
C h i l d r e n ' s  Comprehension o f  R e l a t i o n a l  Terms: 
Two Developmental Leve l s  

J u d i t h  A. McLaughlin, E l i zabe th town Col lege 
and 

Roy Pea,  C l a r k  U n i v e r s i t y  

T h i s  s t u d y  was d e s i g n e d  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  
between language and c o g n i t i v e  development;  s p e c i f i c a l l y ,  
t h e  r e l a t i o n s h i p  between c h i l d r e n ' s  comprehension o f  r e l a -  
t i o n a l  t e r m s  and t h e i r  o p e r a t i o n a l  development,  a s  measured 
by t h e  a b i l i t y  t o  conserve .  The a b i l i t y  t o  conserve i s  one 
o f  many a b i l i t i e s  t h a t  P i a g e t  took a s  ev idence  o f  c o n c r e t e  
o p e r a t i o n a l  thought .  For  example, i n  t h e  c o n s e r v a t i o n  o f  
s u b s t a n c e  t a s k ,  a c h i l d  who b e l i e v e s  t h a t  two b a l l s  o f  c l a y  
have t h e  same amount o f  c l a y ,  d e s p i t e  changes  i n  t h e  h e i g h t  
and d i a n e t e r  o f  t h e  b a l l s ,  i s  s a i d  t o  c o n s e r v e  subs tance  
and t h e r e f o r e  d e m o n s t r a t e s  c o n c r e t e  o p e r a t i o n a l  thought .  

Using c o n s e r v a t i o n  o f  subs tance  a s  a f u r t h e r  example, 
i n  t h e  t r a d i t i o n a l  c o n s e r v a t i o n  t a s k ,  c h i l d r e n  a r e  asked t o  
i g n o r e  c e r t a i n  d imens ions  o f  t h e  s t i m u l i ,  such a s  h e i g h t  
and d i a m e t e r ,  and  t o  d e c i d e  whether t h e  two b a l l s  o f  c l a y  
a r e  e q u a l  s o l e l y  on t h e  b a s i s  o f  t h e  r e l e v a n t  dimension, 
t h e  amount o f  c l a y .  Tasks  t h a t  measure c h i l d r e n ' s  compre- 
hens ion  o f  r e l a t i o n a l  t e rms  o f t e n  measure s i m i l a r  a b i l i t i e s .  
For example, when asked  which o f  two b a l l s  o f  c l a y  has  more 
c l a y ,  a  c h i l d  must r espond  s o l e l y  on t h e  b a s i s  o f  t h e  amount 
o f  c l a y ,  and n o t  be  m i s l e d  by d i f f e r e n c e s  i n  t h e  h e i g h t  and 
d i a m e t e r  of t h e  b a l l s .  Thus,  t h e  two t a s k s ,  conserva t ion  
and comprehension o f  r e l a t i o n a l  t e rms ,  i n  p a r t  measure t h e  
same a b i l i t i e s .  

S e v e r a l  r e s e a r c h e r s  have o f f e r e d  t h i s  p o i n t  a s  a  c r i t i -  
c i sm o f  t h e  t r a d i t i o n a l  c o n s e r v a t i o n  tes t :  t h a t  t h e  t r a d i -  
t i o n a l  t e s t  n o t  o n l y  a s s e s s e s  t h e  a b i l i t y  t o  conserve,  b u t  
i s  a l s o  a t e s t  o f  c h i l d r e n ' s  unders tand ing  o f  r e l a t i o n a l  
terms.  G r i f f i t h s ,  Shan tz  and S i g e l  (1967) suggested t h a t  
c h i l d r e n  might  f a i l  t h e  t r a d i t i o n a l  c o n s e r v a t i o n  t e s t  o n l y  
because  t h e y  do n o t  unders tand  r e l a t i o n a l  terms.  While many 
s t u d i e s  (Donaldson & Wales, 1970; Hol land & Palermo, 1975; 
Palermo, 1973; Townsend, 1974) have shown t h a t  young c h i l -  
d ren  do n o t  p e r f e c t l y  comprehend r e l a t i o n a l  terms,  t h e r e  has  



y e t  been no s t u d y  t h a t  has demonstrated t h a t  t h e r e  a r e  c h i l -  
d r e n  who can c o n s e r v e ,  b u t  who f a i l  t h e  t r a d i t i o n a l  t e s t  o f  
c o n s e r v a t i o n  s o l e l y  because  t h e y  do n o t  unders tand  r e l a t i o n a l  
terms.  

