r e q u i r e d  b y  Group I I  f o r  m a s te r in g  th e  

p ro b le m  i s  g r e a t e r  t h a n  t h e  num ber o f  t r i a l s  r e q u i r e d  b y  Group I  

(S e e  T a b le s  V and  V I ,  p p .  31 a nd 3 6 ) .  T h is  b r in g s  o u t  t h e  f a c t  t h a t  

i n  a  o h ang ing  p r o p o r t io n  r e l a t i o n s h i p s  a r e  m ore r a p i d l y  d e v e lo p e d .

Com paring t h e  t o t a l  num ber o f  e r r o r s  on th e  tu n n e lw a y s  f o r  

e a c h  tw e lv e  t r i a l s  (S e e  T a b le  V I I ,  p .  58 and T a b le  V I I I ,  p .  5 9 ) ,  we 

f i n d  m ore e r r o r s  b e in g  made b y  th e  s u b je c t s  o f  Group I  th a n  b y  th e  

s u b je c t s  o f  Group I I .  T hese d a t a  f u r t h e r  show t h a t  th e  e r r o r s  w ere  

b e in g  e l im in a te d  m ore r a p i d l y .  T h a t i s ,  f o r  Group I  t h e  e r r o r s  m ore 

n e a r l y  a p p ro a c h  th e  z e ro  p o i n t  on  th e  t h i r d  and f o u r t h  d a y s ,  w h i le  

f o r  Group I I  t h e s e  e r r o r s  m ore n e a r l y  ap p ro ach  t h e  z e ro  p o i n t  on  th e  

f o u r t h  and f i f t h  d a y s .  The e r r o r  t a b l e  f u r t h e r  shows t h a t  a l l  t h e  

s u b je c t s  o f  Group I ,  e x c e p t  f i a t  5 ,  r e a c h e d  th e  c r i t e r i o n  when th e  

f i r s t  t e s t  w as p r e s e n t e d .  T h re e  o f  t h e  f i v e  s u b je c t s  o f  Group I I ,  

n a m e ly , R a ts  3 ,  9 ,  an d  1 1 , f a i l e d  t o  r e a c h  th e  c r i t e r i o n  w hen th e  

p a t t e r n  w as r e v e r s e d .  R a t  2 r e a c h e d  th e  c r i t e r i o n  w hen th e  p a t t e r n  

w as r e v e r s e d ,  b u t  b ro k e  down w hen t r a n s f e r r e d  t o  S e r ie s  B. T h is  

p o i n t s  t o  t h e  f a c t  t h a t  r e l a t i o n s h i p s  w e re  h a r d e r  t o  fo rm  i n  a  p a t t e r n  

w i th  m id d le - s iz e n e s s  ch an g in g  i n  p o s i t i o n  o n ly .

T here  i s  a  m arked te n d e n c y  f o r  e a c h  g ro u p  to  f a v o r  0 .5  on  th e
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f i r s t  f i v e  d a y s ,  and Group I  f a v o r s  2 .5  on th e  p a t t e r n  o f  S e r ie s  B .

T h is  p ro b a b ly  may be a n  i n d i c a t i o n  o f  th e  te n d e n c y  o f  e a c h  a n im a l to  

f o l lo w  th e  l i n e  o f  l e a s t  a c t i o n  * u n t i l  a  g o a l  i s  e s t a b l i s h e d .  From 

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

p a r i s o n s  o f  th e  e n tr a n c e  s te p  t o  t h e  tu n n e lw a y s  w ere  m ade b e fo r e  th e  

a n im a ls  resp o n d ed *

G raphs V and  V I (S e e  p p . 55 a n d  56) show th e  e r r o r s  f o r  e a c h  

a n im a l p e r  t r i a l  f o r  t h e  f i r s t  s i x t y  t r i a l s .  The w r i t e r  a r b i t r a r i l y  

c h o se  t h e  p o i n t  60 a s  th e  t e r m in a to r  o f  t h e  g ra p h  b e c a u s e  t h e  c u rv e  

w ould  f l u c t u a t e  be tw een  z e ro  and one (S ee  T a b le  XXV , A ppendix) w i th  

z e ro  e r r o r s  a s  th e  m ost c h a r a c t e r i s t i c  p e r fo rm a n c e , o r  th e  mode fro m  

t h i s  p o i n t  o n . H ence , t h e  c u rv e  w ould  f o l lo w  t h i s  same fo rm  f o r  each  

s u b j e c t  f o r  vhe  re m a in in g  number o f  t r i a l s .

The d e d u c tio n  f ro m  th e s e  e r r o r  c u rv e s  i s  tw o - f o ld .  When com­

p a r in g  th e  two c u rv e s  we s e e  t h a t  Group I  h a s  more e r r o r s  i n  th e  b e g in ­

n in g  and  t h a t  th e y  have  few e r p l a t e a u s  t h a n  Group I I .  The p l a t e a u s  o f  

Group I I  a r e  somewhat lo n g e r  th a n  th o s e  o f  Group I .  T h is  p o i n t s  t o  th e  

f a c t  t h a t  i t  was h a rd e r  t o  fo rm  r e l a t i o n s h i p s  i n  a  p a t t e r n  ch an g in g  i n  

p o s i t i o n  o n ly .

Com paring th e s e  g rap h s  o f  s in g l e  e r r o r s  b y  t r i a l s  w i th  th e  com­

p o s i t e  e r r o r  c u rv e  (S ee  G raphs I  and I I I ,  p p . 33 and 3 8 ) ,  vre n o t i c e  an  

i n t e r e s t i n g  f e a t u r e .  T h a t w h ich  seems t o  b e  sudden  i n s i g h t  fro m  th e  

co m p o s ite  e r r o r  cu rv e  i s  a  p ro d u c t  o f  many m ovem ents o f  t r i a l  and e r r o r

1
Ramond H. W h e e le r , S c ie n c e  o f  P sy c h o lo g y ,  p p .  2 5 5 -5 8 . Hew 

Y ork : Thomas Y. C row ell C o .,  1929.

i
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an d  i n s i g h t  com bined* T h is  i s  shown b y  t h e  d e t a i l e d  e r r o r  c u rv e .  F o r  

e x a m p le , R a t  4 * s  e r r o r  c u rv e  (S ee  G raph V , p .  55) shows a  h ig h  e r r o r  

r e c o r d  u n t i l  t h e  f i f t h  t r i a l .  Then t h e r e  i s  a  sudden  f a l l  t o  z e r o .

T h is  f a l l  i n d i c a t e s  f l a s h e s  o f  i n s i g h t .  The c u rv e  h a s  a  s i m i l a r  f a l l  

a f t e r  t h e  f i f t e e n t h  t r i a l .  A l l  th e  o th e r  a n im a ls  show s im i l a r  r e c o r d s .

F u r th e rm o re ,  i t  i n d i c a t e s  m a tu r a t io n  o f  t h e s e  b e h a v io r  p r o c e s s e s  

u n t i l  a  s o l u t i o n  o f  th e  p ro b le m  i s  r e a l i z e d .  The s o l u t i o n  i s  a  f u n c t io n  

o f  th e  t r i a l  and e r r o r  a n d  e x p lo r a to r y  p e r i o d ,  and n o t  sudden  and com­

p l e t e  i n  an y  c a s e .  T h is  i s  shown b y  th e  p l a t e a u s  i n  t h e  l e a r n in g  c u rv e .  

The sudden  f a l l  o f  th e  c u rv e  t o  th e  z e ro  p o i n t  f o l lo w in g  t h e s e  p l a t e a u s  

i n d i c a t e s  m a tu r a t io n  o r  g ro w th  w h ich  h a s  ta k e n  p la c e  w i th  r e s p e c t  t o  

t h e  l e a r n in g  s i t u a t i o n .
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TABLE V I I I

TOTAL NUMBER OF ERRORS PER TWELVE TRIALS BY TUNNELKAY -  GROUP I I
METHOD I I

T
w

el
ft

hs

R a t  2 
E r r o r s  on 
0 .5  4 .5

R a t 3 
E r r o r s  on 
0 .5  4 .5

R a t  9 
E r r o r s  on 
0 .5  4 .5

R a t 10 
E r r o r s  on 
0 .5  4 .5

R a t  11 
E r r o r s  on 
0 .5  4 .5

1 . 11 5 9 4 11 3 10 3 11 1
2 . 6 0 2 2 4 4 7 0 6 3
5 . 4 2 0 0 2 1 7 2 1 0
4 . 4 2 4 1 1 1 7 4 2 1
5 . 4 4 1 0 3 1 8 2 1 0
6 . 0 1 1 0 1 1 4 1 1 0
7 . 1 1 *2 1 0 0 5 3 *2 0
8 . 2 1 3 0 *3 2 5 1 1 1
9 . 1 1 2 2 1 2 4 3 0 1

1 0 . 0 2 0 0 0 1 3 0 0 0
1 1 . 1 0 1 0 3 1 2 1
1 2 . 3 1 1 0 1 1
1 3 . 1 0 0 0 2 1
1 4 . 0 0 2 2
I S . *0 0 2 1
1 6 . 1 0
1 7 . 0 0
1 8 . *0 0

T o ta l 38 20 25 10 30 17 70 25 25 7

* P o in t  a t  w h ich  th e  p a t t e r n  was r e v e r s e d .  T hree s u b je c t s  
b ro k e  down a t  - th is  p o i n t .

R a t 2 w as t r a n s f e r r e d  to  S e r ie s  B f o r  a  l e a r n in g  p e r io d  
on  t h e  s ix t e e n th  day  b e c a u se  he  f a i l e d  th e  l e a r n in g  t e s t  o f  t h i s  
g ro u p . T h is  e r r o r  p e r io d  showed c o n fu s io n  b e tw een  0 * 5 , 2 . 6 ,  and 4 . 5 .  
S ix  m ore days o f  t r a i n i n g  w ere  r e q u i r e d .
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The accom panying t a b l e  i s  a  c o m p o s ite  p i c t u r e  o f  t h e  harm on ic  

m ean o f  t h e  tim e  i n  seco n d s f o r  e a c h  t r i a l  o f  i h e  l e a r n in g  and  t e s t  

s e r i e s *

TABLE IX

HARMONIC MEAN OF TIME IN SECONDS -  LEARNING AND TESTS

Group I  M ethod I Group I I  M ethod ]Cl

R a t  4 R a t 5 R a t  6 R a t 7 R a t 8 R a t  2 R a t  3 R a t 9 R a t  10 R a t 11

L e a rn in g 11 8 7 8 7 7 5 5 5 6
L* T e s t 9 5 4 6 5 4 5 5 4 5
C . T e s t 10 5 7 6 7 7 7 8 5 6

C om paring t h e  i n d iv i d u a l  r e c o r d s  shown i n  t h i s  t a b l e ,  one n o te s  t h a t  

some o f  t h e  s u b je c t s  i n  Group I  M ethod I  on  t h e  a v e ra g e  t a k e  m ore tim e  

p e r  t r i a l  t o  re sp o n d  th a n  th e  s u b je c t s  o f  G roup I I  M ethod I I .  T h is  i n ­

d i c a t e s  m ore d e l i b e r a t i o n  b e f o r e  re s p o n d in g  and p o i n t s  t o  t h e  f a c t  t h a t  

lo n g e r  t im e  p e r  t r i a l  may b e  a  f a c t o r  in  s h o r te n in g  th e  t o t a l  l e a r n in g  

t im e .  A ls o ,  t h e  m ore com plex p ro b le m  r e q u i r e s  m ore t im e  i n  th e  b e g in n in g  

f o r  fo rm in g  a d e q u a te  r e s p o n s e s .

Com paring t h e  a c tu a l  tim e  i n  se c o n d s  o f  t h e  p e rfo rm a n c e  o f  each  

a n im a l on th e  c r u c i a l  t e s t s ,  we f in d  t h a t  f o r  m o st o f  th e  a n im a ls  th e  

t im e  f o r  m aking e a c h  r e s p o n s e  i s  i n c r e a s e d  (S ee  T ab le  X , p .  6 1 ) .  Each 

o f  t h e s e  t e s t s  was a  new s i t u a t i o n  i n  i t s e l f *
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T h is  d e m o n s tra te s  t h a t  th e  t e s t  r e a l l y  -was a  p ro b lem  t h a t  r e ­

q u i r e d  o b s e r v a t io n  and d e l i b e r a t i o n  b e f o r e  a  re s p o n s e  was m ade. 

E xam ples o f  t h i s  have b e e n  m en tio n e d  above i n  th e  d e s c r i p t i v e  a n a ly s i s  

o f  e a c h  anim al® s b e h a v io r .

T h is  t a b l e  f u r t h e r  shows t h a t  Group I I  to o k  somewhat lo n g e r  p e r  

t r i a l  th a n  G roup I ,  b u t a l l  t h e  s u b je c t s  i n  Group I I  re sp o n d e d  to  each  

t e s t  a d e q u a te ly  e x c e p t R a t  1 0 . I t  f a i l e d  on  th e  f i r s t  c r u c i a l  t e s t  

b u t  p a s se d  th e  o th e r  tw o . R a t  4  i n  Group I  re a c h e d  o n ly  a  f i f t y  p e r  

c e n t  p e rfo rm a n c e  on th e  f i r s t  c r u c i a l  t e s t ,  b u t  th e  c r i t e r i o n  was 

r e a c h e d  i n  th e  o th e r  tw o . As a  w h o le , a l l  s u b je c t s  i n  each  g roup  m et 

t h e  c r u c i a l  t e s t  s i t u a t i o n  a d e q u a te ly .  R a t  5 and R a t 2 ,  w h ich  h ave  

lo n g  l e a r n in g  c u r v e s ,  made an  a d e q u a te  t r a n s f e r  t o  e a c h  o f  th e  t e s t  

s e r i e s ;  t h a t  i s ,  th e y  r e a c h e d  th e  c r i t e r i o n  s e t .

T hese d a t a  c e r t a i n l y  p o in t  d e f i n i t e l y  t o  th e  f a c t  t h a t  t h e  sub­

j e c t s  h ad  l e a r n e d  th e  p ro b le m . Even Group I I  w h ich  h ad  ta k e n  t h e  

l o n g e s t  t im e  f o r  l e a r n in g  d e m o n s tra te d  t h a t  th e  p ro b lem  had b een  

l e a r n e d .

M o re o v e r, th e s e  t e s t s  th ro w  l i g h t  on  th e  ty p e  o f  b e h a v io r  w h ich  

w as r e q u i r e d  i n  th e  le a r n in g  t a s k .  M ore w i l l  b e  s a id  on t h i s  p o i n t  i n  

th e  fo llo v m n g  d i s c u s s io n .

7 .  I n t e r p r e t a t i o n

One o f  th e  p u rp o se s  o f  t h e  c r u c i a l  t e s t s  m en tio n e d  e a r l i e r  was 

t o  d e te rm in e  w h a t cu es  t h e  a n im a ls  had u se d  i n  fo rm in g  th e  o o n c e p t 

m id d l e - s i z e n e s s .  When th e  a n im a ls  w e re  p r e s e n te d  w i th  S e r ie s  C , th e y  

d e m o n s tra te d  t h a t  t h e y  c o u ld  re sp o n d  t o  a  new p a t t e r n  i n  w h ich  th e
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p r o p o r t io n s  had been  in c r e a s e d  a c t u a l l y  and r e l a t i v e l y *  One o f  th e s e  

p r o p o r t io n s  re se m b le d  2*5 and 4 .5  p r e v io u s ly  re sp o n d e d  t o ,  b u t  w h ich  

now had  t o  b e  abandoned f o r  a  new e le m e n t i n  a  new p a t t e r n .  T h is  new 

e le m e n t became th e  m eans t o  th e  end and was a n e w  e x p e r ie n c e  f o r  t h e  

r a t s *  The f o rm a tio n  o f  t h i s  new r e l a t i o n s h i p  i n  th e  new s i t u a t i o n  d e ­

m o n s tra te d  i n s i g h t .

The re s p o n s e  t o  th e  b la c k  s t e p s  d e m o n s tra te d  t h a t  th e  a n im a ls  

w ere  r e s p o n d in g  t o  m id d le - s iz e n e s s  a s  such  and n o t  t o  am ount o f  b r i g h t ­

n e s s .

To f u r t h e r  d e te rm in e  w h e th e r  i t  was m id d le - s iz e d  i n t e n s i t y  o f  

t h e  m id d le - s iz e d  s te p  i n  th e  l e a r n in g  w h ich  th e  an im a l w as re s p o n d in g  

t o ,  a  s e t  o f  s t e p s  was d e s ig n e d  w i th  w id th  a t  t h e  b o tto m  i n c r e a s e d .  I n  

t h i s  s e r i e s  m id d le - s iz e d  i n t e n s i t y  w as n o t  p r e s e r v e d .  T h is  i n c r e a s e  i n  

w id th  and i n t e n s i t y  p o i n t s  to  t h e  f a c t  t h a t  t h e  s o lu t i o n  w as m id d le -  

s iz e n e s s  i n  r e l a t i o n  t o  tw o o th e r  s i z e s  and n o t  i n t e n s i t y *

The d e s c r i p t i v e  a n a l y s i s  a s  s e t  f o r t h  i n  th e  p re c e d in g  p a g e s  

o f  t h i s  e x p e r im e n t d o e s  n o t  r e v e a l  l e a r n in g  a s  a  p r o c e s s  o f  s ta m p in g  i n  

o f  one a c t  and th e  s tam p in g  o u t  o f  a n o th e r .  Q u ite  t h e  r e v e r s e  w as found 

t r u e .  I t  w i l l  b e  r e c a l l e d  t h a t  Group I I  re sp o n d e d  t o  m id d le - s iz e n e s s  i n  

one p r o p o r t io n  th ro u g h o u t  th e  l e a r n in g  p ro b le m , ch an g in g  i n  p o s i t i o n  

o n ly .  A cco rd ing  t o  th e  law s o f  f re q u e n c y  and r e c e n c y  th e  m id d le - s iz e d  

r e s p o n s e  ( 2 .5 )  w ould  have  been  so  s e t  - th a t i t  w ould b e  re sp o n d e d  to  i n  

a n y  o th e r  s i t u a t i o n .  T h is  d id  n o t  p ro v e  t r u e ,  f o r  m o s t  o f  th e  a n im a ls ,  

when t r a n s f e r r e d  to  th e  t e s t  s i t u a t i o n  i n  w h ich  2 .5  h a d  t o  be d is c a r d e d  

and 4*5 re sp o n d e d  t o ,  m et a lm o s t im m e d ia te ly  t h e  c r i t e r i o n  s e t .  A 

f u r t h e r  t e s t  o f  t h i s  t r u t h  was r e v e a le d  w hen t h e  c r u c i a l  t e s t .  S e r i e s  C-,
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w as re sp o n d e d  t o  and th e  o r i t e r i o n  re a c h e d  by  a l l  b u t  R a t  10 and R a t  4 .  

F o r  G roup I  f re q u e n c y  was n o t  a  f a c t o r ,  b e o a u se  th e  p a t t e r n s  changed  

w i th  e a c h  t r i a l .  I f  f re q u e n c y  h a d  b e e n  a  f a c t o r ,  th e  a n im a ls  w ould  

have  b e e n  th row n  in to  a  s t a t e  o f  c o n fu s io n  a f t e r  e a ch  t r i a l  w i th  e r r o r s  

i n c r e a s i n g .  However, j u s t  th e  o p p o s i te  w as t r u e ,  f o r  e r r o r s  w ere 

e l im in a te d  i n  t h i s  g ro u p  even  m ore r a p i d l y  t h a n  i n  Group I I .  The law  

o f  re o e n c y  d id  n o t  d e te rm in e  th e  b e h a v io r ,  b e c a u se  t h i s  g ro u p  a lw ay s  

f i n i s h e d  th e  d ay * s ru n  on a  p a t t e r n  o f  S e r i e s  B i n  w h ich  i t  re sp o n d e d  

to  4 .5  a s  th e  m id d le - s iz e d  one an d  began  e a c h  d a y  b y  re s p o n d in g  to  a  

p a t t e r n  o f  S e r i e s  A w i th  2 .5  a s  t h e  m id d le - s iz e d  o n e . The e v id e n c e  

h e r e  seem s t o  d e m o n s tra te  c l e a r l y  t h a t  l e a r n in g  i s  n o t  e x p la in e d  i n  

te rm s  o f  a  s e r i e s  o f  a u to m a tic  r e s p o n s e s ,  b u t  t h a t  l e a r n in g  i s  a  r e s u l t  

o f  s e e in g  r e l a t i o n s h i p s  o f  one p r o p o r t io n  t o  two o th e r  p r o p o r t i o n s .

The a n im a l d i s s e c t e d  from  th e  t o t a l  p a t t e r n  o r  G e s t a l t  a  d e t a i l  i n  i t s  

r e l a t i o n  t o  o t h e r  d e t a i l s  and th e  g o a l*

A lth o u g h  f re q u e n c y  p la y e d  a  p a r t  i n  t h e  f o rm a tio n  o f  th e  h a b i t s  

o f  r e s p o n s e ,  i t  d id  n o t  d e te rm in e  t h e  an im a l* s  b e h a v io r  vrhen th e  p a t t e r n  

w as r e v e r s e d  o r  when t h e  p r o p o r t io n s  w ere  in c r e a s e d *  H is b e h a v io r  was 

s t i l l  i n t e l l i g e n t  and a d e q u a te  i n  t h a t  th e  m id d le - s iz e d  one was chosen  

i n  t h e s e  s t r a n g e  s i t u a t i o n s .  H is  o ld  h a b i t s  w e re  b ro k en  down o r  d i s ­

c a rd e d  and  th e  re s p o n s e  w as made i n  te rm s  o f  t h e  p ro b lem  p r e s e n te d .

H ow ever, t h e  d a ta  o f  t h i s  e x p e r im e n t do n o t  w a r ra n t  th e  d i s c a r d ­

in g  o f  t r i a l  and e r r o r  m ovem ents o r  t h e  e x p lo r a to r y  movements a s  o f  no 

v a l u e .  To s a y  t h a t  th e  f i r s t  t h i r t y - s i x  t r i a l s  i n  'th is  e x p e rim e n t w ere 

b l in d  t r i a l  and e r r o r  o r  random  movements i s  e r r o n e o u s .  They w ere  

m ovem ents i n  re s p o n s e  to  a  t o t a l  p a t t e r n ,  a  com plex o f  s t i m u l i ,  and  

p r o b a b ly  in v o lv e d  many u r g e s ,  su ch  a s  th e  c u r i o s i t y  u r g e ,  t h e  u rg e  to
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g e t  a c q u a in te d  and  e x p lo r e ,  th e  freed o m  u r g e ,  and t h e  h u n g e r  u r g e ,  each  

■with a  p o te n c y  a l l  i t s  own. The h ig h  s t r e s s  s e t  up  b y  t h i s  com plex o f  

s t i m u l i  r e s u l t e d  i n  many t r i a l  and e r r o r  m ovem ents w h ic h  w ere soon  r e ­

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

m ain ed  p r e p o t e n t .  B o th  t h e  d e s c r i p t i v e  a n a ly s i s  and th e  q u a n t i t a t i v e  

d a t a  show t h a t  a t  t h i s  p o i n t  th e  s i t u a t i o n  to o k  on m ea n in g . The r e ­

sp o n se  w as th e  s e l e c t i o n  o f  th e  e le m e n t m iu d le - s iz e n e s s  w i t h in  t h e  

t o t a l  b e h a v io r  p a t t e r n  w i th  r e s p e c t  t o  th e  fo o d  g o a l a n d  t h e  r e l e a s e  

o f  t h e  h u n g e r t e n s i o n .

Random o r  t r i a l  an d  e r r o r  m ovem ents w e re  accom pan ied  b y  a c t s  

o f  o b s e rv in g  and  com paring  th e  m id d le - s iz e d  a p p ro a c h  w i th  th e  o th e r  

tw o . T h is  p e r io d  r e v e a l s  m a tu r a t io n  o f  t h e  l e a r n in g  p r o c e s s ,  and i n  

t h i s  e x p e r im e n t w as th e  b a s i s  o f  w h a t may be c a l l e d  i n s i g h t f u l  b e ­

h a v i o r .

O b s e rv a t io n s  o f  t h e  l e a r n in g  c u rv e s  show num erous p l a t e a u s  

fo llo w e d  by  su d d en  d e s c e n ts  i n  th e  o u rv e .  T hese p l a t e a u s  r e p r e s e n t  

i n  t h e  a n im a l in a d e q u a te  i n s i g h t  o r  th e  i n a b i l i t y  t o  s e e  r e l a t i o n s h i p  

i n  t h e  t o t a l  p a t t e r n  a t  th o s e  p o i n t s .  The sud d en  d e s c e n t  r e p r e s e n t s  

a d e q u a te  m a tu r a t io n  f o r  t h e  s o lu t i o n  o f  t h e  p ro b le m .

The d e s c r i p t i v e  a n a l y s i s  from  b o th  g ro u p s s u g g e s ts  th e  p o in ts  

a t  vm ich  i n s i g h t ,  t h a t  i s ,  o b s e rv in g  r e l a t i o n s h i p ,  becam e m ost e v i ­

d e n t  and  was t h e n  p la y in g  a  g r e a t e r  p a r t  th a n  random  m ovem ents. The 

d e s c r i p t i v e  a n a ly s i s  f u r t h e r  shows t h a t  th e  a n im a l w as th e n  lo o k in g  

th e  s i t u a t i o n  o v e r  b e f o r e  m aking a  r e s p o n s e .  I t  w as c o n s id e r in g  each  

d e t a i l  i n  r e l a t i o n  t o  th e  t o t a l  s t im u lu s - p a t te r n *  I n  o th e r  w o rd s , th e  

d e t a i l  m id d le - s iz e n e s s  w as d e r iv in g  i t s  p r o p e r t i e s  fro m  th e  o th e r
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f e a t u r e s  o f  t h e  p a t t e r n .

I t  w as n o t ic e d  above t h a t  Group I  w as s u p e r io r  i n  p e rfo rm a n c e  

t o  Group H e  T h is  d e m o n s tra te s  t h e  f a c t  t h a t  t h e  a n im a ls  w ere  c a p a b le  

o f  fo rm in g  r e l a t i o n s h i p s  m ore r a p i d l y  when p r e s e n te d  w i th  th e  w ho le  

p ro b le m , t h e  t o t a l  c o n f i g u r a t io n .

