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A bstrac t

THE EFFECTS OF EMPIRICAL COUNTING, DEVELOPMENTAL LEVEL,

AND SET SIZE ON CHILDREN'S CONSERVATION PERFORMANCE

by

Marlene Coburn 

Advisor: P ro fesso r  Geoffrey Saxe

The purpose o f  t h i s  resea rch  was to  analyze f a c to r s  t h a t  in f luence  

c h i ld r e n 's  use o f  counting to  solve conserva tion  problems. Two s tu d ie s  

were conducted. In Study 1. two groups of nonconservers , one who demon­

s t r a t e d  th e  a b i l i t y  to  e s t a b l i s h  one-to-one correspondences to  determine 

numerical equivalence  and one who did n o t ,  were presen ted  with one of two 

s e t s  o f  fo u r  t r i a l s ,  one t h a t  co n s is ted  of a small and the  o th e r  a l a r g e r  

s e t  s iz e .  In Study 2, two groups o f  co n se rv e rs ,  one who provided more 

mature ex p lana tions  f o r  conse rva tion  judgments and one who provided le s s  

mature e x p lan a tio n s ,  were p resen ted  with one o f  two s e t s  of s ix  number 

conserva tion  t r i a l s ,  one t h a t  co n s is ted  o f  a small and the  o th e r  a l a rg e r  

s e t  s iz e .  In both s tu d ie s ,  fo llow ing s tandard  conservation  assessment 

t r i a l s ,  c h i ld re n  were asked to  count the  s e t s  and then make another 

conserva tion  judgment. For nonconservers, counting produced evidence of 

conse rva tion . For co n se rv e rs ,  counting produced evidence o f  apparent 

nonconservation , achieved by a s u r r e p t i t i o u s  a d d i t io n  o r  su b tra c t io n  of



an item during th e  s p a t i a l  tran sfo rm a tio n .

R esu lts  in d ic a te d  th a t  nonconservers who understood th e  numerical 

s ig n i f ic a n c e  o f  one-to-one  correspondence were a b le  to  make use of counting 

inform ation  to  solve conserva tion  problems invo lv ing  la r g e r  s e t  s iz e s  to  a 

g r e a te r  e x te n t  than those  who did no t understand the  numerical s ig n if ic a n ce  

o f  one-to -one  correspondence r e l a t i o n s .  In a d d i t io n ,  th e  r e s u l t s  revealed  

th a t  nonconservers who did not demonstrate th e  a b i l i t y  to  produce one-to -  

one correspondence used counting inform ation to  form conservation  judgments 

to  a g r e a te r  e x te n t  on small than on la rg e  number conserva tion  t r i a l s .  The 

two groups o f  conservers  did not d i f f e r  in t h e i r  a b i l i t y  to  recognize 

an d /o r  exp la in  th e  evidence of apparen t nonconservation . However, con­

se rv e rs  who gave l e s s  mature j u s t i f i c a t i o n s  were more ab le  to  recognize 

and /o r  exp la in  th e  apparen t nonconservation on small than on la r g e r  

number conserva tion  t r i a l s .

The r e s u l t s  a re  d iscussed  w ith  re s p e c t  to  f a c to r s  th a t  c o n s tra in  the  

ro le  o f  em pirical o p e ra t io n s ,  such a s  counting , in the  c h i l d ' s  form ation 

o f lo g ic a l  concep ts ,  such as co n se rv a tio n .  The im p lica tions  f o r  the  

p re sen t  f in d in g s  f o r  models of counting/number conservation  r e l a t io n s  

a re  a l s o  d iscussed .

1 v
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Chapter I 

INTRODUCTION

Overview

According to  P iag e tian  th eo ry , the  o r ig in s  o f  logicomathematical 

knowledge can never be found in  the  experience of th e  physical environment 

a lone . This type o f  knowledge i s  derived  from a c tio n s  performed on o b jec ts  

and no t from th e  o b je c ts  them selves. Through manipulating o b je c t s ,  the  

ind iv idua l c re a te s  r e la t io n s h ip s  t h a t  d id  no t belong to  the  o b jec ts  before  

h is  a c t io n s  upon them (P ia g e t ,  1970). In c o n t r a s t  to  P ia g e t 's  p o s i t io n ,  

th e o r ie s  having t h e i r  ro o ts  in  th e  e m p ir ic i s t  t r a d i t i o n  m aintain th a t  the  

source o f  a l l  knowledge i s  in the  environment i t s e l f  ( e . g . ,  Sk inner, 1953). 

According to  t h i s  view, knowledge re s id e s  so le ly  in  the  p ro p e r t ie s  of 

o b je c ts  them selves.

The r e la t io n s h ip  between experience and the  development o f  lo g ica l  

concepts i s  a fundamental Issue  in c o g n it iv e  development. One area  where 

t h i s  Issu e  i s  p a r t i c u l a r ly  r e le v a n t  i s  t h a t  of number development. The 

question  o f  whether c h i ld re n  can acq u ire  lo g ica l  concepts of conservation  

through th e  em pirical in form ation  they gain by counting i s  a to p ic  of 

c u r re n t  i n t e r e s t .  P iage t (1952) m ain ta ins t h a t  lo g ica l  concepts such as 

number conserva tion  a re  the  products o f  underlying thought s t ru c tu re s  and 

a re  no t derived  so le ly  from the  r e s u l t s  of em pirical s t r a t e g i e s  such as 

coun ting . In c o n t r a s t  to  P i a g e t ' s  model, some re sea rch ers  propose th a t  

counting i s  a necessary  and c r i t i c a l  co n d itio n  f o r  th e  development of
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number conserva tion  (Klahr & W allace, 1976; S ch aeffe r ,  Eggleston , & S c o t t ,  

1974). Other argue t h a t  counting p lays  a l e s s  d i r e c t  ro le  in the  form ation 

o f number conserva tion  concepts (Fuson, Secada, & H a l l ,  in p re s s ;  Saxe, 

1979a; Saxe & Cohen, Note 1 ) .  Until r e c e n t ly ,  em pirical support f o r  these  

models has been q u i te  l im i te d .  The new f in d in g s  suggest t h a t  inform ation 

gained through counting may play more of a ro le  in  c h i ld r e n 's  developing 

understanding o f  number conserva tion  than non-counting-based models claim  

( e . g . ,  P ia g e t ,  1952). A r e la te d  question  concerns th e  way in which c h i ld re n  

who a lready  have acquired  number conservation  handle counting inform ation 

t h a t  c o n t ra d ic t s  t h e i r  b e l i e f  in co n se rv a tio n .  This i s  an in te r e s t in g  

question  s ince  ch ild ren  who conserve number may d i f f e r  in  the  e x te n t  to  

which they understand conserva tion  as a lo g ic a l  n e c e s s i ty ,  and th i s  d i f f e r ­

ence may lead them to  behave d i f f e r e n t ly  when faced with counting informa­

t io n  t h a t  in d ic a te s  nonconservation . The purpose of th e  p re sen t  resea rch  

was to  in v e s t ig a te  developmental d i f fe ren c es  1n th e  way nonconservers and 

conservers  use inform ation they produce by counting s e ts  to  solve conserva­

t io n  problems and th e  way in  which the  numerical s iz e  of th e  s e ts  may 

in f lu en ce  th e se  d i f f e r e n c e s .

The fo llow ing review o f  the  l i t e r a t u r e  i s  d iv ided  in to  th re e  s e c t io n s .  

The f i r s t  sec t io n  co n ta in s  a d iscuss ion  o f P ia g e t 's  s tages  in th e  develop­

ment o f  number co n se rv a tio n ,  the  models o f  the  r e l a t i o n  between counting and 

number co n se rv a tio n ,  and a review o f th e  re c e n t  em pirical re sea rch . In the  

second s e c t io n ,  th e  conserva tion  t r a in in g  and conserva tion  e x t in c t io n  

s tu d ie s  a re  considered as evidence t h a t  the  e f f e c t  experience has on 

c h i ld r e n 's  unders tanding  o f  lo g ic a l  concepts i s  dependent upon the  c h i l d ' s
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co g n it iv e  l e v e l .  The t h i r d  s e c t io n  c o n s i s t s  of the  r a t io n a le  f o r  the  

p re sen t  re sea rch  and th e  s p e c i f i c  hypotheses t e s t e d .

P i a g e t ' s  Stages 1n th e  Development of Number

In a c l a s s i c a l  s e t  o f  s tu d ie s  on numerical c o g n i t io n ,  P iag e t  (1952) 

demonstrated t h a t  c h i l d r e n 's  understanding  o f number changed q u a l i t a t i v e ly  

with age. In th e  s tandard  conserva tion  assessment p rocedure, th e  c h i ld  i s  

p resen ted  w ith a l i n e a r  a r ra y  of o b je c ts  and i s  asked to  c o n s t ru c t  a row 

equal in  number to  th e  model a r r a y .  Three s tag es  in th e  development of 

number were observed. During th e  f i r s t  s tag e  (about 4 years  o f  a g e ) ,  

c h i ld re n  do no t p lace  one o b je c t  opposite  each o b je c t  in  th e  model a r ra y  

(one-to-one  correspondence); in s te a d ,  they p lace  o b je c ts  so t h a t  the  end 

p o in ts  o f  each a r ra y  a r e  matched but th e  a rra y s  d i f f e r  in  number. The 

c h i ld  b e l ie v es  th e  number i s  the  same i f  th e  leng th  o f  th e  rows i s  the  

same. In th e  second s ta g e ,  th e  c h i ld  produces a one-to-one correspondence 

between th e  model and th e  copy and o b ta in s  th e  c o r re c t  number. However, 

when t h i s  correspondence i s  destroyed  by e i t h e r  spreading a p a r t  the  items 

in one of the  rows o r  pushing them to g e th e r ,  th e  c h i ld  no longer judges 

t h a t  th e  two rows a re  equal in  number. In th e  f in a l  s tag e  (about 6 i to  7 

y e a rs  of a g e ) ,  the  c h i ld  both c o r r e c t ly  reproduces the  number o f  o b jec ts  

and understands t h a t  number i s  conserved, t h a t  i s ,  remains the  same 

d e sp i te  th e  s p a t i a l  tran s fo rm a tio n .

Models o f  Counting/Number Conservation R ela tions

Until r e c e n t ly ,  e x i s t in g  models of th e  fu n c tio n a l  r e la t io n s h ip  

between counting and the  development o f  number conserva tion  concepts
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could be c l a s s i f i e d  as e i t h e r  counting-based  models ( e . g . ,  Klahr &

W allace, 1976; S chaeffe r  e t  a l . ,  1974) o r non-count1ng-based models ( e . g . ,  

P ia g e t ,  1952). According to  P ia g e t 's  non-counting-based model, "concepts 

such as  number conserva tion  develop from a lo g ic a l  coord ina tion  of r e l a ­

t i o n s ,  and i t  1s t h i s  coord ina tion  which u n d e r l ie s  the  c h i ld 's  understanding 

of th e  lo g ic a l  n e ce ss i ty  o f  conserva tion  concepts . S p e c i f ic a l ly ,  . . .  in 

o rd e r  to  achieve a mature conception of number conserva tion  the  c h i ld  must 

understand t h a t  a change in  th e  s p a t i a l  ex tens ion  o f a c o l le c t io n  of e l e ­

ments i s  compensated f o r  by an e q u iv a len t  change in  element sep a ra t io n s"  

(Saxe, 1979a, p. 180). For P ia g e t ,  lo g ic a l  concepts such as number con­

s e rv a t io n  a re  th e  products of underlying c o g n i t iv e  s t ru c tu re s  and a re  not 

derived  from em pirical s t r a t e g i e s  such as counting . Whether ch ild ren  

counted th e  o b je c ts  in  th e  c o l le c t io n s  seemed to  have l i t t l e  e f f e c t  on 

t h e i r  number conserva tion  judgments. P iage t thus  concluded t h a t  counting 

i s  an ex traneous a c t i v i t y  in  th e  development o f  number conserva tion . For 

P ia g e t ,  in f a c t ,  counting can not be e f f e c t i v e  as a symbolic too l to  

r e p re se n t  number p r io r  to  the  understanding of number conserva tion .

In c o n t r a s t  to  P ia g e t 's  model, some re sea rc h e rs  claim  th a t  counting 

1s a necessary  and c r i t i c a l  cond ition  f o r  th e  development o f  number con­

s e rv a t io n  (Klahr & W allace, 1976; S chaeffe r  e t  a l . ,  1974). According to  

th e  s t ro n g e s t  form o f  t h i s  model, t h a t  proposed by Klahr and W allace, th e  

c h i ld  le a rn s  t h a t  s p a t i a l  t ransfo rm a tions  do no t change the  card inal 

number o f an a r ra y  a f t e r  rep ea ted ly  counting a r ra y s  of o b jec ts  before  

and a f t e r  sp a t ia l  rearrangem ent. Young c h i ld re n ,  who f req u e n t ly  e r r  

in t h e i r  coun ting , b e l ie v e  th a t  th e  number o f  items 1n an a r ra y  v a r ie s  

over s p a t i a l  t ra n s fo rm a tio n s .  Older c h i ld re n ,  who u su a l ly  count accu­

r a t e l y ,  a b s t r a c t  th e  conserva tion  ru le s  from t h e i r  em pirical counting
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(Klahr & W allace, 1976).

A t h i r d  type o f  model has r e c e n t ly  been advanced in  which counting 

p lays  a l e s s  d i r e c t  o r  c r i t i c a l  r o le  in  the  development o f  number conserva­

t io n .  One example o f  t h i s  type o f  model i s  t h a t  p resen ted  by Fuson e t  a l . 

(1n p re s s ) .  Rather than p o s tu la t in g  counting as  req u ired  f o r  c o n se rv a tio n ,  

Fuson and h e r  co-workers view counting as one em pirica l s t r a te g y  t h a t  many 

c h i ld re n  can and do use to  make judgments o f  equ ivalence  1n a conserva tion  

s i t u a t io n .  Another example i s  th e  model o f fe re d  by Saxe (1979a). According 

to  Saxe, c h i ld re n  can e r r  in t h e i r  counting and th e re fo re  counting alone 

can not be th e  so le  b a s is  f o r  the  form ation of lo g ic a l  concepts such as 

number conserva tion  (Saxe, 1979a). Saxe m ain ta ins  t h a t  1n o rder  f o r  young 

c h i ld re n  to  use counting-based  number evaluations to  form number conserva tion  

concep ts , they must have reached th e  level in  t h e i r  number understanding 

where they begin to  question  whether sp a t ia l  t ran sfo rm a tio n s  o f  a c o l le c t io n  

a f f e c t  i t s  number and be w i l l in g  to  v e r i fy  i t .

Recent Number Research

To d a te ,  evidence r e l a t i n g  to  the  models o f  counting/number conserva­

t io n  r e l a t i o n s  has been very l im i te d .  Three bodies o f  re c e n t  re sea rc h ,  

however, have provided inform ation c ru c ia l  to  ev a lu a t in g  th e  r e l a t i v e  

adequacy o f th e se  models. One s e t  o f  s tu d ie s  has focused on developmental 

changes in  c h i ld r e n 's  a c q u is i t io n  and use of counting as a means to  compare 

and reproduce number (Gelman & G a l l i s t e l ,  1978; Russac, 1978; Saxe, 1977, 

1979a; S chaeffe r  e t  a l . ,  1974). A second s e t  o f  s tu d ie s  has rep o r ted  th a t  

young c h i ld re n  can solve conserva tion  problems when small numbers a re  used 

(Cowan, 1979; Gelman, 1972a, 1972b; S ie g le r ,  1981; Winer, 1974; Young &
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McPherson, 1976; Z im iles , 1966). The th i r d  s e t  has been concerned with 

th e  developmental r e l a t io n  between c h i ld r e n 's  use of counting as a symbol 

system f o r  number and t h e i r  understanding of number conservation  (Gelman 

& G a l l i s t e l ,  1978; Russac, 1978; Saxe, 1979a). Each of these  bodies of 

l i t e r a t u r e  w il l  now be reviewed.

Developmental Changes in C h ild re n 's  Counting

Whereas e a r ly  work on th e  development of counting g en e ra l ly  s tu d ied  

a g e - re la te d  changes in  c h i ld r e n 's  knowledge o f th e  ro te  system and t h e i r  

counting accuracy (see Gelman [1972b] f o r  an ex tens ive  rev iew ), most of 

th e  re c e n t  research  has been concerned with th e  lo g ic a l  c a p a c i t i e s  which 

u n d e r l ie  c h i l d r e n 's  counting behavior and th e  counting s t r a t e g i e s  ch ild ren  

employ in so lv ing  number problems ( e . g . ,  Gelman & G a l l i s t e l ,  1978; Russac, 

1978; Saxe, 1977, 1979a; S chaeffe r  e t  a l . ,  1974). In g e n e ra l ,  t h i s  

l i t e r a t u r e  in d ic a te s  t h a t  c h i ld r e n 's  a c q u is i t io n  and use o f  counting to  

re p re se n t  number undergoes s ig n i f i c a n t  changes in  the  course o f  development.

S chaeffe r  e t  a l .  (1974) view c h i ld r e n 's  a c q u is i t io n  of counting as 

fo llow ing a fo u r -s ta g e  sequence based on the  gradual in te g ra t io n  of th re e  

counting s k i l l s .  These s k i l l s  a re :  (1) the  mastery of the  counting

procedure, t h a t  i s ,  the  c o n s i s te n t  co o rd ina tion  o f  ordered number names 

and counted o b je c t s ,  (2) th e  form ation o f th e  c a r d in a l i ty  ru le  th a t  the  

l a s t  number named during counting denotes the  number of o b jec ts  1n an 

a r r a y ,  and (3) the  growth o f the  knowledge th a t  X + l  i s  g re a te r  than X. 

Children between th e  ages of 2 y ea rs  and 5 ytears 11 months were asked to  

count a r ra y s  of 5 to  7 item s. S chaeffe r  and h i s  co lleagues  found th a t  

many ch ild ren  were ab le  to  a cc u ra te ly  count th e se  a r r a y s .  However, when 

th e se  a r ra y s  were then screened from view and th e  c h i ld re n  were asked to
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in d ic a te  how many o b je c ts  were p re s e n t ,  the  ch ild ren  often  rep o r ted  a 

number o th e r  than th a t  which they had counted. On th e  b a s is  o f  th ese  d a ta ,  

S chaeffe r  concluded t h a t  c h i ld r e n 's  a c q u is i t io n  of th e  c a r d in a l i ty  ru le  

fo llow s th e  mastery o f  th e  counting procedure i t s e l f .

Like S c h a e f fe r 's  model, Gelman and G a l H s t e l ' s  (1978) model of 

number development views counting as a s e t  o f  d i s c r e te  components or 

" p r in c ip le s "  which ch ild ren  come to  coord ina te  and apply to  s e t s  with 

in c reas in g  s k i l l  in the  course o f  time. Unlike S c h ae ffe r ,  Gelman and 

G a l l i s te l  view counting as an a b i l i t y  acquired  under the  guidance of 

some b as ic  counting p r in c ip le s  t h a t  a re  a v a i la b le  to  a l l  c h i ld re n .

Gelman and G a l l i s te l  (1978) i d e n t i f i e d  f iv e  p r in c ip le s :

1. th e  one-one p r in c ip le :  each item in  an a rray  must 
be assigned  one and only one number name;

2. th e  s ta b le -o r d e r  p r in c ip le :  the  number names must 
be drawn from a s ta b ly  ordered l i s t ;

3. the  card inal p r in c ip le :  the  l a s t  number name 
r e c i te d  in  a count s p e c i f ie s  the  numerosity of 
the  a r ra y  as a whole;

4. the  a b s t r a c t io n  p r in c ip le :  any s e t  o f  items can 
be c o l le c te d  to g e th e r  f o r  a count; and

5. the  o rd e r - i r re le v a n c e  p r in c ip le :  the  o rder in
which items a re  named in  a count 1s I r r e l e v a n t .

Gelman and G a l l i s te l  argue th a t  th e  young c h i l d ' s  counting a b i l i t y

improves as a fu n c tio n  o f  th e  c h i l d ' s  being ab le  to  access  these  p r in c ip le s .

C o n sis ten t  w ith  the  f in d in g s  o f  S chaeffe r  e t  a l . ,  Gelman and G a l l i s t e l  found

t h a t  th e  a p p l ic a t io n  o f  th e  ca rd in a l  p r in c ip le  fo llow s th e  successfu l

a p p l ic a t io n  o f  the  one-one and s ta b le -o r d e r  p r in c ip le s .
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In c o n t r a s t  to  the  models o f  Gelman and S c h a e f fe r ,  Saxe (1977, 1979b) 

considers  counting as a system of sym bolization and not an a b i l i t y  t h a t  1s 

red u c ib le  to  d i s c r e te  component s k i l l s .  S axe 's  model o f  counting focuses  

on how c h i ld re n  1n the  course o f  development come to  use counting as a 

means to  compare and reproduce numerical In fo rm ation . According to  Saxe, 

counting can only be used as a symbol system to  re p re se n t  number when 

c h i ld re n  can coo rd ina te  th e  op e ra tio n s  of success ive  I t e r a t i o n  and p ro g res ­

s iv e  summation, th a t  i s ,  when they can a t  once co n s id e r  each element 1n an 

a r ra y  as an ind iv idua l and include  t h a t  in d iv id u a l  in  a p ro g ress iv e  summa­

t io n .  Saxe argued t h a t  s ince  i t  takes  time f o r  c h i ld re n  to  achieve a 

coord ina tion  o f  these  o p e ra t io n s ,  th e re  i s  in  the  course o f  development a 

p rogression  from a p re q u a n t i ta t iv e  use to  a q u a n t i t a t iv e  use o f  counting .