One o f  t h e  p r i n c i p a l  purposes  o f  t h i s  s t u d y  was t o  de- 
t e r m i n e  whether  t h e r e  a r e  c h i l d r e n  who can  conserve  b u t  who 
do n o t  u n d e r s t a n d  r e l a t i o n a l  terms.  I n  o r d e r  t o  t e s t  t h a t  
h y p o t h e s i s ,  two t a s k s  were used: a  c o n s e r v a t i o n  t e s t  and a  
tes t  a s s e s s i n g  comprehension o f  r e l a t i o n a l  t e r m s .  I n  t h i s  
s t u d y ,  t h e  r e l a t i o n s h i p  between c o n s e r v a t i o n  and r e l a t i o n a l  
term comprehension was t e s t e d  i n  s i x  d i f f e r e n t  c o n t e n t  a r e a s :  
con t inuous  q u a n t i t y ,  d i s c o n t i n u o u s  q u a n t i t y ,  number, l e n g t h ,  
a r e a ,  and s u b s t a n c e .  

I n  t e s t i n g  f o r  comprehension o f  r e l a t i o n a l  t e rms ,  two 
t y p e s  o f  s t i m u l i  were p r e s e n t e d  t o  t h e  c h i l d r e n  f o r  compar- 
i s o n .  The f i r s t  t y p e  invo lved  s e t s  o f  s t i m u l i  i n  which t h e  
r e l e v a n t  d imension c o v a r i e d  wi th  ano ther  dimension o f  t h e  
s t i m u l i  (Covarying c o n d i t i o n ) .  For example, i n  t e s t i n g  f o r  
comprehension o f  t h e  r e l a t i o n a l  terms r e f e r r i n g  t o  a r e a ,  
r e c t a n g u l a r  s h a p e s  were shown t o  t h e  c h i l d r e n .  For h a l f  t h e  
s e t s  o f  r e c t a n g l e s ,  t h e  width  o f  t h e  r e c t a n g l e s  was e q u a l ,  
s o  t h e  r e l e v a n t  d imension,  a r e a ,  covar ied  d i r e c t l y  w i t h  t h e  
l e n g t h  o f  t h e  r e c t a n g l e s .  The l o n g e r  r e c t a n g l e  w a s  always 
g r e a t e r  i n  a r e a .  For t h e  remaining s e t s ,  t h e  l e n g t h  o f  t h e  
r e c t a n g l e s  w a s  e q u a l ,  s o  t h a t  t h e  a r e a  c o v a r i e d  d i r e c t l y  
wi th  t h e  w i d t h  o f  t h e  r e c t a n g l e s .  

I n  t e s t i n g  f o r  comprehension o f  t h e  t e r m s  r e f e r r i n g  t o  
con t inuous  and d i s c o n t i n u o u s  q u a n t i t y ,  t h e  r e l e v a n t  dimen- 
s i o n ,  q u a n t i t y ,  c o v a r i e d  w i t h  e i t h e r  t h e  h e i g h t  o r  t h e  d i a -  
meter o f  t h e  c o n t a i n e r s ,  i n  t h e  Covarying c o n d i t i o n .  The 
covary ing  d imens ions  f o r  t h e  o t h e r  c o n t e n t  a r e a s  were a s  
fo l lows :  number c o v a r i e d  w i t h  e i t h e r  t h e  l e n g t h  o r  t h e  den- 
s i t y  o f  rows o f  o b j e c t s ;  l e n g t h  covar ied  w i t h  e x t e n s i o n  a t  
e i t h e r  end o f  t h e  s t i m u l i ;  and subs tance  c o v a r i e d  w i t h  e i t h e r  
t h e  h e i g h t  o r  t h e  d i a m e t e r  o f  t h e  s t i m u l i .  

