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Abstract 
Thi s researc h investigate s th e rol e o f  languag e i n 

children' s abilit y  t o perfor m a n analogica l  mappin g task .  We 
firs t  describ e th e result s o f  a  simpl e mappin g tas k i n whic h 
preschoo l  childre n performe d poorly .  I n th e curren t  study ,  w e 
taugh t  th e childre n t o appl y relationa l  label s t o th e stimul i  an d 
thei r  performanc e improve d markedly .  I t  appear s tha t  relationa l 
languag e ca n cal l  attentio n t o domai n relation s an d henc e improv e 
children' s performanc e i n a n analogica l  mappin g task . 

A compute r  simulatio n o f  thi s mappin g tas k wa s performe d 
usin g domai n representation s tha t  differe d i n thei r  degre e o f 
elaboratio n o f  th e relationa l  structure .  Th e result s o f  th e 
simulatio n parallele d th e experimenta l  results :  tha t  is ,  give n 
deepl y elaborate d representations ,  SME' s preferre d interpretatio n 
produce d th e correc t  mappin g response ,  whil e whe n give n shallo w 
representation s it s preferre d interpretatio n produce d a n objec t 
similarit y response .  Take n together ,  th e empirica l  an d 
computationa l  finding s sugges t  tha t  developmen t  o f  analog y an d 
similarit y ma y b e explainabl e i n larg e measur e b y change s i n 
domai n representation ,  a s oppose d t o maturationa l  change s i n 
processing .  The y furthe r  sugges t  tha t  relationa l  languag e ma y b e 
an importan t  influenc e o n thi s development . 

Introduction 
One o f  th e developin g child' s majo r  achievement s i s th e 

acquisitio n o f  language .  Thi s acquisitio n proces s pervade s 
almos t  ever y aspec t  o f  th e youn g child' s dail y life .  Ou r 
questio n i n thi s researc h concern s th e possibl e effect s o f 
languag e o n on e aspec t  o f  th e child' s developin g abilities :  th e 
us e o f  objec t  similarit y an d relationa l  similarity -  Childre n an d 
adult s perfor m ver y differentl y i n task s whic h requir e th e us e o f 
objec t  similarit y and/o r  relationa l  similarity .  Fo r  example , 
when give n a  metapho r  suc h a s " A clou d i s lik e a  sponge "  youn g 
childre n (fiv e year s old )  produce d similarit y comparison s base d 
on common object-attribute s (e.g. ,  "the y bot h ar e roun d an d 
fluffy" )  whil e adult s produce d similarit y comparison s base d o n 
common relationa l  structure s ("the y bot h stor e wate r  an d the n 
late r  giv e i t  bac k t o you" )  (Centner ,  1988) . 

Thi s an d relate d developmenta l  difference s hav e le d man y 
researcher s t o sugges t  tha t  youn g childre n us e a n inherentl y 
differen t  mod e o f  processin g tha n adults .  Piage t  (Piaget , 
Montanger o &  Billeter ,  1977 )  propose d tha t  childre n lac k th e 
basi c cognitiv e competenc e t o perfor m a n analogica l  mappin g 
betwee n objects .  Thi s abilit y  i s  dependen t  upo n cognitiv e 
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structure s an d processe s whic h d o no t  emerg e unti l  the y reac h th e 
forma l  operation s perio d o f  developmen t  (approximatel y 1 4 year s 
of  a g e ) .  Other s propos e tha t  childre n ar e no t  "fundamentall y 
differen t  kind s o f  thinkers "  tha n adult s bu t  rathe r  tha t  i t  i s 
deficiencie s i n children' s knowledg e tha t  l imit s thei r 
performanc e (Brown ,  1989 ;  Carey ,  1984 ) .  Th e domain-knowledg e 
accoun t  woul d emphasiz e tha t  metapho r  an d analog y task s lik e th e 
one s describe d abov e requir e knowledg e tha t  youn g childre n ma y 
no t  posses s o r  ma y no t  reliabl y represent :  fo r  instance , 
knowledg e o f  th e causa l  relation s withi n th e tw o domains . 

