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ABSTRACT 

The r e s e a r c h  c o m p r i s i n g  t h i s  d i s s e r t a t i o n  was d e s i q n e d  t o  
I 

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

e x p e r i e n c e  on p r e f e r e n c e s  f o r  novel '  and familiar s t i m u l i  i n  

8 - ron th-o ld  and 12- month-old i n f a n t s .  The h y p o t h e s i s  was t h a t  
-, 

i n f a n t s  who had  l i a b i t u a t e d '  t o  . e i t h e . r  a r e l a t i v e l y  complex or  a 

r e l a t i v e l y  s imple  a r r a y  o f  t o y s  would s u b s e q u e n t l y  spend  more 
- 

t i m e  P Z p l o r i n q o v e l  t o y s  than uou13 inIfantsS who were 

f a m i l i a r i z e d  b u t  i n t e r r u p t e d  p r i o r  t o  h a b i t u a t i o n .  A f u r t h e r  

p r e d i c t i o n  was that h a b i t u a t e d  i n f a n t s  would show a s i g n i f i c a n t  - 
p r e f e r e n c e  for n o p e l  t o y s  r a t h e r  than  f o r  f a m i l i a r '  t o y s  i n  b o t h  

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

. show a s i g n i f i c a n t  p r e f e r e n c e  f o r  a famil iar  t o y  a r r a y  when it 
-- -- - - -  

* was complex. ~kt& t h e  array was s i m p l e ,  i & e r % k e d p i n f a n t s  were 
- 

prei3ictad t o  show n o  preference f o r  e i t h e r  n o v e l  or f a s i l i a r  

toys .  .*Finally, t h e  c o m p i e x i t y  of t h e  s t i m u l i  was h y p o t h e s i z e d  t o  

v a r y  a c c o r d i n g  t o  a g e  s u c h  t h a t  a n  a r r a y  t h a t  was s i i p l e  for 

12-month-olds k u l d  produce % r e s u l t s  c o n s i s t e n t  v i t b .  i ts  b e i n q  

complex for 8-moqth-olds. 

- The 12-month-olds were f a m i l i a r i z e d  wi th  an a r r a y  

c o n t a i n i n q  either 5 ' t o y s  (complex) o r  3 t o y s  ( s imp le ) .  Only a 3 

toy a r r a y  wag a v a i l a b l e  f o r  t h e  8- ion th-o lds .  P o l l o v i n q  
--- - - - ---- - --- - - - - - - - ---- - 

f a a i l i a r i z a t i u n  a tes t  t r i a l  was r u n  i n  which half o f  t h e  



f a a i l i a r  a r r a y - i n  t h e  same l o c a t i o n  a s  d u r i n q  t h e  

f a m i l i a r i z a t i o n  t r i a l  and a n o v e l  array i n  a n o v e l  l o c a t i o n .  For  
/ " 

t h e  o t h e r  h a l f ,  t h e  familiar atray was moved t o  a n o v e l  l o c a t i o ~ l  

and t h e  n o v e l  a r r a y  p l a c e d  i n  t h e  f a a i l i a r  l o c a t i o n .  Two 

r e a s u r e s  of e x p l o r a t o r y  behav io r ,  v i s u a l  a t t e n t i o n  and  f o c u s e d  

~ n i p n l a t i o n , .  were recorded .  

The  results i n d i c a t e d  t h a t  r e q a r d l e s s  of aqe and c o m p l e x i t y  

d i d  t h e  i n f a n t s  who were i n t e r r u p t e d  p;ior t o  h a b i t u a t i o n .  On  
QbN 

focused  man ipu la t ion ,  h a b i t n a t e d  i n f a n t s  a l so  showed a n  o v e r a l l  

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

uho had been f a m i l i a r i z e d  w i t h  a complex s t i m u l u s  p r e f e r r e d  
e 

f a m i l i a r  toys. R o  p r e f e r e n c e  f o r  e i t h e r  n o v e l  o r  f a m i l i a r  t o y s  

was f oand far i h f a n t s - v h o  vere i s u p t e a  vith a s i rp le  - 

s t i m u l u s .  C o n s i s t e n t  v i t h  t h e  h ~ p o t h e s i s  t h i t  c o m p l e x i t y  is a n  

aqe-related variable, . t he  results for t h e  8-aonth-olds 

c o n t r a s t e d  v i t h  , t h o s e  f6und  for  t h e  12-month-olds who had been  

f a m i l i a r i z e d  with  a saae s i z e d  ar ray (3 toys) and  vere 

comparable  t o  t h o s e  found  fo r  12-modth-olds who had been 

.- famil&&ed w i t h  a &re complex array (5 toys) .  

  he l o c a t i o n  of t h e  toys had no  effect on t h e  e x p l o r a t o r y  
- 

b e h a v i o r  of any of t h e  h a b i t n a t e d  qroups,  nor d id  it af fec t  t h e  

e x p l o r a t i o n  of i n t e r r u p t e d  0-nonth-oldsD and 12-mon&olds who 



by l o c a t i o n .  Ba th  .of t h e *  q r o u p s  r e t u r n e d  more o i t e n  t o  t h e  

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

t h e  teqt t r i a l  when t h o s e .  t o r s  r e m a i n e d  i n  the f a m i l i a r  
* 

, l o c a k i o n .  When t h e  f a m i l i a r  t o y s  had been moved t o  a m r v e l -  . I 
l ~ a t i o n ,  however, t h e  8-month-olds i n  j t i a l l y  chose a t  random 

, which a r r a ,  td e r p l o r e ,  t h e n  e i t h e r  s t a y e d '  t o  e x p l o r e  if t h e y  

chosen  t h e -  familiar t o y s  left t o  f i d d  t h e  t o y s  

4 i f  t h e y  had c h o s e n  t h e  n o v e l  t o y s .  Twelve-month-olds i n  t h i s  
- - 

c o n d i t i o n  c o n s i s t e n f t l y  r e t u r n e d  t o  t h e  fa . i l iar  l o c a t i o n ,  - 

briefly examined [the n o v e l  to i s ,  t h e n  p roceeded  t o  the n o r e l  
4- 

l o c a t i o n  t o  resawe e x p l q r i n q  t h e  f a m i l i a r  toys. T h e - r e s u l t s  of 

t h i s  s t udp .  p r o v i d e  e m p i r i c a l  e v i d e n c e  f o r  Berlyne's ( I  960) view 

t h a t  i n f a n t s  e x p l o r e  i n  a n  o r d e r l y  nanne r  w i t h  t h e  p u r p o s e  o f  

1ea. rninq - a b o u t  - - the'  o b j e c t s  - i n  - t h e i r  -- e n ~ i r o n e e n t . ~  - They - do - " h o t  - 

haphaza rd ly  look a t  and h a n d l e  o b j e c t s ,  b u t  d o  s o  s a c c e s s i v e l y  
1 .  . 

as the p r o p e r t i e s  04  e a c h  become a s s i m i l a t e d .  I f  this process is 
a 

i n t e r r u p t e d  t h e y  w i l l  r e t u r n  t o  resume e x p l o r a t i o n  and c o m p l e t e  
3 

Xearn inq  before ~ o v i n q  on  t o  explore neu  " th inqs .  
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I. Introduction 
., 
j - 

T b i s  t h e s i s  is a n  i n v e s t i q a t i o n  of some of t h e  d e t e r m i n a n t s  

of e x p l o r a t o r y  b e h a v i o r .  Hore s p e c i f i c a l l y  i t  is a n  
6 

. i n v e s t i q a t i o n  of v i s u a l  e x p l o ~ a t Z o n  a n d  f o c u s e d  m a n i p u l a t i o n  i n  
, ' 3  

e i g h t  and  t welve-month-old i n f a n t s  t o  s t i m u l i  v a r v i n q  i n  

l o c a t i o n ,  c o m p l e x i t y ,  a n d  n o v e l t y .  T b i s  c h a p t e r  i s  a r e v i e w  of 

t h e  relevant l i t e r a t u r e .  

A p l e t h o r a  of t h e o r e t i c a l  v 5 e w p o i n t s  h a v e  been a d v a n c e d  t o  

I a c c o u n t  f o r  t h e  e m p i r i c a l  f i n d i n q s  from s t u d i e s  of e x p l o r a t o r y  

b e h a v i o r .  The  major v i e w p o i n t s ,  w h i c h  i n c l u d e  e a r l i e r  d r i v e  

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

i n f  or mation-processinq ( o p t i m a l - i n c o n q r o i t y )  p o s i t i o n s ,  a r e  

p r e s e n t e d  below.  

D r i  re-T heor.7 A c c o u n t s  

M o t i v a t i o n a l  theorists were p e r p l e x e d  by the l a b o r a t o r y  

findinqs of exploratory b e h a v i o r .  T h e  e a r l y  studies hy Bashie l l  
B 

(1925). R o t e  a n d  F i n p e r  (1942) , lissen ( 1930) , ~olahn ( 1  925)  a n d  

Harlow a n d  his c o l l e a q o e s  ( H a r l a u .  1950; Harlow, B lazek  and 
4% 



B c C l e a r n ,  1956; Haxlow,  B a r l o w  and  Reyer, 1950) h a d  d e m o n s t r a t e d  

that e x p l o r a t o r y  b e h a v i o r  r o u l q  o c c u r  i n  t h e  a b s e n c e  of 
6 %  

, 
; 

1 

i d e n t i f i a b l e  prima=). drives s u c h  as hung& a n d  thirst, a n d  t h a t  

l e a r n i n g  would  a c t u a l l g  a c c r u e  when t h e  o n l y  spec i f i ab le  r e u a r d s  

were t h o s e  of p r o b l e m  s o l v i n s  or c o n t i n u e d  commerce w i t h  a n o v e l  
i 

s t i m u l u s .  R o w  was t h i s  a p p a r e n t l y  i n t r i n s i c a l l y  m o t i v a t e d  

b e h a v i o r  t o  be accouqted for?  .Some p s y c h o l o q i s t s  a t t e m p t e d  t o  
I '  .. 

e x p l a i n  e k p l o r a t o r y  phenomena b y  p o s t u l a t i n q  new d r i  v e s  s u c h  a s  
b 

nboredom d r i v e w  (Isaac, 1962; H y e r s  a n d  ~ i l l e r ,  1954)  a n d  a 

. n m a n i p u l a t i ~ e  d r i v e w  (Harlow, 1950) . hbcordinq t o  O e C o n n e l  . 

( 1 9 6 5 ) ,  the p r o p o n e n t s  o f  t h e s e  p o s i t i o n s  ca 'n  bB c a t ' e p 0 r i z e . d  as . 

e i t h e r  " t e d i u m u  or  n t i t i l l a t i o n n  t h e o r i s t s ,  T e d i u m ,  t h e o r i s t s  

stressed t h a t  a o n o t o n o o s  c i r c u m s t a n c e s  a o t i v a t e  the o r g a n i s m  t o  
w 

/ e x p l o r e  i n  order t o  a l l e v i a t e  boredom t i . .  , d r i v e  i n d u c e d  b y  

t h e - l a c k  of a s t i n u l u s ) .  T i t i l l a t i o n  t h e o r i s t s ,  o n l h e  o t h e r  

hand,  e m p h a s i z e d  t h e  r o l e  t h a t  v a r i a b l e s  .suoh a s  n o v e l t y  a n d  

c o m p l e x i t y  p l a y  i n  e l i c i t i n q  e x p l o r a t o r y  b e h a v i o r  4i.e. , d r i v e  

i n d u c e d  b v  t h e  p r e s e n c ;  of a s t i m u l u s )  . - 

Each  t h e o r e t i c a l  a p p r o a c h  seemed $.ncomple tee Tedium 
. '  

t h e o r i s t s  i q n o r e d  t h e  role of novelty a n d  c o n p l e x i t y  w h i l e  

t i t i l l a t i o n  theorists d i  $ m i s s e d  t h e  r e l e v a n c e  of s a t i a t i o n  .and 

bore4oa e f f ~ t s i  Phese posit ims were open t o  o ther  criticisms. 

To B u n t  ( 1 9 6 3 ) ,  t h e  mere naminq of new d r i v e s  offered n o  

.explanation of the behavior and seemed o n l y  too reminiscent of 



HcDougaU @s p r a c t i c e  of' naming i n s t i n c t s .  

V h i t e  (1959) made a more d e t a i l e d  crpiticism o f  t h e  
? * 

d r i v e -  naaidq approach.  H e  b'eieqan b y  s a y i ~ q  h a t  i f  e x p l o r a t o r y  # b e h a v i o r  is to be considered m o t i v a t e d  b a d r i v e ,  t h a t  d r i v e  

most hake the same i a n c t i o n a l .  p r o p e r t i e s  a s  tha established . 
4d - 

d r i v e s  such a s  hunger, thirst and sex, A c c o r d i n q  t o  t h i s  C_l 

t r a d i t i o n a l  view, d r i v e s  i n v o l v e  f l )  a d e f i c i t  o r  =ed in body 

tissues o u t s i d e  t h e  n e r v o u s  'system which ( 2 )  e n e r q i z e s  o r  
e 

induces b e h a v i o r  t h a t  (31 results i n  a consummatory response 

which (4) reduces t h e  n e e d  or deficit a n d  (5) p r o d u c e s  l e a r n i n q .  

w h i t e  then d e m o n s t r a t e d  t h a t  .an n e x p l o r a t o r y  d r i v e "  d o e s  

n o t  f i t  t h i s  d e f i n i t i o n .  I t  does n o t  a p p e a r  t o  be  c o r r e l a t e d  

w i t h -  a n y  n o n - n e r v o u s - s y s t e n  d e f i c i t  s o  no  t i s s u e  need can 

p r o v i d e  the stimulus f o r  behavior, nor is t h e r e  an a p p r o p r i a t e  

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

i n d u c e d .  True, the e x p l o r a t i o n  of a particular object c a n  bec- 

s a t i a t e d  and t h i s  may beconsidered a c o n s u m i t t o r y  r e s p o n s e .  

However, e v e n  i f  the-definition of a consummato ry  r e s p o n s e  is 

loosened t o  allow for s a t i a t i o n  a n o t h e r  more s e r i o u s  problem 

i m m e d i a t e l y  arises. Since s a t i a t i o n  seems t o  o c c u r  o n l y  i n  
2 

accordqnce with learninq adoat the p r o p e r t i e s  of the o b j e c t  o f '  

exploration (e. g . ,  learning t o  solve mechanical, puzzles, Harlow, 

1950),  learninq i n  effect p r o d u c e s  a redaction i n  explozatory 
---, 

drive ra the r  than a r e d u c t i o n  i n  e x p l o r a t o r y  d r i v e  p r o d u c i n g  - - 
l e a r n i n q ,  Such a p o s s i b i l i t y  would be anathema t o  traditional , - 
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---. W'ite also n o t e d  that t h e  r e i n f o r c e m e n t  p r o v i d e d  by 

a> 

" e r # l o r a t B z y  be-%avior t o  s t r e n g t h e n  o t h e r  r e s p o n  s does n o t  seea 
1% 4 7 

d t o  d n v o l v e  n e e d  reduction. W h i t e  cited t h e  r o c k  of Llontqomery 
,b 

" (1954) t o  shqv t h a t  a n i a a l s  o f t e n  aake choices t h a t  i n c r e a s e  
4 - 

- 
< .  

*'%#her Cl'p,a, t h a n  d e ' c r e a s e  t h e  e x p l o r a t o r y  d r i v e .  If t h e  e x p l o r a t o r y  

%&ri've is  i p s t i q a t e d  by a n o v e l  stimulus, a s  Plontqomery and  o t h e r  
3 ... -. . .  

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

- a v o i d a n c e  of n o v e l  s t i m u l i  since t h e s e  would increase rather 

t h a n  d e c r e a s e  the d r i v e .  Yet, j u s t  the o p p o s i t e  i s  t r u e :  s t i s u l i  
. .x 

which b y  the d r i v e  a c c o u n t  v o u l d  i n c r e a s e  e x p l o r a t o r y  d r i v e  a re  
. > 

souqh t r a t h e r  t h a n  a v o i d e d .  T h e  o c c u ? r e n c e  o f  r e s p o n s e s  t h a t  

i n d u c e  a d r i v e  r a t h e r  than r e d u c e  it would be u n a c c e p t a b l e  t o  

t r a d i t i o n a l  d r i v e  theory. Alonq a similar v e i n  o f  criticism, 

Brown 419611 adverted to t h e  p rob lem of a t t r i b u t i n q  b o t h  

d r i v e - i n d u c i n q  and reinforcihq p r o p e r t i e s  t o  s u c h  s t i a u l u s  

properties as novelty a n d  c o m p l e x i t y .  C o r a e n t i n q  o n  t h e  

. e x p l o r a t o r y - r e w a r d  s t u d i e s  w i t h  monkeys (e.q., Ba~low',  1353)  

Brown p o i n t e d  o u t :  

I f  t h e  act  of l c m k i n q  o u t  t h e  uihdow a t  t h e  outside 
( l a b o r a t o r y )  wor ld  is t h e  s p e c i f i c  event t h a t  arouses 
visual e x p l o r a t i o n ,  t h e n  t h e  monkeys d o  n o t  have t h e  
d r i v e  u n t i l  a f t e r  t h e y  h a v e  s u c c e e d e d  i n  o p e n i n q  the 
correct window. T h e  d r i v e  a r o u s e d  'by t h e  f i n a l  act 
c a n n o t ,  t h e r e f o r e ,  provide t h e  impetus f o r  t h e  r e s p o n s e  
of window o p e n i n q  (1961, pp. 336.337) .  



k 

F i n a l l y ,  ~ h i t e  c r i t i c i z e d  t h e  p o s s i b i l i t p  t h a t  e x p l o r a t i o n  
j 

i s  i n s t i q a t e d  b y '  a : b o r e d m  driveM. I f  boredom c a u s e s  

e x p l o r a t i o n ,  t h e n  the r e i n f o r c e m e n t  f o r  e x p l o r a t o r y  b e h a v i o r  is  

t h e  t h i n q  which returns the o r q a n i s m  t o  a  s t a t e  of boredom. 

White s t a - d  nZt is d i s t k n c t l y  i m p l a u s i b l e  t o  c o n n e c t  

r e i n f o r c e m e n t  w i t h  t h e  waninq of  a n  a g r e e a b l e  i n t e r e s t  i n  t h e  
4 

e n v i r o n m e n t  o r  withd a q e n e r a l  progress f r o m  zestful a l e r t n e s s  t o  

boredomn (1959 ,  P. 302). P\ : 
Prompted bv these d i f f i c u l t i e s ,  new t h e o r e t i c a l  arq k- me-ts 

h a v e  been advanced  t h a t  would a c c o u n t  f o r  i n t r i n s i c a l l y  

f m o t i v a t e d  b e h a v i o r  s u c h  a s  e x p l o r a t o r y  b e h a v i o r .  The two most 

p r ~ ~ m i n e n t  v i e w p o i n t s  a r e  t h e  o p t i m a l - a r o u s a l  and  

i n f  orra t i o o - p r o c e s s i n q  theories, These p o s i t i o n s  are b o t h  

c o q n i t i v e  a p p r o a c h e s  t o  m o t i v a t i o n  and b e h a v i o r  a n d  stand i n  

d i r e c t  c o n t r a d i c t i o n  t o  the m e c h a n i s t i c  d r i v e  a p p r o a c h e s .  They 

a s s e r t  t h a t  b e h a v i o r  i s  e n q a q e d  i n  v o l u n t a r i l v  a s  a result of D 

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

( e ,  q . ,  p r o p r i o c e p t i v e  s t i m u l i  and memory) and  by c o q n i t i v e  

i n t e r p r e t a t i o n s  of e x t e r n a l  s o u r c e s  of s t i m u l a t i o n .  A f u l l e r  

d e s c r i p t i o n  of  these t h e o r i e s  is q i v e n  below. 



t 

I n  t h e  mid 1950's  and  e a r l y  1 9 6 0 ' s  s e v e r a l  writers a d d u c e d  

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

p r o v i d e d  t h e  m o t i v a t i o n  unde rq i ;d inq  b e h a v i o r  (Hebb, 1~955; Piske - 

a n d  Hadd i ,  1961;-  Leuba ,  1955; and  a l s o  Hunter, 1978 f o r  a more 
E 

c o m p l e t e  r e v i e w )  . The  q e n e r a l  p r o p o s i t i o n  was that b e h p v i o r  a1 
3 

e f f i c i e n c y  i n c r e a s e s  f r o a  a low p o i n t  when a r o u s a l  is low,  t o  a 
% 

h i q h  p o i n t  a t  a n  i n t e r m e d i a t e  l e v e l  of a r o u s a l ,  o n l y  t o  d e c l i n e  I x 

a q a i n  as a r o n s a l  i n c r e a s e s  still f u r t h e r ,  T h u s ,  o r q a n i s n a  a re  a 

m o t i v a t e d  t o  e n q a q e  i n  b e h a v i o r s  ( s u c h  as e x p l o r a t o r y  b e h a v i o r )  

a t  l e a d  t h e n  t o w a r d  a n  o p t i m a l  l e v e l  of a r o u s a l  a n d , + d e p e n d i n q  
p " ' . "%* 

" the  o r q a n i s m ' s  d r e s e n t  s t a t e  o f  arousal ,  e i t h e r  i n c r e a s e s  OE 

d e c r e a s e s  i n  a r o u s a l  may r e i n f o r c e  l e a r n i n q .  A m i n o r  b u t  

- p o t e n t i a l l y  i s p o r t a n t  a d d i t i o n  t o  t h i s  q e n e r a l  p z o p o s a l  came 

Prom Fiske and  n a d d i  (1961) who arqued that t h e  o p t i m a l  level o f  

a r o u s a l  is a c o n t i n u o u s  v a r i a b l e  a n d  is  a func t ion-of  t h e  

o r q a n i s m f  s sleep- w a k e f u l n e s s  c y c l e ,  

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

o t h e r s  h a v e  r e j e c t e d  this t r e n d ,  ph y s i o l o q i c a l  c o n d i t i o n s .  nanv 

however ,  a n d  p r e f e r r e d .  t o  v i ew  
I .  

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

b e h a v i o r  a s  i n h e r e n t  i n  information p r o c e s s i n q  ~9 (Deaber 





c h a n q e  i n  e x p l o r a t o r y  i n t e r e s t  i s  h y p o t h e s i z e d  to .  move f rom t h e  

-.,-+ less c o a p l e x  t o  t h e  a o r e  complex  ( 1 9 5 7 ) .  S o a e w h a t  s i m i l a r  

'7 t h e m e t i c a l  v i e w p o i n t s  h a v e  been a d v a n c e d  by  Glalrzer ( 1  958) i n d  
, . 

b y  I J c R e y n d d s  (1360) .  R a t h e r  t h a n  a n  o p t i m a l  l e v e l  of 
, 

p s y c h o l o q i c a l  c o m p l e x i t y ,  however ,  G l a n z e r  ( (958) refers t o  a n  
I 

* - 
o p t i m a l  a r o u n t  -of i n f  o r e a  t i o n  per u n i t  time, w h i l e  HcReyno lds  

(1960)  d e z i c r i b e s  a n  o p t i m a l  p e r c e p t u a l i z a t i o n  r a t e .  

' Hunt  (1963,  1965)  i n c o r p o r a t e d  the n o t i q n  of  optima.1 

i n c o n q r n i t y  ( w h e r e  i n c o n q r u i t y  i s  s imi la r  t o  u n c e r t a i n t y  a s  it 

e x i s t s  i n  i u c h  stimulus p r o p e r t i e s  a s  n o v e l t y  and c o m p l e x i t y )  

i n t o  a q e n e r a l  t h e o r y  o f  m o t i v a t i o n .  I n  o u t l i n i n q  his t h e o r y ,  

Hunt  (1965) enusae ra t ed  a n d  p r o v i d  t o  s e v e r a l  c r i t i ca l  

a o t i v a t i o n a  1 q u e s t i o n s  of b e h a v i o r .  

T h e  f ir'st was t h e  i n s t i q a t i o n  question *Whato i n i t i a t e s  
t 

b e h a ~ i q r ? ~ .  H u n t  a n s w e r e d  t h e  q u e s t i o n  v i t h i n  the f r amevork  o f  

t h e  f e e d b a c k  l o o p  a s  c o n c e p t u a l i z e d  b y  Miller, G a l a n t  r and  \ 
Pr ibra ra  (1960). Their model is t a l l e d  t h e  TOTE u n i t / i h i c h  

s t a n d s  f o r  T e s t ,  O p e s a t e ,  T e s t ,  E x i t ,  W i t h i n  t h e  TOTE u n i t  t h e r e  

is a mechanism which c o m p a r e s  i n p u t  t o  some s t a n d a r d  such a s  a n  
I 

a d a p t i o a  level, a n  e x p e c t a t i o n ,  etc. When there i s  a n  

i n c o n q r u i t ~  betwebn t h e  i n p u t  s t i m u l u s  a n d -  t h e  s t a n d a r d  of , 
1 

c o n p a r i s o n  the orqanism will be m o t i v a t e d  t o  behave ,  that is ,  i t  

will in sore way operate t o  reduce t h e ' i n c o n q r u i t y .  The 

<.:= o p e r a t i n q  w i l l  c q n t i n u e  so l o n q  a s  t h e  i n c o n q r u i t y  e x i s t s ,  

However, when there . i s  f i n a l l y  a c o n q r n i t y  b e t w e e n  s t i m u l u s  a n d  



P 

-- 

- 
J 

s t a n d a r d ,  the o p e r a t i o n  w i l l  t e r m i n a t e  and t h e  o r q a n i s a  r i l l  be  

freed of t h e  p r o c e s s .  Thus,  i n  a n s w e r i n q  t h e  initiation q u e s t i o n  

Run t  a l so  a n s u e r e d l t h e  t e r m i n a t i o n  question: When i n c o n q r u i t y  is 
* 

l o s t  b y  i n f o r r a t i o n  p r o c e s s i n q ,  a s t i r u l u s  is n o  loaqer 

i n t r i n s i c a l l y  m o t i v a t i n q  and w i l l  n o  l o n q e r  elicit o r  m a i n t a i n  

s x p l o r a  tion; 
r " 

T h e  n e x t  q u e s t i o n  Bunt d e a l t  w i t h  was e n e r g i z a t i o n ,  n u h a t  

is it t h a t  p r o v i d e s  t h e  e n e r q y  f o r  o r q a n i s n  t o  e n q a q e  i n  

e r p l o r a t i o n ? m .    he a n s w e r  t o  t h i s  q u e s t i o n  a l s o  c e n t e r e d  on the " 

n o t i o n  of i n c o n q r u i t y ,  and  Hunt  " q u i t e  s i m p l y  p o s t u l a t e d  t h a t  

i n f o r m a t i o n  processinq o r  u n c e r t a i n t y  r e d u c t i o n  b y  i t se l f  i s  
4 

' a o t i v a t i n q .  I -\ 
\ 9 

A n o t h e r  m o t i v a t i o n a l  q h s t i o n  (hat Bunt  c o n s i d e r e d  ras what 
I 

h e  called the H d i r e c t i o n - B e d o n i c n  q u e s t i o n ,  n T o w a ~ d .  what a n d  

away from what,  w i l l  a n  o r g a n i s m  move?m, I n  a n s w e r i n q  t h i s  

q u e s t i o n  Hunt  p r o p o s e d  t h e  c e n t r a l  hypothesis i n  his t h e o r e t i c a l  

p o s i t i o n :  .namely t h a t  or q a n i s m s  n e e d  a n  o p t i m a l  amount of 

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

t h a t  p r o v i d e  them w i t h  t h a t  optimum. When t h e r e  is i n s u f f i c i e n t  

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

(up t o  t h e  optimum) a n d  a v o i d  s i t u a t i o n s  which p r o v i d e  less. So 

also,  i f  o n e  i s  o v e r s t i m u l a t e d  b y  i n c o n q r u i t l ,  s i t u a t i o n s  t h a t  
- -- - - - -- - - - - - 

a f f o r d  less g n c o n q r u i t  y w i l l  be a p p r o a c h e d  a n d  t h o s e  af f or=nq 

more, a v o i d e d .  The o p t i m a l  level of i n c o n g r u i t y  i s  a l so  - 

s u q q e s t e d  b y  Hunt t o  be a $ p e d a l ,  a n d  i n  g e n e r a l ,  o v e r r i d i n g  " 



s t a n d a r d  . a ' j a i n s t  which a l l  i n c o m i n q  i n c o n q r u i t i e s  are compared  

within t h e  TOTE u n i t .  

I To s u ~ m a r i z e ,  H u n t ' s  t h e o r y  s t a t e s  t h a t  t h e  m o t i v a t i o n  fo r  

erploratof 7 b e h a v i o r  r e s i d e s  i n  t h e  i n f o r m a t i o n a l  interaction - 
0 * 

b e t w e e n  brqanisa a n d  c i r c u m s t a n c e .  It is i n i t g a t e d  b y  some 

i n c o n q r n i t p  between an i n p u t  a n d  some s t a n d a r d  v h k e  t h e  

standard can be an a d a p t a t i o n  l e v e l ,  a n  e x p e c t a t i o n  o r  s i m p l y  

i n p u t  from t h e  previous noment, b u t  where t h e  o v e r r i d i a q  
$I 

s t a n d a r d  is an aptimal l e re l  o f  i n c o n q r u i t y ,  It i s  t h e  reduction 

of i n c o n g r u i t y  t h a t  l e a d s  t o  l e a r n i a q  abant the ob-iect of 
r 

e x d o r a t i o n ,  a n d  the "needm For a n  o p t i m a l  l e v e l  of i n c o n q r u i t y  

t h a t  l e a d s .  t o  s t i m u l u s  s e e k i n g  a n d  s t i r a u l u s  a v o i d a n c e  ( and  which 

r a y  s e r v e  t o  r e i n f o r c e  o ther  r e s p o n s e s ) .  I n  H u n t ' s  words: 

T h e  h y g o t b e s i s  of a n  optimal s t a n d a r d  of i n e o n q r n i t y  
s u p p l i e s  a m o t i v a t i o n  fo r  b e h a v i o r  c h a n q e  and l e a r n i n q  
t h a t  is i n h e r e n t  v i t h i n  t h e  orqaaisr's i n f o r m a . t i o n a 1  
i n t e r a c t i o n  w i t h  its c i r c u m s t a n c e s :  i n h e r e n t  w i t h i n  
s e e i n q  and hear inq .  R e p e a t e d  e n c o u n t e r s  w i t h  g i v e n  
o r q a n i z a t i o n s  of i n p u t  l e a d  t o  a d a p t a t i o n . .  . T h i s  f a c t  
t h a t  rebeatedly e n c o u n t e r e d  o r q a n i z a t i o n s  of i n p u t  
become s u b  j e c t i ' v e l y  passe p r o m p t s  o r q a n i s n s  t o  t u r n  aua y 
from u n c h a n q i n q  c i r c u m s t a n c e s  to' t h o s e  p r o v i d i n q  
moderate degrees of i n c o n g r u i t y .  T h i s  supplies a n  
e x p l a q a t o r y  i n t e r p r e t a t i o n  of b o t h  e r p l o r a t o r  y and 
m a n i p u l a t i v e  b e h a v i o r  (1 965, p. 2 2 7 )  



H ~ s t  t h e o r i s t s  i n t e r e s t e d  i n  intrinsic m o t i v a t i o n  a n  "1 
e x p l o r a t o r v . , b e h a v i o r  have a t t e m p t e d  a c h o i c e  between o p t i m a l  

D 

- aceus"a1 and i n f o r m a t i o n  p r g d e s s i n q  foptimal i n c o ~ q r u i t  y) as 
-> -- 

d i c & t o r s  of t h e  d i r e c t i o n  fo  exploration. BorevBr ,  Walker  

(1 9 6 l ,  1973)  and Berlyne'  (1 960, 1967, 1969) h a v e  i n c o r p o r a t e d  

- both ,  

Ualkerls t h e o r y  (1964, 1973)  h a s  much in common w i t h  t h e  . . 
p o s i t i o n s  o f  Hunt (1965)  a n d  P i s k e  a n d  H a d d i  ( 1 9 6 1 ) .  H e  a g r e e s  

w i t h  Hunt t h a t  the m o t i v a t i o n a l  basis f o r  e x p l o r & t i o n  i'kheres i n  

i n f o r m a t i o n ,  a l t h o u g h  where Bun t  refers 

a e c h a n i s a  as a d a p t a t i o n ,  Walker  prefers 
, 

Ual ker t h e  c o n s t r u c t  q o v e r n i n q  s t i m u l u s  

s. 

Zr 

t o  t h e  * p r o c e s s i n q  
-e - 

h a b i t u a t i o n .  Also, for  

s e l e c t i o n  isA o d t i e i  
a 

. c o m p l e x i t y ,  a C O ~ S ~ ~ U C ~  r e c o q n i z e d  bv H u n t  as closely r e l a t e d  t o  

1' o p t i m a l  i n ~ o n q r n i t y  (cf. Hunt,  1965 ,  p. 219) .  

Walker def b e d  o p t i m a l  coaplexity a s  t h e  "deqree of 

p s y c h o l o q i c a l  c o m p l e x i t y  t h e  o r q a n i s l t  w i l l  s e e k  t o 5 a a i n t a i n n  

*'(1964, p. 5 6 ) ,  where p s y c h o l o q i c a l  c o m p l e x i t y  d e p e n d s  upon  C'a) 
m 

t h e  c o m p l e x i t y  of t h e  s t i a u l u  i n i t i a t i n q  t h e  & v e n t ,  (b), the 2 
frequency of t h e  pas t  u c c n r r e n c e s  of the e v e n t ,  (c) selective 

S 
readiness-f c 2 r  t7h- a&, an&- -thcitroasa;l- walue a•’ t h e  e-veat, 

U n l i k e  Hunt ,  Walker r e c o q n i z e d  a r o u s a l  level which  "serves t o  

mod ula te  the p s p c h o l o q i c a l  ~ o r p l ~ x i t y  of a p s l q c h o l o q i c a l  event* 

11 
1 

-> 
, 'k 



state w i l l  be more c o a p l e x  t h a n  a s imilar  e v e n t , o c c u r r i n q  d u r i n q  < 
a s t a t e  of lo r  a r o u s a l "  (1973, p .  72) .  A s e c o n d  p r o p e r d  of 

v 

a r o u s a l  is its effect on i n t r a i n d i v i d u a l  v a r i a t i o n s  i n  o p t i m a l  . - 
\ Jo~p lex  it). l e v e l .  p a r t i c u l a r * l  y r i a  d i u r n a l  v q r i a t i o n .  Hence, 

l i k e  f i s k e  and naddi  (1961). W a l k e r ' s  o p t i m a b  level c o n s t u c t  

v a r i e s  with t h e  s l e e p - w a k e f u l n e s s  c y c l e  o f  t h e  o r q a n i s m .  

p r e s e n t e d  w i t h  a number of 

rn e v e m t s  t h a t  c o m p l e x i t y  v i l l  select t h e  

o n e  cloqest t o  the t h e  event wcu;s it p r o d u c e s  a , \ \I 

s h a r p  rise i n  t o  arousal i n c r e a s e ,  l a t e r  (1973) 

r e f e r r e d  t o  as s a p s i t i z a t i o n )  f o l l o w e d  b y  a f a l l  t o  a level 

below t h e  o p  imum (due t o  h a b i t u a t i o n ) .  T h i s  c o m p e l s  select' 5 

C 
of a n o t h e r  e v e n t  of s u f f i c i e n t  c o m p l e x i t y  t o  r e i n s t a t e  t h e  

optisua, T h i s  p r o c e S s  e v e n t n a  tea i n  a restless. e x p l o r i n q  

orqanism.  