I n  t h i s  Covarying c o n d i t i o n ,  t h e  r e l e v a n t  dimension i n  
each c o n t e n t  area had a  f u n c t i o n a l  r e l a t i o n s h i p  w i t h  a n o t h e r  
dimension o f  t h e  s t i m u l i .  According t o  P i a g e t i a n  t h e o r y  
( P i a g e t ,  G r i z e ,  Szeminska & Vinh-Bang, 1 9 6 8 ) ,  c h i l d r e n  who a r e  
p r e - o p e r a t i o n a l  are a b l e  t o  e s t a b l i s h  f u n c t i o n a l  r e l a t i o n s h i p s  



between two dimensions ,  t o  unders tand t h a t  as one dimension 
i n c r e a s e s ,  t h e  second i n c r e a s e s  a l s o .  Thus,  i n  t h e  p r e s e n t  
s t u d y ,  it was expec ted  t h a t  p r e - o p e r a t i o n a l  c h i l d r e n  would 
be  a b l e  t o  comprehend r e l a t i o n a l  t e rms  when shown s e t s  o f  
s t i m u l i  i n  which t h e  r e l e v a n t  dimension c o v a r i e d  w i t h  ano- 
t h e r  dimension o f  t h e  s t i m u l i .  

The second t y p e  o f  s t i m u l i  used t o  t e s t  f o r  comprehen- 
s i o n  o f  r e l a t i o n a l  t e rms  involved sets i n  which t h e  r e l e -  
v a n t  dimension d i d  n o t  covary w i t h  t h e  o t h e r  d imensions  o f  
t h e  s t i m u l i  (Non-Covarying c o n d i t i o n ) .  I n  t h e s e  s e t s  o f  
s t i m u l i ,  one o f  t h e  dimensions was n o t  h e l d  e q u a l  between 
a l l  s t i m u l i  i n  a  s e t .  For example, i n  t e s t i n g  f o r  compre- 
h e n s i o n  o f  t h e  r e l a t i o n a l  terms r e f e r r i n g  t o  a r e a ,  t h e  
l o n g e s t  r e c t a n g l e  d i d  n o t  always have t h e  g r e a t e s t  a r e a ,  
nor  d i d  t h e  w i d e s t  r e c t a n g l e .  I n  t h e  sets o f  s t i m u l i  used 
i n  t h e  Non-Covarying c o n d i t i o n ,  t h e r e  was no c o n s i s t e n t  r e -  
l a t i o n s h i p  between t h e  r e l e v a n t  d imension and t h e  o t h e r  d i -  
mensions o f  t h e  s t i m u l i .  According t o  P i a g e t i a n  t h e o r y  
( P i a g e t ,  G r i z e ,  Szeminska, & Vinh-Bang, 1 9 6 8 ) ,  c h i l d r e n  who 
a r e  p r e - o p e r a t i o n a l  a r e  n o t  a b l e  t o  c o o r d i n a t e  v a r i a t i o n  i n  
t h r e e  dimensions  s imul taneous ly ,  and t h u s  would n o t  b e  ex-  
p e c t e d  t o  comprehend r e l a t i o n a l  t e r m s  when comparing non- 
covary ing  s t i m u l i .  T h i s  a b i l i t y  t o  c o o r d i n a t e  t h r e e  dimen- 
s i o n s  s imul taneous ly  i n  p a r t  e n a b l e s  c o n c r e t e  o p e r a t i o n a l  
c h i l d r e n  t o  conserve  and should a l s o  e n a b l e  them t o  compre- 
hend r e l a t i o n a l  t e rms  when comparing non-covarying s t i m u l i .  