To t e s t  t h i s  h ypo thesis ,  he p resen ted  3 - ,  4 - ,  and 7 -y ea r-o ld  ch ild re n  with 

fo u r  counting ta sk s  c o n s is t in g  o f  th re e  rep roduction  ta sk s  and one comparison 

ta s k .  The reproduction  ta sk s  requ ired  th a t  th e  c h i ld  copy a model s e t  

e i t h e r  by drawing an eq u iva len t number o f  o b je c t s  or by p lac ing  on a t a b le  

an eq u iv a len t  number from a l a r g e r  s e t .  In th e  comparison t a s k ,  the  c h i ld  

was asked to  compare two s e t s  o f  o b je c ts  a rranged  in  l i n e a r  rows of the  

same leng th  but d i f f e r in g  in  number. Saxe found t h a t  c h i ld re n  f i r s t  mani­

f e s te d  p re q u a n t i ta t iv e  counting , t h a t  1s , they  would count when asked to  

compare o r  reproduce numerical in form ation bu t d id  no t base t h e i r  numerical 

judgments on th e  products  of t h e i r  coun ting . For example, in a comparison 

ta sk  c h i ld re n  might count both s e t s  o f  o b je c ts  but n e v e r th e le s s  base t h e i r  

numerical ev a lu a tio n s  on th e  perceptual appearance o f  th e  a r ra y s  r a th e r  

than on th e  r e s u l t s  o f  counting . With development, c h i ld re n  demonstrated 

a q u a n t i t a t iv e  use o f  counting , t h a t  i s ,  they  were ab le  to  use the  r e s u l t s
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of t h e i r  counting when making numerical judgments. For example, in a 

comparison ta sk  ch ild re n  might count th e  two s e t s  of o b jec ts  and use the  

counting products 1n t h e i r  numerical e v a lu a t io n .  Additional support f o r  

the  claim  t h a t  th e re  a re  developmental changes in  c h i ld r e n 's  use of 

counting to  compare and reproduce number i s  found in s tu d ie s  by Russac

(1978) and Saxe (1979a).

E f fe c t  o f  Set Size on Conservation Performance

A second source o f  evidence re le v a n t  to  th e  ro le  counting plays in 

th e  development o f  number conserva tion  i s  th e  l i t e r a t u r e  showing th a t  

young c h i ld re n  ( th a t  1s, c h i ld re n  below 6 y e a rs  o f  age) a re  ab le  to  solve 

conserva tion  problems when small s e t  s iz e s  ( e . g . ,  2 to  4 o r 5 items) a re  

used (Cowan, 1979; Gelman, 1972a; Gelman & G a l l i s t e l ,  1978; Lawson, Baron,

& S ie g e l ,  1974; S le g le r ,  1981; Winer, 1974; Young & McPherson, 1976; 

Z im ile s ,  1966). Recent work on young c h i ld r e n 's  q u a n t i f ic a t io n  s k i l l s  

(Gelman & G a l l i s t e l ,  1978) in d ic a te s  t h a t  young c h i ld re n  a re  q u i te  com­

p e te n t  a t  determ ining the  num eros ities  of small s e t s  and thus could be 

succeeding on small number conserva tion  problems by means of d i r e c t  

q u a n t i f i c a t io n ,  t h a t  i s ,  by quan tify in g  th e  s e t s  both before  and a f t e r  

th e  s p a t i a l  t ran sfo rm a tio n  and basing t h e i r  judgments on the  r e s u l t s  of 

t h i s  s t r a te g y .  In th e  P iag e tian  view, however, conserva tion  judgments 

based upon em pirical in form ation  do not c o n s t i tu t e  " tru e"  conserva tion .

True conserva tion  invo lves  regard ing  conserva tion  as a lo g ic a l  n e c e s s i ty  

and i s  based on immediate deduction w ithou t recourse  to  empirical evidence.

The s tu d ie s  o f  young c h i ld r e n 's  small number conservation  performance 

may be grouped in to  those  which consider the  c h i ld r e n 's  success to  be a 

fu n c t io n  o f  an em pirical so lu t io n  procedure and those  which view c h i ld r e n 's
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success to  be a fu n c tio n  of t h e i r  in h e ren t  lo g ica l  a b i l i t y .  A review of 

the  s tu d ie s  c o n s is te n t  with each of th e  e x p lan a t io n s ,  t h a t  1 s ,  the  

em pirical hypothesis  and the  lo g ic a l  h y p o th es is ,  fo llow s 1n th e  next 

s e c t i o n .1

The lo g ic a l  h y p o th es is . Gelman's (Gelman, 1972a, 1972b; Gelman & 

G a l l i s t e l ,  1978) model o f  the  development of number concepts holds th a t  

young c h i ld re n  understand t h a t  lengthening  and shorten ing  o f  an a rray  

does not a l t e r  i t s  numerical value. According to  Gelman, th e  s tandard  

P lag e tian  conservation  ta sk  con ta in s  f e a tu r e s  which prevent young ch ild ren  

from demonstrating t h e i r  understanding of number in v a r ian ce .  S p e c i f i c a l ly ,  

th ese  fe a tu re s  a re  the  verbal n a tu re  o f  th e  q u e s t io n s ,  the  v i s i b i l i t y  of 

th e  s p a t i a l  d isp lacem ent, and th e  number of Items used, namely, a number 

t h a t  exceeds young c h i ld r e n 's  q u a n t i f i c a t io n  a b i l i t y .  In o rd e r  to  con tro l 

f o r  th e se  v a r ia b le s ,  Gelman (1972a) developed a "magic" ta sk  to  in v e s t ig a te  

young c h i ld r e n 's  understanding o f number in v a r ia n ce .  Her procedure involves 

two phases. In Phase 1, c h i ld re n  a re  shown two a r ra y s  re p re se n t in g  d i f f e r ­

en t  numbers* f o r  example, 2 and 3. Without mentioning num erosity , the  

c h i ld re n  a re  to ld  t h a t  one a r ra y  i s  th e  "winner" and t h a t  the  o th e r  i s  

th e  " lo s e r . "  Then a s e r i e s  o f  t r i a l s  i s  given in  which th e  c h i ld re n  a re  

requ ired  to  f in d  and id e n t i f y  th e  "w inner."  The a r ra y s  a re  covered by 

cans and s h u ff le d  as  in  a sh e l l  game. A t r i a l  c o n s is t s  o f  mixing up th e  

cans , uncovering an a r r a y ,  and id e n t i fy in g  i t .  When th e  ch ild ren  have 

completed a t  l e a s t  11 t r i a l s ,  Phase 2 beg ins . In Phase 2, ch i ld re n

H h e  p re sen t  c l a s s i f i c a t i o n  o f  s tu d ie s  as c o n s i s te n t  with e i t h e r  
th e  lo g ic a l  o r  em pirical hypothesis  i s  one conceived by the  p re sen t  
au thor and no t one th e  in v e s t ig a to r s  would n e c e s s a r i ly  agree w ith .
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encounter the  e f f e c t s  o f  a change in  the  a r r a y s ,  th e  experim enter having 

s u r r e p t i t i o u s ly  changed th e  leng th  o f  th e  "winner" a r ra y .  When th e  

ch ild ren  uncover th e  a l t e r e d  a r ra y  they a re  asked i f  1 t i s  th e  "w inner."  

C h ild re n 's  s u rp r i s e  re a c t io n s  to  the  transform ed a r ra y  a re  noted and th e  

c h i ld re n  a re  asked why th e  a rray  won o r  l o s t ,  whether anyth ing  had hap­

pened, and i f  so , what. On the  b a s is  of the  r e s u l t s  with th e  magic 

t a s k ,  Gelman (1972a; Gelman & G a l l i s t e l ,  1978) concluded th a t  young 

ch ild ren  t r e a t  lengthening  and shorten ing  as  t ran sfo rm a tio n s  t h a t  do 

not a l t e r  th e  number of Items in an a r ra y .

Taking Gelman's c laim  th a t  young c h i ld re n  understand number 

inva riance  a t  l e a s t  as f a r  as small numbers a re  concerned, Winer (1974), 

using a t r a in in g  study fo rm at, in v e s t ig a te d  th e  e f f e c t  o f  s e t  s iz e  on 

c h i ld r e n 's  performance on th e  s tandard  conserva tion  assessment procedure. 

Four-year-o ld  c h i ld re n  were randomly ass igned  to  one o f  two groups: a 

small s e t  s iz e  group ( e . g . ,  2 and /o r  3 items) and a la rg e  s e t  s iz e  group 

( e . g . ,  5 and /o r 6 i tem s) .  Half of th e  c h i ld re n  in each group (e x p e r i ­

mental su b je c ts )  rece ived  p r e t e s t ,  t r a i n i n g ,  p o s t t e s t ,  and t r a n s f e r  

t r i a l s ,  while th e  o th e r  h a l f  (con tro l su b je c ts )  rece ived  the  same 

sequence o f  t r i a l s  except t h a t  an extraneous a c t i v i t y  was s u b s t i tu te d  

fo r  th e  t r a in in g .  Four t e s t s  of number conserva tion  served as both 

th e  p r e te s t s  and the  p o s t t e s t s .  T rain ing  c o n s is te d  o f  fo u r  blocks of 

th re e  t r i a l s  and was aimed a t  inducing the  c h i ld  to  focus on q u a n t i ty  

and to  Ignore i r r e l e v a n t  perceptual cues. The r e s u l t s  o f  the  p r e t e s t s  

revealed  t h a t  a l a r g e r  number o f  ch ild ren  conserved on small s e t  s iz e  

problems than on la rg e  s e t  s i z e  problems. P o s t t e s t  r e s u l t s  In d ica ted  

t h a t  th e  performance o f a l l  experimental s u b je c ts  t r a in e d  on small
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q u a n t i t i e s  Improved compared w ith only 25% o f th e  experimental su b jec ts  

t r a in e d  on la r g e r  q u a n t i t i e s .

The em pirical h y p o th es is . Evidence 1n support of th e  em pirical 

hypothesis  comes from both th e o re t ic a l  and em pirical sources . A number 

o f  yea rs  ago, P iage t and h is  co-workers (see A postel, Kays, Morf, & P iage t 

[1957] and In h e ld e r  & P iage t [1963] c i t e d  by F lave ll  [1970]) argued th a t  

th e re  was a s tag e  in  th e  development of number conservation  in which 

c h i ld re n  needed em pirical evidence before  they would commit themselves to  

a conservation  judgment. Although P ia g e t 's  s tu d ie s  involved s e t  s ize s  

g re a te r  than those  used in the  re sea rch  being reviewed here , th e  basic  

no tion  i s  th e  same.

In th e  f i r s t  study to  in v e s t ig a te  th e  e f f e c t  s e t  s iz e  has on 

c h i ld r e n 's  conserva tion  performance, Zlmiles (1966) presented  k inder­

garten  ch ild ren  w ith both small and la rg e  number conservation  problems in 

counterbalanced o rd e r .  The r e s u l t s  revealed  t h a t  ch ild ren  were more 

successfu l on both small and la rg e  number conservation  problems when the  

small s e t  problems preceded th e  la rg e  s e t  problems r a th e r  than the  rev e rse .  

Zim iles hypothesized th a t  th e  ease  with which small number s e ts  can be 

"counted a t  a g lance co u n te rac ts  the  e f f e c t  o f  th e  rearrangement" (Z im iles , 

1966, p. 36) and allow s number to  serve  as the  c r i t e r i o n  f o r  judging quan­

t i t y .  Although h is  phrase "counted a t  a glance" appears to  be a re fe ren ce  

to  s u b i t lz in g  (see  below), Zim iles (1963), 1n an e a r l i e r  a r t i c l e ,  recog­

nized  counting as  a method young c h i ld re n  come to  r e ly  on more and more 

in  o rd e r  to  make q u a n t i t a t iv e  e v a lu a t io n s .

Klahr and Wallace (1973, 1976) propose t h a t  the  development of 

conserva tion  i s  dependent upon th e  emergence o f  d i f f e r e n t  q u a n t i f ic a t io n
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p rocesses . According to  t h e i r  fo rm u la t io n ,  ch i ld ren  d iscover th e  conser­

va tio n  ru le s  underlying inva riance  judgments by applying various  q u a n t i f i ­

ca t io n  " o p e ra to r s ,"  e . g . ,  sub1t1z1ng, coun ting , and e s t im a tio n ,  to  a rra y s  

before  and a f t e r  sp a t ia l  t ra n s fo rm a tio n s .  These processes emerge in  a 

f ix e d  o rder .  S u b i t lz in g ,  a process by which number 1s a b s t r a c te d  by some 

d i r e c t  apprehension mechanism, i s  th e  f i r s t  q u a n t i f ic a t io n  o p e ra to r  to  

develop and i t  i s  l im ited  1n I t s  range of a p p l ic a t io n  to  numbers below 6. 

Counting and e s tim ation  emerge l a t e r  in  development, in  t h a t  o rd e r .

Guided by th e  Klahr and Wallace model which p o s i t s  t h a t  the  methods 

o f  q u a n t i f i c a t io n  a v a i la b le  to  ch ild ren  determine t h e i r  in variance  judg­

ments, Young and McPherson (1976) adm in is tered  a s e r i e s  of conserva tion  

problems to  ch ild ren  between th e  ages o f  4 and 7. P r io r  to  th e  p re se n ta ­

t io n  o f  th e  conserva tion  problems, the  c h i ld r e n 's  s u b i t lz in g  and counting 

le v e l s  were a sse ssed . The conserva tion  problems c o n s is ted  o f  f iv e  t r i a l s  

a t  each o f th re e  s e t  s iz e s :  those  w ith in  th e  c h i l d ' s  s u b i t lz in g  range ,

those  w ith in  th e  c h i l d ' s  counting range, and those beyond the  c h i l d ' s  

counting range. The r e s u l t s  supported th e  Klahr and Wallace model s ince  

c h i ld re n  showed an understanding o f number in variance  i n i t i a l l y  f o r  small 

numbers w ith in  t h e i r  s u b l t iz in g  range, then f o r  numbers they could count, 

and f i n a l l y  f o r  numbers beyond t h e i r  counting range.

In a s e r i e s  o f  th re e  experim ents, Silverman, Rose, and Phil11s

(1979) modified Gelman's (1972a; Gelman & G a l l i s t e l ,  1978) magic paradigm 

to  make i t  more comparable to  the  c l a s s i c  conserva tion  ta sk .  T he ir  aim 

was to  determine whether th e  m o d if ica t io n s  would have an e f f e c t  on 

c h i ld r e n 's  performance on th e  magic t a s k .  S p e c i f i c a l ly ,  th e  changes 

included performing the  displacement openly r a th e r  than s u r r e p t i t i o u s l y ,
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p resen tin g  th e  a r ra y s  s im ultaneously  r a th e r  than su c c e ss iv e ly ,  and 

p re sen t in g  th e  a r ra y s  p laced one above th e  o th e r  r a th e r  than p laced  s id e  

by s id e .  The r e s u l t s  in d ic a te d  t h a t ,  even w ith th e se  m o d if ic a t io n s ,  3- 

y e a r -o ld  ch ild ren  were a b le  to  t r e a t  d isplacem ent as i r r e l e v a n t  to  number. 

With regard  to  th e  q u es tion  o f  whether young c h i ld re n  a re  ab le  to  conserve 

small numbers, Silverman and h is  co lleagues  were r e lu c ta n t  to  provide an 

answer. They pointed out t h a t  th e  few ex p lana tions  o ffe red  were c o n s is te n t  

w ith  the  i n t e r p r e t a t i o n  t h a t  c h i ld re n  were so lv ing  th e  ta sk  by determining 

the  numerosity of th e  s e t s  each time they were p resen ted . That i s ,  the  

exp lana tions  did no t in d ic a te  t h a t  the  c h i ld  was th ink ing  of the  i n i t i a l  

a r ra y s  and th e  tran s fo rm a tio n s  performed on them. R ather, the  most 

f req u en t  exp lana tion  f o r  th e  po s t tran sfo rm a tio n  id e n t i f i c a t i o n s  r e fe r re d  

to  th e  a r r a y 's  number.

In a follow-up s tu d y , Silverman and Briga (1981) t e s t e d  the  notion 

t h a t  young c h i ld re n  so lve  small number conserva tion  problems by making 

independent e s t im a te s  o f  numerosity on each t r i a l .  By means of a procedure 

o f  screen ing  one o r  two elements in  th e  more numerous o f two a r ra y s  fo llow ­

ing a v i s i b l e  d isplacem ent o f  th e  a r r a y ,  Silverman and Briga demonstrated 

t h a t  3 -y ea r-o ld  c h i ld re n  were h igh ly  dependent on immediately a v a i la b le  

inform ation  in determ ining the  r e l a t i v e  num eroslties  of two a r ra y s .  I t  

was th e re fo re  concluded t h a t  3 -y ea r-o ld s  a re  not ab le  to  conserve small 

numbers. R ather, they  succeed on small number problems by using an 

em pirica l q u a n t i f i c a t io n  s t r a te g y .

In th e  second o f  two experim ents, Cowan (1979) a l s o  examined the  

question  of whether young c h i ld r e n 's  success on small number conserva tion  

problems might be a t t r i b u t e d  to  an em pirica l q u a n t i f i c a t io n  s t r a t e g y .
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Four-year-o ld  ch ild ren  received  both an open and a screened cond ition  o f  

a conserva tion  o f  i d e n t i ty  (s in g le  a r ra y  of items) problem using th re e  s e t  

s iz e s :  2, 5 , and 15. In th e  open cond ition  th e  a r ra y  was v i s ib l e  both

before  and a f t e r  the  tran sfo rm a tio n . In th e  screened cond ition  the  items 

were f i r s t  arranged in  a row before  the  c h i ld .  Then, with th e  c h i ld  

watching, th e  blocks were placed in  a box and th e  box was shaken. The 

c h i ld  was asked whether th e re  were more blocks now th a t  they were 1n the  

box o r  whether th e re  were more blocks when they  were on the  t a b l e .  I t  

was found th a t  the  s u p e r io r i ty  of performance w ith small s e t  s iz e s  in 

th e  open cond ition  was reduced but not e l im in a ted  when th e  opportun ity  

to  re q u a n t ify  th e  a rray  ( a f t e r  the  tran sfo rm a tio n )  was removed. In o th e r  

words, em pirical q u a n t i f i c a t io n  seems to  have played a r o l e ,  bu t i t  d id  

not f u l l y  account f o r  the  r e s u l t s .

F in a l ly ,  S le g le r  (1981), in one o f  a s e r i e s  of experiments aimed 

a t  i l l u s t r a t i n g  a new technique f o r  studying both w ith in -  and between- 

concept developmental sequences, compared young c h i ld r e n 's  performance on 

small and la rg e  number conserva tion  problems. On two consecutive  days,

3 - ,  4 - ,  and 5 -year-o ld  c h i ld re n  were p resen ted  w ith a t o t a l  of 48 t r i a l s ,  

24 small number problems and 24 la rg e  number problems, arranged  1n a l t e r ­

n a tin g  blocks o f  12. Of th e  24 t r i a l s  w ith in  each s e t  s i z e ,  16 t r i a l s  

involved adding o r  s u b tra c t in g  items 1n con junc tion  w ith  expansions and 

c o n tra c t io n s  o f the  rows, 4 t r i a l s  involved moving th e  items back and 

fo r th  w ithout changing th e  leng th  o f  th e  row and th e  remaining t r i a l s  

c o n s is te d  of th e  s tandard  number conserva tion  problems. The r e s u l t s  

were c o n s is te n t  w ith those  of previous s tu d ie s  in  showing th a t  c h i ld re n  

g e n e ra l ly  performed a t  more advanced le v e l s  on small number problems than
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on la rg e  number problems. Beyond t h i s ,  th e  f in d in g s  showed th a t  4- and 

5 -y ea r-o ld  ch ild ren  used d i f f e r e n t  s t r a t e g i e s  on th e  conserva tion  problem 

depending on th e  s e t  s iz e  and the  type  o f tran sfo rm a tio n  performed. 

According to  S ie g le r  (1981), c h i ld re n  I n i t i a l l y  solve number conservation  

problems by em pirical s t r a t e g i e s ,  e . g . ,  counting o r p a i r in g ,  and only 

l a t e r  do they  understand w ithou t counting o r  p a ir in g  th a t  adding an item 

means t h a t  th e  row n e c e s sa r i ly  has more, t h a t  su b tra c t in g  an item means 

t h a t  i t  n e c e s sa r i ly  has few er, and t h a t  doing n e i th e r  means t h a t  the  row 

n e c e s sa r i ly  has th e  same number of items as  b e fo re .