Even .ore. t h a n  Walker, B e r l y n e  (1960, 1967,. 1969) 

i n c o r p o r a t e d  i d e a s  central t o  both o p t i m a l  a r o u s a l  a n d  o p t i m a l  

i n c o a q r u i t y  p o s i t i o n  i n t o  h i s  t h e o r y  of e x p l o r a t o r y  b e h a v i o r .  

B e r l y n e g s  e a r l y  work (e. q. , 1950, 1955, 1960) c o n c e n t r a t e d  

on the r e r a r d i n q  properties of drive r e d u c t i o n .  R e  c o n s i d e r e d  
7 

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

vhich reduced t h i s  would be reinforced. E x p l o r a t i o n  c o u l d  s e r v e  

t o  reduce" a r o u s a l  t h r o u g h  f a m i l i a r i z i n g  t h e  o rqan i sm w i t h  a 

. n o r e l  s t i m u l u s .  L a t e r  (1967, 1969) , however,  Berlyne a l s o  



r e c o q n i z e d  t h a t  increases i n  a r o u s a l ' d a n  be r e u a r ~ n q .  

B e r l y n e  c l a i m e d  t h a t  e x p l o r a t i o n 4  ca9 be e x p l a i n e d  

p h y s i o l c q i c a l l y  with two sets of r e a s o n s .  Both h a v e  t o  d o  ~ i t h  

the seeds of t h e  b r a i n  a n d  the f a c t  t h a t  t h e  human o r g a n i s m  is  

p r i m a r i l y  a n  i n f o r m & i o n  p r o c e s s i n q  system t h a t  'uses i n f o r m a t i o n  

from t h e  e n v i r o n m e n t  a n d  i ts meaa ry  t o  raake choices. First, 

since t h e r e  is always s p o n t a n e o u s  L a c t i v i t y  i n  t h e  c e n t r a l  

n e r v o u s  system, and s i n c e  t h i s  a c t i v i t y  c a n  underline many 

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

t o  select a d a p t i v e l y  from amonq the myriad  of p o s s i b l e  
b 

b e h a v i o r s .  Second,  o r q a n i s m s  a re  " d e s i q n e d  t o  c o p e  v i t h  

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

s t i m u l a t i o n  t h a t  taxes t h e  n e r v o u s  s y s t e m  t o  t h e  r i q h t  e x t e n t ,  

when n a t u r a l l y  o c c u r r i n q  stimuli are e i t h e r  too e a s y  or t o o  

d i f f i c u l t  t o  assilltilaten {Berklyne, 1366, p.26). 

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

must compare a n d  cofitrast v a r i o u s  s t i m u l i  f rom the e n v i r o n m e n t  

or  lsemory i n  o r d e r  t o  note d i f f e r e n c e s  a n d  s i n i l a r i t i e s .  I t  m u s t  

a l s 6  c a t e q o r i z e  t h ' e s e  elements i n t o  a  m e a n i n q f u l  s y s t e m  f o r  

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

c o l f a  d i o n  and p o i n t e d  o u t  t h a t  t h i n q s  Like n o v e l t y ,  c o m p l e x i t y ,  

i n c o n q r u i t y ,  etc., a l l  i n v o l v e  c o l l a t i o n  of s t i m u l i  from t h e  

e n v i r o n m e n t  a n d  memory. 

Colla t i v e  s t i m u l u s  p r o p e r t i e s  h o l d  what Berl yne ( 1960) 

called a r b u s a l  p o t e n t i a l .  B e r l y n e  s n q g e s t e d  that s t i m u l i  v h i c h  



offer a n  opt ia  u . 2  a r o u s a l  p o t e n t i a l  are approached, t b e r e b y  

i m p l y i n q  t h a t  p e o p l e  r e q u i r e  a n  optimum of s t i m u l a t i o n ,  His 

d i s c u s s i o n  of t h e  r e l a t i o n  b e t w e e n  a r o u s a l  and  a r o u s a l  p o t e n t i a l  

stated t h a t  when a r o u s a l  p o t e n t i a l  is e i t h e r  below o r  a b o v e  t h e  

optimum, a r o u s a l  i n c r e a s e s  a n d  m o t i v a t e s  e i t h e r  s t i m u l u s  s e e k i n q  

(low a r o u s a l  p o t e n t i a l )  o r  i n f o r m a t i o n  r e d u c t i o n  (hiqh a r o u s a l  

p o t e n t i a l )  . T h e  r e l a t i o n s h i p ,  t h e n ,  b e t w e e n  a r o u s a l  p o t e n t i a l  
'i J I 

a n d  a r o u s a l  a p p r o x i m a t e s  a U - s  ped f u n c t i o n .  This r e l a t i o n s h i p ,  $" 
d e r i v e d  b y  B e r l y n e  (1960)  a n d  d e p i c t e d  b y  Hun t  (1965 ,  1971) - 

a p p e a r s  i n  f i q u r e  1. B e r l y n e  was o b v i o u s l y  o p e r a t i n q  w i t h i n  ,a 

d r i v e - r e d u c t i o n  f r amework  a s  of 1960. A l t h o u q h  h e  m a i n t a i n e d  

that orqasisms seek an o p t i m a l  l e v e l  of a r o u s a l  p o t e n t i a l  i n  

t h i s  e n v i r o n m e n t ,  t h i s  s e e k i n q  was a l w a y s  m o t i v a t e d  by a 

r e d u c t i o n  of t h e i r  own a r o u s a l  l e v e l s .  

Later Ber lyne  (7967, 1971, 1373) r e v e l o p e d  a &tern t o  . 

account fo r  t h e  f i n d i n g s  that i n c r e a s e s  a s  w e l l  a s  decreases i n  

a r o u s a l  c a n  be reward inq :  H e  talked a b o u t  t h e  c o r r e s p o n d e n c e  

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

h a t  a r o u s a l  o r  a r o u s a l  l e v e l  mus t  be d i s t i n q u i s h e d  

a r o u s a l  l e v e l  (i. e, , a r o u s a l  i n c r e a e n t s  o r  

d e c r e m e n t s )  . B e r l y n e 8 s  p o s i t i o n  was t h a t  t h e r e  is  a r e l a t i o n s h i p  

between a r o u s a l  c h a n g e  and h e d o n i c  v a l u e  ti. e . ,  p r e f e r e n c e )  s u c h  

t h a t  b o t h  a decrement i n  e x c e s s i v e  a r o u s a l  l e v e l  and a m o d e r a t e  - 

- 

- 

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

v a l u e .  A c c o r d i n q  t o  B e r l y n e  (1971) t h e r e  are two separate 



- Belatian of organism's amusal to  stimulus arousal potential 
according t o  Btrlyne. (Adofied from Hunt, 1413.) 
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. 
m e c h a n i s t s  that must be if istfnqtrisheii  to a m a u n t  for  t h i s  . . 

h i o n s h i p .  One mechanism seeks t o  r e d u c e  a r o u s a l  from 

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

mechanism) ; t h e  o t h e r ,  c a l l e d  t h e  a r o u s a l  b o o s t  o r  r e w a r d  

mechanism, seeks m o d e r a t e  i n c r e m e n t s  i n  arousal t h c o u q h  . 
e n c o u n t e r i n q  s t i m u l i  u i t h .  moderate a r o u s a l  p o t e n t i a l .  
4 

. ,  T o  c l a r i f y  how his t u o  mechanisms  would o p e r a t e ,  B e r l y n e  

(1 973) r e i n t e r p r e t e d  Y u n d t 9 s  ( 1874) c u r v e .  r e l ' a t i n q  a r o u s a l  
% 

p o t e n t i a l  t o  h e d o n i c  v a l u e  (f i q u r e  2) , ghan t h e r e  is low a r o u s a l  
. . 

J 

p o t e n t i a l  ( n o  a r o u s a l  c h a n q e )  , the o r q a n i s b  is i n d i f f e r e n t .  

S t i m u l a t i o n  is p l e a s a n t  a n d  h e d o n i c  v a l u e  i n c r e a s e s  'up t o  a n  
7'- 

optimum a s  a r o u s a l  p o t e n t i a l  i n c r e a s e s .  After t h e  optimum, 

h e d o n i c  value becomes less positive u n t i l  o n c e  again t h e r e  is a 

p o i n t  of i n d i f f e r e n c e .  I is r e q i o n  b e t w e e n  th,e optimum a n d  

i n d i f f e r e n c e ,  both mec ha  s will B e  o p e r a t i v e  and, a s  & r l y ~ t e  

s u q q e s t s  (1973)  e i t h e r  s l u s  o n s e t  o r  s t i m u l u s  t e r m i n a t i o n  

w i l l  be r e v a r d i n q  (i. e., e i t h e r  a r o u s a l  i n c r e m e n t  o r  a r o u s a l  

d e c r e m e n t ) .  Beyond t h e  p o i n t  of i n d i f f e r e n c e ,  a r o u s a l  p o t e n t i a l  

is t o o  qreat and t h e  mechanism which places v a l u e  on 

d a r o u s a l  c h a n q e  w i l l  be  e s s e n t i a l l y  i n o p e r a t i v e  u n t i l  *r sal "is 

reduced and a r o u s a l  potential is a t  a aore acceptable  level. 

Berlyne (1973) a n d  Walker (1973) were t h e  o n l y  t h e o r i s t s  t o  

e x p l i c i t l y  p o s t u l a t e  a t wo-mechanism a p p r o a c h  t o  e x p l o r a t o r y  

behavior ( a l t h o u q h  s u c h  a n  a p p r o a c h  was i m p l i c i t  i n  t h e  work of 

Deabe r  and E a r l ,  1957; a n d  Hunt,  1965). Berlyne was t h e  o n l y  
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increase s < i ~ ~ l a t i r r a  and above  which they w i l l  seek t o  reduce 

s t i m u l a t i o n .  O p t i m a l - i n c o n q r u i t y  t h e o r y  is p r i m a r i l y  

p s 9 c h o l o q i c a l  b u t  leads to  t h e  same b e h a v i o r a l  predictions. 

Whether one c h o o s e s  t o  f o c u s  on t h e  p h y s i o l o q i c a l  t h e o r i e s .  

o r  the p s y c h o l o q i c a l  theories is r e a l l y  a aatter of p r e f e r e n c e .  
" 

B o t h  are n l t i a a t e l y  i m p o r t a n t  and n e c e s s a r y  and b o t h ~ h a v e  

h e u r i s t i c  value. Also, t h e o r i s t s  f a v o f i n q  o n e  p o s i t i o n  q i v e  a t  

leas t  i m p l i c i t  r e c o q n i t i o n  t o  t h e  i m p o r t a n c e  of the o t h e r  (cf. 

Hebb, 1955, p, 250 a n d  Hunt ,  1965, pp. 207-212) . B e r l y a e  (1973) 

a n d  slalker { 1 9 7 3 ) ,  of c o u r s e ,  are i n  t h e i r  referenc s 

t o  both arousal and  i n c o n q r u i t y  a s  f a c t o r s  t o  

e x p l o r a t o r y  b e h a v i o r .  
i, 

Hany writers h a v e  chosen t o  cl&sify a l l  these theories  

u n d e r  o n e  aodal  l a b e l  n o p t i m a l - l e v e l  t h e o r y n ,  p r e f e r r i n q  t o  

concentrate on the h e u r i s t i c  benefits of t h e i r  c o m m o n a l i t i e s  

r a t h e r  t h a n  on t h e i r  o s t e n s i b l e  d i f f e r e n c e s  ( A r k e s  a n d  G a r s k e ,  

1977; Cohen a n d  Gelber, 1975; Fowle r ,  1965; N u n n a l l y  a n d  Lemond, 
s. 

1 9 7 3 ) .  I bow t o  t h e  a o d a l  view. T h e  rest of t h i s  t h e s i s  w i l l  

d e a l  w i t h  p r e d i c t i o n s  comaon t o  a l l  of the t h e o r i e s ,  i , e . ,  

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

p r o p e r t i e s  d e t e r m i n i n q  its o c c u r r e n c e .  

O p t i m a l  l e v e l  t h e o r i e s  a l l  sngqest a number of s t i m u l u s  

a t t r i b u t e s  having important a n d  p r e d i c t a b l e  i n f  1uenc;es o n  

e x p l o r a t o r y  behavior, I n c l u d e d  amonq t h e s e  s t i m u l  u s  p r o p e r t i e s  

a re  t h o s e  most s u c c i n c t l y  c a t e q o r i z 6 d  by Berlyne (1960) . as 
3 



calla t i v e  v a r i a b l e s ,  w i t h  n o v e l t y  and ' c o ~ p l e r i t y  r e c e i v i n q  t h e  

most w i d e s p r e a d  t h e o r e t i c a l  a t t e n t i o n .  As w e l l ,  most reserach on  

t h e  area o f  e x p l o r a t o r y  b e h a v i o r  h a s  Seen d i r e c t e d  t & r d  t h e s e  

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

r e l a t i o n s h i p  b e t w e e n  t h e s e  v a r i a b l e s  a n d  e x p l o r a t i o n .  

The n e x t  s e c t i o n  is a review o f  t h e  c o n c e p t s  s t i n ' u l a s  
2- 2 

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

t h e o r e t i c a l l y  d e r i v e d  predict i o n  c o n c e r n i n *  i t s  relatf on to  

e x p l o r a t i b a  w i l l  b e  o u t l i n e d .  f o l l o w e d  by a d i s c u s s i o n  of t h e  /? 

s e t h o d s  used for i t s  i n w e s l i g a t i o n  and the results f unnd by . 
p r e v i o u s  r e s e a r c h  i n  t h e ,  area o f  i n f a n t  e x p l o r a t i o n .  I will, t h e n  - _  

1 a r q u e  t h a t  p r e v i o u s  n e t h o d s  h a v e  b e e n  i n s u f f i c i e n t  f o r  tes ts  

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

p r o p o s e  a more s u i t a b l e  procedure. 

b* 
T h e  r e l a t i o n  b e t v e e n  s t i m u l u s  c o m p l e x i t y  a n d  e x p l o r a t o r y  

b e h a v i o r  h a s  been t h e  f o c u s  of a vast  amount  o f  e x p e r i m e n t a l  

e f f o r t  a s  w i t n e s s e d  i n  t h i s  s t a t e m e n t  by H u t t  (1970): " C e r t a i n l y  

it ( c o m p l e x i t y )  appears t o  be a c o n c e p t  t h a t  ha$ c h a l l e n q e d  t h e  
, 

i n q e n u i t y  o f  many, t o  judqe  by t h e  p r o d i q i o u s  e f f o r t  e x p e n d e d  on 

its e l u c i d a t i o n "  (p .121) .  For many t h e  major r e a s o n  f o r  

i a v e s t i q a t i n q  c o m p l e i i  t y  a n d  i t s  r e l a t i o n  t o  e x p l o r a t o r y  
- 

b e h a v i o r  has b e e n  i ts q u a n t i f i a b l e  n a t u r e  ( C a n t o r ,  1963;  



fttnewe. 1954;  Smock and H d t ,  1962: Vitz, t966j 4 s  a p r v p e r t y  

of t h e  d i s t a l  e n v i r o n n e n t ,  discernable i n  terms o f  i ts  p h y s i c a l  
I 

a t t r i b u t e s ,  c o m p l e x i t y  is s e e n  a s  mor,e e a s i l y  measu red  tban 
4 U 

o t h e r  s t i m u l u s  v a r i a b l e s  such a s  n o v e l t y ,  which d e p e n d s  i n  pact 

on the h i s t o r y  o f  the o r q a n i s u .  U n f o r t u n a t e l y ,  s u c h  o p t i m i s m  has 

been unfounded, s i n c e c i d e n t i f y i n q  t h o s e  a t t r i b u t e s  t h a t  d e f i n e  

t h e  c o n p l e x i t y  v a l u e  of  a s t i m u l u s  h a s  p r o v e n  elusive. fl 

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

d e f i n i t i o n s  snch a s  n s t i m u l u s  h e t e r o q e n e i t y n  (Wa lke r ,  1964)  a n d  

n d i s s i m i l a r i t y  be tween  e l e m e n t s n  ( B e r l y n e ,  1 9 6 0 ) ,  p& BgC 

d e f i n i t i o n s  d e t e r m i n e d  b y  e r p e r i a e n t a l  r e s u l t s  ( F a n t z ,  1958)  , 
- 

intuitive p py&oy& d e f i n i t i o n s  ( i n t u i t i v e  i n  t h a t  t h e  

e x p e r i m e n t e r  d o e s  n a t  offer a r a t i o n a l e  f o r  o r d e r i n q  s t i r u l i  V ,  

. 

a l o n q  a c o m p l e x i t y  d i m e n s i o n )  , f o r  e x a m p l e ,  s t r i p e s  vs. 

c h e c k e r b o a r d s  vs..  a bull ' s  eye ( S a c k e t t  , 1963)  , a n d  s p e c i f i c  g, 

d e f i n i t i o n s  such a s  number o f  s q u a r e s  i n  a c h e c k e r b o a r d  

(~rennan'.  A m s  and Moore, 1966;  Ca ron  a n d  Ca ron ,  1968) a n d  

number of  toys i n  a r r a y  ( R h e i n q o l d  a n d  Eckerman,  1971; Ross, 

1974;  Hunter, - Ross and Ames, .in press) , number o f  p o s i t i o n s  

taken by  f l a s h i n q  l i q h t s  (Cohen, 1 9 6 9 ) ,  n 'uaber  of s i d e s  o f  

3 - d i m e n s i o n a l  o b j e c t s  ( ~ c & 1 1  and  Garratt. 1971) , number o f  

turns i n  a random s h a p e  ( H e r s h e n s o n ,  H u n s i n q e r ,  a n d  Kessen ,  

1965; l u n s i n q e r  a n d  Weir, 1 9 6 7 ) ,  d e q r e e  of redundancy i n  a 

Attern ( F a n t z  a n d  Pagan, 1975)  and amount of c o n t o u r  (Karmel ,  



d e f i n i t i o n s  a r e  to be f a v o r e d  because they can be o p e r a t i o n a l l y  
/ 

d e f i n e d ,  a r e  more easily interpreted a n d  more likely t o  l e a d  t o  

u n d e r  st dable accounts pf the r e l a t i o n  between c o m p l e x i t y  and  
I 

e x p l o r a  Jon. Cohen and Gelber (1 9751, ho"erei, bare p o i n t e d  o u t  
c- 

t-he face of s u c h  aqreeaent there is still  asqument 

d i m e n s i o n  q o r e r n i n q  stimulus complex it^, 
/ 

i . e . ,  c o n t o u r  density (Karmel ,  1969) or  s i z e  a n d  number o f  

elements (Fantz,  Faqan  a n d  H i r a n d a ,  1975; Greenbe 

1 9 7 5 ) .  Yerner and P e r l m u t t e r  (1979)  have p u t  f o r t  

arqument  f a v o r i n q  s i z e  a n d  number and  have also a q r e e d  with 

P a n t z  and  Paqan (1975)  t h a t  w h e r e a s  s i z e  cr both size a n d  n a a b e r  k 
- 

,are h o r t a n t  f o r  infants 6 mon ths  a n d  vounqer ,  number of - -  

elemegs i s  t h e  most i n p o r t a n t  d i a e n s i o G f  complexity for 

i n f a n t s  beyond 6 months of aqe. , 

The p r e s e n t  study, which i n c l u d e d  8 and 12-month-o ld  

i n f a n t s ,  v a r i e d  t h e  number of e l e s e n t s  i n  the s t i m u l i  b y  v a r y i p q  

the number of t o y s  i n  an a r r a y .  
d 

'. 
T h e o r e t i c a l  predictions r e l a t i n q  stimulus complexity and 

e x p l o ~ a t o r y  b e h a v i o r  have bean e x p l i c i t l y  stated a n d  u n a n i m o u s l y  

a q r e e d  upon b y  a l l  optimal l e v e l  t h e o r i s t s  (e.q., ~ e r l y n e ,  1960; 



Dember a n d  Earl, 39.57; Hunt,  3965: Walker, 3963)-.  The vr eak~tect 
I 

f u n c t i o n a l  r e l a t i o n s h i p  is i l l u s t r a t e d  i n  f i q u r e  3. I t  s u q q e s t s  

t h a T  e x p l o r a t i o n  w i l l  be g r e a t e s t  when the s t i m u l u s  t o  be 

. e x p l o r e d  is a t  an i n t e r m e d i a t e  l e v e l  of  c o m p l e x i ~ y ,  d r o p p i n q  o f f  "-, 
a s  s t i m u l i  b e c o m e . e i t h e r  # t o o m  s i m p l e  o r  * t o o "  complex.  

I n  o r d e r  t o  i n v e s t i q a t e  this r e l a t i o n s h i p  w i t h  ' i n f a n t s  , 

e x p e r i m e n t e r s  hare most o f t e n  u s e d  a o c e d u r e  d a t i n q  a t , - l e a s t .  af 
I 9 

- back t o  l a r s d e n  (1903). S t i m u l i  a r e  p r e s e n t e d  i n d i v i d u a l l y  o r '  

two a t  a t i n e  a p p r e i e r e n c e s  among them are i n f e r r e d  from t h e  

rank o r d e r i n q  of amount of v i s u a l  a t t e n t i o n  o r  f o c u s e d  < - 

m a n i p u l a t i o n  spent- w i t h  eac h. 

With younqer  i n f a n t s ,  v i s u a l  attention is t h e  r e s p o n s e  
P 

m e a s u r e  u s e d .  Lewis, H e y e r s  a n d  Kaqan (1963) p r e s e n t e d  a s i n q l e  

b l i n k i n q  l i q h t ,  a h o r i z o n t a l  movinq l i q h t ,  and  a b l i n k i n q  l i g h t  

d e s c r i b i r i q  a square h e l i x  t o  sir month o l d  i n f a n t s  a s  d e s ~ ~ b e d  

above .  I n  terms of t o t a l  f i x a t i o n  time t h e  d e c r e a s i n q  o r d e r  of r 
p r e f e r e n c e  f o r  the s t i m u l i  was t h e  s q u a r e  h e l i x ,  t h e  l i n e  a n d  

t h e  s i h q l e  l i q h t .  Prom t h e s e  resrlts t h e  a u t h o r s  c o n c l u d e d  t h a t  

~ c o m p l e x i t y  is a n  i m p o r t a n t  p a r a m e t e r  i n  m a i n t a i n i n q  the 

i n f a n t ' s  a t t e n t i o n "  (p. 10). r i o f f e t t  ( 1969) used  s t i m u l i  composed 

of b l a c k  lines v a r i o u s l v  a r r a n g e d  o n  w h i t e  b a c t q r o u n d s .  I n f a n t s  

2 t o  4 n o n t h s  o l d  were found  t o  p r e f e r  s t i m u l i  c o n t a i n i n q  t h e  

l a r q e s t  number o f  p a r t s  i n t o  which the background  uas d i v i d e d .  
- -- -- - -- - 

H i t h  o l d e r  i n f a n t s ,  f o c u s e d  m a n i p u l a t i o n  is used  as the 

response measure.  R h e i n q o l d  a n d  Eckerman (1969) placed either 
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o n e  t o y  o r  six t o y s  i n  a room s e p a r a t i n g  10-month-old i n f a n t s  . 

f rom t h e i r - m o t h e r .  They f o u n d  that toys,dalayad f o l l o w i n p ,  

p o i n t i n q  o u t  t h a t  
I 

t i a e  mani p u l a t i n q  

1 d qqoup. Ross (1974) 

t h e  infants i n  ;be s i r - t o y  iroop s p e n t  more 

t h e  toys t h a n  d i d  t h e  i n f a n t s  i n  t h e  o n e - t o y  
C 

f o u n d  t h a t  . l 2 - a o n t h - o l d s  a l l o w e d  t o  a p p r ~ a c h  

a n d  e x p l o r e  e i t h e r  four toys or 'one t o y  s p e n t  $ore time 

m a n i p u l a t i n q  i n  t h e  f o u r - t o y  c o n d i t i o n ,  If number of e l e m e n t s  is 
w 

taken a s  a n  index of c o m p l e x i t y ,  four and s i x  toys are more 

complex  t h a n  one t o y ,  i n d i c a t i n q  t h a t  10 a n d  12-month-olds  I 
I 

prefer comphx s t i re l i  over s i m p l e  s t i n t t t l i .  

W h i l e  t h e s e  e x p e r i m e n t s  a n d  o t h e r s  o f f e r i n q  similar r e s u l t s  

( B e r l y n e ,  1958; Spears, 1962) f o u n d  t h a t  c o ~ p l e x  s t i m u l i  

promoted more e x p l o r a t o r y  b e h a v i o r  t h a n  s i m p l e . s t i m u l i ,  
1'- 

Hershenson ,  U a n s i n q e r  a n d  Kessq (1965) f o u n d  that when e t i a u l i  

c o n t a i n i n q  5, 10 and  20  a n q - l e s  uere p r e s e n t e d  t o  newborns,  the 
3 .  

q r e a t e s t  a t t e n t i o n  was p a i d  t o  the s f i m u l u s  of i n t e r m e d i a t e  
r 

c o a p l e x i t p  w h i l e  the most complex  s t i m u l u s  uas preferred second. 

Iwanother s t u d y  by Hershenson '(1964) the s t i m u l i  used were 
0 

t h r e e  b l a c k  a n d  white c h e c k e r b o a r d s  c o n t a i n i n g  2 x 2 ,  4 x 4 a n d '  

- 12 x 12 s q u a r e s  r e s p e c t i v e l y .  H e  f o u n d  t h a t  n e v b o r n s  p r e f e r r e d  

, t h e  2 x 2, or least complex  s t i m u l u s .  F u r t h e r ,  t h e  o r d e r  of 

p r e f e r e n c e  uas i n  d e c r e a s i n g  o r d e r  of t h e i r  c o m p l e x i t y :  t h e  

s t i m u l u s  of intermediiate complexity was t h e  next most p<efeered 



' f a k e r  tug&erd, t B m ,  these stu8ies srrqgest that t h-e 

relat ion between complexity a$d e x p l o r a t o r y  beha r io r  c a n  be 

d e s c r i b e d  b y  any of t h r e e  f u n c t i o n s :  m o n ~ t o n i c a l l * ~  i n c r e a s i n g ,  

i n v e r  ted-U and m a n o t o n i c a l l y  d e c r e a s i n o  (see f i q u r e  4) . 
The e x p e r i m e n t  which i e f f e c t  r e s o l v e d  t h i s  dilemma was A 

c o n d u c t e d  by Brennan, Ams a n d  Roore (1966). They n o t i c e d  t h a t  

t h o s e  e x p e r i m e n t s  that found a for e i t h e r  s i m p l e  or 

i n t e r m e d i a t e  s t i m u l i  i n c l u d e d .  newborns or v e r y  younq in•’ ants, 

whereas  e x p e r i m e n t s  showinq a p r e f e r e n c e  for complex s t i r u l i  

involved older infants, The  i m p l i c a t i o n  of  t h e s e  s t u d i e s  was 

t h a t  p r e f e r e n c e  f o r  c o m p l e x i t y  i n c r e a s e s  w i t h  a q e ,  A closer look 

a t  Dember a n d  Earl's (1957) s t i a u l u s  selection t h e o r y  revealed 

t h a t  a q e  c h a n g e s  i n  p r e f e r e n c e  for complexity i s  a predicted 
1 

' p o s s i b i l i t y ,  As Dember (1961)  p o i n t e d  o u t :  "Uhat is  too simple 

for an adult  map be just r i g h t  for a c B i l i P  (p.360). 

I n  o r d e r  t o  test t h i s  p r e d i c t i o n ,  Brennan et a l ,  t 1966 )  

p r e s e n t e d  i n f a n k s  w i t h  t h r e e  c h e c k  rboard s t i m u l i  compr i sed  of 2 

.i x 2 squares, 8 x 8 s q u a r e s  a n d  24 24  s q u a r e s .  Accordinq t o  a 

number of indices of  c o m p l e x i t y  (e, q, , number of e l e m e n t s ,  s i g e  

- ok e l e m e n t s ,  amount of c o n t o u r )  t h e  2 r 2 checke was l e a s t  

c o s p l e r ,  t h e  8 x 8 i n t e t n e d i a t e  a n d '  t h e  24 x 24  

T h e i r  s u b j e c t s  were i n f a n t s  a t  3 w e e k s r  8 weeks and  14 weeks of 

, \ aqe. The 3-week-014s l o o k e d  most a t  t h e  2 x 2 f o l l o w e d  i n  o r d e r  
- -  - - - - - - - - - - - - - - - - - - - - - -  - -- - - --- - 

b y  t h e  8 x 8 a n d  24. x 24 c h e c k e r b o a r d s ,  The 8-week-olds spent 

more time l o o k i n g  a t  the 8 x 8 c h e c k e r b o a r d  t h a n  e i t h e r  t h e  2 x 
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Potential relations between 
stimulus complexity and. exploratory bhavior. 
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2 or t h e  24 x 24,' w h i c h  t h e y  IooketI a t  app~oxi*te3+t&+sa;me 
L 

amount. F i n a l l y ,  the 14-week-olds o r d e r e d  t h e i r  preference i n  

decreasinq o r d e r  of  c o m p l e x i t y  (see f iqure  5 ) .  

These r e s u l t s  p rov ided  ,evidence t h a t  all t h r e e  o f  t h e  

f u n c t i o n s  d e p i c t e d  i n  f i q n r e  4 c o u l d  be found,  d e p e n d i e q  on  t h e  
*+ 

aqe of the i n a n t .  C o r r o b o r a t i v e .  e v i d e n c e  of the Brennan et al .  

/ findims h a v e  since been f o r w a r d e d  by a number o f  & s e a r c h e r s  * 

(Greenberq ,  1971; Karmel, 1969,  1974; pi ones-lolfese, 1975) . 
enberq (1971) r e p l i c a t e d  t h e  B r e n n a n - e t  a l .  f i n d i a q s  u s i n q  a 

l o n q i  t u d i n a l  i n s t e a d  o f  a c r o s s - s e c t i o n a l  desiqn. D e f i n i n q  

c o m p l e x i t y  a s  amount  of c o n t o u r ,  Karrel (1969) f o u n d  a n  . 

i n v e r t e d - u  s h a p e d  function o f  p r e f e r e n c e  and further f o u n d  t h a t  
cr 

t h e  maximum evoked potent ia l  a m p l i t u d e  shifted t o w a r d s  s t i m n l i  

w i t h  q r e a t e r  c o n t o u r  d e n s i t i e s  as aqe i n c r e a s e d  (Karmel ,  1974) .  - 
T h e  r e s u l t s  of these s t u d &  derand a more s o p h i s t i c a t e d  

a t t i t n d e  toward t h e  r e l a t i o n  be tween s t i m p l u s  c o m p l e x i t y  a n d  

exploratory b e h a v i o r ,  E x p l o r a t i o n  does n o t  a p p e a r  t o  be a s i m p l e  

f n n c t i a n  of s t i m u i u s  c o m p l e x i t y  b u t  of stimu&s complexity  
b 

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

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

i n d e p e l s d e n t  v a r i a b l e  s h o u l d  b o t h  define the d i a e q s i o n  of b 

"'. i' 
c o m p l e x i t y  g ( q ,  number of a l e m e b i d )  e s t a b l i s h  

s u c h  a q e  norms t h a t  the s t i m u l i  d e s i q n a t e d  as s i m p l e  and  complex  

are i n d e e d  simple and complex  fo r  t h e  a g e  (s) of t h e  subjects 

u n d e r  invest i q a t i o n  . 
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level of c o m p l d t y .  
Moore, (1966). 
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T h e  a q e - r e l a t e d  d e f i n i t i o n  u s e d  i n  the p r e s e n t  r e s e a r c h  was 

based on Ross's (1 974) f i n d i n q  t h a t  12-month-old infants 

w o u l d e x p l o r e ,  'on a v e r a q e ,  o n l y  t h r e e  or f o u r  a v a i l a b l e  t o y s .  

&us t h r e e  o r  fewer t o y s  would a p p e a r  t o  be  s i k p l e  f o r  t h i s  a i e  

q r o u p  w h i l e  • ’ o u r  or  n o r e  would be complex .  I n  t h e  s t u d y  r e p o r t e d  

here, five tops mere chosen as complex a n d  t h r e e  t o y s  as s i m p l e  

f o r  t h e  12-month-old qroup .  The c o m p l e x i t y  l e v e l  f o r  t h e  

8-month-o lds  was n o t  c h o s e n  e x p l i c i t l y  on  the b a s i s  of p r i o r  r 

r e s e a r c h ,  Howe vet, i t  u a s  c h o s e n  with n a q e - r e l a t e d n e s s l g  i n  aind, 

i,e., t h e  8-month-o lds  received a s  their complex  s t i m u l u s  t h e  
* i  

same stimulus f t h r e e  t o y s )  t h a t  was s i m p l e  f o r  t h e  

12 -eon th -o lds .  T h e o r e t i c a l l y  t h e  i m p l i c a t i o n  of t h e  Brennan  e t  

a l l .  r e s u l t  is t h a t  t h e r e  is one b a s i c  i n v e r t e d - U  s h a p e d  f u n c t i o n  

r e l a t i n q  c o a p l e x i t  y t o  e x p l o r a t o r y  b e h a v i o r ,  a l t h o u q h  t h e  ) 

c o m p l e x i t y  of t h e  s t i m u l u s  c o r r e s p o n d i n q  t o  the p e a k  o f  t h e  
0 

i n v e r t e d - U  v a r i e s  directly w i t h  aqe. P r e s u m a b l y ,  i f  t h e y  had  

e x t e n d e d  t h e  c o m p l e x i t y  d i m e n s i o n  t o  i n c l u d e  'simpler- a n d  more 

c o m p l e x  checkerboards, the 3-week-olds and t h e  1 1)-week-olds 

would h a v e  shown i n v e r t e d - U  f u n c t i o n s  s i m i l a r  to t h e  o n e  s h o v n  , 

by the 8-ueek o l d s .  F o r  t h e  3-week-olds ,  however, t h e  s t i m u l u s  

dst  preferred v o u l d  h a v e  been less c o m p l e x  t h a n  an 8 x 8 

c h e c k e r b o a r d ,  w h i l e  a checkerboard more c o a p l e x  t h a n  a n  8 r 8 

would h a v e  been preferred by t h e  14-week-olds,  Thus, the m 

stimulus (e .q , ,  a n  8 x 8 c h e c k e r b o a r d )  that would be p e r c e i v e d  

as simple f o r  t h e  14-week-olds  v o a l d  be m o d e r a t e l y  complex f$r 



8-week-o lds  a n d  v e r y  c o m p l e x  fo r  3-week-olds .  A n a l o q o u s  y, I \ 
c h o s e  a 3 - t o y  ar ray,  w h i c h  is  s i m p l e  f o r  t h e  12-month-o lds ,  t o  - 
be a complex s t i m u l u s  for the 8 - n o n t h - o l d s .  