I n thi s researc h w e sough t  t o (1 )  trac e possibl e change s i n 
children' s abilit y  t o perfor m relationa l  mappings ;  (2 )  t o 
investigat e whethe r  an y suc h change s coul d b e explaine d i n term s 
of  change s i n domai n representation s an d (3 )  i n particular , 
whethe r  us e o f  relationa l  label s woul d pla y a  causa l  role . 
wante d t o stud y th e child' s abilit y  t o extrac t  relationa l 
similarit y fro m a  situatio n i n whic h othe r  solution s ar e i n 
principl e possible .  Therefore ,  w e designe d a  tas k i n whic h 
objec t  similarit y wa s pitte d agains t  relationa l  similarity . 
the n observe d whethe r  th e chil d woul d carr y ou t  th e relationa l 
mappin g betwee n th e tw o structures .  T o furthe r  investigat e th e 
effect s o f  objec t  similarity ,  w e manipulate d th e degre e o f 
similarit y i n th e objec t  matche s b y varyin g th e perceptua l 
richnes s an d distinctivenes s o f  th e stimulu s (Tversky ,  1977) . 
Wit h thi s tas k w e establishe d tha t  preschoo l  ag e childre n hav e 
difficult y focussin g o n relationa l  similarit y whe n ther e i s a 
competin g objec t  similarity .  We the n aske d whethe r  languag e ca n 
hel p childre n extrac t  relationa l  similarit y unde r  thes e 
conditions .  We firs t  revie w th e basi c tas k an d the n discus s th e 
languag e manipulatio n w e use d t o tr y t o improv e children' s 
performance . 

We 

We 

The Basi c Tas k 
We presente d three -  an d four-year-ol d childre n an d adult s 

wit h a  simpl e mappin g gam e i n whic h bot h objec t  similarit y an d 
relationa l  similarit y wer e manipulate d (Rattermann ,  Centne r  & 
DeLoache ,  1989) .  Th e chil d an d th e experimente r  eac h ha d a  se t 
of  thre e object s (cla y pot s o r  blu e plasti c boxes )  whic h 
increase d i n siz e alon g a  continuu m fro m lef t  t o right .  (Se e 
Figur e 1 . ) . 

Figur e lb . 
R I C H 

Figur e la . 

SIMPLE 

Figur e 1 .  Stimulu s set s use d I n mappJf^ g task . 

The objects in Row 1 are the experimenter's set and the objects 
i n R o w 2  ar e th e child' s se t 
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The experimente r  an d th e chil d playe d a  gam e i n whic h th e 
experimente r  hi d a  sticke r  unde r  th e child' s se t  an d th e chil d 
trie d t o fin d it .  Th e chil d wa s tol d tha t  i f  h e watche d th e 
experimente r  a s sh e place d a  sticke r  unde r  on e o f  th e object s in 
he r  set ,  h e coul d us e th e hidin g plac e o f  he r  sticke r  a s a  clu e 
t o th e locatio n o f  hi s ow n st icker .  We introduce d a  tensio n 
betwee n objec t  similarit y an d relationa l  similarit y b y staggerin g 
th e siz e o f  th e object s withi n th e tr iads ,  creatin g bot h a 
possibl e objec t  matc h an d a  possibl e relationa l  matc h ( a cross -
mappin g o f  th e stimul i  (Centne r  &  Toupin ,  1986)) .  Tha t  is ,  i f 
th e experimenter' s se t  containe d object s o f  siz e 1 ,  2 ,  an d 3  th e 
child' s se t  containe d object s o f  siz e 2 ,  3 ,  an d 4 .  Th e tas k wa s 
designe d s o tha t  th e relationa l  respons e wa s alway s correct :  th e 
correc t  respons e wa s alway s base d o n relativ e siz e (e.g. ,  larges t 
objec t  t o larges t  object )  an d relativ e position. ^  Th e chil d wa s 
shown th e correc t  answe r  an d i f  correc t  wa s allowe d t o kee p th e 
sticker .  I n Figur e la ,  th e soli d lin e represent s th e correc t 
relationa l  response ,  whic h th e chil d wil l  mak e i f  h e i s abl e t o 
alig n th e tw o structure s relationally ,  whil e th e dotte d lin e 
represent s th e object-base d respons e whic h th e chil d wil l  mak e i f 
he respond s o n th e basi s o f  objec t  similarit y rathe r  tha n 
relationa l  similarity . 