A g a in , t h i s  l e a r n in g  c a n n o t  be e x p la in e d  i n  te rm s  o f  p o s i t i o n  

h a b i t s .  The l e a r n in g  t e s t  d e m o n s tra te d  t h i s  v e r y  b e a u t i f u l l y *  The 

s u b je c t s  o f  e a c h  g roup  re sp o n d e d  t o  th e  p a t t e r n s  i n  r e v e r s e  o r d e r  

w i t h  m id d le - s iz e n e s s  i n  a  d i f f e r e n t  p o s i t i o n  i n  r e l a t i o n  t o  t h e  r e s t  

o f  t h e  p a t t e r n .  On th e  c r u c i a l  t e s t ,  S e r i e s  C, th e  p a t t e r n  w as r e ­

v e r s e d  a g a in  so  t h a t  p o s i t i o n  re s p o n s e  w as c o n t r o l l e d .

T h e r e f o r e ,  t h e s e  d a ta  j u s t i f y  th e  a s s e r t i o n  t h a t  t h e  r a t s  le a r n e d  

t h i s  p ro b le m  b e c au se  o f  t h e i r  a b i l i t y  t o  s u c c e s s f u l l y  m o d ify  t h e i r  b e ­

h a v io r  i n  a  t o t a l  c o n f i g u r a t io n a l  p a t t e r n  w h ich  r e q u i r e d  t h a t  t h e y  u se  

t h e i r  know ledge o f  th e  s p a c i a l  w ho le  i n  m aking a d e q u a te  a d a p t a t i o n s .

The te rm  "sudden.” m ean ing  in s ta n ta n e o u s  s o l u t i o n ,  a s  u se d  b y  th e  

e x p o n e n ts  o f  t h e  G e s t a l t  t h e o r y ,  i n d i c a t e s  t h a t  t h e r e  i s  no p ro b lem  f o r  

■the s u b j e c t ;  t h e r e f o r e ,  no i n s i g h t  i s  p r e s e n t  b e c au se  th e  s o l u t i o n  i s  

a l r e a d y  know n. B ut a  r e a l  G e s ta .l t  i s  a  f u n c t i o n  o f  th e  t r i a l  and e r r o r  

and e x p lo r a to r y  p e r io d  and t a k e s  m eaning fro m  i t .  T h a t i s ,  t h e  a n im a ls  

when p la c e d  a t  X re sp o n d e d  b y  t r i a l  and e r r o r  to  th e  t o t a l  p a t t e r n  o r  

s i t u a t i o n ,  f o r  a  s t r a n g e  v o l l e y  o f  s t i m u l i  w as p la y in g  upon th em . The 

a w a re n e ss  o f  a  g o a l  demanded t h a t  t h e s e  m ovem ents b e  r e s o lv e d  i n to  

m e a n in g fu l p a t t e r n s  o f  r e s p o n s e s .  These m o d i f ic a t io n s  o f  b e h a v io r  come 

g r a d u a l ly  and d e m o n s tra te  f l a s h e s  o f  i n s i g h t  w i th  r e s p e c t  t o  "the p ro b lem .

S in c e  t h e  r a t  re sp o n d e d  t o  th e  q u a l i t y  m id d le - s iz e n e s s ,  i t  h as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



67

dem o n stra ted , t h a t  i t  i s  c a p a b le  o f  fo rm in g  a b s t r a c t i o n s  fro m  a  con­

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

To t r y  t o  e x p la in  t h i s  l e a r n in g  by  th e  th e o r y  o f  v i s u a l  o r 

memory im ages w h ic h  a r e  p e c u l i a r  to  t h e  r a t  i s  t o  p lu n g e  i n t o  n e u ro ­

l o g i c a l  p r i n c i p l e s  o f  c o m p a ra tiv e  n e u ro lo g y  and p sy c h o lo g y  w h ic h  a r e  

f a r  beyond th e  s c o p e  o f  t h i s  p ro b le m , and  o f  w h ic h  t h e r e  i s  l i t t l e  

known. H ow ever, t o  s a y  t h a t  t h e  a n im a ls  re sp o n d e d  t o  th e  r e l a t i o n ­

s h ip s  p r e s e n te d  i n  a  w ay w h ich  shows i n t e l l i g e n c e  and  i n s i g h t  i s  w i t h in  

t h e  l i m i t s  o f  th e  o b j e c t iv e  d a ta *

8* Summary

1 .  The r a t  i s  c a p a b le  o f  l e a r n in g  to  ch o o se  th e  m id d le - s iz e d  

p r o p o r t io n  i n  i t s  r e l a t i o n s h i p  t o  two o t h e r .p r o p o r t io n s  i n  a  c o n f ig u r a ­

t i o n a l  l e a r n in g  p a t t e r n .  I t  i s  a ls o  c a p a b le  o f  c h o o s in g  c o r r e c t l y  

when m id d le - s iz e n e s s  ch an g es i n  b o th  s i z e  and p o s i t i o n  i n  a  s e r i e s  of 

p a t t e r n s .

2 .  T hese  d a t a  do n o t  show le a r n in g  a s  a  su d d en  acco m p lish m en t 

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

3 .  T hese e x p e r im e n ta l  f in d in g s  demand t h a t  t h e  b e h a v io r  cf th e  

r a t  be e x p la in e d  b o th  by  t r i a l  and e r r o r  and by  i n s i g h t  l e a r n in g .

4 .  T here  w ere  d i f f e r e n t  d e g re e s  o f  i n s i g h t  e x h ib i te d  by  e ach  

r a t  i n  th e  l e a r n in g  s i t u a t i o n .

5 .  P a r t i a l  o r  co m p le te  i n s i g h t  i s  a  f u n c t i o n  o f  th e  p r o c e s s  o f  

m a tu r a t io n  o r  t r i a l  and e r r o r  l e a r n i n g ,  and i s  n o t  t o  b e  u n d e rs to o d  

a p a r t  from  i t .

6 .  The a n im a ls  re sp o n d in g  t o  a  chang ing  p a t t e r n  l e a r n e d  th e
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p ro b le m  i n  fe w e r  t r i a l s  th a n  th e  g ro u p  re s p o n d in g  t o  a  c o n s ta n t  

p a t t e r n .  H ow ever, t h i s  d i f f e r e n c e  i s  n e g l i g i b l e .

7* The te rm s  t r i a l  and e r r o r  and e x p lo r a to r y  ( f i n d in g  o u t)  

m ovem ents a r e  e s s e n t i a l  i n  d e s c r ib in g  b e h a v io r  i n  t h i s  l e a r n in g  s i t u a t i o n .

8* O l f a c to r y  c u e s  p la y e d  no p a r t  i n  l e a r n in g  t h i s  problem *

9 .  P a s t  e x p e r ie n c e s  o f  th e  a n im a l had  no d i r e c t  and s p e c i f i c  

i n f l u e n c e  on th e  l e a r n i n g .

C . The Two Types o f  L e a rn in g  and C oncep t 
F o rm a tio n  i n  C h i ld re n

1* I n t r o d u c t io n

I n  o r d e r  to  f u r t h e r  s tu d y  t r i a l  and e r r o r  and i n s i g h t  l e a r n in g ,  

th e  same l e a r n in g  a p p a ra tu s  w h ich  w as u se d  w i th  th e  r a t s  w as u se d  

w i th  t h e  c h i l d r e n .  T h is  ty p e  o f  e x p e rim e n t w ould  y i e l d  d a ta  w h ich  

w ould  be com parab le  i n  n a t u r e ,  and th ro w  ad d ed  l i g h t  on  th e  two t h e o r i e s  

o f  l e a r n i n g .

T h is p a r t  o f  th e  e x p e rim e n t w as c o n d u c te d  i n  one o f  th e  rooms 

i n  th e  T w en ty -T h ird  D i s t r i c t  School o f  t h e  C in c in n a t i  P u b l ic  S c h o o ls .

C h ild re n  o f  100 IoQ«,  a s  m easu red  b y  t h e  P in tn e r-C u n n in g h a m  

I n t e l l i g e n c e  T e s t ,  w ere  s e l e c t e d  f o r  t h i s  e x p e r im e n t . S ix  c h i l d r e n ,  

a  b o y  and  a  g i r l  from  e a c h  o f  t h e  f i r s t  t h r e e  g r a d e s ,  w ere  used*

2* G e n e ra l P ro c e d u re

The L e a rn in g  P ro b lem .  —  The l e a r n in g  p ro b lem  w as th e  same a s  

f o r  t h e  a n im a ls  (S e e  T a b le s  I  and  I I ,  p p .  25 and  2 6 ) .  The c h i l d r e n  

w ere  d iv id e d  i n t o  two g ro u p s , a  boy and a  g i r l  from  e a c h  g r a d e .  Group I
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l e a r n e d  b y  M ethod I ,  and Group I I  l e a r n e d  b y  M ethod I I *  The r a t s  w ere  

r e q u i r e d  t o  do e le v e n  o u t  o f  tw e lv e  t r i a l s  c o r r e c t l y  f o r  tw o  s u c c e s s iv e  

l e a r n in g  p e r i o d s .  The c h i ld r e n  w ere  r e q u i r e d  t o  do e le v e n  o u t  o f  tw e lv e  

c o r r e c t l y  f o r  one p e r io d *  I t  m s  n o t  n e c e s s a r y  t o  have  th e  c h i ld r e n  

r e p e a t ,  s in c e  t h e i r  l e a r n in g  o f  t h i s  p ro b lem  w a s , i n  i t s  f i n a l  s t a g e ,  

s e e m in g ly  m ore s te a d y  and r e g u l a r  th a n  f o r  th e  r a t s .  When t h i s  

c r i t e r i o n  w as r e a c h e d ,  th e y  w ere  t r a n s f e r r e d  t o  t h e  c r u c i a l  t e s t  s e r i e s .

R e c o rd s .  —  The d a t a  w ere  r e c o r d e d  i n  t im e ,  e r r o r s ,  and  t r i a l s .  

G e n e ra l d e s c r i p t i v e  a n a ly s i s  and  i n t r o s p e o t i v e  r e p o r t s  o f  th e  c h i ld r e n  

w ere  k e p t .

M ethod» — The a p p a ra tu s  was s e t  up  j u s t  a s  i t  was f o r  th e  

a n im a ls ,  e x c e p t  t h a t  t h e  t a b l e s  w ere  a t  th e  p ro p e r  h e ig h t  f o r  c h i ld r e n  

and p la c e d  s id e  t o  s id e  two f e e t  a p a r t ,  i n s t e a d  o f  end t o  e n d . The 

b a c k b o a rd  m s  clam ped t o  th e  s id e  o f  th e  t a b l e ;  th e n  s c re e n s  w ere s e t  

up to  p r e v e n t  t h e  c h i ld  from  g e t t i n g  an y  v i s u a l  c u e s  from  s e e in g  th e  

a p p a r a tu s .  A s t i c k  made o f  r o l l e d  c a rd b o a r d ,  f o u r  f e e t  lo n g  and one 

in c h  i n  d ia m e te r  was in t r o d u c e d .  T h is  s t i c k  had a  c o lo re d  ru b b e r  b a l l  

a t t a c h e d  to  one  end (S e e  F ig u re  8 below ) so  t h a t  i t  w ould r o l l .  T h is 

w ould  e n a b le  th e  c h i ld  t o  r e a c h  th e  end o f  t h e  tu n n e lw a y  and  open th e  

d o o r ,  and a l s o  t o  g iv e  a  d e f i n i t e  o b j e c t iv e  r e s p o n s e  t h a t  c o u ld  be  

o b s e rv e d  and  re c o rd e d *

F ig u r e  8
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The c h i l d  and th e  e x p e r im e n te r  vrere i n  th e  room a lo n e .  The 

l e a r n in g  s i t u a t i o n  w as m o tiv a te d  by  c o n v e r t in g  i t  i n to  a  gam e. The 

c h i l d  w as t o l d  b y  h i s  t e a c h e r  t h a t  h e  w as to  p l a y  a  gam e. On e n te r in g  

t h e  room  th e  e x p e r im e n te r  s a i d :  "Have you come to  p la y  t h e  game w i th  

me?" The c h i l d  was th e n  p la c e d  i n  f r o n t  o f  th e  t a b l e  a t  p o i n t  X (S ee  

F ig u re  1 ,  p* 1 8 ) .  T h is  was d i r e c t l y  i n  f r o n t  o f  th e  l e a r n in g  p a t t e r n .  

The e x p e r im e n te r  s a i d :  " T h is  game i s  c a l l e d  O pening th e  D o o r."  Then 

t h e  f o l lo w in g  d i r e c t i o n s  w ere  g iv e n .  " I n  one o f  th e s e  tu n n e lw a y s  t h e r e  

i s  a  d o o r  t h a t  w i l l  o p e n . I  w an t you t o  ta k e  t h i s  b a l l  ( t h e  e x p e r i ­

m e n te r  gave  th e  o h i ld  th e  s t i c k )  and r o l l  i t  up t h e  s te p  o f  th e  one 

w h ic h  you t h i n k  i t  i s .  I f  th e  door d o e s n 't  o p e n , t r y  a n o th e r  o n e . The 

game i s  t o  r o l l  t h e  b a l l  i n t o  th e  r i g h t  one f i r s t  e v e ry  tim e  u n t i l  you 

open  t h e  d o o r  e le v e n  t im e s  one r i g h t  a f t e r  th e  o t h e r .  W atch  c a r e f u l l y  

and s e e  how q u ic k ly  you can  w in ."  F o r  em phasis  th e  e x p e r im e n te r  r e ­

p e a te d  th e  l a s t  tw o s e n te n c e s  p re c e d e d  b y  th e  c a u t io n  "rem em ber."

When th e  c h i ld  had  h a d  h i s  t r i a l ,  he w as a sk ed  to h id e  h i s  eyes 

w h i le  th e  p a t t e r n  w as c h a n g e d .

3 .  R e s u l t s

O b je c t iv e  R e s u l t s .  —  The t a b l e  on th e  f o l lo w in g  p ag e  shows 

th e  t o t a l  num ber o f  t r i a l s  th a n  was r e q u i r e d  b y  th e  members o f  e a c h  

g ro u p  on  th e  l e a r n in g  and  a l l  t e s t s .  T h is  t a b l e  shows t h a t  t h e r e  i s  

some a d v a n ta g e  o f  one m ethod  o v e r t h e  o t h e r .  Bach c h i l d  o f  M ethod 3 2 , 

h o w ev er, e x c e p t  H*had g iv e n  v e r b a l  e x p re s s io n  to  th e  f a c t  t h a t  h e  knew 

th e  d o o r  w as a lw a y s  i n  th e  tu n n e lw a y  w h ich  had  th e  m id d le - s iz e d  s te p  

b e f o r e  t h e  p r o p o r t io n s  w ere  c h a n g e d . H ow ever, i t  i s  i n t e r e s t i n g  t o  

n o te  (S ee  G raph V I I ,  p» 74 ) t h a t  D .F . t o l d  th e  e x p e r im e n te r  on th e
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TABLE X I

TOTAL HUMBER OF TRIALS REQUIRED FOR LEARNING THE PROBLEM

M ethod I M ethod I I M ean

Grade 1 2 3 1 2 3
S u b je c t R .S . D .S . K.G. D .F . E . E .T .
T r i a l s 66 42 42 78 54 54 56

tw e n t i e th  t r i a l  t h a t  t h e  d o o r was i n  t h e  m id d le s iz e d  o n e , y e t  she made 

two m is ta k e s  when p r e s e n te d  w i th  th e  p r o p o r t io n  o f  S e r ie s  B. T h a t i s ,  

she  made one e r r o r  i n  t h e  t h i r t y - 3 e v e n t h  and f o r t y - f i r s t  t r i a l s .  T h is  

n e c e s s i t a t e d  tw e lv e  m ore t r i a l s  t o  r e a c h  th e  c r i t e r i o n .  She a l s o  made 

one on th e  t e s t  S e r i e s  D ( s t e p s  w i d e r ) .  The o th e r  two s u b je c t s  o f  

t h i s  group had  a  d i f f e r e n t  re c o rd *

H made n in e  e r r o r s  i n  th e  f i r s t  tw e lv e  t r i a l s  and one on  th e  

f o u r t e e n t h .  He th e n  made a  p e r f e c t  t r a n s f e r  to  S e r i e s  B i n  t h e  n e x t  

tw e lv e  t r i a l s  and a l l  th e  t e s t  s e r i e s .

E . T .  i n  th e  t h i r d  g ra d e  had  th e  lo w e s t  e r r o r  r e c o r d  o f  th e  g ro u p . 

The e r r o r  c u rv e  and th e  e r r o r  t a b l e  (S ee  T ab le  XX VII, A ppendix) show 

t h a t  sh e  a l s o  made a  p e r f e c t  t r a n s f e r  to  th e  ch a n g in g  p r o p o r t io n .

R . 3 . ,  a  f i r s t  g ra d e r  o f  M ethod I ,  had t h e  h i g h e s t  t o t a l  e r r o r  

re c o rd  f o r  th e  f i r s t  tw e lv e  t r i a l s  o f  a n y  c h i ld  i n  e i t h e r  g ro u p . 'Jhe 

e r r o r  c u rv e  (See G raph V I I ,  p* 7 4 ) shovrs h i s  c o m p le te  r e c o r d .  He d id  

n o t  r e a c h  p e r f e c t  p e rfo rm a n c e , how ever, u n t i l  t h e  l a s t  two o f  th e  t e s t  

s e r i e s .

O bserv ing  t h e  e r r o r  c u rv e  a g a in ,  we n o t i c e  D . S . ,  a  second  g ra d e  

g i r l ,  h a s  o n ly  s i x  e r r o r s  i n  a  t o t a l  o f  f o r ty - tw o  t r i a l s .  The e r r o r
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c u rv e  f a l l s  t o  z e ro  and  re m a in s  a t  t h i s  p o i n t .  K .G ., a  t h i r d  g ra d e  t o y ,  

shows a  s i m i l a r  r e c o r d  o f  p e rfo rm a n c e «

She t im e  t a b l e  f o r  t h i s  g ro u p  (S e e  f a b le  X I I ,  p .  73) g iv e s  t h e

m ean tim e  p e r  d a y s s w ork o f  tw e lv e  t r i a l s  e a c h , fh e  i n i t i a l  t r i a l s  f o r

t h e  s u b je c t s  o f  M ethod I  a r e  a s  f o l lo w s :  R .S . ,  t h i r t y - f i v e  s e c o n d s ;

D .S . ,  tw e n ty - f iv e  s e c o n d s ;  and  K .G ., tw e n ty  s e c o n d s . I t  to o k  lo n g e r  

f o r  t h e  f i r s t  r e s p o n s e s  th a n  f o r  e i t h e r  o f  th e  fo l lo w in g  t r i a l s .  The 

t im e  t a b l e  (S ee  T a b le  XXVI, A ppendix) shows v e r y  l i t t l e  f l u c t u a t i o n  i n  

t im e .

F o r Group I I  t h e  tim e  i s  m ore i r r e g u l a r .  The i n i t i a l  t r i a l  f o r

D .F . was t e n  se c o n d s ; f o r  E .T '.,  t e n  s e c o n d s ;  and f o r  H, f i v e  s e c o n d s .

T hese  i n i t i a l  t r i a l s  a r e  c o m p a ra t iv e ly  s m a l l .  T h is  i s  p o s s ib l y  due  t o  

c h a n c e ; t h a t  i s ,  th e  c h i l d  e n te r e d  2 .5  a t  once and found  t h e  d o o r .  

T h e r e a f te r  t h e  t im e  in c r e a s e d  b e c a u se  th e  s u b je c t s  e x p lo re d  t h e  o th e r  

tu n n e lw a y s . I n  a l l  c a s e s  when e x p lo r a t i o n  b e g in s  t h e  tim e  s lo w s down. 

W ith  b o th  o f  t h e s e  g ro u p s  o b s e r v a t io n s  came a t  d i f f e r e n t  p o i n t s .

The h a rm o n ic  m ean , when th e  t o t a l  t im e  f o r  e a ch  tw e lv e  t r i a l s  

i s  c o n s id e r e d ,  i s  p r e s e n te d  i n  T ab le  X I I I  (S ee  p .  7 5 ) .  T h is  shows 

t h a t  seme o f  t h e  s u b je c t s  o f  M ethod I  r e q u i r e d  m ore tim e  e a c h  t r i a l  t o  

re sp o n d  th a n  th o s e  o f  M ethod I I .  M ethod I  s t im u la te d  and en co u ra g e d  

g r e a t e r  o b s e r v a t io n  th a n  M ethod I I .  T h is  d i f f e r e n c e  i n  tim e i s  n o t  

s i g n i f i c a n t ,  how ever.
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TABLE X I I

HARMOMIC MEAL OF THIS PER TWELVE TRIALS

T
w

el
ft

hs

i

M ethod I M ethod I I

R aS a D .S . K .G . D .F . Ha E . T .

i 15 8 10 12 9 9

2 7 6 6 6 5 6

3 6 • / s ■/ 5 5 5 5

4 5 4 6 8 7^6 7^5

5 7^9 6 6 5 7 5

8 7^6 5 4

6 7

5

7^ B eg in n in g  o f  c r u c i a l  t e s t s .
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TABLE X I I I

MEAL TIME IH SECONDS FOR EACH TRIAL, BASED OR LEARNING- AND TEST
COMBINED

M ethod I M ethod I I

G rade 1 2 3 1 2 3
S u b je c t R .S . D «S . K .G . D .F . H. E .T .
Time 8 7 7 6 6 5

The fo l lo w in g  t a b l e  (See T ab le  XIV, p .  76) shows th e  e r r o r s  

b y  tu n n e lw a y s .  T his t a b l e  f u r t h e r  i n d i c a t e s  t h e  p o i n t  w here  a l l  e r r o r s  

w ere  e l im in a te d *  D .F . and  R*S« have  th e  h i g h e s t  e r r o r  r e c o r d .  D.F« 

had  two e r r o r s  a f t e r  th e  t h i r t y - s e v e n t h  t r i a l .  One o f  t h e s e  o c c u rre d  

on th e  4 .5  tu n n e lw ay  i n  t h e  p a t t e r n s  o f  S e r i e s  A , and one on t h e  2*5 

tu n n e lw a y  o f  S e r ie s  Bj n o t  a  s i n g l e  e r r o r  o c c u r re d  on 6*5 T h is  

p o i n t s  t o  th e  c o n fu s io n  t h a t  a ro s e  b e tw een  2 .5 ,  w h ich  she  had  re sp o n d e d  

t o  i n  t h e  f i r s t  t h i r t y - s i x  t r i a l s  and  4 .5  w h ich  w as now t h e  m id d le -  

s iz e d  one h a l f  t h e  t im e .

D e s c r ip t iv e  A n a ly s is  and I n t r o s p e c t iv e  R e p o r ts .  — K .G ., Boy, 

T h ird  g r a d e .  He was a  q u i e t  boy w i th  a p l a y f u l  s m i l e .  He w as c a r e f u l  

fro m  th e  b e g in n in g . I t  to o k  him  tw e n ty  seco n d s t o  make h i s  f i r s t  r e ­

s p o n s e .  He w ould  alw ays h e s i t a t e  when t h e  e x p e r im e n te r  gave him  th e  

b a l l  b e f o r e  h e  made h i s  c h o ic e .  He made h i s  l a s t  e r r o r  on th e  e le v e n th  

t r i a l .  When a sk ed  how he knew w h ich  one th e  d o o r w as i n ,  he  s a i d ,  " I t  

w as a lw ay s th e  m id d le  o n e ."  He s a i d ,  " I  th o u g h t  you w ere  f o o l in g  a t  

f i r s t  and t h a t  you w ere  g o in g  t o  p u t  i t  i n  a n o th e r  o n e , b u t  I  w a tc h ed  

t h e s e  ( p o in t in g  to  th e  s t e p s )  and I  found  t h a t  i t  was i n  th e  one t h a t
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TABLE XIV

TOTAL NUMBER OF ERRORS PER TWELVE TRIALS BY TURHELWAY, METHODS I  MD I I

M ethod I M ethod I I

T
w

el
ft

hs G rade
S u b je c t

0*5

K

4 .5

1
»G«

2 .5 6 .5 0 .5

2
D .S .

E r r o r s  on 
4*5 2 .5  6 .5 0 .5

3
K.

4 .5

S .

2 .5 6*5

1
D.

0 .5

F,
4 .5

E r ro r
0 .5

2
H.
s on 

4 .5

3
E .

0 .5

T .

4 .5

1 . 1 2 1 0 1 2 1 2 3 4 2 5 7 5 5 5 3 3

2 . 0 0 0 0 0 0 0 0 0 1 2 1 2 3 1 0 1 1

3 . 0 1 2 0 0 2 *0 0 *0 0

4* 0 1 0 0 *1 1

5 .
0 0

t e l 1 2 1 0 1 2 1 2 3 7 6 6 10 11 6 8 4 4

* P o in t  w h ere  each  s u b je c t  o f  M ethod I I  was p r e s e n te d  w i th  S e r ie s  B. D.F* 
b ro k e  down a t  t h i s  p o i n t .
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was b e tw e en  ( p o in t in g  t o  0 .5  and 4 .5 )  and t h a t  one* o r  th e  m id d le  

one*"

E .X .,  G i r l ,  T h ird  g r a d e .  She was an  a c t i v e ,  overg row n  c h i ld  

w i th  k e e n  o b s e r v a t io n .  When p r e s e n te d  w i t h  th e  b a l l  she r o l l e d  i t  

s t r a i g h t  i n t o  2 .5  a t  o n c e . On th e  second  t r i a l  sh e  t r i e d  t h e  o th e r  

tw o . On th e  t h i r d  t r i a l  sh e  to o k  2 .5  a t  once a g a in .  On th e  f o u r th  

t r i a l  she t r i e d  0 .5  and  4 .5  a g a in .  She began  t o  o b se rv e  b u t  s t i l l  

made a n  e r r o r  so m e tim es. The l a s t  e r r o r  w as made on th e  f o u r t e e n th  

t r i a l .

Yilhen a sk e d  by  th e  e x p e r im e n te r  w h a t she  was g o in g  t o  name t h e  

one w h ich  had  th e  d o o r t h a t  w ou ld  o p e n , she s a i d ,  " I t  i s  th e  m id d le -  

s i z e d  o n e ."  Then th e  e x p e r im e n te r  a sk ed  h e r  how sh e  found o u t ;  sh e  

s a i d ,  "The f i r s t  tim e  I  came i n  I  opened  th e  d o o r  o f  th e  m id d le - s iz e d  

o n e ; t h e  n e x t  t im e  I  t r i e d  o t h e r s ;  th e n  a n o th e r  t im e  I  t r i e d  o t h e r s ,  

b u t  I  found  i t  w as a lw ays i n  t h e  m id d le  o n e ."