U~&$Y? zz 4 ! & & i S i a ~  

N o v e l t y  h a s  been w i d k l y  d e s c r i b e d  a s  a s t i m u l u s  d i n e n s i o n  

h a r i n q  important a n d  predictable i n f l u e n c e  o n  t h e  o c c u r r e n c e  of 

- e x p l o r a t o r y  b e h a v i o r .  P r e c i s e l y  w h a t  novelty m e a n s  a n d  hou it is- 

. * .  best 'measured,' hoverer, h a s  Been a s o u r e  of some c o n c e r n  

- (Ber lyne ,  1960 ; Hutt, 1970;  U c C a l l  and HcGhee, 1 9 7 7 ) .  A c c o r d i n q  

ta B e r l y n e ,  n u h e n  we a s k  wha t  e x a c t l y  i t  leans t o  s a y  t h a t  a  
9 

s t i m u l u s  p a t t e r n  is n o v e l  a n d  how novel i t  is,  u e  face a w h o l e  

s u c c e s s i o n  of snares and d i l emmas .  To b e q i n  w i t h  t h e r e  are 

s e v e r a l  q u i t e  d i s t i n c t  s e n s e s  i n  w h i c h  s o m e t h i n g  c a n  be new 

(1960, pp. 18- 1 9 ) .  Berhyne c a t e q o r i z e d  n o v e l t y  i n t o  two d i s c r e t e  

d i m e n s i o n s :  a A temporal d i m e n s i o n  a l o n q  which s t i m u l i  yar y 

a c c o r d i n q  t o  bow much time h a s  been spent i n t e r a c t i n q  w i t h  t h e m ,  

a n d  k s p a t i a l  d h e n s i o n  o n  which  s t i m u l i  a re  n o v e l  t o  t h e  extent 

t h a t  t h e y  are  c o m b i n e d  i n  u p f a m i l i a r  or unexpected ways. 

A s t i m u l u s  is said t o  be -&& a i f  i t  has n e v e r  

been e n c o u n t e r e d  b e f o r e .  a n d  Iqgg-tqz~ n o v e l t y  fefer 

t o  s t i m u l i  t h a t  have been e n c o u n t e r e d  b e f o r e  b u t  not within t h e  

Last feu .aisuLes/ho (short- term) 0 r  d a y f t e n t h s  floaq-ter a) . 
On the spatial B e r l y n e  d i s t i n q u i s h e d  w g a  w p :  

from a t i v ~  g g ~ g l f L *  an a b s o l u t e l y  n o v e l  s t i n u l u s  is one which - 



h a s  embedded w i t h i n  its c o n f i q u r a t i o n  sone a t t r i b u t e  ( s )  t h a t  h a s  

n e v e r  b e e n  p e r c e i v e d  b e f o r e .  I f  t h e  a t t r i bu t e s  o f * a  s t i m u i u s  are 
C 

familiar, b u t  are a r r a n q e d  in a way never ' b e f o r e  e n c o u n t e r e d ,  
rr 

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

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

def  i n i t i o a s  must be t ' r a n s l a t e d  i n t o  o p e r a t i o n a l  terms. U i t h o u t  

o o n p l e t e  knowledge of an i n d i v i d u a l ' s  p a s t ,  it is n o t  p o s s i b l e  
" -, 

t o  d e t e r m i n e  i f  a  s t i m u l u s  i s  either completely o r  a b s o l u t e l y  

" n o v e l .  A more l i m i t e d  knowledqe  of t h e  i n d i v i d u a l  a i q h t  enable . 

yon t o  specify t h e  e x t e n t  o f  lonq-  term or r e l a t i v e  n o v e l t y  o f  a 

I s t i m u l u s ;  however ,  even t h i s  i n • ’  o r n a t i o n  i s  q e n e r a l l  y a b s e n t ,  
A 

The easiest d e f i n i t i o n  t o  work w i t h  h a s  b e e n  s h o r t - t e r m  n o v e l t y  

since v a r i a t i o n s  i n  it can b e  c r e a t e d  w i t h i n  a n  e x p e r i m e n t a l  

s e s s i o n .  Stud-ies typically i n v o l v e  p a i r s  of s t i m u l i  w i t h  unknown 
b 

a n d  assumed e q u a l  r e l a t i v e  n o v e l t y .  T h i s  a s s u m p t i o n  i s  made 

v a l i d  b y  b a l a n c i n q  the a s s i q n e d  roles Q•’ the s t i m u l i  between 

s u b j e c t s ,  S u b j e c t s  are p r o v i d e d  w i t h  a s p e c i f i e d  amount  of 

e x p e r i e n c e  w i t h  o n e  s t i m u I u s  a n d  i t  is  t h e n  c o n s i d e r e d  more 

famil iar .  t h a n  t h e  o t h e r  s t i m u l u s .  The de&e  t o  which a s t i m u l u s  

is n o v e l  (or  f a a i l i a r )  c a n  bg measured  by d e s i q n a t i n q  t h e  amount  

o f  t i n e  s p e n t  i n t e r a c t i n q  w i t h  it. A s t i m u l u s  e x p l o r e d  fo r  some 

aaonet of time is  less n o v e l  t h a n  t h a t  same stimulus b e f o r e  

f a ~ a i l i a r i z a t i o n  f i n  t r a s t i n u l u s  aove l t  p) and a lso  less novel t h a n  

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

( i n t e r s t i m u l u s  n o v e l t y )  . Thus, " t h e  s imples t  o p e r a t i o n a l  
i 
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~igure 6a 

Predicted course of exploration as a single stimulw 
becomes familiar (intrastimulus novelty). 

EXPLORATORY 
BEHAVIOR 

X Y 

high intermediate a, -- low 
novelty novelty - novelty 

FAMILIARIZATION 

a. X and Y represent points where a novel stimuli is introduced 
and the times apent exploring the novel and familiar stirnull 
are compared. A t  plnt X the familiar stimulus i a  predicted 
t o  receive more exploration while at Y the novel stimulus 
should be preferred. 



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

t o  r e c e i v e  m_e e x p l o r a t i o n .  k t  p o i n t  X ,  where  i n t e r e s t  i n  tbe  

familiar s t i m u l u s  is i n c r e a s i a q  o r  still a t  a h i q h  l e v e l ,  the 
4 

f ami l i a r  s t i m u l u s  i s  predicted t o  receive g r e a t e r  e x p l o r a t i o n .  
= 

A t  p o i n t  X ,  t h e r e f o r e ,  t h e  n o v e l  s t i m u l u s  s h o u l d  be e x p l o r e d  

Jess. (It s h o u l d  be n o t e d  that t h e s e  p r e d i c t i o n s  are s u b j e c t  t o  

t h e  r e s t r i c t i o n  t h a t  the new a n d  the f a m i l i a r  s t ' i a u l i  h a r e  e q u a l  

S u b j e c t  v a r i a b l e s  
R Figure 6 can be i n t e r p r e t e d  a s  t h e  q e n e ~ a l  c u r v e  

d e s c r i b i n q  the r e l a t i o n  b e t w e e n  e x p l o r a t i o n  and i a t r a s t i m u l u s  

n o v e l t y  f o r  a11 o r q a n i s m s .  H o v e r e r ,  the e x a c t  s h a p e  a n d  t h e  

t o t a l  a m o u n t  of e x p l o r a t i o n  a s t i a u l u s  i s  I i k e l y  t o  e l i c i t  m a y  

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

( B e r l y n e ,  1960; Dember a n d  Earl,  1957; Hunt ,  1970;  Yalker, 

1973) . Pcbr e x a m p l e ,  a n  o l d e r  i n f a n t  would  p r e s u m a b l y  h a v e  more 

experience with and  qreater k n o w l e d q e  of t h e  s t i m u l u s .  T h u s ,  a 

q i v *  s t i m l u s  aiqht be e x p e c t e d  t o  i n i t i a l l y  be less n o v e l  a n d  
? 

the older i n f a n t  would  be  e x p e c t e d  t o  t a k e  less time t o  explore 

t h 6 y i m o l u s  than a y o u n q e r  i n f a n t  (Dember a n d  E a r l ,  1957)  r 

\ 



O t h e r  t h i n q s  beinq eqsal ( e . g . .  the c o n p l a r i t y  of t h e  s t i m u l u s )  

t h e  o l d e r  2 ' h f a n t  s h o u l d  beqin e x p l o r i n q  a t  a 1-ater p o i n t  on t h e  

curve t h a n  a y o u n q e r  i n f a n t  (see figure 7 ) .  

I n d i v i d u a l  d i f f e r e n c e s  w i t h i n  t h e  s a n e  aqe r a n q e  a i q h t  a l s 6  

b e  e x p e c t e d  t o  l e a d  t o  d i f f e r e p c e s  i n  the shape o f  t h e  c u r v e  a s  

&f i n  f i q n r e  7. D i f f e r e n c e s  i n  qe e ic d i s p o s i t i o n  a n d  e x p e r i e n c e  

would r e s u l t  i n  i n d i v i d u a l s  s t a r t i n  1 a t  d i f f e r e n t  p o i n t s  on t h e  

c u r v e  anda r e a c h i n q  t h e  e n d p o i n t  ' a t  .different rates. 

Walke r  (1964.) m a i n t a i n e d  t h a t  s t i m u l u s  c o m p l e x i t y  and 

s t i m u l u s  n o v e l t y  i n t e r a c t  a s  & t e r m i n a n t s  of e x p l o r a t o r y  
8 

b e h a v i o r ,  a s  d i d  Dember a n d  Earl (1957)  and B e r l y n e  (1960 ,  - 
l 9 7 6 ) .  B e r l y n e  (1970) p r o p o s e d  t h a t  chanqes in e x p l o r a t o r y  

b e h a v i o r  depend  on the i n t e r a c t i o n  of two a n t a g o n i s t i c  

processes:' t e d i u m  and  p o s i t i v e h a b i t u a t i o n .  A s t i m u l u s  q r a d n a l l  y 
-, . 

succumbs  t o  a t e d i u m  f ac to r  a s  i t  i s  repeated or p r o l o n q d d .  

P o s i t i v e  h a b i t u a t i o n  r e f l e c t s  a n  i n c r e a s e d  l i k i n q  f o g  a s t i m u l u s  --. , 

a s  i n f o r m a t i o n  is a b s o r b e d  from i t  a n d  t h e  s t i m u l u s  b e c o & s  

a s s i m i l a t e d  or o r q a n i z e d ,  Hence, t h e  i n v e r t e d - U  f u n c t i o n  f o r  

e x p l o r a t i o n .  Berlyne claimed f u r t h e r  t h a t  these two factors a r e  
1 

u e i q h t e d  d i f f e r e n t l y  d e p e n d i n g  o n  t h e  c o m p l e x i t y  of  t h e  

s t i n u l u s .  would e x p e c t  t h e  t e d i u ~  f a c t o r  t o  be r e l a t i v e l y  

s t r o n q e r  when t h e  s t i m u l i  are s i m p l e  a n d  low i n  i n f o r m a t i o n  



Possible variations in exploration: according t o  age, 
when stindL~us attributes,  e.g. complsldty are assumed to be constant. 
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'I: 

, 
Q 

c o n t e n t ,  whereas there w i l l  be  more scope f o r  t h e  i n f o r m a t i o n  

p r o c e s s i n g  presumed to  underly t h e  p o s i t i v e - h a b i t u a t i o n  factor 

when s t i m u l i  are c o m p l e p  (1970. p. 121) .  ~ k e  a a n n e r  i n > .  which 
b 

these mechanisms  work are s u m m a r i z e d ~ & ~  f i q u r e  8. S i m p l e  

d 
- s t i m u l i ,  w h e t h e r s n o v e l  o r  fami l ia r ,  s h o u l d  show a m o n o t o n i c a l l r  

d e c r e a s i n q  f u n c t i o n  of e x p l o r a t i o n  with f a m i l i a r i z a t i o n  'over 

t i n e ,  Both  complex-  n o v e l  and complex-"famil iar  s t i m u i i ,  however ,  
4P 

. , 

\ .  
s h o u l d  prijdrice a n  i n v e r t e d - U - s h a p e d  f u n c t i o n  o v e r  t h e  c o u r s e  of - 

fanil iarizakion tie . 

P Notice t h a t  B e r l y n e  p r e d i c t e d  W a l  o r  no i n i t i a l  ., 

e x p l o r a t i o n  o f ,  c o a p l e x - n o v e l  s t i m u l i .  T h i s  section of the curie 
' 

1 
miph t  be t h o u g h t  of a s  a n  e x c e p t i o n -  t o  , t h e  a o r e j q e n e r a l  s t a r t h q  

/ 

p o i n t  d e p i c t e d  i n  f i g u r e  6, and perhaps is  c h a r a c t e r i s t i c  o n l y  

of c o m p l e t e l y  o r  a b s o l u t e l y  novel s t i a n l i .  Comple x-f amiliar , 
s i m p l e - n o v e l  a n d  s i  m p l e - f a m i l i  a r  s t i m u l i  * p r o b a b l y  r e p r e s e n t  

t h o s e  most o f t e n  u s e d  i n  -research on e x p l o r a t i o n .  

P r e d i c t i o n s  c o n c e r n i n g  i n t e r s t i m u l u s  n o v e l t y  would a l s o  
3. 

dependR on  t h e  c o m p l e x i t y  of the s t i m u l u s  b e i n g  e x p l o r e d .  
f 

C 
R e f a r r i n q  back t o  f i q u r e  8 it is a p p a r e n t  that p r e f i r e n c e s  for 

familiar s t i m u l i  are t e n a b l e  only when t h e  s t i m u 1 . a ~  <be inq  

f a m i l i a r i z e d  is  c o r p l q x .  I f  s i m p l e ,  the f a m i l i a r i z e d  s t i r u l u s  
il 

s h o n l d  no: be  preferlied f o l l o w i n q  even a short f a m i l i a r i z a t i o n  

period, inskeail, e i thnr -no  prsferance - Cfollowinq a *or* nrnnnt -- 

- of f a m i l i a r i z a t i o n )  o r  a p r e f e r e n c e  for t h e  n o v e l  stimulus 



Possible &riations in exploration according t o  c&pl&ty 
when preMous experience is  assumed to be constant. 
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I n  SUE,  optimal l e y d  t h e o r i e s  p r e d i c - t  t h a t  e i t h e r  a n o v e l  

or a  fami l ia r  s t i m u l u s  w i l l  be  p r e f e r r e d  d e p e n d i n q  on  ( a )  how 

l o n q  the f a n i ~ i a r , , . s t i m u l u s  h a s  b e e n * p r e v i o n s l y  e x p o s e d ,  and  o n  

(b) tbe c o m p l e x i t y  of t h e  s t i m u l u s ,  where c o a p l e x i t y  i s  d e f i n e d  

r e 3 a t i v e  t o  t h e  aqe of the e x p l o r e r .  

The method Lost o f t h  e m p i o p d  t o  investigate t h e  re lat ion . 
I % 

be tween  e x p l o r a t o r y  b e h a v i o r  and b o t h  i n t r a -  a n d  i n t e r ~ t ~ m u l q s  

n o v e l t y  h a s  b e e n  t h e  h a b i t u a t i o n  paradigm,  T y p i c a l l y ,  a  s t i m u l u s  

is presented f o r  some number of d i s c r e t e  t r i a l s  o r  for some 

amount  of c o n t i n u o u s  time. P o l l o v i n q  t h e s e  " h a b i t u a t i o n  trials" 

t h e  familiar s t i n n l u s  a n d  a n o v e r  s t i m u l u s  are p r e s e n t e d  e i t h e r  
Y 

s i a u l t a n e o u s l y  o r  s u c c e s s i v e l y  a n d  t h e  a n o u n t  of e x p l o r a t i o n  

e l i c i t e d  by each is c o ~ p a r e d .  A n a l y s e s  o f  the c o u r s e  of 

e x p l o r a t i o n  o v e r  the h a b i t u a t i o n  t r i a l  (s) can p r o v i d e  

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

i n t r a s t i m u l n s  n o v e l t y .  The  r e l a t i o n  between i n t e r s t i m u l u s  ' 

n o v e l t y  and e x p l o r a t i o n  c a n  b e  s t u d i e d  by  l o o k i n q  a t  t h e  

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

, B y  c o n p a r i n q  d i f f e y n t  aqes, sexes,  a n d  

r e l a t i o n  c a n  b e  i n v e s t i q a t e d ,  rb 



Shape of t h e  c u r v e  

Rany s t u d i e s  af i n f a n t  h a b i t u a t i o n  h a v e  r e p o r t e d  a 

m o n o t o n i c a l l y  decreasing curve of h a b i t u a t i o n  (Caron a n d  C a r o n *  

1969; Cohen, 1369; ~ a q a n ,  1977; H u t t ,  1970; Kaqan and  Lewis, 

1965; L e w i s ,  F a d e l ,  Bar te ls  a n d  Campbe l l ,  1966;  Ross ,  1 9 7 4 ) .  

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

, set n u a b e r  of f i x e d  l e n q t h  t r i a l s  o r  for a f i x e d  amount of 

c o n $ i n n o u s  time, H a b i t u a t i o n  c u r v e s  were c o n s t r u c t e d  b y  

fa 
a v e r a g i n q  subjects* r e s p o n s e  times for e a c h  trial a n d  plotting 

1 j -9 

, mean scores f o r w a r d  from t r i a l  one t o  I the l a s t ~ . & i a l  (see f i q h r e  

9) 

cohen a n d  G e l b e r  ' (1975)  h a v e  a r q u e d  t h a t  t h e  n a q a t i v e l y  

e x p o n e n t i a l  d e c l i n e  d e s c r i b e d  by  t h e  typical. h a b i t u a t i o n  c u r v e  
/' 

is an a r t i f a c t  p roduced  b y  i n d i v i d u a l  s u b j e c t s  h a b i t u a t i n q  a t  

d i f f e r e n t  r a t e s .  They  s u q q e s t e d c t h a t  a more r e p r e s e n t a t i v e  curve 

is produced  when s u b j e c t s  a r e  r u n  t o  a n  i n d i v i d u a l  c r i t e r i o n  o f  

h a b i t u a t i o n  a n d  t h e  c u r v e  is p l o t t e d  backwards from t h e  p o i n t  a t  

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

q r a d n a l l y  d e c l i n i n g ,  cu rve ' s  

e x p l o r a t i o n .  f i rs t  increases 

As shown i n  i igure 10,  r a t h e r  t h a n  
ri 

p l o t t e d  iq t h i s  way s u q q e s t  that 
- L  - 

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

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



~ ~ ~ i &  forward hirMtuatlon curve. 
( m m  L. 8. cohen I U ~  E. n. ceiaer, 1~5.) 

\ 



Backward habityation w e .  
(~rom L. B. ,Cohen and E.R. ~elber; 1975.) 
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c r i t e r i o n .  The c u r v e  is n o t  e n t i r e l y  s y m m e t r i c a l  b a t  is r o u q h l ~  

s i l o  a n  i n v e r t e d - 0 .  

!lo& r e c e n t l y ,  Cohen a n d  Ben ten  (1979)  h a v e  c r i t i c i z e d  t h e  

backward curve as  a l s o  b e i n q  a r t i f a c t n a l .  I n  p a r t i c u l a r  t h e  peak  

a n d  t h e  r a p i d  d e c l i n e  o c c u r r i n q  j u s t  p r i o r  t o  c r i t e r i o n  are seen 

as r e s u l b i n g  from t h e  a r t i f i c i a l l y  r e s t r i c t e d  t r i a l  immeaia  t e l y  
--, 

p r i o r  to jLhe c r i t e r i o n  t r i a l  4s) ( a r t i f i c i a l l y  restricted b e c a u s e  

t h e  f i rst  p r e - c r i t e r i o n  t r i a l  mus t ,  b y  d e f i n i t i o n ,  be h i q h e r  
A 

that the cr i ter ion  trial fs) in order not to be inclndted , i n  the 

c r i t e r i , o n ) .  I n t e r e s t i n q l y ,  H a y e s  ( 1 9 5 3 ) ,  t h e  f i rs t  p e r s o n  to 

propose u s i n q  backward c u r v e s  for  t h e  s t u d y  of l e a r n i n q ,  was 
c 

aware of t h i s  a r t i f ac t .  H e  pointed o u t ,  however ,  t h a t  i f  

c r i t e r i o n  t r i a l s  a n d  t h e  f i r s t  p r e - c r i t e r i o n  t r i a l s  are 

d i s c a r d e d ,  a n d  o n l y  p o i n t s  c o n t r i b u t e d  t o  b y  a larqe m a j o r i t y  of 

subjects are i n t e r p r e t e d ,  b a c k v a r d  c u r v e s  a r e  s e n s i t i v e  t o  t h e  

c o u r s e  of l e a r n i n q .  T h e  same a i q h t  be true fo r  b a c k v a r d  sh 

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

p r e - c r i t e r i o n  t r i a l  t o  c r i t e r i o n  is u n d o u b t e d l y  due, a t  least i n  

par t ,  to a r t i f a c t ,  p e r h a p s  t h e  e a r l i e r  i n c r e a s e  a n d  a n y  r a p i d  .-J 
d r o p s  from t r i a l s  n e a r  t o  b u t  n o t  i m m e d i a t e l y  p r e c e e d i n q  

c r i t e r i o n  ( u h i c h  are b o t h  e v i d e n t  i n  f i q u r e  10) a r e  r e a l .  
/,- 

More e v i d e n c e  c h a l l e n q i n q  t h e  we rit y of t h e  m o a o t o n i c a l l y  

decreasinq habituation c t t f v e  Bas been  -reper%& bp McC%;L% -f t939). 

H e  used  a s o p h i s t i c a t e d  c o m b i n a t i o n  of s t a t i s t i c a l  t e c h n i q u e s  t o  

first exbac t  qeneralized h a b i k u a t i o n  patterns, t h e n  t o  locate 



q r o n p s  of s u b j e c t s  who were s i m u l  a n e o u s l y  homoqeneous  w i t h i n ,  h 
a n d  h e t e r o q e n e o u s  b e t w e e n  w i t h  re ect t o  p a t t e r n .  The r e s u l t s  * - 
s h o r e d  h a b i t u a t i o n  c u r v e s  fo r  a p p r o x i m a t e l y  50 - p e r d e n t -  of 

5-month-o lds  a n d  90 of 10-month-o lds  t h a t  q e n e r a l l y  

s u p p o r t e d  t h e  a t t r i b u t e s  s u q q e s t e d  by  t h e  more b i a s e d  backward  

h a b i t u a t i o n  c u r v e s .  Thus ,  there is e v i d e n c e  t o  s u q q e s t  that 

h a b i t u a t i o n  d o e s  not u n c o n d i t i o n a l l y  d i s p l a y  a  m o n o t o n i c a ~ l  y 

d e c r e a s i n q  p a t t e r n ,  R a t h e r ,  f o r  a s i g n i f i c a n t  number o f  
I 

i n d i r i h u a l s  t h e  c u r v e  may best be  described b y  p curie t h a t  
'x 

a p p r o x i m a t e s  a n  i n v e r t e d - U .  F u r t h e r ,  Cohen and  G e l b e r  aqreed 

t h a t  such c u r v e s  a r e  " c o n s i s t e n t  with o p t i m a l  l e v e l  o f  

s t i m u l a t i o n  t h e o r i e s  wh ich  p r e d i c t  a n  i n v e r t e d - 0  r e l a t i o n s h i p  
- 

b e x u e e n  a t t r a c t i v e n e s s  a n d  f a m i l i a r i t y q "  1975, p. 363) . 
As t h e y  d o  f o r  s t i m u l u s  c o m p l e x i t y  a n d  e x p l o r a t i o n ,  o p t i m a l  

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

r e l a t i n q  i n  t r a s t i a n l u s  n o v e l t y  a n d  explora t$on .  T h e  i n c i d e n c e  of- 

b o t h  n o n o t o n i c a l l y  d e c r e a s i n q  and  i n v e r t e d - U  c u r v e s  would b e l i e  

this p r e d i c t i o n  u n l e s s ,  a s  was s u q q e s t e d  ,by B e r l y n e  (1960,  

l 9 7 O ) ,  t h e i r  o c c u r r e n c e  was f o u n d  t o  v a r y  s y s t e m a t i c a l l y  with 

i n d i v i d u a l  d i f f e r e n c e s  i n  p r i o r  e x p e r i e n c e ,  w i t h  s t i m u l u s  - 
&? 

v a r i a b l e s  s u c h  as  c o m p l e x i t y ,  or w i t h  b o t h .  



S u b j e c t  V a r i a b l e s  y 

W e t h e r f o r d  a n d  Cohen (1973) p r e s e n t e d  6 0 ,  80, lo- ,  a n d  

12-week-old infants w i t h  2 - d i m e n s i o n a l  cporetric & o r a s  f o r  1 4  - 

15-second t r i a l s .  The h a b i t u a t i o n  curves f o r  e a c h  a q e  qroup a m  

p r e s e n t e d  i n  f i q u r e  11,  Yhereas the 10- a n d  12-week-olds 
I 

d e c r e a s e d  the@ v i s u a l  e x p l o r a t i o n  over t r i a l s ,  t h e  6- and ., 
A 

8-week-olds  e i ther  m a i n t a i n e d  a h i q h  l e v e l  o r  i n c r e a s e d  their 
* -- 

Y 

e x p l o r a t i o n ,  W e t h e r f o r d  and Cohen o r i g i n a l l y  i n t e r p r e t e d  these 

d a t a  as s u p p o r t  for a n  aqe-based d i f f e r e n c e  i n  h a b i t u a t i o n  a n d  1 
a q r e e d  w i t l f '  J e f f r e y  a n d  Cohen (197 1) t h a t  the capaclt y t'o 

h a b i t u a t e  does n o t  d e v e l o p  u n t i l  after 2 months  aqe, Anothe r  

p o t e n t i a l  e x p l a n a t i o n  is t h a t  t h e  s h a p e  of the c u r v e  r e l a t i n q  

e x p l o r a t i o n  t o  i n t r a s t i m l u s  n o v e l t y  i s  d e t e r m i n e d  bv aqe. F o r  
I 

example ,  i n f a n t s  2 months a n d  y o u n q e r  may be b e s t  d e s c r i b e d  by 

t h a t  section of f i q u r e  6 ,  which s h o w s  i n c r e a s i n q  e x p l o r a t i o n  o v e r  

4 time, w h i l e  t h e  decreasinq h a l f  oon ld  b e s t  c h a r a c t e r i z e  i n f a n t s  

older " t h a n  2 n o n t h s ,  
. t 

a l t h o u q h  t h e s e  e x p l a n a t i o n s  a re  p a r s i a o n i o u s  for t h e  
t a = 

O e t h e r f o r d  and Cohen d a t a ,  recent f i n d i n q s  h a v e  le t t h e m  

somew h a t  e r i ~ u o u s .  Usinq c r i t e r i o n  of h a b i t u a t i o n  r o c e d u r e s ,  

which allowed i n f a n t s  c o n s i s t e n t l y  more f a m i l i a r i z a t i o n  the 

t h a n  c o n s t a n t - t i m e  p r o c e d u r e s ,  Black (1976).  F r i e d m a n  (1975) a n d  
i 
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L 

h i l e u s k i  and ~ i q n e l a n d  (1975) h a v e  f o u n d  t h a t  i n • ’  ants youncler  

t han  Pths , even newborns ,  e v e n t u a l l y  decrease k e i r  

e x p l o r & i o n .  A c c o r d i n q  t o  these s t u d i e s ,  r a t h e r  t h a n  a n  

a q e - d e t e r m i n e d  difference i n  curve s h a p e  o r  i n  the bas ic  

c a p a c i t y  to h a b i t u a t e  younqer i n  nts s i m p l y  require more time 

i n  ' o r d e r  t o  show a response decrement .- 
% /  

T h l i s  i n t e r p r e t a t i o n  is c o n k u e n t  w i t h  e v i d e n c e  from s t u d i e s  

o f  i n f a n t s  %eyond  3 mon ths  of a q e ,  s h o w i n g  t h q t  o l d e r  i n f a n t s  

q e n e r a l l y  h a b i t u a t e  faster  t h a n  d o  y o u n q e r  i n f a n t s  (Cohen,  1969; 

Paqan, 1974; L e w i s ,  1971; R c C a l l ,  H o q a r t y ,  H a m i l t o n  a n d  Vincent, 

1973; ClcGnrk, 1972) . I n  f ac t ,  Cohen l a t e r  a l t e r e d  his 

'I i n t e r p r e t a t i o n  of t h e  Y e t h e r f  o r d  a n d  Cohen r e s u l t s  a n d  suqqested 

h t h a t  "perhaps if the earlier study had  p r o v i d e d  a d d i t i o n a l  

t r i a l s ,  younqer as well as o l d e r  i n f a n t s  would h a v e  h a b i t u a t e d N  

f1976, p. 214).  Perhaps t o o ,  had fewer t r i a l s  been a l l o w e d ,  o l d  k s 

a s  w e l l  a s  y o u n q e r  i n f a n t s  would have shown h i g h  or i n c r e a s i n q  

rates of e x p l o r a t i o n .  I n s p e c t i o n  of f i q u r e  1 1  indicates t h a t  

a u l d  h a v e  been t r u e  a t  l eas t  f o r  10-week-olds .  thi-q 
Taken together, these are provocative f i n d i n q s .  F o r  . 

e x a m p l e ,  t h e y  s u p p o r t  o p t i n a l  l e v e l  t h e o r i e s  by  s o q q e s t i n q  t h a t  

%mount  of e x p - e r i e n c e ,  a correlate of aqe,. rather t h a n  aqe pgg 29 
' 

nay  a c c o u n t  f o r  differences i n  t h e  s h a p e  o f  t h e  curve  r e l a t i n q  

e x p l o r a t i o n  and i n t r a s t i m u l n s  novelty. I n  o t h e r  words,  



E 

T h i s  n o t i o n  i s  f u r t h e r  s t r e n q t h e n e d  by e v i d e n c e  of 

i n d i r i d u a i '  differences i n  curve s h a p e  and rate gf h a b i t u a t i o n  
* 

within as well a s  b e t w e e n  aqes, H c C a l l  and  h i s  c o l l e a q u e s  . ' 

(?lcC;4Fql, 1971 ,  .1972; nccall a n d   els son, 1969; B e l s o n  a n d  M c C a l l ,  . 

1970) h a r e '  r e p b r t e d  t h a t  i h f a n t s  w i t h i n  several a q e  q r o u p s  

(e. q., 3, 4 ,  a n d  5 m o n t h s )  c o u l d  b e  characterized a s  e i t h e r  

r a p i d  o r  s l o w  h a b i t u a t o r s .  T h e  v i s u a l  e x p l o r a t i o n  o f  n r a p i d  

ha b 

whi  

i t u a t o r s *  d i s p l a y e d  l k n e a r l y  d e c r e a s i n q  r e s p , o n  se 

le '*slow h a b i t u a t s r s * '  c o n t i n u e d  t o  e x p l o r e  a t  a h i q h  rate o r  

s h o w e d  a r e s p o n s e  i n c r e m e n t .  (It s h o u l d  be n o t i c e d  t h a t  t h e  t e r n  

n h a b i t u a t i o o w  seers t o  be a m i s e o u e r  f o r  t h i s  qroyp, since it.s 

members d i d  n o t  show a response d e c r e n e n t  d u r i n q  t h e  c o n s t a n t  

time p e r i o d  a l l o w e d .  ) H u n t e r  ( 1978)  reanalyzed d a t a  f r o m  Ross's 

( 1 9 7 4 )  s t u d y  and f o u n d  s imi l a r  r e s u l t s  f o r  12-month-o lds :  i . e ,  

f of l o w i n q  5 minutes of cont inuous  f a n i l i a r i z a t i o n  59 p e r c e n t  of 

the i n f a n t s  h a d  d e c r e a s e d  t h e i r  e x p l o r a t i o n ,  w h i l e  4 1 p e r c e n t  

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

As i n  V e t h e r f o r d  and  C o h e n ' s  ( 1 9 7 3 )  study, t h e s e  r e s u l t s  were 

b a s e d  on c o n s t a n t  time f a n i l i a r i z a t i o n  p r o c e d u r e s  a n d  on the 
\ 

Cs 

curbs b e i n q  plotted f o r w a r d  i n  t i a e .  Work by  D e l o a c h e  ( 1 9 7 3 ) .  

t i c c a l l  (1 979 )  a n d  H c C a l l ,  H o q a r t y ,  H a m i l t o n  a n d  V i n c e n t  11974) 

u s i n q  c r i t e r i o n  m e a s u r e s  of h a b i t u a t i o n  f o u n d  t h a t  r a p i d  and 
'-. 

slow habituators a l i k e  would  decrease t h e i r  e x p l o r a t i o n  b u t  t h a t  

slow h a b i t u a t o ~ s  r e q u i r e d  more f a n i l i a r i z a t i o n  time. When Cohen 

a n d  G e l b e r  (1975)  c o n s t r u c t e d  backward-habituation curves osinq 



D e l o a c h e l s  f1973) d a t a ,  s l o w  h a b i t u a t o r s  proauced a ' p r o t r a c t e d  

i n v e r t e d - 0  c u r v e ,  w h i l e  a n  almost i n m e d i a t e  'peak fo1 lo ;ed  b y  a 

r a p i d  d e c l i n e  to  c r i t e r i o n  c h a r a c t e r i z e d  r a p i d  h a a b i t u a t i o n .  