Before concluding t h i s  sec t io n  i t  should be mentioned th a t  P ia g e t 's  

theory  i t s e l f  allows f o r  small number conserva tion  to  precede la rg e  number 

co n se rv a tio n .  According to  P iage t (1952), small numbers provide the  c h i ld  

with perceptual supports  f o r  co o rd in a tin g  th e  r e l a t io n  between the  whole 

s e t  and th e  in d iv id u a l elem ents. That i s ,  w ith small s e t s  ( e . g . ,  3 i tem s) ,  

u n lik e  la rg e  s e t s  ( e . g . ,  30 i te m s) ,  th e  percep tion  o f th e  whole a rray  

provides inform ation  about th e  d i s c r e te  number of items (Saxe, Cohen, & 

Rindskopf, Note 2 ) .  An im p lica t io n  o f  t h i s  a n a ly s is  i s  t h a t  young 

c h ild ren  w ill  succeed on small number conserva tion  problems before  la rg e  

number problems because on small s e t s  c h i ld re n  a re  ab le  to  produce accu­

r a t e  numerical e v a lu a t io n s  even w ithou t having achieved the  co g n it iv e  

a b i l i t y  to  co o rd ina te  the  elements and the  whole s e t  in to  a summation of 

e lem ents , th e  o p e ra t io n  involved in  counting  (Saxe, 1979b). As P iage t 

(1952) s t a t e s :  "Apart from th ese  p r iv i le g e d  examples, which give r i s e

to  what might be c a l le d  the  i n t u i t i v e  numbers 1 to  5 , numbers t h a t  s t i l l  

adhere to  th e  o b je c ts  numbered and a re  percep tua l r a th e r  than o p e r a t io n a l , 

ch ild re n  a t  th e  f i r s t  s tag e  cannot perform enumeration and a d d i t io n  one as
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a fu n c t io n  o f  th e  o the r"  (p . 199).

Taken to g e th e r ,  th e  r e s u l t s  o f  th e  fo rego ing  s tu d ie s  provide support 

f o r  th e  view t h a t  em pirica l q u a n t i f i c a t io n  p lays a r o le  in young c h i ld r e n 's  

success on small number v e rs io n s  o f  conserva tion  problems. The n a tu re  o f  

t h i s  r o l e ,  however, seems to  vary from th a t  of being t o t a l l y  necessary  

( e . g . ,  Silverman & B riga , 1981) to  being c o n tr ib u to ry  ( e . g . ,  Cowan, 1979).

Developmental R e la t io n s  between Counting and Conservation

According to  P iag e t  (1952), c h i ld re n  can not use counting as a 

symbolic v e h ic le  to  r e p re se n t  number p r i o r  to  the  development o f  number 

c o n se rv a tio n .  His argument r e s te d  on th e  assumption th a t  1n o rd e r  fo r  

number names to  serve a numerical fu n c t io n ,  they  must r e f e r  to  correspon­

dence r e l a t i o n s  which a re  m aintained over s p a t i a l  t ran s fo rm a tio n s .  Contrary 

to  th e  P ia g e tian  view, however, re cen t  f in d in g s  In d ic a te  t h a t  young ch ild ren  

can use counting to  inform t h e i r  numerical judgments p r io r  to  a t t a in in g  

number conserva tion  (Gelman, 1972a; Gelman & G a l H s t e l ,  1978; Russac, 1978; 

Saxe, 1979a). The new f in d in g s ,  however, a re  based on th e  f a c t  t h a t  the  

number names can be used s o le ly  to  r e p re se n t  correspondence r e l a t io n s  with 

s t a t i c  s e t s .  For example, Gelman (1972a) found th a t  young c h i ld re n  can 

ob ta in  acc u ra te  numerical r e p re se n ta t io n s  o f  s e t s  by counting before  they 

can conserve number. Young c h i l d r e n 's  a b i l i t y  to  determine th e  numerosity 

o f  an a r r a y ,  however, i s  l im i te d  to  small s e t s  because on la rg e  s e t s  ch ild ren  

make e r r o r s  in counting . Russac (1978) a l s o  found t h a t  ch ild ren  

could use  counting to  c o n s t ru c t  c o l le c t io n s  num erically  e q u iv a len t  to  

a model s e t  p r io r  t o  having acqu ired  number co n se rv a tio n .  In c o n t r a s t  

to  Gelman's s tudy , Russac te s t e d  o ld e r  c h i ld r e n ,  namely, k in d e rg a r ten ,  

f i r s t - ,  and second-grade c h i ld re n  and used l a r g e r  c o l le c t io n s  o f  7 to
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10 Items.

F u r ther evidence t h a t  ch ild ren  can use t h e i r  counting f o r  q u a n t i t a t iv e  

ends be fo re  they understand number conservation  comes from a study by Saxe 

(1979a). In t h i s  s tudy , c h i ld re n  between 4 and 6 y ears  of age were admin­

i s t e r e d  two counting ta sk s  and a number conserva tion  ta s k .  The counting 

ta s k s  included a comparison ta sk  and a reproduction  ta sk .  In th e  comparison 

t a s k ,  th e  c h i ld  was asked to  compare two p a r a l l e l  rows o f  dots  d i f f e r in g  in 

number and len g th  in  o rder to  determine whether they were num erically  

e q u iv a len t  o r  nonequivalent. In the  reproduction  t a s k ,  the  c h i ld  was 

requ ired  to  p lace  the  same number o f  beads on a t a b le  as In d ica ted  by an 

a r ra y  o f  do ts  on a stim ulus card  placed on th e  f l o o r .  The r e s u l t s  in d ica ted  

t h a t  c h i ld re n  develop q u a n t i t a t iv e  counting s t r a t e g i e s  (but do not neces­

s a r i l y  count a c c u ra te ly )  before  they develop number conserva tion  concep ts .

An in te r e s t in g  phenomenon th a t  1s r e l a t e d  to  c h i ld r e n 's  a b i l i t y  to  

use q u a n t i t a t iv e  counting in  th e  con tex t o f  transformed s e t s  ( e . g . ,  the  

P iag e tian  conserva tion  problem) r a th e r  than with s t a t i c  s e t s  (as  described 

in th e  above s tu d ie s )  has been repo rted  by Greco (1962). The phenomenon 

has been c a l le d  "quo tity "  (Greco, 1962; In h e ld e r ,  S i n c l a i r ,  & Bovet, 1974) 

and r e f e r s  to  th e  case in  which p r io r  to  a s p a t i a l  tran s fo rm a tio n , some 

c h i ld re n  count both s e t s  and In d ic a te  t h a t  th e  s e t s  a re  equal in  number, 

but a f t e r  th e  tran s fo rm a tio n ,  th e se  ch ild ren  base t h e i r  q u a n t i t a t iv e  judg­

ments on s p a t i a l  f e a tu re s  o f  th e  a r ra y s  w hile  continuing  to  a s s e r t  th a t  

both a r ra y s  have the  same numerical l a b e l .  Thus, a t  th e  conceptual leve l 

o f  q u o t i ty ,  c h i ld r e n 's  use o f counting to  r e p re se n t  number (with t r a n s ­

formed s e t s )  i s  overshadowed by th e  physical arrangement of th e  item s.



19

The new f in d in g s  o f  developmental changes 1n c h i ld r e n ’s use of 

counting , o f  young c h i ld r e n 's  success on small number conserva tion  prob­

lems, and o f q u a n t i t a t iv e  counting preceding number conserva tion  have 

d i r e c t  Im p lica tions  f o r  models o f  counting/number conserva tion  r e l a t i o n s .

I f  c h i ld re n  can use t h e i r  counting f o r  q u a n t i t a t iv e  ends p r io r  to  conserv­

ing number, then perhaps inform ation  gained through counting p lays more of 

a ro le  in the  form ation o f  number conserva tion  concepts than non-counting- 

based models propose. However, according  to  Saxe (1979a), t h i s  ro le  must 

be an i n d i r e c t  one. Saxe demonstrated t h a t  le a rn in g  d isab led  c h i ld re n  who 

counted in a c c u ra te ly  were n e v e r th e le s s  ab le  to  conserve number (Saxe,

1979a). On th e  b a s is  o f  th e se  d a ta ,  Saxe argued th a t  an em pirical method 

such a s  counting i s  n e c e s s a r i ly  su b je c t  to  e r r o r  and th e re fo re  i t s  products 

cannot be the  so le  source o f  concepts which have the s t a t u s  o f  lo g ica l  

t r u t h s .  He suggested t h a t  in  o rder f o r  c h i ld re n  to  use counting as an 

e f f e c t iv e  means to  determine whether number i s  conserved, c h i ld re n  must 

have reached th e  lev e l  in t h e i r  number development where they begin to  

q u es tion  whether s p a t i a l  t ra n s fo rm a tio n s  o f  a c o l l e c t io n  a f f e c t  i t s  number 

and be w i l l in g  to  v e r i fy  i t .  The products  o f  em pirical coun ting , th en ,  

can serve  to  support the  idea t h a t  s p a t i a l  tran s fo rm a tio n s  of a c o l le c t io n  

do not a l t e r  i t s  number. Some evidence f o r  t h i s  p o s i t io n  has re c e n t ly  been 

ob ta ined  by Saxe and Cohen (Note 1 ) .  T h ree - ,  4 - ,  and 5 -y ea r-o ld  noncon- 

s e rv e rs  were p resen ted  with a conserva tion  ta sk  in  which they counted a 

s e t  o f  beads p r io r  to  an expansion t ra n s fo rm a tio n .  A fte r  the  tra n s fo rm a tio n ,  

th e  c h i ld re n  were asked to  p r e d ic t  th e  number o f  beads t h a t  were befo re  them. 

Once th e  ch ild re n  made t h e i r  p r e d ic t io n ,  they  were asked to  recount the  s e t .  

The question  o f  i n t e r e s t  was how th e  c h i ld re n  would re c o n c i le  the
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discrepancy between t h e i r  b e l i e f  in  nonconservation and the  inform ation 

they gained by counting s e t s  be fo re  and a f t e r  s p a t i a l  t ra n s fo rm a tio n s .

The r e s u l t s  revealed  th a t  3- and 4 -y ea r-o ld  c h i ld re n  did  no t a l t e r  t h e i r  

b e l i e f  in nonconservation when counting produced r e s u l t s  which c o n tra d ic te d  

t h i s  b e l i e f .  Older c h i ld re n ,  in  c o n t r a s t ,  who a re  c lo s e r  to  the  age when 

conserva tion  concepts a re  n a tu ra l ly  a cq u ired ,  tended to  change t h e i r  b e l i e f  

in conservation  to  accord w ith t h e i r  em pirical coun ting , t h a t  i s ,  they 

changed from nonconservation to  conserva tion  judgments.

F u r ther  evidence t h a t  counting may serve as a b a s is  f o r  c h i ld re n  to  

develop number conserva tion  concepts comes from two re c e n t  experiments by 

Fuson and her co-workers ( in  p re s s ) .  In th e  f i r s t  experim ent, 44- to  54- 

y e a r -o ld  c h i ld r e n 's  conserva tion  performance was compared under a coun t,  

match, and contro l (s tandard ) c o n d it io n .  In th e  count c o n d i t io n ,  c h i ld re n  

were to ld  to  count th e  items in  each row befo re  they were asked th e  co n se r­

v a tion  q uestion . In th e  match c o n d i t io n ,  th e  in te rv iew er  helped th e  c h i ld  

connect each item in  one row to  i t s  corresponding item in the  second row 

(and ensured t h a t  the  p a i r s  remained a t ta ch ed  during the  transfo rm a tion )  

before  the  conserva tion  question  was p re sen ted .  The r e s u l t s  in d ic a te d  

t h a t  counting was a very e f f e c t iv e  s t r a te g y  f o r  many c h i ld re n  in  t h a t  i t  

allowed them to  make c o r r e c t  equivalence judgments in  a conserva tion  

s i t u a t i o n .  In the  second experim ent, s l i g h t l y  o ld e r  c h i ld re n  were te s t e d  

on a conservation  ta sk  in  o rd e r  to  determine th e  e x te n t  to which they 

spontaneously used em pirical s t r a t e g i e s .  The r e s u l t s  In d ica ted  t h a t  

em pirical s t r a t e g i e s  were th e  predominant methods used by 5 y ea r  o ld s .

In a d d i t io n ,  i t  was found t h a t  th e  use o f  em pirica l s t r a t e g i e s  and th e  

production  of P iag e tian  j u s t i f i c a t i o n s  co ex is ted  in  11 o f 28 c h i ld re n .
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Thus* th e  p ic tu re  t h a t  emerges from th e  Saxe and fuson s tu d ie s  i s  t h a t  

inform ation produced through counting does lead  many o ld e r  nonconservers 

to  give conserva tion  judgments.

The fo llow ing d iscu ss io n  of th e  conserva tion  t r a in in g  and the  

conserva tion  e x t in c t io n  s tu d ie s  provides f u r th e r  support f o r  th e  th e s i s  

t h a t  the  e f f e c t  experience has on c h i ld r e n 's  understanding o f lo g ica l  

concepts i s  dependent upon th e  c h i l d ' s  developmental l e v e l .

R e la tionsh ip  between Experience and Developmental Level

Before proceeding, i t  i s  necessary  to  s t a t e  t h a t  th e  term "develop­

mental le v e l"  w ill  be used in  two senses in  the  fo llowing d iscu ss io n .

F i r s t ,  developmental level r e f e r s  to  gross c a te g o r ie s  of co g n it iv e  s t a tu s  

according to  which c h i ld re n  d i f f e r ,  f o r  example, conservers  and nonconserv­

e r s .  The second sense r e f e r s  to  d i f fe ren c es  w ith in  each of the  gross c a te ­

g o r ie s  th a t  f u r th e r  d i f f e r e n t i a t e  ch ild re n  from one an o th er .  For example, 

conservers  c o n s is t  of c h i ld re n  who may have j u s t  acqu ired  the  concept in 

question  as well as c h i ld re n  who conserve t h a t  concept and many o th e r s .

The conserva tion  t r a in in g  and e x t in c t io n  s tu d ie s  can be viewed as s e t t in g s  

in which to  examine the  way ch ild re n  handle em pirical evidence th a t  i s  not 

c o n s is te n t  with t h e i r  b e l i e f  systems. As th e  fo llow ing sec t io n s  dem onstrate , 

conservers  and nonconservers t r e a t  c o n tra d ic to ry  em pirical inform ation 

d i f f e r e n t l y ,  as do conservers  who d i f f e r  in  th e  e x te n t  o f  t h e i r  under­

s tand ing  o f con se rv a tio n .

Conservation Train ing  S tud ies

For the  purpose o f  the  p re sen t  r e s e a rc h ,  only  th o se  t r a in in g  s tu d ie s  

based on th e  use o f  q u an tify in g  p rocedures , e . g . ,  counting and measuring,
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w ill  be reviewed. In g e n e ra l ,  t h i s  l i t e r a t u r e  In d ic a te s  t h a t  Inform ation 

gained through quan tify in g  a c t i v i t i e s  leads  nonconservers to  develop con­

s e rv a t io n  concepts .

One o f th e  e a r l i e s t  in v e s t ig a to r s  o f  th e  ro le  of counting in the  

development of number conservation  was a s tudy by Wohlwill and Lowe (1962). 

A fte r  being in d iv id u a l ly  p re te s te d  on both a nonverbal t e s t  of conservation  

and th e  s tandard  verbal form, k indergarten  c h i ld re n  were randomly ass igned  

to  one o f  th re e  t r a in in g  cond itions  or a con tro l  c o n d it io n .  In a l l  cond i­

t i o n s ,  c h i ld re n  were asked to  count th e  item s. P o s t t e s t  r e s u l t s  revealed  

t h a t  none of th e  co n d it io n s  were e f f e c t iv e  in  lead ing  c h i ld re n  to  understand 

con se rv a tio n .  The a u th o rs ,  however, noted a p o ss ib le  confounding f a c to r  

which may have c o n tr ib u ted  to  the  negative  r e s u l t s .  In one c o n d i t io n ,  the  

a c t  o f  counting may have in te r f e r e d  with r a th e r  than fo s te re d  the  condi­

t i o n ' s  aim o f  having ch ild ren  d is reg a rd  the  leng th  cue.

Bearison (1969) r e p o r ts  a study based on counting of d i s c r e te  u n i ts  

o f  l iq u id  q u a n t i ty .  K indergarten-aged c h i ld re n  were provided with graduated 

experience  in subdividing l iq u id  q u a n t i t i e s  in to  small beakers . The beakers 

served as u n i t s  o f  measurement. Children were asked to  count th e  beakers 

befo re  th e  l iq u id  was poured in to  d i f f e r e n t l y  shaped c o n ta in e rs .  A s i g n i f i ­

c an t  number o f  ch ild ren  not only acquired  conserva tion  o f  continuous 

q u a n t i ty  as  a r e s u l t  o f  t h i s  procedure bu t t r a n s f e r r e d  th e  conservation  

understanding  to  o th e r  dimensions as  w e l l ,  e . g . ,  mass, number, and le n g th .

The p o te n t ia l  s ig n if ic a n c e  o f  inform ation gained through measurement 

o p e ra t io n s  1n the  development o f  conserva tion  concepts was a lso  recognized 

by Kingsley and Hall (1967) in  a study o f  len g th  and weight conse rva tion .

In t r a in in g  f o r  leng th  c o n se rv a tio n ,  f o r  example, Kingsley and Hall used
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paper s t r i p s  both as  o b je c ts  to  be measured and as measuring Instrum ents 

them selves. Through repeated  p ra c t ic e  1n measuring the  len g th s  o f  many 

o b je c ts  whose r e l a t i v e  len g th s  they f i r s t  e s t im a te d ,  ch i ld ren  were 

encouraged to  r e ly  on th e  inform ation they gained through em pirical 

q u a n t i f i c a t io n .  The r e s u l t s  in d ic a te d  h igh ly  s ig n i f i c a n t  t r a in in g  

e f f e c t s  f o r  both leng th  and weight co n se rv a tio n .

A study by C u rd o ,  Robbins, and Ela (1971) included a counting 

procedure as one o f  severa l types of t r a in in g  f o r  number conse rva tion .

Two groups o f  preschool c h i ld re n  rece ived  th e  counting in s t r u c t io n .  One 

group c o n s is ted  o f  ch ild ren  who demonstrated number conserva tion  when 

t h e i r  own f in g e r s  were involved but no t when ex te rna l o b je c ts  were used. 

The o th e r  group showed n e i th e r  number conserva tion  w ith f in g e rs  nor number 

conserva tion  with o b je c t s .  The r e s u l t s  revealed  t h a t ,  fo r  both groups of 

c h i ld re n ,  counting  was no more e f f e c t iv e  than an a d d i t io n /s u b t r a c t io n  

procedure in inducing number conserva tion  with o b je c t s .

In h e ld e r  e t  a l .  (1974) a lso  used q u an tify in g  a c t i v i t i e s  in  a 

t r a in in g  study f o r  leng th  co n se rv a tio n .  Only c h i ld re n  who had acquired  

number conserva tion  served as s u b je c t s ,a s  th e  purpose o f  the  experiment 

was to  study th e  developmental l in k  between number conserva tion  and con­

se rv a t io n  o f  len g th .  Children were asked to  use matches to  c o n s tru c t  

"roads" o f  th e  same len g th  as model roads l a id  ou t in  various  co n f ig u ra ­

t io n s  and formed by matches of d i f f e r e n t  s i z e s .  Children were questioned 

about th e  number o f  matches and /o r th e  len g th s  o f  th e  roads . The r e s u l t s  

showed t h a t  c h i ld re n  made progress  in  acq u ir in g  leng th  co n se rv a tio n .  The 

counting procedure, however, was i n t e r r e l a t e d  w ith a c o n f l i c t  t r a in in g  

procedure,and as a r e s u l t  the  e f f e c t  of counting i t s e l f  i s  not known.
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B eil in  (1978), in  h is  ex tens ive  review o f the  t r a in in g  l i t e r a t u r e ,  

c i t e s  a group o f  Sovie t s tu d ie s  which based t h e i r  t r a in in g  on measurement 

o p e ra t io n s  (Obuchova, 1966). The t r a in in g  i s  rep o r ted  to  be s u c c e s s fu l ,  

a lthough d e t a i l s  concerning methodology and data a re  not a v a i la b le .

In a recen t  t r a in in g  s tudy , Gelman (1982) argued t h a t  she produced 

evidence supporting a n a t i v i s t  I n te r p r e ta t io n  o f  number development.