I n  t h e  comprehension t e s t ,  each c h i l d  w a s  shown 12 s e t s  
o f  covary ing  s t i m u l i  and 12 s e t s  o f  non-covarying s t i m u l i  
f o r  e a c h  of t h e  s i x  c o n t e n t  a r e a s .  Each s e t  c o n s i s t e d  o f  
f o u r  s t i m u l i ,  a  s t a n d a r d  and t h r e e  a l t e r n a t i v e s .  Each set  
w a s  shown t o  t h e  c h i l d  and t h e  c h i l d  w a s  a sked  t o  p o i n t  t o  
t h e  a l t e r n a t i v e  t h a t  w a s  more t h a n  t h e  s t a n d a r d ,  less t h a n  
t h e  s t a n d a r d ,  and t h e  same a s  t h e  s t a n d a r d  a l o n g  t h e  r e l e -  
v a n t  dimension.  I n  t h e  comprehension t e s t ,  each  c h i l d  w a s  
s c o r e d  a s  "pass ing"  f o r  each term i f  t h e  c h i l d  responded 
c o r r e c t l y  on 9 o r  more o f  t h e  12 q u e s t i o n s  i n  each condi-  
t i o n ,  Covarying and Non-Covarying, f o r  each  c o n t e n t  a r e a .  
The p r o b a b i l i t y  o f  a  c h i l d  guess ing  c o r r e c t l y  on 9 o r  more 
o f  12 q u e s t i o n s  i s  less t h a n  .05. Thus, each c h i l d  was 
s c o r e d  a s  "pass ing"  o r  " f a i l i n g "  f o r  e a c h  o f  t h e  t h r e e  r e l a -  
t i o n a l  t e rms  i n  each c o n d i t i o n  f o r  each  o f  t h e  s i x  c o n t e n t  
a r e a s .  



Each c h i l d  was a l s o  g iven  a  c o n s e r v a t i o n  t e s t  i n  t h e  
s i x  c o n t e n t  a r e a s .  I n  t h e  c o n s e r v a t i o n  t e s t  g iven f o r  each 
c o n t e n t  a r e a ,  r e l a t i o n a l  terms were n o t  used i n  q u e s t i o n i n g .  
T h i s  t a s k  w a s  used t o  p rov ide  a  measure o f  t h e  c h i l d r e n ' s  
a b i l i t y  t o  c o n s e r v e ,  unconfounded by t h e i r  unders tand ing  o f  
r e l a t i o n a l  t e rms .  The c o n s e r v a t i o n  t es t  used i n  t h i s  s t u d y  
fo l lowed  t h e  t r a d i t i o n a l  methodology, e x c e p t  t h a t ,  r a t h e r  
r h a n  a s k i n g  t h e  c h i l d r e n  whether t h e  two s t i m u l i  were t h e  
s a m e  a l o n g  t h e  r e l e v a n t  dimension,  t h e  c h i l d r e n  were asked  
whether  two d o l l s ,  each  g iven  one o f  t h e  s t i m u l i ,  were b o t h  
happy. B e f o r e  b e i n g  g i v e n  t h e  c o n s e r v a t i o n  t r i a l s ,  t h e  c h i l -  
d r e n  were t r a i n e d  on t h i s  t a s k  t o  respond s o l e l y  on t h e  ba -  
s is  o f  t h e  r e l e v a n t  dimension.  F ive  c o n s e r v a t i o n  t r i a l s  
were used i n  s c o r i n g .  

On t h e  b a s i s  o f  performance on t h i s  conservat ' ion t es t ,  
e a c h  c h i l d  was a s s i g n e d  t o  one o f  t h r e e  s t a g e s ,  f o r  e a c h  con- 
t e n t  a r e a .  C h i l d r e n  who gave no c o r r e c t  r esponses  were a s -  
s i g n e d  t o  S t a g e  1 a s  non-conservers o r  p r e - o p e r a t i o n a l ;  
c h i l d r e n  who gave  from one t o  f o u r  c o r r e c t  r esponses  were 
a s s i g n e d  t o  S t a g e  2 a s  t r a n s i t i o n a l ;  and c h i l d r e n  who gave 
f i v e  c o r r e c t  r e s p o n s e s  were ass igned  t o  S t a g e  3 a s  conser -  
v e r s  o r  c o n c r e t e  o p e r a t i o n a l .  