T h u s ,  slow h a b i t u a t o r s  behaved a s  i f  t h e  f a m i l i a r i z e d  

s t i m u l u s  was initially more n o v e l  for  them t h a n  for  r a p i d  
3 

h a b i t u a t o r s .  They s h o w e d  a n  increase i n  e x p l o r a t i o n  when 

f a m i f f a r i z a t i o n  time was  r e l a t i v e l y  short a n d  r e q u i r e d  
.e 

r e l a t i v e l y  a o r e  f a m i l i a r i z a t i o n  time b e f o r e  a response decrement  

could' be p r o d u c e d .  S i n c e  r a p i d  a n d  s l o w  h a b i t u a t o r s t d i d  n o t  

d i f f e r  i n  aqe, t h e  d i f f e r e n c e  b e t w e e n  t h e n  i n  curvea . j shape  a n d  i n  . i' 

time needed t o  h a b i t u a t e  c o u l d  not  be d u e  t o  age.   he most 
g$ >' a 

p a r s i m o n i o u s  i n t e r p r e t a t i o n  f o r  t h e  present is t h a t  for v h a t e v e r  
Y 

)I 

X 

r e a s o n ,  slow a n d  r a p i d  h a b i t u a t o r s  e n t e r  i n t o  a n  e x p e r i m e n t a l  

session having had d i f f e r e n t  h i s t o r i e s  of i n t e r a c t i o n  with their 
& 

environment a n d  theref ore  d i f f e r  i n  p r e v i o u s  e x p e r i e n c e  ' r e l e @ n t  

t o  the e x p e r i m e n t a l  s h i n u l u s .  .- 

S t i m u l u s  v a r i a b l e s  

Not oily does ha b i t u a t i o n  v a r y  a c c o r d i n q  t o  d i f f e r e n c e s  i n  

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

s t i m u l u s  c o m p l e x i t y .  C a r o n  a n d  C a r o n  (1 968, 1969)  r e p o r t e d  t h a t  

t h e  h a b i t u a t i o n  r a t e  f o r  3 1 /2 -month-o lds  was fas tes t  t o  a 2 x 2 
c 

c h e c k e r b o a r d  a n d  p r o q r e s s i v e l y  slawer t o  12 x 12 and 24 x 24- 
P b 

a c h e c k e r b o a r h  respectivel~. Sfillrkhr f i n d i n -  of fader 

h a b i t u q t i o n  t o  s i m p l e r  s t i m u l i  o b t a i n e d  b y  Cohen,  D e l o a c h e  b 

- 



Cohen and ,Ge lbe r  (1975) h a v e  s u q q e s t e d  t h a t  s t i m u l u s  

c o ~ p l e x i t y  a c c o u n t s & o r  d i f f e r e n c e s  i n  the s h a p e  of t h e  

h a b i t u a t i o n  c u r v e .  They f o u n d  t h a t  4-month-olds  f a m i l i a s i z e d  to- 

a n  i n d i v i d a a l  c r i t e r i o n  s t i n u l u s  (24 x  24 c h e c k e r b o a r d )  d r o d u c e d '  
\ 

a n  inve r t ed -€3  s h a p e d  c u r v e ,  w h i l e  a a o n o t o a i c a l l y  decreasing 

c u r v e  was f o u n d  when t h e  s t i n u l i  were s i ap l e r  [ 2  x 2 or  8 x 8 .  

c h e c k e r b o a r d ! ,  . T h u s ,  t h e  rate of h a b i t u a t i o n  and the. s h a p e  ~f 

t h e  c u r v e  appear to v a r y  w i t h  t h e '  c o a p l e x i t y  of t h e  s t i m u l u s  

b e i n q  f a m i l i a r i z e d .  
P 

These findings can also  be used  t o  f u r t h e r  account f o r  the 
L 

aqe differences i n  h a b i t u a t i o n  m e n t i o n e d  above. T h a t  is, since 

habituation is d e p e n a e n t  upon s t i a u l u s  c o m p l e x i t ;  and  e f f e c t i v e  

c o a p l e x i k  y bas been f o u n d  t o  vary . - u i t h  aqe, h a b i  f u a t h -  s h o u l d  
f 

b e  e x p e c t e d  a l s o  t o  v a r y  a q a i n  W e t h e r f o r d  a n d  
< 

Cohen's (1973) m p o r t e d  h a b i t u a t i o n ,  Hot o n l y  

v a s  i t  likely t h a t  i n f a n t s  a t  d i f f e r e n t  aqes d i f f e r e d  i n  ,, 
0 

- p r e v i o u s  e x p e r i e n c e s ,  b u t  since all i n f a n t s  were f a a i l i a r i z g 4  
2 

v i t h  t h e  same s t i ~ n l i , \ t h e ~ u n q e r  i n f a n t s  i n  effect m a y  hare 
v 

b e e n  f a m i l i a k i z e d  w i t h  ( u d a t  was for  them)  a more c o m p l e x  

s t i m u l i .  C o n v e r s e l y ,  the t y p i c a l  r e s u l t s  r e l a t i n g  c o m p l e x i t y  t o  

habituation when f o u n d  for  a p a r t i c u l a r  aqe q r o u p  and w i t h  a 
- ---- - - 

p a r t i c u l a r  set of s t i m u l i  n o t  qeneral ize t o  other aqe 

qronps. C a r o n  and C a r o n  (1968) f o u n d  r e s p o n s e  d e c r e ~ e n t  t o  be 
v 



B' -- - - -  

inversely r e l a t e d  t o  s t i m u l u s  c o m p l e x i t f  f o r  3 1/2-month-oldsr 

However, u s i n g  v i r t u a l l y  i d e n t i c a l  c h e c k e r b o a r d  stimuli, Brown 

(1974) f o u n d  h a b i t u a t i o n  i n  2-month-olds t o  be fas tes t  for t h e  

least and most complex s t i m u l i  and s;iowest for a s t i n t a l u s  of 6 
i n t e r m d i a t e  c o m p l e x i t y ,  I n  one of t h e  few s t u d i e s  t o  l 

i n v e s t i q a t e  d i r e c t l y  t h e  relation be tween  h a b i t u a t i o n  and 
4. 

c o m p l e x i t y  a t  d i f f e r e n t  a q e s ,  A m e s  (1  966) found q r e a t e r  response 

d e c r e m e n t  t o  t h e  s i m p l e r  of two checkerboard s t i m u l i  ( 2  r 2 

versus 8 x 8)  for 5 112-week-olds,  b u t  no d i f f e r e n c e  fo r  

t 1-week-olds. An i n t e r p r e t a t i o n  i n  l i n e  w i t h  t h e .  s t u d i e s ,  
5 - - c .  b , *  

presented t h u s  far is t h a t  t h e s e  s t i m u l i  were probably msimplem 
1, 

(2  xB2) a n d  "complexu (8 x 8) only f o r  the 5 1/2-week-olds a n d  

therefore would be expected t o  l e a d  to d i f f e r e n c e s  i n  

h a b i t u a t i o n  rate. F o r  t h e  11-week-olds h a b i t u a t i o n  rate may h a v e  

been t h e  same across s t i m u l i  because for them b o t h  s t i m n L S  were 

"simple,, (cf, Brennan,  Ares and noore, $966). T h u s  B m e s e  study 
- <P 

makes the p o i n t  t h a t  h a b i t u a t i o n  is  n o t  s s i m p l e  f u n c t i o n  of 

c o m p l e x i t y  or of a q e  t a k e n  separately b u t  r a t h e r  of aqe-related 

c o m p l e x i t y .  
C 

I n  SUB, t h e ' s t u d i e s  p r e s e n t e d  to  t h i s  point can be 

i n t e r p r e t e d  a s  support for  o p t i a a l  l e v e l  theories of 
..- 

e x p l o r a t i o n ,  There i s  some e v i d e n c e  for a q e n e r a l  i n v e r t e d - U  

which rarie; e y s t e m a t i a a l b y , q t i t h  - p r e v i o u s  e x p e r i e n c e  and w i t h  

a q e - r e l a t e d  c o m p l e x i t y ,  
- - 



. > 

J3cqond tbaretiP=al suppsr-t t h e s e  studies- qqest that - 
i n  o r d e r  t o  find t h e  & m e  wttern of e x p l o r a t i o n  o v e r  time f o  7 'i,,> 
a l l  i n d i v i q u a l s ,  procedures must  be  use& t h a t  allow f o r  

1 I 

cat 
p r e d i c t a b l e  i n d i v i d u a l  d i f f e r e n c e s .  A first s t e p  i n  this 

d i r e c t i o n  is t o  allow i n f a n t s  ta be  f a m i l i a r i z e d  t o  a n  
- - 

i n d i v i d u a l  c r i t e r i o n  of h a b i t l l a t i o n ,  thereby h e l p i r k  t o  e n s u r e  ' 
- 

t h a t  a l l  i n ' f a n t s  ' r e a c h  t h e  same' r e l a t i v e -  r e spon ' s e  d e c r e m e n t .  

r e q a r d l e s m  of ' the  t h e  ea=h s e p a r a t e l y  r e q u i r e s .  Even when r u n  
-1 

1 r -  

t o  a c r i t e r i o n ,  however ,  t h e  o v e r a l l  p a t t e r n  o f  t h e  c u r v e  may - A 

st i l l  differ amonq i n d i v i d u a l s  (e.q., between r a p i d  and  s l o w  

..? - h a b i t u a t o r s  . .  a n d  betrees d i f f e r e n t  aqe q r o u p s ) .  I n  o r d e r  t o  
I \ 

a c c o m p l i s h  s i m i l a r i t y  i n  p a t t e r n ,  "a f u r t ' h e r  step is n e c e s s a r y :  

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

f a m i l i a r i z e d .  S i n c e  h a b i t u a t i o n  is  d e t e r m i n e d  by comp ' l ex i ty  

l e v e l ,  o n c e  s h o u l d  t a k e  m e a s u r e s  t o  e n s u r e  t h a t  t h e  s t k a u l u s  t o  . 
be  f a m i l i a r i z e d  is a t  a l ev@$ of, c o m p l e x i t y  most l i k e l y  t o  

p r o d u c e  a p a r t i c u l a r  c u r v e ,  For example, in o r d e r  t o  f i n d  o n l y  , 

d e c r e a s i n q  c u r v e s ,  the s t , i m u l a s  s h o u l d  b s o n e  t h a t  is s i m p l e  

e v e n  for  slow h a b i t q a t o r s ,  S i m i l a r l y ,  by  8 s e l e c t i n q  a s t i m u l u s  

t h a t  i s  c o m p l e x  even fo r  r a p i d  h a b i t u a t o r s  t h e  l i k e l i h o o d  of 

. invelcted-0 curves fo r  a l l  i n f a n t s  would b e  i n c r e a s d .  F u r t h e r ,  

I s i n c e  c o m p l e x i t y  'is age r e l a t e d ,  t h e  p a r t i c u l a r  * s i m p l e w  or 

mcomplexm s t i n u l i  chosen s h o u l d  be a p p r o p r i a t e  i o r  slow and 
- - - - - - -- -- - - -- - - 

<thgp_-  ragid habitiiat o r s  d t  the p a r t i c u l a r  aqe b e i n q  - i < ~ d i a d .  lf 
b 

present s t u d y  s t i m u l i  were c h o s e n  t o  be s i m p l e  or complex  f o r  0 -  



t o  have h a b i t u a t e d  e q u a l l y  when their e x p l o r a t i o n  had d e c r e a s e d  

by t h e  same p r o p o r t i o n a l  amount ,  i,e, , t o  o n e - h a l f  t h e i r  i n i t i a l '  

l e v ? e l  of e x p l o r a t i o n ,  

\ The shape of t h e  h a b i t u a t i o n  c u r v e  has i m p l i c a t i o n s  fo r  t h e  

r e l a t i o n  b e t w e e n  i n  t e r s t i m u l u s  n o v e l t y  a n d  e x p l o r a t o r y  beha v i o r ,  

Recall t h a t  a c c o r d i n g  t o  o p t i m a l  l e v e l  t h e o r i e s  preference f o r  

n o v e l  or famifiar s t i m u l i  depehds both on  when d u r i n q  
thi f a m i l i a r i z a t i o n  p r e f e r e n c e  tests are made, and  . o n  t h e  shape of 

- .  the c u r v e  r e l a t i n q  i n t e r s t i m u l u s  n o v e l t y  to e x p l o r a t i o n .  Yhen - 
c o m p a r i s o n s  are made a f t e r  e x p l o r a t i o n  h a s  d e c l i n e d  t o  a l o v  

I 

-, l e v e l ,  preference fo r  a n o v e l  stilrullms is predicted regardless 
i 

- of t h e  shape of t h e  c a r v e ,  Houever ,  when c o m p a r i s o n s  are  made 
t 

prior t o  c o m p l e t i n q  h a b i t u d t i k i  a n d  v hen  e x p l o r d t i o n  of t h e  

familiar s t i m u l u s  i s  still a t  a h i q h  l e v e l ,  p r e f e r e n c e  f o r  t h e  
2 

f ae i l i a r  s t i m u l u s  is e x p e c t e d  i f  t h e  c u r v e  i s  i n v e r t e d  U-.shaped. 

1 f f t h e  c u r v e  is m o n o t o n i c a l l y  d e c r e a s i n g  e i t h e r  n o  p r e f e r e n c e  or  
.' 

a n  a t  t e n u a t e d  n p p e l  t y  p r e f e r e n c e  is  e x p e c t e d .  Variables 

af fe&ing i n k r a s t i m u l u s  n o v e l t y ,  t h e r e f o r e ,  a re  a l so  p e r t i n e n t  

f o r  i n t e r  s t i ~ ~ n l n s  n o v e l t y ,  
- - - - - - - - - - -- - - - - - -- - - - --- - - - - - -- - - - - - 

Most studies r e p o r t i n q  p r e f e r e n c e  for n o v e l  or familiar 

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



p o i n t  dur inq  fami l ia r iza t ion ,  I n s t e a d ,  they h a v e  u s e 4  t h e  
I 

habituation p a r a d i q n  ia its t r a d i t i o n a l  farm where preference 

t e s t i n q  o c c u r s  o n l y  a t  t h e  end of t h e  f a r i l i a r i z a t i o n  p e r i o d ,  

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

t h e  use of t h i s  p r o c e d u r e  h a s  been t h a t  lrost s t u d i e s  have n o t  

been d i r e c t e d  toward k e s t i n q  theoretically derived p r e d i c t i o n s  

concerninq variables a f f e c t i n g  e x p l o r a t o r y  b e h a v i o r .  R a t h e r ,  

t h e y  have used t h e  h a b i t u a t i o n  p a r a d i q m  e i t h e r  as a r e t h o d  f o r  

s*ad'ginq habi t  warn -per ~3 as a mechanism of b e h a v i o r a l  chanqe 

(e. q., Clifton and # e l s o n ,  1976: J e f f r e y ,  1976; Samerof  f ,  1972) .  

as a n e t h o d  fo r  studyinq i n f a n t s '  a b i l i t p  t o  discriminate amonq 

s t i n o l i  (e.q., C o r a e l l ,  1975; Paqan, 1970; HcGurk, 1972 ;  

Saayman, A m e s  and a o f f e t t ,  1964) or  a s  a a e t h o d  for  s t u d y i n q  

in•’ ant r e c o q n i t i o n  memory (e. q, , Caron a n d  Caron ,  1969 ; Paqan,  

1972, 1973 ;  P a n c r a t z  a n d  Cohen,  1970; G o t t f r i e d ,  Rose a n d  

B r i d q e r ,  1978; Bose, 1980).  For most of these a u t h o r s ,  the main 

concern i s  t h a t  n o v e l t y  preferences b e  produced ,  P o r  example, t o  

t h o s e  i n t e r e s t e d  i n  h a b i t u a t i o n  E B ~  88, n o v e l t y  p r e f e r e n c e  is , 

required as t h e  gk- nqg of t h e  presence of h a b i t u a t i o n .  I n  
/ 

its absence f a t i q u e  or q e n e r a l  c h a n q e  i n  state  can be a t t r i b u t e d  

as t h e  c a u s a l  factor of r e s p o n s e  decline, Preference fo r  a n o v e l  

s t i m u l u s  has also been used as  && a e a s u r e  of d i s c r i a i n a t i o n  

' testing far n o v e l t y  prreference u s i n q  o n e - t a i l e d  s t a t i s t i c s  



t h e  p r e s e n c e  o f  d i s c r i m i n a t i o n  or r e c o q n i t i o n  c o u l d  be provided:  
1C 

by a familiarity p r e f e r e n c e  j u s t  a s  w e l l  as by a n o v e l t y  

p r e f e r e n c e .  As l o n q  as  s y s t e m a t i c  d i f f e r e n t i a l  r e ' s w n d i n q  t o  two 

s t i m u l i  t a k e s  p l a c e  and  th&%timuli a r e  equivalent (or 

c o u n t e r b a l a n c e d )  p r i o r '  t o  f a m i l i a r i z a t i o n ,  h o t h  r e c o q n i  t i o n  and  

d i s k r i m i n a t  i o n  6 be concluded. 

I n v e s t i q a t o r s  more c e n t r a l l y  i n t e r e s t e d  i n  e x p l o r a t i o n  have 

r e l i e d  h e a v i l y  on r e s u l t s  from h a b i t u a t i o n ,  d i s c r i m i n a t i o n  and 

memory s t u d i e s  i n  their d i s c u s s i o n s  of t h e  r e r a t i o n  between 

i n t e r s t i n n l u s  n o v e l t y  and e x p l o r a t o r y  b e h a v i o r  (Hunt, 1970; 

H u t t ,  1970; l u n n a l l y  a n d  Leaond, 1973; Weisler and McCall, 

1976) .  f lo reover ,  t h e y  have  most o f t e n  used i n  their own research 

(e.q., H u t t ,  1967; H c C a l l ,  1974; Greenberq ,  U z g i r i s  and Bunt,  

1970: Nannitlfy an& LemondK 1973; Boss, 1974) the saae procedures 

u s e d  i n  t h o s e  s t u d i e s .  S i n c e  t h e  d i r e c t i o n  of p r e f e r e n c e  for 

n o v e l  or familiar s t i a u l i  i s  i m p o r t a n t  for  t h e o r i e s  of 

e x p l o r a t o r y  b e h a v i o r  and  s i n c e  a complete test of d i r e c t i o n  

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

h a s  been competed, t h i s  o s t e n s i b l e  sharinq of a e t h o d o l o q y  may 

h a v e  l e d  i n v e s t i g a t o r s  

predict i o n s  and toward 

p r e f e r e n c e  b e h a v i o r .  

away from t e s t i n q  aa-jor t h e o r e t i c a l  

s p e c i o u s  c o n c l u s i o n s  c o n c e r n i n q  
r .  



T h e r e  is c o n s i s t e n t  e v i d e n c e  t h a t  i n f a n t s  beyond 2 months 

of  aqe p r e f e r  t o  e x p l o r e  n o v e l  s t i m u l i  (Cohen, 1969, 1976; 

Faqan, 1973, 1977; G o t t f r i e d ,  Rose and B r i d q e r ,  1979; M c C a l l ,  

1974; Ross, 1974; Saayman, lmes and Boffett, 1664;  S o r o k a ,  

C o r t e r  and  Ambramovitch, 7979).  The s t i m u l i  u sed  i n  these 

studies v a r i e d  from c h e c k e ~ b o a r d s  t o  p i c t u r e s  and from 

3 - d i p e n s i o a a l  a b s t r ~ t  objects to toys, T b  ieasutemerit of 

e x p l o r a t i o n  i n c l u d e d  v i s u a l  f i x a t i o n ,  m a n i p u l a t i o n  and f o c u s e d  .'., 
m a n i p u l a t i o n  a n d  t h e  e x p e r i m e n t a l  s e s s i o n s  t o o k  p l a c e  i n  b o t h  

l i q b t e d  c o n d i t i o n s  and in t h e  dauk. Thus  the qenera l i ty  of the 

f i n d i n q s  seem c o n f i r m e d .  For i n f a n t s  younger  t h a n  2 months t h e  

p i c t u r e  i s  more c o m p l i c a t e d .  Some s t u d i e s  h a v e  r e p o r t e d  

f a m i l i a r i t y  p r e f e r e n c e s  [Greenberq ,  O z q i r i s  a n d  Hunt, 1970; 

V e t h e r f o r d  and Cohen, 1973; Meizmann, Cohen and  P r a t t ,  1971) 

w h i l e  o t h e r s  have found  n o v e l t y  +references ( f r i edman ,  1972, /- 

1975; f l i l e w s k i  and S i q u e l a n d ,  1975) and st i l l  o t h e r s  n o  

p r e f e r e n c e s  a t  all ( ~ a ~ t z ,  1964) . 
I n  o r d e r  t o  i n t e r p r e t  t h e s e  d a t a ,  Uunna l ly  and Lenond 

(1973) f o c u s e d  on the prevalence of n o v e l t y  p r e f e r e n c e  and - 
snqgested a t r o p i s m  t o  a p p r o a c h  and explore n o v e l  stimuli. Pantz 

(1 964) +wsited -a+mttmic ze&atiorrship ~ W I L W G - ~ ~ ~  - - - - 
p r e f e r e n c e  for n o v e l t y  whereby a n  i n i t i a l  aqe of  n o  p r e f e r e n c e  



'i 
d 

s t r o n q  p r e f e r e n c e  f o r  n o v e l  s t i m u l i  a s  i n f a n t s  q e t  o l d e r .  I n  
6 

"F 

c o n t r a s t  'to t h e s e  p o s i t i o n s ,  E u h t  (1965,  1970) p r o p o s e d  a 

two-staqe d e v e l o p m e n t a l  s e q u e n c e  of a n  i n i t i a l  p r e f e r e n c e  for  

f a m i l i a r i t y  i n  i n f a n t s  younqe r  t h a n  2 a o n t h s  f o l l o w e d  thereafter 

by a p r e f e r e n c e  for n o v e l t y .  I n c r e a s e d  c o q n i t i v e  capacity d u e  t o  

. n e u r o l o q i c h l  m a t u r a t i o n  h a s  b e e n  s u q q e s t e d  a s  t h e  f ac to r  

q o v e r n i n q  t h i s  age difference (Ragan, 197  1 )  . s 
3 

O b v i o u s l y ,  none o f  t h e s e  e x p l a n a t i o n s  can e n t i r e l y  a c c o u n t  

for t h e  ava i lab le  data, e s p e c i a l l y  f o r  the lack of c o n s i s t e n t  

r e s u l t s  i n  i n f a n t s  less t h a n  2 months  o l d .  Bg pl-a 

d e n y  t h i s  p o s s i b i l i t y .  He p o i n t e d  ' o u t  t h a t  t h e  d a t a  d o  n o t .  
- 

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

m a t u r a t i o n ,  or w h e t h e r  i t  i s  r e p r e s e n t a t i v e  of a n  o r q a n i s n s s  

i n t e r a c t i o n  with stimuli i n  general .  Since p r o c e d u r e s  

s y s t e m a t i c a l l y  t e s t i n q  f o r  p r e f e r e n c e s  b o t h  p r i o r  to. and af ter  

h a b i t u a t i o n  v i t h  b o t h  s i m p l e  and complex- s t i m u l i  h a v e  n o t  been 

used, the -tenab%Xity o f  this inter p r e t a t i o n - h a s  natLreceiveX 
Ji 

a d e q u a t e  e m p i r i c a l  t e s t i n q ,  Even i n  t h e  a b s e n c e  of a c l e a r c u t  

test, however, past f i n d l a q s  of age d i f f e r e n c e s  i n  p m f e r e n c e  



f o r  n o v e l  or  f a m i l i a r  s i t ~ v l i  should be e x p l a i n a b l e  i n  terms qf 

amount  of f a m i l i a r i z a t i o n  a n d  d e q r e e  of r e s p o n s e  d e c r e m e n t ,  i f  

t h o s e  factors are t o  r e p r e s e n t  a . v i a b l e  a l t e r n a t i v e .  F u r t h e r ,  

since p r e f e r , e n c e s  f o r  b o t h  famil iar  and  n o v e l . s t i ~ u l i  h a g e  been  I 

n o t e d  i e -  infants less than two months ,  t h e  b u r d e n  of p r o o f  f o r  
t 

new r e s e a r c h  'directed tou'ards t e s t i n q  t h i s  h y p o t h e s i s  l i e s  i n  

f i n d i n q  f a m i l i a r i t y  p r e f e r e n c e s  aaonq i n f a n t s  b e y o ~ d  2 months, of  
. \  % 

$qe. 
e 

. a ~ r e e n b e r q ;  ~ z q i r i s  a n d  bunt (1970) and Ueizmann, Cohen a n d  
B 

P r a t t  (197 I )  f a m i l i a r i z e d  infants for  d a i l y  h a l f -  h o u r  p e r i o d s  

beq inn inq  a t  4 weeks o f  a q e  a n d  c o n - t i n u i n q  u n t i l  t h e  infants 
- \  

- .  were 10 weeks old.  A t  6 and 8 weeks infants p r e f e r r e d  f a m i l i a r  

s t i m u l i  w h e r e a s  2 more weeks of f a m i l i a r i z a t i o n  s w i t c h e d  t h e i r  

p r e f e r e n c e  t o  n o v e l  s45anl-i. However,  p r e f e r e n c e  not only 

c h a n q e d  w i t h  i n c r e a s e d  age,  it a l s o  c h a n q e d  w i t h  i n c r e a s e d  

f a m i l i a r i z a t i o n  time, I n f a n t s  who p r e f e r r e d  f a n 4 l i a r  s t i m u l i  f 
were s i ~ u l t a n e o n s l y  t h e  y o u n q e s t  a n d  t h e  leas$ f a m i l i a r i z e d ,  

while the o l d e s t  most f a m i l i a r i z e d  i n f a n t s  p r e f e r r e d  n o v e l  

s t i m u l i ,  F a m i l i a r i z a t i o n  time, t h e r e f  ore, could just a s  well 

h a v e  been  the e f f e c t i v e  v a r i a b l e  a c c o u n t i n g  ?or t h e  

f a m i l i a r i t y - t o - n o v e l t y  p r o q r e s s i o n .  Unf o r t n n a t e l y ,  d a t a  

c o n c e r n i n q  t h e  p a t t e r n  of e x p l o r a t i o n  o v e r  time was n o t  r e p o r t e d  
-- - .- - 

i n  these studies so t h a t  d e t e r m i n i n q  t h e  d e q r e e  of response . 

d e c r e m e n t  p r i o r  t o  each p r e f e r e n c e  test  is  n o t  p o s s i b l e .  



- + .  
I n  a s h i r t - t e r m  s t u d y ,  Y e t h e r f o r d  a n d  Cohen (1973) ' 

f a m i l i a r i z e d  i n f a n t s  f o r  3 1/2 ~ i n n t e s  a n d  r e p o r t e d  a n  
\ 

a q e - r e l a t e d  p r o q r e s s i o n  where 6- week-b lds  showed n o  c o n s i s t e n t  

p r e f e r e n c - e  for e i t h e r  n o v e l t y  or  f a m i l i a r i t y ,  8-week-olds  

p r e f e r r e d  t h e  f a e i l i a r  s t i m u l u s  and 10- a n d  12-week-olds  
B 

p r e f e c r e d  t h e  nove l  s t i m u l u s .  ~ l t l f o u q h  infants d i d  n o t  v a r y  i n  

amount  o f  f a m i l i a r i z a t i o n  t i ae ,  t h e y  d i d  v a r y  i n  d e q r e e  o f  
0 

r e s p o n s e  d e c r e h e n t  which i n  t u r n  c o v a r i e d  w i t h  a q e  (see f i q u r e  

9) . Those  i n f a n t s  who d e c r e a s e d  their e x p l o r a t i o n  (10- and 

12-week-olds)  subsequently p r e f e r r e d  nove l  s t i m u l i .  w h i l e  a 

s u b s e q u e n t  p r e f e r e n c e  f o r  t h e  f a m i l i a r  s t i m u l u s  was shown b y  
'B 

t h o s e  i n f a n t s  who h a d  i n c r e a s e d  t h e i r  e x p l o r a t i o n  o v e r  t i a e  

(8-week-olds) .  The 6 - u e e k - o l d s  who jshoued n o  c h a n g e  i n  

. e x p l o r a t i o n  o v e r  tiv may h a v e  r e q u i r e d  e v e n  sore 
a 

f a m i l i a r i z a t i o n  i n  o r d e r  t o  i n c r e a s e  t h e i r  e x p l o r a t i o n  enouqh  t o  

show a f a m i l i a r i t y  p r e f e r h c e ,  A s u q q e  t i o n  t h a t  a q e  ~5th ge was ? 
n o t  the p r e d o m i n a n t  f ac to r  *comes f rom F r i e d m a q  ( l 9 7 2 ) ,  who f o u n d  

'7 

t h a t  newborns would s p e n d  wore t i n e  e x p l o r i n g  a n o v e l  s t i m u l u s  

f o l l o u i n q  a d e c r e m e n t  i n  their r e s p o n s e .  C o a p a f e d  to t h e  3 1 / 2 ,  - 
a i p o t e s  of f a m i l i a r i z a t i o n  i n  Wether f  o r d  a n d  Cohen * s  s t u d y  

N 
newborns  were t e s t e d  f o r  p r e f e r e n c e ,  on a v e r a g e ,  after 20 

m i n u t e s  of f a m i l i a r i z a t i o n .  Thus pggf, 4 s  i n s p e c t i o n  of s t u d i e s  

amount of f a m i l i a r i z a t i o n  a d d  deqree o f  r e s p o n s e  decrenent '  hLave 

c o n s i d e r a b l e '  ( a l b e i t  conformded)  power a s  preiffctsrs of  





seconds w h i l e  e i t h e r  2 0  o r  30 s e c o n d s  o f  f a m i l i a r i z a t i o n  was - 
u s e d  w i t h  photoqraphs of faces), In a subsequent 10 s e c o n d  tes t  , 

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

t o  compl& s t i m u l i  and fo r  lonqer p e r i o d s  of f a m i l i a r i z a t i o n  

r e l a t i v e  t o .  shorter -&?rials. What amounted  t o  a n  i n t e r a c t i o n  

b e t w e e n  c o m p l e x i t y  and  f a a i l i a r i z a t i o n  uas a l s o  e v i d e n t ,  

Stronqer n o v e l t y  p r e f e r e n c e s  fo r  simple s t i m u l i  uere f o u n d  for 
Q 

e q u a l ,  short f a m i l i a r i z a t i o n  times b u t  u e r e  e l i m i n a t e d  w i t h '  

l o n q e r  faailiarization times. B l t  houqh n o v e l t y  p r e f e r e n c e s  were 

a t t e n o a t k d  as f a ~ i l i a r i z q t i d n  d e c r e a s e d  a n d  c o m p l e x i t y  

i n c r e a s e d ,  s i q n i f i c a n t  preference f o r  f a m i l i a r  s t i m u l i  d i d  n o t  

o c c u r ,  A t  post no p r e f e r e n c e s  f o r  e i the r  t h e  n o v e l  o r  t h e  

f a m i l i a r  s t i m u l i  were found. S i n c e  h a b i t u a t i o n  c u r v e s  were not 

r e p o r t e d ,  it i s  n o t  possible t o  a k e r t a i n  the l e v e l  of 

e x p l o r a t i o n  prior t o  t h e  test  t r i a l s .  However, f o r  infants a t  

-5-6 months ,  a l l  t h e  s t i m u l i  were l i k e l y  t o  have been r e l a t i v e l y  

si r p l e  and t h e  h a b i t u a t i o n  c u r v e s  m o n o t o n i c a l l y  d e c r e a s i n q .  
1 '  

c o n p a r a h e  f i n d i n g s  were r e p o r t e d  b y  C o r n e l l  (1973. d r p a r i m e n t  

I) .who also s t u d i e d  5-6 month o l 'ds .  S t i m u l i  n e a r l y  i d e n t i c a l  t o  

t h o s e  used b y  Fagan were p r e s e n t e d  u n t i l  e i t h e r  5 or  10 seconds 
). 

of v i s u a l '  e x p l o r a t i o n  had a c c u m u l a t e d  t o  simple and more c o n p l e x  

h t i m u l i  r e s p e c t i v e l y  ot u n t i l  15 o r  20 s e c o n d s  h a d  a c c u m u l a t e d .  
c: *?. 

t a r n e l l  f o u n d  no  prefe$ence , for e i t h e r  the n o v e l  o r  t h e  f a a i l i a x  

s t i m u l i  X o l l o u i n q  5 and 10 s e c o n d s  b u t  h e  f o u n d  s i q n i f  icant 

novelty preferences after f a m i l i a r i z a t i o n  was i n c r e a s e d  to 10 



and 20 secrmds. 

C a t o n ,  Caron ,  H i h i c h i e l l o ,  Weiss a n d  F r i e d m a n  (1977 )  

c o r p a r e d  t h e  n o v e l t y  p r e f e r e n c e s  of 14- and - 20-week-o lds  

f o l l o r i n s  d i f f e r e n t  a m o u n t s  of f a m i l i a r i z a t i o n  t o  a v a r i e t y  o f  

s t i m u l i .  O v e r a l l ,  m a q n i t u d e  of  n o v e l t y  p r e f e r e n c e  was f o u n d  t o  

b e  a p o s i t i f &  f u n c t i o n  of  f a a i l i a r i z a t i o n  time a n d  d e q r e e  o f  

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

c o m p l e x i t y .  F u r t h e r ,  t h e  younqe r  i n f a n t s  r e q u i r e d  more 

f a ~ i l i a r i z a t i o n  time i n  o r d e r  t o  show novelty p r e f e r e n c e s  

c o m p a r a b l e  t o  o l d e r  i n f a n t s .  bs i n  F a g a n t s  a n d  C o r n e l l ' s  

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

f o l l o w e d  b r i e f  f a m i l i a r i z a t i o n  and  a small amoun t  of r e s p o n s e  

d e c s e m e n t  . 
These s t u d i e s  c o m b i n e  t o  s u p p o k t  t h e  h y p o t h e s i s  t h a t  

I 

, n o v e l t y  preference a - t t e n u a t e s  as l e n g t h  of f a m i l i a r i z a t i o n  a n d  - 

d e q r e e  of  r e s p o n s e  d e c r e m e n t  d e c r e a s e s .  Preference f o r  f a m i l i a r  

s t i m u l i  were n o t  f o u n d ,  b u t  i t  is  argued t h a t  e v e n  t h e  b r i e f  

f a m i l i a r i z a t i o n  periods u s e d  map hare b e e n  t o o  l o n q  t o  p r o d u c e  

t h a t  e f f e c t  w i t h  t h e  p a r t i c u l a r  s t i n u l i  u sed .  I t  is  a l s o  

c o n c e i v a b l e  t h a t  t h e  measure of e x p l o r a t o r y  behavior u s e d  i n  

t h o s e  s t u d i e s  b i a s e d  t h e  r e s u l t s  away f rom the famil iari ty  

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

m e n t i o n e d  a b o v e  was v i s u a l  f i x a t i o n ,  which o b v i o u s l y  i s  o n l y  o n e  

of t h e  many p o t e n t i a l  forms of e x p l o r a t o r y  b e h a v i o r ,  a n d  which . 

may n o t  be  p a r t i c u l a r l y  p o t e n t  fo; i n f a n t s  4 s o n t h s  or o l d e r .  