Gelman asked 3- and 4 -y e a r-o ld  ch ild ren  to  count one of two small s e t  

s iz e  a r ra y s  placed in one-to-one  correspondence and then in d ic a te  i t s  

c a rd in a l  va lue . The procedure was repeated  f o r  the  second a r ra y .  The 

c h i ld  was then asked to  make a judgment o f  equivalence o r  nonequivalence 

with th e  a rra y s  uncovered. Next, the  c h i ld re n  watched as th e  in te rv iew er  

transform ed th e  leng th  o f  one o f  the  a r ra y s  and then were asked to  judge 

whether the  s p e c i f i c  number o f  items in each row had changed. F in a l ly ,  

th e  c h i ld re n  were asked to  judge whether th e  two rows had the  same number 

o r  a d i f f e r e n t  number o f  items and to  exp la in  t h e i r  judgments. Two 

con tro l  co n d itio n s  were inc luded . Both involved having ch ild ren  count 

s in g le  a rra y s  in s tead  o f  pa ired  a r ra y s  and in  one c o n d it io n ,  c h i ld re n  were 

asked th e  c a r d in a l i ty  question  and in  th e  o th e r  they were n o t .  Number 

conserva tion  problems using small and la rg e  s e t  s iz e s  were p resen ted  

immediately a f t e r  th e  t r a in in g .  The r e s u l t s  in d ica ted  t h a t  both 3- and 

4 -y ea r-o ld  c h i ld re n  succeeded on standard  conserva tion  t r i a l s  w ith  both 

small and la rg e  s e t  s iz e s  fo llow ing th e  t r a in in g ,  even when success was 

defined  as being a b le  to  give a c o r r e c t  judgment and exp lana tion  on a t  

l e a s t  one o f  the  small s e t  s iz e  problems and on one o f  th e  la rg e  s e t  

s iz e  problems. Gelman in te rp re te d  her f in d in g s  as  in d ic a t in g  t h a t  the  

t r a in in g  had allowed ch ild ren  to  access  an a v a i l a b le ,  a lthough im p l i c i t ,
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a b i l i t y  to  use one-to -one  correspondence as  a b a s is  to  judge numerical 

equ ivalence. According to  Gelman, young c h i ld re n  have an Im p l ic i t  knowl­

edge o f th e  one-to -one  correspondence p r in c ip le  but need an e x p l i c i t  

understanding o f t h i s  p r in c ip le  to  succeed on the  number conserva tion  ta s k .

Conservation E x t in c tio n  Experiments

Like th e  t r a in in g  s tu d ie s ,  the  conserva tion  e x t in c t io n  s tu d ie s  

a lso  provide ch ild ren  with em pirica l in form ation t h a t  c o n tra d ic ts  t h e i r  

b e l i e f s .  In e x t in c t io n  s tu d ie s ,  c h i ld re n  a re  presen ted  with evidence of 

nonconservation in  c o n t r a s t  to  th e  evidence of conserva tion  they rece iv e  

In the  t r a in in g  s tu d ie s .  In g e n e ra l ,  the  f in d in g s  in d ic a te  th a t  conservers  

a re  not a f f e c te d  by evidence o f  nonconservation f o r  most concep ts , but th a t  

they a re  In fluenced  by evidence o f  nonconservation f o r  weight conse rva tion . 

As M ille r  (1976) has poin ted  o u t ,  however, conserva tion  o f  weight appears 

to  be an a ty p ic a l  concept in  i t s  s u s c e p t i b i l i t y  to  e x t in c t io n ,  and t h i s  

may be l a rg e ly  a fu n c t io n  o f  th e  p a r t i c u l a r  e x t in c t io n  procedure used.

The f i r s t  e x t in c t io n  s tudy was c a r r ie d  out by Smedslund (1961).

Both n a tu ra l  and t r a in e d  conservers  were p resen ted  with a s in g le  e x t in c t io n  

t r i a l  f o r  conse rva tion  o f  w eight. On t h i s  t r i a l  th e  experim enter su r re p ­

t i t i o u s l y  removed c lay  from one o f two o b je c ts  which had p rev io u s ly  been 

judged to  be equal in  w eigh t. The c h i ld  was thus  confronted with an 

in s tance  o f  apparen t nonconservation . E x t in c t io n  o r  r e s i s ta n c e  was 

in fe r r e d  from th e  c h i l d ' s  ex p lana tion  f o r  the  unexpected outcome. Thus, 

"You took some away" was regarded as an in s tan ce  o f  r e s i s t a n c e ;  " I t ' s  

l i g h t e r  because i t ' s  f l a t t e r "  an example o f  e x t in c t io n  (M il le r ,  1976). 

Smedslund found t h a t  n a tu ra l  conservers  were s i g n i f i c a n t ly  more l i k e ly  

to  r e s i s t  e x t in c t io n  than were t r a in e d  co n se rv e rs .  A second f in d in g  was
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t h a t  only 6 o f  13 n a tu ra l  conservers  were a b le  to  r e s i s t  e x t in c t io n .  This 

low percentage  o f  r e s i s ta n c e  among n a tu ra l  conservers  was subsequently 

r e p l ic a te d  by o th e r  s tu d ie s  f o r  conserva tion  o f  weight (Hall & Kingsley, 

1968; Hall & Simpson, 1968; Kingsley & H a ll ,  1967). More recen t  weight 

e x t in c t io n  s tu d ie s  ( e . g . ,  M il le r ,  1973; S trau ss  & Uberman, 1974), with 

t h e i r  ex ten s iv e  probes and p o s t t e s t s ,  however, have found a h igher 

percentage o f  r e s i s ta n c e  than  was rep o r ted  in  th e  e a r l i e r  s tu d ie s .

There have been two s tu d ie s  t h a t  have a ttem pted  to  ex tin g u ish  

conserva tion  o f  number (Amaiwa, 1973; S trau ss  & Uberman, 1974). Both 

s tu d ie s  used a procedure involving a s u r r e p t i t io u s  a d d i t io n  o r  su b tra c t io n  

of items to  c r e a te  th e  e x t in c t io n  t r i a l s .  Feedback was provided by v isual 

in sp ec tio n  o f  th e  m a te r ia l .  The r e s u l t s  of th e se  s tu d ie s  were c o n s is te n t  

in  f in d in g  th a t  r e s i s ta n c e  was v i r t u a l l y  t o t a l  by th e  c r i t e r i o n  of p e r fo r ­

mance on a conserva tion  p o s t t e s t .  In o th e r  words, almost a l l  ch i ld ren  

r e s i s t e d  the  evidence of apparen t nonconservation . Amaiwa (1973) a lso  

examined re s i s ta n c e  to  e x t in c t io n  o f le n g th ,  a r e a ,  and weight conse rva tion . 

She found high percentages o f  r e s i s ta n c e  fo r  len g th  and area  conserva tion , 

but a somewhat lower percentage f o r  weight conse rva tion .

Despite  the  f in d in g  o f  g re a te r  r e s i s ta n c e  in  the  more recen t 

e x t in c t io n  s tu d ie s ,  many ch ild ren  do appear to  abandon t h e i r  b e l i e f  in 

conserva tion  o f  weight when faced with c o n tra d ic to ry  em pirical evidence. 

M il le r  (1976) has suggested th a t  th e  d i f f e r e n c e  between weight and o th e r  

conserva tion  concepts may be a fu n c tio n  o f  th e  f a c t  th a t  in  e x t in c t io n  

s tu d ie s  with w eigh t,  th e  feedback 1s u su a l ly  provided by a machine (a 

balance s c a l e ) ,  whereas 1n s tu d ie s  w ith o th e r  concepts the  feedback must 

be provided by v isual in sp ec t io n .  As a r e s u l t  o f  t h i s  d i f f e r e n c e ,  changes
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1n q u an t i ty  1n th e  l a t t e r  s tu d ie s  must n e c e s sa r i ly  be la rg e  in  o rd e r  th a t  

they can be r e a d i ly  perceived  by th e  c h i ld ,  whereas changes on weight t r i a l s  

a re  no t Immediately apparen t and th e  amount o f  th e  change can be l e f t  un­

s p e c if ie d  (M il le r ,  1976). Thus, in te rco n cep t  d i f f e r e n c e s  in  e x t in c t io n  may 

be a r e f l e c t io n  not o f  d i f f e r e n t i a l  c e r t a in t y  w ith  which concepts a re  held 

but r a th e r  a fu n c t io n ,  a t  l e a s t  in  p a r t ,  o f  th e  s p e c i f i c  nonoperational 

outcomes t h a t  have been provided.

With regard  to  developmental level in  th e  second sense , th a t  i s ,  

w ith in  groups ( e . g . ,  conservers  o r  nonconservers) ,  th e re  i s  one study th a t  

compared th e  performance o f two le v e l s  of concre te  opera tiona l conservers  

on e x t in c t io n  o f  number. S trauss  and Uberman (1974) t e s t e d  c h i ld re n  who 

conserved only number and ch ild ren  who conserved number, le n g th ,  and weight. 

The r e s u l t s  revealed  th a t  80£ of th e  c h i ld re n  with l e s s  e lab o ra ted  s t r u c ­

tu re s  ( s u b je c ts  who only conserved number) and a l l  o f  th e  ch ild ren  with 

more e lab o ra ted  s t r u c tu r e s  ( su b je c ts  who conserved a l l  th re e  concepts) 

r e s i s t e d  th e  evidence o f  apparent nonconservation .

R ationale  and Hypotheses

As the  preceding review dem onstra tes , th e  recen t  resea rch  on 

c h i ld r e n 's  counting , on young c h i ld r e n 's  performance on small number 

conserva tion  problems, and on th e  developmental r e l a t io n s h ip  between 

counting and number conserva tion  suggests  t h a t  th e  e a r ly  models of the  

ro le  o f  counting in  th e  form ation o f concepts o f  number conservation  may 

not be adequate . Contrary to  P ia g e t 's  th e o ry ,  which considers  young 

c h i ld r e n 's  counting to  be merely an a sp ec t  o f  r o te  knowledge, new 

evidence in d ic a te s  t h a t  young c h i ld re n  use q u a n t i t a t iv e  counting p r io r  

to  th e  development o f  number co n se rv a tio n .  In a d d i t io n ,  the  in v a r ia n t
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o rd e r  1n th e  development o f  q u a n t i t a t iv e  counting and number conserva tion  

su g g es ts ,  as  counting-based models ho ld , t h a t  th e  c h i ld  may use counting 

as  a means o f ga th e r in g  Inform ation to  help understand number co n se rv a tio n .  

However, c h i ld re n  may e r r  1n t h e i r  counting, and th e re fo re  counting alone 

cannot be th e  so le  b a s is  f o r  th e  form ation o f lo g ica l  concepts such as 

number conserva tion . The ro le  o f  counting remains un c lea r .

The purpose o f  th e  p re sen t  re sea rch  was to  examine th e  way in  which 

c h i ld re n  a t  d i f f e r e n t  s tag es  in t h e i r  understanding  o f number conserva tion  

re so lv e  the  c o n f l i c t  between inform ation produced through counting and 

t h e i r  b e l i e f  about conserva tion  and th e  way in  which s e t  s iz e  may in f lu en ce  

th e  r e s o lu t io n .  Two s tu d ie s  were conducted. An overview of the  s tu d ie s  will 

serve  to  make the  fo llow ing hypotheses unders tandab le . Four groups of 

ch i ld re n  were t e s t e d  on number problems involving small o r  la rg e  s e t  s i z e s .  

In Study 1, th e  two groups c o n s is ted  o f  nonconservers who could e s t a b l i s h  

one-to-one correspondence (Level 2 nonconservers) and those  who could not 

(Level 1 nonconservers). In Study 2, th e  two groups co n s is ted  o f  conservers  

who provided le s s  mature exp lana tions  f o r  t h e i r  conserva tion  judgments 

(Level 1 conservers)  and those  who provided more mature exp lana tions  

(Level 2 c o n se rv e rs ) .  In o rder to  determine the  e f f e c t  inform ation  gained 

through counting has on c h i ld r e n 's  understanding  of co n se rv a t io n ,  c h i ld re n  

were presen ted  w ith  a ta sk  in  which the  r e s u l t s  of t h e i r  em pirical counting 

co n tra d ic te d  what t h e i r  b e l i e f  in  conserva tion  would lead  them to  expect.

In Study 1, nonconservers were presen ted  with s tandard  conserva tion  t r i a l s  

(4) w ith  th e  fo llow ing  a d d i t io n .  A f te r  answering th e  conserva tion  q u e s t io n ,  

th e  ch ild ren  were to ld  to  count the  a r ra y s  and then were again  asked the  

conserva tion  q u es t io n .  In Study 2, conservers  were a lso  asked to  count
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th e  a r ra y s  a f t e r  they had made conserva tion  judgments. Following the 

count, they  too were asked to  make ano ther conserva tion  judgment. In the  

case  o f  conse rvers ,  however, in  o rder  to  provide ch ild re n  with a co n tra ­

d ic t io n ,  t r i a l s  involved a s u r r e p t i t i o u s  a d d i t io n  o r  su b tra c t io n  o f  an 

item during th e  s p a t ia l  t ra n s fo rm a tio n .  As a consequence, when conservers  

counted they  d iscovered t h a t  the  p rev ious ly  eq u iv a len t  rows were no longer 

eq u iv a len t  in  number (apparent nonconserva tion ).  Nonconservers were scored 

in terms o f th e  e x ten t  to  which th e  Inform ation they ob ta ined  through 

counting  was used to  determine t h e i r  f in a l  q u a n t i t a t iv e  judgments. Con­

se rv e rs  were scored in  terms of the  ex ten t  to  which they  recognized and /or 

exp la ined  th e  c o n t ra d ic t io n  between t h e i r  b e l i e f  in  conservation  and the  

evidence o f  nonconservation they produced by counting .

The following hypotheses were t e s t e d :

Study 1:

1. Level 1 nonconservers w il l  change to  conserva tion  
follow ing counting on small s e t  s iz e s  to  a g re a te r  
degree than on la rg e  s e t  s iz e s .

2. Level 2 nonconservers w ill  change to  conservation  

fo llow ing counting on small s e t  s iz e s  to  a g re a te r  
degree than on la rg e  s e t  s i z e s .

3. Level 2 nonconservers w il l  change to  conservation  
fo llow ing  counting on small s e t  s iz e s  to  a g re a te r  
degree than Level 1 nonconservers .

4. Level 2 nonconservers w ill  change to  conservation  
fo llow ing  counting on la rg e  s e t  s i z e s  to  a g re a te r  
degree than Level 1 nonconservers .

Study 2:

5. Level 1 conservers  w il l  recognize an d /o r  exp la in  
th e  apparen t nonconservation to  a g re a te r  e x te n t



fo llow ing  counting on small s e t  s iz e s  than on 
la rg e  s e t  s i z e s .

6 . Level 2 conservers  w ill  not d i f f e r  1n t h e i r  a b i l i t y  
to  recognize and /o r explain th e  apparent nonconservation 
fo llow ing counting on small and la rg e  s e t  s i z e s .

7. Level 2 conservers w il l  recognize and /or exp la in  th e  

apparen t nonconservation to a g re a te r  ex ten t  fo llow ing 
counting on small s e t  s iz e s  than Level 1 conservers .

8. Level 2 conservers  w ill  recognize and /o r ex p la in  the  
apparen t nonconservation to  a g r e a te r  e x te n t  fo llow ing 
counting on la rg e  s e t  s iz e s  than Level 1 conse rve rs .
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Chapter II  

STUDY 1

Method

Design

The experim ental design of th e  study was a 2 x 2  f a c to r i a l  with 

developmental lev e l  and s e t  s iz e  as th e  betw een-subject f a c to r s .

Sub jec ts

S ix ty  c h i ld re n  ranging in  age from 3 y ea rs  9 months to  6 years  

5 months served as s u b je c ts .  The c h i ld re n  were drawn from several day care  

c en te rs  and elem entary schools in a m idd le -c la ss  suburban area of New York 

C ity . The c h i ld re n  were d ivided in to  two groups. One group was composed 

o f 30 Level 1 nonconservers with an average age o f  4 years  10 months (SD = 

8 .2  months), and th e  o th e r  group co n s is ted  o f  30 Level 2 nonconservers with 

an average age o f 5 y e a rs  4 months (SD = 9.1 months).

Procedure

All c h i ld re n  were seen in d iv id u a l ly  by the  a u th o r .  Although the  

procedure was con tinuous, th re e  phases can be i d e n t i f i e d :  conservation

assessm ent, coun ting , and c o n f l i c t  phases.

Assessment phase. This phase served to  id e n t i f y  two le v e l s  of 

nonconservers . Two s e t s  o f  b u t to n s ,  one go ld -co lo red  and the  o th e r  s i l v e r -  

c o lo re d ,  measuring 1.9 cm in  d iam eter ,  were shown to  the  c h i ld re n .  The 

c h i ld re n  were t o ld  t h a t  th e  in te rv iew er  wanted to  play a few games with
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them using th e  b u tto n s .  The c h i ld re n  were f i r s t  p resen ted  with a l i n e a r  

a r ra y  o f  8 s i l v e r  bu ttons  placed 1 Inch a p a r t  and an a v a i la b le  s e t  of gold 

b u t to n s .  They were then asked to  put down on the  desk th e  same number of 

bu ttons  t h a t  were spread out before  them. Children who were unable to  

e s t a b l i s h  a one-to-one  correspondence on the  f i r s t  t r i a l  were given two 

ad d i t io n a l  t r i a l s  to  do so. A fte r  th e  t h i r d  t r i a l ,  the  in te rv ie w er  con­

s t ru c te d  the  one-to -one  corespondence and to ld  the  c h i ld  t h a t  th e  rows 

were equal in  number. Once the  ch ild ren  had s e t  up the  one-to-one 

correspondence o r  had i t  co n s tru c ted  fo r  them and acknowledged numerical 

equivalence between th e  rows, th e  in te rv iew er  e i t h e r  expanded o r co n trac ted  

one o f  the  rows w hile  say in g , "Now, watch what I'm do ing ."  Following the 

t ra n s fo rm a tio n , c h i ld re n  were asked i f  they and th e  in te rv iew er now had 

th e  same number of bu ttons  o r  whether one of them had more than the  o th e r ,  

and i f  so , who. The c h i ld re n  were a lso  asked to  j u s t i f y  t h e i r  answers, fo r  

example, "How do you know?"

Each c h i ld  received  th re e  t r i a l s  a t  s e t  s iz e  8. The t r i a l s  co n s is ted  

o f  both expansion and co n tra c t io n  t ra n s fo rm a tio n s .  The o rder  of a d m in is t ra ­

t io n  o f  th e  tran sfo rm a tio n s  a l t e r n a t e d  f o r  each c h i ld  and were coun te r­

balanced across  s u b je c ts .  Two o rders  o f  conserva tion  assessment t r i a l s  

were used: (1) expand s u b j e c t ' s  row, c o n tra c t  s u b je c t ' s  row, expand

ex p er im en te r 's  row, and (2) c o n t ra c t  s u b j e c t ' s  row, expand s u b j e c t ' s  row, 

c o n t ra c t  e x p e r im en te r 's  row. The o rd e r  o f  th e  response a l t e r n a t iv e s  in 

th e  conserva tion  question  was a ls o  counterbalanced across  s u b je c ts .

C h i ld re n 's  responses were c l a s s i f i e d  as f a l l i n g  in to  one o f  two 

ca te g o r ie s  based upon P i a g e t ' s  c r i t e r i a  (P ia g e t ,  1952). Children who 

could not e s t a b l i s h  a one-to-one  correspondence on any o f th e  t r i a l s  and
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gave no conserva tion  judgments were c a l le d  Level 1 nonconservers. In 

P i a g e t ' s  system, th e se  ch ild re n  would be considered  as being a t  Stage 1 

in  th e  development o f  th e  number concept. Children  who could e s t a b l i s h  a 

one-to-one correspondence on each t r i a l  but did not produce any conserva­

t io n  judgments were c a l le d  Level 2 nonconservers . This category  of 

nonconserver 1s c o n s is te n t  with P ia g e t ' s  second s tag e .  Any c h i ld  who 

d id  not f i t  in to  e i t h e r  o f  the  above c a te g o r ie s  was not included 1n 

th e  s tudy.

Counting phase. The purpose of t h i s  phase was to  ensure t h a t  

c h i ld re n  had c e r ta in  counting s k i l l s  with which to  p a r t i c i p a t e  meaning­

f u l l y  in th e  subsequent c o n f l i c t  phase. Three questions  were adm in is te red . 

The f i r s t  q u es tion  was designed to  determine th e  c h i l d ' s  a b i l i t y  to  count

an a r ra y  o f  item s. To t h i s  end, the  c h i ld  was presen ted  with a l i n e a r

a r ra y  o f  pennies (3 , 6 ,  o r  9 ) ,  p laced 1 inch a p a r t ,  and asked to  count 

them a loud . A fte r  the  c h i ld  had counted the  penn ies ,  th e  row was 

immediately covered with a sh ee t  o f  paper , and th e  c h i ld  was asked a 

second q u e s t io n ,  "How many pennies a re  underneath the paper?" The purpose 

Of t h i s  question  was to  determine 1f th e  c h i ld  understood th e  c a r d in a l i ty  

r u l e ,  t h a t  i s ,  t h a t  th e  l a s t  numeral r e c i t e d  1n counting a s e t  o f  o b je c ts  

re p re se n ts  th e  card inal value o f  the  s e t .  T h ird ,  c h i ld re n  were asked i f  

they were c e r t a in  t h a t  they had counted c o r r e c t ly  o r  whether they thought 

they might have made a m istake. This question  a ssessed  c h i ld r e n 's  

confidence 1n t h e i r  counting .