H»,  B oy , F i r s t  g r a d e .  He was q u i e t  and c a r e f u l .  He s tu d ie d  

th e  s i t u a t i o n  fro m  th e  b e g in n in g  o f  th e  second  t r i a l .  On th e  second  

t r i a l  when a n  e r r o r  was m ade, h e  tu r n e d  t o  th e  e x p e r im e n te r  and s a id ,  

"May I  have  a n o th e r  tu rn ? "  From t h i s  p o i n t  on he  lo o k ed  th e  s i t u a t i o n  

o v e r  b e fo r e  c h o o s in g . I n  t h e  t e n t h  t r i a l  he h e ld  t h e  b a l l  o v e r  th e  

s te p  4 .5  f o r  t h r e e  s e c o n d s , o b s e rv in g  th e  o th e r s  c lo s e l y  b e f o r e  choos­

i n g .  By t h e  s i x t e e n t h  t r i a l  a l l  e r r o r s  w ere  e l im in a te d  e x c e p t  one on 

th e  second  t r i a l  o f  th e  f i r s t  c r u c i a l  t e s t .  The r e c o r d s  o f  t h e s e  t e s t s  

show t h a t  t h e r e  was d e l i b e r a t i o n  b e f o r e  a  c h o ic e  w as m ade.

When th e  e x p e r im e n te r  a sk ed  him  how he fo u n d  o u t  w h ic h  one th e  

d o o r  w as i n  e v e ry  t im e ,  he s a i d ,  " I t  i s  a lw ays th e  one b e tw e en  th e
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l i t t l e  one and t h e  b ig  o n e . T h is  one i s  th e  l e a s t  ( p o in t in g  to  s te p  

o f  0 . 5 ) ;  t h i s  one i s  th e  b ig g e s t  ( p o in t in g  t o  s te p  4 . 5 ) ;  and i t  i s  

a lw a y s  i n  t h i s  o n e , t h e  one b e tw e e n ."  He n e v e r  co u ld  g e t  th e  word 

m id d le - s i z e d .  T h is  i s  n o t ,  h o w ev er, t o  d i s c r e d i t  h i s  s o l u t i o n ,  f o r  he  

made a  good r e c o r d .

D .F . ,  G i r l ,  F i r s t  g r a d e ,  a t  f i r s t  seemed f r i g h t e n e d .  She d id  

n o t  s a y  a  w ord t o  th e  e x p e r im e n te r  f o r  some m in u te s .  F i n a l l y  she 

b u r s t  i n t o  a c h a t t e r  a b o u t  a  game w h ic h  she p la y e d  w i th  h e r  f a t h e r

and b r o th e r  a t  home i n  w h ich  she  had t o  h id e  h e r  e y e s .  She Yras e l a t e d

when sh e  g o t  th e  c o r r e c t  one and o f te n  a s k e d , "How m any have I  won?"

7/hen a s k e d  w h a t sh e  was go ing  t o  name t h e  one w h ich  h ad  th e  open d o o r ,

sne s a i d ,  "W hat w i l l  I  name i t ?  " tu r n e d  away fro m  th e  e x p e r im e n ta l  

t a b l e  and  th e n  came b ack  and s a i d ,  " I  know; i t  i s  th e  m id d le - s iz e d  o n e ."  

When t h e  e x p e r im e n te r  a sk ed  h e r  w hat sh e  m ean t b y  t h i s ,  she  p u t  one 

f i n g e r  on  th e  s te p  o f  0 .5  and s a i d ,  " T h is  i s  th e  l i t t l e  o n e ;"  th e n  on 

4 .5  and  s a i d ,  " T h is  i s  th e  b ig  o n e ; and t h i s  i s  th e  m id d le - s iz e d  one" 

( p o in t in g  t o  2 . 5 ) .  D .F . re sp o n d e d  q u ic k ly ,  w h ic h  may a c c o u n t  f o r  h e r  

e r r o r s .

D .S . ,  G i r l ,  Second g r a d e .  D .S . was an  e n t h u s i a s t i c  c h i l d .  She 

p la y e d  th e  game a s  i f  i t  'were a f f o r d in g  h e r  th e  g r e a t e s t  j o y .  She 

o b s e rv e d  c l o s e l y  on th e  i n i t i a l  t r i a l  w h ic h  r e q u i r e d  tw e n ty - f iv e  seco n d s 

to  make th e  r e s p o n s e .  On th e  s i x t h  t r i a l  she made two e r r o r s  and r e ­

q u i r e d  tw e n ty  seco n d s  to  make th e  r e s p o n s e .  A t t h i s  p o i n t  she d i s ­

c o v e re d  th e  m id d le - s iz e d  o n e . When th e  e x p e r im e n te r  a sk ed  h e r  how she 

knew w h ich  one h ad  th e  open  d o o r ,  sh e  s a i d ,  ( h a n d l in g  th e  s te p s  w i th  

i n t e r e s t )  "O h, I  knew a  lo n g  tim e  ago t h a t  i t  was th e  m id d le - s iz e d  o n e ."
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Than th e  e x p e r im e n te r  a sk ed  w h a t she m ean t by  t h e  m id d le - s iz e d  o n e , 

and sh e  s a i d ,  "X mean th e  one betw een  t h e  b ig  one and  th e  l i t t l e  o n e ."

R .S . ,  Boy, T h ird  G rade . He was a  q u i e t ,  sh y  c h i l d ,  b u t  a n x io u s  

t o  g e t  th e  c o r r e c t  s o lu t i o n .  He o b se rv e d  b u t  d id  n o t  g e t  an y  cu es  t o  

th e  s o l u t i o n .  He had  th e  h i g h e s t  e r r o r  r e c o r d  i n  t h e  g roup  and n e v e r  

e n t i r e l y  e l im in a te d  them  u n t i l  th e  l a s u  w o  t e s t  s e r i e s .  He was 

n e rv o u s  and o f te n  c o n fu se d  i n  e ach  t r i a l .  V ery  o f t e n  h e  w h is p e re d  some­

th in g  t o  h im s e l f .  When he g o t  e le v e n  c o r r e c t  r e s p o n s e s ,  th e  e x p e r im e n te r  

a sk ed  him  how he  fo u n d  o u t  w h ich  one h a d  th e  open  d o o r .  He seemed 

d e v o id  o f  a n y  id e a s  o f  r e l a t i o n s h i p .  He p o in te d  t o  th e  m id d le - s iz e d  

one and s a i d ,  " I t  i s  a lw ays t h i s  o n e ."  The e x p e r im e n te r  a s k e d , "W hat 

c o u ld  you c a l l  i t ? "  H is r e p l y  w a s ,  " I  d o n ’t  know ." Any o th e r  q u e s t io n  

w h ich  th e  e x p e r im e n te r  a sk ed  b ro u g h t t h e  same r e p l y .  On th e  c r u c i a l  

t e s t ,  S e r ie s  D ( s t e p s  b la c k )  he s a i d ,  " W e ll, you  h av e  d i f f e r e n t  s t e p s  

now."

4 .  D is c u s s io n  and I n t e r p r e t a t i o n

I n  th e  above t a b l e s  and g ra p h s  i t  i s  i n t e r e s t i n g  to  n o te  t h a t  

th e  d i f f e r e n c e  i n  p e rfo rm an ce  i n  t h e  two g ro u p s  i s  n o t  o u t s t a n d in g ,  b u t  

e x i s t s .  When th e  e r r o r  t a b l e  and e r r o r  c u rv e  w e re  s tu d i e d ,  we n o t ic e d  

t h a t  G roup I  had  some ad v a n ta g e  o v e r  Group I I .  By th e  second  d a y ’ s w ork 

o r  second  w a i v e  t r i a l s ,  t h e  d i f f e r e n c e  i s  s t i l l  m ore m ark ed . H ow ever, 

i t  sh o u ld  be n o t ic e d  t h a t  e a ch  c h i ld  i n  e ach  g ro u p  w en t th ro u g h  a  f in d in g  

o u t ,  o r  e x p lo r a to r y  p e r io d .  T h is  e x p lo r a to r y  p e r io d  was c a u t io u s  i n  

some and q u ic k  and random  i n  o t h e r s .  D .F . was a  good exam ple o f many 

q u ic k ,  random  movements a t  f i r s t .  P o s s ib ly  t h i s  ty p e  o f  movement may 

be l a b e l e d  t r i a l  and e r r o r  i n  i t s  m o st r i g i d  s e n s e .
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R .S .  i s  a  good exam ple o f  l e a r n in g  -where m em o ris in g  a  d e t a i l  

r e s u l t e d  i n  l e a r n in g  i t .  He gave no e v id e n c e  o f  s e e in g  r e l a t i o n s h i p s .

I t  i s  p o s s i b l e ,  how ever, t h a t  th e r e  w as some d e g re e  o f  i n s i g h t ,  a l ­

th o u g h  h i s  b e h a v io r  and v e r b a l  r e s p o n s e s  do n o t  v e r i f y  t h i s .  I t  c o u ld  

hav e  been  p r e s e n t  i n  p a r t ,  h o w ev er.

K .G . i s  a good exam ple o f  c a u t io u s n e s s  i n  h i s  e x p lo r a to r y  move­

m e n t . I t  w as th e  n a t u r a l  t h in g  t o  t r y  o th e r  tu n n e lw a y s ;  h o w ev er, t h i s  

w as a lw ay s done w i th  c a r e .

The c a r e f u l  e x p lo r e r s  i n d i c a t e  m ore r a p id  l e a r n in g  th a n  th o s e  

who re sp o n d e d  q u i c k l y .  T h is  e f f o r t  to  g e t  a c q u a in te d  w i t h  t h e  t o t a l  

s i t u a t i o n  i s  a p p l i c a b l e  t o  a l l  and s i g n i f i c a n t  i n  t h a t  i t  th ro w s  l i g h t  

on th e  f u t u r e  b e h a v io r .  The tim e  c u rv e  and c o m p o site  t im e  t a b l e  show 

t h a t  Group I  r e q u i r e d  somewhat more tim e  p e r  t r i a l  th a n  G roup I I .  T h is  

w as b e c a u se  Group I  w as g e t t i n g  a c q u a in te d  w ith  t h e  t o t a l  p ro b le m . I t  

r e q u i r e d  m ore c a u t io n  to  re s p o n d  t o  m id d le - s iz e n e s s  c h a n g in g  i n  p o s i t i o n  

and s i z e  t h a n  to  re sp o n d  t o  i t  ch a n g in g  i n  p o s i t i o n  o n ly .  Group I  

g a in s ,  h o w ev er, on Group I I  i n  t h e  t o t a l  t im e  t h a t  i t  to o k  t o  co m p le te  

t h e  p ro b le m . T h is  i s  o n ly  s u g g e s t iv e  and w ould no d o u b t v a r y  w ith  

o th e r  g ro u p s .

The c u rv e  o f  e r r o r s  f o r  e ach  tw e lv e  t r i a l s  shows th e  p r o g re s s  

o f  l e a r n in g  f o r  each  s u b j e c t .  F o r th e  s i x  s u b je c t s  th e  c u rv e  shows 

g r a d u a l  d e s c e n t  f o r  a  s h o r t  p e r io d  and th e n  a  f a l l  t o  t h e  z e ro  p o i n t .  

T h is  g r a d u a l  f a l l  (S ee  T ab le  .XXVT, A ppendix) i n  t h e  l e a r n in g  c u rv e  

r e p r e s e n t s  th e  p e r io d  o f  t r i a l  and e r r o r  l e a r n i n g .  The su d d en  f a l l  i n  

th e  c u rv e  t o  th e  z e ro  p o in t  r e p r e s e n t s  t h e  p o in t  a t  w h ich  th e  s u b je c t  

d is c o v e r e d  a  m e a n in g fu l d e t a i l  i n  th e  t o t a l  p a t t e r n .  I t  w as n o t ,
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h o w e v e r, a p a r t  fro m  th e  p e r io d  t h a t  p re c e d e d  i t ,  b u t  a  p ro d u c t  o f  t h a t  

p e r io d  and m ig h t be c o n s id e re d  e v id e n c e  o f  i n s i g h t .

The c u rv e s  o f  D .F . and R .S . a r e  v e r y  much a l i k e  b u t  v e r y  d i f f e r ­

e n t  fro m  th e  o t h e r s .  I t  i s  f u r t h e r  i n t e r e s t i n g  to  n o te  t h a t  R .S . vrns 

l e a r n in g  by M ethod I  and D .F . w as l e a r n in g  b y  M ethod I I .  Though R .S . 

h a s  a  s h o r t e r  l e a r n in g  c u rv e ,  p ro b a b ly  b y  s h e e r  c h a n c e , he  le a r n e d  much 

l e s s  th a n  D.F* He w as t h e  o n ly  c h i ld  o f  t h i s  g roup  t h a t  f a i l e d  t o  fo rm  

th e  c o n c e p t c a l l e d  f o r  i n  t h e  l e a r n in g  s i t u a t i o n .  D .F . le a r n e d  th e  

c o n c e p t  b y  t h e  tw e n t i e th  t r i a l .  B u t when t r a n s f e r r e d  to  S e r ie s  B, con­

f u s i o n  a r o s e .  T h is  vras p r o b a b ly  a  r e s u l t  o f  c a r e l e s s  o r  in a d e q u a te  

o b s e r v a t io n .  T h is  c u rv e  shows many t r i a l  and e r r o r  m ovem ents and p a r t i a l  

i n s i g h t .

The e r r o r s  made on each  tu n n e lw a y  (S ee  T ab le  XIV, p .  76) show 

no p a r t i c u l a r  p r e f e r e n c e  f o r  a n y  one tu n n e lw a y  b y  an y  s u b j e c t .  I t  

show s, h o w ev er, t h a t  some a d v a n ta g e s  o v e r  M ethod I I  a r e  h ad  by  M ethod I .  

T h e re  w as a  g r e a t e r  chance  f o r  c o n fu s io n  t o  o c c u r  in  M ethod I  b e c a u se  

t h e  s u b je c t s  w ere  re s p o n d in g  to  2 .5  a s  m id d le - s iz e n e s s  i n  one s i t u a t i o n  

and  t o  4 .5  i n  a n o th e r ,  w i th  e a c h  a p p e a r in g  i n  th e  o th e r  a s  a  c lo s e d  

tu n n e lw a y . But w h a t a c t u a l l y  happened  w as t h a t  few e r e r r o r s  o c c u r r e d . 

T h a t th e  s u b je c t s  i n  Group I  saw th e  ch an g in g  p r o p o r t io n s  i n  t o t o  i s  a 

p o s s ib l e  e x p la n a t io n  o f  t h i s  d i f f e r e n c e .  I t  f u r t h e r  s u g g e s ts  x h a t  a  

s i t u a t i o n  w h ich  demands th e  r a p id  and c o n tin u o u s  r e a d ju s tm e n t  o r  r e c o n ­

s t r u c t i o n  o f  o n e 's  b e h a v io r  m ig h t be a  p o t e n t  f a c t o r  i n  p ro d u c in g  th e  

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

The d e s c r i p t i v e  a n a ly s i s  m e n tio n e d  e lse w h e re  shows t h a t  e v e ry  

c h i l d  b u t  D.F« was a  c a r e f u l  o b s e rv e r  o f  th e  s i t u a t i o n  from  th e  f i r s t
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o r  se c o n d  t r i a l #  H o f t e n  h e ld  th e  b a l l  o v e r  one s te p  u n t i l  he  co u ld  

s tu d y  t h e  o th e r  two# H is e x p la n a t io n  shows c l e a r l y  t h a t  i n  l e a r n in g  

h e  w as re s p o n d in g  t o  th e  t o t a l  p a t t e r n  o r  c o n f ig u r a t io n #  D .S . i s  

a n o th e r  s t r i k i n g  exam ple o f  t h i s  e x a c t  co m p a riso n  b e f o r e  a b s t r a c t i n g  

th e  m id d le - s iz e d  one fro m  th e  w hole# K«G. and E .T . a r e  s t r i k i n g  

exam ples  o f  p u r p o s e f u l  e r r o r s ;  t h a t  i s ,  t h e y  w ere  p o s i t i v e l y  r e a c t i n g  

t o  a l l  t h e  tu n n e lw a y s#  E ach was e q u a l  i n  pow er i n  e l i c i t i n g  r e s p o n s e s ,  

b u t  a f t e r  th e  e x p lo r a to r y  o r  f in d in g  o u t  p e r i o d ,  t h e s e  w ere  r e s o lv e d  

i n  f a v o r  o f  t h e  m id d le - s iz e d  o n e . T h is  f u r t h e r  s u g g e s ts  t h a t  e r r o r s  

may be  s t r i k i n g  e v id e n c e  o f  i n s i g h t  i n  l e a r n i n g .  M ore w i l l  be s a id  

a b o u t  t h i s  when th e  o th e r  g ro u p s  a r e  d i s c u s s e d .

T hese i n t r o s p e c t i v e  r e p o r t s  f u r t h e r  show t h a t  t h e  c h i ld  w as r e ­

sp o n d in g  t o  m id d le - s iz e n e s s  o f  l e n g th  o f  a p p ro a c h  to  th e  tu n n e lw a y , 

and t o  t h a t  i n  r e l a t i o n  t o  th e  o th e r  s i z e s .  B a r r in g  R .S . who was un­

a b le  t o  g iv e  an y  i n t r o s p e c t i v e  e x p la n a t io n ,  th e  a b i l i t y  t o  fo rm  an  

a b s t r a c t  c o n c e p t seems t o  be  a b o u t e q u a l f o r  t h e s e  c h i l d r e n .  The 

d i f f e r e n c e  i s  i n  th e  tim e  t h a t  i t  r e q u i r e d  to  fo rm  th e  c o n c e p t .  T h is  

i s  e v id e n t  and s i g n i f i c a n t .  S in c e  a l l  c h i ld r e n  i n  t h i s  g roup  w ere  

o f  one h u n d red  I . Q . ,  t h i s  d i f f e r e n c e  i n  t im e  w h ich  i t  to o k  t o  l e a r n  

i s  p r o b a b ly  a  r e s u l t  o f  e x p e r ie n c e s  and p e r s o n a l i t y  d i f f e r e n c e s .

5« Summary

1 .  S e le c te d  c h i l d r e n  o f  t h e  f i r s t ,  s e c o n d , and  t h i r d  g ra d e s  

fo rm ed  th e  a b s t r a c t i o n  m id d le - s iz e n e s s  fro m  a  l e a r n in g  s i t u a t i o n  w hich  

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

2 .  B oth  t r i a l  and  e r r o r  and i n s i g h t  w ere  p r e s e n t  i n  th e  l e a r n ­

in g  s i t u a t i o n .
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3« These t r i a l  and e r r o r  m ovem ents w ere  e x h ib i te d  a s  random  

and  e x p lo r a to r y  movements*

4 .  I n s i g h t  may b e  oom plete  o r  p a r t i a l ;  i t  may b e  g r a d u a l  a t  

f i r s t  b u t  com ple te  i n  th e  e n d .

5» Some e r r o r s  a r e  p u r p o s e f u l  and may i n  th e m s e lv e s  be  e v id e n c e  

o f  i n s i g h t .

6 . The c h i ld r e n  a c q u ir e d  th e  c o n c e p t w h ic h  th e  s i t u a t i o n  de­

m anded.

D . A F u r th e r  S tu d y  o f  C o ncep t 
F o rm a tio n  i n  C h i ld re n

1 .  I n t r o d u c t i o n

In  o r d e r  to  b u i ld  up a n o th e r  s i t u a t i o n  i n  w h ic h  m id d le - s iz e n e s s  

was c o n t r o l l e d  b u t  a p p e a re d  i n  a  d i f f e r e n t  c o n c re te  r e l a t i o n s h i p ,  fo u r  

r i g h t  c i r c u l a r  c y l in d e r s  whose d ia m e te r  and a l t i t u d e  had  th e  r e l a t i o n ­

s h ip  w h ic h  ap p eared  i n  th e  s e t  o f  th r e e  num bers fo rm in g  th e  b a s e s  f o r  

th e  c o n s t r u c t io n  o f th e  p a n e ls  i n  th e  f i r s t  e x p e r im e n t w ere  c o n s tru c te d *  

T h a t i s  to  s a y ,  a  c o n s ta n t  d i f f e r e n c e  was m a in ta in e d  be tw een  th e  

d ia m e te r s  o f th e  f i r s t  c y l in d e r  and  t h a t  o f  th e  second  and betw een  th e  

seco n d  and t h a t  o f t h e  t h i r d ,  and  l ik e w is e  f o r  a l t i t u d e .

A t e s t  s e r i e s  c o n s t r u c te d  on th e s e  same p r i n c i p l e s  c o n s is t e d  

o f  t h r e e  r i g h t  e q u i l a t e r a l  t r i a n g u l a r  p y ram id s  and t h r e e  r i g h t  r e c ­

t a n g u la r  p a r a l le lo p ip e d s *

2.  G e n e ra l P ro c e d u re

A p p a ra tu s .  — The a p p a ra tu s  c o n s i s t e d  o f  th e  above s o l i d s  and 

a  sm a ll t a b l e  and two c h a ir s *  The s o l i d s  w ere  c o n s t r u c te d  o f  heav y
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c o n s t r u c t i o n  p a p e r  i n  th e  p r o p o r t io n s  g iv e n  b e lo w . F o u r  c i r c u l a r  

c y l i n d e r s  w hose h e ig h t s  w ere  2 7 /8  i n c h e s ,  3 2 /8  i n c h e s ,  3 5 /8  in c h e s  

and 4  in o h e s ,  r e s p e c t i v e l y ,  w ere  u s e d  a s  t h e  l e a r n in g  s e r i e s .  2 7/ 8 , 

3 2 / 8 ,  and 3 5 /8  made S e r i e s  A; 3 2/ 8 ,  3 5 / 8 ,  and 4  made S e r ie s  B*

F o r t h e  t e s t  s e r i e s  th e  p r o p o r t io n a l  h e ig h t s  o f  th e  p a r a l l e l ­

e p ip e d s  w e re  2 i n c h e s ,  2 l / 2  i n c h e s ,  and 3 i n c h e s ,  r e s p e c t i v e l y .  The 

r i g h t  e q u i l a t e r a l  py ram id s w ere  2 1 /4  i n c h e s ,  2 l / 2  i n c h e s ,  and 2 3 /4  

i n c h e s ,  r e s p e c t i v e l y .

F o r c o n v e n ie n c e  i n  k e e p in g  r e c o r d s  and  t a b u l a t i n g  th e  d a t a ,  

e a c h  s o l i d  w as a s s ig n e d  a  n u m e r ic a l  v a lu e .  Thus i n  t h e  l e a r n in g  

s e r i e s ,  th e  s o l i d s  w ere  num bered f ro m  th e  s m a l l e s t  t o  th e  l a r g e s t  i n  

th e  f o l lo w in g  o r d e r :  1 , 3 ,  5 ,a n d  7* S e r ie s  A w as made up  o f  s o l i d s  

1 ,  3 ,  and  5 .  S e r i e s  B w as made up o f  3 ,  5 ,  and 7* T h is  made i t  

p o s s ib l e  f o r  3 and 5 to  a l t e r n a t e  i n  t h e i r  r e s p e c t i v e  f u n o t io n s  i n  

th e  two s e r i e s .

F o r th e  t e s t  s e r i e s  t h e  p a r a l l e l o p ip e d s  w e re  a s s ig n e d  th e  

num bers 2 ,  4 ,  and  6 ,  and t h e  r i g h t  e q u i l a t e r a l  p y ram id s  w ere  a s s ig n e d  

th e  num bers 8 ,  1 0 , and 1 2 , t h e  m id d le  number b e in g  th e  m id d le - s iz e d  

one i n  each  g ro u p .

The p a t t e r n s  a s  t h e y  w ere  p r e s e n te d  i n  e a c h  t r i a l  a r e  g iv e n  

i n  th e  fo l lo w in g  ta b le *

11i)
!I
i
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I
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TABLE XV

LEAEKIHG PATTERNS AS THEY WERE PRESENTED IN EACH TRIAL

M ethod I

3 , 1* 5
3 , 5 , 7
5 , 3 , 1
7, 3 , 5
1 . 5 , 3
5 , 7» 3
5 , 1* 3
71 5 , 3
1 . 3 , 5
5 , 3* 7
3 , 5 , 1
3 , 7 , 5

M ethod I I

3 ,  1 ,  5 
3* 3 ,  1 
1 ,  5 ,  3 
3 ,  1 ,  5 
5 ,  3 ,  1 
1 ,  5 ,  3 
3 ,  1 ,  5 
5 ,  3 ,  1 
1 ,  5 ,  3 
3* 1 ,  5 
5* 3 ,  I  
1 ,  5 ,  3

T e s t  P a t t e r n s  a s  P re s e n te d  i n  Each T r i a l  
P a r a l l e l o p ip e d s  P yram ids

2 ,  4 ,  6 8 ,  1 0 ,  12
6 ,  2 ,  4 1 2 , 8 ,  10
4 ,  6 ,  2 1 0 , 1 2 , 8
6 ,  4 ,  2 1 2 , 1 0 , 8
4 ,  2 ,  6 1 0 , 8 ,  12
2 ,  6 ,  4 8 , 1 2 , 10

S u b j e c t s * — The s u b je c t s  f o r  t h i s  e x p e r im e n t w ere  f o u r te e n  

u n s e le c te d  c h i ld r e n  f ro m  th e  f i r s t ,  s e c o n d , and t h i r d  g ra d e s  o f t h e  

T w en ty -T h ird  D i s t r i c t  S ch o o l o f  th e  C i ty  o f  C in c in n a t i*  The c h i l d r e n  

w ere  o f  100 I . Q . ,  o r  a p p ro x im a te ly  s o ,  a s  m easu red  b y  th e  P i n tn e r -  

Cunningham  T e s t .  T here  w ere  th r e e  o f  t h e  g ro u p , how ever, w hose

I .Q .  l a y  be tw een  ISO t o  1 3 0 . C om parisons o f  t h e s e  v a r i a t i o n s  w i l l  

b e  m e n tio n e d  i n  th e  s u b s e q u e n t d i s c u s s io n s .

P r o c e d u r e « — The same te c h n iq u e  a s  t o  a rra n g e m e n t o f  t r i a l s
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and  g ro u p in g  o f  s u b je c t s  m s  u se d  i n  t h i s  e x p e r im e n t a s  w as u sed  

w i th  th e  f i r s t  e x p e r im e n t .  T h a t i s ,  t h e  f o u r t e e n  c h i ld r e n  w ere  

d iv id e d  i n t o  two g ro u p s  d e s ig n a te d  a s  Group I  and  Group I I .  Group I  

l e a r n e d  b y  M ethod I j  Group I I  le a r n e d  b y  M ethod I I .  Twelve t r i a l s  

w e re  c o n s id e r e d  a  d ay*s w o rk .

C r i t e r i o n  o f  L e a rn in g .  —  The c r i t e r i o n  o f  l e a r n in g  was 

e le v e n  c o r r e c t  r e s p o n s e s  i n  tw e lv e  f o r  th e  l e a r n in g  s e r i e s ,  and f i v e  

c o r r e c t  r e s p o n s e s  i n  s ix  f o r  t h e  two t e s t  s e r i e s .