- 



P o r  e x a a p l e ,  3-mont h - o l d s  are already capable of v & s u a l l y  

directed r e a c h i n q  for pb jects (although t h e y  t y p i c a l l y  miss t h e  

o b j e c t )  and b y  4 m o n t h s  i n f a n t s  a re  c a p a b l e  of b o t h  reachinq a n d  

q r a s p i n q  v i s i b l e  o b j e c t s  ( H a l v e r s o n ,  1931; and L o u r y ,  
\ 

t9'67) . n o r e o v e r ,  F a n t z ,  Faqan a n d  R i r a n d a  (1975)  h a v e  r e p o r t e d  

t h a t  b y  4 m o n t h s  of age v i s u a l  p r o c e s s i n g  h a s  become b o t h  h i q h l y  

efficient a n d  h i q h l  s e l e c t i v e  t o w a r d  t h o s e  m p a l p a b l e N  s t i m u l u s  

f e a t u r e s  relevant fo r  b e h a v i o r  s u c h  as  m a n i p u l a t i o n  ( and  away 

fro* t h m  features n o t  r e l e v a n t ) .  I n  an  m u l t i v a r i a t e  s t ~ i l y ~ o f  

e x p l o r a t o r y  b e h a v i ~ r  ( f l c ~ u i s t o n  and Uachs ,  197 9) the f h e q u e n c ~  

of visual e x p l o r a t i o n ,  t h o u q h  s t a b l e  from 7  t o  1 9  m o n t h s ,  was 

c o n s i s t e n t l y  low b o t h  d u r i n q  s u s t a i n e d  e x p l o r a t i o n  of a s i n q l e  

object '  a n d  d u r i n q  a n o v e l t y  preference test. O n  t h e  o t h e r  h a n d ,  
9 

t h e  frequency of f o c u s e d  [ v i s u a l l y  q u i d e d )  r a n i p u l a t i o a  mas 

c o n s i s t e n t l y  higher t h a n  v i s u a l  fixation a n d  the discrepancy 

between the two i n c r e a s e d  with aqe. A l t h o u q h  t h e  pounqes t  

i n f a n t s  i n  n c q u i s t o n  and Uach's study were sonewhat o l d e r  t h a n  f+? 

t h e  o ldes t '  infants in the studies cited a b o v e ,  that d i f  f e r e n c &  

is n o t  l a rqe  enouqh' to iqnore the p o s s i b l e  p r e p o t e n c y  of f o c u s e d  

n a n i p o i a t i o n  o v e r  v i s u a l  f i x a t i o n  as a preferred f o r m  o f  

& r p l o r a t i o n .  T h u s  f o r  o l d e r  i n f a n t s  v i s u a l  f i x a t i o n  may be a 

cursory form of e x p l o r a t i o n  used- t o  q 1 e a n . a  qeneral s u r v e y  o f  

those s t i n n l u s  fieatuses c a l l i n q  •’or_ more d e t a i l e d  - e x p l o r a t i o n .  - - - - -  

As a c o n s e q u e n c e  of s u c h  r a p i d  v i s u a l  processinq, t h e  s u b j e c t i v e  

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



-- - - 

v i f h  a 2 - d i n e n s i o n a l  s t i m u l u s  (which wonld have feu % p a l p a b l e *  . 
f e a t u r e s )  wonld n o t  be qnouqh to  m o t i v a t e  a r e t u r n  t o  t h a t  

s t i m u l u s .  However, ' a h h n i l i a r  s t i r h l u s  m i a h t  be p r e f e r r p  , 

f o l l o w i n g  i q t e r r u p t i o n  of the lonqer p r o c e s s i n q  characteristic 

pi d e t a i l e d  e x p X o r a t i o n  w i t h  b o t h  hands  a n d  e y e s .  -$ 

I n  sum, i t  has b e e n  a r q u e d  i n  t h i s  p r e s e n t a t i o n  that - .  
preferences f o r  b o t h  f a n i l i a r  a n d  n o v e l  s t i m u l i  can be f o u n d  a t  

any aqe (a)  i f  the s t i m u l i  a r e  complex r e l a t i v e  t o  the aqe of 

the i n f a n t  unaer s t u d y ;  (b) i f  testing f o r  p r e f e r e n c e  occurs 

b o t h  p r i o r  t o  and a f t e r  h a b i t u a t i o n  h a s  been completed; and (c )  
a 

' i f  d e t a i l e d  rather than c u r s o r y  forms of e x p l o r a t i o n  are  

measured.  With t h e s e  points i n  r i n d ,  Hunter, Ross and.  ARes (in 

press) a l l o w e d  some 12-month-old i n f a n t s  t o  reach a c r i t e r g o n  of 
3 

h a b i t u a t i o n  d l e  e x p e r i m e n t a l l y  i n t e r r G t i n q  t h e  f o c u s e d  
% 

m a n i p u l a t i o n  of o t h e r  K2-month-olds before hab i tua t ion  was 

c o m p l e t e ,  The s t i m u l i  ware a r rays  of 5 t o y s  which had  b e e n  

c h o s e n  as  complex  f o r  t h a t  aqe o n  t h e  basis of p r e r i o u s  research 

(Ross, 1974) . F o l l o w i n g  f a a i l i a r i z a t i o n  b o t h  q r o u p s  were q i v e n  a 

10 m i n u t e  test t r i a l  d u r i n q  which b o t h  t h e  familiar a r ray  a n d  an 

equivalent a r ray  were a v a i l a b l e ,  For h a l f  t h e  infants i n  e a c h  
-1 

q r o o p  t h e  f p l i l i a r  toys were ~ l a c b d  i n  the s a m & . l o c a t i o n  as 

du;inp t h e  f a m i l i a r i z a t i o n  trial ( r a n i l i h r ,  l o c a t i o n ) +  and  the 

n o v e l  toys were placed i n  a n o v e l ' l o c a t i o n .  ?or the o t h e r  h a l f  
- - - - - - - - - - -- - -- - - --- - - - - -- - - -  - - - -L -- --- - le- 

t h e  famil iar t o y s  rere n p r e d  to t h e  novel location and t h e  h o v e l  [ *  
toys were p l a c e d  i n  the f a m i l i a r  location. O v e r a l l ,  i n f a n t s  i n .  

- 
L 

- - - - - -- - - - 



and s u b s e q u e n t 1  y ~ r e f e r r e d  t h e  n o v e l  t o y s ,  v h i l e  i n t e r r u p t e d  

i n f w t s  maintained a h i q h  l e v e l  of e x p l o r a t i o n  i n  t h e  time -. 

a l l o w e d  t h q a  a p d  ~ b b s e q u e n t l y  p r e f e r r e d  t h e  f a ~ i l i a r  a r r a y ,  

Thus,  Hunter e t  it press) p r o v i d e d  the f i rs t  evidence 

under c e r t a i n  c o n d i t i o n s  b o t h  n o v e l t y  and 

+ 
/- 

. f a m i l i a r i t y  p r e f e r e n c e s  can be f o u n d  i n  i n f a n l ' g o l d e r  t h a n  2 

non ths .  
- \ 

t b 

An u n q p e c t e d  r e s u l t  i n  t h e  H u n t e r  et  a l e c  (i press) s t u d y  

uas that for %*fa&-the i n t i e a l  c h o i c e  of ah h a r - r a r  to h 
e x p l o r e  uas i n f l u e n c e d  b y  t h e  location of t h e  a r r a y s ,  fhe \ 

i n t e r r u p t e d  i n f a n t s  c o n s i s t e n t l y  r e t u r n e d  t o  t h e  f a m i l i a r  Q .. 
l o c a t i o n  a n d  initially t o u c h e d  uhichever  t o y s  had been  p l a c e d  

1 
t h e r e ,  If the t o y s  vetre familiar - t h e y  sta-ved i n  t h a t  l o c a t i o n  

a n d  c o n t i n u e d  t o  explore, I f  t h e  t o y s  were n o v e l  t h e y  l e f t  to  - 
e n t e r  t h e  n o v e l  l o c a t i o n  where  t h e y  found and e x p l o r e d  t b e  

familiar t o y s ,  The l o c a t i o n  of t h e  t o y s  did not affect t h e  

b e h a v i o r  af t h e  h a b i t u a t e d  i n f a n t s , m o  co-d norel tors 

r e q a r d l e s s  of where those t o y s  had  been p l a c e d .  I n  o r d e r  t o  

i n t e r p r e t  these d a t a ,  Hunter et a l ,  suqgested that t h e  

infarmtion d i f f e r e n t i a l  between the i n t e r r u p t e d  and h a b i t u a t e d  

groups led t o  differences b o t h  i n  uhdch t o y s  t h e y  p r e f e r r e d  t o  
* 

explore and i n  t h e i r  a b i l i t y  to  f i n d  those t o y s .  B a b i t u a t e d  

- - fnf u b t a h d  h i n f ~ t i o a - a b u t ~ r m a ~ ~ x g ~ - - - ~ ~  
- - - 

t h e  toys (e,q.. l o c a t j o n ,  color, size, s h a p e )  t o  e n a b l e  them t o  
P 

t 



a p p r o a c h  the o n e  t h i *  was most novel, I n t e r r u p t e d  i n f a n t s ,  
2 

%. 

4 
*, 

however,  had a c q u i r e d  much less i n • ’  o r m a t i o n  a b o u t d  t h e  famil iar  
d 

d 

t o y s  and s i n c e  ~uch of t h a t  i n f o r m a t i o n  c o u l d  o v e r l a p  be tween .: 
the n o v e l  a n d  f a m i l i a r  a r r a y s  i t  w a ' s  only p a r t i a l l y  v a l u a b l q  in 

he lp inG d i s t i n q u i s h  be tween them. The one f e a t u r e  t h a t  never 
- 

.xwerlapped between the two a r r a y s .  however. was t h e i r  l o c a t i o n .  

T h e r e f o r e ,  t h e -  i n t e r r u p t e a  i a f a a t s  may h a v e  r e t u r n e d  to t h e  

@ f a m i l i a r  loca t ion  b e c a u s e  it r e p r e s e n t e d  t h e  o n l y  c& t h a t  
- .  

- 
- 

u n i q u e l y  i d e n t i f i e d  t h e  f a m i l i a r  a r r a y .  Once they r e - e s t a b l i s h e d  

c o n e a c t  with t h e  toys, the t o p s *  p r o p e r t i e s  were n o r e k l e a r l ~  
i 

d i s c e r n a b l e  a n d  they e i t h e r  stayed. i n  t h e  f a a i l i a r  l o c a t i o n  i f  
t i ,  

t h e y  r e c o q n i z e d  t h e  toys as familiar or l e f t  i f  t h e y  r e c o q n i z e d  
k * 

them as novel. 
a 

S - 
Although Hunker et al, [ i n  press) f o c u s e d  .on s k i m u l u s  , -  

a -  
/ 

I - 
i 

p r o p e r t i e s ,  t h e  r e s u l t s  c o u l d  h a r e  been  e x p l a h e d  i n  'terms o f  
4 

Y 

t h e  i n f a n t s *  actions with t h e  tom. P i a g e t  (1959) su 'gqes tqd  t h a t  - ,  

i n f a n t s  i n  their first y e a r  c o n s t r u c t  r e p r e s e n t a t i o n s  of o b i e c t s  \,* 
according t o  t h e i r  s e n s o r i r o t o r  interactions w i t h  t h o s e  objects .  

1 , 
7- Thus. i n t e r r u p t e d  infants may have  moved toward t h e  famil iar  

l o c a t i o n  b e c a u s e  t h a t  movecaent represen t e d  t h e  o n 1  y c o m p l e t e d  
>- L 

a c t i o n  t h a t  u n i q u e l y  i d e n t i f i e d  the familiar a r r a y .  Once t h e y  



The p u r p o s e  of t h e  research d e s c r i b e d  i n  t h i s  d h e s i a  was 

two-fold. ~ i r z t ,  s i n c e  t h e  experiment c o n d u c t e d  b y  Hunter e t  a l .  

( i n  p r e s s )  h a s  been the o n l y  one  t o  r e p o r t  f a m i l i a r i t y  
E 

preferences in infants o l d e r  t h a n  2 mon ths ,  r e p l i c a t i n q  t h a t  I' 

r e s e a r c h  was e s s e n t i a l .  T h e  s e c o n d  p u r p o s e  was t o  e x t e n d  t h e  

desiqn of H u n t e r  e t  al. t o  test hypotheses c o n c e r n i n q  

n o v e l t y / f a m i l i a r i t y  p r e f e r e n c e  a n d  t h e  interyction b e t  ween * 
s t i m u l u s  c o m p l e x i t y  and f a m i l i a r i z a t i o n  the, t o  exaaine t h a t  

interaction o v e r  d t o  i n v e s t i q a t e  d i f f e r e n t  measures of n 
e x p l o t a t o r y  a v i o r .  H u n t e r  et a l .  studied o n l y  one age 

who e x p l o r e d  p ~ t i m U l i ,  a t  o n l y  one c o m p l e x i t y  

l e v e l  ( ~ & ~ l e x )  .. I n  the present erper iment  12-nonth-01 

e x p l o r e d  arrays of t o y s  t h a t  were ( 3  t o y s )  o r  

complex  (5 t o y s )  r e l a t i v e  t o  t h e i r  aqe, for  e i t h e r  a brief 

period of time or  u n t i l  focused m a h i p u l a t i o n  b a d  h a b i t u a t e d  t o  a 

strinqent criterion. These  groups represented a test of t h e  

i n t e r a s t i o n  b e t w e ~ ' c o m p 1 e x i t y  and amoun t  of f a m i l i a r i z a t i o n  as 

a determinant  of ,exploratory prefer&nce. A qroap of 8-month-o lds  
t' 

r e c e i v e d  o n l y  t h e  3-toy array w i t h  u h i c h  t h e y  also were either -. 

habituated or fnterrapted pr ior  t o  h a b i t u a t i o n ,  That qroap, for 
I 

- -  - -- 

sho8 the3-+ = r a y  ~ a s  consk&red complex ( r a t h e r  t h a  a s i a p l e  . B 

a s  it had b e e n  for t h e  12-month-olds) ,  was i n c l u d e d  t o  
I 



respect to aqe. F o l l o u i n g  the f a m i l i a r i z a t i o n  t r i a l  a l l  infants 

were o f f e r e d  a c h o i c e  b e t u e e n  tbe familiar and a n o v e l  array of 

t o t a l  

10 minute t e s t  

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

t r i a l .  Both i n i t i a l  v i s u a l  fixation and 

were a e a s u r e d  i n  o r d e r  t o  c o m p a r e  

p r e f e r e n c e s  a s  a  f u n c t i o n  of response  type. 

The f o l l o u i n q  specific outcomes were expected: 
, 

1 .  

10 u z a t i m  Uk3.z . 
Id fan t s  who were h a b i t u a t e d  with 'a complex s t i a u l u s  - 

( 8 - y n t h - o l d s / 3  t o y s ,  12-month-olds/S t o y s )  were predicted 

t o  take l o n q e r  t o  reach c r i t e r i o n  a n d  to explore the ' t o v d ,  

t h a n  u e r e  i n f a n t s  who were " h a b i t u a t e d  w i t h  a s imp le  sMmulos 
u P 

(12-norg,#--@ds/3 t o y s ) .  

- 
h a b i t u a t e d  i n f a n t s  s h o u l d  s p e n d  a h i q h e r  p r o p o r t i o n  of time 

w 

f i x a t i n g  a n o v e l  qrray t h a n  s h o u l d  interrupted i n f a n t s .  

(b) H a b i t u a t e d  i n f a n t s  s h o u d  show a v i s u a l  preference for a 

n o v e l  a r r a y ,  

(c). I n t e r r u p t e d  i n f a n t s  s h o u l d  show e i t h e r  a n  a t t e n u a t e d  

n o v e l t y  p r e f e r e n c e  or no  p r e f e r e n c e  for either t h e  e e l  or 
t -- 

f a ~ i l i a  r array. Y 

Compared to i n t a r r u p t e d  i n i a n t s ,  

, 'infants i n  the h a b i t u a t e d  groups  should spend a hiqher 

p r o p o r t i o n  of t h e i r  time r i t h  a novel array. This d i f f e r e n c e  



- - - - 
- -- 

s h o u l d -  be q r e a t e r  for i n i e n t s  . f a m i l i a r i z e d  with a complex 

a r r a y  than for i n f a n t s  f a r i l i a r i z e d  wkth a simple a r r a y ,  

(b) Rabitaated infants s h o u l d  shov a preference f o r  n o v e l  

t o y s  a t  b o t h  aqes and  w i t h  b o t h  t h e  s i w p l e  a n d  t h e  complex  
. n 

L 
s t i m u l i ,  

, , (c) I n t e r r u p t e d  8-aonth-olds  and 12-month-olds f a m i l i a r i z e d  
.1 

with 5 toys s h o u l d  s h o w  a preference fo r  f a m i l i a r  tops. 
* 

~ n f d n t s  f a m i l i a r i z e d  with a s i m p l e  s t i a u l u s  ( 12-sonth-olds  

f a m i l i a r i z e d  w i t h  3 *ovst. s h o u l d  show eithe'f  no; preference 

o r  a n  a t t e n t u a t e d  p r e f e r e n c e  f o r  n o v e l  t o y s .  

The r e l a t i o n  be tween  l d S a t i o n  and o b j e c t  e x p l o r a t i o n  was 
6 

less -amenable  t o  specific p r e d i c t  i o n s .  ' C e r t a i n l y  t h e  results for 

the 12 months c a a p l e x  gqoup were e x p e c t e d  t o  r e p l i c a t e  Hunter et  

. a l ,  ( i n  press) . However, L r e d i c t i o n s  c o n c e r n i n g  t h e  8-month-old 

and 12 months s i m p l e  g r o u p s  were less  clear. A t e n t a t i v e  

expectation for  t h e  32 month-old simple stimulus group was t h a t  

t h e y  should ,be less p r o n e  t o  returning to the fami l ia r  l o c a t i o n  

f ol lqw inq i n t e r r u p t i o n  since t h e y  had fever f e a t u r e s  t o  p r o c e s s  

(or actions to  complete) t h a n  d i d  t h e  12 months c o u p l e r  group. 

The 8-mo,ntb-olds m i g h t  .be e x p e c t e d  t o  s h o v  a stronqer t endency  

t h a n  12-month-0113s to r e t u r n  t o  t h e  t a d l i a r  location i f  thb 

r e p r e s e n t a t i o n - b y - a c t i o n  interpretakion is eorrect. Accorlinq to - 



&+kt' L e  erpeetd io shew *ore raxtrtoa-*itia% cholce f oZlou3nq- 

interrupt ion since they may be re la t ive ly  less efficient at 

feature extraction. 



11. CBAPTBP 2 

The g e n e r a l  p l a  xi of t h i s  e x p e r i m e n t  was t o  present two 
' .  

" a r r a y s  of toys, each  of  which c o n t a i n e d  either t h r ee  toys -or  

f i v e  t o y s ,  t o  8-nonth-old and 12-month-old i n f a n t s  a n d  t o  + 

measure  t h e  l e n q t h  of t i a e  each array was a a n i p u l a t e d .  P r i o r  t o  
\ ?$\ . 

t h i s  test h a l f  of the i n f a n t s  in each age X arri+size qroup had 

been familiarized t o  t h e  p o i n t  t h a , t  their r e i p o n d i n q  h a d  

h a b i t u a t e d  w h i l e  t h e  other half had b e e n  f a m i l i a r i z e d  b u t  n o t  

h a b i t u a t e d  - t o  o n e  of t h e  a r r a y s ,  D u r i n g  t h e  f a n i l i  a r i z a t i o n  ' - 

trial t h e  array was p l a c e d  i n  one of t v o ?  l o c a t i o n s .  D u r i a q  t h e  
' s  

test  t r i a l  the familiar t o p s  e i t h e r  r e m a i n e d  where t h e y  bad been  

during t h e  f a m i l i a r i z a t i o n  t r i a l  (and t h e  n o v e l  t o y s  were placed 

i n  a novel location) or the familiar t o y s  were movqd t o  a n o v e l  
b 

l o c a t i o n  (and the .  n o v e l  t o y s  were p l a c e d  i n  the l k a t i o n  
'> 

p r e v i o u s l y  occupied b y  the famil iar  t o y s ) ,  



s u b j e c t s  were c h o s e n  a c c o r d i n q  t o  their age and  t6ei r  

a b i l i t y  t o  locomote .  S i x t y - f o u r  i n f a n h s  a q e d  11.,5 to' 12.5 mon ths  

a n d  3 2  i n f a n t s  a q e d  7.5 t o  8,5 months a l l  of whom c o u l d  crawl o r  

walk  served as snb$ects. The infants were volunteered for the 

s t u d y  by t h e i r  p a r e n t s  in r e s p o n s e  ,to a p r i n t e d  r e q u e s t  q i r e n  t o  

h e r s  i n  m a t e r n i t y  wards  of f i v e  local  h o s p i t a l s .  An e q u a l  

of q i r l s  and boys took p a r t  i n  each group. 

 he records of f i f t e e n  i n f a n t s  ( n i n e  12 -nah th -o lds  and six 

8-month-olds)  were d i s c a r d e d  .due t o  e q u i p m e n t  f a i l u r e .  An 

a d d i t i o n a l  eight infants . d i d  n o t  leave t h e i r  .other t o  e x p l o r e  
\ 

d u e  t o  f u s s i n q  (five 1 2 ~ a o n t h - o l d s  and  three 8 - a o n t h - o l d s )  and 

f o u r  8-month-olds  d i d  n b t  l e a v e  their m o t h e r s  because-they c o u l d -  
d 

n o t  crawl, P o u r  12- s o n t h - o l d s  and t h r e e  8-month-olds  e x p l o r e d  

d u r i n q  the f a r i l i a t i z a t i o *  trial b u t  would n o t  l e a v e  t h e i r .  

m o t h e r s  d u r i n q  t h e  tesk trial. S i x  of t h e s e  infants had been 

i n t e r r u p t e d  prior t o  h a b i t u a t i o n  w h i l e  o n e  12-month-old boy had  
' i 

been ' h a b i t u a t e d .  For a l l  s e v e n  %f these infants the f a a i l i a r  

t o y s  had been moved t o  a n o v e l  locat ion a n d  the n o v e l  toys  

p l a c e d  i n  the f a a i l i a r  l o c a t i o n ,  



b floor plan of t h e  e w e r i m e n t a l  e n v i r o n a e n t  jis shown i n  . . 

f i g u r e  12. re&tinq was conduc ted  i n  a  single large \room 5.5 x 

8.0 meters. T h e  room was c a r p e t e d  but c o n t a i n e d  n o  kurnithre. 

One o f  the l o n g e r  walls contained a one-way-vision windciu a n d  .- 
was b i s e c t e d  by an  opaque p a r t i t i o n  .91i h i q h  and .30k wide 

extended 1.22. fro; t h e  wall. Itn i a a q i n a q  line perp-e d i c u l a r  t o  

t h e  p a r t i t i o n  and e x t e n d i n g  t o  t h e  a d j o i n i n q  walls d e  1 ined the 
I 

b o u n d a r i e s  of t h e  areas which c o n t a i n e d  the toys. A cushion on 

w h i c h  t h e  mother  s a t  was p l a c e d  1 . 5 ~  away f rom,  and  directly i n  - 
line w i t h ,  t h e  p a r t i t i o n .  

Seventeen  co~merd$ally a v a i l a b l e  t o y s  vere used  as  s t i m u l u s  
i 

materials. A 1 1  v e r e  b r i q h t l y  c o l o r e d ,  most had movinq ~ a k t s  and ' 

1 '* 
p o s t  were d e s i g n e d  t o  p r o v i d e  a u d i t o r y  a s  well as visual and  

tat* s t i m u l a t i o n .  T h e  toys  were placed oa e i t h e r  s i d e  of the 
+ 

\ .  
p a r t i t i o n  pproximatel 'y  .5m b e h i n d  bhe  i m a g i n e r p  line d a f i n i n q  3 7 

t o y  areas.  or the  8-month-o lds  t h e  s t i m o l u s  was a 3- toy  &ray, 

w h i l e  one q r o u p  of 12-lrontli-olds r e c e i v e d  3 t a y s  and t h e  o t h e z  . 

g r o u p  5 t o y s .  The use of t h e  3 4 0 7  -array for b o t h  age q r o u p s  was 
M 

i n c l u d e d  Qo test the a s s n a p t i o n  t h a t  c o m p l e x i t y  level chanqes 

with age. 
5 



D i a q a m  of Experimental Environment 

1 
ENTRANCE 



On a r r i v i n g ,  t h e  mother &d her c h i l d  were e s c o r t e d  i n t o  a 

r e c e p t i o n  room where  t h e  a i m  and p r o c e d u r e s  o f  t h e  experiment 

were e x p l a i n e d  .and t h e  s o t h e r  s i q n e d  a f o r n  i n d i c a t i n q  h e r  

consent for her c h i l d  t o  take part i n  t h e  r e s e a r c h .  m s  a  set 

of c o l o r  p h o t o g r a p h s  of t o y s  a v a i l a b l e  for  u s e  i n  t h e  experiment 
& 

t h k  mother  i d e n t i f i e d  any t h a t  h e r  ' i n f a n t  had  a t  home. 
'T 

For  t h e  f a m i l i a r i z a t i o n  trial ,one a r r a ' y  o f  t o y s  ( e i t h e r  3 
.z 

t o y s  or 5 t o y s ,  d e p e n d i n g  on t h e  qroup) was p l a c e d  on one side 
B 

of  t h e  p a r t i t i o n .  A l l  toys used  were randomly q e l e c t e d  fro@ 

t h o s e  the i n f a n t  d i d  n o t  have  a t  h p w .  Toy p l a c e m e n t  was . 
I 

randomly d e t e r m i n e d  and  b a l a n c e d  amonq t h e  infants within each 
B 

qronp.  

.The e x p e r i m e n t e r  l e d  the mother ahd i n f a n t  i n t o  t h e  

e r p e r i ~ e a t a l  room t o  start t h e  f a j i l i a r i z a t i o n  - t r i a l .  T h e  mother 

was a s k e d  t o  sit on t h e  c u s h i o n  a n d  t o  place t h e  i n f a n t  d i r e c t l y  

i n  f r o n t  of her f a c i n q  the t o y s .  Beyond offerinq s u p p o r t  when 

neces ' sar~  s h e  u a s  a s k e d  t o  r e n a i n  s e a t e d  and  t o  r e f r a i n  frow 
t 

i n i t i a t i n q  any i n t e r a c t i o n  w i t h  the i n f a n t  or d i r e c t i n q  h i s / h e r  

behavior. She was i n s t r u c t e d  to l i s t e n  for a tap on  t h e  window, 

and  e x p l o r e  t h e  tops. On t r i a l  end  (de te rmined  b y  i n d i v i d - 1  

c r i t e r i o n ,  described below) a-tap on t h e  r i n d o u  s i p n a l e d  t h e  



. o t h e r ,  t o  retrieve h e r  i n f a n t ,  then ca=ry h i m / h e r  t o  t h e  -b ' 

r e c e p t i o n  r o o n  f o r  a b o u t  one m i n u t e  w h i l e  the e x p e r i m e n t a l  room 
I .  

was a r r a n q e d  fo r  t h e  test  t r i a l .  
t .  

To  k q i n  - t h e  t e s t  trial  t h e  mother c a r r i e d  t h e  i n f a n t  i n t o  

; t h e  room a n d  s a t . o n  t h e  cushion a s  b e f o r e .  A t a p  on t h e  window 

s i q a a l e d  h e r  t o  t u r n  h e r  i n f a n t  t o w a r d  t h e  toys b u t  t o  keep t h e  

i n f a n t  on h e r  knee. F o l l o w i n q  20 seconds t h e  m o t h e r  was s i g n a l e d  

' by a n o t h e r  t a p  to  place h e r  ,;infant on t h e  f loor d i r e c t 1 7  i n  - be- 

-C 

f r o n t  of ,  h e r .  The 2 0  s e c o n d  d e l a y .  was i n c l u d e d  t o  i n s u r e  that 

b o t h  a r r a y s  were noticed b e f o r e  the i n f a n t  a p p r o a c h e d  t h e  t o y s  

and t o  allow fo r  a m e a s u t e - o f  v i s u a l  f i r a t i o n  u n c o n t a m i n a t e d  b y  

time spent l o o k i n q  w h i l e  a p p r o a c h i n g  t h e  t oys .  
7' g~ 

Dur inq  the test t r i a l  t h e  famil iar  t o y s  e i t h e r  remained 

where t h e y  had been d u r i n g  the f a m i l i a r i z a t i o n  trial a n d  t h e  

n o v e l  toys were p l a c e d  i n  t h e  area on  t h e ' s i d e  of the p a r t i t i o n  

p r e v i o u s l y  unoccupied by toys, or t h e  familiar t o y s  were p l a c e d  

i n  the new l o c a t i  the nbvel t o y s  were p l a c e d  w h e r e  t h e  

f a m i l i a r  t o y s  had  been,  The d u r a t i o n  .og t h e  test t r i a l  ,was 10 

.in utes, incltqdinq t h e  '20 second . d e l a y  , p e r i o d .  

\ ' 

m a n i p u l a t i o n  of t h e  toys. T h i s  was recorded whenever t h e  i n f a n t  
b 

touched a t o y  w i t h  h i s / h e r  h a n d s  while s i ~ u l t a n e o u s l g  - - r a t c h i n q  



w i t  bou t  c o n c u r r e n t  m a n i p u l a t i o n ,  e n t r a n c e  into'the areas , . 
c o n t a i n i n q  t h e  toys  a n d  f i r s t  t o y s  touched  ( u h e t h e r  n o v e l  or  

f a m i l i a r )  were a l so  r e c o r d e d .  0 Data w8re r e c o r d e d  c o p t i n u o u s l ~  

t h r o u q h o u t  t h e  t r i a l s  b y  a n  o b s e r v e r  who pressed b u t t o n s  

c o n n e c t e d  t o  a  PCB- 12 micro-processor .  I n  a d d i t i o n ,  the o b s e r v e r  

d i c t a t e d  a n  a u d i o  tape r e c o r d  of which tops t h e  c h i l d  was r - 

m a n i p u l a t i n q ,  so t h a t  t h e  nuaber o f  d i f f e r e n t  t o ,y s  t o u c h e d  c o u l d  

. + c-", 
f 

\ I -\ 
'a 

T h e  d u r a t i o n  of the f a m i l i a r i z a t i o n  t r i a l  was c o n t r o l l e d  b p  

t h e  i n f a n t s g  behav io r .  Por all i n f a n t s  the t r i a l  beqan w i t h  t h e  

f irst  f o c u s e d  m a n i p u l a t i o n  of a t o y .  The  micr~processor ms 

proqramaed t o  sum -the d u r a t i o n  of f o c u s e d  m a n i p u l a t i o n  a s  t h e  
cL 

f a m i l i a r i z  t i o n '  t r i a l  proceeded. F o r  h a b i t u h t e d  i n f a n t s  t h e  ;t 
t r i a l  ended when a n  i n d i v i d u a l l y  d e t e r m i n e d  h a b i t u a t i o n  

a i t e r i o d  was reached. The c r i t e r i o n  r+s t ro c o n s e c r r t i  re m i n u t e s  
\ 

i n  each of which t h e  d u r a t i o n  of f o c u s e d  m a n i p u l a t i o n  was f i f t y  

p e r c e n t  o r  less of what it had been d u r i n q  the f irst  minute .  - 
T h i s  c r i t e r i o n  had t h e  a d v a n t a q e  of t a k i n g  i n t o  a c c o u n t  t h e  

children's own c h a r a c t e r i s t i c  rate of exploration as i t  was 
- p* - -  - - -- 

based on t h e i s  o w f l ~ - o ~  rasponding i n  t h e  first minute. I n  

a d d i t i o n ,  t h e  e n d i n g  of the t r i a l  d i d  n o t  depend an a momentary 



i 
reduced in te res t ,  The exploration of the i n t e r r u p t e d  qroup was + 

f 

a l l o w e d  to c o n t i n u e  for o n l y  60 s e c o n d s  of q p m a l a t e d  f o c u s e d  
w 

r a n i p a l a t i o n  o r  160 s e c o n d s  af t o t a l  trial tim, uhicherer  cane 
-a 

first. Sixty s e c o n d s  wag chosen with e aim of - i n t e r r u p t i n q  -- a i n f a n t s  w h i l e  :heir e r p l & a t i o n  r.d hiqh o i n c r e a s i n q  to 
r 

t h e  co,&lex s t $ m l u s  ,(5-thy for the 12-aonth o l d s  and 3- toy  f o r  

t h e  8-aonth-olds) . The u s e  of 160 seconds of t o t a l  t r i a )  t i n e  , 
2 

p r e w e n t u  t h o s e  in•’ ants  in  t h e  i n t e r r u p t e d  qro,up who explored 
- - - 

only* b & e f l y  +- fr a readinq the c r i t e r i o n  set f o r  t h e  h%&it%ated  5 
qroups ,  which  id t h a  k'rriinal case c o u l d  . take 180 s e c o n d s  (one 

\ 
minat,e t o  set the base l i e t f o  lorod i m e d i a t e l y  by 2 si-tes t \ - \ 1 - of less, than f i f t y  percent response). '\ 

B \ 
!&us t h e  overall desi7qn was a 3 x 2 x 2  x 2 f a c t o r i a l  w i t h  \, i L 

* -, 

g r o u p s  (8-month-old/3 t o y s  vs. 12-month-old/3 toys 'vs. ' - , - 
\ 
\ 

1 2 - w n t h - o l d / 5  toys) ,  d e q r e e  of f a m i l i q r i t y  (hahit .uated,  vs, \ 

interrupted) , location ( f a r i l i a r  t o y s  in f a m i l i a r  area vs, - 

f a a i l i h r  t p y s  i n  novel area) and  sex as the factors, . 