The q u es t io n s  were p resen ted  th re e  t im es ,  invo lv ing  s e t s  o f  3 , 6 ,

and 9 p enn ies .  The o rd e r  o f  a d m in is t ra t io n  o f  th e  th re e  s e t s  was coun ter­

balanced ac ro ss  s u b je c ts .  Children had to  meet the  fo llow ing  th re e
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c r i t e r i a  in  o rd e r  to  continue 1n th e  s tudy . F i r s t ,  they had to  count

a c c u ra te ly  on th e  t r i a l s  using 3 and 6 pennies and n o t  be in  e r r o r  by

more than 2 numerals on th e  t r i a l  w ith  9 penn ies .  Second, c h i ld re n  had 

to  be co n f id en t  about t h e i r  counting products on a l l  th r e e  t r i a l s .

F in a l ly ,  ch i ld re n  had to  be c o r r e c t  on th e  c a r d in a l i ty  question  on two 

o f th e  th re e  t r i a l s .  The c r i t e r i o n  o f  two of th re e  c o r r e c t  t r i a l s  was 

used in  o rd e r  to  inc lude  c h i ld re n  who, due to  a n x ie ty ,  s h o r t  a t t e n t io n  

span, memory, e t c . ,  may have responded in c o r re c t ly  on one t r i a l .

Children who r e c i t e d  a l l  th e  numbers up to  and inc lud ing  th e  l a s t  

numeral 1n response to  th e  c a r d in a l i t y  question  were Included. On the  

b a s is  of th e se  c r i t e r i a ,  a to t a l  o f  f i v e  c h i ld re n ,  th re e  a t  Level 1 and 

two a t  Level 2 , were no t Included in  th e  s tudy .

C o n f l ic t  phase . The purpose o f  t h i s  phase was to  have nonconservers

produce counting inform ation  which in d ic a te d  co n se rv a tio n .  Children were 

randomly ass igned  to  e i t h e r  a small s e t  s iz e  cond ition  (4 Items) o r  a la rg e  

s e t  s iz e  cond ition  (8 items) w ith in  t h e i r  r e sp e c t iv e  level o f  conservation  

unders tand ing . This re s u l te d  in  fo u r  groups of 15 su b je c ts  each.

The c h i ld  was p resen ted  w ith  two l i n e a r  a r ra y s  equal in  number and 

a l ig n ed  in  one-to -one  correspondence. Once th e  c h i ld  acknowledged th a t  

th e  two s e t s  were equal in  number o r  was to ld  t h a t  both s e t s  were equal 

(which was sometimes necessary  f o r  th e  Level 1 nonconservers) ,  the  i n t e r ­

viewer expanded o r c o n tra c te d  one o f  th e  a r ra y s  and asked th e  conserva tion  

q u e s t io n .  The in te rv ie w er  then repea ted  th e  c h i l d ' s  response , e . g . ,  "So, 

I /you  have more b u t to n s ."  The c h i ld re n  were then to ld  to  count the  

b u ttons  aloud in  o rd e r  to  be s u re .  I f  n ecessa ry ,  th e  in te rv iew er  helped 

them w ith  t h e i r  counting to  ensure  an accu ra te  count. The in te rv iew er
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then repa ted  aloud th e  numbers th e  c h i ld re n  produced in t h e i r  co u n ts ,

e . g . ,  “So, th e re  a re  ___  buttons here [p o in t in g  to  one row], and th e re

a re  ___  bu ttons  here [p o in t in g  to  th e  o th e r  row]." This s ta tem en t was

designed to  ensure  t h a t  th e  ch ild ren  were a t ten d in g  to  th e  f a c t  t h a t  the  

two s e t s  they had j u s t  counted con tained  th e  same number o f  i tem s . The 

conserva tion  q ues tion  was again  adm in is tered  along with a req u es t  f o r  an 

exp lana tion  f o r  the  judgment.

There were fo u r  c o n f l i c t  t r i a l s .  Children who produced conservation  

judgments on th e  fo u r th  t r i a l  were adm in is tered  a co u n te rsugges tion . I f  

th e  c h i ld  produced a conserva tion  judgment a f t e r  counting on th e  fo u r th  

t r i a l ,  th e  coun tersugges tion  took th e  form, "Before you s a id  th a t  I/you 

had more b u t to n s .  Now we both have the  same number. Which do you th ink  

i s  r ig h t?  Why?" I f  th e  c h i ld  produced a conserva tion  judgment on the  

fo u r th  t r i a l  p r io r  to  th e  count, the  countersuggestion  took the  fo llow ing 

form, "Another b o y /g ir l  t h a t  I saw sa id  th a t  t h i s  row [p o in t in g  to  the  

longer row] had more bu ttons  because i t  goes ou t to  here [p o in t in g  to  

both ends] . Do you th in k  t h a t  b o y /g ir l  was r ig h t?  Why o r why not?"

The fo u r  t r i a l s  c o n s is ted  of both expansion and co n tra c t io n  t r a n s ­

fo rm ations. The o rd e r  o f  a d m in is t ra t io n  o f  the  tran sfo rm a tio n s  a l t e r n a t e d  

w ith in  th e  s e t  and were a lso  counterbalanced across  s u b je c ts .  The conserva­

t io n  q ues tion  was phrased in  two ways, a l s o  counterbalanced ac ro ss  sub jec ts . 

One form o f  th e  question  was th e  fo l lo w in g , "Do we both have th e  same 

number o f  bu ttons  o r  do I have more bu ttons  o r  do you have more bu ttons?"  

The o th e r  form of the  question  was, "Do we both have th e  same number of 

bu ttons  o r  do you have more bu ttons  o r  do I have more buttons?"
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Scoring

Children were ass igned  scores  f o r  t h e i r  judgments fo r  each of the  

fo u r  t r i a l s .  A score  o f  0 was ass igned  to  each judgment t h a t  In d ica ted  

th a t  the  Inform ation gained from counting was not used to  determine the  

f in a l  q u a n t i t a t iv e  judgment. In o th e r  words, c h i ld re n  maintained t h e i r  

o r ig in a l  nonconservation judgment a f t e r  counting . A score  o f  1 was given 

to  each conserva tion  judgment t h a t  in d ica ted  t h a t  th e  ch11d 1s count on 

t h a t  t r i a l  was used as  th e  b a s is  f o r  changing to  co n se rv a tio n .  A score 

o f  2 was assigned  to  each conserva tion  judgment t h a t  preceded the  count 

and was ev id en t ly  based on counting inform ation obtained on the  previous 

t r i a l  o r  t r i a l s  (o r in  the  case  of small s e t  s i z e s ,  numerical inform ation 

gained through a d i r e c t  perceptual mechanism). Since th e re  were fo u r  

t r i a l s ,  t o t a l  conserva tion  change scores  ranged from 0 to  8.

C h ild re n 's  responses to  th e  coun tersugges tion  were recorded as 

e i t h e r  re tu rn in g  to  a nonconservation judgment o r  m ain ta in ing  the  

conserva tion  judgment.

R esu lts  and D iscussion

The p re se n ta t io n  o f  th e  r e s u l t s  inc ludes  th e  fo llow ing fo u r  

a n a ly se s .  The f i r s t  a n a ly s is  compared th e  mean scores f o r  the  two 

su b je c t  groups a t  each leve l o f  s e t  s i z e  to  determine whether c h i ld r e n 's  

performance on th e  conserva tion  problems was in f luenced  by t h e i r  develop­

mental lev e l  and the  number o f  items used. A second a n a ly s is  focused on 

c h i ld r e n 's  conserva tion  judgments on th e  f i r s t  t r i a l  and th e  l a s t  t r i a l  

to  determine i f  the  two groups o f  nonconservers were eq u a lly  in fluenced  by 

the  repeated  t r i a l s .  The t h i r d  a n a ly s is  compared th e  two groups of
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nonconservers in  terms o f  t h e i r  p a t te rn s  o f conserva tion  judgments across  

t r i a l s .  The fo u r th  and l a s t  a n a ly s is  compared the  number o f  c h i ld re n  who 

re ta in e d  th e  conserva tion  judgment fo llow ing th e  coun tersugges tion  and 

those  who did  n o t .

Table 1 co n ta in s  th e  means and s tandard  d e v ia t io n s  o f  the  conserva­

t io n  change sco res  f o r  th e  two s u b je c t  groups a t  each leve l of s e t  s i z e .

A square ro o t  transfo rm ation  was used in o rd e r  t h a t  the  da ta  more c lo se ly  

approximate homogeneity o f  v a r ian ce .  Planned comparisons (Keppel, 1973) 

revealed  t h a t  Level 2 nonconservers (NCs) changed from nonconservation to  

conserva tion  judgments fo llow ing  counting  on la rg e  s e t  s iz e s  to  a g re a te r  

e x ten t  than Level 1 NCs (£[1*56] = 13,84, £ <  .001 ) . The a n a ly s is  a lso  

revealed  t h a t  Level 1 NCs changed from nonconservation to  conserva tion  

judgments to  a g r e a te r  e x te n t  on small than on la rg e  s e t  s iz e s  {£[1 ,56]=  

4 .4 9 ,  £  < .04 ) .  Thus, th e se  ana ly ses  provide d i r e c t  support f o r  Hypotheses 

1 and 4 .

A f u r th e r  way to  in v e s t ig a te  developmental d i f fe re n c e s  in th e  way 

nonconservers use counting  in fo rm ation  t h a t  c o n t ra d ic t s  t h e i r  b e l i e f  about 

conserva tion  1s to  look a t  th e  co nse rva tion  judgments on each of th e  fo u r  

t r i a l s .  On each t r i a l  one o f  th re e  types  o f  conserva tion  responses were 

p o ss ib le :  (1) N—nonconservation judgment a f t e r  coun ting , (2) C-A—conser­

va t io n  judgment a f t e r  c o u n tin g , and (3) C -B ~conserva tion  judgment before  

counting (see s u p e r s c r ip t  on Table 1 ) .  The frequency o f  each type o f  

conserva tion  judgment f o r  each t r i a l  f o r  th e  two su b je c t  groups i s  

p resen ted  1n Table 2. I f  coun ting-based  th e o r ie s  o f  number conserva tion  

a re  c o r r e c t ,  then nonconservers should change to  conserva tion  as a 

consequence o f  repeated  t r i a l s  prov id ing  counting  in fo rm ation . I f
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T a b le  1

Means and Standard Deviations of Conservation 

Change Scores across  Conditions®

Set s iz e

Nonconserver Small Large
group I SD T SD

Level 1 2.13 2.32 0.60 1.29

Level 2 2.93 2.31 3.46 2.53

There was a s l i g h t  asymmetry ac ro ss  th e  s e t  s iz e s  in th e  t o t a l  score  
l ik e ly  to  be a t t a in e d ,  namely, 8 f o r  small s e t s  and 7 f o r  la rg e  s e t s .  
Whereas in  the  small s e t  s iz e  cond ition  1 t  was q u i te  p o ss ib le  f o r  su b jec ts  
to  earn a score  o f  2 on each t r i a l ,  in  th e  la rg e  s e t  s iz e  cond ition  i t  was 
h y p o th e t ic a l ly  p o ss ib le  but extremely u n l ik e ly  (no su b jec t  did) to  p re d ic t  
conserva tion  on th e  f i r s t  t r i a l  and thereby  earn  a score  of 2 f o r  th a t  
t r i a l .



39

T ab le  2

Frequency D is t r ib u t io n  of Conservation Judgments 

as a Function o f Trial and Nonconserver Group

T ria l  number and conserva tion  judgment

NC T ria l  1 T r ia l  2 T r ia l  3 T r ia l  4
group N C-A C-B N C-A C-B N C-A C-B N C-A C-B

Level 1

Small 7 7 1 8 6 1 8 6 1 9 5 1

Large 12 3 0 13 2 0 13 2 0 13 2 0

Level 2

Small 4 10 1 6 8 1 6 8 1 5 8 2

Large 5 10 0 6 7 2 5 5 5 5 4 6

Note. N = nonconservation judgment; C-A = conserva tion  judgment a f t e r  
counting; C-B = conserva tion  judgment be fo re  counting .
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non-counting-based models a re  co rrec t*  th e re  should be no change 1n 

nonconservers ' performance over success ive  t r i a l s  Involving coun ting . To 

determine i f  th e  p re sen t  data  provided support f o r  e i t h e r  of th e se  models, 

th e  frequency o f  each type  o f  conserva tion  judgment on th e  f i r s t  t r i a l  and 

on th e  l a s t  t r i a l  was compared f o r  th e  two groups (pooling s e t  s iz e s  to  

in c rease  the  expected v a lu e s ) .  The d i s t r i b u t i o n  o f  Level 2 NCs1 judgments 

s h i f t e d  towards g iv ing  more conserva tion  judgments before  counting on the  

l a s t  t r i a l  than on th e  f i r s t  t r i a l  (x 2[2 ]  = 7 .5 0 , £  < .0 3 ) ,  whereas the  

d i s t r i b u t io n  o f  the  Level 1 NCs' judgments showed no such change (x2[2 ]  -  

.74 , n . s . ) .

Although the  above a n a ly s is  revealed  t h a t  as a group the  d i s t r i b u t io n  

of  Level 2 NCs' judgments, in  c o n t r a s t  to  t h a t  o f  Level 1 NCs, changed from 

th e  f i r s t  to  th e  l a s t  t r i a l ,  i t  did not in d ic a te  how in d iv id u a l ch i ld ren  

made use o f  th e  counting in form ation  over th e  fo u r  t r i a l s .  Did ch ild ren  

d isp lay  c o n s is te n t  p a t te rn s  o f  con se rv a tio n  judgments ac ro ss  t r i a l s ,  and, 

i f  so , did  th e se  p a t te rn s  d i f f e r  in  frequency between th e  two groups of 

nonconservers? F i f t y - e ig h t  o f  60 c h i ld re n  could be desc ribed  by the  

fo llow ing fo u r  p a t te rn s  o f  conse rva tion  judgments. These a re  ordered 

from no use o f  th e  counting in form ation  (P a t te rn  1) to  th e  most e f f e c t iv e  

use o f  th e  counting inform ation  (P a t te rn  4 ) .

P a t te rn  1. Nonconservation judgments were given on 
each t r i a l  (N, N, N, N).

P a tte rn  2. Conservation judgments d id  not fo llow  a
p ro g ress iv e  p a t te rn  ( e . g . ,  N, C-B, C-A, C-A).
A p ro g ress iv e  p a t te rn  was one 1n which 
conserva tion  judgments on l a t e r  t r i a l s  
showed e i t h e r  more use o r  th e  same e x te n t  
o f  use o f  counting in form ation  as  those 

on e a r l i e r  t r i a l s .
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P a t te rn  3. Conservation judgments followed a p rog ress ive  
p a t te rn  but conservation was never a n t ic ip a te d  
( e . g . ,  N, N, C-A, C-A).

P a t te rn  4. Conservation judgments followed a p rog ress ive  
p a t te rn  and were a n t i c ip a te d  on l a t e r  t r i a l s  
o r  on th e  l a s t  t r i a l  (e .g . ,  N,C-A, C-B.C-B).

Table 3 con ta in s  th e  frequency o f  each p a t te rn  of conserva tion  judg­

ments f o r  th e  two su b jec t  groups a t  each lev e l  o f  s e t  s i z e .  Ch1-square 

ana lyses  were used to  determine whether c h i ld r e n 's  p a t te rn s  o f conservation  

judgments ac ro ss  t r i a l s  were r e l a t e d  to  t h e i r  developmental l e v e l .  In 

o rd e r  to  in c rease  the  expected c e l l  f r e q u e n c ie s ,  th e  number o f  c h i ld re n  

who produced P a t te rn s  1 and 2 ( l e s s  mature p a t te rn s )  was combined w ith the  

number o f  c h i ld re n  who demonstrated P a t te rn s  3 and 4 (more mature p a t t e r n s ) .  

The r e s u l t s  revealed  t h a t  th e  two groups o f  nonconservers (pooling s e t  

s iz e s )  d i f f e r e d  in  t h e i r  p a t te rn s  of conserva tion  judgments across  t r i a l s .  

S p e c i f i c a l ly ,  Level 2 nonconservers demonstrated more mature p a t te rn s  than 

Level 1 nonconservers (x2[ l ]  = 10.02, £ <  .0 1 ) .  Follow-up analyses  

in d ic a ted  t h a t  Level 2 nonconservers produced the  more p ro g ress iv e  p a t te rn s  

than  Level 1 nonconservers on la rg e  s e t  s i z e  problems (x2[ l ]  = 8 .8 6 ,  £  < 

.0 1 ) ,  bu t no t on small s e t  s iz e  problems (x2[ l ]  * 2 .28 , n . s . ) .

Although th e  p re sen t  s tudy 1s no t a conserva tion  t r a in in g  study in 

th e  t r a d i t i o n a l  sen se ,  e . g . ,  severa l t r a in in g  c o n d it io n s ,  m u lt ip le  p o s t ­

t e s t s ,  t r a n s f e r  t e s t s ,  e t c . ,  i t  can be viewed as a t r a in in g  study 1n the  

sense t h a t  repeated  conserva tion  t r i a l s  involv ing  counting Information were 

expected to  lead  nonconservers to  produce conserva tion  judgments. As with 

any study claiming to  demonstrate sh o r t- te rm  developmental change, th e  

question  can be r a is e d  as  to  whether th e  ch ild ren  who changed from



42

T a b le  3

Frequency D is t r ib u t io n  o f  P a t te rn s  of Conservation 

Judgments f o r  Two Groups o f  Nonconservers

NC P a t te rn  o f  conserva tion  judgment
group 1 2 3 4

Level 1

Small s e t 5 4 5 0

Large s e t 12 1 2 0

Level 2

Small s e t 4 1 8 1

Large s e t 3 2 4 6
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nonconservation t o  conserva tion  judgments r e a l ly  understand th e  concept 

as defined by a change in  in te rn a l  o rg an iza tio n  o r  whether they have 

learned  to  make r e l a t i v e  q u a n t i ty  judgments by re ly in g  on t h e i r  counting 

to  th e  exclus ion  of perceptual cues. One means o f  determining whether 

nonconservers have a c tu a l ly  made progress  towards acqu ir ing  conservation  

i s  to  look a t  th e  way in which they responded to  th e  co un tersugges tion .

The percentage o f  ch ild ren  who m aintained conserva tion  in  th e  face  o f  the  

countersuggestion  was 37% f o r  Level 1 nonconservers and 57% f o r  Level 2 

nonconservers. These f in d in g s ,  th en , provide some evidence th a t  a 

m ajo rity  of th e  more advanced nonconservers who changed to  conserva tion  

judgments did make developmental p rog ress .

In sum, th e  r e s u l t s  o f  t h i s  study in d ic a te d  t h a t  th e  way noncon­

se rv e rs  use inform ation gained through counting to  solve conserva tion  

problems was a fu n c tio n  of t h e i r  developmental l e v e l .  There were severa l 

ways in which th e  e f f e c t  o f  developmental leve l was dem onstrated. F i r s t ,  

Level 2 nonconservers d i f f e r e d  from Level 1 nonconservers in t h e i r  

t o t a l  conserva tion  change sco res .  Whereas l e s s  developmentally advanced 

nonconservers tended to  p e r s i s t  in  t h e i r  b e l i e f  in  nonconservation fo llow ­

ing coun ting , more advanced nonconservers changed to  judgments of conserva­

t io n  to  a g r e a te r  ex ten t  fo llow ing counting . This r e s u l t ,  however, was 

l im i te d  to  la rg e  s e t  s i z e s .  Second, Level 2 nonconservers a n t ic ip a te d  

conserva tion  more o f ten  on th e  l a s t  t r i a l  in c o n t r a s t  to  the  f i r s t  t r i a l  

than Level 1 nonconservers . T h ird , Level 2 nonconservers d isp layed  more 

p ro g ress iv e  p a t te rn s  of conservation  judgments across  t r i a l s  than Level 1 

nonconservers.
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The p re sen t  data suggest t h a t  c h i ld r e n 's  developmental leve l with 

re sp ec t  to  t h e i r  understanding  o f conserva tion  determines whether counting 

inform ation w il l  be used to  solve conserva tion  problems. This f in d in g  i s  

no t f u l l y  c o n s is te n t  w ith e i t h e r  non-counting-based models o r  counting- 

based models o f  number conse rva tion . Contrary to  non-counting-based 

models, th e  p re sen t  f in d in g s  in d ica ted  t h a t  nonconservers were ab le  to  

use counting inform ation  to  inform t h e i r  developing understanding o f con­

s e rv a t io n .  Unlike counting-based models, however, not a l l  ch ild ren  

b en e f i ted  from the  counting in form ation . Only th e  more advanced non­

co n se rv e rs ,  t h a t  1s, those  who understood the  numerical s ig n if ic a n c e  of 

one-to-one correspondence were ab le  to  use t h e i r  counting to  form 

conserva tion  judgments.