We foun d a n ag e shif t  i n th e performanc e o f  thi s task .  Th e 
three -  an d four-year-ol d childre n performe d quit e poorl y (a n 
averag e o f  47 % relationa l  response s acros s bot h ages) ,  whil e th e 
adult s performe d extremel y wel l  (a n averag e o f  87 % relationa l 
responses) .  We als o foun d th e effec t  o f  stimulu s richnes s 
predicte d b y Tversky' s contras t  model ;  th e childre n performe d 
significantl y bette r  wit h th e simpl e stimulu s object s (a n averag e 
of  54 % relationa l  response s fo r  th e three-year-old s an d 62 % fo r 
th e four-year-olds )  tha n wit h th e ric h stimulu s object s (a n 
averag e o f  3  2 % relationa l  response s fo r  th e three-year-old s an d 
38 % fo r  th e four-year-olds) ,  suggestin g tha t  th e presenc e o f 
r ich ,  distinctiv e objec t  matche s create s a  salien t  alternativ e t o 
th e relationa l  respons e (a t  leas t  fo r  youn g children) .  I n 
contrast ,  whe n simpl e object s ar e used ,  th e resultin g objec t 
similarit y matche s ar e les s compellin g an d therefor e les s likel y 
t o mak e a  competitiv e alternativ e t o th e relationa l  response. ^ 

Can Language Promote a Relational Focus? 
A growin g bod y o f  researc h ha s investigate d th e hypothesi s 

tha t  youn g childre n us e word s t o focu s attentio n o n certai n kind s 
of  information .  (Gelma n &  Markman ,  1987 ;  Waxman &  Gelman ,  1986) . 
Gelman an d Markma n (1987 )  investigate d th e rol e o f  common wor d 
label s o n three -  an d four-year-ol d children' s willingnes s t o 
extrapolat e characteristic s betwee n objects .  The y presente d 
childre n wit h a  pictur e o f  a  standar d object ,  e.g. ,  a  bluebird , 
an d taugh t  th e childre n a  characteristi c o f  thi s objec t  (e.g . 
"feed s it s bab y mashe d u p f ood . " ) .  Th e childre n wer e the n show n 
a se t  o f  severa l  objects ,  som e whic h share d perceptua l  similarit y 

1. Tbe relations of relative size an<3 relative position were perfeotly correlated. That is, t±ie niddle-
size d objec t  va s als o th e objeot .  i s  tli e iiiddi e position . 

2.  Adult s perforne d roughl y equa l  wit h th e ric h an d tJa e ainpl e stinull ,  sugqeatin g tha t  the y ca n focu s o n 
relationa l  cosKonalitle s relativel y independen t  o f  objec t  similarity . 
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wit h th e standar d an d som e whic h share d categor y membershi p (an d 
therefor e a  common label )  wit h th e standard .  When n o label s wer e 
use d th e children ,  a s expected ,  extende d th e characteristi c t o 
object s o n th e basi s o f  share d perceptua l  similarit y wit h th e 
standar d (e.g ,  a  blu e butterf ly) .  When thes e ne w object s share d 
a categor y labe l  wit h th e standar d (e.g .  a  blackbird )  th e 
childre n extende d th e characteristi c base d o n th e common labe l 
and ,  t o a  lesse r  extent ,  th e share d perceptua l  similarity . 