A second obserrret r e c o r d e d  t h e  b e h a v i o r  of 60 i n f a n t s .  

Inter-rater reliability u s  measured b y  t h e  correlatim b e w e e n  

A d i s c u s s e d  in Appendix A, * I B 



The  data f o r  t h e  f a t i l i a r i r a t i o n  t r ia l  c o n s i s t e d  of scores 

for th.e r e s p o n s e  qteqories. kmsl~: (a). total trial l a q t h ;  

(b) total durat ion  of facascd'd manipulation; and (c) number- of 
\ 

toys touched. For the_ test t r ia l ,  t h e  p r o p o r t i o n  of time s p e n t  
\ v i s u a l l y  f i x a ' t i n p  t h e  n o v e l  atray, t h e  1 . 

f i r s t - t o p - t o w  t - l o c a t i o n - e n t e r e d  an e proport ion of 
e 

tine spen* i n  manipulat ion with toys the nore) a r r a y  

, were t h e  dependent measures.  0 
Product moment c o r r e l a t i o n  c o e f f i c j e n t s  and percent  \ . 

aqreemnt measures kre  o b t a i n e d  between the  scores of two 

experirarntets who i n d e p e n d e n t l y  reco c h  r e s p o n k  qutegorv.  

As shown i n  Appendix A ,  b o t h  aeueures for all response  

cat apa;iras ia&kcatwdr--bi+ imt~rrotr . d a-t. -- - 

", 
The means and standard deviations for total t r i a l  l enqtb ,  

'\ •‹ a total durat ion  of f ocawsd ranipulatfon and n u ~ b e r  of t o y s  
\\ 
\ 
\ 

touched are pre+nted i n  Table '1. Prior t o  s t a t i s t i c a l  -analyses  

\the time scares (total t r i a l  lertqth and total  duration of 
\" . &3 

/ 

fokused naniprrlationj were s u b w t e d  to  ttansf orwation (loq X )  
\ - - 

kcail&, of the k m i n  skewness of thee* measures M a l l  1974) 1 



Bahriq the faa3liar4attoa trkalt aai  -. 
d&atiam fort 'iotd Trfrf m, Twtd duratzon of 
EauiptktLaa and h b u  of M a  M e i .  
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scale (seconds) and t h e r e f o r e  many of t h e m  are not  i d e n t i c a l  t o  

t h e  raw means. Further, t h e  retransfor laed  standard d e v i a t i o n s  

cannot be interpreted i n  t h e i r  u s u a l  manner. F o r  example; a 
$3 4 L 

valtle one s t a n d a r d  d e v i a t i o n  a b o v e  or b e l o r  a mean would be 

obtained by multiplying or d i v i d i n g  that mean b y  its s g a n d a r d  

d e v i a t i o n  r a t h e r  t h a n  b y  adding.  or s u b ' t r a c t i n q  i ts  s t a n d a r d  

d e v i a t i o n .  2 

 he t o t a l  t r i a l  l e n g t h  was, determined by the b e h a v i o r  of 

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

' criteria. For all m i t u a t e d  infanta the f a r i l i a r i m t i o n  t r i a l  ) 

l a s t e d  for an averaqe, of 429.6 s e c o n d s ,  w h i l e  101 .'9 s e c o n d s  was 

t h e  a v e r a g e  t r i a l  l e n g t h  f o r  a l l  i n t e r r u p t e d  infants. I n  t h e  

i n t e r r u p t e d  groups,  which had  a d u a l  c r i t e r i o n ,  4 0  infants 

a c c u m u l a t e d  60 seconds of focused m a n i p u l a t i o n  ( s i x t e e n  

8-month-olds,  eleven 12-aont h - o l d s  siaple s t i a u l u s ,  t h i r t e e n  

12- -nth-o lds  complex s t i m u l u s )  a n d  0 were i n t e r r u p t e d  160 

seconds a f t e r  t , h e i r  initial c o n t a c t  w i t h  t h e  t o y s  ( f i v e  

12-month-olds  s i h p l e  s t i m u l u s ,  t h r e e  12-month-olds  complex 

stimulus) . 
" . Z o e u s e d  - m a n i p u l a t i o n  o c c u p i e d  approximately half of the 

7.' 

t o t a l  trial time i n  hot h familiarization c o n d i t i o n s ,  a reraginq 

196.8 seconds  for the habituated i n f a a n t s  a n d  56.4 s e c o n d s  f o r  

tge i n t e r r u p t e d  i n f a n t s .  
\ 

-u 

As o n e  feature of t h e  c r i t e r i a  d e t e r m i n i n g  t o t a l  t r i a l  
z - 

lenqth was t h a t  t h e  d u r a t i o h  of the t r i a l  c o u l d  n o t  o v e r l a p  





S v  of h & d . s  of ~ d M C . a f  
. Total Trial Length for Habituated Groups. 

Source ' df 

Groups (G) I 2 

. sex (s) 1 

maAnad Comparisons for Groups. 

8-mnnths 12-months 
Means 2.67 2.53 
(retransf omed) (467 -7) (338.8) 

Comparisons : 
(1) .8-rmnths vs. 12-montha simple 

(2) 8-months vs. 12-montha complex 

(3) 12-mmths simple va. l2&ths c o ~ e x  



p e r f o q e d  o n  t h e  q r o s p s  factor i n d i c a t e d  t h a t  t h e  rate o f  
? 

h a b i t u a t i o n  varied w i t h  c o m p l e x i t y  a s  p r e d i c t e d .  T h a t  is, t h e  

8-month-old and  t h e  12-month-old c o m p l e x  s t i ~ m a l u s  q r o n p s ,  who 

d i d  not r e l i a b l y  d i f f e r  from bne a n o t h e r ,  bo th  r e q u i r e d  sore 

time t o  complete h a b i t u a t i o n  t h a n  d i d  t h e  12-month-old s imple  

s t i m u l u s  q r o u p ,  

A 3 (groups) X 2 ( s e x )  analysis of v a r i a n c e  was u s e d  t o  

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

h a b i t u a t e d  i n f a n t s .  ( P r e l i m i n a r y  a n a l y s i s  had i n d i c a t e d  t h a t  

initial p l a c e m e n t  of t h e  toys c o u l d  be dropped from t h e  a o d e l ) .  

A s  shown i n  T a b l e  3 no s t a t i s t i c a l l y  s i q n i f i c a n t  e f f e c t s  were 

found-. P l a n n e d  c o m p a r i s o n s  r e v e a l e d  t h a i  the 12-month-old simple 

sti 

the 

hav 

mulus qroop speB less time on m a n i p u l a t i o n  t h a n  d i d  

12-month-old c o m p l e x  s t i m u l u s  i n  spite of 

i n q  d i f f e r e d  i n  t o t a l  t - r i a l  i n  t o t a l  
Y 

d u r a t i o n s  of f o c u s e d  m a n i p u l a t i o n  between t h e  8 - a o n t h - o l d  a n d  

12--n th-old  s i m p l e  s t i m u l u s  q r o u p s  was n o t  s i g n i f i c a n t .  

A n a l y s e s  of v a r i a n c e  of t h e  i n t e r r u p t e d  q r o u p s *  d a t a  S o u n d  

no  r e l i a b l e  main effects or  i n t e r a c t i o n s  either f o r  t o t a l  t r i a l  

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

The  use 'of d i f f e r e n t  criteria f o r  the h a b i t u a t e  
r 

q n d  

i n t e r r u p t e d  q r o u p s  e n s d r e d  d i f f e r e n c e s  b e t w e e n  them b o t h  in 

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

m a n i p u l a t i o n .  Tc f u r t h e r  determine t h e  qrobable e f f e c t  o f  



Table 3. 

Surmnary oT Analysis of Variance of 
Total Duration of Focused Manipulation 

for Habituated Gra)lps. 

\ Source 

Groups (G: 

(s) 

G x S  

ikror 

Planned Comparisons between Group 

S-months 12-1laonths simple 12-mnths complex 
Pleana 2-33 2.19 2.W 
(retransf OM) (2Z2.7) (155.6') (254.68) 

(2) &months vs, 12-months compler - F (1,42k 0.90,~ - (-35 



i n t e r r u p t i o n ,  . t h e  criteria a p p l i e d  t o  i n t e r r u p t e d  i n f a n t s  were 

a p p l i e d  to th,e  h a b i t u a t i o n  data of the h d b i t u a t e d  groups,  

Thirty-seven i n f a n t s  would h a v e  been i n t e r r u p t e d  after 60  

seconds of f o c o s e d  m a n i p u l a t i o n  ( f i f t e e n  8-month-olds,  ten 

12-month-olds simple s t i m u l u s ,  a n d  t w e l v e  12-month-olds complex 

s t i m u l u s )  a n d  e l e v e n  a f t e r  160 seconds of t o t a l  t r i a l  t i n e  (one  

8-month-old., s i x  12-month-olds.  s i m p l e  s t i ~ l u l n s  a n d  f o u r  
9 

12-month-olds  complex s t i m u l u s ) .  T h e s e  f i q u r e s  are comparable t o  

those f o u n d  i n  the  i n t e r r u p t e d  g r o u p s  ( s i x t e e n  vs. z e r o ,  e l e v e n  

vs. five, a n d  t h i r t e e n  vs.  three f o r  ' t h e  8-month-old, 

12-month-old s i m p l e  s t i m u l u s  and  12-nonth-old  complex s t i m u l u s  

q r o u p s  r e s p e c t i v e l y ) .  

F o r  the, 8-month-01 s, i n t e r r u p t i o n  would have o c c u r r e d  P 
p r i o r  t o  t h e i r  maximal  l e v e l  of e x p l o r a t i o n  fo r  13 i n f a n t s ,  a t  

100 perceht o f  t h e i r  p e a k  r e s p o n s e  for 2 i n f a n t s  and  would h a v e  

r e a c h e d  c r i t e r i o n  for 1 i n f a n t .  Nine i n f a n t s  i n  t h e  12-month-old 

c o m p l e x  s t i m u l u s  q r o u p  would have  been  i n t e z r u p t e d  p r i o r  t o  

t h e i r  p e a k  r e s p o n s e ,  3 a t  85- 100 p e r c e n t  of  saxiglal e x p l o r a t i o n  

and 4 i n f a n t s  would h a v e  reached c r i t e r i o n .  Fo r  10  i n f a n t s  i n  

t h e  12-mont h-o ld  , s i r p l e  s t i m u l u s  q r o u p  i h t e r r u p t i o n  would h a v e  

o c c n r e d  a t  t h e i r  peak r e s p o n s e  (100  percent) a n d  6 would h a v e  

r e a c h e d  c r i t e r i o n .  Thus ,  for the 2 1  o f  the 32 i n f a n t s  f o r  whom 

t h e  s t i m u l u s  was c o a p l e x  r e l a t i v e  t o  t h e i r  aqe, e x p l o r a t i o n  

c o n t i n u e d  t o  i n c r e a s e  beyond the i n t e r r u p t i o n  criteria.  I n  . 
F 

contrast, n o n e  of t h e  s i m p l e  s t i a u l u s  infants showed t h a t  



pattern. One might presume'that i n t e r r u p t i o n  had a similar 

effect in t h e  i n t e r r u p t e d  groups. 

The d e p e n d e n t  m e a s u r e s  for t h e  test t r i a l  c o n s i s t e d  of (a) 

the proportion of t ime s p e n t  f i x a t i e q  the n o v e l  array d u r i n q  t h e  

first 20-seconds 03 t h e  trial, of [b) the 

f i r s t - t o y - t o n c h e d / f i r s t -  l o c a t i o n - e n t e r e d  and of (c} t h e  
* 

I 

p r o p o r t i o n  of time spent i n  focused s a n i p u l a t S o n  wi th  t o y s  i n  

the novel, array, Analyses of these scores i n c l u d e d  b o t h  relative 

and a b s o l u t e  c o m p a r i s o n s .  R e l a t i v e  comparisons were concerned 

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

combinations hrrespectire of the maqnitnde of novelty o r  

f a m i l i a r i t y  p r e f e r e n c e  of a n y  i n d i v i d u a l  t f r o u p  (e, q. , a n a l y s i s  

e p r o c e d u r e s ) .  The a b s o l u t e  comparisons were i n t e n d e d  

w h e t h e r  a pargicalar group e x c e e d e d  c h a n c e  n o v e l t ~  

or f a m i l i a r i t y  p r e f e r e n c e  irrespective of t h a t  q r o u p ' s  s t a n d i n q  

r e l a t i v e  t o  o t h e r  groups (e,q,, t-tests aq-ainst an expected 

v a l u e  of 50 p e r c e n t ) ,  Throuqhout t h i s  section the term 

pg%Xgv?~g w i l l  &gmpg refer t o  a s t a t i s t i ca l  d e v i a t i o n  froa a n  

expected c h a n c e  value, A b s o l u t e  c o m p a r i s o n s  were c a r , r i e d  out 

, o n l y  for  t h o s e  subqroups  t h a t  represented spme 3 &&&& 
-. 

interest, For example ,  differential preferences were expected  , 

for t h e  a i f  fer- q m u p s  t8-month-elds, 12-month-old simple 

s t i m u l u s ,  a n d  12-month-olds complex s t i n u l n s )  under different 





Mean vision alone proportions and standard deviations f o r  the : 
, ' Groups X Familiarization X Location X Sex subgroups. . 

F-p8 F - N ~  * . ' total , 

X sp jz SD . 'H  SD 
Habituated 

8 months 
Male 81 w 

- Female 
Total 77" 65 (-68 [:::I 66* /:$I .68 7- ( .66) 

12 months simple 
Male 
Female 

56 

Total 75 65* , W (.I%) 

12 months complex 
M e  
Female 
Total 

~ l l  subjects 70MC (-65) 65+++ (.67) 6- ( -66 )  
b 

Interrupted 
8months 

Male 44 
Female 
Total 

26 i:z;l,G 
36+ " . 6 3  

%* * 

12 months slmple .. 
Kale 
F e d  e 
Total 60 

12 months complex 
Male 
Female 

49 

Total . * 50 

A l l  subjects- 49 ( - 6 9 )  

a. F-P denotes the locat ion condition wherb the  famil iar  array remalned 
i n  the famil iar  location and the novel array was placed i n  the novel 
location. 

b. F-Nt The familiar a r ray  was moved t o  the novel location and the 
novel array was p l a c d  i n  the famil iar  location. 

i 



s t i m u l u s )  , familiar i'zatioe ( h a b i t u a t e d  vs, intef r u p t e d )  , 
l o c a t i o n  (familiar tops ' i n  the same locat ion  vs. familiar toys 

mooed t o  t h e  n o v e l  l o c a t i o n  a n d  n o v e l  t o y s  i n  the l o c a t i o n  

p r e v i o u s l y  o c c u p i e d  b y  t h e  f a a i l i a r  t o y s )  and set. The summary 

t a b l e  for t h e  a n a l y s i s  i s -  presented i n  T a b l e  5 ,  

l e i t h e r  t h e  f o u r t h -  nor qny of t h e  t h i r d - o r d e r  i n t e r a c t i o n s  

were s i g n i f i c a n t ,  T h e  main effect of groups, l o c a t i o n  a n d  sex 
, 

were also not s i q n i f i c a n t ,  The r e l i a b l e  ~ a i n  effect of 

4 f a m i l i a r i z a t i o n  i n d i c a t e s  t h a t  o v e r a l l ,  t h e  h a b i t u a t e d  infants 

spent a greater p r o p o f t i o n  of their t h e  v i s u a l l p  exp lor fnq  t h e  

n o v e l  a r r a y  d u r i n q  the f i r s t  20 seconds of t h e  .test t r i a l  than 

d i d  i n t e r r u p t e d  i n f a n t s .  However, t h e  s i q n i f i c a n t  q r o u p s  X 

% a n i f i a r i z a t i o n  i n t e r a c t i o n  i s p l i e s  t h a t  the f a a i l i a r i z a t i o n  

effect was stronqer f o r  some qroups t h a n  f o r  others. In o r d e r  t o  

access t h i s  i n t e r a c t i o n  more t h o r o u q h l p ,  a n a l y s e s  of t h e  s i m p l e  

e f f e c t s  of f a m i l i a r i z a t i o n  a n d  g r o u p s  were u n d e r t a k e n  (see 

f i q u r e  13) .  c 

Both t h e  h a b i t u a t e d  8-month-old a n d  the h a b i t u a t e d  

12-month-old c o m p l e x  s t i m u l u s  qroups s p e n t  s i q n i f  i c a n t l y  hiqher 

proportions of time l o o k i n q  a t  t h e  n o v e l  toys t h a n  d i d  t h e i r  

interrupted c o u n t e r p a r t s  (E ( l , 7 2 )  = 23.27, g<.OOl and E ( l , 7 ? )  = 
0 

5,84, p(. 05 r e s p e c t i v e l y ) .  The d i f f e r e n c e  between h a b i t u a t e d  and 

i n t e r r u p t e d  12-month-old s i m p l e  s t i m u l u s  qroups was n o t  

reliable, l?(l,72) = 1.26, ~ 4 . 2 7 .  



Table 5. 
9 

Summary of analysis of d a n c e  of 
, Vision Alone proportTom. 

Source d f MS F .  ' 

Groups (G) 2 0-59 1.38 2 

Familiarization (F) 1 10.09 23;50 .001 

. ~ocation (L) 1 0.03 0.06 i 

Sex (s) 1 0.04 0.93 

C x F  2 1-55 3.63 .O2 

G x L  2 0.24 0.55 

G x S  2 2.89 6.74 .002 

F x S  1 2.02 4.72 03 

L x S  1 1.68 * 3.91 07 

0.5: ' 1.42 G x F x L .  : 2, 
I 

C x F x S  2 0.13 0.29 

G x L x S  - 2 0.08 0.21 
1 

F x L x S  1 0.19 @. 44 

G x F x L x S  2 0.45 1 .05 



Figure i j 
Groups X familiarization interaction. 

( Vision alone ) 

I Interrupted 



% 

s i m p i k  effects ana lys i s  of f a n i l i a r i z a t f  on found n o  = 

difference a~crng the- h a b i t b a t @  qroups i n  amount -of tine s p e n t  

v i s u a l l y ,  explorinq a novel  . arr?y (31 (2 .72 )  = 1 .74 ,  p<. 20) whkle 

t h e  i n t e r r u p t e d  q r o u p s  were found t o  d i f f e r ,  'g ( 2 ,72 )  =5.33,  

p<, 007) . T h i s  difference was due $ 0 ,  t h e  interrupted 8 - a o n t h - o l d s  
% 

spen'ding less  time v i s n a f l p  , exp lor i .ng  a n o v e l  a r t a y  t h a n  either 

t h e  interrupted 12-month-olds s i r p l e  s t i .mnlns  (11 ( 1,721 = 6.63,'  

p<. 02) or the i n t e r r u p t e d  12-month-olds complex s t i e ~ n l u s  

g (1,721 = 5 .78 ,  Q< ,02), The i n t e r k n p k e d  1 2 - n o n q - o l d  g r o u p s  d i d  
- -  . 

not. r e l i a b l y  d i f f e r  from ane a n o t h e r ,  

Thus, t h e  h y p o t h e s i s  t h a t  h a b i t u a t e d  i n f a n t s  would spend 

more time lookinq at a novbl array -khan would i n t e r r u p t e d  
P 

infants was q e n e r a l l y  s u p p o r t e d .  F u r t h e r ,  a s  shbwn i n  Table 4, 

t h e  o v e r a l l  was clear1 y i n  accosdance 

with prediction, H uated infants showed an o v e r a l l  Visual 
-22 

p r e f e r e n c e  for the novel toys, w h i l e  n o  p r e f e r e n c e  for eith'er 

n o v e l  or f a r i l i a r  t o y s  was 'shown by i n t e r r u p t e d  infants. 

I n s p e c t i o n  of the various subqronps'reveals t h a t  while each 

h a b i t u a t e d  subqrodp taken separately p r e f e r r e d  the n o v e l  array, 

that p r e f e r e n c e  was n o t  shown by any of  t h e  i n t e r r u p t e d  . 
I subqroups,  I n d e e d ,  t h e  i n t e r r u p t e d  8-month-dds i n  t h e  f a m i l i a r  

t o y s  - f a m i l i a r  l o c a t i o n  c o n d i t i o n  showed a p r e f e r e n c e  for 

expzoring t h e  familiar array. Notice t h a t  a l thonqh  the 

anaIys i s  baa found n o  d i f f e r e n c e  between h a b i t u a t e d  and ' 

i n t e r r u p t e d  12-mont -old simple s t i n n l n s  g r o u p s  i n  . t h e i r  



proportions of time s p e n t  v i s u a l l y  e x p l o r i n g  , the novel  a r r a y ,  

the - 
sbsoltlte ana lys i s  shoved t h a t  t h e p  I ._ did,differ a s  e x p e c t e d  i n  

d 

t h e i r  preferences, i s  followinq habituation they spowed a 

preqrence for t h e  n o v e l  a r r a y ,  while no  preference for either 
9 \ * 

array followed i n t e  r n p t i o n ,  -. 

Two u n e x p e c t e d  results from t h e  a n a l y s i s  of t h e  vision 

alone d 3 t a  i n c l u d e d  a qroups X sex interaction and a 
0-  

f a n i f i a r i k a  tion X sex i n t e r a c t i o n .  

- The qroups X s e x  intetactidn is i l l u s t r a t e d  i n  f i q n r e  14. 

B n a l y s i s  of t h e  s i m p l e  effects of groups for e a c h  sex i n d i c a t e d  

d i i f f e ~ e n t i a l  l o d c i n q  times for females as a f u n c t i o n  of qronp 

membe+hip e ( 2 . 7 2 )  = 7.01, ~ < . 0 0 2 ) '  but n o  differences amonq t h e  

qrobps of ' .ales (P42.72)  = 1.12, i x . 3 5 )  . ~ i q h t - i o n t h - o l d  females 

spent less time 3ooking  a t  t h e  n o v e l  array than  females i n  

e i t h e r  t h e  1 2 ~ m o n t b - o l d  simple stimolus qroup (P (1,721 =7.5. 
1 

~ < . 0 0 8 )  or t h e  12-sonth-old complex s t i m u l u s  qroup (E(1 .72)  = 
ti; - 

15.32. p<.001) . The 12-month-old females d i d  e q n i f  icantly 

d i f f e r  from one a n o t h e r  [_P(l ,72) = 1 . 0 ) .  

Separate tests of t h e  djfference between nale and female 

infants l o o k i n q  scores for e a c h  qronps revealed t h a t  8-month-old 

males v i s u a l l y  explored a n o v e l  array  more t h a n  8-month-old 

fenales (E ( l , 7 2 )  =5.81 .  gC.02) but t h a t  i n  the 12-month-old 

c o a p l e x  stimulus group, males spent less time explorinq novel ' 

.'ales and females uas found for t h e  12-month-old simple s t i a u l n s  

&. 
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Figure 14 ' 

Groups X sex interaction 
( Vision alone ) 



q ~ o u p  (g(1.72f = 2 . 7 8 ,  &.lo )  ,.. 

Simple effect analysis of sex f o r  e a c h  f a m i l i a r i z a t i o n  

condition s h o v e d  t h a t  h a b i t u a t e d  females v i s u a ' l l y  e x p l o r e d  a " 

n o v e l  a r r a y  t o  a qreater extent than d i d  h a b i t u a t e d  males 
IF 

@ (1,72) = tr.93, e<-03; see f i q u r e  15) .  Hales a n d  f e m a l e s  d i d  

n o t  differ following i n t e r r u p t i o n ,  1(1 ,72)  = 1.0, Revertheless ,  

t h e  p r e d i c t e d  d i f f e r e n c e  between t h e  two  f a m i l i a r i z a t i o n  
q I 

c o n d i t i o n s  was s u p p o r t e d  for e a c h  sex, B o t h  males and females 

l o o k e d  l o n g e r  a t  a novel a r r a y  f - o l l o v i n g  h a b i t u a t i o n  t h a n  they 

d i d  f o l l o w i n q  i n t e r r u p t i o n  (Ef 1,72) = 3.98, p<,05 and F ( l , 7 2 )  = 
r 

24.69, p< ,001 f o r  males and females r e s p e c t i v e l y ) ,  

The reason f o r  t h e  o b t a i n e d  sex d i f f e r e n c e s  is u n c l e a r .  

Further, q i v e n  t h e  n o t o r i o u s  inconsistency of s u c h  differences 

in the h a b i t u a t i o n  l i t e r a t u r e  (cf. Caron  e t  al., 1977) I 

hesitate to make much of them except t o  n o t e  t h a t  they d o  n o t  

o v e r r i d e  the s t r o n q  s u p p o r t  f o u n d  for  t h e  p a t t e r n ' o f  p r e d i c t e d  

r e s u l t s .  

The initial c h o i c e  of  which a r r a y  to explore c o u l d  have 

been  determined b y  the n o v e l t y - f a m i l i a r i t y  of the t o y s  or b y  t h e  

h o v e l  ty- f  a m i l i a r i t y  o f  t h e i ~  l o c a t i o n ,  I n  o r d e r  t o  estimate and  
7 * 

analyze  the separake effects of these v a r i a b l e s  a loq linear 

analysis w i t h  maxieua l i k e l i h o o d  e s t i a a t i o a  wa's performed, 

L i k e l i h o o d  r a t i o  tests wore c a r r i e d  o u t  t o  coapa're dif f ereaces 



males females 

SEX 



between t h e  various s u b g r o u p s  and  t o  c o m p a r e  e a c h  s u b q r o o p  

s e p a r a t e 1  y sit h chance e x p e c t a t i o n s .  (Notice that chance 
f - 

e x p e c t a t i o n .  is i n d i c a t e d  by the v a l u e  0.0 i n  t h i s  a n a l y s i s ) .  . 

These c o m p a r i s o n s  were made both fo r  t o p  and l o c a t i o n  c h o i c e s  

c o n G d e r e d  s i ~ u l t a n e o u s l y  and s e p a r a t e l y  f o r  each. 
pi>'- * 

Pre&im'lnary a n a l y s e s  h a d  i n d i c a t e d  t h a t  neither t h e  main 

eff kt' gf iex nor  a n y  i n t e r a c t i o n  i n c l u d i n g  sex were 
< ,  

r. 

. , s i g n i f i c a n t .  ~ o n s e q u e n t l g ,  sex was d r o p p e d  from the analyses and 

the a o d e i i w r i s e d  t o  include o n l y  t h e  f i c t o r s  q r o u p s  a n d  

. ' f a a i l i a r i z a t i o n ,  

The raw d a t a  a n d  t h e  estimated effects are p r e s e n t e d  i n  

Table 6 .  P r i o r  t o  analysis the cel l  f r e q u e n c i e s  uere t r a n s f o r m e d "  

by (X + .5 ) .  i n  o r d e r  t o  s t a b i l i z e  e s t i m a t e s  based on z e r o  

f r e g o e n c i e s .  T h e  l i k e l i h o o d .  tests, houev!er , were c a r r i e d  out on  
\ e? 

t h e  raw f r e q u e n c i e s .  

As shown i n  Table 7 ,  n e i t h e r  t h e  groups X f a m i l i a r i z a t i o n  

interactioq nor t h e  main effect of q r o a p s  uere r e l i ab le  for any4 

of the m o d e l s  tested. The s i q n i f i c a n t  main effect of 

f a m i l i a r i z a t i o n  for a l l  m o d e l s  i s  dud t o  h a b i t u a t e d  i n f a n t s  

making i n i t i a l  c o n t a c t  w i t h  a n o v e l  t o y  a n d  e n t e d i n q  f irst  a 

n o v e l  locat  ion more of ten t h a n  d i d  i n t e r r u p t e d  i n f a n t s .  

Horeqver ,  as shown i n  T a b l e  6 ,the h a b i t u a t e d  i n f a n t s  showed a 

statistical p r e f e r e n c e  for t h e  novel t o y s  (and n o  preference f o r  

either l o c a t i o n ) ,  while interrupted infants shored n o  preference 

for  e i t h e r  n o v e l  or  familiar t o y s  but an o v e r a l l  p r e f e r e n c e  fo r  



Table 6. 

I n i t i a l  choice frequencies and log l inear  
&itMtec of tay and location parameters. 

,N-hc at ion 
N-Toys 

Habituated .)I 

8 months 
12 months simple 
1 2  months cornplea 

Interrupted n. 
\ 

P mohths 
12 months 
I2 mnths  coma 

F-Location - N-Location F-Loc at ion 
F-Toys F-Tbys N-Toys 

1 I ' 

a 
' Lon l i nea r  estimates .. 

Location Toys 

Habituated 

t3 months 
12 months simple 
1 2  months complex 

Tot a1 

a. A negative number indicates  a famil iar i ty  e f fec t  and a posi t ive number - indicates  a novelty effect .  A value of 0.0 indicates t ha t  room and tw 
e f f ec t s  are  d i t h e r  equally present or  absent,. 

Interrupted 

8 months 
12 mdnths simple 
Emonthscomplex 

Tot a3. 

0 033 
0.00 
0.61 

0.39 

1 . 2 W  
1 . 6 ~  
2.22* 

2 .W 

- 0.80 
- 0.23 
-1.03~ 

- 0.699 

- 0.80 
0.23 
0.5'7 

0.00 



Table y2 

Jdkeliilood rat io  t e s t s  of first 
toy touched and f i r s t  location entered. 

l ikelihood 
Source 

Groups (G) 

Location 

Toys & Location 

Familiarization (F) 

Location 

Toys h Location 

G x F  

Tops 

Location 

T a p  & Location 



t h e  familiar location. 

Althouqh each g r o u p  b e h a v e d  i n  a manner s imi lar  enouqh t o  

p r e c l u d e  t h e  q r o u p s  f a c C o r  from shoving u p  i n  t h e  r e l a t i v e  

analysis, t h a t  fac tor  d i d  make a d i f f e r e n d  i n  terms o c  t h e  
7.. 

l o c a t i o n  p r e f e r e n c e  of  i n t e r r u p t e d  infants. That is, u h i l e  

i n t e r r u p t e d  i n f a n t s  i n  e a c h  q r o u p  showed a tendency t o  f i rs t  

' e n t e r  t h e  f a m i l i a r  l o c a t i o n ,  o n l y  the 12-month-old c o m p l e x  

stimulus qroap d i d  s o  uith enouqh r e q u l a r i t y  t o  result i n  a 

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

Thus ,  the first t o y  . c o n t a c t e d  b y  h a b i t u a t e d  i n f a n t s  t e n d e d  

to be i n  the n o v e l  a r r a y  r e q a r d l e - s s  of t h e  area t h a t  c o n t a i n e d  

it. On the o t h e r  hand ,  i n f a n t s  i n  t h e  i n t e r r u p t e d  qroups e i t h e r  

a a d e  i n c o n s i s t e n t  i n i t i a l  c h o i c e s  (e. q. , 8-month-olds a n d  

32-sonth-olds '  s i m p l e  s t i m u l u s )  or f i r s t  e n t e r e d  the area t h a t  

had c o n t a i n e d  t o y s  during t h e  f a m i l i a r i z a t i o n  trial and  made 
L 

i n i t i a l  c o n t a c t  w i t h  . w h a t e v e r  toys were f o u n d  there (e .q  ., 
12- a o n t h - o l d s  c o n h e x  s t i m u l u s ) .  

Focused m a n i p u l a t i o n  scores were ,analyzed i n  a 3 ( q r o u p s )  X 

, 2 ( f a m i l i a r i z a t i o n )  X 2 ( l o c a t i o n )  X 2 (sex) X 5 ( b l o c k s )  mixed 

a n a l y s i s  of v a r i a n c e  u i t h  repeated m e a s u r e s  o n  b l o c k s .  The  

blocks f ac to r  was i n c l u d e d  t o  i n v e s t i g a t e  the pattern of 

explorat ion  over t h e  ceurse of t h e  test trial, A b l o c k  was 

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



occurrinq d u r i n g  the test t r ia l .  For each successive block the 

proportions of time s p e n t  w i t h  toys from t h e  novel a r r a y  was 

ca lcula ted  l a n d  t r a n s f o r m e d ) ,  For example, a n  infant who 

e x p l o r e d  f o r  4 minutes during the test t r i a l  would o b t a i n  5, 

48-second blocks (240/5  = 4 8 )  a n d  therefore, 5 scores based on  

p r o p o r t i o n s  c a l c u l a t e d  for  each successive 48  s e c o n d s  of 

e x p l o r a t i o n ,  T h e  u s e  of b l d c k s  defined i n  this manner  rather 

thaw-simply d i v i d i n q  the t o t a l  t r i a l  i n t o  r ea l  time u n i t s  {e,q,, '. - - 
\ 

5, 2-annate s e q m e n t s )  was prompted b y  n o t i n g  t h a t  infants o f t e n  

showed t h e  same  p a t t e r n  pf e x p l o r a t i o n  o v e r  time but  t h a t  t h e y  

, d i d  so a t  d i f f e r e n t  r a t e s ,  The  c o n s e y  u e n c e  vas a s e v e r e  s u b j e c t  

x "seqments" i n t e r a c t i o n  that r e s u l t e d  i n  a less e f f i c i e n t  a n d  

less p o w e r f u l  P test fog a l l  w i t h i n  subject so"urces of v a r i a n c e .  
\ 

P a r t h e r ,  using blocks as d e f i n e d  above e n s u r e d  t h a t  p r o p o r t i o n s  

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

t o t a l  number of seconds of focused e a n i p u l a t i o n .  I f  r e a l  'time 

u n i t s  a r e  used, p r o p o r t i o n  scores could be b a s e d  on numbers  of 

s e c d n d s  ranqinq from z e r o  t o  t h e  t o t a l  number of s e c o n d s  

c o m p r i s i n q  'the p a r t i c u l a r  u n i t  u s e 4  (e. q. , 120 s e c o n d s  i f  

2 -minu te  s e q m e n t s  were u s e d ) ,  O b v i o u s l y ,  scores based on  few 

-- - s e c o n d s  a r e  less r e l i a b l e  t h a n  those b a s e d  on  larqer number of 

s e c o n d s .  - 
r 

~ r e l i a i n a r y  a n a l y s i s  indicated t h a t  sex was not  a 

s i q n i f i c a n t  r a i n  effect n o r  d i d  i t  interact v i t h  a n v  o t h e r  

factors, As a r e s u l t ,  the a n a l y s e s  p r e s e n t e d  below i n c l u d e d  only c. 