With regard  to  s e t  s i z e ,  th e re  was p a r t i a l  support f o r  the  view 

t h a t  the  number o f  o b je c ts  used in  the  conserva tion  problem in f lu en ces  the  

way ch ild ren  t r e a t  counting Information t h a t  v io la te s  t h e i r  b e l i e f  in non­

conse rva tion . In th e  p re sen t  experim ent, th e  le s s  advanced nonconservers 

changed from judgments of nonconservation to  judgments o f  conservation  

fo llow ing counting to  a g r e a te r  degree on small s e t  s iz e  problems than 

on la rg e  s e t  s iz e  problems. Further d iscu ss io n  o f th e  im p lica tions  of 

th e se  data  w il l  be taken up in  the  General D iscussion (Chapter IV).
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Chapter I I I  

STUDY 2

The r e s u l t s  o f  Study 1 provide support f o r  th e  hypothesis  t h a t  the  

way nonconservers t r e a t  counting inform ation t h a t  v io la te s  t h e i r  expec­

ta n c ie s  concerning number conservation  1s a fu nc tion  o f  both t h e i r  d ev e l­

opmental leve l and the  number o f  items used. An ad d it io n a l  way to  

in v e s t ig a te  th e  r o le  counting plays in  c h i ld r e n 's  understanding o f 

lo g ic a l  concepts o f  conservation  1s to  use c h i ld re n  who a lready  have 

acquired  number conserva tion  and study th e  way they re c o n c i le  counting 

inform ation t h a t  c o n t ra d ic t s  t h e i r  b e l i e f  in  co n se rv a tio n .  This i s  an 

i n te r e s t in g  question  s ince  conservers  may d i f f e r  in th e  way they handle 

c o n tra d ic to ry  counting inform ation as a fu n c tio n  of th e  e x te n t  to  which 

they understand conserva tion  as a lo g ic a l ly  necessary  t r u t h .  P iag e tian  

theory  acknowledges t h a t  a t  an i n i t i a l  lev e l of development, c e r ta in  con­

c e p ts ,  e . g . ,  co n se rv a tio n ,  a re  only accepted follow ing em pirical v e r l f i c a  

t io n  ( e . g . ,  Apostel e t  a l . »  1957; Beth & P ia g e t ,  1966). I t  i s  only a t  a 

l a t e r  p o in t  in  development t h a t  t h i s  e m p ir ic a l ly  based understanding  i s  

recognized as  " t ru e  and even necessary  by immediate deduction" (Beth & 

P ia g e t ,  1966, p. 232). I t  may be t h a t  young c h i ld re n  who o f f e r  conserva­

t io n  judgments on number conserva tion  ta sk s  d i f f e r  w ith  re sp ec t  to  t h e i r  

understanding  o f th e  n e c e s s i ty  o f  con se rv a tio n .  As a consequence they 

may vary with re sp ec t  to  how they handle counting  Information th a t  v io ­

l a t e s  t h e i r  b e l i e f  in conserva tion . The aim o f Study 2 was to  t e s t  t h i s  

h y po thesis .  The v a r ia b le s  o f  developmental lev e l and s e t  s iz e  were again
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hypothesized to  be s ig n i f i c a n t .  Developmental level was o p e ra t io n a l ly  

defined  by th e  n a tu re  o f  th e  ex p lan a tio n s  given f o r  conserva tion  judgments. 

Explanations f o r  number conservation  have been q u i te  v a r ie d ,  and 1 t seemed 

p la u s ib le  t h a t  th e se  exp lana tions  could be used to  in f e r  c h i ld r e n 's  s ta tu s  

with regard  to  t h e i r  understanding conserva tion  as  lo g ic a l ly  necessa ry . 

There i s  some support f o r  t h i s  Idea. Markman (1978), in  a study of 

young c h i ld r e n 's  numerical a b i l i t i e s ,  repo rted  t h a t  re fe ren ce  to  the  

i r r e le v a n c e  of th e  transfo rm ation  1s an ea r ly -ap p ea r in g  type of conserva­

t io n  j u s t i f i c a t i o n .  As an exp lana tion  given by ch ild ren  who have only 

r e c e n t ly  acquired  co n se rv a tio n ,  re fe ren ce  to  the  ir r e le v a n c e  of th e  t r a n s ­

form ation seems to  be based on em pirica l co n s id e ra t io n s  and th e re fo re  may 

no t e n ta i l  f e e l in g s  o f lo g ic a l  n e c e s s i ty .

In summary, Study 2 has value f o r  several reasons . F i r s t ,  1 t  i s  not 

known 1f th e re  a re  d i f f e re n c e s  among conservers  1n the  way they handle 

c o n tra d ic to ry  counting inform ation in  so lv ing  conserva tion  problems and 

whether the  number o f  items used in f lu en ces  t h e i r  behavior. Second, i t  

was f e l t  t h a t  knowing how conservers  t r e a t  d isc rep a n t  counting inform ation 

would provide a more complete d e sc r ip t io n  o f th e  r e l a t io n s h ip  between 

c h i ld r e n 's  production o f  em pirica l in form ation  and t h e i r  understanding 

o f lo g ic a l  concep ts .  F in a l ly ,  th e  r e s u l t s  would add to  th e  sp arse  l i t e r a ­

tu r e  on th e  e x t in c t io n  o f  number conserva tion  concep ts .

Method

Design

The experimental design o f  th e  s tudy was a 2 x 2  f a c t o r i a l  with 

developmental lev e l  and s e t  s i z e  as th e  be tw een-subject f a c to r s .



47

Subjects

S ix ty  c h i ld re n ,  ranging in  age from 4 y ea rs  0 months to  7 years  

5 months, served as  s u b je c ts .  The ch ild ren  were drawn from several day 

ca re  c e n te rs  and elementary schools in  a m id d le -c la ss  suburban area of 

New York C ity .  The ch ild ren  were d iv ided  In to  two groups. One group was 

composed o f 25 Level 1 conservers  {mean age 6 -0 ) ,  and the  o th e r  group con­

s i s t e d  of 35 Level 2 conservers  (mean age 6 -4 ) .  Of the  25 Level 1 con­

s e r v e r s ,  13 c h i ld re n  received  small s e t  s iz e  problems, and 12 received  

la rg e  s e t  s iz e  problems. Of the  35 Level 2 co n se rv e rs ,  17 ch ild ren  were 

adm in is tered  small s e t  s iz e  problems, and 18 were adm inistered  la rg e  s e t  

s iz e  problems.

Procedure

Each c h i ld  was in terview ed In d iv id u a l ly  by th e  a u th o r .  As 1n the  

f i r s t  s tu d y , the  in te rv iew  co n s is ted  o f  th re e  phases: conservation

assessm ent, counting , and c o n f l i c t  phases.

Assessment phase. The purpose o f  t h i s  phase was to  id e n t i fy  two 

le v e l s  o f  conse rvers .  Both s e t s  o f  bu ttons  (as described  in Study 1) were 

shown to  th e  c h i ld re n ,  and they were to ld  t h a t  the  In te rv iew er wanted to  

play a game using th e  b u t to n s .  The c h i ld re n  were then presen ted  with a 

l i n e a r  a r ra y  of 8 s i l v e r  bu ttons  placed 1 inch a p a r t  and an a v a i la b le  s e t  

o f  gold b u t to n s .  The c h i ld re n  were asked to  put down on th e  desk the  same 

number o f  bu ttons  t h a t  were spread out be fo re  them. Once th e  c h i ld re n  had 

s e t  up th e  one-to-one correspondence o r  had th e  In te rv iew er c o n s t ru c t  i t  

(some c h i ld re n  took th e  c o r r e c t  number bu t d id  not p lace  them 1n o ne-to -  

one correspondence) and acknowledged numerical equivalance  between th e  

rows, th e  in te rv iew er  e i t h e r  expanded o r  c o n tra c te d  one o f  th e  rows while
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say ing , "Now, watch what I 'm  doing ."  Following the  tran s fo rm a tio n ,  the  

c h i ld re n  were asked i f  they and the  in te rv iew er  now had th e  same number of 

bu ttons  o r  whether one o f  them had more than th e  o th e r  and i f  so , who.

The c h i ld re n  were a lso  asked to  j u s t i f y  t h e i r  re sponses , f o r  example,

"How do you know?"

Each c h i ld  rece ived  th re e  t r i a l s  a t  s e t  s iz e  8 . The t r i a l s  

c o n s is te d  o f  both expansion and co n tra c t io n  tran s fo rm a tio n s .  The order 

o f  a d m in is tra t io n  o f  the  tran sfo rm a tio n s  a l t e r n a t e d  f o r  each c h i ld  and 

were counterbalanced across  s u b je c ts .  Two o rd e rs  of conse rva tion  a s s e s s ­

ment t r i a l s  were used: (1) expand s u b je c t ' s  row, c o n tra c t  s u b j e c t ' s  row,

expand ex p e r im en te r 's  row, and (2) c o n t r a c t  s u b j e c t ' s  row, expand s u b je c t 's  

row, c o n t ra c t  ex p er im en te r 's  row. The order o f  response a l t e r n a t iv e s  in 

th e  conserva tion  question  was a ls o  counterbalanced  across  s u b je c ts .

C h ild re n 's  responses were c l a s s i f i e d  as f a l l i n g  in to  one of two 

c a te g o r ie s .  Children who (1) e s ta b l i s h e d  numerical equ ivalence  between 

th e  two s e t s  on each t r i a l ,  (2) made conserva tion  judgments on each t r i a l ,  

and (3) gave exp lana tions  r e f e r r in g  to  number, the  a c t  o f  coun ting , o r  the  

ir r e le v a n c e  on th e  transfo rm ation  were c a l le d  Level 1 conservers .  Children 

who (1) e s ta b l i s h e d  numerical equivalence  between the  s e t s  on each t r i a l ,

(2) made conserva tion  judgments on each t r i a l ,  and (3) gave exp lana tions  

r e f e r r in g  to  the  f a c t  t h a t  nothing had been added o r taken away ( i d e n t i t y ) ,  

t h a t  th e  o r ig in a l  s p a t i a l  arrangement could be re e s ta b l i s h e d  ( in v e r s io n ) ,  

t h a t  th e  rows were I n i t i a l l y  equal 1n number, o r  t h a t  th e  l a r g e r  spaces 

in  the  longer  row made 1 t  equal to  th e  s h o r te r  row (compensation) were 

c a l l e d  Level 2 co n se rv e rs .  Level 1 conservers  were considered  th e  le s s  

c o g n i t iv e ly  mature conservers  as  t h e i r  ex p lana tions  suggested a more
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em p ir ic a l ly  based understanding o f co n se rv a tio n .  Level 2 conservers  were 

considered  th e  more c o g n i t iv e ly  mature conservers  as t h e i r  exp lana tions  

suggested a more lo g ic a l  a p p rec ia t io n  of the  concept.

Counting phase. The purpose o f  t h i s  phase was to  ensure th a t  

c h i ld re n  had c e r t a in  counting s k i l l s  w ith which to  p a r t i c ip a t e  meaning­

f u l l y  1n th e  subsequent c o n f l i c t  phase. The procedure and c r i t e r i a  f o r  

judging th e  counting performance were th e  same as t h a t  described  1n 

Study 1.

C o n f l ic t  phase . The aim of t h i s  phase was to  p re sen t  conservers 

with conserva tion  t r i a l s  in  which th e  r e s u l t s  of counting co n trad ic ted  

what t h e i r  b e l i e f  in conserva tion  would lead  them to  expec t.  In ad d it io n  

to  th e  gold and s i l v e r  bu ttons  p rev iously  d e sc r ib e d ,  a r in g  with a very 

small magnet a t tach ed  to  i t  was used. The bu ttons  were made of a fe r ro u s  

m a te r ia l  and thus  were a t t r a c t e d  by th e  magnet.

The ch i ld  was p resen ted  w ith  two l i n e a r  a r ra y s  equal 1n number 

( e i t h e r  4 o r  8 depending on s e t  s iz e  co n d itio n )  and a l igned  1n one-to-one 

correspondence. Once th e  c h i ld  acknowledged t h a t  both a r ra y s  were equal 

1n number, th e  in te rv iew er  expanded o r co n trac ted  one o f  th e  a r r a y s ,  while 

a t  th e  same time s u r r e p t i t i o u s ly  removing one bu tton  o r  adding one button 

to  t h a t  a r r a y .  On the  expansion t r i a l s ,  th e  in te rv iew er s u r r e p t i t io u s ly  

removed one item from th e  expanded row by means o f  th e  r in g .  On the  

c o n tra c t io n  t r i a l s ,  one item was s u r r e p t i t i o u s ly  added to  th e  co n trac ted  

row. Immediately fo llow ing th e  t ra n s fo rm a tio n ,  th e  c h i ld  was asked th e  

conserva tion  q u e s t io n ,  "Now, do we both have the  same number o f  bu ttons  o r  

do I/you have more b u t to n s ,  o r  do y o u /I  have more buttons?"  Children who 

wanted to  count th e  b u ttons  befo re  making t h e i r  judgment were to ld  to  " ju s t
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guess ."  Children who advised t h a t  th e  a r ra y s  were unequal in number were 

asked , "How do you know?" Any spontaneous comments regard ing  th e  apparent 

nonconservation were recorded . For c h i ld re n  who acknowledged e q u a l i ty ,  

th e  In te rv iew er repeated  th e  c h i l d ' s  response , e . g . ,  "So, we both have 

the  same number o f  b u t to n s ."  The c h i ld  was then to ld  t o  count the  buttons 

aloud in o rd e r  to  be s u re .  I f  necessa ry , th e  In te rv iew er helped c h i ld re n  

with t h e i r  counting to  ensure an accu ra te  count. The in te rv ie w er  then

repeated  the  numbers th e  ch ild ren  produced, e . g . ,  "So, th e re  a re  ___

buttons  here [p o in t in g  to  one row] and th e re  a re  ___  b u ttons  here [p o in t ­

ing to  the  o th e r  row]." This s ta tem ent was designed to  ensure th a t  the  

c h i ld re n  were a t ten d in g  to  the  f a c t  t h a t  th e  two s e t s  they had j u s t  counted 

d i f f e r e d  in number. Again, any spontaneous comments were recorded.

Children who acknowledged In e q u a li ty  a f t e r  th e  count, o r  in  the  case of 

small s e t  s iz e s  w ithout coun ting , and did  not spontaneously recognize the  

c o n tra d ic t io n  ( i . e . ,  f i r s t  numerical equivalence  and now nonequivalence) 

as  a problem and /o r o f f e r  an exp lana tion  f o r  th e  unexpected outcome were

provided with a prompt. The prompt took th e  form, "Before you sa id  we

both had th e  same number o f b u tto n s .  Now I/you  have more b u t to n s .  Is  

t h a t  a l l  r ig h t?  Is  t h a t  okay?" ( reco g n it io n  o f c o n tra d ic t io n  q u e s t io n ) .

A second prompt was provided to  c h i ld re n  who did not spontaneously

exp la in  how the  apparent nonconservation could have occurred . This prompt 

took th e  form, "How could th a t  happen? How could t h a t  be?" (exp lanation  of 

c o n tra d ic t io n  q u e s t io n ) .

Six t r i a l s  were adm in is te red . The t r i a l s  c o n s is te d  o f both expansion 

and co n tra c t io n  t ra n s fo rm a tio n s .  The o rder  o f  a d m in is tra t io n  of the  t r a n s ­

form ations a l te r n a te d  w ith in  th e  s e r i e s  and was counterbalanced across
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su b je c ts .  Four t r i a l s  involved a s u r r e p t i t i o u s  m anipulation as  described  

above. The two o th e r  t r i a l s  d id  no t involve a s u r r e p t i t io u s  a d d i t io n  o r  

s u b t r a c t io n ,  and thus  th e  r e s u l t s  o f  counting confirmed a b e l i e f  1n con­

se rv a t io n .  The purpose o f  th e se  a d d i t io n a l  t r i a l s  was to  i n t e r f e r e  with 

c h i l d r e n 's  developing an expectancy t h a t  on every t r i a l  t h e i r  counting 

would be in c o n f l i c t  with t h e i r  b e l i e f  in  c o n se rv a tio n .  The s tandard  t r i a l s  

( invo lv ing  no s u r r e p t i t io u s  m anipu la tions) were p resen ted  in  the  f i r s t  and 

fo u r th  p o s i t io n s .  In the  i n t e r e s t  of time and keeping ch ild ren  motivated 

to  continue  with th e  t a s k ,  c h i ld re n  were no t asked to  exp la in  t h e i r  quan­

t i t a t i v e  judgments a f t e r  counting on th e se  t r i a l s .  Each c h i ld  was debrie fed  

a t  the  end o f the  se s s io n  and was to ld  no t to  speak to  th e  o th e r  ch ild ren  

about the  game as  doing so would spo il  i t  f o r  them.

Scoring

Although th e re  were s ix  experim ental t r i a l s ,  only fo u r  t r i a l s  

involved a s u r r e p t i t io u s  a d d i t io n  o r  s u b t ra c t io n  of an item . I t  was 

th e se  fo u r  t r i a l s  t h a t  were scored.

The c o n f l i c t  t r i a l s  were scored on th e  b a s is  of whether ch ild ren  

spontaneously o r  w ith  prompting recognized an d /o r  explained  the  c o n tra ­

d ic t io n  between t h e i r  b e l i e f  in  conserva tion  and th e  q u a n t i ty  inform ation 

they  ob ta ined  by coun ting . An adequate exp lana tion  Included any answer 

in d ic a t in g  th a t  an Item had been e i t h e r  added to  o r  su b tra c te d  from one 

of the  rows, t h a t  some type o f  magic had o ccu rred , o r  t h a t  th e  c h i ld  had 

been mistaken about the  i n i t i a l  e q u a l i ty .  Children  were c re d i te d  with 

provid ing  an adequate exp lana tion  even i f  they in c o r r e c t ly  a t t r i b u t e d  the  

a d d i t io n  o r  s u b tra c t io n  to  the  u n a l te red  row. Table 4 co n ta in s  a 1 1s t of 

th e  f i v e  types o f  responses and the  sco re  ass igned  to  each type . Since
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T a b le  4

Scoring C r i t e r i a  f o r  Conservers on 

th e  C o n f l ic t  T r i a l s

Score

Spontaneous reco g n itio n  and /o r  exp lana tion  3

E lic i ted  E lic ited
reco g n it io n  exp lanation

Yes Yes 2

Yes No 1
No Yes 1

No No 0
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th e re  were fo u r  t r i a l s ,  th e  t o t a l  r e a c t io n - to -c o n t r a d ic t io n  score  ranged 

from 0 to  12.

In o rder  to  ob ta in  a d d i t io n a l  d a ta  on th e  e f f e c t  o f  s e t  s iz e  on 

c h i ld r e n 's  performance on number problems, i t  was decided to  score  c h i l ­

d re n 's  q u a n t i t a t iv e  judgments ( e . g . ,  equ ivalence  o r  nonequivalence) 

fo llow ing the  tran sfo rm a tio n  but p r io r  to  t h e i r  being asked to  count.

The f i r s t  c o n f l i c t  t r i a l  involving a s u r r e p t i t i o u s  a d d i t io n  or su b tra c t io n  

was excluded in  t h i s  a n a ly s is  in  o rd e r  t h a t  comparisons between la rg e  and 

small s e t  s iz e  co n d itio n s  would not be in f luenced  by the  unique s i t u a t i o n  

on the  f i r s t  t r i a l  in  the  small s e t  s iz e  c o n d i t io n .  That i s ,  on th e  f i r s t  

t r i a l  in  th e  small s e t  s iz e  cond ition  in  c o n t r a s t  to  th e  f i r s t  t r i a l  in the  

la rg e  s e t  s iz e  c o n d i t io n ,  a d i r e c t  perceptual apprehension o f the  numerosity 

o f  th e  rows could determine the  q u a n t i t a t iv e  judgment p r io r  to  em pirical 

v e r i f i c a t io n .  On the  th re e  o th e r  t r i a l s ,  th e  experience  o f a lready  having 

obta ined  card inal values f o r  the  a r ra y s  provided c h i ld re n  in both s e t  s iz e  

co n d itio n s  w ith comparable q u a n t i ty  in form ation  which could have served as 

a b a s is  fo r  judging  numerical equivalence  o r  nonequivalence. On each of 

th e  l a s t  th re e  t r i a l s  involving a s u r r e p t i t i o u s  a d d i t io n  o r s u b t ra c t io n ,  

c h i ld re n  rece ived  a score  o f 1 i f  they  acknowledged in e q u a l i ty  between the  

a r ra y s  p r io r  to  counting and a score  o f 0 i f  they acknowledged e q u a l i ty  

between th e  a r ra y s  p r io r  to  counting . Since th e re  were th re e  t r i a l s ,  

each c h i ld  received  th re e  sco res .