E r r o r s .  —  An e r r o r  w as made when th e  c h i ld  p ic k e d  up  th e  

w rong s o l i d  i n  t h e  l e a r n in g  o r  t e s t  s e r i e s .

C onduct o f  E x p e r im e n t.  — The e x p e r im e n t w as co n d u c ted  i n  one 

o f  t h e  room s i n  t h e  sc h o o l m en tio n e d  a b o v e . The c h i ld  w as t o l d  t h a t  

h e  w as t o  go t o  t h i s  room  t o  p l a y  a  gam e. On e n te r in g  th e  room th e  

e x p e r im e n te r  and  t h e  c h i ld  w ere  s e a te d  on o p p o s i te  s id e s  o f  a sm a ll 

t a b l e .  The c h i l d  w as a s k e d  t o  t u r n  h i s  h ead  and h id e  h i s  e y e s  w h i le  

t h e  e x p e r im e n te r  p r e p a r e d  th e  gam e. When " re a d y "  was an n o u n ced , t h e  

c h i l d  tu r n e d  a ro u n d  and  t h e  e x p e r im e n te r  gave  t h e  fo llo w in g  d i r e c t i o n s .  

" T h is  game i s  c a l l e d  f in d in g  th e  p e n n y . Under one o f  t h e s e  c y l in d e r s  

a  pen n y  i s  h id d e n .  You may lo o k  u n d e r  each  one u n t i l  you f in d  i t .

The game i s  t o  f i n d  t h e  p en n y  e le v e n  t im e s  one r i g h t  a f t e r  th e  o t h e r .  

W atch  c a r e f u l l y  and se e  how q u ic k ly  you  can  w in .  B e g in ."  A t t h i s  

p o i n t  th e  c h i l d  b e g an  t h e  s e a rc h  f o r  th e  p en n y ; and  when h e  found  i t ,  

he  w as a sk ed  to  h id e  h i s  e y e s  a g a in  w h i le  th e  e x p e r im e n te r  h id  i t  f o r  

a n o th e r  t r i a l .

S . R e s u l t s

D is c u s s io n  and I n t e r p r e t a t i o n .  » The r e s u l t s  o f  t h i s  e x p e r i -
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m ent a r e  g iv e n  c o n s id e r a t io n  u n d e r  th e  same h e a d in g s  a s  th e  r e s u l t s  

o f  th e  f o re g o in g  e x p e r im e n t , n am e ly , number o f  t r i a l s ,  tim e  p e r  t r i a l ,  

th e  num ber o f  e r r o r s  p e r  t r i a l  b y  c h o ic e  o f  s o l i d s ,  and l a s t l y ,  

d e s c r i p t i v e  a n a ly s i s  and i n t r o s p e c t i v e  r e s p o n s e s .

TABLE XVI

TOTAL NUMBER OF TRIALS EACH SUBJECT REQUIRED TO LEARN THE PROBLEM

S u b je c t

T r i a l s

Group I  M ethod I

E «S .

60

M .L .

60

B .H i.

36

D .B .

36

R .G .

108

E .S h .

84

F .S .

84

Mean

67

Group I I  M ethod I I

S u b je c t E .G . N .O . F.C . L .S . B .H . E .B . P .F . Mean

T r i a l s 84 108 84 36 60 60 108 77

The t o t a l  number o f  t r i a l s  t h a t  w as n e c e s s a ry  f o r  e a c h  s u b je c t  

t o  co m p le te  th e  p rob lem  i s  s e t  f o r t h  i n  t h e  above t a b l e  (S ee  T ab le  

X V I). Com paring th e  a c tu a l  num ber o f  t r i a l s  and th e  mean num ber o f  

t r i a l s ,  we se e  -th a t M ethod I  h a s  some a d v a n ta g e  o v e r  M ethod I I  i n  

number o f  t r i a l s .  T h is  i s  n o t  p ro n o u n ce d .

Some a d v a n ta g e  .o f  M ethod I  o v e r  M ethod I I  a s  le a r n e d  b y  t h i s  

g ro u p  o f  c h i ld r e n  i s  i n  s e e in g  r e l a t i o n s h i p s  i n  a  ch an g in g  p r o p o r t i o n .

Some o f  t h e s e  c h i ld r e n  who re a c h e d  th e  c r i t e r i o n  on M ethod I I ,  w i th  m id d le -  

s i z e  ch an g in g  i n  p o s i t i o n  o n ly ,  b ro k e  down when t r a n s f e r r e d  t o  th e  chang­

in g  p r o p o r t io n .  The o b je c t iv e  d a ta  show th e  r e s u l t s  b e fo r e  and a f t e r  th e  

t r a n s f e r  (S ee  T ab les  X V III , XIX, p p . 92 and 9 5 , and X H X , A p p e n d ix ) . I t
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w i l l  b e  f u r t h e r  n o t ic e d  fro m  th e  t a b l e s  t h a t  t h e  t h r e e  s u p e r io r  

c h i ld r e n  h av e  th e  same num ber o f  t r i a l s  i n  e a c h  m ethod* T h is  s u g g e s ts  

t h a t  m ethod m ay n o t  b e  s o  e s s e n t i a l  f o r  s u p e r io r  c h i ld r e n  i n  s o lv in g  

t h i s  p a r t i c u l a r  p rob lem * I n  f a c t ,  f o r  L » S . t h e r e  w as p r a c t i c a l l y  no 

p ro b le m , w h ic h  m eans t h a t  t h e r e  was l i t t l e  l e a r n in g  t h a t  to o k  p l a c e .

F or t h e  e le v e n  c h i l d r e n  o f  100 I .Q * ,  o r  a p p ro x im a te ly  t h a t ,  t h e  

p ro b lem  i s  m ore d i f f i c u l t *  B u t even  s o , t h e r e  a r e  s t i l l  i n d iv i d u a l  

d i f f e r e n c e s  p r e s e n t  w h ic h  w ould  f u r t h e r  i n d i c a t e  t h a t  t h e  p ro b lem  by  

e i t h e r  m ethod w as n o t  o f  e q u a l  d i f f i c u l t y  f o r  c h i l d r e n  o f  a p p ro x im a te ly  

th e  same m e n ta l  ag e  l e v e l .  The p r o g r e s s  i n  l e a r n in g  i s  shown i n  th e  

tim e  t a b l e  (S ee  T a b le  X V II, p* 89 ) •  T here  i s  m arked ag reem en t be tw een  

th e  i n i t i a l  t r i a l  and  th e  mean f o r  e a c h  i n d iv i d u a l  o f  t h e s e  two g ro u p s*  

T h a t i s ,  t h e  i n i t i e d ,  t r i a l  t e n d s  to  ra n g e  betw een  t h r e e  and f i v e  

se c o n d s . T h is  a g re e s  s t r i k i n g l y  w i th  th e  a v e ra g e  tim e  f o r  e a ch  t r i a l  

f o r  e a c h  day* s w o rk . T h is  f u r t h e r  p o in t s  to  -the f a c t  t h a t  t h e  r e s p o n s e  

was q u ic k  and  random  i n  th e  b e g in n in g  f o r  some s u b j e c t s .

The a s c e n t  i n  t im e  (S ee  T a b le  X X V III, A ppend ix ) i n d i c a t e s  th e  

t r i a l s  i n  w h ic h  th e  s u b j e c t  was t a k in g  tim e  to  o b s e rv e  b e fo re  m aking 

a  c h o ic e *

B*Hi. b e g a n  t h i s  c a r e f u l  o b s e r v a t io n  i n  t h e  f i f t h  t r i a l .  A l l  

e r r o r s  w ere  e l im in a te d  by  th e  t w e l f t h  t r i a l .  The r e q u i r e d  c r i t e r i o n  

was r e a d ie d  i n  th e  n e x t  tw e lv e  t r i a l s *

A s t r i k i n g  exam ple o f  c a r e f u l  o b s e r v a t io n  i n  t h e  b e g in n in g  t r i a l  

was D.B* She r e q u i r e d  f o r t y  se co n d s  f o r  h e r  i n i t i a l  re s p o n s e  and 

e le v e n  se co n d s  a s  th e  mean tim e  f o r  t h e  re m a in d e r  o f  t h i s  d a y ’ s p e r ­

fo rm a n c e . I n  o th e r  w o rd s ,  t h e r e  w as a  c a r e f u l  s tu d y  o f  th e  s i t u a t i o n
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TABLE X V II

MEAN NUMBER OF SEC01®S FOR EACH TWELVE TRIALS

£■p
H

1

Method. I M ethod I I

E .S h . M .L . D .B . R .G . E *S « F .S . B.HL. N.O. E . 0 . F .C . B .H . P .F . B»B. L»S«

] • 6 5 11 5 5 4 6 4 4 4 3 4 4 3

2 , 4 4 4 4 6 5 4 4 5 4 3 4 3 3

3 . 5 4 4  4 4 4 4 A 3 4 4 5 3 3

4 . 9 4 5 6 4 6 4 4 3 4 5 4 5 4

f># 6 6 5 5 4 5 3 / 4 8 7 4

6 . 4 4 8 5 5 4 4 4 4 3 5

7 . 4 10 5 5 4 A A 4 5

a. 6 5 5 4 4 5 A
9 . 4 ^ 4 4

1 0 . 5 4

B eg in n in g  o f  c r u c i a l  t e s t

CO
t o



90

i

:  i :
________ %  -  -

ia

! A  
1 !  /  \

i G ra p h .V III  
I E r r o r  Curve

l»urab©i'.- o f  -!Error3--PQr -I>!v a lv e  ;T rx a ls
! | Mdthod I

Mtoibers on  j, b a se  l i n e  
l | i n d i c a t e  ih tw e l f th s !  o r

. . P "  “
T r a n s f e r ! t o S e r ie s  Bl

e . s k : iv  I  •  Li • ; e . s

M etnod I I

Jj a S ft

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



91

i n  t h e  b e g in n in g  b e fo r e  a  re s p o n s e  w as made* T h is  s u d d e n ly  f a l l s  t o  

f o u r  se c o n d s  on th e  second  tw e lv e  t r i a l s  and re m a in s  a t  t h i s  p o i n t  f o r  

t h e  re m a in d e r  o f  th e  l e a r n in g  p e r i o d .

I n  some c a s e s  th e  c r u c i a l  t e s t  p ro d u ce d  a  s l i g h t  a s c e n t  in . t im e .  

T h is  i n d i c a t e s  t h a t  th e r e  was a  f u r t h e r  c h a l le n g e  i n  th e s e  t e s t s ,  and 

t h a t  th e  s i t u a t i o n  demanded o b s e r v a t io n .  I n  no c a s e  d id  a  s in g l e  c h i l d  

r e a c t  t o  t h e  t e s t  s i t u a t i o n  b e fo r e  o b s e rv in g  i t .  Some o b s e rv e d  m ore 

q u ic k ly  th a n  o t h e r s ,  b u t  i n  a l l  c a s e s  i t  was c a r e f u l .  I n  o th e r  w o rd s , 

a c t i o n  was s lo w e r  when t h e  p a t t e r n  o r  c o n f ig u r a t io n  was new i n  fo rm  

even  th o u g h  i t  w as th e  same i n  p r i n c i p l e .

D i r e c t in g  o u r a t t e n t i o n  t o  th e  e r r o r  r e c o r d s ,  we n o t i c e  t h a t  

th e  e r r o r  c u rv e  h as  many s h a rp  a s c e n ts  and d e s c e n ts  i n  th e  b e g in n in g  

(S ee  G raph V I I I ,  p .  9 0 ) .  T h is  i n d i c a t e s  t h a t  one s o l i d  o p e r a te s  a s  

a  g o a l  w i th  t h e  same s t r e n g th  a s  e v e ry  o th e r  o n e • The t a b l e  o f  e r r o r s  

s u b s t a n t i a t e s  t h i s  s ta te m e n t  (S ee  T a b le  X V III , p .  9 2 ) .  The sh a rp  

a s c e n t s  and  d e s c e n ts  p re c e d in g  a  su d d en  f a l l ,  a s  i n  E .S h . ,  M .L ., N .O ., 

and E .G . ,  show t h a t  c o n fu s io n  had a r i s e n  b e tw een  t h e  re se m b la n c e  o f  3 

and  5 w h ich  o c c u r re d  a s  t h e  m id d le - s iz e d  s o l i d .  S u d d en ly  i t s  r e l a t i o n ­

s h ip  w as s e e n  i n  t h e  p a t t e r n .  When t h i s  o c c u rre d  th e r e  w as a  sudden  

f a l l  t o  t h e  z e ro  p o i n t .  T h is  f u r t h e r  i n d i c a t e s  c o m p le te  i n s i g h t  i n t o  

th e  s o l u t i o n  o f  th e  p ro b le m . O b s e rv a t io n  o f  th e  g ra p h  f u r t h e r  shows 

t h a t  t h i s  h ap p en s  e a r l y  and c o m p le te ly  f o r  some and  l a t e r  an d  p a r t i a l l y  

f o r  o t h e r s .  R .G ., M .L ., and E .S h . sire exam ples o f  c o n tin u e d  c o n fu s io n  

b e tw e en  3 and 5 . F i n a l l y  t h i s  i s  overcom e by  s e e in g  t h e  r e l a t i o n s h i p  

o f  th e  two s o l i d s  i n  th e  c o n f i g u r a t io n ,  and th e  c o n c e p t i s  fo rm ed .

F .S .  and  E .S .  s u f f e r  c o n fu s io n  th ro u g h o u t  th e  l e a r n in g  and t e s t  p e r i o d ,  

th o u g h  th e  c r i t e r i o n  i s  re a c h e d  and t h e  c o n c e p t i s  fo rm ed . T h is  h a s  a
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TABLE X V III

error scores fo r  each  twelve t r ia l s  fo r  the v arious pattern  com binations showing frequency  of choice
OF SOLIDS -  GROUP I  METHOD I

CO

$
54<0 1

E«Sh* 
S o l id s  

5 3 7 1

M .L. 
S o l id s  

5 3 7 1

D .B .
S o l id s  

5 3 7 1

R .G .
S o l id s  

5 3 7

B .S  •
S o l id s  

1 5  3 7 1

F .
S o l

5

S .
id s

3 7 1

B.
S o l

5

H i.
i d s

3 7

1* 3 3 3 3 3 3 6 4 4 2 4 2 2 4 2 3 1 4 1 1 1 3 4 4 2 2 1 1

2 * 2 2 3 5 3 3 3 3 0 0 0 0 1 3 4 4 1 3 1 0 6 3 3 4 0 0 0 0

3* 3 4 4 4 4 2 4 4 2 3 1 3 0 1 1 0 2 4 3 4

4® 3 4 3 3 0 0 0 0 3 5 3 3 0 0 0 0 3 0 2 4

5 . 5 1 2 1 4 2 6 2 0 1 2 0

6 . 0 0 0 0 0 1 3 0 0 0 0 0

7# 0 1 3 0

3 . 0 0 1 0

’o t a l 16 14 15 16 10 8 13 11 4 2 4 2 1 2 19 23 15 2 8 3 1 1 2 11 14 16 2 2 1 1
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p ro fo u n d  e d u c a t io n a l  and s o c i a l  s ig n i f i c a n c e  i n  t h a t  scans s u b je c t s  

a r e  c a p a b le  o f  fo rm ing  c o n c e p ts  b u t  s u f f e r  c o n fu s io n  w hen th e  s i t u a ­

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

i n  w h ich  i t  o c c u r s .  T h is  ty p e  o f  r e s p o n s e  i n d i c a t e s  p a r t i a l  i n s i g h t  

i n t o  t h e  p ro b le m , w h i le  B .B .,  F .C . ,  P . F . ,  M .L ., L .S . ,  and E.B*

a r e  exam ples o f  co m p le te  i n s i g h t  i n t o  th e  p ro b le m .

D e s c r i p t iv e  A n a ly s is  and I n t r o s p e c t i v e  R e p o r t s .  —  The f o l lo w ­

in g  summary s e t s  f o r t h  th e  c a s e s  w h ich  a r e  c h a r a c t e r i s t i c  o f  t h i s  

g ro u p .

R .G .,  Boy, Second g r a d e .  I n  t h e  b e g in n in g  R.G-. showed no 

e v id e n c e  o f  o b s e r v a t io n .  Be ru s h e d  ahead  lo o k in g  u n d e r  one c y l in d e r  

a f t e r  th e  o th e r  a s  f a s t  a s  p o s s i b l e .  He h a d  a  te n d e n c y  t o  ta k e  th e  

one "to th e  r i g h t  f i r s t .  On th e  f o r t y - s e v e n th  t r i a l  he  began  t a l k i n g  

a b o u t  a  game w h ic h  he  h ad  p la y e d  a t  home t h a t  was s im i l a r  t o  t h i s  o n e . 

On th e  f i f t y - 3 s c o n d  t r i a l  he beg an  t o  s tu d y  th e  s i t u a t i o n ,  t a k in g  

f o u r t e e n  s e c o n d s  t o  re sp o n d  a s  a g a i n s t  t h r e e  and  f i v e  seco n d s b e f o r e .  

When he  b eg a n  t o  s tu d y  t h e  s i t u a t i o n ,  e r r o r s  d e c re a s e d  more r a p i d l y ,  

b u t  i t  to o k  s e v e r a l  t r i a l s  b e fo r e  a  p e r f e c t  s c o re  w as r e a l iz e d *

E .S . ,  Boy, Second g r a d e .  E .S .  M a n ife s te d  j u s t  th e  r e v e r s e  

ty p e  o f  b e h a v io r .  He to o k  t e n  se co n d s  e a c h  f o r  th e  f i r s t  two r e ­

s p o n s e s , and o b se rv e d  v e r y  c a r e f u l l y  e ach  p a t t e r n .  He lau g h e d  f r e e l y  

and o f t e n  s a i d ,  "O h, i t * s  t h i s  one t h i s  t im e ,"  and th e n  w ould make a  

c h o ic e .

B .H i . ,  B oy, F i r s t  g r a d e ,  made r a p id  random  re s p o n s e s  on th e  

f i r s t  t r i a l s ;  t h e n  on th e  f o u r t h  t r i a l  he to o k  f o r ty - o n e  seconds to  

s tu d y  t h e  p a t t e r n  b e fo r e  h im . On th e  e le v e n th  t r i a l  he lo o k ed  a t  th e
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e x p e r im e n te r  and s a i d ,  " I  b e l i e v e  t h a t  p en n y  i s  u n d e r  t h e  m id d le -  

s iz e d  one m o st o f  th e  t im e ."  On th e  tw e n ty - f o u r th  t r i a d ,  a f t e r  

h a v in g  a  p e r f e c t  s c o re  o f  e le v e n  o u t  o f  tw e lv e ,  he  re m a rk e d , "Why 

i t  -was a lw ays u n d e r  th e  m id d le - s i s e d  o n e ."  "When a sk e d  why he  lo o k e d  

f o r  i t  u n d e r  th e  o t h e r s ,  h e  s a i d ,  " I  w an ted  t o  be s u re  you w ere  n o t  

f o o l in g  m e."

M .L .,  G i r l ,  F i r s t  g r a d e .  M .L . w as v e r y  s h y . She re sp o n d e d  

q u ic k ly  a t  a l l  t im e s  and f o r  a  lo n g  tim e  sh e  a lw ay s to o k  th e  one to  

h e r  r i g h t .  E v id e n t ly  th e  s o l u t i o n  came s u d d e n ly , a s  t h e r e  was no 

e v id e n c e  o f  c a r e f u l  o b s e r v a t io n  up t o  th e  t h i r t y - s i x t h  t r i a l ,  b u t  th e  

f o l lo w in g  tw e lv e  and th e  t e s t  s e r i e s  w ere a l l  re sp o n d e d  to  p e r f e c t l y *

B .H .,  G i r l ,  T h ird  g r a d e .  B .H . was v e r y  o u ts ta n d in g  i n  h e r  r e ­

m a rk s . She to o k  t h i r t y  se co n d s  t o  make h e r  f i r s t  c h o ic e .  Then sh e  

p ic k e d  up 1 i n  th e  3 ,  1 , 5 p a t t e r n  and s a i d ,  "Oh m y, n o t  t h e r e . "

Then s h e  d id  t h e  same f o r  5 . Yfhen she to o k  3 she  s a i d ,  "T here  i t  i s . "  

M ost e v e ry  r e s p o n s e  was p re c e d e d  by  “ o h , uhm ." When sh e  made an  

e r r o r  on  5 i n  th e  t w e l f t h  t r i a l ,  she  s a i d ,  "O h, I  a lw a y s  w a n t t o  lo o k  

•under t h a t  o n e ."  She w as i n t e r e s t e d  i n  h e r  s c o re  and o f te n  s a i d ,

" I  w onder how many I  have  now ." On th e  tw e n ty - 3 ig h th  t r i a l  sh e  s a i d ,  

"O h, you change th em , d o n ‘ t  y o u ? " , m eaning  th e  pen n y  w as u n d e r  a  

d i f f e r e n t  one e a ch  t im e .  A s ta te m e n t  on th e  t h i r t y - s e c o n d  t r i a l  

showed t h a t  she  vras s t i l l  c o n fu s e d . She tu r n e d ,  s m i le d ,  and s a i d ,

"O h"; th e n  lo o k ed  u n d er 3 i n  t h e  7 ,  5 , 3 p a t t e r n *  "O h ," s a id  s h e ,  " I  

th o u g h t  i t  w ould  be  t h e r e . "  On th e  f i r s t  t e s t  s e r i e s  ( r e d  p a r a l l e l ­

e p ip e d s )  sh e  s a i d ,  "Oh, i t * s  r e d  t h i s  t im e .  Red i s  my f a v o r i t e  c o lo r . "  

On th e  second  t r i a l ;  "Oh, i t  i s  s t i l l  r e d . "  Such r e s p o n s e s  a s  th o s e
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m entioned , above w ere  c h a r a c t e r i s t i c  o f  h e r  e n t i r e  l e a r n in g  p e r io d *

P . F . ,  G i r l ,  T h ird  g ra d e *  P * F . i s  a n o th e r  e x c e l l e n t  exam ple 

o f  random  re s p o n s e s *  T h a t  i s ,  she  h a s te n e d ,  p ic k e d  up one c y l i n d e r  

a f t e r  t h e  o th e r  i n  tu rn *  She showed no e v id e n c e  o f  c a r e f u l  o b s e rv a ­

t i o n  o r  t h a t  she  w as t r y i n g  t o  f i n d  c u e s .  T h is  random  b e h a v io r  con­

t in u e d  u n t i l  t h e  f o r t y - s e v e n t h  t o  th e  s i x t y - f o u r t h  t r i a l ,  when sh e  

began  t o  ta k e  m ore t im e  t o  s tu d y  th e  p a t t e r n s .  C a r e fu l  g la n o e s  o f  

th e  ey e  o v e r  t h e  s i t u a t i o n  showed t h a t  co m p a riso n s  w e re  b e in g  made* 

When sh e  began  t o  s tu d y  t h e  p a t t e r n s ,  e r r o r s  w e re  th e n  made l e s s  

f r e q u e n t l y  and p e r f e c t i o n  was reach ed *

L .S * ,  G i r l ,  T h ird  g r a d e ,  made o n ly  two e r r o r s  i n  th e  e n t i r e  

l e a r n in g  s i t u a t i o n *  When a sk ed  how she  fo u n d  o u t  t h a t  th e  p en n y  was 

u n d e r  th e  m id d le - s iz e d  one she  s a i d ,  " I  n o t ic e d  th e  f i r s t  tim e  I  

fo u n d  i t  t h a t  i t  "was t h e  m id d le - s i s e d  o n e j t h e n  I  t u r n e d  my h e a d  and 

t r i e d  a n o th e r  one th e  second  t im e ,  f o r  I  w a n te d  t o  be  s u r e j  b u t  i t  

w as w ro n g . The t h i r d  t im e  I  t r i e d  th e  m id d le - s iz e d  one a g a in  and  

fo u n d  th e  p e n n y , so  I  c o n tin u e d  t o  lo o k  t h e r e  ea ch  t im e ."

The above i n t r o s p e c t i v e  r e p o r t s  s u g g e s t  how th e  c h i ld r e n  w ere  

fo rm in g  th e  c o n c e p t  m id d le - a iz e n e s s  from  t h e  l e a r n in g  s i t u a t i o n .  As 

h a s  a l r e a d y  b een  p o in te d  o u t ,  t h i s  came m ore q u ic k ly  f o r  some th a n  

f o r  o t h e r s .  The am ount o f  o b s e r v a t io n  i n  th e  i n i t i a l  t r i a l  w as a  

d e te rm in in g  f a c t o r  i n  fo rm in g  t h e  c o n c e p t .

F u r th e r  o b s e r v a t io n  o f  th e  i n t r o s p e c t i v e  r e p o r t s  shows t h a t  

th& re  a r e  two ty p e s  o f  e r r o r s .  T here  a r e  e r r o r s  w h ich  a r i s e  fro m  

c o n fu s io n  an d  e r r o r s  w h ic h  a r e  p u r p o s e f u l .  L*S*, E .B . ,  and B*Hi* a r e  

good exam ples o f  s u b je c t s  who made p u r p o s e f u l  e r r o r s .  T h a t i s ,  th e y

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



97

re sp o n d e d  p u r p o s e ly  t o  t h e  new e le m en t t o  b e  s u re  o f  I t s  r e l a t i o n  to  

t h e  t o t a l  problem * P u r p o s e fu l  e r r o r s  a r e  i n  th e m se lv e s  e v id e n c e  o f  

i n s i g h t  and  s h o u ld  be s h a r p ly  d i s t i n g u i s h e d  fro m  e r r o r s  w h ich  a r e  made 

th ro u g h  c o n fu s io n ,  o f  w h ich  N*G., E*G*, and  B*H* a r e  good exam ples*

F u r th e r  o b s e r v a t io n  o f  th e  above d e s c r i p t i o n  shows t h a t  many 

s u b je c t s  to o k  tim e  to  s tu d y  th e  s i t u a t i o n *  When t h e  s u b je c t  b eg an  to  

ta k e  c o g n iz a n c e  o f  th e  p a t t e r n  a s  a  w h o le , tim e  w as in c r e a s e d ;  t h a t  i s ,  

a c t i o n  w as slow ed  down* T h is  s ta te m e n t  i s  c o r r o b o r a te d  b y  t h e  tim e  and 

e r r o r  t a b l e s #  E*Sh#, D*B«, and B*Hi* a r e  good exam ples o f  c a r e f u l  

o b s e r v e r s .  T h a t i s ,  im m e d ia te ly  f o l lo w in g  t h e  i n c r e a s e  i n  t im e ,  th e  

e r r o r  r e c o r d  had  a  sudden  d e c r e a s e .  The random  m ovem ents gave  p la o e  

t o  a  m e a n in g fu l re s p o n s e  and t h a t  r e s p o n s e  was t o  m id d le - s iz e n e s s  seen  

i n  r e l a t i o n  t o  th e  t o t a l  c o n f ig u r a t io n *

N e i th e r  t h e  i n t r o s p e c t i v e  r e s p o n s e s  n o r  th e  d e s c r i p t i v e  a n a ly s i s  

shows an y  p r e f e r e n c e  f o r  any  p a r t i c u l a r  s o l i d .  Each w as re sp o n d e d  to  

a t  f i r s t ,  b u t  l a t e r  t h e  c o n fu s io n  w as be tw een  3 and 5 .  She t a b l e  o f  

e r r o r s  f u r t h e r  s u b s t a n t i a t e s  t h i s  s ta t e m e n t .