Give n thi s evidenc e suggestin g tha t  label s ca n direc t 
children' s attentio n t o taxonomi c objec t  concepts ,  th e questio n 
we pose d wa s whethe r  relationa l  label s ca n direc t  children' s 
attentio n t o relations .  I n particular ,  coul d th e us e o f 
relationa l  label s i n th e perceptual-mappin g tas k influenc e 
childre n t o respon d relationally .  T o labe l  th e ke y relative-siz e 
relatio n w e chos e t o us e simple ,  familia r  labels :  "Daddy" , 
"Mommy,"  an d "Baby" .  "Daddy" ,  "Mommy, "  an d "Baby "  ar e ver y 
salien t  relation s t o youn g children ;  i n fact ,  childre n i n th e 
previou s stud y occasionall y use d thes e label s spontaneously. ' 
I f  th e us e o f  relationa l  label s lead s childre n t o perfor m th e 
mappin g tas k correctly ,  thi s wil l  suppor t  th e positio n tha t 
developmenta l  improvemen t  ca n b e accounte d fo r  b y change s i n 
representatio n (e.g .  throug h accretio n o f  knowledge )  rathe r  tha n 
by maturationa l  chang e i n underlyin g intellectua l  competence ; 
and ,  mor e specifically ,  i t  wil l  suppor t  th e ide a tha t  acquisitio n 
of  languag e i s a  contributo r  t o thi s progression . 

Method and Procedure 
Training .  A  grade d trainin g procedur e wa s use d t o introduc e 

th e "Daddy, "  "Mommy, "  "Baby "  label s t o th e children .  We use d a 
famil y o f  stuffe d tedd y bear s an d a  famil y o f  stuffe d penguin s i n 
th e trainin g task .  I n th e firs t  phas e th e experimenter' s se t 
containe d a  larg e an d a  smal l  penguin ,  whil e th e child' s se t 
containe d a  larg e an d a  smal l  bear .  Thi s mean t  tha t  ther e wa s 
no objec t  identit y matc h yet ,  an d th e chil d wa s onl y confronte d 
wit h tw o animal s i n eac h set .  Th e experimente r  explaine d th e 
tas k t o th e chil d b y sayin g "Thes e bear s an d thes e penguin s ar e 
eac h a  family .  I n th e you r  bea r  family ,  thi s (pointin g t o th e 
large r  bear )  i s  th e Dadd y an d thi s (pointin g t o th e smalle r  bear ) 
i s  th e Mommy.  In  my pengui n famil y thi s i s th e Dadd y (pointin g 
t o th e large r  penguin )  an d thi s i s th e Mommy (pointin g t o th e 
smalle r  penguin). " 

The chil d wa s aske d t o repea t  th e labels .  Afte r  th e chil d 
coul d labe l  al l  th e stimul i  i n bot h set s th e experimente r  aske d 
"I f  I  pu t  my sticke r  unde r  m y Dadd y (Mommy)  penguin ,  you r  sticke r 
i s unde r  you r  Dadd y (Mommy) .  Look ,  my sticke r  i s unde r  my Daddy ; 
wher e d o yo u thin g you r  sticke r  is? "  Th e chil d wa s the n allowe d 
t o searc h fo r  th e sticker .  Phas e 2  wa s identica l  t o Phas e 1 
excep t  fo r  th e additio n o f  a  smal l  bea r  an d a  smal l  pengui n 
resultin g in  tw o familie s consistin g o f  thre e animal s t o whic h 
th e label s "Daddy, "  "Mommy, "  an d "Baby "  wer e applied . 

3.  A n «ltBrnatlT « woul d hav e be« n t o us *  "Biq, "  "MwdluB, "  an d "Llttl«, "  bovevar ,  youn q cbildra n ar » ofta n 
quit e alo w t o acquir e relationa l  tarv s auc h a a "blq "  an d ••little, "  "Tjlgĥ "  an d "low,* *  etc .  an d tbe y ar a 
ofte n applie d attributionall y bafor a ttia y ar e applie d relationall y (Donaldao n t  Malaa ,  1970 ;  Siiltil , 
Ratteman n an d Sara ,  19«8) . 
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I n Phase s 3  an d 4  w e i n t r oduce d compet in g ob jec t  iden t i t y 
c h o i c e s .  Tha t  i s ,  w e t r ie d t o c r e a t e d th e sam e tensio n tha t  th e 
c h i l d r e n woul d fac e late r  i n th e m a p p i n g task .  T o d o t h i s ,  w e 
g a v e bo t h th e exper imente r  an d t h e ch i l d fami l ie s o f  p e n g u i n s . 
T h e s i ze s o f  th e pengu in s wer e d e s i g n e d t o c reat e a  c ross -mapp in g 
b e t w e e n th e s t imul i  i n th e e x p e r i m e n t e r ' s se t  an d th e ch i l d ' s se t 
( e .g . ,  t h e exper imenter ' s fami l y m i g h t  con ta i n s ize s 1,2 ,  an d 3 
an d th e ch i ld ' s fami l y m igh t  c o n t a i n s i ze s 2 ,  3 ,  an d 4 ) .  I n 
p h a s e 3  on l y tw o pengu in s wer e u s e d i n eac h fami ly ,  wh i l e i n 
p h a s e 4  ther e wer e thre e pengu in s i n eac h se t .  (Se e F igur e 2. ) 
T h r o u g h o u t  th e t ra in in g tas k th e ch i l d labele d bot h th e 
e x p e r i m e n t e r ' s ob jec t s an d th e c h i l d ' s ob jec t s af te r  ever y o the r 
t r i a l . 