R esu lts  and D iscussion

The p re sen ta t io n  o f th e  r e s u l t s  c o n s is t s  o f  th re e  a n a ly se s .  The 

f i r s t  a n a ly s is  compared th e  t o t a l  sco res  o f  th e  su b je c t  groups ac ro ss  th e
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s e t  s iz e  c o n d i t io n s .  The second a n a ly s is  compared th e  groups on th e  f i r s t  

t r i a l  in  which t h e i r  counting c o n tra d ic te d  t h e i r  b e l i e f  in conserva tion  f o r  

both th e  small and la rg e  s e t  s iz e  c o n d i t io n s .  The th i r d  a n a ly s is  was a 

supplementary one in  th e  sense th a t  i t  was not d i r e c t l y  r e la te d  to  the  

s tu d y 's  primary goal and t h a t  i t  suggested i t s e l f  during th e  da ta  c o l l e c ­

t io n .  This a n a ly s is  compared ch ild ren  rece iv in g  small s e t  s i z e  problems 

w ith  those  rece iv in g  la rg e  s e t  s iz e  problems in  terms of t h e i r  q u a n t i t a t iv e  

judgment fo llow ing  th e  t ran sfo rm a tio n  bu t p r io r  to  counting .

The means and standard  d e v ia t io n s  o f  su b je c t  sco res  in the  two s e t  

s iz e  co n d it io n s  a re  p resen ted  in  Table 5. Planned comparisons were con­

ducted to  determine th e  e f f e c t s  o f  developmental leve l and s e t  s iz e  on 

co n se rv e rs ' re a c t io n s  to  counting inform ation  t h a t  v io la t e s  t h e i r  expectan­

c ie s .  Of th e  fo u r  c o n t r a s t s ,  only one was s i g n i f i c a n t .  Level 1 conservers  

recognized an d /o r  explained  th e  apparen t nonconservation to  a g re a te r  

ex ten t  on small s e t  s iz e s  than on la rg e  s e t  s iz e s  (£ [1 ,56] * 4 .1 2 ,  £  <

.0 5 ) .  A second c o n t r a s t  t h a t  d id  no t reach s ig n if ic a n c e  was, however, 

c o n s is te n t  w ith e x p ec ta t io n s .  S p e c i f i c a l ly ,  Level 2 conservers  d id  not 

d i f f e r  in  t h e i r  performance ac ro ss  s e t  s iz e  c o n d i t io n s .  Thus, only the  

hypotheses r e l a t in g  to  s e t  s i z e  rece ived  support.*

I t  i s  p la u s ib le  t h a t  repeated  t r i a l s  in  which c h i ld r e n 's  counting 

v io la te d  t h e i r  expec tancies  about conserva tion  may have a c tu a l ly  decreased 

the  Incidence o f  t h e i r  spontaneous re c o g n it io n  an d /o r  exp lana tion  of the  

apparen t nonconservation . Consequently, an a n a ly s is  o f  c h i ld r e n 's

*An a n a ly s is  using age as  th e  o p e ra t io n a l  d e f in i t i o n  f o r  develop­
mental leve l a l so  revealed  no s i g n i f i c a n t  d i f f e r e n c e s  due to  developmental 
level in  c o n se rv e rs '  re a c t io n s  to  c o n t ra d ic to ry  counting inform ation .
The a n a ly s is  based on age a lso  r e p l ic a t e d  th e  p re sen t  f in d in g s  with 
re sp ec t  to  s e t  s i z e .
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T a b le  5

Means and Standard D eviations o f  R eac tio n -to -C o n trad ic t io n  

Scores across  Conditions

Set s iz e

Conserver Small Large
group X SD X SD

Level 1 5.46 2.87 3.17 2.62

Level 2 6.00 2.83 4.28 2.93
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performance using only  th e  f i r s t  t r i a l  was conducted. Table 6 con ta in s  

the  mean scores  on the  f i r s t  t r i a l  f o r  the  two groups a t  each level o f  s e t  

s i z e .  S t a t i s t i c a l  ana ly ses  ( t  t e s t s )  revealed  t h a t  th e re  were no s i g n i f i ­

can t d i f f e r e n c e s  in  conservers* performance as a func tion  of t h e i r  deve l­

opmental leve l o r  th e  s e t  s iz e  used. This r e s u l t  i s  c o n s is te n t  w ith  a l l  

bu t one o f  the  f in d in g s  based on a l l  fo u r  t r i a l s ,  namely, th a t  Level 1 

conservers  d i f f e r e d  s ig n i f i c a n t ly  1n t h e i r  performance across  the  two 

s e t  s i z e s .  This r e s u l t  suggests  t h a t  th e  presence o f  repeated  t r i a l s  

d id  no t g re a t ly  change th e  way 1n which conservers  reac ted  to  counting 

in form ation  t h a t  v io la te d  t h e i r  b e l i e f  in  conse rva tion .

In o rd e r  to  provide a more d e ta i l e d  p ic tu re  o f  the  n a tu re  of 

c h i ld r e n 's  performance over the repea ted  t r i a l s ,  the  frequency o f each 

o f th e  re a c t io n - to -c o n tra d 1 c t io n  scores f o r  each o f the  fo u r  t r i a l s  was 

t a l l i e d .  The r e s u l t s  o f  t h i s  ta b u la t io n  a re  p resen ted  in  Table 7. 

In spec tion  o f th e  ta b le  rev e a ls  t h a t ,  w ith  one excep tion , Level 1 and 

Level 2 conservers  re ac ted  e s s e n t i a l l y  th e  same way on each o f th e  suc­

c e s s iv e  t r i a l s .  S p e c i f i c a l ly ,  most o f  the  ch ild re n  in  each group were 

ab le  to  recognize an d /o r  explain  th e  evidence of apparent nonconservation 

when they were questioned . The one exception  occurred on th e  second t r i a l  

f o r  Level 2 conservers  1n th e  small s e t  s iz e  co n d i t io n .  On th i s  t r i a l ,  

a lm ost h a l f  o f  th e  c h i ld re n  spontaneously recognized and /or provided an 

ex p lan a tio n  f o r  th e  apparen t nonconservation.

Although th e  p re sen t  study was designed to  in v e s t ig a te  the  e f f e c t  

s e t  s i z e  has on th e  way conservers  t r e a t  c o n tra d ic to ry  em pirical informa­

t io n  gained through co un ting , th e re  was ano ther way 1n which th e  number of 

items in fluenced  c h i ld r e n 's  behav ior. Whether ch ild ren  continued to  judge
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Table 6 

Mean Scores on T r ia l  1 f o r  

Two Groups o f  Conservers

Set s iz e

Conserver
group Small Large

Level 1 1.54 0.83

Level 2 1.18 1.10
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T a b le  7

Frequency D is t r ib u t io n  o f  R eac tio n -to -C o n trad ic tio n  

Scores as a Function of T r ia l  and Conserver Group

T r ia l  number and score

Con­
se rv er T r ia l  1 T r ia l  2 T ria l  3 T r ia l  4
group 3 2 1 0 3 2 1 0  3 2 1 0 3 2 1 0

Level 1

Small 4 1 6 2 1 2 8 2 3 2 7 1 1 2 9 1

Large 1 0 7 4 2 0 5 5 0 0 7 5 0 2 6 4

Level 2

Small 2 1 12 2 8 1 7 1 4 0 12 1 5 0 11 1

Large 1 5 7 5 0 6 6 6 1 4 8 5 1 4 9 4

Note. A score  o f  3 in d ica ted  spontaneous reco g n it io n  and /o r  exp lana tion  
o f  the  apparent nonconserva tion ; a score  o f  2 in d ic a ted  e l i c i t e d  recogn i­
t io n  and e l i c i t e d  exp lanation  o f  th e  apparen t nonconservation; a score  of 
1 in d ic a ted  e i t h e r  e l i c i t e d  reco g n it io n  o r  e l i c i t e d  e x p lan a tio n ;  a score 
o f  0 in d ica ted  t h a t  n e i th e r  re c o g n it io n  nor exp lana tion  was e l i c i t e d .
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prev ious ly  num erically  equal rows as s t i l l  equal fo llow ing th e  sp a t ia l  

t ran sfo rm a tio n  bu t p r io r  to  being asked to  count appeared to  be a fu n c tio n  

o f  th e  number o f  o b je c ts  used. In o th e r  words, c h i ld re n  rece iv in g  small 

and la rg e  s e t  s iz e  problems f req u e n tly  d i f f e r e d  1n t h e i r  judgments as to  

whether th e  two rows were num erically  equal p r io r  to  th e  time a t  which 

th e  e f f e c t s  of s e t  s iz e  were hypothesized to  play a r o l e .  To determine 

i f  th e se  d i f fe re n c e s  were s i g n i f i c a n t ,  c h i ld r e n 's  q u a n t i t a t iv e  judgments 

fo llow ing th e  transfo rm ation  bu t p r io r  to  counting were compared. Table 8 

co n ta in s  the  number o f  c h i ld re n  w ith in  each s e t  s i z e  co n d itio n  who pro­

duced e q u a l i ty  o r  in e q u a l i ty  judgments on each of the  l a s t  th re e  t r i a l s .

As d iscussed  e a r l i e r ,  th e  f i r s t  t r i a l  was excluded 1n o rd e r  t h a t  ch i ld ren  

1n both s e t  s iz e  co n d itio n s  would have had th e  experience o f  a t r i a l  In 

which they ob ta ined  ca rd ina l v a lu es ,  values which could play a ro le  in 

t h e i r  q u a n t i t a t iv e  p re d ic t io n s  p r io r  to  counting on l a t e r  t r i a l s .  Chi- 

square analyses  revealed  t h a t  on each t r i a l  c h i ld re n  in  th e  small s e t  s iz e  

co n d it io n  more o f ten  judged th e  s e t s  to  be unequal fo llow ing the  t r a n s f o r ­

mation than c h i ld re n  in  th e  la rg e  s e t  s iz e  co n d it io n  (T ria l  2 , X2[ l ]  = 

13.44, £  < .001; T r ia l  3 , x 2[ l ]  = 29.93, £  < .001; T r ia l  4 ,  x 2[ l ]  = 13.20, 

£  < .001). A Yates c o r re c t io n  (S ie g e l ,  1956, p. 110) was used in  computing 

a l l  x 2 values as £  was g r e a te r  than 40.

In sum, th e  r e s u l t s  o f  t h i s  s tudy did n o t  provide support f o r  the  

hypothesis  t h a t  th e  way conservers  r e a c t  to  em pirica l evidence t h a t  c o n tra ­

d i c t s  t h e i r  b e l i e f  in  conserva tion  i s  a fu n c t io n  of t h e i r  developmental 

l e v e l .  That 1s , more and le s s  advanced conservers  d id  n o t  d i f f e r  in  the  

e x te n t  to  which they recognized and /or exp la ined  th e  evidence of noncon­

s e rv a t io n ,  w ith in  t h e i r  re sp ec t iv e  s e t  s iz e  co n d i t io n .  In c o n t r a s t ,  the



Number o f  Children Producing Each Type o f Q u a n ti ta t iv e  

P red ic t io n  P r io r  to  Counting

T r ia l  number and q u a n t i t a t iv e  p re d ic t io n

T r ia l  2 T r ia l  3 T r ia l  4
Set s iz e Eq Ineq Eq Ineq Eq Ineq

Small 10 20 6 24 6 24

Large 25 5 28 2 21 9

Note. Eg = e q u a l i ty ;  Ineq = In e q u a l i ty .
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hypotheses p e r ta in in g  to  s e t  s iz e  were supported . S p e c i f i c a l ly ,  le s s  

advanced conservers  were more ab le  t o  recognize and /o r exp lain  the  apparent 

nonconservation on small than on la rg e  s e t  s iz e  problems. Also, more 

advanced conservers  d id  no t perform d i f f e r e n t ly  as a func tion  of s e t  s i z e .  

F u r ther  d iscuss ion  o f th ese  data  w il l  take  p lace  in  th e  General Discussion 

(Chapter IV).
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Chapter IV 

GENERAL DISCUSSION

Two general hypotheses were considered in the  p re sen t  re sea rch . The 

f i r s t  hypothesis  was t h a t  th e  way in  which c h i ld re n  handle th e  c o n f l i c t  

between inform ation produced through counting and t h e i r  b e l i e f  in number 

conserva tion  i s  a fu nc tion  of t h e i r  developmental lev e l with re sp ec t  to  

t h e i r  understanding o f conserva tion . The second hypothesis  was th a t  the  

way t h a t  c h i ld re n  re c o n c i le  co n tra d ic to ry  counting inform ation  with t h e i r  

understanding o f conserva tion  i s  dependent on th e  s e t  s iz e  used in the  

conserva tion  problem. In o rder to  provide data  re le v a n t  to  these  

hypotheses, two s tu d ie s  were conducted. In Study 1, two groups of 

nonconservers rece ived  small o r  la rg e  number conserva tion  problems in 

which the  r e s u l t s  of counting in d ica ted  co n se rv a tio n .  In Study 2 , two 

groups o f conservers  were adm in is tered  small o r la rg e  number conservation  

problems in  which the  r e s u l t s  o f  counting in d ic a te d  nonconservation.

The d iscu ss io n  o f th e  r e s u l t s  comprises two s e c t io n s .  In the  

f i r s t  s e c t io n ,  th e  s ig n i f ic a n c e  o f  th e  data f o r  models o f  counting/number 

conserva tion  r e l a t i o n s  i s  considered . In th e  second s e c t io n ,  the  im plica­

t io n s  of th e  p re sen t  f in d in g s  f o r  the  general is su e  of th e  r o le  em pirical 

inform ation  p lays  in  c o g n i t iv e  development a re  p resen ted .

Im p lica tions  f o r  Number Development Research

Together th e  r e s u l t s  o f  the  two s tu d ie s  o f f e r  some support f o r  the  

hypotheses t h a t  th e  way ch ild ren  re c o n c i le  c o n tra d ic to ry  empirical
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Inform ation gained through counting with t h e i r  b e l i e f  1n number conserva­

t io n  1s a fu n c t io n  o f  t h e i r  developmental lev e l  and th e  s e t  s iz e  used in 

th e  conserva tion  problem. The f in d in g s  focusing  on developmental leve l w ill  

be d iscussed  f i r s t .  The r e s u l t s  of Study 1 revealed  th a t  two groups of non- 

consorvers  varying in  t h e i r  number knowledge did  t r e a t  in form ation gained 

through counting d i f f e r e n t ly  when c a l le d  upon to  solve conserva tion  prob­

lems. As p re d ic te d ,  developmentally advanced nonconservers , those  who 

could determine numerical equivalence between s e t s  by e s ta b l i s h in g  one- 

to -one  correspondence, changed from judgments o f  nonconservation to  

judgments o f  conserva tion  follow ing counting (on la rg e  s e t s )  to  a s i g n i f i ­

can tly  g r e a te r  e x te n t  than nonconservers who could not form one-to-one 

correspondence. There was a d d i t io n a l  evidence th a t  the  way nonconservers 

re c o n c i le  counting in form ation  t h a t  v io la te s  t h e i r  b e l i e f  in  nonconserva­

t io n  i s  dependent upon t h e i r  developmental lev e l w ith re sp ec t  to  number 

knowledge. F i r s t ,  Level 2 nonconservers b e n e f i te d  from th e  repeated  t r i a l s  

invo lv ing  coun ting , whereas Level 1 nonconservers did no t.  This was 

revealed  by a s h i f t  to  more a n t ic ip a to r y  conserva tion  judgments on the  

l a s t  t r i a l  in c o n t r a s t  to  the  f i r s t  t r i a l  f o r  th e  developmentally advanced 

nonconservers bu t no t f o r  th e  l e s s  advanced conservers .  Second, Level 2 

nonconservers produced more mature p a t te rn s  o f  conserva tion  judgments 

across  t r i a l s  than Level 1 nonconservers. More mature p a t te rn s  were 

those  in  which c h i ld r e n 's  conserva tion  judgments fo llowed a developmental 

p ro g ress io n ,  t h a t  i s ,  once ch ild ren  changed to  conserva tion  following 

counting on a p a r t i c u l a r  t r i a l  o r  a n t ic ip a te d  conserva tion  following 

e a r l i e r  t r i a l s  involv ing  coun ting , they did  no t r e v e r t  to  nonconservation 

judgments on any l a t e r  t r i a l .
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These r e s u l t s  r e p l i c a t e  the  f in d in g s  o f  Saxe and Cohen (Note 1) 

and Fuson and her co lleagues  ( in  p re ss )  by dem onstrating t h a t  many non­

conservers  changed to  judgments o f  conse rva tion  follow ing coun ting . The 

p re sen t  data  a r e  a lso  c o n s is te n t  with those  repo rted  by Bearison (1969) 

in which nonconservers o f  continuous q u a n t i t i e s  ranging in age from 

5 y ears  5 months to  6 years  2 months made progress  toward conserva tion  

a f t e r  a t r a in in g  procedure involving counting of d i s c r e te  u n i t s  of l iq u id  

q u a n t i ty .  In the  p resen t  research  i t  was those  nonconservers who could 

use one-to-one correspondence to  determine numerical equivalence (Stage 

2 c h i ld re n  in  P ia g e t 's  sytem) who were ab le  to  make use of counting 

in form ation . In th e  s tu d ie s  o f  Saxe, Fuson, and B earison , i t  was the  

o ld e r  nonconservers who b en e f i ted  from counting . On th e  b a s is  of the  

p re sen t  d a ta ,  i t  i s  l i k e ly  t h a t  th e  nonconservers in  the  above s tu d ie s  

understood th e  numerical s ig n i f ic a n c e  of s t a t i c  one-to-one correspondence.

The r e s u l t s  o f  Study 1 have im portant im p lica t io n s  f o r  th e o r ie s  of 

th e  ro le  of counting in  th e  development o f  number co n se rv a tio n .  As 

counting-based models c la im , c h i ld re n  were a b le  to  use Inform ation gained 

from counting t o  form number conserva tion  concepts . However, the  f ind ing  

t h a t  only some ch ild ren  were ab le  to  b e n e f i t  from counting was no t con­

s i s t e n t  w ith  counting-based models. On th e  o th e r  hand, th e  f in d in g  t h a t  

l e s s  advanced nonconservers were not ab le  to  use counting in form ation  to  

inform t h e i r  conserva tion  judgments i s  c o n s is te n t  w ith  non-counting-based 

models. Thus, th e  p resen t r e s u l t s  a r e  no t adequate ly  exp la ined  by e i t h e r  

o f  th ese  models.

A fo rm ula tion  o ffe red  by Saxe (1979a) appears to  b e t t e r  account f o r  

th e  p re sen t  r e s u l t s .  According to  Saxe, in  o rd e r  f o r  c h i ld re n  to  use t h e i r



counting as  a means to  determine whether number i s  conserved , they  must 

begin to  question  whether s p a t i a l  t ran s fo rm a tio n s  o f  a c o l l e c t io n  a f f e c t  

i t s  number and be w i l l in g  to  v e r i fy  i t .  The c h i l d ' s  a b i l i t y  to  under­

stand  th e  numerical s ig n i f ic a n c e  o f  s t a t i c  one-to-one  correspondence may 

be an index o f  t h i s  development, and th e r e f o r e ,  we observe Level 2 non­

conservers  b e n e f i t in g  from t h e i r  counting to  a g r e a te r  e x te n t  than 

Level 1 nonconservers. Thus, 1n Saxe 's  model, th e  c h i l d ' s  developmental 

level with re sp e c t  t o  understanding  o f  conserva tion  determines th e  ex ten t  

t o  which counting inform ation  can be used to  form conserva tion  concepts .

The model proposed by Fuson and her co-workers ( in  p ress)  a lso  holds 

th a t  em pirical s t r a t e g i e s ,  such as coun ting , a re  used by many nonconservers 

to  e s ta b l i s h  numerical equivalence  between a r r a y s .  This model f u r th e r  

m ain ta ins  t h a t  the  use o f  em pirica l s t r a t e g i e s  to  so lve  conserva tion  

problems precedes a mature understanding o f conserva tion  as m anifested  

by th e  production o f P iag e tian  j u s t i f i c a t i o n s .  Fuson hypothesized th a t  

in  th e  course o f  development th e re  i s  a s h i f t  from th e  use o f em pirical 

s t r a t e g i e s  to  th e  use o f  P ia g e t ia n  j u s t i f i c a t i o n s  and t h a t  t h i s  t r a n s i t i o n  

inc ludes  a period  where th e  two c o e x is t .  The data  from Study 2 provided 

support f o r  Fuson's p o s i t io n  by rev ea lin g  t h a t  some c h i ld re n  used both 

em pirical counting and P ia g e tian  j u s t i f i c a t i o n s  as exp lana tions  f o r  

conserva tion . S ie g le r  (1981) a l s o  found t h a t  c h i ld re n  I n i t i a l l y  so lve  

number conserva tion  problems by using em pirica l s t r a t e g i e s .  As d iscussed  

e a r l i e r ,  P iag e t  ( e . g . ,  In h e ld e r  & P ia g e t ,  1963) acknowledged th a t  

em pirical s o lu t io n s  to  th e  conserva tion  problem precede a t r u e  under­

s tand ing  o f  conserva tion  based on immediate deduction .
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A th i r d  model 1n which counting plays a le s s  d i r e c t  or c r i t i c a l  ro le  

1n th e  development o f  number conserva tion  has r e c e n t ly  been o f fe re d  by 

Gelman (1982). According to  Gelman, the  experience  o f  counting a r ra y s  

in  one-to-one correspondence allows young c h i ld re n  to  access an a v a i l a b le ,  

although im p l i c i t ,  a b i l i t y  to  use one-to-one correspondence to  determine 

numerical equivalence  and thereby  succeed on number conservation  ta s k s .  