For each  c o n t e n t  a r e a ,  t h e  s t i m u l i  f o r  t h e  c o n s e r v a t i o n  
and comprehension t a s k s  were c o n s t r u c t e d  o f  i d e n t i c a l  mate r -  
i a l s .  For c o n t i n u o u s  q u a n t i t y ,  t h e  s t i m u l i  were c l e a r  p l a s -  
t i c  t u b e s  f i l l e d  w i t h  c o l o r e d  sugar .  The s t i m u l i  f o r  d i s -  
con t inuous  q u a n t i t y  were c l e a r  p l a s t i c  t u b e s  f i l l e d  w i t h  
s m a l l ,  b e a d l i k e  c a n d i e s .  The s t i m u l i  f o r  number were Smar- 
t i e s ,  a  candy s i m i l a r  i n  shape t o  M & M 1 s .  The s t i m u l i  f o r  
l e n g t h  were p i e c e s  o f  l i c o r i c e ;  f o r  a r e a ,  r e c t a n g u l a r  cook- 
i e s ;  and f o r  s u b s t a n c e ,  marshmallows. 

A t o t a l  o f  4 8  c h i l d r e n  se rved  a s  s u b j e c t s .  The c h i l d r e n  
w e r e  s e l e c t e d  from s i x  age  groups ,  from 4 y e a r s  o l d  th rough  
9 y e a r s  o l d ,  w i t h  e i g h t  c h i l d r e n  i n  each a g e  group. To sum- 
mar ize  t h e  d e s i g n  o f  t h e  s t u d y ,  each c h i l d  was t e s t e d  f o r  
comprehension o f  t h r e e  r e l a t i o n a l  t e rms  ( e - g . ,  "more," "same," 
and " l e s s " )  i n  b o t h  t h e  Covarying and Non-Covarying c o n d i t i o n  
o f  t h e  comprehension t e s t  and f o r  c o n s e r v a t i o n ,  i n  a l l  s i x  
c o n t e n t  a r e a s .  The o r d e r  o f  p r e s e n t a t i o n  o f  t h e  c o n s e r v a t i o n  
and comprehension t a s k s  was counter-balanced w i t h i n  each age  
group. A d d i t i o n a l l y ,  t h e  o r d e r  o f  p r e s e n t a t i o n  o f  t h e  co-  
v a r y i n g  and non-covaryinq c o n d i t i o n s  o f  t h e  comprehension 



t e s t  was coun te r -ba lanced .  The o r d e r  o f  p r e s e n t a t i o n  o f  t h e  
t h r e e  r e l a t i o n a l  t e r m s  w i t h i n  each c o n d i t i o n  and t h e  o r d e r  
o f  t a s k s  a c r o s s  t h e  s i x  c o n t e n t  a r e a s  was randomized. 

Tab le  1 shows t h e  r e s u l t s  o f  t h e  c o n s e r v a t i o n  t e s t i n g .  
None o f  t h e  4- and 5-year-old c h i l d r e n  were a b l e  t o  conserve  
i n  any o f  t h e  c o n t e n t  a r e a s ,  whi le  a m a j o r i t y  o f  t h e  8 -  and 
9-year-old c h i l d r e n  conserved i n  most c o n t e n t  a r e a s .  These 
r e s u l t s  cor respond  t o  p r e d i c t i o n s  based on P i a g e t i a n  t h e o r y  
and t o  r e s u l t s  o b t a i n e d  on t h e  t r a d i t i o n a l  t e s t  o f  conserva-  
t i o n .  