E 



t h e  f a c t o r s  of groups, f a m i l i a r i z a t i o n ,  l o c a t i o n  and b l o c k s .  T h e  

retransf ormed means and standard d e v i a t i o n s  and the absolute 

a n a l y s i s  are presented ' i n  Tables 8 a n d  9. e 

A n a l y s i s  of the averaqe covariance matrix f o r  the blocks 

f a c t o r  i n d i c a t e d  t h a t  the homoqene i ty  o f  c o v a r i a n c e ~ s u m p t i o n  

was n o t  met (Table 10) . Therefore, the G r e e n h o u s e - G e i s s e r  
1 

e p s i l o n  was c a l c u l a t e d  and t h e  d e q r e e s  of  f r e edom for the w i t h i n  

subjects sources o f  v a r i a n c e  were a d j u s t e d  a c c o r d i n g l y .  ??he 

source .table •’-or the a n a l y s i s  of variance of f o c u s e d  

m a n i p u l a t i o n  i s  presented a s  T a b l e  11, The  main e f f e c t s  of 

q r o u p s  and  f a n ~ i l i a r i z a t i o n  were b o t h  s i q n i f i c a n t ,  However, the 

q r o u p s  X f a a i l i a r i z a t i o n  interaction q u a l 5 f i e s  t h e  separate 

i n t e r p r e t a t i o n  ofA e i t h e r  f a c t o r ,  S i m p l e  effects analyses of 

qroups and  f a n i l i a r i z a t i o n  were u n d e r t a k e n  i n  o r d e r  t o  access 

this i n t e r a c t i o n  more t h o r o u q h l y  (see fiqure 16). 

S e p a r a t e  t e s t s  of t h e  d i f f e r e n c e  between h a b i t u a t e d  and  
- . - - i n t e r r u p t e d  i n f a n t s  f o r  e a c h  group shoved  t h a t  b o t h  t h e  

-- 

8-month-old a n d  t h e  12-month-old complex stimulus q r o u p s  spent 

s i q n i f i c a n t l y  o, more time e x p l o r i n q  t o y s  i n  the n o v e l  a r r a y  

f o l l o u ' i n q  h a b i t u a t i o n  t h a n  t h i y  d i d  f o l l o w i n q  i n t e r r u p t i o n  

@(1,84)  = 11,77,  ~ < . 0 0 l  an'a g(1,84) = 9.64, p<.003 f o r  t h e  

8-month-old a n d  12- mont h-old complex  sti r u l u s  g r o u p s  

r e s p e c t i v e l y ] ,  A tendency i n  the same d i r e c t i o n  b y  the 
3 e 

12- m n t  h - o l d  s i m p l e  s t i m u l u s  group d i d  n o t  reach a c c e p t e d  ~ e v e l s  

of s i q n i f i c a n c e ,  F(1,84) = 3.05, p<.09, T o  a n a l y z e  the s i m p l e  
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Table 10 

Average covariance matrix for blocks 

degrees of freedom 13 

chi-~qua~ed value 209.7742 

probability value .001 

greenhouse-selsser E .4687 



Table 11 

ary '#f analysis of variance of 
Manipulation proportions 

a Between subjects 

Groups (G) 2 101.25 1.04 .002 

Familiarizatidn (F) 1 1556.03 108.24 ' .001 
a ' 4 3  

Location (L) 1 38 95 2;71 

G x F  2 74.66 5.19 .008 

G x L  2 7.71 0.9 

Xithin subjects 

Trials (T) : .87 9-75 

G x T  3-75 17.45 3.01 .03 

F x T  1.87 11.86 2.05 

. L x T  1187 2-66 0.46 , 

G x F x T  3.73 5-63 0.9'7 

3.75 

F x L x T  1.87 

G x F x L x T  3-75 

Error 157.49 5.79 



Groups X fancllia.%%ion Interaction. 
( Focused manipulatioh ) 

GROUPS . 



Q effects of q r o n p s ,  s e p a r a t e  tests of the d i f f e r e n c e s  autonq 
I ., 

.A 1. 

cjrodps fo r  each f a m i l i a r k a t i o n  c o n d i t i o n  were per fo rmed .  There 

were no r e l i a b l e  d i f f e r e n c e s  amonq t h e  h a b i t u a t e d  gr ps, 
. = Jup ted  

P (2.84) 1.0, s i g n i f i c a n t  + d i f f e r e n c e  among t6e i d- 

q r o u p s ,  (z(2.84) = , 4 . 5 5 ,  g<.02) soqqested t h a t  the i n t e r r u p t e d  -i 

'\ 

12-month-old simple stimulus g r o u p  spent more time explorinq 

n o v e l  toys than e i t h e r  t h e  8-month-old o r  t h e  12-month-old 

complex  stimulus g roup .  However, post h~ c o m p a r i s o n s  found  n o  
> 

d i f f e r e n c e  between any o f  the pairs o f  groups &ahen t h e  alpha 

level was corrected to a c c o u n t  fo r  multiple .(three) compas i sons .  

Thus ,  t h e r e  was s t r o n g  s u p p o t 3  f o r  t h e  p r e d i c t e d  
i 

r e l a t i o n s h i p  be tween  amount of f a m i l i a r i z a t i o n  a n d  subsequent 

time spent e x p l o r i n q  novel t o p s ,  t i a b i t u a t e d  infants spent more 

time, e- overall, exploring novel. t o y s  t h a n  d i d  i n t e r r u p t e d  

i n f a n t s ,  Further, t h e  s i q h i f  i c a n t  qronps X f a a i l i a r i z a t k o n  

. ' interaction showed t h a t  t h i s  effect was a t t e n u a t e d  vhen t h e  

f a m i l i a r i z e d  s t i m u l u s  was s i ipp le .  The more rigorous p r e d i c t i o n  

t h a t  t h e  d i f f e r e n t  q r o u p s  would show d i f f e r e n t  p r e f e r e n c e s  a s  a 

f u n c t i o n  o f  amount of p r e v i o u s  f a m i l i a r i z a t i o n  was also 

supported. As shown i n  Table 9, h a b i t u a t e d  i n f a e t s , i n  each g r o u p  

preferred t o  explore toys i n  the novel array, w h i l e  t o y s  i n  the 

familiar array were p r e f e r r e d  b y  t h e  i n t e r r u p t e d  8-month-olds 

and  the i n t e r r u p t e d  12-month-old complex d t i m n l u s  qroup. 

I n t e r r u p t e d  12-son th-o ld  s imple  s t i a o l u s  i n f a n t s  spent more time 

with tops i n  t h e  n o v e l  a r ray  but d i d  n o t  show a r e l i a b l e  



pre  fe reace. 

L o c a t i o n  d i d  n o t ,  o v e r a l l ,  a f f e c t  t h e  amount  of time spent 

, e x p l o r i n q  t h e  toys. T h e  s i q n i f  i c a n t  f a m i l i a r i z a t i o n  by l o c a t i o n  

i n t e r a c t i o n  indicates t h a t  vhen the f a m i l i a r  t o y s  were moved t o  

t h e  n o v e l  l o c a t i o n  and  t h e  n o v e l  toys  p l a c e d  i n  t h e  f ami l ia r  

locat  i o n ,  the maqni t u d e  of the d i f f e r e n c e  b e t  ween h a b i t u a t e d  and 

interrupted i n f a n t s  was a t t e n u a t e d .  N e v e r t h e l e s s ,  s i m p l e  e f f e c t s  
> 

a n a l y s i s  of f a n i l i a r i z a t i o n  (see f i q u r e  17) %found h a b i t u a t e d  and 

i n t e r r u p t e d  i n f a n t s  t o  d i f f e r  reliably i n  their p r o p o r t i o n s  o f  

- time* spent w i t h  n o v e l  t o y s  i n  b o t h  l o c a t i o n  c o n d i t i o n s  (2 (1.84) 

= 15.49, gK.001 and g ( 1 , 8 4 )  = 6.98, ~ < . 0 1  for t h e  f a m i l i a r  

toy-faai l iar l o c a t i o n  and f a a i l i a r  t o y - n o v e l  l o c a t i o n  c o n d i t i o n s  

r e s p e c t i v e l y ) .  As well, t h e  e f f e c t s  of l o c a t i o n  were n o t  

r e l i a b l e  f o r  either t h e  h a b i t u a t e d  infants ( z ( 1 , 8 4 )  1,O) or t h e  

i n t e r r u p t e d  i n f a n t s  ( F _  ( '1,84) = 1.36, ~ ( ~ 2 5 ) .  

The p r e f e r e n c e  o f  t h e  i n t e r r u p t e d  infants d i f f e r e d  w i t h  

respect t o  loca t ion  {Table 8 ) .  fhen t h e  falailia t o y s  r e m a i n e d  9 
i n  the same l o c a t i o n  a s  dnrincj f a m i l i a r i z a t i o n ,  t h e  i n t e r r u p t e d  

infants p.ref ered the f a m i l i a r  t o y s ,  However, when t h e  f a m i l i a r  

t o y s  were moved t o  a n o v e l  l o c a t i o n  i n t e r r u p t e d  i - n f a n t s  d i d  n o t  

p r e f e r  e i t h e r  a r r a y  of t o y s .  H a b i t u a t e d  i n f a n t s  p r e f e r r e d  n o v e l  

t o y s  i n  both location c o n d i t i o n s ,  

A-h the t hir d-drder i n t e r a c t i o n  ,between q r o u p s  , 
f a m i l i a r i z a t i o n  and l o c a t i o n  d i d  n o t  r e a c h  a c c e p t e d  f e v e f s  of 



Figure 17 
Familiarization X location interaction. 

( Focused manipulation ) 

0 Habituated 

F-F F-N 



statistical s i g n i f i c a n c e ,  t h e  a b s o l u t e  analysis showed t b a t  t h e  

effect of l o c a t i o n  on the p r e f  e g e n c e s  of i n t e r r u p t e d  i n f a n t s  d i d  

differ amonq g r o u p s  ( T a b l e  8). T h a t  is, t h e  p a t t e r n  c o n s i s t i n q  

of a p r e f e r e n c e  for famil iar  t o y s  when t h e y  r e m a i n e d  i n  t h e  

f a a i l i a r  l o c a t i o n  a n d  no p r e f e r e n c e  f o r  e i t h e r  novel or  f a a i l i a r  

t o y s  when t h e  familiar toys  were moved t o  a n o v e l  l o c a t i o n  held 
a h 

only f o r  i n t e r r u p t e d  8 -aon t  h -o ld  a n d  12-month-old complex  

s t i m u l n s  q r o u p s .  T h e  i n t e r r u p t e d  12-month-old s i m p l e  s t i m u l u s  
Qm 

i f i f a n t s  d i d  n o t  prefer e i t h e r  a r r a y  i n  e i t h e r  l o c a t i o n  
aT 

c o n d i t i o n ,  

T h e  d i f f e r e n t i a l  effect  of l o c a t i o n  for  h a b i t n a t e d  and 

i n t e r r u p t e d  i n f a n t s  is  c o n s i s t e n t  w i t h  t h e  results o b t a i n e d  from 

t h e  i n i t i a l  choice a n a l y s i s ,  R e c a l l  t h a t  h a b i t u a t e d  i n f a n t s  

s o u g h t  o u t  and f i r s t  c o n t a c t e d  novel t o y s  reqardless of t h e  , 

l o c a t i o n  of those toys. T h e i r  o v e r a l l  p r e f e r e n c e  for  toys i n  t h e  

n o v e l  a r r a y  i n  both l o c a t i o n  c o n d i t i o n s  i n d i c a t e s  t h a t  t h e y  

c o n t i n u e d  t o  e x p l o r e  t h e  novel t o y s  t h r o u q h o u t  t h e  10-minu te  

test t r i a l ,  On the o t h e r  hand ,  i n t e r r u p t e d  8-month-old and  

12-month-old c o m p l e x  stimulus infants went mask often t o  the 

fami l ia r  l o c a t i o n  r e q a r d l e s s  of which t o y s  vere there. As a 

result their p r o p o r t i o n  scores d i f f e r e d  accordinq t o  which  toys, 

v e r e  i n  the familiar l o c a t i o n .  If t h e  f a a i l i a r  t o y s  r e m a i n e d  i n  

t h e  familiar location t h e y  showed a n  o v e r a l l  preference for 

t h o s e  t o y s ;  a r e s u l t  t b a t  suqgests t h e y  c o n t i n u e d  t o  explore 

t o y s  i n  t h e  f a a i l i a r  a r r a y  o v e r  most of the tes t  t r i a l ,  I f  t h e  



novel t ~ y s  were i n  the f a m i l i a r  l o c a t i o n ,  however, e s s e n t i a l l y '  

nu preference was shown fog either array, Therefore, they rust 

have l e f t  t h e  familiar , l o c a t i o n  i n  o r d e r  t o  f i n d  and explore the 

f a a i l i a r  toV; { u h i c h  were i n  t h e  n o v e l  l o c a t i o n ) .  O t h e r w i s e  t h e y  

vonld have shown a n  overall preference for t o y s  i n  t h e  novel 

a r r a y ,  T h e  s i g n i f i c a n t  f a m i l i a r i z a t i o n  X l o c a t i o n  X t r i a l s  

i n t e r a c t i o n  indicates that t h i s  was i n  fact t h e  case. I n  order 

t o  i n v e s t i q a t e  t h i s  i n t e r a c t i o n  more c l o s e l y .  a n a l y s e s  of the 

f a m i l i a r i z a t i o n  X l o c a t i o n  i n t e r a c t i o n  a t  each l e v e l  of b l o c k s  

were carried o u t  'j1t s h o u l d  b e  noted t h a t  b e c a u s e  of * 3' 
h e t e r o q e n e i t  7 of  c o v a r i a n c e  b e w e e n  p a i r s  of b l o c k s ,  3- way 

{qroups X, f a a i l i a r i x a t i o n  X l o c a t i o n )  analyses of v a r i a n c e  were 

performed a t  e a c h  b l o c k  and t h e  separate wi th in -g roups  mean 

s q u a r e s  u s e d  a s  error k w  for t e s t i n q  t h e  s i m p l e  

f a ~ i l i a r i z a t i o p  X l o c a t i o n  effects, ) I 

T h e  means f o r  each familiarization X l o c a t i o n  subqroop  a t  

each  block are plotted i n  f iqare 18. S i q n i f i c a n t  f a m i l i a r i z a t i o n  

X locat  i o n  i n t e r a c t i o n s  o b t a i n e d  a t  bloc l t  1 if ( 1 , 84 )  = 6.02, 

#p<. 02) and a t  b l o c k  2 (_F ( I ,  84) = 10.62, p<.002) were d u e  t o  

interrupted i n f a n t s  spendinq more time erplorinq the f a m i l i a r  

arra  1 when i t  remained ib t h e  familiar l o c a t i o n  t h a n  when Jt was 

moved t o  a n o v e l  l o c a t i o n  (F(1,84) = 8.71, p<, 005 and .F ( 1 , 8 4 )  

=f1,39, p<,001 for blocks 1 and 2 r e s p e c t i v e l y ) ,  while 

habituated infants s p e n t  similar amounts of time e x p b r i n q  t h e  

novel a r r a y  i n  bo th  l o c a t i o n  c o n d i t i o n s  a t  b o t h  b l b c k s ,  F o r  



F ~ l i a z i z a t l o p  X location X blocks interaction, 
( Focused -manipulation ) .@Habituated F-F 

F-F 

F-# 



b l o c k s  3 t h r o u g h  5, location d i d  n o t  d i f f e r e n t i a t e  g e t w e e n  

eit her h a b i t u a t e d  o r  interrupted infants * e x p l o r a t i o n ,  T bus ,  
Y 

d u r i n g  t h e  e a r l y  p a r t  of the test t r i a l ,  l o v i n g  the f a m i l i a r  

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

i n t e r r u p t e d S  and habituated infants, N e v e r t h e l e s s ,  even b y  block 
" 

2 that d i f f e r e n c e ,  tboug-h n o t  as l a r q e  a s  l a t e r  i n  the  t r i a l ,  

was st i l l  r e l i a b l e ,  F ( 1 , 8 4 )  =4.24, p<.OS, The amount  of time 

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

i n f  s who r e c e i v e d  the famil iar  toys  i n  the familiar l o c a t i o n  4 b{ 2 

a s i q d f i c a n t l y  differed from one a n o t h e r  t h r o u g h o u t  t h e  tes t  

t r i a l ,  

The f a m i l i a r i z a t i o n  X l o c a t i o n  X b l o c k s  i n t e r a c t i o n  f o r  

each of the t h r e e  qroups are shown i n  f i q u r e s  19, 20 a n d  21. 

Al though  the p a t t e r n s  are similar enouqh t o  have prec luded  a 

4-way q r o u p s  X f a a i l i a r i z a t i o n  X location X b l o c k s  i n t e r a c t i o n ,  

these f i q u r e s  are illustrative of (a) t h e  overall q r o u p s  X 

blbcks interaction, and of (b) t h e  differences i n  p a t t e r n s  of 

p r e f e r e n c e s  for the three q r o u p s .  

The q e n e r a l  d e c r e a s e  i n  time s p e n t  explorinq n o v e l  t o y s  by 

the familiarization X location subqroups in 8- taonth-olds  and 

12-month-old c o m p l e x  s t i m u l u s  q r o u p s  a s  o p p o s e d  t o  t h e  q e n e r a l  
p'=d ' 

i n c r e a s e  shown by t h e  12-raonth-old s i n p l e  s t i ~ u l u s  s u b q r o u p s  fJ 

r e s u l t e d  i n  t h e  reliable qroups X b l o c k s  i n t e r a c t i o n  shown i n  

fiqwe 22 .  Siqnfficant d i f f e r e n c e s  between groups at block 4 

(z(2.84)  = 6 . 0 5 ,  p<.003) and  a t  b l o c k  5 (_F(2,84) = 12,78,  p<.001) 



Ngve  19 
p a l l i a r h a t i o n  X location X blocks interaction for 8 month-olda. 

( Focused manipulation ) @ Habituated F-F 

Interrupted F-N 
-. 



2 Ngve 20 
F a n l l i a x k a o n  i n  X blocks interaction for 12 months si.pleT. 

( f o y s e d  manipulation ) --a 
' @ hbituatsd' F-F 



Figure 21 

Familiarization X location X blocks interaction for  12 &nth= conplex. 
-(  Focused manipulation ) @ Habituated F-F 

(.1 Habituated F-N 

A Intemptad F-F * 

@ In tempted  F-N 



Groups X blocks Interaction. 
( Focused manlpula%lon ) 0 &month. 

, a 12 months slmple 

I A 12 months complex 

BLOCKS 



were d u e  t o  the 12-month-old s i r s p l e  s t i m u l u s  i n f a n t s  s p e n d i n q  a 
J 

h i q h e r  p r o p o r t i o n  of t h e i r  tilre with n o v e l  tops than  -either t h e  - 
8-month-old or  t h e  12-honth-old  complex s t i m u l u s  q r o n p s .  

The absolute a n a l y s i s  of p r e f e r e n c e s  over b l o c k s  showed 

that i n  q e n e r a l  habituated q r o u p s  i n  b o t h  l o c a t i o n  c o n d i t i o n s  

preferred t o y s  i n  t h e  n o v e l  array t h r o u q h o u t  most of t h e  t r i a l  

( T a b l e  8), C o l l a p s i n q  over l o c a t i o n  c o n d i t 2 o n s  p r o d u c e d  novelty - 
p r e f e r e n c e s  f o r  a l l  h a b i t u a t e d  qroups a t  e a c h  b l o c k  w i t h  t h e  

e x c e p t i o n  of block 5 f o r  t h e  12-month-old c o m p l e x  s t i m u l u s  q r o u p  

(Table 9 ) .  F o r  i n t e r r u p t e d  i n f a n t s .  however ,  p r e f e r e n c e s  

d i f f e r e d  a s  a f u n c t i o n  o f  which  q r o u p s  X l o c a t i o n  s u b q r o u p  they 

b e l o n q e d  to,' Interrupted 0 - m o n t ~ l d  a n d  12-rnonth-old c o m p l e x  

s t i m o 2 u s  q r o u p s  tended t o  p r e f e r  famil iar  t s y s  t h r o u q h o u t  t h e  

t r i a l  when t h o s e  toys remained i n  t h e  -familiar l o c a t i o n .  When 

Y the f ami l i a r  toys were i n  the nove l o c a t i o n ,  the 12-month-old 
/ 

complex s t i m u l u s  infants s h o v e d  a n  i n i t i a l  preference f o r  n ~ v e l ~ ~ ~  
,/9 

toG a t  b l o c k  1 f o l l o w e d  by a p r e f e r e n c e  fo r  fami l ia r  t o g s  b y  

block 3 which  c o n t i n u e d  t h r o u q h  b l o c k  5. Thus,  t h e i r  i n i t i a l  

r e t u r p  t o  t h e  familiar location (which  i n  t h i s  c o n d i t i o n  

c o n t a i i e d  novel toys) p r e c l u d e d  \an o v e r a l l  p r e f e r e n c e  f o r  
i 

f a m i l i a r  t o y s  u n t i l  b l o c k  3 ( ~ a b l k  9 ) .  A s imilar ,  less d r a m a t i c  
i. 

s h i f t  f rom n o v e l  to".familiar t o y s  b y  the 8-month-olds r e s u l ' t e d  
.-. 

i E t h e i r  never showinq  a s t a t i s t i c a l  preference f o r  either a r r a y  
4 

of t o y s ,  a l t h o u q h  a s  a whole  the i n t e r r u p t e d  8-month-olds  also 

p r e f e r r e d  t h e  familiar t o y s  by block 3 ( T a b l e  9). I n  c o n t r a s t  t o  
>' 



t h e  complex s t i m o l u ~  groups, t h e  interrupted 12-moqth-old s i s p l e  
C 1 

s t i m u l u s  groups shored no preference for either akray Until 

block  5 when those i n f a n t s  i n  t h e  familiar t o y - f a r i l i a r  location 

condition p r e f e r r e d  t h e  novel toys ( T a b l e  8 )  a s  d i d  t h e  qroup as  

a w h o l e  (Table 9 ) .  



U i t h  r e l a t i v e 1  y few g u a 1 i " f i c a t i o n s  t h e  two p u r p o s e s  of t e 
study were let. F i r s t ,  Hunter, Ross  and  Amest ( i n  press) f i nd . inq  

0 

of a f ami l i a r i t y  p r e f e r e n c e  i n  i n f a n t s  o l d e r  t h a n  2 m o n t h s  was 

.reaffirmed, Second, taken t o q e t h e r ,  t h e  r e s u l t s  of t h i s  s t u d y  

s u p p o r t  t h e  h y p o t h e s i s  t h a t  the d i r e c t i o n  of e x p l o r a t o r y  

preference is j o i n t l y  de t e rmined  by amount  of p r e v i o u s  

faaif iarizri t isn,  a g e - r e l a t e d  s t i&a3as  c o r p l e x i t y  and r e s p o n s e  
4 - 

t y p e ,  Several specific p r e d i c t i o n s  derived f r o a  t h i s  h y p o t h e s i s  

were o u t l i n e d  a t  t h e  end of C h a p t e r  1. T h e  d i s c u s s i o n  s e c t i o n  

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

s i q n i f i c a n c e .  
f 

.." I n  q e n e r a l ,  i n f a n t s  t o o k  l o n q e r  t o  h a b i t u a t e  to  and engaqed 

i n  more f o c u s e d  m a n i p u l a t i o n  lith a complex s t i a u j l u s  t h a n  w i t h  a 

s i m p l e  stimulus. A s  infants who had  h a b i t u a t e d  t o  a s impqe  

s t i n t l u s  tended t o  show t h e i r  peak r e s p o n s e  e a r l y  i n  t h e  

f a m i l i a r i z a t i o n  t r i a l ,  whereas t h e  peak response of i n f a n t s  who 
! 

had h a b i t u a t e d  t o  a b o a p l e x  s t i m u l u s  o c c u r r e d  on a v e r a q e  much 

later, the d a t a  were c o n s o n a n t  wi th  a n  i n v e r t e d - 0  f u n c t i o n  
4 

re lat inq e x p l o r a t i o n ' a n d  i n t e r s t i m u l u s  n o v e l t y ,  a f u n c t i o n  t h ' a t  
! 

was dependpnt upon s t i s u l u s  c o m p l e x i t y ,  

The h a b i t u a t i o n  da t a  for t h e  8-month-olds c o n t r a s t e d  w i t h  - 



t h o s e  for t h e  12-month-olds who had been h a b i t u a t e d  w i t h  a same 

sized a r r a y  a n c u e r e  c o m p a r a b l e L  t o  t h o s e  f o u n d  f o r  12-month-dlds  

' who h a d  been h a b i t u a t e d  w i t h  a dore c o m p l e x  array. Had o n l y  t h e  

8 - a o n t h - o l d  and  12- month-old s i m p l e  s t i m u l u s  g r o u p s  b e e n ,  

i n c l u d e d  i n  the s t u d y ,  the r e s u l t s  could h a v e  b e e n  i n t e r p r e t e d  

m e r e l y  as a n  aqe d i f f e r e n c e  i n  t h e  rate of h a b i t u a t i o n ,  < w i t h  

y o o n q e r  i n f a h t s  t a k i n q  lonqer t o  h a b i t u a t e  t h a n  o l d e r  i n f a n t s  

- >+-* (cf. W@therford a n d  Cohen, 1973).  S i m i l a r l y ,  h a d  the study 

i n c l u d e d  o n l y  t h e  12-month-old s i m p l e  s t i m u l u s  and 12-non th -o ld  

colaplex s t i m u l u s  qzoups the r e s u l t s  wou.ld have suqqested o n l y  

< h a t  h a b i t u a t i o n  v a r i e s  with t h e  complexity of t h e  s t i m u l u s  (cf. 

Caron  and Caron., 1969; Cohen, D e l o a c h e  a n d  B i s s n a n ,  1975). By 

i n c l u d i n q  all three g r o u p s ,  t h e  p r e s e n t  r e s u l t s  offer evidence - 
t h a t  these i n t e r p r e t a t i o n s ,  while true in a r e s t r i c t e d  s e n 2 e ,  

p r o v i d e  o n l y  p a r t i a l  u n d e r s t a n d i n q  of the r e l a t i o n  b e t  ween a q e ,  

s t i m u l u s  complexity a n d  h a b i t u a t i o n .  T h a t  is, a g e  d i f f e r e n c e s  i n  

r a t e  of h a b i t u a t i o n  are i so la ted  when s t i m u l u s  c o m p l e x i t y  i s  

h e l d  c o n s t a n t  over a g e .  As, v e l l ,  h a b i t u a t i o n  v a r i e s  a s  a 
F- ,/-- 

i, f u n c t i o n  of s t i m u l u s  c o m p l e x i t v ,  but t h i s  is revealed c l e a r l y  

only fo r  same-aqed i n f a n t s .  T'he present , r e s u l t s  encompass  a l l  

t h r e e  variables, and  are c o n s i s t e n t  with t h e  notion t h a t  r a te  of 

h a b i t u a t i o n  d o e s  v a r y  according t o  c o a p l e x i t p ,  b u t  t h a t  ,? 

c o m p l e x i t y  must be d e f i n e d  accordins t o  aqe. 

The 8-month-old and 12-month-old s i m p l e  s t i a p l u s  q r o u p s  

d i f f e r e d  a s  p r e d i c t e d  i n  h a b i t u a t i o n  rate but d i d  n o t  d i f f e r  



s i q n i f i c a n t l y  i n  t o t a l  amount  of f m u s e d  man1 p u l a t i o n ,  a l t h o u q h  

t h e  results were i n  the p r e d i c t e d  d i r e c t i o n .  The l a c k  of 

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

d i v e r s i t y  ' o f  e x p l o r a t o r y  b e h a v i o r  used by e a c h  qroup.  That is, 

as u e l l  as n s i n q  f o c u s e d  m a n i p u l a t i o n ,  the 8-month-olds  were 

p r o b a b l y  qleaning  *in•’ o r a t a t i o n  v i a  t h e  m o u t h i n g  t h a t  is ,-& - 
c h a r a c t e r i s t i c  of t h e i r  aqe a n d  which,  u n f o r t u n a t e l y ,  o n l y  t h e  

o b s e r v e r ' s  memory r a t h e r  than  data can a t t e s t  to .  Bowever ,  o t h e r  

s t u d i e s  of t h i s  age rqege h a v e  a l s o  r e p o r t e d  a larqer amount  of 
-./- * 

oral explorat ion  by younqer than by older i n f a n t s  (flcCa11, 1974 ;  

B c Q u i s t o n  a n d  IJachs, 1979) .  Thus, t h e  8-month-olds  may ' n o t  h a v e  

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

12-month-olds  s i m p l e  stimulus qronps, . b u t  t h e y  may h a v e  e x p l o r e d  

more o v e r a l l .  

Both t h e  h a b i t u a t e d  8-month-old a n d  t h e  h a b i t u a t e d  

12- month-old c o m p l e x  s t i m u l u s  q r o u p s  s u b s e q a e n  tl y s p e n t  more 

time on visual e x p l o r a t i o n  a n d  f o c u s e d  m a n i p u l a t i o n  of a  novel 
(SI- 

array t h a n  d i d  t h e i r  i n t e r r u p t e d  c o u n t e b p a r t s .  A similar 

d i f f e r e n c e  between h a b i t u a t e d  and i n t e r r u p t e d  12-month-o ld ,  

s i m p l e  s t i m u l u s  i n f a n t s  fo r  b o t h  m e a s u r e s  was n o t  a s  l a rqe  a s  

for t h e  other two q r o u p s ,  Combined, these results s u p p o r t  the 

p r e d i c t i o n  t h a t  b o t h  amount  of f a m i l i a r i z a t i o n  a n d  a q e - r e l a t e d  

c o a p l e x i t  y u n d e r l y  the r e l a t i o n  between e x p l o r a t i o n  a n d  

i n  t e r s t i l r u l u s  novelty. several other s t u d i e s  h a v e  o b s e r v e d  

differences i n  v i s u a l  n o v e l t y  r e s p o n s e  amonq qroups t h a t  h a v e  



differed w i t h  r e s p e c t  t o  amount  o f  f ami l i a r i za t ion  and t h e  

p h y s i c a l  c o m p l e x i t y  of t h e  s t i m u l u s  f a m i l i a r i z e d  (Caron' e t  a l e ,  

1977; Cornel l ,  1979; Faqan;  1974; Rose, l98U].  The present 

r e s e a r c h  expanded upon these e x p e r i m n t s  b y  p o i n t i n q  o u t  t h e  

iaportance of d e f i n i n q  complexity with r e f e r e n c e  t o  a q e ,  I n d e e d ,  

t h i s  p o i n t  might be s u f f i c i e n t  t o  e x p l a i n  a d i s c r e p i n &  t e t u e e n  

Rose's (1980)  and C o p e l l i s  (1979) s t u d i e s .  Rose (1980) f o u n d  a 

s t r  onqer novelt g re sponse i n  6-month-olds  t h a n  d i d  C o r n e l l  
7 

(1979) i n  5-month-olds  when i n f a n t s  i n  b o t h  s t u d i e s  h a d  

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

s a a e  amount  of time, The s i t u a t i o n  is  a n a l o g o u s  t o  t h e  

8-month-old i n t e r r u p t e d  and 12-month-old s i m p l e  s t i m u l u s  

i n t e r r u p t e d  q r o u p s  i n  t h e  p r e s e n t  s t u d y .  T h a t  is, a l t h o u q h  the 

c o m p l e x i t y  l e v e l  of t h e  3 - t o y - a r r a y  was p h y s i  k- a l l y  t h e  saiue f 

the t w o  q r o u p s ,  t h e  same b r i e f  amount  of f a m i l i a r i z a t i o n  

p r o d u c e d  a s t r o n q e r  n o v e l t y  response f o r  t h e  12-month-olds.  A 

more p h y s i c a l l y  complex  s t i m u l u s  (or c o m p l e t e d  h a b i t u a t i o n )  was 

r e q u i r e d  t o  p roduce  s imilar  results f o r  t h e  two a q e  q r o u p s ,  

Thus, had Rose (1380) used a more c o m p l e x  s t i m u l u s ,  . o r  C o r n e l l  

(1979) a s i m p l e r  o n e  (or a l o n q e r  f a m i l i a r i z a t i o n  time t o  the 
7 

complex s t i n u l u s )  the d i f f e r e n c e  between their a q e  q r o n p s  m a y  

not h a v e  'appeared. d 
Assuming t h a t  b o t h  amount  of f a m i l i a r i z a t i o n  a n d  

a q e - r e l a t e d  c o m p l e x i t y  d e t e r m i n e  d i f f e r e n c e s  i n  p r o p o r t i o n  o f  

time spent w i t h  n o v e l  s t i m u l i ,  whether or  n o t  those differences 



/' w i l l  l e a d  t o  o p p o s i n q  p r e f e r e n c e s .  d e p e n d s  on a t h i r d  factor: 

response type. The p r e s e n t  r e s e a r c h  i n d i c a t e s  t h a t  i t  is  

f a l l a c i o u s  t o  a t t r i b u t e  the p r o q r e s s i o n  from f a r a i l i a r i t y  ' 

p r e f e r e n c e  t o  n o v e l t y  p r e f e r e n c e  merely t o  a4e, when a ~ o u n t  of 

f a m i l i a r i z a t i o n ,  aqe-related complexity and r e s p o n s e  t y p e  a r e  

a l q o  r e l e v a n t  f a c t o ~ s .  I n  both aqe q r o u p s ,  when f o c u s e d  

m a n i p u l a t i o n  was t h e  measure of e x p l o r a t o r y  b e h a v i o r  a n d  when 
/- 

the s t i a u l u s  was c o m p l e x  r e l a t i v e  t o  t h e  infants* a q e ,  d i f f e r e n t  

a m o u n t s  of f a m i l i a r i z a t i o n  produced a familiarit y-novel  t y  

p r o q r e s s i o n ,  I n  c o n t r a s t ,  a p r o q r e s s i o n  f rce no preference 

f o l l o w i n q  i n t e r r u p t i o n  t o  a  n o v e l t y  p r e f e r e n c e  f o l l o w i n q  

h a b i t u a t i o n  was t h e  g e n e r a l  r e s u l t  when v i s i o n  a l o n e  was t h e  

m e a s u r e  of e x p l o r a t i o n ,  As t h e  r e s u l t s  were t h e  same f o r  

8-month-olds a n d  12-month-olds ,  t h e r e  is  n o  e v i d e n c e  here t o  

s u p p o r t  t h e  idea that a qeneral attraction f o r  what is f a m i l i a r  

u r s  at an ear ly  aqe and is  f o l l o w e d  b y  a g e n e r a l  preference 
O T b  
fo r  what  is  nove l .  Rather, the p r o q r e s s i o n  from f a m i l i a r i t y  

p r e f e r e n c e  t o  n o v e l t y  p r e f e r e n c e  i s  present a t  a l l  ages and 

represents a p r o c e s s  o c c u r r i n q  r e p e a t e d l y  a s  new s t iml i  are 

e n c o u n t e r e d ,  ghat  d o  chanqe developmentally a r e  the effective 

c o m p l e x i t y  of the s t i m u l i ,  t h e  amount  of f a m i l i a r i z a t i o n  a n d  t h e  

form of r e s p o n s e  n e c e s s a r y  t o  e l i c i t  t h e .  p r o q r e s s i o n .  