Following Gelman's model, both groups o f  nonconservers in  the  p re sen t  

resea rch  should have b en e f i ted  from t h e i r  counting on both small and 

la rg e  s e t  s iz e  problems. The r e s u l t s ,  however, do not support her model. 

Only Level 2 nonconservers changed to  judgments of conserva tion  following 

counting on la rg e  s e t  s i z e s ,  and th e re  were a number o f  Level 1 and Level 2 

nonconservers who did n o t  change to  conserva tion  fo llow ing counting on 

small s e t  s i z e s .  S tud ies  by Fuson e t  a l . ( in  p ress)  and Saxe and Cohen 

(Note 1) a lso  re p o r t  f in d in g s  in c o n s i s te n t  with Gelman's view. They 

found some nonconservers who were not induced to  g ive conservation  

judgments fo llow ing coun ting . Moreover, th e re  a re  conceptual am bigu ities  

w ith Gelman's (1982) argument. For example, Gelman does not ex p la in  how 

counting small a r ra y s  in  one-to -one correspondence makes e x p l i c i t  the  

c h i l d ' s  im p l ic i t  understanding o f  one-to-one correspondence nor why the  

c h i ld  does no t have access  to  t h i s  knowledge 1n the  f i r s t  p la ce .  Although 

o p e ra t in g  w ith in  a n a t l v i s t  framework, Gelman's view t h a t  young c h i ld r e n 's  

im p l i c i t  understanding o f one-to-one correspondence i s  no t a v a i la b le  to  

them "under most c ircum stances" (Gelman, 1982, p. 209) r a i s e s  questions  

about th e  degree to  which he r  p o s i t io n  is  a c tu a l ly  a n a t i v i s t  one. To 

th e  e x te n t  t h a t  in n a te  a b i l i t i e s  a r e  dependent upon c e r t a in  co n d itio n s  

( e . g . ,  counting experience) to  reveal themselves one could question  whether
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they a re  1n f a c t  In n a te .  I t  would seem t h a t  Gelman's (1982) f in d in g s  could 

j u s t  as well be exp lained  by Saxe’s (1979a) model. Counting inform ation  

was more he lp fu l to  o ld e r  nonconservers and in f a c t  helped a t  a l l  

p re c is e ly  because th e se  c h i ld re n  had reached the  s tag e  in  t h e i r  number 

development where they understood th e  numerical s ig n if ic a n c e  o f  s t a t i c  

one-to-one correspondence r e l a t io n s  and were beginning to  question  whether 

tran sfo rm a tio n s  of an a r ra y  a f f e c t  i t s  number.

Although th e  f in d in g  th a t  some Level 1 nonconservers changed to  

conserva tion  fo llow ing counting on small s e t s  was not a n t i c ip a te d ,  1 t can 

be accounted f o r  by Saxe 's  model. I t  i s  p la u s ib le  t h a t  although Level 1 

nonconservers could no t use one-to-one  correspondence to  determine 

numerical equivalence w ith 8 items (as the  assessm ent t r i a l s  measured), 

they may have been a b le  to  do so i f  only 4 Items had been used. I f  t h i s  

was th e  c a se ,  then th o se  Level 1 ch ild ren  who changed to  conserva tion  a f t e r  

counting small s e ts  may have a c tu a l ly  been Level 2 nonconservers with 

re sp e c t  to  small s e t s  and th e re fo re  ab le  to  use t h e i r  counting to  inform 

t h e i r  developing understanding t h a t  s p a t ia l  t ran sfo rm a tio n s  o f  an a r ra y  

do not a l t e r  i t s  number. Previous s tu d ie s  examining c h i ld r e n ’s a b i l i t y  

to  use one-to-one correspondence to  determine numerical equivalence  were 

l im i te d  to  la rg e  s e t  s iz e s  ( e . g . ,  Russac, 1978; Saxe, 1979a), and thus  we 

do not know whether young c h i ld re n  understand th e  numerical s ig n if ic a n c e  

o f  s t a t i c  one-to-one correspondence when small s e t s  a re  used.

The r e s u l t s  o f  Study 2 did n o t  support th e  hypothesis  t h a t  th e  

way conservers  r e a c t  to  counting Inform ation t h a t  c o n t ra d ic t s  t h e i r  

b e l i e f  in  conserva tion  1s a fu n c tio n  of t h e i r  developmental l e v e l .  The 

percentage  o f  Level 1 conservers  who were ab le  to  provide an adequate
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exp lana tion  f o r  th e  apparen t nonconservation  on th re e  of th e  fo u r  t r i a l s  

was 92% f o r  small s e t  s i z e s  and 58% f o r  l a r g e  s e t  s i z e s .  The comparable 

percen tages  of Level 2 conservers  were 94% f o r  small s e t  s i z e s  and 61% f o r  

la rg e  s e t  s i z e s .  These f in d in g s  in d ic a te  t h a t  conservers  who gave em piric ­

a l l y  based ex p lana tions  f o r  t h e i r  co n se rv a tio n  judgments d id  no t d i f f e r  in 

th e  way they t r e a t e d  c o n tra d ic to ry  em pirica l inform ation from conservers  

who gave more lo g ic a l ly  based e x p la n a t io n s .  This r e s u l t  Im plies t h a t  the  

n a tu re  o f  c o n se rv e rs1 j u s t i f i c a t i o n s  i s  no t a s u f f i c i e n t  b a s is  f o r  them to  

perform d i f f e r e n t l y  on a ta sk  in  which t h e i r  understanding  o f the  concept 

i s  involved. Some support f o r  t h i s  view t h a t  d i f f e r e n c e s  among conservers  

t h a t  one would expect to  in f lu en ce  performance on a r e la te d  ta sk  may not in 

fac t have th e  a n t ic ip a te d  e f f e c t  comes from s tu d ie s  comparing na tu ra l  and 

t ra in e d  conservers  on measures o f  e x t in c t i o n .  As M il le r  (1976) poin ted  o u t ,  

in  only two o f  e ig h t  s tu d ie s  (Amalwa, 1973; Smedslund, 1961) did n a tu ra l  

conservers  demonstrate g r e a t e r  r e s i s t a n c e  to  e x t in c t io n  t h a t  t r a in e d  con­

s e r v e r s .  In a study o f c h i ld r e n 's  r e a c t io n s  to  v io la t io n s  of t h e i r  expec­

t a n c ie s  concerning conserva tion  o f  w e ig h t,  M il le r  (1973) found th a t  o ld e r  

conservers  were no more l i k e l y  to  p rov ide  ex p lan a tio n s  f o r  the  nonconserva­

t i o n  outcome than th e  younger co n se rv e rs .

On th e  o th e r  hand, th e re  a re  m ethodological reasons  t h a t  may exp la in  

th e  f a i l u r e  in  Study 2 to  f in d  s i g n i f i c a n t  d i f f e r e n c e s  due to  developmental 

leve l w ith in  s e t  s i z e  c o n d i t io n s .  F i r s t ,  th e  c r i t e r i o n  used to  d e fin e  the  

two le v e l s  o f  conservers  may have been poor. I t  seemed p la u s ib le  to  consider 

exp lan a tio n s  f o r  conserva tion  t h a t  r e f e r r e d  to  number, to  a c t  of coun ting , 

o r  to  an a c t io n  j u s t  performed ( e . g . ,  “You j u s t  moved them.") as r e f l e c t in g  

a c o n c re te ,  more em p ir ic a l ly  based unders tand ing  of co n se rv a tio n .  In
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c o n t r a s t ,  exp lan a tio n s  r e f e r r in g  to  the  f a c t  t h a t  one could rea rrange  the  

items to  r e e s ta b l i s h  th e  e q u a l i ty ,  to  th e  f a c t  th a t  nothing had been added 

o r  taken way, o r  to  th e  f a c t  t h a t  th e  rows were (num erically) equal i n i t i a l l y  

seemed to  r e f l e c t  a more lo g ic a l  a p p re c ia t io n  o f co n se rv a tio n .  I t  may be, 

however, t h a t  t h i s  c a te g o r iz a t io n  o f  j u s t i f i c a t i o n s  does not r e f l e c t  any 

genuine d i f f e re n c e s  1n th e  c h i ld r e n 's  understanding  of th e  concept. In 

f a c t ,  the  f req u e n t ly  o ffe re d  ex p lan a tio n ,  "You j u s t  moved them," may a c tu a l ly  

have im plied the  ad d i t io n a l  id e a ,  "You did nothing e l s e ;  you d id n ' t  add one 

o r  take  one away." I f  t h i s  no tion  was Im plied, then ch ild ren  who o ffe red  

th i s  exp lana tion  would have been considered  as having a l o g ic a l ly  based 

r a th e r  than e m p ir ic a l ly  based understanding o f th e  concept.

Another p o ss ib le  reason f o r  the  lack o f  an e f f e c t  f o r  developmental 

lev e l  w ith in  s e t  s i z e s  r e l a t e s  to  th e  f a c t  t h a t  th e re  were fo u r  c o n f l i c t  

t r i a l s .  A fte r  one o r  two t r i a l s  involv ing  a s u r r e p t i t i o u s  a d d i t io n  or 

s u b t ra c t io n ,  c h i ld re n  were probably not su rp r ise d  by ano ther occurrence 

o f  nonconservation and the  l ik e l ih o o d  of t h e i r  producing spontaneous 

v e rb a l iz a t io n s  of reco g n it io n  o r  exp lana tion  f o r  th e  same outcome no doubt 

le ssened  across  t r i a l s .  As a consequence, most c h i ld re n  did no t earn high 

sco res .  That many c h i ld re n  were ab le  to  p rovide  an adequate exp lana tion  

f o r  th e  unexpected r e s u l t  when questioned revealed  t h a t  they  did  understand 

how the  apparen t nonconservation could have occured although they did  no t 

o f f e r  the  exp lana tion  spontaneously . A re read in g  o f th e  e x t in c t io n  s tu d ie s  

(fo llow ing th e  data  c o l le c t io n )  revealed  t h a t  c h i ld r e n 's  e l i c i t e d  explana­

t io n s  r a th e r  than spontaneous exp lana tions  u su a l ly  c o n s t i tu te d  the  evidence 

from which re s i s ta n c e  o r  e x t in c t io n  was in f e r r e d .
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The r e s u l t s  focusing  on s e t  s iz e  will now be d iscu ssed . The r e s u l t s  

o f  both s tu d ie s  suggest t h a t  the  way some c h i ld re n  t r e a t  c o n tra d ic to ry  

em pirical in form ation (p r im ar i ly  gained from counting r a th e r  than from 

matching o r  su b i t iz in g )  in  th e  co n tex t  o f  so lv ing  conserva tion  o r  conserva­

t i o n - l i k e  problems i s  in fluenced  by the  number of items used. In Study 1, 

l e s s  advanced nonconservers were ab le  to  use counting inform ation to  inform 

t h e i r  conserva tion  judgments on small s e t  s iz e  problems to  a g r e a te r  degree 

than on la rg e  s e t  s iz e  problems. This f in d in g  i s  c o n s i s te n t  w ith the 

p rev ious ly  reviewed research  documenting young c h i ld r e n 's  success on small 

number conserva tion  problems (Cowan, 1979; Gelman, 1972a; Gelman &

G a l l i s t e l ,  1978; Lawson e t  a l . ,  1974; S ie g le r ,  1981; Winer, 1974; Young & 

McPherson, 1976; Z im iles , 1966). S im ila r ly ,  in  Study 2 , l e s s  advanced 

conservers  were ab le  t o  recognize and /o r exp la in  th e  apparen t nonconserva­

t io n  to  a g r e a te r  e x te n t  on small s e t  s iz e s  than on la rg e  s e t  s i z e s .  In 

c o n t r a s t ,  th e  performance of both the  developmental1y advanced nonconservers 

and conservers  was n o t in fluenced  by th e  number of items used. In the  

f i r s t  s tudy , th e  f in d in g  t h a t  more advanced nonconservers did no t b e n e f i t  

from t h e i r  counting on small s e t s  was not a n t i c ip a t e d ,  and i t  i s  not 

apparen t why i t  occurred . In th e  second s tu d y , on th e  o th e r  hand, the  

f in d in g  t h a t  th e  performance o f the  more advanced conservers  did not d i f f e r  

as a fu n c t io n  o f  s e t  s iz e  was c o n s is te n t  w ith  e x p e c ta t io n s .  That i s ,  c h i l ­

dren who understand conserva tion  as  lo g i c a l l y  necessary  were expected to  

handle c o n t ra d ic to ry  counting inform ation on la rg e  s e t  s iz e  problems as 

well as  on small s e t  s iz e  problems. The p re sen t  f in d in g s  imply th a t  

number problems involving small and la rg e  s e t  s iz e s  p re sen t  d i f f e r e n t  

ta sk  demands f o r  ch ild re n  a t  d i f f e r e n t  s tag e s  in  t h e i r  number development.
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Children a t  e a r ly  s tag e s  1n t h e i r  understanding o f  c e r ta in  numerical con­

cep ts  may need problems Involving small numbers of Items which they can 

count in  o rder  to  succeed. In c o n t r a s t ,  c h i ld re n  whose understanding no 

longer needs em pirica l support are  not a f f e c te d  by the  number o f  items used.

Considering Study 2 from th e  p o in t  o f  view o f an e x t in c t io n  s tudy , 

th e  data in d ic a t in g  th a t  more than 90% of conservers  were ab le  to  provide 

an exp lana tion  f o r  th e  apparen t nonconservation on small s e t  s iz e s  a re  

c o n s i s te n t  with those  found in  previous e x t in c t io n  of number s tu d ie s  ( e . g . ,  

Amaiwa, 1973; S trauss  & Liberman, 1974). S trau ss  and Liberman a lso  used 

small s e t  s iz e  conserva tion  problems b u t ,  in  c o n t r a s t  to  the  p resen t  s tudy , 

r e s i s ta n c e  was in fe r r e d  from c h i ld r e n 's  conserva tion  performance on a delayed 

p o s t t e s t  r a th e r  than from t h e i r  v e rb a l iz a t io n s  in  the  face  o f  evidence of 

nonconservation .

Im plica tions  f o r  th e  Role o f  Experience 
in Cognitive  Development

The question  of the  ro le  o f  ex te rna l f a c to r s  o r  data in  c h i ld r e n 's  

a c q u is i t io n  o f  knowledge i s  one o f  fundamental concern to  re sea rc h e rs  in 

c o g n i t iv e  development. Psychological th e o r ie s  having t h e i r  roo ts  in an 

e m p i r ic i s t  theory  of knowledge m ain tain  t h a t  a l l  concepts a re  derived  from 

th e  senses . According to  t h i s  view, we a re  "given" items o f inform ation in 

experience  and we "a b s tra c t"  concepts from what i s  given in th e  environment. 

The given in  experience  i s  th e  p a r t i c u l a r ,  th e  co n c re te ,  and the  a th e o r e t i -  

cal (Weimer, 1973). A se r io u s  problem w ith a " theory  of a b s t r a c t io n "  (see  

C a s s i re r ,  1953) i s  t h a t  i t  cannot ex p la in  the  a c q u is i t io n  o f  lo g ic a l  con­

c ep ts  such as  conserva tion  because such concepts have no concre te  rep resen ­

t a t i o n  in  sense d a ta .  These concepts p e r ta in  to  r e la t io n s h ip s  between
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o b je c ts  and th e se  r e la t io n s h ip s  a re  co n s tru c ted  by th e  in d iv id u a l .  Facts 

o r  fa c tu a l  data  a r e  no t pure o r  o b je c t iv e ,  simply th e re  to  be apprehended. 

Rather they fu n c tio n  a s  m a te r ia l  to  be considered  by th e  knower and th e  way 

1n which they a re  considered  i s  dependent on th e  knower's p r io r  conceptual 

framework.

The r e s u l t s  o f  Study 1 provide support f o r  a c o n s t r u c t i v i s t  theory 

o f  knowledge in  t h a t  how ch ild ren  in te rp re te d  o r  understood em pirical f a c t s  

(em pirical counts) r a th e r  than th e  em pirical f a c t s  themselves was what was 

c r u c i a l .  Only those  nonconservers who had a t t a in e d  a c e r t a in  level in  the  

development o f  t h e i r  number concepts used the  inform ation  gained through 

counting to  form conservation  concep ts . Additional support f o r  t h i s  th e s i s  

has been produced by o th e r  s tu d ie s  1n which c h i ld re n  were asked to  count in 

c o n se rv a t io n - l ik e  ta s k s .  For example, Saxe and Cohen (Note 1) repo rted  t h a t  

o ld e r  but not younger conservers  tended to  change t h e i r  nonconservation 

judgments to  conserva tion  judgments a f t e r  co un ting . Fuson e t  a l . ( in  p ress)  

demonstrated th a t  5 -y ea r-o ld  nonconservers were a b le  to  use th e  inform ation 

gained through counting to  so lve  conserva tion  problems when t h i s  s t r a te g y  

was suggested. On th e  b a s is  o f  S axe 's  (1979a) fo rm u la t io n ,  we may assume 

t h a t  the  c h i ld re n  who b en e f i ted  from counting Inform ation had a t t a in e d  a 

leve l of understanding 1n which they could co n s id e r  th e  p o s s ib i l i t y  t h a t  

s p a t i a l  t ransfo rm a tions  o f  an a r ra y  do not a f f e c t  i t s  number and were 

w i l l in g  to  use t h e i r  counting to  check t h i s  p o s s i b i l i t y .

Conclusion

The p re sen t  re sea rch  in d ic a te s  t h a t  th e  way c h i ld re n  reco n c ile  

co n tra d ic to ry  em pirical inform ation gained through counting with t h e i r
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understanding  o f lo g ic a l  concepts o f  conserva tion  1s, to  some e x te n t ,  a 

fu n c t io n  o f  th e  c h i l d ' s  developmental le v e l  and th e  number of Items used 

1n th e  conserva tion  problem. On th e  b a s is  o f  the  r e s u l t s  of Study 1, 

e a r ly  th e o r ie s  of th e  ro le  o f  counting 1n th e  form ation of conserva tion  

concepts  do not appear adequate . In s te ad ,  th e  f in d in g s  support th e  view 

t h a t  counting-based  number ev a lu a tio n s  can only be used to  help c h i ld re n  

determine i f  number i s  conserved i f  th e  c h i l d ' s  grasp o f  number has 

a t t a in e d  a c e r t a in  lev e l o f  development. That i s ,  1n o rd e r  f o r  counting 

to  help  c h i ld re n  come to  understand lo g ic a l  concepts o f  co n se rv a tio n ,  

c h i ld re n  may need to  have reached th e  s tag e  where they begin to  e n te r t a in  

th e  no tion  t h a t  s p a t i a l  t ran sfo rm a tio n s  o f  a c o l le c t io n  do not a f f e c t  i t s  

number and be w i l l in g  to  v e r i fy  i t .  In a d d i t io n ,  th e  f in d in g  th a t  l e s s  

advanced nonconservers changed to  conserva tion  judgments following count­

ing on small bu t not on la r g e r  s e t  s iz e  problems suggests  t h a t  c h i ld re n  

may a t  f i r s t  only be a b le  to  use t h e i r  counting-based number ev a lu a tio n s  to 

understand conserva tion  o f  small q u a n t i t i e s .  The data showing th a t  le s s  

developm entally advanced conservers  were more ab le  to  recognize and /o r  

ex p la in  th e  apparen t nonconservation on small than on la r g e r  number prob­

lems provides a d d i t io n a l  evidence t h a t  number problems involving small and 

l a r g e r  s e t  s i z e s  make d i f f e r e n t  demands on c h i ld re n  a t  p a r t i c u l a r  s tages  of 

development.

Future re sea rch  on th e  ro le  inform ation gained through counting 

p lays  1n c h i ld r e n 's  a c q u is i t io n  o f  number consrva tion  concepts should 

inc lude  more ex tens ive  measures o f  c o g n i t iv e  change. In a d d i t io n  to  

coun te rsu g g es tio n ,  both Immediate and delayed p o s t t e s t s  should be used 

as a means to  determ ine whether changes in  performance fo llow ing  t r i a l s
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In which counting inform ation i s  a v a i l a b le  r e f l e c t  genuine developmental 

p rogress  o r  r e p re s e n t  merely a learned  response to  a p a r t i c u l a r  stim ulus 

s i t u a t i o n .
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a n a ly s is .  Unpublished m anuscrip t,  C ity  U nivers ity  of New 
York, 1980.
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