Tab le  2 shows t h e  r e s u l t s  o f  t h e  comprehension t e s t .  
The m a j o r i t y  o f  t h e  non-conservers passed  t h e  covarying 
c o n d i t i o n  f o r  e a c h  t e r m .  On t h e  o t h e r  hand, - a l l  o f  t h e  
t r a n s i t i o n a l  c h i l d r e n  and c o n s e r v e r s  passed  t h e  covarying 
c o n d i t i o n ,  f o r  e v e r y  term. These r e s u l t s  i n d i c a t e  t h a t  
comprehension o f  r e l a t i o n a l  t e rms  when comparing covary- 
i n g  s t i m u l i  i s  a t t a i n e d  a t  some p o i n t  i n  t h e  p r e - o p e r a t i o n a l  
p e r i o d ,  b e f o r e  c h i l d r e n  a r e  a b l e  t o  conserve .  

Table  1 

P e r c e n t a g e  o f  Chi ld ren  i n  Each Age Group 
i n  S t a g e  3 on Conservat ion T e s t  

Content  Area 

Age i n  Years 

4 -5 6 -7 8 -9 

Discont inuous  Q u a n t i t y  0.00% 6.25% 43.75% 

Continuous Q u a n t i t y  0.00 6 .25 43.75 

Substance 0.00 12.50 46.25 

Length 0.00 31.25 62.50 

Number 0.00 25.00 67.50 

Area 0.00 18.75 81.25 



T a b l e  2 

P e r c e n t a g e  o f  C h i l d r e n  i n  Each S t a g e  
P a s s i n g  t h e  Comprehension T e s t ,  by Condi t ion  

Covary i n g  Non-Covarying 

S t a g e  S t a g e  S t a g e  S t a g e  
1 2&3 1 2&3 

Dis r sn t inuous  Q u a n t i t y  

C o r ~ i n u o u s  Q u a n t i t y  
' l e s s "  

' s m e "  
":ore" 

NL~= 2r 

"Less" 
" s m e "  
"?.oreu 

Ler.:=h 
" s h o r t e r "  
"3s l o n g  a s "  
" longer"  

Are? 
"Less" 
" same " 
" l o r e "  

Suks t a n c e  
" l e s s "  
"same" 
"2ore" 



I n  t h e  Non-Covarying c o n d i t i o n ,  a m a j o r i t y  o f  t h e  non- 
c o n s e r v e r s  f a i l e d  t o  comprehend e v e r y  term', excep t  t h o s e  
terms r e f e r r i n g  t o  l e n g t h .  I n  c o n t r a s t ,  a m a j o r i t y  o f  t h e  
t r a n s i t i o n a l  c h i l d r e n  and c o n s e r v e r s  p a s s e d  each term i n  
t h e  Non-Covarying c o n d i t i o n ,  excep t  t h e  r e l a t i o n a l  term, 
"same," r e f e r r i n g  t o  d i s c o n t i n u o u s  and  c o n t i n u o u s  q u a n t i t y .  
These r e s u l t s  s u g g e s t  t h a t  comprehension o f  r e l a t i o n a l  terms 
when comparing non-covarying s t i m u l i  i s  a t t a i n e d  a t  some 
p o i n t  d u r i n g  t h e  c o n c r e t e  o p e r a t i o n a l  p e r i o d .  