Each s u b je c t  a t  some tim e  d u r in g  th e  l e a r n in g  p e r io d  made an  

a t t e m p t  t o  g e t  cu es  from  th e  e x p e r im e n te r  a s  to  w h ich  w ould be t h e  

c o r r e c t  r e s p o n s e .  T h a t i s ,  t h e  m ovem ents o f  th e  e x p e r im e n te r  w ere 

s tu d ie d *

The in d iv i d u a l  d i f f e r e n c e s  i n  th e  l e a r n in g  c u rv e  c o r r o b o r a te  

s t r i k i n g l y  th e  i n t r o s p e c t i v e  rem ark s  o f  th e  s u b je c t  and th e  d e s o r i p t i v e  

s ta t e m e n t .  B* Hi* who s o lv e d  th e  p ro b lem  i n  t h e  f i r s t  tw e lv e  t r i a l s  

t o l d  t h e  e x p e r im e n te r  t h a t  th e  p en n y  w as u n d e r  t h e  m id d le - s iz e d  o n e .

H is  l e a r n in g  c u rv e  i s  a l s o  s h o r t ,  i n d i c a t i n g  a  q u ic k  s o lu t io n *  B*H.*s
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re m a rk s  (S ee  I n t r o s p e c t iv e  Summary) p o i n t  v e r y  c l e a r l y  t o  t h e  s t a t e  

o f  c o n fu s io n  fro m  -which she -was s u f f e r i n g  when t r y i n g  t o  fo rm  th e  

c o n c e p t .

Com paring t h e s e  r e s p o n s e s  w i th  th e  o b j e c t iv e  d a ta  p r e s e n te d  i n  

th e  f o r e g o in g  d i s c u s s io n ,  one r e a d i l y  s e e s  t h a t  t r i a l  and e r r o r  move­

m en ts  m ark t h e  b e g in n in g  o f  l e a r n i n g .  The s e a r c h  f o r  t h e  p enny  i n ­

v o lv e d  t r i a l  and e r r o r  r e s p o n s e s  u n t i l  t h e  c o r r e c t  s o l i d  w as se en  i n  

r e l a t i o n  t o  ih e  t o t a l  c o n f i g u r a t io n .  D u rin g  th e  t r i a l  and e r r o r  

p e r io d  an y  s o l i d  w as e q u a l ly  p o te n t  i n  e l i c i t i n g  a  r e s p o n s e ;  b u t  when 

th e  s u b j e c t  began  t o  com pare, t h e  e le m e n ts  w ere  b e in g  d i s c e r n e d  i n  th e  

t o t a l  s i t u a t i o n .  Thus a  p r o c e s s  o f  d i f f e r e n t i a t i o n  s e t  i n  w hereby  th e  

r e s p o n s e  t o  th e  m id d le - s iz e d  s o l i d  e m e rg es . I t  w as a  r e s p o n s e  e l i c i t e d  

b y  t h e  s t im u lu s  o f  th e  t o t a l  c o n f i g u r a t io n  and n o t  from  an y  s in g l e  

d e t a i l .  The l e a r n in g  w h ich  h a s  ta k e n  p la c e  h e re  i s  th e  o p p o s i te  o f  

a s s o c i a t i o n .  To l e a r n  by  a s s o c i a t i o n  i s  to  b u i ld  up i n  s e r i a l  o rd e r  

a  num ber o f  r e s p o n s e s  w h ich  f i n a l l y  fo rm  th e  t o t a l  p a t t e r n .  T h is  was 

som ewhat e x e m p lif ie d  i n  Group I I  M ethod I I ,  and s u g g e s ts  t h a t  l e a r n in g  

s i t u a t i o n s  w h ich  a r e  d e s ig n e d  so  a s  t o  b e  l e a r n e d  a s  a  u n i t  a r e  e a s i e r  

•chan l e a r n in g  b y  s e r i a l  r e s p o n s e s .

These o b je c t iv e  d a ta  f u r t h e r  show t h a t  th e  p rob lem  was n o t 

s o lv e d  u n t i l  some d e g re e  o f  i n s i g h t  i n t o  i t  was g a in e d .  M ost o f -the 

s u b je o t s  e x h ib i t e d  com ple te  i n s i g h t  f o l lo w in g  th e  t r i a l  and  e r r o r  

p e r i o d ,  w h i le  t h e  o th e r s  m a n if e s te d  p a r t i a l  i n s i g h t .  T ha t i s ,  c o n fu s io n  

o f  r e l a t i o n s h i p s  c o n tin u e d  a f t e r  th e  c o n o e p t was fo rm e d . However, th e s e  

e r r o r s  a r e  n o t  th e  random  e r r o r s  w h ich  w ere  p r e s e n t  a t  th e  b e g in n in g  o f  

th e  l e a r n in g  p e r io d .
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4* Summary

1* B oth t r i a l  and e r r o r  and  i n s i g h t  l e a r n in g  w ere  e x h ib i t e d  

i n  t h i s  l e a r n in g  s i t u a t io n *

2 . The s u b je c t s  o f  Group I  M ethod I  te n d e d  t o  l e a r n  t h e  p rob lem  

m ore q u ic k ly  th a n  th o s e  o f  Group I I  M ethod I I *  The e v id e n o e  f o r  t h i s ,  

ho w ev er, i s  to o  sm a ll t o  be s i g n i f i c a n t *

3# The s u b je c t s  form ed th e  c o n c e p t f o r  w h ic h  t h e  l e a r n in g  

s i t u a t i o n  w as d e s ig n e d *

4* A r e l a t i o n s h i p  be tw een  c o n c e p t  f o rm a tio n  and  i n t e l l i g e n c e  

was e v id e n t*

5* P u rp o s e fu l  e r r o r s  w ere  m ade, t h e s e  i n  th e m s e lv e s  i n d i c a t i n g  

b e h a v io r  w i th  in s ig h t*

5* C om parative  A n a ly s is  o f  A nim al and 
. Human L e a rn in g

I n  o r d e r  t h a t  e a c h  g ro u p  o f  s u b je c t s  f o r  t h i s  e x p e r im e n t m ig h t 

be  f u r t h e r  com pared w i th  th e  o t h e r ,  a  c o m p o site  l e a r n in g  c u rv e  was

c o n s t r u c te d  f o r  each  g ro u p . These c u rv e s  w ere  c o n s t r u c te d  b y  th e

2V in c e n t  m eth o d .

Com paring th e s e  c u rv e s ,  one r e a d i l y  s e e s  th e  w id e  v a r i a t i o n  i n  

t im e  a s  be tw een  humans and a n im a ls  a t  •the b e g in n in g  o f  th e  l e a r n in g  

p e r i o d .  T h is  d i f f e r e n c e  i s  n e g l i g i b l e  f o r  th e  human s u b je c t s  th ro u g h ­

o u t  and f o r  a l l  g ro u p s  a t  th e  te r m in a t io n  o f  th e  l e a r n in g  p e r i o d .  The

2
V in c e n t ,  S t e l l a  M* "The F u n c t io n  o f  th e  V ib r i s s a e  i n  th e  

B e h a v io r  o f  th e  W hite  R a t ,"  B e h a v io r  M onograph, V o l .  I ,  h o .  5 (1 9 1 1 - 
1 2 ) ,  p p .  7 -  8 1 .
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e r r o r  c u rv e  a l s o  shows m arked d i f f e r e n c e s  be tw een  humans and a n im a ls  

i n  t h e  b e g in n in g .  W ith  c h i l d r e n  th e  a s c e n t s  and d e s c e n ts  a r e  su d d en , 

w h i le  w i th  t h e  a n im a ls  th e  a s c e n t  i s  g r a d u a l .  The e r r o r  c u rv e  f u r t h e r  

shows t h a t  t h e  g e o m e tr ic  s o l i d s  made th e  h a r d e s t  l e a r n in g  p rob lem *

A g la n c e  a t  t h e  i n d iv i d u a l  l e a r n in g  c u rv e  o f  t h e  t h r e e  g ro u p s  

r e v e a l s  e s s e n t i a l  l ik e n e s s e s  and  d i f f e r e n c e s .

1 .  E ach c u rv e  and th e  e r r o r  t a b l e s  show a  p e r io d  o f  t r i a l  and 

e r r o r  l e a r n in g  f o r  each  g ro u p .

2 .  T here  a r e  p la te a u s  fo llo w e d  b y  a  sudden  f a l l  i n  th e  l e a r n ­

in g  c u r v e .

3* T here  w as a  s l i g h t  a s c e n t  i n  t h e  tim e  c u rv e  when th e  c r u c i a l  

t e s t  s i t u a t i o n s  w ere  p r e s e n te d .

4* The a n im a ls  have  th e  l o n g e s t  t im e  and  e r r o r  cu rv e  and th e  

h i g h e s t  t im e  and e r r o r  s c o re s *

5* U n s e le c te d  c h i l d r e n  have  th e  second  l o n g e s t  t im e  and e r r o r

c u r v e .

6 .  S e le c te d  c h i ld r e n  have th e  s h o r t e s t  c u rv e s  o f  th e  t h r e e  

g r o u p s .  T h is  s u g g e s ts  t h a t  th e  p ro b lem  w h ic h  w as u se d  w i th  t h e  a n im a ls  

w as e a s i e r  f o r  th em , c o m p a ra t iv e ly  s p e a k in g , t h a n  th e  p ro b lem  w hich  

w as s e t  f o r  t h e  o th e r  g roup  o f  c h i l d r e n .

7 .  B o th  a n im a ls  and c h i l d r e n  e x h i b i t  s i m i l a r  l e a r n in g  b e h a v io r  

i n  th e  i n i t i a l  s ta g e s  o f  l e a r n i n g .  T ha t i s ,  t h e r e  a r e  random  and 

e x p lo r a to r y  m ovem ents. The c h i l d r e n ,  b e c a u s e  o f  s u p e r io r  pow ers o f  

o b s e r v a t io n ,  a r e  c a p a b le  o f  s e n s in g  t h e  s i t u a t i o n  a n i  e l im in a t in g  

e r r o r s  m ore r a p i d l y .

8 .  The a n im a ls  g a in e d  t h e i r  know ledge o f  tn e  s i t u a t i o n  th ro u g h  

k in a e s u h e s i s  ana v i s i o n  o n ly ,  so  f a x  a s  o b j e c t iv e  o b s e rv a t io n  cou ld
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show . The c h i ld r e n  a p p a r e n t ly  p r o f i t e d  by  v e r b a l  i n s t r u c t i o n ,  em ploy­

in g  k e e n  v i s u a l  pow ers and  by d raw in g  on  p a s t  e x p e r ie n c e s *

9 .  The c h i ld r e n  d id  n o t  show an y  te n d e n c y  f o r  p o s i t i o n  r e ­

s p o n s e . Some o f  th e  a n im a ls  d i d .  R a t 2  and  R a t  10 a r e  exam ples*

1 0 . On th e  w hole t h e  c h i ld r e n  d e m o n s tra te d  co m p le te  i n s i g h t ;  

t h a t  i s ,  a  p e r f e c t  s o l u t i o n .  R .S .  and F*S« a r e  e x c e p tio n s *

1 1 . On th e  w hole  th e  a n im a ls  had  c o m p le te  i n s i g h t  i n t o  t h e  

s o l u t i o n ;  R a t  4 and R a t 10 a r e  e x c e p t io n s .

1 2 . The tim e  t a b l e s  show t h a t  t h e  c h i l d r e n  on th e  a v e ra g e  r e ­

sponded m ore q u ic k ly  th a n  th e  a n im a ls .  T h is  i s  b e c a u se  t h e  c h i ld * s  

keen  v i s u a l  pow ers e n a b le d  h im  to  lo o k  th e  s i t u a t i o n  o v e r  m ore q u ic k ly *

13* The c h i ld r e n  w ere m ore d e f i n i t e l y  m o tiv a te d  fro m  t h e  b e ­

g in n in g  th a n  th e  a n im a ls .  The c h i l d  was t o l d  w h a t he w as t o  d o ; t h e  

r a t  had to  f i n d  o u t by  f in d i n g  th e  fo o d  box th e  f i r s t  t im e .

1 4 . The e r r o r  s c o re s  o f  t h e  c h i l d r e n ,  t a k in g  t h e  g ro u p  a s  a  

w h o le , d e c re a s e d  m ore r a p i d l y  th a n  th e  e r r o r  s c o re s  o f  th e  a n im a ls .

T h is  shows th e  a d v a n ta g e  th e  c h i ld  had  o v e r  th e  a n im a l i n  g ra s p in g  

m ore q u ic k ly  w h a t th e  s i t u a t i o n  dem anded.

1 5 . B oth  s p e c ie s  showed s l i g h t l y  b e t t e r  p e rfo rm a n c e  on th e  chang­

in g  p r o p o r t io n  th a n  on th e  c o n s ta n t  p r o p o r t io n .

3
A ugusta  A l p e r t ,  "The S o lv in g  o f  P ro b lem  S i t u a t i o n s  by  P r e -  

S choo l C h i ld re n ,"  T e a c h e rs  C o lle g e  C o n t r ib u t io n  t o  E d u c a t io n , h o . 523 , 
p .  4 1 , 1928 .
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16» The two t h e o r i e s  o f  l e a r n in g  a r e  e s s e n t i a l  i n  e x p la in in g  

th e  b e h a v io r  o f  b o th  humans and a n im a ls  in. t h i s  l e a r n in g  s i t u a t i o n .

1 7 . The le a r n in g  c u rv e s  o f  a n im a ls  and human s u b je c t s  g iv e  th e  

same g e n e r a l  p i c t u r e  f o r  th e  i n i t i a l  p e r io d  o f  l e a r n i n g .

E . The Two Types o f  L e a rn in g  and 
C oncep t F o rm a tio n  i n  A d u lts

1* I n t r o d u c t i o n

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

and p a r a l l e l .  F o r  t h e  a n im a ls  and th e  f i r s t  g ro u p  o f  c h i ld r e n  th e  

s i t u a t i o n  w as i d e n t i c a l  i n  n a tu r e .  T h a t i s ,  t h e  same e x p e r im e n ta l  

a p p a r a tu s  w as u se d  f o r  b o th  humans and a n im a ls .  I n  a  f u r t h e r  s tu d y  o f  

c o n c e p t fo rm a tio n  i n  c h i ld r e n  th e  l e a r n in g  s i t u a t i o n  vras i d e n t i c a l  i n  

p r i n c i p l e  o n ly .

I n  an  e f f o r t  t o  f u r t h e r  s tu d y  th e  two t h e o r i e s  o f  l e a r n i n g ,  a  

g ro u p  o f  tw e n ty  c o l l e g e  sophom ore s tu d e n t s  w as s e l e c t e d .

A d e f i n i t e  a t te m p t  was made t o  p ro d u c e  a  l e a r n in g  s i t u a t i o n  

vrhich w ould  re d u c e  th e  l e a r n in g  b e h a v io r  o f  a d u l t s  t o  a  l e v e l  t h a t  

would b a r  t h e  u se  o f  p re v io u s  e x p e r ie n c e s  a s  n e a r l y  a s  p o s s i b l e .  T h a t 

i s ,  th e  s i t u a t i o n  was a  new o n e , and t h e  r e s p o n s e  was one w h ich  th e  

s u b je c t  had  n o t  b een  r e q u i r e d  t o  make t o  t h i s  p a r t i c u l a r  s t im u lu s  

b e f o r e .  The p rob lem  w as m et i n  u t t e r  ig n o r a n c e ,  f o r c in g  th e  re s p o n s e  

to  be  th e  l e a r n e r ' s  own d is c o v e r y  j u s t  a s  w i th  t h e  a n im a ls  and  th e  

c h i l d r e n .

F o r c o l l e g e  s tu d e n t s  to  form  ih e  c o n c e p t " m id d le - s iz e n e s s ,"  

th e  s i t u a t i o n  m u st be  d i f f i c u l t  enough i n  i t s  n a tu r e  to  f o r c e  th e  

l e a r n e r  t o  re sp o n d  i n  a  new way w h ich  he h im s e lf  h a s  in v e n te d .  F u r th e r -
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m o re , th e  s t im u lu s  m u st be such  t h a t  th e  l e a r n e r  m ig h t re sp o n d  i n  

many T ra y s ,  o u t  o f  w h ic h  w i l l  u l t i m a t e l y  come th e  d e s i r e d  r e s p o n s e .

2* G en e ra l P ro c e d u re

The L e a rn in g  S i t u a t i o n . —  As a  m eans o f  a ro u s in g  t h i s  b e h a v io r  

t h e  f o l lo w in g  e x p e r im e n t was d e v is e d  so  t h a t  t h e  a b s t r a c t  c o n c e p t 

m id d le - c iz e n e s s  w as m a in ta in e d  w h o lly  i n  t h e  a b s t r a c t  i n  b o th  a r i t h ­

m e tic  and  a lg e b r a i c  sy m b o ls .

The L e a rn in g  S e r i e s .  — F o r th e  le a r n in g  s e r i e s  t h r e e  r e a l  

num bers w ere  chosen  i n  th e  same m anner a s  th o s e  f o r  th e  f i r s t  e x p e r i ­

m en t; t h a t  i s ,  a  c o n s ta n t  d i f f e r e n c e  was m a in ta in e d  betw een  th e  f i r s t  

and  second  and  th e  second  and t h i r d .  B ut e x t r a  p r e c a u t io n  w as ta k e n  

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

i t s e l f .  T ha t i s ,  th e  num bers w ere  so ch o sen  t h a t  i n  a  g ro u p  o f  th r e e  

num bers a l l  t h e  num bers w ere  e i t h e r  even  o r  od d . Having ch o sen  one 

g ro u p  o f  t h r e e  num b ers , two h u n d red  and  t e n  g ro u p s  w ere  th e n  e s ta b l i s h e d  

i n  th e  same m an n e r. T h is  form ed a  l e a r n in g  s e r i e s  c o n s i s t i n g  o f  two 

h u n d re d  and t e n  g ro u p s  o f  t h r e e  num bers e a c h .  The fo l lo w in g  t a b l e  i s  

composed o f  t h e  f i r s t  tw e n ty  g roups o f  t h e  le a r n in g  s e r i e s  and i s  i n ­

c o rp o r a te d  h e re  to  make c l e a r  i t s  n a tu r e  (S ee  T ab le  XX, p .  1 0 6 ) .
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TABLE XX

EXAMPLE OF LEARNING PATTERNS FOR ADULT STUDENTS

IS 23 15

24 12 18

19 3 11

33 29 25

22 18 14

31 23 27

33 27 21

20 8 14

10 2 18

15 9 21

16 10 4

15 23 7

17 15 13

12 20 4

25 21 29

17 23 29

29 25 21

26 22 30

63 55 59

67 71 63

16 12 14
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The T e s t  S e r i e s * -»  F o r  th e  t e s t  s i t u a t i o n s  f o u r  s e r i e s  o f  

num bers w ere  d e s ig n e d .  Each s e r i e s  c o n s i s t in g  o f  tw e n ty  d i f f e r e n t  

g ro u p s  made a  s e p a r a te  t e s t  s i t u a t i o n .  The f i r s t  t e s t  s i t u a t i o n  was 

s im i l a r  to  th e  l e a r n in g  s i t u a t i o n  b u t  was made up o f  t h r e e  p la o e  

num bers f o r  each  g roup  (S ee  T ab le  XXI, p .  1 0 8 ) , end a n o th e r  s e r i e s  

was made up o f  t h r e e  f o u r  p la c e  num bers f o r  each  group*

I n  th e  t h i r d  t e s t  t h e  s i t u a t i o n  w as made m ore a b s t r a c t  i n  i t s  

n a tu r e  b y  t h e  u se  o f  a lg e b r a i c  sy m b o ls . T hree v a r i a b l e s ,  e . g ,  X , Y, 

and Z , w ere  so  ch o sen  t h a t  w henever th r e e  e x p o n e n ts  w h ic h  co m p rised  

a  g roup  o f  t h r e e  num bers ch o sen  a s  i n  th e  f i r s t  e x p e r im e n t w ere  u se d  

a s  t h e  e x p o n e n ts  o f  th e  p ro p e r  sym bo ls , t h a t  i s  X ^ , Y ^, Z ^ , i t  w ould 

be  p o s s ib l e  i f  o o c a s io n  demanded to  a s s ig n  a r i t h m e t i c  num bers to  th e s e  

sym bols and  th e r e b y  o b ta in  a  g ro u p  o f  t h r e e  num bers m e e tin g  th e  g e n e r a l  

c r i t e r i o n  o f  th e  t h r e e  num bers i n  t h e  f i r s t  e x p e r im e n t . O th e r  g ro u p s  

o f  sym bols h a v in g  d i f f e r e n t  b a s e s  and  d i f f e r e n t  e x p o n e n ts  w e re  th e n  

e s t a b l i s h e d  (See T ab le  XXI, p« 108)*

As a  f o u r t h  t e s t  s e r i e s ,  f i v e  num bers w e re  chosen  su ch  t h a t  

th e  d i f f e r e n c e  b e tw een  any  two s u c c e s s iv e  num bers w as c o n s t a n t .  M id d le -  

s i z e n e s s  i n  t h i s  g ro u p  a lw ays a p p e a re d  i n  th e  t h i r d  number o f  th e  

s e q u e n c e , a r ra n g e d  i n  m o n o o o iiic a lly  i n c r e a s in g  o r d e r .  H ow ever, i n  

p r e s e n t in g  th e  t e s t  s e r i e s  t h i s  o rd e r  w as n o t  p r e s e r v e d ,  and t h e  m id d le -  

s iz e d  number c o u ld  a p p e a r  i n  a n y  one o f  f i v e  p o s i t i o n s .

A p p a ra tu s » —  The a p p a ra tu s  f o r  t h i s  e x p e rim e n t c o n s i s t e d  o f  a 

m etronom e f o r  k e e p in g  tim e  c o n s ta n t  and a  L in e -a - t im e  m ach ine  (S ee  

F ig u r e  9 ,  p* 109) f o r  e x p o s in g  a  g roup  o f  th e  num bers f o r  e a c h  t r i a l .  

When s h e  l e v e r  on th e  r i g h t  was p r e s s e d  down, a  new l i n e ,  t h a t  i s ,  a  

new g roup  o f  num bers, w as p r e s e n te d  to  t h e  l e a r n e r .  The e x p e r im e n t
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TABLE XXI

EXAMPLES OF PATTERNS FRCM THE FOUR TESTS

T e s t  1 T e s t  2

777 780 783 2521 4731 6941

959 953 947 8500 8910 8705

128 124 120 1798 1386 1583

T e s t  3 T e s t  4

A
3

B c 2 14 12 13 16 15

CO XL9 ZY15 20 19 18 21 22

(A -B )S (D -E )15 (C -D )9 24 20 23 22 21

w as conducted , i n  th e  e d u c a t io n a l  p sy c h o lo g y  l a b o r a to r y  a t  a  tim e  

t h a t  w as c o n v e n ie n t  f o r  th e  s tu d e n t .

P r o c e d u re . —  The tw e n ty  s u b je c t s  f o r  t h i s  e x p e r im e n t  w ere  

m em bers o f  th e  i n t r o d u c to r y  c o u rs e s  i n  e d u c a t io n a l  p sy c h o lo g y  i n  th e  

T e a c h e rs  C o l le g e .

The p ro c e d u re  h e r e  d i f f e r s  from  th e  p ro c e d u re  i n  th e  above 

e x p e r im e n ts .  The s u b je c t s  i n  t h i s  e x p e r im e n t l e a r n e d  t h e  p rob lem  in  

one s i t t i n g  w i th  th e  tim e  k e p t  c o n s ta n t  b y  th e  m etronom e. A p r e ­

l im in a r y  e x p e rim e n t r e v e a le d  th e  f a c t  t h a t  t h r e e  se c o n d s  w ould  be

| am ple tim e  f o r  any  one t r i a l  o f  th e  l e a r n in g  s e r i e s .
i

j The s u b je c t  w as s e a te d  i n  f r o n t  o f  th e  L in e -a - t im e  m achine

j (S e e  F ig u re  9 ,  p .  109) and  g iv e n  -the fo l lo w in g  d i r e c t i o n s :
i
j "E ach  tim e  t h i s  l e v e r  i s  p r e s s e d  down you w i l l  be p r e s e n te d

f
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■with a  g ro u p  o f  t h r e e  n um bers . One o f  t h e s e  num bers i s  a lw ays r i g h t .

I  w a n t you  t o  g u e s s  w h ich  one i t  i s .  When you g u ess  r i g h t ,  1*11 s a y  

' r i g h t . 1 When you g u ess  w ro n g , 1*11 s a y  'w ro n g .*  You w i l l  c o n tin u e  

t o  g u e s s  u n t i l  you have t e n  r i g h t  i n  s u c c e s s io n .  If/hen you  have t e n  

r i g h t  i n  t h i s  g ro u p  we w i l l  t r y  o t h e r  g r o u p s .  You w i l l  be  g iv e n  t h r e e  

se co n d s  f o r  each  g u e s s .  Give c a r e f u l  a t t e n t i o n  to  how you  le a r n e d  

w h ich  i s  t h e  r i g h t  num ber."

When th e  s tu d e n t  had  le a r n e d  t h e  problem , and h ad  re sp o n d e d  to  

th e  t e s t s ,  he  w as ask ed  t o  w r i t e  a n sw ers  t o  t h e  f o l lo w in g  q u e s t io n s :

1 .  How d id  you l e a r n  w h ic h  was t h e  r i g h t  number? D e s c r ib e  
i n  d e t a i l .

2 .  W hat e m o tio n a l d i s tu r b a n c e s  w e re  you c o n s c io u s  o f?

2 .  W hat i n f lu e n c e  d id  th e  announcem ent o f  r i g h t  and w rong 
h av e  upon you?

4 .  W hich  o f  th e  t e s t  s e r i e s  d id  you  f i n d  m ost d i f f i c u l t ?

R e c o rd s .  — R eco rds  w ere k e p t  o f  r i g h t  and  w rong r e s p o n s e s  t h a t  

w ere  random  re s p o n s e s  and th o s e  t h a t  fo l lo w e d  p a t t e r n s .