/ f 

Figur e 2 .  Stimulu s se t  use d i n Phas e 4  o f  training . 

Mapping Task. After the training, each child was tested 
u s i n g t h e pe rcep tua l -mapp in g t a s k u s i n g th e st imul i  desc r i be d 
a b o v e (Se e F igur e 1 ) .  Bot h t h e r i c h an d th e spars e s t imu l i  w e r e 
u s e d ,  w i t h hal f  th e ch i ld re n b e i n g t e s t e d wi t h th e spars e s t imu l i 
t h e n t h e r ic h an d th e o the r  ha l f  t e s t e d i n th e oppos i t e o r d e r . 
E a c h ch i l d per fo rme d 2 8 t r i a l s ;  1 4 s p a r s e t r ia l s an d 1 4 r i c h 
t r i a l s .  Th e fami l y labe l s w e r e u s e d i n th e sam e manne r  a s i n th e 
t r a i n i n g task . 

Results 
As ca n b e see n i n F igu r e 3 ,  t h e ch i l d ren ' s pe r fo rmanc e i n 

t h e labe le d cond i t i on s wa s s i g n i f i c a n t l y h ighe r  tha n the i r 
p e r f o r m a n c e whe n labe l s wer e n o t  u s e d w i t h bot h th e spa rs e 
s t i m u l i  ( t  (34 )  =  4 .792 ,  £ < . 0 0 1 )  an d t h e r ic h st imul i 
( t ( 3 4 ) = 5 . 4 2 3 ,  e < . 0 0 l ) .  Th e us e o f  re la t i ona l  label s he lpe d t h e 
t h r e e - y e a r - o l d s t ru l y respon d r e l a t i o n a l l y eve n i n th e fac e o f  a 
v e r y tempt in g ob jec t  c h o i c e . 

T h e r e wa s a ls o a  smal l  e f f e c t  o f  ob jec t  r ichnes s i n t h a t  t h e 
f e w m i s t a k e s th e ch i ld re n m a d e i n t h i s s tud y wer e mad e i n t h e 
r i c h o b j e c t  cond i t i on .  A  2  (Orde r  o f  s t imu lu s type )  x  2  (Rando m 
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order )  x  2  (Objec t  complexity )  analysi s o f  varianc e confirme d a 
significan t  effec t  o f  Objec t  complexit y F  (1,20 )  =  4.4 4 p  <  .04 7 
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Figure 3. Results o1 labeling and non-labeling tasks. 

Simulatio n 
The us e o f  relationa l  label s helpe d th e youn g childre n i n 

our  tas k t o respon d relationally .  In  fact ,  th e familia r 
relationa l  label s allowe d th e three-year-old s i n thi s experimen t 
t o surpas s th e performanc e o f  th e four-year-old s i n th e origina l 
mappin g tas k suggestin g a  rol e o f  languag e i n th e perceptio n o f 
similarity . 