One o f  t h e  p r i n c i p a l  purposes  o f  t h i s  s t u d y  was t o  de- 
t e r m i n e  whether t h e r e  a r e  c h i l d r e n  who f a i l  t r a d i t i o n a l  
c o n s e r v a t i o n  tes ts  because  t h e y  do n o t  unders tand  r e l a t i o n a l  
terms.  Table  2 p r e s e n t s  r e s u l t s  r e l e v a n t  t o  t h i s  q u e s t i o n .  
Every t r a n s i t i o n a l  c h i l d  and every  c o n s e r v e r  was a b l e  t o  
comprehend a l l  o f  t h e  t e r m s  o f  t h e  comprehension t e s t  i n  
t h e  Covarying c o n d i t i o n .  I n  f a c t ,  t h e  o n l y  c h i l d r e n  who 
d i d  n o t  succeed f o r  a l l  t e r m s  i n  t h e  Covarying c o n d i t i o n  
were t h e  v e r y  younges t  c h i l d r e n  t e s t e d .  Thus any c h i l d  who 
answered c o r r e c t l y  on o n e  o r  more t r i a l s  o f  t h e  conserva-  
t i o n  t e s t  ( a s  w e l l  a s  a m a j o r i t y  o f  t h e  c h i l d r e n  who ans- 
wered no q u e s t i o n s  c o r r e c t l y )  was a l s o  a b l e  t o  comprehend 
a l l  o f  t h e  r e l a t i o n a l  t e r m s  used i n  t h e  t r a d i t i o n a l  conser -  
v a t i o n  t e s t .  These  r e s u l t s  sugges t  t h a t  c h i l d r e n  a c q u i r e  
t h e  a b i l i t y  t o  comprehend r e l a t i o n a l  t e r m s  when comparing 
covary ing  s t i m u l i  b e f o r e  t h e y  a r e  a b l e  t o  conserve ,  f o r  a l l  
c o n t e n t  a r e a s .  T h e r e f o r e ,  a n  i n a b i l i t y  t o  comprehend r e l a -  
t i o n a l  terms d o e s  n o t  p r e v e n t  c h i l d r e n  from succeeding on 
t h e  t r a d i t i o n a l  t e s t s  o f  c o n s e r v a t i o n .  

According t o  P i a g e t i a n  t h e o r y  ( P i a g e t ,  Gr ize ,  Szerninska, 
& Vinh-Bang, 1 9 6 8 ) ,  t h e  a b i l i t y  t o  c o o r d i n a t e  two covarying 
dimensions  i s  a t t a i n e d  by c h i l d r e n  b e f o r e  t h e y  a c q u i r e  t h e  
a b i l i t y  t o  c o o r d i n a t e  t h r e e  dimensions  v a r y i n g  independent ly .  
T h e r e f o r e ,  i n  t h i s  s t u d y ,  it was expec ted  t h a t  c h i l d r e n  would 
b e  a b l e  t o  comprehend r e l a t i o n a l  t e r m s  when comparing covary- 
i n g  s t i m u l i  b e f o r e  t h e y  were a b l e  t o  comprehend r e l a t i o n a l  
t e r m s  when comparing non-covarying s t i m u l i .  

The r e s u l t s  o f  t h i s  s tudy  p e r t a i n i n g  t o  t h i s  hypo thes i s  
are shown i n  T a b l e  3 .  The f i r s t  column shows t h a t  t h e r e  were 
c h i l d r e n  who f a i l e d  b o t h  c o n d i t i o n s ,  f o r  e v e r y  term. These 
c h i l d r e n  demons t ra ted  no comprehension o f  r e l a t i o n a l  terms 
i n  e i t h e r  c o n d i t i o n .  The second column shows t h a t ,  f o r  every 



Table 3 

Percentage of  Chi ldren Passing and F a i l i n g  
Each Condition o f  t h e  Comprehension Tes t  

Covarying: F a i l  Pass F a i l  Pass 
Non-Covarying: F a i l  F a i l  Pass  Pass  

Discontinuous Quant i ty  
" l e s s "  
"same" 
"more " 

Continuous Quan t i t y  
" l e s s "  
" same" 
"more" 

Number 
" l e s s "  
"same" 
"more" 

Length 
" s h o r t e r "  
" a s  long  a s "  
" longer  " 

Area 
" l e s s "  
same" 

"more" 

Substance 
" l e s s "  
Ir same" 
"more" 



term, t h e r e  w e r e  c h i l d r e n  who p a s s e d  t h e  Covarying c o n d i t i o n  
b u t  f a i l e d  t h e  Non-Covarying c o n d i t i o n .  These c h i l d r e n  were 
a b l e  t o  comprehend r e l a t i o n a l  t e r m s  when comparing covary ing  
s t i m u l i ,  b u t  n o t  when comparing non-covarying s t i m u l i .  The 
f o u r t h  column shows t h a t ,  f o r  e v e r y  t e rm,  t h e r e  were c h i l -  
d r e n  who passed  b o t h  c o n d i t i o n s ,  c h i l d r e n  who comprehended 
r e l a t i o n a l  t e r m s  b o t h  when comparing covary ing  s t i m u l i  and 
when comparing non-covarying s t i m u l i .  These r e s u l t s  a r e  i n  
accord  w i t h  t h e  h y p o t h e s i s  t h a t  a f u n c t i o n a l  unders tand ing  
i s  a c q u i r e d  by c h i l d r e n  b e f o r e  a n  o p e r a t i o n a l  u ~ d e r s t a n d i n g  
o f  r e l a t i o n a l  terms. 