F o r  a  s tu d e n t  to  fo llo w  a  p a t t e r n  su c h  a s  u p p er r i g h t ,  c e n t e r ,  

t h e n  l e f t ,  o r  two l e f t ,  one c e n t e r ,  one r i g h t ,  showed m ore i n s i g h t  

th a n  i f  he  j u s t  g u e sse d  a t  random , b e c a u s e  h e  was fo l lo w in g  th e  

announcem en t o f  " r i g h t "  and  was s u rm is in g  t h a t  i t  was r i g h t  b e c a u se  

i t  w as a  p a t t e r n .  Two w rong r e s p o n s e s  f o l lo w in g  th e  b re a k in g  up o f  

one o f  t h e s e  p a t t e r n s  w ere  c o u n ted  a s  i n s i g h t f u l  e r r o r s .  I n  f a c t ,  i t  

showed m ore i n s i g h t  t o  f o l lo w  w h a t h ad  r e s u l t e d  i n  " r i g h t "  i n  p re v io u s  

t r i a l s  th a n  t o  g u e ss  a t  random . When th e  p a t t e r n  was b ro k e n  b y  t h e  

announcem ent o f  "wrong" by  th e  e x p e r im e n te r ,  random  g u e s s in g  was r e ­

s o r t e d  to  a g a in  u n t i l  a n o th e r  p a t t e r n  was d i s c o v e r e d .  The l e a r n in g  

p ro c e e d e d  i n  t h i s  way u n u i l  th e  l e a r n e r  began  t o  seek  r e l a t i o n s h i p s  i n
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t h e  g ro u p  i t s e l f ;  t h e n  a  sudden  d i s c o v e r y  o f  th e  m id d le  number w as 

r e a l i z e d .  The i n t r o s p e c t i v e  r e p o r t s  c o r r o b o r a te  t h i s  m ethod o f  check­

in g  e r r o r s .

The C r i t e r i o n  o f  L e a rn in g .  —  When th e  s u b je c t  h ad  made t e n  

c o r r e c t  re s p o n s e s  i n  s u c c e s s io n ,  t h e  p ro b lem  w as c o n s id e re d  l e a r n e d .  

Then e a c h  o f  t h e  t e s t  s e r i e s  was p r e s e n te d  i n  th e  o r d e r  m en tio n e d  

above and th e  c r i t e r i o n  h e r e  was t e n  c o r r e c t  r e s p o n s e s  i n  s u c c e s s io n  

on e a c h  t e s t .  The tim e  f o r  T e s t  1 and T e s t  2 w as f i v e  se co n d s  f o r  

e a c h  t r i a l .  F o r T e s t  3 and T e s t 4  i t  was se v en  se c o n d s  f o r  e a c h  t r i a l .  

The s tu d e n t  was th e n  a s k e d  t o  answ er th e  f o u r  q u e s t io n s  l i s t e d  a b o v e .

3 .  R e s u l ts

D is c u s s io n  and I n t e r p r e t a t i o n .  — The m e r i t s  o f  t r i a l  and e r r o r  

l e a r n in g  a s  com pared w i th  le a r n in g  b y  i n s i g h t  a r e  b e g in n in g  t o  command 

m ore o f  ou r a t t e n t i o n  and c o n s id e r a t io n .  As we s h a l l  p o i n t  o u t  i n  t h e  

f o l lo w in g  d i s c u s s io n ,  i n s i g h t  c a n n o t be c o n s id e r e d  a s  an  in d e p e n d e n t 

mode o f  b e h a v io r  p e r  s e ,  b u t  i t  i s  b e t t e r  u n d e rs to o d  when con­

s id e r e d  i n  r e l a t i o n  to  t h e  " t r i a l "  and  " e r r o r "  p r o c e s s e s .

The r e s u l t s  o f  t h i s  e x p e r im e n t w h ich  a r e  o f  p r im a ry  i n t e r e s t  

a r e  th o s e  vrhich. a r e  r e c o r d e d  i n  T ab le  XXII (S ee  T ab le  X X II, p .  1 1 2 ) .

The e r r o r s  a r e  l i s t e d  u n d e r  random  e r r o r s ,  and i n s i g h t f u l  e r r o r s .  The 

random  e r r o r s  w ere  a  r e s u l t  o f  s h e e r  g u e s s in g .  The e r r o r s  t h a t  w ere 

accom panied  by  i n s i g h t  w e re  th o s e  w h ich  fo llo w e d  t h e  b re a k in g  up o f  a 

p a t t e r n  by  th e  p o s i t i o n  o f  t h e  m id d le - s iz e d  num ber c h a n g in g . The 

e v id e n c e  o f  each  fo rm  o f  b e h a v io r  was re c o rd e d  i n  th e  fo l lo w in g  m an n e r.

Each page o f  t h e  le a r n in g  s e r i e s  w as composed o f  tw e n ty -o n e  

g ro u p s  o f  th r e e  num bers e a c h ,  a s  shovm i n  T ab le  XX. A r e c o r d  o f  r i g h t
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and  w rong r e s p o n s e s  o f  e ach  s u b je c t  was k e p t  t o  c o rre sp o n d  t o  e a ch  

page o f  num bers* The m id d le  number on  th e s e  p a g e s  form ed d i f f e r e n t  

p a t t e r n s .  F o r  exam p le , 1 9 , 1 8 , 11 fo rm ed  one p a t t e r n .  The p a t t e r n  

th e n  changed  to  2 9 , 1 8 , 2 7 . Any two e r r o r s  a  s u b je c t  made fo l lo w in g  

th e  b re a k in g  up o f  su ch  a  p a t t e r n  w ere  c o n s id e re d  e r r o r s  o f  i n s i g h t ,  

b e c a u s e  to  f o l lo w  th e  same p la n  w h ich  had b e e n  s u c c e s s f u l  was e v id e n c e  

o f  m ore i n s i g h t  th a n  g u e s s in g  a t  random . A ll  o th e r  w rong re s p o n s e s  

w ere  a  r e s u l t  o f  random  g u e s s in g  and c h a n c e . A l l  r i g h t  r e s p o n s e s  

w h ich  w ere  made by  fo llo w in g  one o f  t h e s e  p a t t e r n s  and  w hich  w ere  

made a f t e r  th e  c o n c e p t w as fo rm ed  w ere  c o n s id e re d  a  r e s u l t  o f  i n s i g h t .  

A l l  o th e r s  w ere  a  r e s u l t  o f  chance  and random  g u e s s in g .

These d a ta  a r e  a sse m b le d  i n  T a b le  XXII i n  su ch  a way a s  t o  g iv e

a l l  d e t a i l e d  d a ta  f o r  each  i n d iv i d u a l  and  th e  c o m p o site  p i c t u r e  o f  

th e  g ro u p .

The am ount o f  e a c h  ty p e  o f  b e h a v io r  w h ich  w as p r e s e n t  was 

d e te rm in e d .

The p e r  c e n t  o f  t h e  t o t a l  b e h a v io r  o f  e a c h  i n d iv id u a l  w h ich  w as 

due t o  t r i a l  and e r r o r  was fo u n d  t o  d iv id in g  th e  sum o f  a  c  (See 

T a b le  X X II, p .  112) b y  th e  t o t a l  number o f  t r i a l s  i n  e a c h  c a s e .  The 

p e r  c e n t  o f  th e  t o t a l  b e h a v io r  o f  e ach  in d iv i d u a l  w h ich  was due t o

i n s i g h t  v/as fo u n d  b y  d iv id in g  th e  sum o f  b  • /  d  ^  e by  th e  t o t a l

number o f  t r i a l s .  T h is  t a b l e  shows t h e  r e c o r d  o f  e a c h  i n d iv id u a l  and 

o f  th e  g roup  a s  a  w h o le . F o r ex am p le , s u b j e c t  number t h r e e  e x h ib i te d  

th e  g r e a t e s t  am ount o f  i n s i g h t  i n  l e a r n in g  th e  p ro b le m , and number 

f i f t e e n  d e m o n s tra te d  t h e  l e a s t  am ount o f  i n s i g h t .  The t o t a l  p i c t u r e  

show s, h o w ev er, t h a t  th e r e  i s  a p p ro x im a te ly  58 p e r  c e n t  o f  t h e  b e h a v io r
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t h a t  i s  a  r e s u l t  o f  i n s i g h t ,  and i n  a l l  c a s e s  t h i s  i s  accom panied  b y  

t r i a l  and e r r o r  b e h a v io r .

From th e  above d a ta  one s e e s  th e  two ty p e s  o f  b e h a v io r  p r e s e n t  

i n  a b o u t  equal, am ounts u n t i l  t h e  r e l a t i o n s h i p  i s  s e e n .  A f t e r  t h i s  

i n s i g h t  p la y s  th e  d o m in an t r o l e  u n t i l  th e  c r i t e r i o n  i s  r e a c h e d .  I n  

e a c h  c a s e  t h e  change i n  b e h a v io r  came s u d d e n ly ;  t h a t  i s ,  th e  s o lu t i o n  

w as se e n  a t  o n c e , and i n  t h i s  we h ave  e v id e n c e  o f  i n s i g h t .

A n o th er t e s t  o f  i n s i g h t  came when th e  l e a r n e r  was p r e s e n te d  

w i th  t h e  t e s t s .  The n a tu r a l  q u e s t io n  w a s : Yfould t h e  c o n c e p t form ed 

f u n c t i o n  i n  th e s e  new s i t u a t i o n s ?  The c o n c e p t d id  f u n c t io n  i n  n in e te e n  

o f  th e  tw e n ty  c a s e s ,  one o f  th e  s u b je c t s  f a i l i n g  to  r e a c h  t h e  c r i t e r i o n  

on  T e s t  3 and  T e s t  4 .

4 .  I n t r o s p e c t iv e  A n a ly s is  o f  t h e  L e a rn in g

F or th e  i n t r o s p e c t i v e  r e p o r t s  t h e  l e a r n e r  a n a ly z e d  h i s  ovm 

b e h a v io r .  Those w h ic h  w ere t y p i c a l  a r e  r e p o r t e d  h e r e ,  and f u r t h e r  

s u b s t a n t i a t e  th e  o b j e c t iv e  d a t a .

Humber 2* " I  g u e sse d  f i r s t  t h e  h i g h e s t  number and th e n  th e  

lo w e s t .  When b o th  w ere  w rong I  chose  t h e  m id d le  number w h ich  was c o r ­

r e c t .  A f t e r  f in d in g  th e  way o f  d o in g  i t ,  I  s t i l l  made e r r o r s  by n o t  

o b s e rv in g  c a r e f u l l y  enough ."

Humber 8 .  " I  f i r s t  t r i e d  t o  d i s c o v e r  some p a t t e r n  th ro u g h  th e  

co lum n. F o r  i n s t a n c e ,  I  b eg an  on th e  u p p e r  r i g h t  and w en t t o  c e n te r  

and th e n  to  l e f t .  I  t r i e d  s e v e r a l  o f  t h e s e  p a t t e r n s  w i th o u t  s u c c e s s .  

A f t e r  a  w h i l e ,  I  n o t ic e d  th e  num ber be tw een  th e  o th e r  two i n  s i z e  was 

r i g h t .  Then I  t r i e d  t o  s e e  i f  th e  s m a l l e s t  num ber w as c o r r e c t  when
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i t  a p p e a re d  on th e  l e f t .  T h is  was w rong j I  th e n  d is c o v e re d  th e  m id d le  

num ber i n  s i z e  was c o r r e c t . "

Number 1 0 . "A t f i r s t  I  th o u g h t  th e  p la c e  o f  t h e  f ig u r e  d e t e r ­

m ined  w h e th e r  i t  w as r i g h t .  F o r  ex am p le , t h e  f i r s t  r i g h t  sh o u ld  be  i n  

th e  m id d le ,  th e  second  t o  th e  r i g h t ,  t h e  t h i r d  t o  t h e  m id d le  and t h e  

f o u r t h  t o  t h e  r i g h t ,  b u t  t h a t  d i d n ’t  w o rk . Then i t  su d d e n ly  dawned 

upon me t h a t  th e  s i z e  o f  th e  f i g u r e  d e te rm in e d  w h a t i t  w a s . So I  t r i e d  

t h e  s m a l l e s t ,  th e  l a r g e s t  and t h e  m id d le - s iz e d  num ber; th e  m id d le - s iz e d  

number p ro v ed  to  b e  r i g h t . "

Number 1 1 . " I  t r i e d  many p a t t e r n  c o m b in a tio n s  th e n  I  g u e sse d  

a t  random . Then I  t r i e d  t h e  h i g h e s t  and  t h e  lo w e s t  number o f  t h e  g ro u p . 

I  th e n  t r u e d  t h e  m id d le  num ber i n  v a lu e  w h ic h  p ro v e d  t r u e . "

Number 1 4 . " I  t r i e d  s e v e r a l  num ber p a t t e r n s  su ch  a s  t h e  second  

number i n  one row fo llo w e d  by  t h e  seco n d  num ber i n  a n o th e r .  When I  

ro u n d  p o s i t i o n  d id  n o t  seem to  w o rk , I  lo o k e d  a t  t h e  num bers th e m s e lv e s ,  

th e n  I  h i t  upon th e  m id d le  v a l u e .  When t h a t  w orked  s e v e r a l  t im e s  I  

c o n t in u e d ."

Number 1 6 . " I  th o u g h t  a t  f i r s t  the  num bers w ere  r i g h t  a c c o rd ­

in g  t o  th e  co lum n. I  th o u g h t  t h a t  th e  c o r r e c t  num ber was i n  t h e  f i r s t  

colum n tw ic e  th e n  i n  th e  t h i r d  colum n once b e c a u se  i t  w orked t h a t  way 

f o r  a w h i le .  Then a f t e r  a  w h i le  (random  g u e s s in g )  I  g o t  t h r e e  r i g h t  

and n o t ic e d  t h a t  i t  w as th e  m id d le  num ber i n  r e l a t i o n  to  th e  o th e r  two 

i n  t h e  g ro u p ."

Number 1 3 . " F i r s t  I  g u e s se d  a t  random , th e n  I  t r i e d  z i g ­

z a g g in g , t r y i n g  t o  f i g u r e  o u t  p a t t e r n s .  T h is  d id  n o t  w ork . Then I  

g u e sse d  f o r  a w h i le .  Then I  n o t ic e d  t h a t  t h e r e  was a  d e f i n i t e  i n t e r v a l
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b e tw een  t h e  n u m b ers . A f t e r  a  few  m i s ta k e  s ,  I  fo u n d  t h a t  t h e  c o r r e c t  

number was h a lf -w a y  b e tw een  t h e  o th e r s  -  and a t  l a s t  fo und  i t  was th e  

m id d le  n um ber."

hum ber 2 0 . "A t f i r s t  I  was m e re ly  g u e s s in g ;  th e n  I  t r i e d  

number p a t t e r n s .  A f t e r  many a t te m p ts  I  t r i e d  r e l a t i o n s h i p s  o f  n u m b ers . 

Then I  fo u n d  th e  r e l a t i o n  w as th e  m id d le  num ber."

T hese  r e p o r t s '  show t h a t  t r i a l  and e r r o r  l e a r n in g  w i tn e s s e d  th e  

b e g in n in g .  They f u r t h e r  show t h a t  th e  l e a r n e r  w as fo l lo w in g  th o s e  cu es  

o r  p a t t e r n s  w h ich  b ro u g h t  th e  announcem ent o f  " r i g h t "  o f t e n e r  th a n  

"w ro n g ."  T h is  w as i n s i g h t f u l  b e h a v io r  even  th o u g h  i t  w as fo llo w in g  a  

f a l s e  c u e .  T hese r e p o r t s  f u r t h e r  show t h a t  th e  l e a r n in g  s i t u a t i o n  was 

so  s e t  t h a t  th e  s u b je c t  w as c o m p e lle d  t o  g e t  t h e  s o lu t io n  b y  s e e in g  th e  

r e l a t i o n s h i p  w i t h in  th e  g ro u p . R e a c tin g  i n  a  s e r i a l  o r d e r  f a i l e d  to  

g iv e  t h e  s o l u t i o n .  I t  a lw ay s  em erged from  th e  t o t a l  p a t t e r n .

5» The I n f lu e n c e  o f  R ig h t  and Vfrong. on L e a rn in g

The re s p o n s e s  o f  th o s e  s u b je c t s  who e x p e r ie n c e d  t h e  i n f lu e n c e  

o f  s a y in g  " r i g h t "  and "w rong" a r e  l i s t e d  belcrw.

Number 2 .  "S a y in g  ' r i g h t *  and 'wrong* s e rv e d  a s  a  g u id e  i n  

th e  s o l u t i o n . "

Number 3 .  "S a y in g  ' r i g h t *  en co u rag ed  me s l i g h t l y .  Say ing  

’w ro n g ’ d is c o u ra g e d  me s l i g h t l y . "

Number 4 .  " 'R ig h t*  and ‘wrong* a id e d  i n  d i s c o v e r in g  th e  r i g h t  

num ber."

Number 7 .  "The answ er o f  'w rong* "was v e r y  d is c o u r a g in g  a t  th e  

b e g in n in g ,  b u t  ' r i g h t '  o r  'w ro n g ' had v e ry  l i t t l e  e f f e c t  upon me a f t e r
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I  g o t  s t a r t e d  on th e  r i g h t  ta s k * "

Number 9 . "S ay in g  ’w rong1 made me a n g ry ."

Number 11* "S ay in g  ‘wrong* made me a n g ry ."

Number 1 2 . "S a y in g  'r i g h t *  en co u rag ed  m e."

Number 1 3 . "S ay in g  ’wrong* d is c o u ra g e d  m e. S a y in g  ‘ r ig h t*  

e n co u rag ed  m e."

Number 1 5 . " I  s a id  t h e  m id d le  num ber b e c au se  you  s a id  ’r i g h t . * "

Number 1 6 . "A t f i r s t  ‘ r i g h t ’ and ‘wrong* m eant n o th in g ,  b u t  

a f t e r  I  saw th e  r e l a t i o n s h i p ,  I  p a id  a t t e n t i o n . "

Number 1 3 . "The answ er ‘r i g h t ’ e n c o u ra g e d  m e. The answ er 

’w ro n g ’ annoyed m e."

Number 2 0 . "The answ er ’r i g h t ’ en co u ra g e d  m e. The answ er 

'w rong* d i s p la c e d  my num ber p a t t e r n ,  th e n  I  g u e sse d  u n t i l  I  found  

r i g h t  a g a in * “

T h is  shows t h a t  s i x t y  p e r  c e n t  o f  t h e  l e a r n e r s  w ere  d e f i n i t e l y  

in f lu e n c e d  b y  th e  announcem ent o f  " r i g h t "  o r  "w rong ."  The o th e r  f o r t y  

p e r  c e n t  a r e  n o t m en tio n e d  b e c a u se  th e y  f e l t  no d e f i n i t e  r e a c t i o n  when 

" r i g h t "  and "wrong" w e re  an n o u n ced . The announcem ent o f  wrong a lw ays 

m eant t h a t  t h e  l e a r n e r ’ s p a t t e r n  o r  cue w h ich  he was fo l lo w in g  was 

b ro k e n  u p ; c o n s e q u e n t ly ,  a  g r e a t e r  e f f o r t  was made to  fo l lo w  th e  announce­

m ent o f  " r i g h t . "  I n  o th e r  w o rd s , th e  announcem ent o f  w rong b ro u g h t  d i s -  

t r e s s  to  th e  l e a r n e r .

4
E .1 .  T h o rn d ik e , Human L e a rn in g ,  p .  4 0 . New Yorks The C e n tu ry

C o .,  193 1 .
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6* T ests

When fa c e d  w i th  t h e  t e s t  s i t u a t i o n s  m ost o f  th e  s tu d e n t s  s a i d ,  

" W e ll, I  g u e s s  t h i s  i s  som eth ing  d i f f e r e n t ;  1*11 s e e ,"  o r  "T h is  i s  th e  

same t h i n g ;  1*11 see*" T h e r e f o r e ,  t h e i r  f i r s t  r e s p o n s e s  w ere  e x p lo r a ­

t o r y ;  t h a t  i s ,  t h e y  w ere g e t t i n g  a c q u a in te d  w i t h  th e  new s i t u a t i o n .

The b e h a v io r  p la y in g  th e  r o l e  h e re  w as o f  th e  e x p lo r a to r y  t r i a l  and 

e r r o r  t y p e ,  b e c a u s e  i n  m aking th e  t r a n s f e r  to  t h e  new s i t u a t i o n  th e  

l e a r n e r  w as a t te m p tin g  t o  become f a m i l i a r  w i th  a l l  o f  i t s  a s p e c t s .

T h is  p o i n t s  t o  t h e  f a c t  t h a t  t r i a l  and  e r r o r  b e h a v io r  may b e  p r e s e n t  

i n  o p e r a t in g  a  c o n c e p t even  w hen i t  i s  d e f i n i t e l y  known. C o n se q u e n tly  

t h e  e r r o r s  made (See T ab le  X X III , p .  120) a r e  i n d i c a t i o n s  o f  m ore 

i n s i g h t ,  r a t h e r  th a n  la c k  o f  i n s i g h t .  I n  f a c t  t r i a l  and e r r o r  b e ­

h a v io r  accom pan ied  i n s i g h t f u l  b e h a v io r  and c o u ld  n o t  be s h a r p ly  d i s ­

t in g u i s h e d  fro m  i t  i n  many c a s e s .  T h a t i s ,  m o s t erx^ors o o e a r r in g  i n  

th e  t e s t  s i t u a t i o n s  w ere  p u r p o s e f u l .  R e f e r r in g  t o  th e  t a b l e  o f  e r r o r s  

(S ee  T a b le  X X II I , p .  1 2 0 ) ,  one s e e s  a t  once  t h a t  t h e  t e s t  s i t u a t i o n  

i n  w h ic h  m ost e r r o r s  o c c u rre d  w as T e s t  3 .  T h is  was t h e  a lg e b r a i c  

sy m b o ls . The fo llo w in g  i n t r o s p e c t i v e  a n a ly s e s  o f  'the t e s t  s i t u a t i o n s  

c o r r o b o r a te  t h e s e  s ta t e m e n ts .  The a lg e b r a i c  sym bols w ere  m ore a b s t r a c t  

and a l s o  m ore complex*

I n t r o s p e c t iv e  R e p o r ts .  —  Humber 2 . "The a lg e b r a i c  sym bols 

w ere  th e  h a r d e s t  b e c a u se  re sp o n d in g  t o  t h e  num bers and l e t t e r s  t o g e th e r  

was h a r d ."

Number 3 .  "The g ro u p  o f  f i v e  num bers was th e  h a r d e s t . "

Number 4 .  "The g roup  o f  f i v e  num bers gave th e  m o st t r o u b l e . "
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Number 9 .  "The h u n d red s  w ere  th e  h a r d e s t  f o r  m e."

Number 1 0 . "The a lg e b r a i c  sym bols w ere  th e  h a r d e s t  b e c au se  

l e t t e r s  and f i g u r e s  w ere  c o n f u s in g .”

dumber 1 3 . "The h a r d e s t  t e s t  was th e  a lg e b r a i c  b e c au se  I  con­

s id e r e d  t h e  l e t t e r  and th e  sy m b o l."

bumber 1 4 . "The a lg e b r a i c  s e r i e s  w as th e  h a r d e s t . "

Number l b .  "The g ro u p  o f  f i v e  num bers was t h e  m o st d i f f i c u l t ,

b e c a u s e  t h e r e  w ere  m ore f i g u r e s  t o  s e e ."

Humber 1 6 . "The a lg e b r a i c  sym bols w ere  m ore d i f f i c u l t  b e c au se

th e  l e t t e r  and sym bol w ere  c o n s id e r e d ."

7 .  E m o tio n a l R e a c tio n s

E m o tio n a l d i s tu r b a n c e s  a r e  n o t  a lw ays a p p a re n t  to  th e  o b s e rv e r ;  

t u e r e i 'o r e ,  t h e  i n t r o s p e c t i v e  r e p o r t s  o f  t h e  s u b je c t s  a r e  i l l u m i n a t i n g  

i n  many c a s e s .  I n  m ost c a s e s  a  t e n s e n e s s  w as o b v io u s  t o  th e  e x p e r i ­

m e n te r ;  h o w ev er, t h a t  i s  n o t  a s  v a lu a b le  a s  th e  fo l lo w in g  s ta te m e n ts  

w h ic h  g iv e  t h e  s p e c i f i c  d i s tu r b a n c e  from  w h ich  some o f  th e  s u b je c t s  

s u f f e r e d .  Those who s u f f e r e d  no e m o tio n a l s t r a i n  a r e  n o t  m e n tio n e d .

Humber 1 .  " I  s u f f e r e d  a  s l i g h t  s t r a i n  b e c a u s e  o f  th e  c o n s c io u s ­

n e ss  o f  b e in g  t im s d ."

Humber 2 .  "The f e e l i n g  o f  n o t  g ra s p in g  th e  s i t u a t i o n  alw ays 

s t i r s  me to  m ore i n t e n s e  e f f o r t .  As I  d i s t i n c t l y  d i s l i k e  th e  f e e l i n g  

o f  b e in g  u n a b le  to  g r a s p  th e  m eaning  o f  an y  s i t u a t i o n ,  I  w i l l  concen­

t r a t e  m ore d e e p ly  to  a v o id  t h i s  f e e l i n g  o f  i n f e r i o r i t y . "

Humber 4 .  " I  was s l i g h t l y  d i s tu r b e d  b e c au se  I  th o u g h t  I  w ould 

be  s lo w e r  th a n  th e  a v e ra g e ."
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Number 7 . " I  became to o  a n x io u s  a f t e r  f in d in g  th e  s o l u t i o n ,  

c a u s in g  m is t a k e s ,"

Number 9 .  " I  was an g ry * "

Number 1 1 . " I  f e l t  b e w ild e re d  and a n g ry ."

Number 1 3 . " A f te r  t r y i n g  f o r  some tim e  and n o t  s u c c e e d in g  I  

was n e rv o u s  and a n x io u s  to  f in d  th e  r i g h t  sy s te m ."

Number 1 5 . " I  w o r r ie d  b e c au se  i t  made me f e e l  ig n o r a n t . "  

Number 1 8 , " I  was w o rr ie d  when I  c o u ld n ’t  g e t  th e  num ber. I  

became e x c i t e d  when I  was s u c c e s s f u l . "

F o r ty  p e r  c e n t  o f  th e  l e a r n e r s  w ere  f r a n k  to  ad m it t h a t  th e y  

w ere  c o n s c io u s  o f  an  e m o tio n a l r e a c t i o n  accom panying th e  l e a r n in g  

s i t u a t i o n .  T h is i s  s i g n i f i c a n t  b ec au se  i t  shows t h a t  th e  s u b je c t s  

w ere  n o t  o n ly  s t r u g g l in g  w ith  a  new l e a r n in g  s i t u a t i o n  b u t  w i th  an 

e m o tio n a l r e a c t i o n  a l s o  w hich  was p la y in g  a  r o l e  i n  th e  l e a r n in g .