These f i n d i n q s  b o t h  suppport a n d  expand upon previous 

research. The v i s i o n  alone preferences carroborate t h o s e  

reported b y  C o r n e l l  ( 1  9791, Paqan (1974) a n d  Rose ( I  980) . The 



fucused m a n i p u l a t i o n  d a t a  reaffirm Hunter e t  al's { i n  p r e s s )  

results a n d  extend them b y  i n c l u d i n g  a n o t h e r  age q r o u p  and by 

m a n i p u l a t i n g  c o m p l e x i t y ,  F i n a l l y ,  t h e  d i r e c t  comparison of the 
9 

two e x p l o r a t i o n  r e s p o n s e  t y p e s  m a y  help a l l e v i a t e  many of t h e  

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

A d i s c r e p a n c y  b e t w e e n  the present s t u d y  and t h e  e a r l i e r  

work on visual e x p l o r a t i o n  c o n c e r n s  t h e  amount  of 

f a m i l i a r i d a t i o n  necessary td p r o d u c e  2 v i s n a l  novelty 

p r e f e r e n c e ,  Using 5- t o  6 -non th -o ld  infants a n d  2 - d i m e n s i o n a l  

s i t m u l i  v a r y i n q  i n  complexity, previous research has found 

v i s u a l  n o v e l t y  preferences f o l l o w i n q  f a n i l i a r i z a t i o n  times 

ranqinq f ton 5 s e c o n d s  for' simple stimuli t o  30 s e c o n d s  for more 

complex  stimuli ( C o r n e l l ,  1973; Paqan, 1974; Rose; 1 9 8 0 ) .  The 

i n t e r r u p t e d  i n f a n t s  in the ~ r e s $ h  study d,id n o t  s h o w  a novelty 
\ 

preference f o l l o w i n q  a n  averaqe o f  10 2. 6 seConds  of 
* 

f a m i l i a r i z a t i o n ,  Two m e t h o d o l o q i c a l  differences may h a v e  
* 

c o n t r i b u t e d  t o  t h i s  difference, F i r s t ,  the a r r a y s  of t o y s  .. used 

i n  the p r e s e n t  s t u d y  may h a v e  been more complex  t h a n  t h e  

2 - d i m e n s i o n a l  q e o m e t r i c  forms and pictures u s e d  i n  t h e  ea r l ie r  

w o r k ,  C e r t a i n 1  y ,  3 - d i m e n s i o n a l  objects c o n t a i n  more of the 

p a l p a b l e  features s u q q e s t e d  t o  a t  t r a c t  i n f a n t s 1  a t t e n t i o n  than 

do 2- dimensional stimuli. Second ,  the p r e v i o u s  re Gearch  

i n v e s  t i q a t e d  v i s - u a l  preferences f o l l o w i n q  v i s u a l  f a ~ m i l i a r i z a t i o n  

whereas ia t h e  present s t u d y  t e s t i n q  for v i s u a l  preferences was 

p r e c e d e d  bp f a m i l i a r i z a t i o n  i n v o l v i n q  b o t h  v i s i o n  and 



.s 

m a n i p u l a t i o n .  As other r e s e a r c h  u s i n g  both k i n d s  of 

f a m i l i a r i z a t i o n  p r o c e d u r e s  has f o u n d  greater v i s u a l  novelty 
C 

\. 

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

v i s u a l - m a n i p u l a t o r y  f a m i l i a r i z a t i o n  { G o t t f r i e d ,  Rose and 

Bridqer, 1978)  , f a r a i l i a r i z a t i o n  procedure may h a v e  been the 

reason for  differences between t h i s  and earlier s t u d i e s .  

Gottfr ied et a l e  ( 1  978)  e x p l a i n e d  their r e s u l t s  b y  s u g q e s t i n q  

t h a t  mani p u j a t i o n  i n t e r f e r e s  with visual memory a n d  t h e r e f o r e  

w i t h  v i s u a l  r e c o g n i t i o n  (as measured b y  a s i g n i f i c a n t  novelty 

p r e f e r e n c e ) ,  Hovever ,  Ruff  ( I  9 8 0 )  h a s  suqgested, and I agree, 

t h a t  m a n i p u l a t i o n  may enhance o b j - e c t  r e c o g n i t i o n  b y  p r o v i d i n q  

more information about t h e  ob jec t  s structure, Recoqni t ion  may 

take l o n q e r  b e c a u s e  a t t e n t i i o n  may be focused o n  s u c h  p r o p e r t i e s  

a s  smoothness a n d  t e x t u r e  Ltther t h a n  on 2 - d i a e n s i o n a l  f eatores 

such a s  color.  P e r h a p s  had ~ot t ' f r i ed  et al. (1 378) a l l o w e d  more 

time, n o v e l t y  p r e f e r e n c e s  would h a v e  accrued f o l l o u i n q  

v i s u a l - m a n i p u l a t o r y  f a m i l i a r i z a t i o n  a s  w e l l .  T h u s ,  t h e  

i n t e r r u p t e d  i n f a n t s  i n  t h e  p r e s e n t  s t u d y  nay n o t  h a v e  shown a 

v i s u a l  preference e v e n  f o l l o w i n q  c o m p a r a t i v e l y  l o n q  

f a m i l i a r i z a t i o n  b e c a u s e  their a t t e n t i o n  was d i s t r i b u t e d  t o  more 

and  p r o b a b l y  different s t i m u l u s  c h a r a c t e r i s t i c s  t h a n  is  t h e  

a t t e n t i o n  o f  i n f a n t s  #bo are f a m i l i a r i z e d  s t r i c t l y  via the 

v i s u a l  mode. 

The  results of t h i s  s t u d y  are b e s t  i n t e r p r e t e d  i n  teras of 

B e r l v n e ' s  ( 1 9 6 0 ,  1970) o p t i m a l  l e v e l  theory of e s p l o r a t i u n .  



A c c o r d i n g  t o  t h i s  theory t h e  amount  of e x ' p l o r a t i o n  e l i c i t e d  b y  a 
4 

s t i m u i u s  is j o i n t l y  determined by the amount  of i n f o ~ t a t i o n  i n  

that stiaulus and the i n f o r m a t i o n  p r o c e s s i n q  a b i l i t i e s  of t h e  

e x p l o r e r ,  I f  t h e  s t i m u l u s  i s  complex r e l a t i v e  t o  the e x p l o r e r ,  

e x p l o r a t i o n  is p r e d i c t e d  t o  follow an i n v e r t e d - U  c o u r s e  with 

f a m i l i a r i z a t i o n  due to the a n t a q o n i s t i c  f ac to rs ,  

p o s i t i v e - h a b i t  u a t i o n  a n d  t ed ium.  E x p l o r a t i o n  w i l l  a t  first 

i n c r e a s e  a s  a f u n c t i o n  of  i n c r e a s e d  attraction f o r  an o b j e c t  

t h a t  is becorninq a s s i n i l i a t e d  ( p o s i t i  v e - h a b i t u a t i o n )  . Once t h i s  

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

d e c r e a s e  i n  e x p l o r a t i o n  d u e  t o  the r e p e t i t i o n  of i n f o r m a t i o n  

that h a s  a l r e a d y  been l e a r n e d  ( t e d i n m )  . A n o v e l  s t  e u l u s  
.,-- \ 

i n t r o d u c e d  after e x p l o r a t i o n  has d e c r e a s e d  "ill be' p r e f e r r e d ,  

w h e r e a s  a famil iar  s t i $ u l u s  w i l l  b e  p r e f e r r e d  i f  t h e  n o v e l  

s t i m u l u s  is  i n t r o d u c e d  when e x p l o r a t i o n  i s  stil l  i a c r e a s i n s  or 
a 

a t  a h i q h  level, E x p l o r a t i o n  o f  a stimulus t h a t  is s i m p l e  

relative t o  t h e  capaci t ies  of the e x p l o r e r  w i l l  saccnmb t o  the 
1 

tedium factor  r e l a t i v e l y  q u i c k l y  and thereby follow a 

m o n o t o n i c a l l y  decreasinq c o u r s e  w i t h  f a a i l i a r i z a  tion. S i n c e  

e x p l o r a t i o n  of a r e l a t i v e l y  s i m p l e  s t i a a l u s  is  a l w a y s  d e c r e a s i n q  

o v e r  t i m e ,  a n o v e l  s t i m u l u s  i n t r o d u c e d  a t  any p o i n t  d u r i n q  

f ami l i as iza t ion  r i l l  r e c e i v e  a q r e a t e r  p r o p o r t i o n  of t o t a l  

e x p l o r a t i o n .  

The i s s u e  of r e s p o n s e  type as a d e t e r m i n a n t  of e x p l o r a t o r y  

2 b e h a v i o r  h a s  n o t  been addressed b y  Berlyae's or  a n y  o t h e r  



opt iaal  l e v e l  theory. The present s t i d y  s u q q e s t s  t h a t  Ps 
fac to r  need  be e x p l i c i t l y  i n c o r p o r a t e d  i n t o  any f o r m  aa 
a t t e a p t i n q  t o  d e s c r i b e  exploratory b e h a v i o r  o v e r  aqe. T h a t  is, 

i t  a p p e a r s  t h a t  w i t h  age i n c r e a s i n q l y  c o m p l e x  f o r m s  of 

e x p l o r a t o r y  b e h a v i o r  are u s e d  t o  seek o u t  and l e a r n  a b o u t  

i n c r e a s i n q l y  complex s t i m u l i .  

The  results with respect t o  the effect of 

o b j e c t  e x p l o r a t i ~ n  rep l ica te  those r e p o r t e d  b y  H u n t e r  et a l .  ( i n  

press) and seem t o  show t h a t  t h e  t e n d e n c y  t o  r e t u r n  t o  a 

f a ~ i l i a r  locat  i o n  when f a c e d  w i t h  i n s u f f i c i e n t  i n  f o r m a t i o n  a b o u t  

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

8 months of aqe.  his result is  n o t  i n  a g r e e a e n t  with a 

r e p r e s e n t a t i o n - b y - a c t i o n  view of o b j e c t  r e c o q n i t i o n  4e.q.. 

P i a q e t ,  1954) .  By ' cha t  a c c o u n t  8 -mon th -o lds  who h a d  b e e n  

i n t e r r u p t e d  s h o u l d  h a v e  b e e n  just a s  likely i f  n o t  more so t o  

u s e  t 

a r r a y  

he c o r p l e t e d  a c t i o n  of h a  vinq p r e v i o u s l y  f o u n d -  t h e  famil' 

a s  as s u b s e q u e n t  r e c o q n i t i o n  c u e .  

An a l t e r n a t i v e  a p p r o a c h ,  G i b s o n ' s  (1969) p e r c p e t u a l  

l e a r n i n q  t h e o r y ,  seers more p l a u s i b l e ,  A c c o r d i n q  t o  t h i s  v i ew,  

mere exposure  t o  a n  object l e a d s  t o  learninq a b o u t  t h e  
I 

p r o p e r t i e s  of t h e  object  {e.q., d i s t i n c t i v e  f e a t u r e s ,  s t r u c t u r a l  

i n v a r i a n t s )  t h r o u q h  t h e  p r o c e s s  o f  d i f f e r e n t i a t i o n .  P e r c e p t u a l  

l e a r n i n q  throuqh d i f f e r e n t i a t i o n  r e q u i r e s  n o  e x t e r n a l  guidance  

or r e i n f o r c e m e n t ;  r a t h e r ,  it i s  seen t o  be related. s i m p 1  p t o  

amount of e x p o s u r e  and t o  t h e  number of f e a t u r e s  o r  i n v a r i a n t s  



t o  be d i f f e r e n t i a t e d .  Further, d i f f e r e n t i a t i o n  i s  s n q q e s t e d  t o  

- becone more efficient, a n d  therefore p e r c e p t u a l  l e a r n i n q  more 

r a p i d ,  w i t h  age .  I n  t h e  present e x p e r i m e n t ,  a l l  t h r e e  q r o u p s  of 

i n f a n t s ,  when qiven e n o u q h  t i n e  t o  f u l l y  e x p l o r e  the f e a t u r e s  of 

the f a n i l i a r  a r r a y ,  were s u b s e q u e n t l y  able t o  d i s t i n q u i s h  a n d  

a c c u r a t e l y  f i n d  a novel array. When less tiae was q i v e n ,  the 

i n t e r r u p t e d  12-mont h -o ld '  c o m p l e x  stimulus i n f a n t s  had  a p p a r e n t l y  

been able  t o  e x t r a c t  a t  l e a s t  one f e a t u r e  of t h e  famil iar  array, 

Le,, its l o c a t i o n ,  a n d  used t h a t  f e a t u r e  t o  form a loq ica l  

search strateq y for f i n d i n q '  the fihatiliar t o y s  (their overall . 

p r e f e r e n c e  fo r  t h e  familiar  array s u q q e s t s  that it v a s  the qaal 

of t h e i r  s e a r c h ) ,  The i n t e r r u p t e d  8-month-olds  were a l so  s e e k i n q  

t h e  f a n i l i a r  toys, b u t  rere less l i k e l y  t o  r e l y  o n  l o c a t i o n  a s  a  

cue f o r  f i n d i n q  them. It is n o t  c e r t a i n  from $he p r e s e n t  d a t a ,  

however,  t h a t  the 8-month-o lds  were less able t o  e x t r a c t  
L 

l o c a t i o n  a s  a f e a t u r e  of t h e  a r r a y ;  i n s t e a d ,  t h e y  may h a v e  been 

less a b l e  t o  u s e  t h a t  feature to p r o v i d e  a search s t r a t e q y .  

T h e i r  a b i l i t y  t o  f i n d  t h e  f a m i l i a r  a r r ay  when it was i n  the 

f a m i l i a r  l p c a t i a n  s u q q e s t s  t h a t  they were aware o f  location a s  a 

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

n s i n q  i t  i n  o r d e r  t o  find t h e  familiar t oys .  Aowever,when the 

f a m i l i a i  toyh'rece sored to  t h e  n o v e l  l o c a t i o n  the 8-month-olds  

\ initial c h o i c e s  were e s s e n t i a l l y  random. A p p a r e n t l y ,  when f a c e d  
\ 

with such aab ign i ty , ._ fde  8-month-olds  were lew a b l e  t o  use - 
"A 

l o c a t i o n  t o  form a search s t ra teqy a n d  i n s t e a d  k l i e d  on  a t r i a l  



a n d  error s t r a t e q y  of g u e s s i n q  first a n d  a d j u s t i n q  l a t e r ,  

QL ~ a r a d o r i c a l l ~ ,  i n  this experiment, t h e  leis advanced strategy 

r e s u l t e d  i n  more s u c c e s s .  Uhen t h e  famil iar  t o y s  had been moved 

t o  t h e  novel l o c a t i o n ,  t r i a l  and error s e a r c h  l e a d  t o  the 
z. 

i n t e r r u p t e d  8-month-oTds f i n d i n q  t h e  f a m i l i a r  a r r a y  50 p e r c e n t  

of t h e  t i ee .  On t h e  other hand ,  t h e  u s e  of a l o q i c a l  search 

strateqy b a s e d  on location l e d  t & ~ i 2 - m o n t h - o l d s  i n  t h e  f a m i l i a r  

tops - familiar l o c a t i o n  c o n d i t i o n  t o  q r e a t e r  initial c o n t a c t  

v e l  toys, T h u s ,  the s e a r c h  s t r a t e q y  u s e d  b y  t h e  

8-month-olds  may have r e s u l t e d  i n  i n f l a t e d  scores f o r  t h e i r  
.* 

i n i t i a l  c o n t a c t  of f a m i l i a r  t o y s ,  

As was the case for t h e  i n t e r r u p t e d  8-month-olds ,  t h e  

i n t e r r u p t e d  12-mont h-old  s i m p l e  s t i m u l u s  infants were less prone 

-to u s e  l o c a t i o n  a s  a c u e  f o r  d i s t i n q u i s h i n q  between arrays than 

d i d  t h e  i n t e r r u p t e d  12-aont h-old c o m p l e x  s t i a u l u s  infants. The 

s u q q e s t i c m  that t h e  12-month-old s i m p l e  s t i n u l u s  qroup was 

i n f e r i o r  t o  t h e  12-month-old complex s t i m u l u s  g r o u p  in their 

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

strateqies would be opposite t o  the p r e d i c t b o n  of 

d i f f e r e n t i a  t i o n  t h e o f  y a s  well a s  c o u n t e r - i n t u i  tive since a 

3-toy a r r a y  s h o u l d  have been more f u l l y  d i f f e r e n t i a t e d  t h a n  a 

S - t o y  a r r a y  in t h e  same p e r i o d  of time, A better e x p l a n a t i o n  

m i q b t  be t h a t  i n f a n t s  i n  the 1 2 - r o n t h - o l d  s i m p l e  s t i m u l u s  q r o u p  

n o t  only had d i f f e r e n t i a t e d  l o c a t i o n  as a feature df the 

familiar array b u t ,  b e c a u s e  the array was simpler,-had been able 



t o  d i f f e r e n t i a t e  o t h e r  d i s t i n c t i v e  features a s  well, Thus, t h e y  

aap have been perfectly a b l e  t o  d i s t i n q u i s h  and f i n d  the a r r a y  

t h e y  wished t o  e x p l o r e  and t h e i r  i n i t i a l  c h o i c e  data merely 

r e f l e c t e d  v a r i a t i o n  w i t h i n  t h e  'qroup a s  t o  which a r r a y  was b e i n q  

s o u q h t .  The overall lack of p r e f e r e n c e  f o r  e i t h e r  t h e  f a m i l i a r  

o r  the n o v e l  array suqqests t h a t  this may b e  true .  

T h e  e x p l a n a t i o n  p r e s e n t e d  above  is only t e n t a t i v e .  However, 

r e q a r d l e s s  of how the l o c a t i o n  r e s u l t s  a r e  e x p l a i n e d ,  t h e y  h e l p  

p r o v i d e  some of the most c o m p e l l i n q  e v i d e n c e  t h a t  infants _are 

m o t i v a t e d  t o  complete unfinished e x p l o r a t i o n  before h o v i n q  o n  t o  

e x p l o r e  new stimuli. T h a t  is,  w h a t e v e r  t h e  r e a s o n  why some 

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

an'd c o n t a c t e d  t h e  n o v e l  t o y s ,  t h e r e  is n o  o b v i o u s  r e a s o n  f o r  
$ 

t h e n  t o  h a v e  l e f t  those toys other t h a n  t o  resume e x p l o r a t i o n  o f  

t h e  f a m i l i a r  a r ray .  

T h e  research p r e s e n t e d  i n  t h i s  thesis h a s  d e m o n s t r a t e d  

t h a t  infants d o  n o t 4  a l w a y s  prefer famil iar  s t i m u l i  at o n e  aqe 

and  n o v e l  s t i m u l i  at a l a t e r  aq?, but t h a t  u n d e r  some 

c i r c u i a s t a n c e s  t h e y  u i l l  show a p r o q r e s s i o n  f tom f a ~ i l i a r i t y  

preference t o  n o v e l t y  p r e f e r e n c e  a t  any aqe, T h i s  f i n d i n q  I 

s u q q e s t s  that infants explore i n  a n  o r d e r l y  manner w i t h  t h e  

purpoge of learning about t h e  objects in t h e i r  e n v i r o n m e n t .  They 

d o  n o t  h a p h a z a r d l y  look a t  a n d  ' m a n i p u l a t e  objects b u t  d o  so 



s u c c e s s i v e l y  as the properties of each become assirri lated.  If 

t h i s  process  is i n t e r r u p t e d  t h e y  w i l l  r&nm to resume 

exploration and conplete learning before aovinq on to ne r 

t h i n q s .  



l~his  discussion i s  based  bn and much of i t  i s  the same a s  
that which appears in a similar section of my I. A .  t h e s i s  
(Ranter, 1978) . 

LThe in t rans format ion  i n  effect transformed the d a t a  from 
an in terra1 s c a l e  t o  a ratio scale of measurement u h i c h .  was 
p r e s e r v e d  by the retransformed s tandard  d e v i a t i o n s .  Since ra t io  
scales are m u l t i p l i c a t i v e  r a t h e r  than a d d i t i v e  * S.D. b e c o n e s  
~ ( s . D . ) *  1. Notice also; t h a t  the retransformed means also hare 

. r a t i o  scale proper t i -  such t h a t  a retransformed nean o f  ralu-e 
150 s e c o n d s  would b e  i n t e r p r e t e d  n o t  merely as  100 s e c o n d s  

n a retransformed mean equal 50 s e c o n g . b u t  as three 
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Invest iqators  have t y p i c a l l y  used either c o r r e l a t i o n  

coe U i c i e n t s  or ave'raqe percent aqree.men t i n d i c e s  (but  n o t  both)  

i n  order to determine t h e  e x t e c t  t o  which the r e s u l t s  of t h e i r  

studies are reliable, Consider the 2 X 2 t ab l e  p r e s e n t e d  be low.  

I t  r e p r e s e n t s  a matrix of jodqements o b t a i n e d  from two > 
independent observers o n  a sinqle subject. 

3 

OBSERVER 2 

B e h a v i o r  N o  B e h a v i o r  . 
,- 

0 

B e h a v i o r  a b e 
Ii 

OBSERVER I 

The c o r r e l a t i o n  t e c h n i q u e  i n v o l v e s  u s i n q  q u a n t i t i e s  e and'q for *'-.. . 
each subject t o  c o m p u t e  a P e a r s o n  p r o d u c t  moment c o r r e l a t i o n  

c o e f f i c i e n t .  A v e r w e  p e r c e n t  aqreement i s  d e r i v e d  by  c o a p u t i n q  

(a+d)  / fa+b+c+b) and averaqinq o v e r  subjects. 
--? 

T w o  criticisms can be  made Concern ing  t h e  use of these 4v,-=-- 

' i n d i c e s .  F i r s t ,  a l t  hooqh t h e +  are often used  i n t e r c h a n g e a b l y  
*% R 

(and i n t e r p r e t e d  in the same way) they can be  s h a m  to  p r o v i d e  

different hinds of i n f o r m a t i o n  t~ t h e  extent t h a t  o n e  index 

might show a r e s u l t  t h a t  c o n t r a d i c t s  t h e  o t h e r .  S e c o n d ,  aoeraqe n 



percent aqreement can be showh, a t  b e s f ,  t o  be o n l y  a p r i a i t i v e  

approach to d e t e r n i n i n q  r e l i a b i l i t y .  

The f i r s t  p o i n t  can be e a s i l y  d e n a n s t r a t e d .  I n  t h e  t a b l e .  

p r e s e n t e d  below, p e r c e n t  a q r e e m e n t  is equal t o  0,0 while t h e  

aaount of ' behavior r e p o r t e d  by e a c h  o b s e r v e r  i s  identical. Such 

a pattern would b e  implied b y  two observers l o o k i n q  a t  two 
-. 

u n r e l a t e d  phenomena that o c c u r  a t  t h e  sane base ra te ,  I f  t h i s  
\ 

pattern was c o n s i s t e n t  o v e r  subjects t h e  P e a r s o n  corre la t ion 

coefficient would s u g g e s t  hiqh seliability even t h o u g h  percent 
* 

a q r e e m e n t  i s  low, 

;? OBSERVER 2 
f 

B e h a v i o r  No B e h a v i o r  - 

O B S E R V E R  1 "> 

No B e h a v i o r  .' 50 0 50 

C 
 his s i t u a t i o n  points up t h e  differential i n f o r m a t i o n  

two measures. On the one hand,  the correlaxion 
< 

the e x t e n t  t o  w h i c h - t h e r e  i s  a n  

a s s m i a t i o n  between t h e  reans of two observers r e g a r d l e s s  of the - L 

associa tion be tween  o b s e r v e r s  w i t h i n  s u b j e c t s .  Percent 

a q r e e - n t ,  on the o t h e r  hand,  attempts t o  i n d e x  o n l y  t h e  . d e q r e e  

of o b s e r v e r  association w i t h i n  s u b j e c t s .  As shown in  t h e  a b o v e  

example, a p a r t i c u l a r  value on one measure does n o t  mean t h a t  
> 

t h e  o t h e r  w i l l  perforce e q u a l  a s i h i l a r  value. I n d e e d ,  o n l y  i f  



5 

a q t e e m e n t  i s  100 bercent can one be c e r t a i n  t h a t  t h e  c o r r e l a t i o n  

coefficient w i l l  also be h i g h  (1 ,OO) , Thus it is imperative t h a t  - 
.. 

r e l i a b i l i t y  be r e p o r t e d  both i n  terms of a between subjects 
, 

measure of [association ( c o r r e l a t i o n ) ,  and i n  te- a w i t h i n  
t - 

subjects measure of associa t i o n .  

U n f o r t u n a t e l y ,  p e r c e n t  agreement i s  r e l a t i v e l y  i n s e n s i t i v e  

for its i n t e n d e d  purpose  and aqain an e x a m p l e  will h e l p  show 
, r' 

why. Consider a s i t u a t i o n  i n  which agreement i s  reported' to ' L-4 

equal 82 percent .  $This value would bet c o n s i s t e n t  with b o w  of 

the t a b l e  presented below. 

. . - .  (a) . OBSERVER 2 . .-- 
B e h a v i o r  Ho B e h a v i o r  

B e h a v i o r  4 1 9 50 

TBVER d 

U o  Behavior 9 41 

-50 50 * 

(b) OBSERVER 2 

Behavior No B e h a v i o r  

B e h a v i o r  8 1 -  9 30 
s 

OBSERVER 1 



It requires relatively l i t t l e  i n  the vay of s o p h i s t i c a t i o n  t o  

a p p r e c i a t e  the i n a d e q u a c y  of this mastmi?+ By reportinq only a 

Binqle w r c e n t a q e  b a s e d  oh the to ta l  of t h e  n a i n  d i a g o n a l  cells 
0 

no informat&m c o n c e r n i n q  t h e  d i s t r i b u t i o n  of a q r e e m e n t  ovef 

c a t e q o r i e s  is p o s s i b l e ,  I n  t a b l e  (a) agreement i s  equal and h i q h  

b o t h  for behavior and f o r  no  b e h a v i o r .  I n  table  f b ) ,  however, , 

aqreeHent i s  h iqh  fo r  b e h a v i o r ,  b u t  l o u  for  n o  b e h a v i o r .  S i n c e  

t h e  v a l u e s  i n  t h e  a and d cel ls  could be i n t e r c h a n q e a  and  still 

show the saae p e r c e n t  ag r eemen t ,  it is p o s s i b l e  t h a t  wha t  

a p p e a r s  t o  b e  h i g h  reliability nay m e r e l y  reflect the fact t h a t  

t h e  behav+or  of i n t e r e s t  is  rare a n d  t h a t  .its non -occu r r en ce  i s  

easy t o  judge.  F u r t h e r ,  as was t h e  case wi th  the example 

presented earlier, the v a l u e s  i n  table (b) would b e  i s p l i e d  b y  

. both  observers lookinq at d i f f e r e n t  u h r e l a t e d  phenomena t h a t  

f occw a t  the same base rate. However, i n  c5ontrast t o  t h e  .. - 
p r e v i o u s  example t h e  base rate is h i q h  for b o t h  p h e n o i h a  a n d  

t h e r e f o r e  the a g r e e m e n t  a p p e a r s  to be h i q h  even thouqh i t  i s  

s i m p l y  t h e  amount  of a q r e e a e n t  t h a t  would b e  e x p e c t e d  by  chance .  

A better measure of a q r e e m e n t ,  h, h a s  b e e n  p r o p o s e d  b y  
-<& 

Cohen (1960) , which is  the \ p r o p o r t i o n  o f  agreeaent a f t e r  c h a n c e  

, agreeaent h a s  been removed., Bg~pg is  computed by s u b t r a c t i n g  ' 

,froa the p r o p o r t i o n  of j udqemen t s  i n  which the o b s e r v e r s  a q r e e d  

(the saa of the main  d i a g o n a l )  t h e  p r o p o r t i o n  of aqreeaents t o  

&-expected by-chance fthe surr -of tlie p t o d t t c t s  qf tle main 

diaqonal m a r g i n a l  p r o p o r t i o n s )  and  d iv i ' d i ng  'this q u a n t i t y  b 



minus t h e  p r o p o r t i o n  t o  be  expected b y  chance.  F o  e x a m p l e s  

presented  a b o v e ,  irgnpp would b e  d e r i v e d  a s  f b  

EXABPLE 3 .  . 
-\ 

daA 

proportion of o b s e r v e d  aqreement = 0 . 0  + 0-0 = 0 .0  

p r o p o r t i o n  expected by chance = 0 .25  + 0 ,25  = 0 , 5 0  

k = 0.0 - 0 .50  

EXELBPLE 2a. 

propor t ion  of observed aqzeement = 0,111 + 0.41 = 0 .82  

proportion e x p e c t e d  by chance = 0 ,25  + 0 . 2 5  = 0 .50  

= 0 , 6 4  

EXAMPLE 2b. 

p r o p o r t i o n  of observed aqreement = 0 .81  + 0 . 0  1 = 0 . 8 2  

proportion e x p e c t e d  by chance = 0 .81  + 0 .01  = 0 . 8 2  

k = 0 . 8 2  - 0 . 8 2  

t 

= 0 .0  

With k = -t.OO, we see that there is qreater disaqreement 

t h a n  would b e  expected by chance,  Examples 2a and 213 a r e  more 
6 

in t e r e s t i n q  because r e l i a b i l i t y  a s  measured by p e r c e n t  agreement - 
- 

was eguai for both. &E~Q s u q q e s t s  that a t t r i b u t i b q  e q u a l  

reliability is f a l l a c i o u s .  I n  one  case (2a) 64 p e r c e n t  of t h e  



-'\ j o i n t  judqements ,  are a q r e e m e n t s  (with c h a n c e  e x c l u ' d e d ) .  I n  t h e  

o t h e r  12b) , however ,  t h e  joint judqeeren t s  "are precisely the 

number that would be e x p e c t e d  by  chance .  

In sun, i t  has been a r g u e d  t h a t  n e a s u r e s  b o t h  crf between 

- s u b l e c t  r e l i a b i l i t y  and. within subject r e l i a b i l i t y  are i m p o r t a n t  

when reporting b e h a v i o r a l  r e s e a r c h .  In t h e  p r e s e n t  s t u d y ,  o 
0 P" 

o b s e r v e r s  made j u d g e m e n t s  c o n c e r n i n g  f i r s t - l o c a t i o n - e n t e r e d ,  

particular; toy beinq t o u c b e d  and focused manipulation f o r  5 2  e 

* 

i n f a n t s  [ t h i r t e e n  8 -aont h-olds ,  sixteen 1 2 - ~ o n t h -  o l d s  s i m p l e  

s t i m u l u s  and twenty-three 12-month-olds conpf e x  s t i m u l u s ) .  

V i s u a l  e x p l o r a t i o n  w i t h o u t  c o n c u r r e n t  m a n i p u l a t i o n  d urinq the 

. f i r s t  20  s e c o n d s  of  the test t r i a l  was recorded b y  two 

i n d e p e n d e n t  o b s e r v e r s  f o r  24  i n f a n t s  ( e i q h t  i n  e a c h  q r o u p ) ,  

T h e r e  vas no  d i s a q r e e n e n t  ( a n d  t h e r e f o r e  perfect 

c o r r e l a t i o n )  bo th  for first l o c a t i o n  e n t e r e d  and for p a r t i c n a l r  

t o y  t o u c h e d ,  C o r r e l a t i o n  c o e f f i c i e n t s  and  i n d i v i d u a l  h-s were 

computed on t h e  first 20 s e c o n d s  of vision a l o n e  d u r i n q  ' t h e  test 

trial. For t h e  8-month-olds  r = -98 and t h e  mean k v a l u e  w,as ,91  

(S.D, = . l o ) .  For t h e  12-month-olds s i a p l e  s t i l a u l u s  r = .96 and 

t h e  mean k was .87 (S.D, = . 1 2 ) .  For the 12-month-olds complex  

s t i m u l u s  r = -96 a n d  t h e  mean k was , 8 9  ( S o D o  = .09). 

On f o c u s e d  manipulation, h9gp-a was coraputed for  e a c h  

infants & e a c h  q r o u p  b o t h  for  t h e  f a a i l i a r i z a t i o n  a n d  t h e  test 

trials. A s  well, p r o d u c t  moment c o r r e l a t i o n s  were d e r i v e d  for* ' -  

e a c h  q r o u p  X t r i a l  subqroop .  F o r  i l l u s t r a t i v e  p u r p o s e s  the d a t a  



and the computat ions  a re presented  below, 

Prom the resu l t s  presented  in i b i s  appendix  it is apparent 

that al l  reported f i n d i n q s  and all behaviors  on which those 

f i n d i n q s  were based were r e l i a b l e .  



Familiarization Trial 

m e a n  k = .91 
S.D. = .08 
r = *98 

Test M a 1  

O l  O2 

0 4 9  .49 

*3e .rcC 
mean k = .89 
S.D. = .11 
r = .99 



$2-month-olds simple stimulus - cont'd 
Familiarization M a 1  

16. 5 5  *56 
mean k = .90 
S . B .  = .11 
r = 098 

12-month-old complex stimulus 

S.D. 
r 

.51 . 

.60 

-9 

925 

.60 

0 3 2  

63 

*30 

59 

59 

.46 

* 43 

t .41 

.4Q 

*9 

070 

.61 

Test Mal 

O1 O2 ' 

.66 .65 

31 31 

.40 .40 

.4J+ .44 

-58 58 

443 4 3  - 
mean k = .91 



12-month-olds complex stimulus - cont'd 

Familiarization Mdl Test R.ial 

O l  O2 O1 . O2 * 
O1O2 'k 0;o2 k 

23 ,46 947 945 -94 .24 -23 923 -98 
mean k = .90 mean k = .87 
S.D. ' .og S.D. .=. .08 
r = .99 r = 999 

Notez O1 = the proportion o f  behavior reported by obsemer 1 

O2 = the proportion o f  behavior reported by observer 2 

D1S2 = the proportion o f  behavior agreed upon by both obsa; fern 
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