The t h i r d  column o f  Table 3 shows t h a t  t h e r e  were no 
c h i l d r e n  who p a s s e d  t h e  Mon-Covarying c o n d i t i o n ,  b u t  fL1 i led  
t h e  Covarying c o n d i t i o n ,  f o r  any o f  t h e  r e l a t i o n a l  t e n n s  
t e s t e d .  Thus, t h e r e  were no c h i l d r e n  who comprehended re- 
l a t i o n a l  terms when comparing non-covarying s t i m u l i ,  b u t  
n o t  when comparing covary ing  s t i m u l i .  These  r e s u l t s  s u p p o r t  
t h e  h y p o t h e s i s  t h a t  t h e r e  i s  a  developmental  p r o g r e s s i o n  i n  
t h e  a t t a i n m e n t  o f  t h e  a b i l i t y  t o  comprehend r e l a t i o n a l  terms. 
Chi ld ren  f i r s t  a c h i e v e  a l e v e l  o f  comprehension i n  which 
t h e y  a r e  a b l e  t o  comprehend t h e  t e rms  when comparing covary-  
i n g  s t i m u l i ,  and o n l y  l a t e r  a c h i e v e  a  second l e v e l  i n  which 
t h e y  a r e  a b l e  t o  comprehend t h e  t e rms  when comparing non- 
covary ing  s t i m u l i .  

Both t h e  a b i l i t y  t o  conserve and comprehension o f  rela- 
t i o n a l  t e rms  a p p e a r  t o  be  dependent upon o p e r a t i o n a l  deve lop-  
ment. Because p r e - o p e r a t i o n a l  c h i l d r e n  c o o r d i n a t e  dimensions  
f u n c t i o n a l l y ,  t h e y  are a b l e  t o  unders tand  r e l a t i o n a l  t e r m s  
when comparing c o v a r y i n g  s t i m u l i  and t h e y  are a l s o  l e d  t o  a 
b e l i e f  t h a t  a  g i v e n  dimension must change when o t h e r  ditztn- 
s i o n s  a r e  t r ans formed .  S i m i l a r l y ,  because  c o n c r e t e  ope-3- 
t i o n a l  c h i l d r e n  c o o r d i n a t e  dimensions  o p e r a t i o n a l l y ,  t h e y  
comprehend r e l a t i o n a l  t e r m s  when comparing non-covarying 
s t i m u l i  and t h e y  demons t ra te  a  concep t  o f  c o n s e r v a t i o n .  
N e i t h e r  o f  t h e s e  a b i l i t i e s ,  c o n s e r v a t i o n  o r  a n  opera t io? .a l  
comprehension o f  r e l a t i o n a l  t e rms ,  n e c e s s a r i l y  p r e c e d e s  t h e  
o t h e r .  There  were c h i l d r e n  who c o u l d  conserve  b u t  who did 
n o t  o p e r a t i o n a l l y  comprehend r e l a t i o n a l  t e r m s ,  j u s t  a s  t h e r e  
were c h i l d r e n  who o p e r a t i o n a l l y  comprehended r e l a t i o n a l  
t e r m s ,  b u t  cou ld  n o t  conserve.  Ra ther  t h a n  one  a b i l i t y  be- 
i n g  t h e  n e c e s s a r y  p r e c u r s o r  t o  t h e  o t h e r ,  b o t h  a b i l i t i e s  
are dependent upon and can  b e  t a k e n  a s  ev idence  o f  t h e  Zt- 
ve lopnen t  o f  o p e r a t i o n a l  thought .  
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