8 • Summary

1 . C o lle g e  s tu d e n ts  o f  sophomore l e v e l  e x h ib i t e d  b o th  t r i a l  

and e r r o r  and i n s i g h t  l e a r n in g  i n  fo rm in g  th e  c o n c e p t m id d le - s iz e n e s s .

2 .  The amount o f i n s i g h t  p r e s e n t  i n  t h i s  e x p e r im e n t com pares 

f a v o r a b ly  w i th  th e  amount p r e s e n t  i n  th e  o th e r  e x p e rim e n ts  o f  t h i s  

s tu d y .

3 .  The law  o f  e f f e c t  in f lu e n c e d  a t  l e a s t  s i x t y  p e r  c e n t  o f  

th e  g ro u p .

4 .  New m ethods o f  re sp o n se  w ere  im m ed ia te ly  i n i t i a t e d  when 

t h e  s i t u a t i o n  evoked them .

5 .  Random e r r o r s  and p u r p o s e f u l  e r r o r s  p la y  an  im p o r ta n t  r o le  

i n  t h i s  l e a r n in g  s i t u a t i o n .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I I I

SUMMARY AMD CONCLUSIONS 

A# F a c tu a l  C o n c lu s io n s

The p ro b lem  a s  s t a t e d  i n  t h e  b e g in n in g  h a s  b e e n  so lT ed  and th e  

q u e s t io n s  w h ich  w e re  r a i s e d  w i th  r e s p e c t  t o  i t  h av e  b e e n  a n sw e re d .

From th e  e x p e r im e n ta l  f in d in g s  a  number o f  c o n c lu s io n s  a r e  h e re w ith  

made*

1 .  I n s i g h t  and t r i a l  and  e r r o r  l e a r n in g  a r e  tw o ty p e s  o f  

r e a c t i o n s , b u t  n e i t h e r  c a n  be s n a r p iy  d i s t i n g u i s h e d  fro m  th e  o t h e r ;  

i n s t e a d ,  one su p p le m e n ts  th e  o th e r  i n  a n y  com plex l e a r n in g  s i t u a t i o n .

2 .  B o th  m ethods o f  l e a r n in g  a r e  f u n c t i o n in g ,  and f o r  b o th  

a n im a ls  and hum ans, when th e  c o n c e p t m id d le - s iz e n e s s  i s  b e in g  l e a r n e d .

3 .  I n  th e  b e g in n in g  b e h a v io r  i s  m a in ly  o f  th e  t r i a l  and e r r o r  

ty p e ,  b u t  b o th  m ethods o f  r e a c t i o n  a r e  fo u n d  a t ' a n y  s t a t e .

4 .  I n s i g h t  i s  m o st e v id e n t  f o r  b o th  a n im a ls  and humans to w ard s  

tn e  t e r m in a l  p o r t i o n  o f  th e  l e a r n in g  p e r i o d .

5 .  T here i s  m ore t r i a l  and e r r o r  b e h a v io r  p r e s e n t  i n  a n im a ls  

th a n  i n  humans i n  th e  same l e a r n in g  s i t u a t i o n .

6 .  I n d iv id u a l  d i f f e r e n c e s  o b ta in  i n  b o th  s p e c ie s  and i n  g ro u p s  

o f  th e  same s p e c i e s .

7 .  On th e  w ho le  w ith  b o th  humans and a n im a ls  th e  s o lu t i o n  comes 

g r a d u a l ly ,  f i n a l l y  m erg ing  i n t o  co m p le te  i n s i g h t  w i th  r e s p e c t  t o  th e  

p ro b le m .

8 . C r u c ia l  t e s t s  w a r r a n t  th e  c o n c lu s io n  t h a t  a n im a ls  u s e  v i s u a l

123
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and k i n a e s t h e t i c  c u s s  i n  s o lv in g  t h e  p ro b le m .

9 .  P r e s e n t in g  th e  l e a r n in g  a c t i v i t y  a s  a  w hole  h a s  s l i g h t  

a d v a n ta g e  o v e r  p r e s e n t in g  i t  i n  p a r t .

B . T h e o r e t ic a l  C o n c lu s io n

S in c e  th e  p u rp o se  o f  t h i s  p r e s e n t  s tu d y  h as  b e e n  to  throw- 

l i g h t  on th e  two t h e o r i e s  o f  l e a r n i n g ,  c e r t a i n  s ta te m e n ts  r e l a t i v e  

t o  th em  seem  j u s t i f i e d .

I n  t h e  f i r s t  p la c e  "sudden"  m eaning  im m edia te  s o lu t i o n  a s  soon 

a s  th e  p ro b le m  i s  p r e s e n te d ,  m eans t h a t  t h e r e  i s  no p ro b lem , h en ce  no 

l e a r n in g  t a k e s  p l a c e .

The e x p e r im e n ta l  f in d i n g s  o f  t h i s  s tu d y  p o i n t  t o  th e  f a c t  t h a t  

w here  th e  s o lu t i o n  i s  v i r t u a l l y  known a s  soon  a s  th e  p rob lem  i s  p r e ­

s e n te d ,  t h e r e  i s  i n  r e a l i t y  no l e a r n i n g .

B e h a v io r  e n a c te d  i n  su c h  s i t u a t i o n s  d e m o n s tra te s  n e i t h e r  i n ­

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

r e a d y  known and a l r e a d y  o r g a n iz e d .

On t h e  o th e r  hand  l e a r n in g  i s  n o t  to  be  r e p o r t e d  a s  m e r e ly  a  

s e r i e s  o f  t r i a l s ,  e r r o r s ,  and  a c c i d e n ta l  s u c c e s s e s  th ro u g h  w h ic h  a  

s e r i e s  o f  s p e c i f i c  bonds a r e  fo rm ed  b e tw e en  s i t u a t i o n  and r e s p o n s e .  

L e a rn in g  i s  a  dynam ic p ro c e s s  w h ich  c a l l s  f o r  r e c o n s t r u c t i o n  o f  b e ­

h a v i o r ,  m ak ing  p o s s ib l e  many r e s p o n s e s .  Such com plex  le a r n in g  s i t u a ­

t i o n s  c a l l  o u t  b e n a v io r  f o r  w h ich  b o th  th e  lav/ o f  u se  and e f f e c t  a r e  

in a d e q u a te  a s  f u l l  e x p la n a to r y  c a t e g o r i e s .

L e a rn in g  may t a k e  p la c e  i n  s e r i a l  o r d e r ,  i . e . ,  by  l e a r n in g  th e  

p a r t s .  O r, l e a r n in g  may ta k e  p la c e  b y  th e  em ergence o f  th e  p a r t s
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from  th e  w h o le , s o  t h a t  th e  p a r t  i s  s e e n  a t  a l l  t im e s  i n  i t s  r e l a t i o n  

t o  th e  w hole  u n i t  o f  a c t i v i t y .  The e x p e r im e n ta l  f in d in g s  o f  t h i s  r e ­

s e a r c h  p o i n t  to  th e  l a t t e r  a s  s l i g h t l y  m ore f a v o ra b le  f o r  l e a r n in g .

T h e r e f o r e ,  t r i a l  and e r r o r  r e s p o n s e s  p la y  a  co n sp icu o u s  r o le  i n  

l e a r n i n g .  They p r e c e d e ,  accom pany, and su p p le m e n t i n s i g h t .  They a re  

n o t  m e c h a n ic a l  re s p o n s e s  as have b e e n  a s s e r t e d  by  c r i t i c s ,  b u t  f l e x i b l e ,  

l e n d in g  th e m s e lv e s  t o  im m edia te  r e c o n s t r u c t i o n  when th e  s i t u a t i o n  

demands i t .

F i n a l l y ,  t h e r e  seems t o  be no re a s o n  f o r  a n ta g o n ism  be tw een  th e  

two t h e o r i e s ,  a s  s u c h . B oth ty p e s  o f  b e h a v io r  a re  p r e s e n t  th ro u g h o u t 

th e  e n t i r e  s e r i e s  o f  e x p e r im e n ts ,  and an i n t e r p r e t a t i o n  i n  te rm s  o f  

one e x c lu s iv e ly  can  be  made o n ly  by ig n o r in g  th e  f a c t s .

The c o n c lu s io n s  s t a t e d  a r e  u n i v e r s a l  f o r  t h i s  r e s e a r c h ,  h o ld in g  

a l i k e  f o r  lo w e r  a n im a ls  and hum ans, and f o r  b o th  m oto r and i n t e l l e c t u a l  

( " v e r b a l "  o r  " l i n g u i s t i c " )  p ro b le m s .

C. E d u c a t io n a l  I m p l ic a t io n s

On th e  b a s i s  o f  th e  above f i n d i n g s ,  t h e  fo llo w in g  im p l ic a t io n s  

f o r  e d u c a t io n  a r e  t e n t a t i v e l y  p ro p o se d :

1 . L e a rn in g  has  i t s  b e g in n in g  i n  t r i a l  and e r r o r  m ovem ents; t h a t  

i s ,  i n  l e a r n in g  to  row a  b o a t ,  p l a y  a  p ia n o ,  o r  t o  r e a s o n , a p p a re n t ly  

random  o r  u s e l e s s  a c t i v i t y  may b e  e x p e c te d  t o  a p p e a r .  Likevri.se l e a r n ­

in g  may be e x p e c te d  t o  em erge o r  end  a s  o r g a n iz a t io n  o r i n s i g h t  o f te n  

h ig h ly  c o n s c io u s .

2 . L e a rn in g  p ro b lem s w h ich  a r e  s o lv e d  i n s t a n t l y  s h o u ld  be  lo o k ed  

upon  w i th  s k e p t i c i s m .  They a f f o r d  no o p p o r tu n i ty  f o r  l e a r n in g  o r g ro w th . 

F u r th e rm o re , th e y  have n o t  c h a l le n g e d  th e  l e a r n e r .
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3 .  C h i ld re n  sh o u ld  be g iv en  many o p p o r tu n i t i e s  t o  fo rm  a b s t r a c t  

c o n c e p ts  th ro u g h  e x p e r ie n c e s  i n  h ig h ly  c o n c re te  and v i t a l  s i t u a t i o n s  

and hence s e c u re  g e n e ra l  modes o f  r e s p o n s e  f o r  su b se q u e n t em ploym ent 

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

4 .  L e a rn in g  s i t u a t i o n s  sh o u ld  be  d e s ig n e d  so  t h a t  l e s s  o p p o r­

t u n i t y  f o r  l e a r n in g  o f  th e  s e r i a l  ty p e  w i l l  be  p r e s e n t ,  and  h e n c e , a 

l a r g e r  p o s s i b i l i t y  f o r  th e  v iio le  p ro b lem  o r  u n i t  o f  a c t i v i t y  to  con­

d i t i o n  t h e  l e a r n e r ’ s b e h a v io r .

5* The p r in c i p l e  o f  o o n fu s io n  w h ich  was so  e v id e n t  i n  th e  e x p e r i ­

m ent w i th  c h i ld r e n  i n  fo rm in g  th e  c o n c e p t m id d le - s iz e n e s s ,  h as  p ro fo u n d  

e d u c a t io n a l  and s o c i a l  s i g n i f i c a n c e .  T ha t i s ,  c o n fu s io n  -which a r i s e s  

w i th  r e s p e c t  t o  t h e  fo rm a tio n  o f  r i g h t  r e l a t i o n s h ip s  i n  t h e  u se  o f  con­

c e p ts  may p o in t  to  th e  o r ig i n  o f  many breakdow ns w hich come in  e d u c a t io n  

and s o c i e t y .

6 . E d u c a tio n a l  and s o c i a l  s i t u a t i o n s  m ig h t be so d e s ig n e d  and 

c o n t r o l l e d  t h a t  d e s i r e d  c o n c e p ts  and i d e a l s  may be fo rm ed .

D. Problem s f o r  F u r th e r  I n v e s t ig a t io n

I n  th e  c o u rs e  o f  t h i s  e x p e rim e n t p rob lem s have em erged w h ic h , i f  

s o lv e d ,  w ould  th ro w  added l i g h t  upon th e  two t h e o r i e s  o f  l e a r n in g ,  y e t  

w ould  n o t ,  so f a r  a s  th e  w r i t e r  can ju d g e , a f f e c t  th e  c o n c lu s io n s  o f  

t h i s  s tu d y .  Those w hich seem m ost s i g n i f i c a n t  f o r  f u r t h e r  r e s e a r c h  a r e :

1 .  R e te n t io n  i n  r e l a t i o n  to  c o n c e p t fo rm a tio n  in  r a t s .

2 .  A c o m p ara tiv e  s tu d y  o f  c o n c e p t fo rm a tio n  in  d u l l ,  n o rm a l, 

and s u p e r i o r  c h i l d r e n .

3 .  The r e l a t i o n  o f  c h r o n o lo g ic a l  age to  c o n c e p t fo rm a tio n  i n
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r a t s .

4 .  A c o m p a ra tiv e  s tu d y  o f  l e a r n in g  b y  t r i a l  and e r r o r  and  b y  

i n s i g h t  i n  s u p e r io r  c h i l d r e n .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



BIBLIOGRAPHY

1* B u rg e s s ,  R o b e r t  W ilb u r .  The M a th e m a tic s  o f  S t a t i s t i c s ,  B o sto n : 
H oughton M i f f l i n  C o .,  1 9 2 7 . P p . v i i i  7̂  3 0 4 .

2 .  C a r r ,  H arvey  A . P sy c h o lo g y . Hew Y ork; Longm ans, G reen and Co.
P p . v  4 3 2 .

3* D a s h i e l l ,  Jo h n  W il l ia m . F u n d am en ta ls  o f  O b je c t iv e  P s y c h o lo g y . 
B o s to n : H oughton M i f f l i n  C o .,  1928 . P p . x v i i i  • /  58 8 .

4 .  D ra k e , L .E . and H e ro n , W«T. "The R a t ."  A R e fe re n c e  B ib l io g ra p h y ,
1 9 2 4 -2 9 . P s y c h o lo g ic a l  B u l l e t i n ,  V o l .  2 7 , No. 3 (1 9 3 0 ) , p p .  
1 4 1 -2 3 9 .

5 .  F i e l d s ,  P .E .  "The W hite  R a t* s  V is u a l  D is c r im in a t io n  o f  G eom etric
F i g u r e s ,"  J o u r n a l  o f  C om para tive  P sy c h o lo g y , V o l . 9 (N ovem ber, 
1 9 2 9 ) , p p . 1 0 7 -2 2 .

6 * F i e l d s ,  P .E . " C o n t r ib u t io n  to  V is u a l  F ig u re  D is c r im in a t io n  i n
■White R a t s ,"  J o u r n a l  o f  C om p ara tiv e  P sy c h o lo g y ,  V o l . 11 (D ecem ber, 
1 9 3 1 ) , p p .  3 2 7 -4 8 .

7 .  G ay ton , A .H . "The D is c r im in a t io n  o f  R e la t i v e  and A b so lu te  S t im u li
by  A lb in o  R a ts ,"  J o u rn a l  o f  C om para tive  P s y c h o lo g y , V o l .  7 
( A p r i l ,  1 9 2 7 ) , p p . 9 3 -1 0 5 .

8 .  G e n g e r e l l i ,  J .A .  " S tu d ie s  i n  A b s t r a c t io n  w i th  W h ite  R a t s ,"
J o u rn a l  o f  G e n e tic  P s y c h o lo g y , V o l. 38 (D ecem ber, 1 9 3 0 ) , p p . 
1 7 1 -2 0 2 .

9 .  G ilh o u s e n , H .C . "An I n v e s t i g a t i o n  o f  I n s i g h t  i n  R a t s ,"  S c ie n c e ,
V o l. 73 ( J u n e , 1 9 3 l ) ,  p p .  7 1 1 -1 2 .

1 0 . G u i l f o r d ,  J . P .  "The R o le  o f  Form i n  L e a rn in g ,"  J o u rn a l  o f  E x p e r i­
m e n ta l  P sy c h o lo g y ,  V o l. 10 (O c to b e r , 1 9 2 7 ) , p p . 4 1 5 -2 3 .

1 1 . G reg o ry , C h e s te r  A r th u r ,  and R en frew , Qmer Yv. S t a t i s t i c a l  M ethod
i n  E d u c a tio n  and P sy c h o lo g y .  C i n c in n a t i t  C»A* G reg o ry  C o .,
1929 . P p . 22 8 .

1 2 . H e ls o n , H. " I n s i g h t  i n  th e  W h ite  R a t ,"  J o u r n a l  o f  E x p e r im e n ta l
P sy c h o lo g y ,  V o l .  10 (O c to b e r ,  1 9 2 7 ) , p p .  3 7 8 -8 0 .

1 3 . H ig g in so n , G .D . " V is u a l  P e r c e p t io n  i n  th e  W hite  R a t ,"  J o u r n a l  o f
E x p e r im e n ta l  P sy c h o lo g y ,  V o l .  9 (A u g u s t, 1 9 2 6 ) , p p . 3 3 7 -4 7 .

1 4 .  Humphrey, G. "The -Psychology o f  th e  G e s t a l t , "  J o u r n a l  o f  Educa­
t i o n a l  P sy c h o lo g y ,  V o l. 15 (O c to b e r , 1 9 2 4 ) , p p . 4 0 1 -1 2 .

128

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



129

15* H s ia o , H .H . "An E x p e r im e n ta l  S tu d y  o f  th e  R a t* s  I n s i g h t  W ith in
a  S p a c ia l  Complex*" B e rk le y :  U n iv e r s i ty  o f  C a l i f o r n i a  P u b l ic a -  
t i o n  i n  P sy c h o lo g y ,  V o l . 4 ,  ho* 4 (1 9 2 9 ) , p p .  5 7 -7 0 . ’

1 6 . K e l le y ,  Truman L . S t a t i s t i c a l  M ethod.  Hew Y ork: The M acm illan
C o ., 1 9 2 4 . P p . x i  -/• 3 9 0 .

1 7 . K o h le r ,  W. G e s t a l t  P s y c h o lo g y . New Y ork: H. L i v e r i g h t ,  1929 .
Pp. x + 4°3 *

1 8 . K o h le r , W* "An A sp e c t o f  G e s t a l t  P sy c h o lo g y ,"  P e d a g o g ic a l  Sem inary ,
V o l. 32 (D ecem ber, 1 9 2 5 ) , p p . 6 9 1 -7 2 3 .

1 9 . K o h le r , W. The M e n ta l i t y  o f  A pes.  New Y ork: H a r c o u r t ,  3 ra o e  and
C o ., 1 9 2 5 . Pp.' v i i i  3 4 2 . (W in te r  T r)

2 0 . K o ffk a , K . " P e rc e p t io n :  An I n t r o d u c t io n  t o  th e  G e s t a l t  T h e o r ie s ,"
P s y c h o lo g ic a l  B u l l e t i n ,  V o l .  19 (O c to b e r , 1 9 2 2 ) , p p .  5 3 1 -8 5 .

21* K o ffk a , K. The Growth o f  th e  M ind. Notv Y ork: H a rc o u r t ,  B race  and
C o ., 1924 . Pp.' x v i  3 3 2 . (Ogden T r)

2 2 . Kuo, Z. Y.  "The F undam en ta l E r ro r  o f  th e  C oncept o f  P u rp o se  and
th e  T r i a l  and E r r o r  F a l l a c y ,"  P s y c h o lo g ic a l  R ev iew , V o l .  35 
(1 9 2 8 ) , p p . 4 1 4 -3 3 .

2 3 . L a s h le y , K .S . " V isu a l  D is c r im in a t io n  o f  S iz e  and Form i n  th e
A lb in o  R a t ,"  J o u rn a l  o f Anim al B e h a v io r ,  V o l .  2 (May, 1 9 1 2 ),
p p .  2 1 0 -2 0 .

2 4 . M a ie r ,  Norman R .F . "R easo n in g  i n  W hite  R a t s ,"  C om para tive  P sy ­
c h o lo g y  M onograph,  V o l . 6 ,  No. 3 ( 1 9 2 9 ) ,  p p .  1 1 -1 8 3 .

2 5 . M e l tz e r ,  Human. C h i l d r e n s  S o c ia l  C o n c e p ts .  B ureau  o f  P u b l ic a ­
t i o n .  T each e rs  C o l le g e ,  C olum bia U n iv e r s i ty .  C o n tr ib u t io n s  t o  
E d u c a tio n  Ho. 1 9 2 , 1 9 2 5 . P p . v i i  9 0 .

2 6 . M u rc h iso n , C a rl ( E d i t o r ) .  F o u n d a tio n s  o f E x p e r im e n ta l  P sy c h o lo g y .
C la rk  U n iv e r s i ty  P r e s s ,  1 9 2 9 . P p . x  ^  893 .

2 7 . M unn, N .L . " V isu a l P a t t e r n  D is c r im in a t io n  i n  t h e  W hite  R a t ,"
J o u rn a l  o f  C om parative  P sy c h o lo g y ,  V o l .  10 (N ovem ber, 1 9 3 0 ), 
p p .  1 4 5 -6 6 .

2 8 . O gden, R o b e r t  M o r r i s .  P sy c h o lo g y  and E d u c a tio n . New Y ork: Har­
c o u r t ,  B race  and C o .,  1 9 2 6 . P p . x i i i  364*

2 9 .  P e r k in s ,  F .L .  "A F u r th e r  S tu d y  o f  C o n f ig u ra t io n a l  L e a rn in g  i n
th e  G o ld f is h ,"  J o u rn a l  o f  E x p e r im e n ta l P sy c h o lo g y ,  V o l .  15 
(O c to b e r , 1 9 3 l ) ,  p p . 5 0 8 -3 8 .

3 0 . P e c h s te in ,  L .A . "Whole V e rsu s  P a r t  M ethod i n  L e a rn in g , " Ps^r-
c h o lo g x c a l M onograph, V o l . 20 (1 9 1 7 ) , p p . 8 0 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1 3 0

3 1 .

3 2 .

3 3 .

3 4 .

3 5 .

3 6 .

3 7 .

3 8 .

3 9 .

4 0 .

4 1 .

4 2 .

4 3 .

4 4 .

4 5 .

4 6 .

P i a g e t ,  J e a n .  The C h ild * s  C o n cep tio n  o f  t h e  W o rld . New Y ork: 
H a r c o u r t ,  B race and C o ., 1929 . P p . i x  397 . (T o lm inson  T r)

S noddy , George S . "An E x p e rim e n ta l A n a ly s is  o f  a  C ase o f  T r i a l  
and  E r r o r  L e a rn in g  i n  t h e  Human. S u b je c t .  P s y c h o lo g ic a l  Mono­
g ra p h : P r in c e to n  P s y c h o lo g ic a l  Review  Company.

T h o rn d ik e , E .L . E d u c a tio n a l  P sy c h o lo g y ,  Volume I I .  Hew Y ork: 
T e a c h e rs  C o lie g e , Colum bia U n iv e r s ix y , 1932 , p p . xx 4 4 3 .

T h o rn d ik e , E .L . Human L e a rn in g . New Y ork: The C e n tu ry  C o .,
1 9 3 1 . P p . 203.

T h o rn d ik e , E .L . A nim al I n t e l l i g e n c e .  New Y ork : The M a cm illan  C o ., 
1 9 1 1 . P p . v i i i  297 .

Tolm an, E .C . ,  and H o n z ik , C.H. " I n s i g h t  in  R a t s . "  B e rk e le y :
The U n i v e r s i ty  o f  C a l i f o r n ia  P u b l i c a t i o n  i n  P sy c h o lo g y , V o l .  4 
(1 9 3 0 ) , p p .  2 1 5 -3 2 . “

V a l e n t i n e ,  W. " V isu a l  P e r c e p t io n  i n  th e  'W hite R a t ,"  J o u rn a l  o f  
C om para tive  P sy c h o lo g y ,  V o l . 8 (D ecem ber, 1 9 2 8 ) , p p . 3 6 9 -7 5 .

V in c e n t ,  S t e l l a  M. "The F u n c t io n  o f  th e  V ib r i s s a  i n  th e  B eh av io r 
o f  th e  W hite  R a t ,"  b e h a v io r  M onograph (1 9 1 1 -1 2 ) , V o l. 1 ,  No. 5 , 
p p .  7 - 8 1 .

W arden , C . J . ,  and W arn e r, L .H . "The D evelopm ent o f  A nim al Psy­
c h o lo g y  i n  th e  U n ited  S t a te s  D uring  th e  P a s t  D ecade ,"  P sycho­
l o g i c a l  Review ,  V o l .  34 (1 9 2 9 ) , p p .  1 9 6 -2 1 0 .

Y farden, C .J .  A S h o r t  O u t l in e  o f  C om parative  P sy c h o lo g y . New 
Y ork: W.vY. N orton  and C o .,  1 927 . P p . x i •£> 9 5 .

W ever, E . B . " A t te n t io n  and  C le a rn e s s  i n  t h e  P e r c e p t io n  o f  F ig u re  
and G round," A m erican J o u rn a l  o f  P sy c h o lo g y ,  V o l .  40 (1 9 2 8 ) , 
p p . 5 1 -7 4 .

W h e e le r , Rarnond H o ld e r . The S c ie n c e  o f  P sy c h o lo g y .  New York: 
Thomas Y . C ro w ell C o ., 1929 . P p . xv  7^ 5 5 6 .

W h e e la r , Rarnond H o ld e r . R ead in g s  i n  P sy c h o lo g y . New York:
Thomas Y . C row ell C o ., 1 9 3 0 . P p . x  59 7 .

W ils o n , W .R. " P r i n c ip l e s  o f  S e l e c t io n  i n  T r i a l  and  E r r o r  L ea rn ­
i n g ,"  P s y c h o lo g ic a l  R eview , V o l. 31 (1 9 2 4 ) , p p . 1 5 0 -6 0 .

Y e r k e s ,  R o b e r t M. The G re a t  A pes.  New H aven: Y a le  U n iv e r s i ty  
P r e s s ,  192 9 . P p . x ix  7  ̂ 652 .

Y e rk e s , R .M ., and W atson , J .B .  "M ethods o f  S tu d y  V is io n  i n  
A n im a ls ,"  B eh av io r M onograph, V o l. I ,  No. 2 (1 9 1 1 ) ,  p p .  9 0 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE XXIV

TIME IN SECOND PER TRIAL FOR EACH SUBJECT

T r i a l R a t 4 R a t 5 R a t 6 R at 7 R a t 8 R a t 2 R at 3 Sat 9 R a t 10 R a t 11

1 4500 385 1150 210 690 3645 100 611 1090 2500
2 50 355 102 56 45 664 115 100 185 55
3 20 20 10 105 130 690 75 103 123 354 30 90 86 20 11 135 130 21 25 605 80 95 20 16 9 125 22 5 16 100
6 46 270 29 168 69 105 50 11 10 167 60 330 35 22 85 45 70 10 75 19
8 71 50 58 19 8 40 31 85 125 199 260 75 11 20 14 1600 19 50 15 1010 660 165 20 29 38 24 15 25 10 1411 670 65 20 65 15 20 45 7 7 5512 310 45 45 150 9 28 8 62 15 1013 240 179 20 16 22 14 150 7 22 1814 45 46 38 40 6 36 23 5 25 4615 135 69 50 30 25 20 27 14 8 1216 144 110 25 46 7 37 17 8 11 717 46 20 30 ■ 8 31 30 11 10 27 1118 73 44 23 8 6 58 4 20 19 1519, 35 58 20 25 26 26 5 19 6 1420 35 75 20 15 10 102 6 15 35 1221 50 23 9 7 12 23 13 15 6 1122 55 50 10 15 16 49 25 6 6 1423 23 18 30 5 20 24 4 36 4 1224 60 20 7 6 24 29 15 22 4 1325 65 105 5 3 8 270 30 35 30 2026 55 35 15 8 5 65 11 11 15 1327 65 35 12 10 5 61 5 5 5 1028 50 31 35 70 ' 4 290 5 15 5 5

29 82 30 12 4 8 42 15 5 5 2730 25 25 6 10 5 184 6 5 10 1031 50 50 45 22 6 60 5 12 5 5
32 29 10 12 10 25 27 3 6 4 5
33 26 22 20 7 5 30 5 10 10 36o4 15 29 11 10 10 105 9tw 8 5 4
35 4-0 15 35 5 9 2310 10 4 34 436 22 19 10 12 5 85 5 12 25 437 40 25 13 25 63 12 37 75 37 638 35 20 19 5 4 150 6 15 4 2539 12 11 16 11 9 40 4 5 5 640 50 35 16 8 5 25 5 15 9 5
41 100 110 32 6 5 19 19 6 4 542 45 85 15 26 3 45 10 6 105 9043
44
45

15
11
35

40
30
25

10
55
20

10
5
7

7
7
5

60
45
22

4
5
6

7
4

11

2
10
43

3
3
4
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TABLE XXIV (Continued)

T r ia l S a t  4 R a t 5 R at 6 R a t 7 R a t 8 Rat 2 R at 3 R at 9 R at 10 R at 11

46
47
48
49
50

35
2015

150
75
20

16
10

105
32

50 70 20
1022 14

15 
35 
60 
46 
15 
10 
15 
10

10 10

27 10 27
30
45 44

55

58 10 10
10

60 14
1011

22
10 10

16 20 10
10 10

64
65
66 
67

10 10
20

18 10

20
69
70 30

15 30
72
73
74
75
76
77
78
79
80

30 65 30 13 20

10 10 10
20

4510 10
83
84
85
86

15
65 16

10 110
11 3088

89
90 47

30 1062
1010
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TABLE XXIV (Continued)

T r i a l R a t 4 R a t 5 R at 6 R a t 7 R at 8 Rat 2 R at 3 R at 9 R a t 10 R at 11

26
1094

95
10

15
2097 20

26 30
99

100
101
102
103
104
105
106
107
108
109
110 
111 
112
113
114
115
116
117
118
119
120 
121 
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

45 11

10
20

10

15 10

10 20 15

15

19

10 10

10 40

10

14

10
28
25

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T r ia l

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
163
184
185

TABLE XXIV (Continued)

R at 5 R a t 6 R a t 7 R a t 3 R a t 2 R at 3 R a t 9 R a t 10

5 10 i 4 5
5 8 1 3 7

15 7 ! 7 4
5 11 4 43
6 4 5 10
4 4 3 3
6 4 4 5

20 3 4 6
7 3 0 3
5 4 4 6
5 5 3 4
4 3 4 5
5 4 3 6
6 3 3 3
4 3 3 8
5 3 4 4
o 5 7
5 6 4
7 4 10
5 3 5
5 3 4
5 4 4
5 3 44

50 4 4
3 4 4
4 4 4

15 3 7
5 3 10A 7 4

15 3 5
6 4 5cKJ 3 4

10 6 8
15 3 8

5 2 5
5 20 3
5 5 5
5 2 3
4 7 7
5 6 3
8 5 15
3 25 4

10 5 615
4

40
7

3
10
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r i a l

186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230

TABLE XXIV (Continued)

R a t 4 R at 5 R a t 6 R at 7 R a t 8 R a t 2 R at 3

7 5
5 5
4 30
4 5

11 5
4 11
4 5
5 4
5 5
5 10
5 5
5 6
8 4
6 4

12 7
4 3
5 3
8 3
5 4
7 ! 4
4 5
4 3
4 7
5 10
4 8
5 4
4 20
4 8
5 3
4 4

35 5
9
6

15
5

15
5
5

i 5
5
4
o
7
5
5

R a t 10

4
5
4
5

6
12
10

5
5
5
5
4
5 
4
4
5
4
3
3
4
4
5 
4
4
5
3 
7
4
3
3
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TABLE XXIV (Continued)

T r i a l

231
232
233
234
235
236
237 
236
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258 
25S 
260 
261 
262
263
264

R a t 4 R at 5 R a t 6 R a t 7 R a t 8 R at 2

4
6
4
6
4
3
4 
3
3
4 
4
3
4 

.5  
11

5 
3

10
3
4
3
4 
4 
4
6
4 
6
5
7
8 
4
4
7

R a t 3 R at 9 R a t 10 R at 11
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TABLE XXIV (Continued)

T r i a l R a t  4 R a t  5 R a t 6 R a t 7 R a t 8 R a t 2 R a t 3 R a t 9 R a t 10 R a t 11

L e a rn in g  T e s t

1 6 4 7 15 15 4 6 25 3 8
2 15 5 4 20 6 4 72 9 10 8
3 4 5 32 8 25 5 16 4 3 4
4 6 4 4 7 32 4 20 5 4 6
5 7 4 14 8 8 4 4 4 4 3
6 23 5 4 7 15 3 3 4 3 4
7 15 5 3 8 5 3 11 4 4 3
8 8 5 11 5 8 4 3 8 8 5
9 3 5 3 6 5 4 4 4 3 5

10 8 5 3 15 5 4 3 4 4 4
11 6 4 6 5 6 4 4 4 8 4
12 5 5 3 6 5 3 4 • 5 4 5

1 5 18 6 13 6 5 15 6 4 15
2 8 25 4 4 4 5 5 10 15 11
3 9 5 4 7 4 5 6 4 3 6
4 4 5 3 6 4 4 4 5 7 11
5 3 7 5 5 4 4 4 3 8 6
6 4 5 4 6 4 4 4 10 4 10
7 3 7 3 5 4 5 4 4 4 5
8 3 RV 3 6 4 4 5 5 12 5
9 4 5 4 5 4 3 5 3 4 4

10 4 4 4 7 3 4 4 8 4 6
11 4 5 4 18 3 7 4 4 4 15
12 5 5 4 7 4 6 4 3 4 7
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- i a l

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
56
37
38
39
40
41
42
43
44
45

0
0
1
2
2
1
2
0
1
T
1
1
0
2
0
1
2
1
0
0
1
2
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
2
0
0
0

TABLE XXV 

ERRORS PER TRIAL FOR EACH SUBJECT

5
9
3
1
0
1
1
0
1
s
1
3
0 
2
3
4 
0 
2
1 
0 
0 
2 
0 
2 
2 
0 
2 
1 
2 
0 
1 
0 
1 
0 
0 
2 
1 
0 
0 
2 
1 
1 
0 
0 
0

R at 5 R a t 6 R at 7 R a t 8 2at 2 R a t 3 R a t 9 R at 10 I

2 1 0 0 4 0 0 1.
2 2 1 0 3 1 0 4
3 9 0 3 2 1 3 1
1 1 0 0 0 2 2 0
2 0 0 0 1 1 0 0
5 1 2 1 4 1 1 2
3 3 1 2 0 1 0 2
0 2 0 0 0 1 3 3
1 0 0 1 1 0 1 0
3 1 1 4 1 3 1 0
2 0 1 0 0 2 3 0
0 1 2 0 0 0 0 0
2 1 1 1 0 1 0 1
0 3 1 0 0 0 0 0
2 2 2 1 1 0 0 1
2 1 2 1 0 0 0 1
0 0 0 1 0 0 0 0
2 1 0 0 1 0 2 1
3 1 2 0 0 0 0 0
1 1 0 3 1 0 0 0
1 0 0 0 1 1 2 21 2 0 0 1 0 1 0
0 0 0 2 1 2 3 0
4 0 0 0 0 0 0 1
0 0 0 0 1 0 0 1
0 0 0 0 0 0 0 _
0 3 1 1 1 0 0 1
0 1 0 0 0 0 0 1
0 0 0 0 1 0 0 n1 V
0 1 2 0 0 0 0 ! i
I 1 1 0 0 0 1 : i
0 0 0 2 0 0 0 ! o
1 0 1 0 0 0 0 i
1 Ac 1 0 0 0 1 1 ^
0 0 0 0 0 0 1 1
1 1 0 1 0 3 0 0 1
0 0 0 0 1 0 0 0
0 0 0 o 0 0 0 0
0 1 1 1 2 0 0 0
1 0 0 0 0 1 0 1
1 2 0 0 0 2 0 03 0 0 0 0 0 0 3
0 0 1 0 1 0 0 1
1 2 0 0 1 0 2 2
0 0 0 0 1 1 0 2

J
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

1
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1
0
0
0
0
0
1
0
0
0
1
0
0
0
1

)n.

TABLE XXV (Continued)

R at 4 R at 5 R at 6 R a t 7 R at 8 R at 2 R a t 3 l a t  9 R a t 10 '

0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
1 3 0 0 0 0 1 0 2
0 1 0 1 1 0 0 1 1
0 0 1 0 0 1 0 1 0
0 0 0 0 0 1 0 0 1
0 0 0 0 0 2 0 0 0
0 0 1 1 0 1 0 0 3
0 0 0 0 0 1 0 0 1
0 0 0 0 0 1 0 0 1
0 0 1 0 0 1 1 0 0
0 0 0 1 0 0 0 0 2
0 0 1 0 0 0 0 1 0
0 1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 1 1
0 0 0 3 0 0 1 1
0 2 1 0 0 0 0 0
1 0 0 2 0 0 1 1
0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 1
1 0 0 2 1 0 0 1
0 0 0 0 0 0 0 0
0 0 0 2 0 0 0 1
0 0 0 1 0 1 0 0
0 1 0 0 0 0 0 0
0 0 0 o 0 0 0 0
0 2 1 0 2 0 0 0
0 1 0 0 0 1 0 0
0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1
0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 2
0 0 0 1 0 0 0 1
0 0 0 0 0 1 0 0
0 01 0 0 0 0 0 2
0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1
0 0 1 0 1 0 1 1
0 0 1 0 0 1 0 0
0 0 0 1 0 0 0 1
0 0 0 0 0 0 0 1
0 0 0 0 1 1 3 0
0 0 3 1 0 0 0 1
1 1 0 0 0 0 0 0

owner.



' r i a l

92
93
94
95
96
9?
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

140

TABLE XXV (Continued)

R a t 4 R a t 5 R at 6 Rat 7 R at 8 R at 2 R a t 3 R a t 9 Rat 10 R a t 11

0 0 0 0 0 1 1 0 0
0 0 1 0 1 0 0 1 0
2 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 1 0 1 0
0 1 0 1 0 0 0 0 0
1 2 0 0 1 2 0 2 0
0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 1 1 0
0 0 0 0 0 0 0 1 0
0 0 0 1 0 0 0 0 0
0 0 0 0 1 1 2 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 1 1 0 0 1 0
1 0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 3 0
0 0 0 0 0 0 1
0 0 0 0 0 1 0
0 0 0 1 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 1 0 0 0 0
0 0 0 0 0 0 1
0 1 0 0 1 0 0
0 0 0 0 0 0 1
0 1 0 0
3 1 0 0
1 0 0 0
0 0 0 0

0
1 0

0

owner. Further reproduction prohibited without permission.



T r i a l

138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
155
157
158
159
160
151
162
163
164
165
166
167
168
139
170
171
172
173
174
175
176
177
178
179
130
181
182
183

141

TABLE XXV (Continued)

t  4 R at 5 S a t  6 R at 7 R a t 8 R a t 2 R a t 3 R at 9 Rat 10 R a t 11

1 0 0 0
0 0 0 0
0 0 1 0
0 0 0 0
0 0 0 0
0 0 0 0
0 1 0 2
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 1
2 0 0 0
0 0 0 0
0 1 0 0
0 0 0 0
0 0 0 1
0 0 0 0
0 0 0 1
0 0 0 0
0 0 0
0 0 0
0 0 0
0 0 1
0 0 0
0 0 1
0 0 0
2 0 0
0 0 0
0 0 0
0 0 1
0 0 1
0 0 0
2 0 0
1 0 0
0 0 0
0 0 0
0 0 1
0 0 0
0 0 0
0 0 0
0 0 0
0 0 2
0 0 0
0 0 0
0 1 0
0 0 1
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Tri*

184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

TABU! XXV (Continued)

i R a t 5 R at 6 R a t 7 R a t 8 R a t 2 R at 3 R a t 9 R a t 10

0 0 0
0 0 0
0 0 0
0 0 0
2 1 0
0 2 0
0 0 0
1 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 0
0 0 0
0 0 0
0 0 0
0 0 0
2 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 0
0 0 0
0 0 0
0 0 0
0 0

0
0
1
0
1
0
0
0
0
0
0
0

0
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TABLE XXV (Continued)

T r i a l R a t 4 R a t 5 R a t 6 R a t 7 R a t 8 R a t 2 R a t 3 R a t 9 R a t 10 R at 11

229
230
231
232
233
234
235
236
237
238 
259
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260 
261 
262
263
264

0
0
0
0
1
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE XXV (Continued)

T r i a l R at 4- R at 5 R a t 6 R at 7 R a t S R at 2 R a t 3 R at 9 R at 10 R at 11

L e a rn in g  T e s t

1 0 0 0 0 0 0 0 0 0 0
2 0 1 0 0 0 0 1 0 0 1
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 1 0 0 0 0 0
5 0 0 0 1 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 1 0
9 0 0 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 1 0 0

1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 1 0
3 0 0 0 0 0 0 0 0 0 04 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 1 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 2 0 0 0 1
9 0 0 0 0 0 0 0 c 0 0

10 0 0 0 0 0 0 0 1 0 1
11 0 0 0 0 0 0 0 0 0 1
12 0 0 0 0 0 0 0 0 0 1
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TABLE XXV (Continued)

T r ia l R a t  4 R a t 5 R a t  6 R a t 7 R a t 8 R a t 2 R a t 3 R a t 9 R a t 10 R a t 11

P r o p o r t io n s  I n c r e a s e d

1 0 0 1 0 0 0 0 0 0 0
2 1 0 0 0 0 1 0 0 1 0
3 0 0 0 0 0 0 0 0 1 0
4 0 0 0 0 0 0 0 0 3 0
5 1 2 0 0 0 0 0 0 1 0
6 1 0 0 1 0 0 0 0 2 0

R e c ta n g u la r  S te p s  -  S la c k

1 2 0 0 0 1 1 0 0 1 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 1 0
5 0 1 0 0 0 0 0 1 0 0
6 0 0 0 0 0 0 0 0 0 0

T ra p e z o id a l  S te p s  -  W id th  I n c r e a s e d

1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 1 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 u 0 ' 0
5 u 0 0 0 0 0 1 1 1 0
6 0 0 0 0 0 0 u 0 0 0
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
13
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

G

20
17
12
10
16

7
7
8
8

11
15

7
7
6
7
4
7
5
5
6

12
5
5
5

TABLE XXVI

TI1IE IH SECONDS PER TRIAL FOR EACH SUBJECT

D. F . H. E . T. D. S *>

11 5 10 35 25
10 15 35 29 20
20 6 15 10 6

5 20 30 10 20
23 20 15 22 20
17 6 5 17 5
40 20 5 25 6

6 8 15 8 6
17 15 25 22 6
11 8 6 17 7
22 4 5 15 5
25 11 5 16 5
15 4 5 8 5
21 15 5 7 5

7 5 15 10 10
15 5 6 7 17

9 4 6 15 5
5 5 6 10 6
5 5 6 8 6
5 5 5 15 10
5 5 5 7 6
4 5 6 14 6
5 5 6 16 5
4 5 5 15 6
4 5 5 22
5 10 4 9
5 5 5 10
5 5 4 5
5 6 5 6
5 5 5 15
5 5 5 6
5 5 5 5
6 5 5 5
8 5 5 5
4 5 5 5
5 7 5 5

10 5
9 5
7 22
8 6

10 7
10 10

5 10
5 15

owner.



TABLE XXVI (Continued)

T r i a l

45 8
46 8
47 12
48 12
49 8
50 7
51 6
52 9
53 4
54 5
55 4
56 5
57 5
58 5
59 4
60 4

D. F . H, E. T . R« S «

5 
7

15
6

D. S . K. G.

C r u c ia l  T e s t

1 5 6 5 20 7 5
2 5 10 5 8 5 8
3 6 8 6 18 5 6
4 7 5 5 7 5 4
5 10 5 5 10 4 5
B 8 5 4 45 5 5
1 10 10 5 10 5 6
2 12 5 5 7 3 6
3 12 6 5 10 4 5
4 4 6 5 8 5 6
5 3 7 5 8 5 ou6 5 5 5 7 5 5
1 5 5 4 8 5 62 4 7 5 5 6 53 8 6 5 6 5 54 8 5 5 6 5 65 4 6 3 5 6 56 5 5 5 5 8 6
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TABLE XXVII 

ERRORS PER TRIAL FOR EACH SUBJECT

T r i a l

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18 
IS  
20  
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43aji

D. F,

0
1
1
0
2
1
2
0
1
0
2
2
2
2
0
1
0
0
0
0
0
0
0
0
1
0
0
0
0
1
0
0
0
0
0
0
1
0
0
0
1
0
0
0

H.

1
2
0
2
2
0
2
0
1
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

E . T . R . S, D. S,

0
1
0
2
0
0
0
1
2
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
2
0
0
2
2
2
0
2
1
1
1
1
0
0
0
0
0
0
1
0
1
1
0
1
0
0
0
0
1
1
0
0
0
0
0
0
0
1
0
0
0
0
0

1
2
0
1
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

K. Ge
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TABLE XXVII (Continued)

T r ia l D. P.

45 0
46 0
47 0
48 0
49 0
50 0
51 0
52 0
53 0
54 0
55 0
56 0
57 0
58 0
59 0
60 0

H. E. T, R. S.

0
0
0
0

D. S . K. G.

C r u c ia l  T e s t

1 0 0 0 1 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
1 0 0 0 0 0 0
2 1 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 04 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
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• i a l

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

S.

5
.0
3
4
5
2
2
2
3
5
2
4
2
5
3
6
2
4
5
3
5
2
4
4

TABLE XXVIII 

TIME IN SECONDS PER TRIAL FOR EACH SUBJECT

owner. Further reproduction prohibited without permission.
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TABLE X C T III (Continued)

T r ia l E .S h . M.L. D .3 . R.G. E .S . 7 .S . B .H i. *23 9 o • 144 
l

LG . F .C . B .E . P .P . E.B» L .S .

46 11 4 11 3 7 4 2 4 6 5 5
47 11 4 7 3 11 3 4 4 4 12 5
48 3 4 7 4 5 4 3 4 4 8 4
49 8 5 3 3 5 4 7
50 4 3 5 4 10 3 5
51 15 6 6 5 4 4 i 6
52 9 14 9 4 8 4 8
53 7 20 4 3 3 4 9
54 5 10 5 4 3 4 6
55 12 6 6 3 7 5 10
56 6 4 4 4 15 4 9
57 9 5 8 5 6 4 15
58 11 12 4 5 6 4 11
59 10 4 6 5 4 3 1 9
60 4 12 5 4 6 4 ! 8
61 4 22 6 3 4 3 14
62 4 10 4 3 4 5 22
63 5 8 4 4 3 5 14
64 5 6 4 4 6 4 1 1065 2 7 6 3 5 4 1 6
66 4 9 8 4 4 5 1 6
67 3 13 5 4 4 4 ! 3
68 6 8 4 4 5 5 5
69 4 9 5 5 3 5 5
70 3 9 6 5 5 6 4
71 5 8 5 4 2 4 3
72 5 5 4 3 5 4 2
73 5 5 5
74 8 3 3
75 13 4 2
76 12 4 ! 4
77 35 5 ! 378 15 4 3
79 11 5 2
80 10 4 ; 3
81 15 5 4
82 6 6 3
83 10 4 2
84 8 5 4
85 10 4 3
86 20 5 2
87 18 4 3
88 20 4 4
89
90

10
4

4
5

11
6

i
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TABLE XXVIII (Continued)

T r i a l B .S h . M.L. D.B. R .G . E .S . P. S . B .H i. N.O. E.G . P .C . B.H* P .F . E .S .

— . .rra 

L .S .

91 3 4 4
92 3 4 6
93 3 4 5
94 3 4 4
95 4 4 3
96 5 3 6

C r u c ia l  T e s t

1 5 2 4 10 15 5 3 5 7 5 7 5 3 52 4 2 4 2 3 6 4 4 3 4 3 3 5 4
3 4 3 5 4 4 6 3 4 2 6 A 4 3 34 4 4 3 4 4 4- 3 3 7 4 8 3 2 3
5 4 4 4 6 5 4 3 5 7 5 3 3 2 56 3 4 4 4 5 4 3 4 2 3 4 3 3 4
1 5 3 5 5 5 5 6 5 10 5 5 5 5 42 5 3 5 3 5 4 4 4 4 5 5 4 3 53 2 4 4 3 5 3 4 5 5 5 4 4 41 34 3 4 4 4 3 4 4 5 4 4 A 4 4 45 3 4 5 5 5 6 4 5 2 5 5 5 4 36 3 4 5 3 4 4 3 3 4 5 4 4 5 3

ii
|
i

i
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TABLE XXIX (C ontinued)

T r ia l E.Sh.. M.L. D.B. R.G. E .S . F .S . B .H i. N.O. E .G . P .C . B.H. P .F . E .B . L .S .

46 2 0 2 0 1 0 0 0 0 1 0
47 0 0 0 0 1 0 0 2 0 2 0
48 0 0 2 0 1 1 0 0 0 1 0
49 ! 2 0 0 1 0 2
50 0 I 0 0 0 1 0 0
51 2 I 2 0 1 0 0 0
52 2 1 2 1 0 1 0 0
53 0 1 2 0 0 0 0 1
54 0 1 0 0 1 0 0
55 0 1 0 0 0 0 0
56 0 0 0 0 0 0 0
57 1 1 1 1 0 0 2
58 2 2 0 1 0 0 1
59 1 0 1 0 0 0 2
60 0 1 0 0 0 0 1
61 0 1 0 0 0 0 1
62 0 0 0 0 0 0 2
63 2 0 0 0 0 0 0
64 0 0 0 0 1 0 0
65 0 0 0 0 0 0 0
66 0 1 1 0 0 0 0
67 0 0 0 0 0 0 068 0 0 0 0 0 0 069 0 1 0 1 0 0 070 0 1 0 1 c 0 071 0 0 0 0 0 0 o72 0 0 0 0 0 0 o73 1 1 o
74 1 0 o75
76

0
0

0
0

0
o77

78
79
80

0
0
0
1

0
0
0
0

0
0
0
o81

82
83
84
85
86
87
88
89
90

0
0
0
1
1
0
0
0
0
0

1
0
0
1
0
1
0
0
0
0

0
0
0
0
0
0
0
1
0
0
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TABLE XXIX (Continued)

T r ia l E .S h . M.L.

--------

D.B. R.G. E .S . F .S . B .H i. N.O. E.G . F .C . B.H . P .F . E .B . L .S .

91 0 0 092 0 0 0
93 0 0 0
94 0 0 0
95 0 0 0
96 0 0 0

C r u c ia l  T e s t

1 0 0 0 0 1 0 0 0 0 0 0 0 0 02 0 0 0 1 0 2 0 0 0 0 0 0 0 03 0 0 0 0 0 0 0 0 0 0 0 0 0 04 0 0 0 0 0 0 0 0 0 0 0 0 0 05 0 0 0 0 0 0 0 0 0 0 0 0 0 06 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 0 0 0 0 0 0 0 0 0 0 0 0 02 0 0 0 0 0 0 0 0 0 0 0 0 0 03 0 0 0 0 0 0 0 0 0 0 0 0 0 04 0 0 0 0 0 0 0 0 0 0 0 0 0 05 0 0 0 0 0 2 0 0 0 0 0 0 0 06 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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TABLE XXX

MEM TIME PER TRIAL FOR EACH DAYS WORK OF TWELVE TRIALS

1 2 th R at 4 R at 5 R at 6 R a t 7 R at 8 R a t 2 R a t 3 R a t 9 R a t 10 R a t 11

1 68 93 24 31 18 64 28 16 15 23
2 52 40 10 70 12 29 9 11 8 14
3 34 25 11 8 6 61 5 8 6 6
4 21 12 19 7 6 38 6 8 5 6
5 14 8 10 6 5 13 5 5 6 5
6 11 5 6 5 t 8 8 4 4 5 4
7 7 6 6 5 4 8 5 5 6 6
8 9 6 5 6 *8 10 5 6 4 5g 6 6 4 7 7 8 5 5 5 4

10 6 5 4 5 7 6 4 4 3 4
11 +7 5 +4 6 5 4 4 5 +5

712 4 8 4 +7 6 ■ts 4 5
13 *15 5 *10 6 4 4 4 5 *7
14 7 6 6 *7 4 *5 4 5 5 515 10 6 7 6 4 6 4 5 7IS 5 7 7 7 *19 6
17 5 4 7 7 418 5 6 5 4
19 +5 6 +420 6 4 421 *4 4 *7
22 7 5 5
23 6 3 3
24 {■4
25 4
26 *9
27 6
28 6

+ L e a rn in g  T e s t

* C r u c ia l  T e s t  # The mean t im e  p e r  t r i a l  f o r  e a c h  d a y 's  w ork i s  b a se d  
on s i x  t r i a l s  p e r  d a y . H ence, t h e  p o i n t s  on th e  g ra p h s  f o r  th e  c r u c i a l  
t e s t  a re  a t  t h e  m id p o in t  o f  th e  t w e l f t h s .  F o r exam ple, fo r  R a t 4 th e  
p o i n t  f i f t e e n  se co n d s  f a l l s  h a lfw ay  be tw een  tw e lv e  and t h i r t e e n  on th e  
g r a p h . T h is  h o ld s  f o r  a l l  s u b j e c t s .
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