More generally ,  thi s improvemen t  i n children' s performanc e 
wit h relationa l  label s strengthen s th e cas e fo r  th e domain -
knowledg e accoun t  o f  th e developmen t  o f  similarity .  Tha t  is ,  i t 
suggest s tha t  children' s mode l  o f  processin g i s th e sam e a s tha t 
of  adults .  T o furthe r  tes t  thi s hypothesis ,  w e carrie d ou t  a 
compute r  simulatio n o f  th e performanc e o f  childre n an d adult s i n 
thi s tas k (Centner ,  Markman ,  Ratterman n &  Kotovsky ,  1990 ; 
Ratterman n &  Centner ,  1990) .  We gav e prepositiona l 
representation s o f  th e stimul i  use d in  thes e experiment s t o th e 
Structure-mappin g Engin e (SME )  (Falkenhainer ,  Forbu s &  Centner , 
1986 ;  1989) .  (Se e Figur e 4. )  Base d o n th e hypothesi s tha t  th e 
accretio n o f  domai n knowledg e i s drivin g change s i n similarit y 
use ,  w e forme d tw o differen t  knowledg e representatio n o f  th e 
stimulu s sets . 

We begin by making several working assumptions. We assume 
tha t  childre n ca n var y i n th e degre e o f  higher-orde r  relations * 
presen t  in  thei r  representatio n o f  th e stimuli .  We furthe r 
assume tha t  on e rol e o f  languag e i s t o mak e th e relationa l 
structur e salien t  an d increas e th e probabilit y  tha t  th e higher -
orde r  relation s wil l  b e represented .  Finally ,  w e assum e tha t 
children ,  i n th e absenc e o f  relationa l  labels ,  posses s shallo w 
representation s o f  th e stimul i  consistin g o f  objec t  attribute s 
and first-orde r  relation s (Th e portio n o f  Figur e 4  i n th e dashe d 
box . ) .  When label s ar e provide d the y ai d th e childre n in  formin g 

4. Flrat-order rftlatlonA ar» ralatlons b«tvtt«n ob^ftotm, obj^ct-attrlbutas or function*. Bl<7bar-ord«r 
relation s ar e r«lati.on « b«tve« n re la t ions . 
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a sys tema t i c r ep resen ta t i o n c o n t a i n i n g ob jec t  a t t r i bu te s an d a n 
e l a b o r a t e d h ighe r -o rde r  r e l a t i o n a l  s t r uc tu re .  Spec i f i ca l l y ,  w e 
a s s u m e tha t  th e h i g h e r - o r d e r  r e l a t i o n o f  s tead y chang e i n s i z e i s 
m o r e l ike l y t o b e rep resen te d w h e n re la t iona l  labe l s a r e used . 
I n o rde r  t o mimi c th e s imp l e an d t h e r ic h s t imu lu s s e t s ,  w e 
v a r i e d th e numbe r  o f  ob jec t  a t t r i b u t e s ;  th e r ic h ob jec t s 
p o s s e s s e d f iv e a t t r i bu te s an d t h e s imp l e ob jec t s possesse d th re e 
a t t r i b u t e s .  G ive n th e s y s t e m a t i c rep resen ta t i on s o f  th e s t imu lu s 
s e t s ,  SHE' S p re fe r re d m a p p i n g '  wa s base d o n re la t iona l 
s im i l a r i t y fo r  bo t h th e r i c h an d t h e s impl e s t imu lu s s e t s .  G i ve n 
s h a l l o w rep resen ta t i ons ,  h o w e v e r ,  SME ' s pre fer re d mapp in g wa s 
base d o n re la t iona l  s im i l a r i t y w i t h th e s impl e s t imu lu s se t s bu t 
base d o n ob jec t  s im i l a r i t y w i t h th e r ic h s t imu lu s s e t s .  Thes e 
r e s u l t s mimi c ou r  f i nd ing s w i t h t h e deve lopmenta l  task . 

^  RELATION 
FUNCTON 

(  )-OBJEC T 
ATTRIBUTE 

MO 

C l ^ r ^  C ^ ^ I ^  C2l > 

MONOTONC 
r<a^£AS E 

[attributes' )  [attribittes J [attributes ^ 

FiQur *  4 .  Knowl«dg « r«pr*s*nutio n use d I n tintulaUo n o f  d«v«lopm«nia J rasuHs . 

Conclusion s 
I n conclusion ,  thi s researc h suggest s tha t  th e us e o f 

familia r  relationa l  label s ca n improv e children' s abilit y  t o 
perfor m analogica l  mappings .  Ther e i s support ,  bot h empirica l 
and computational ,  fo r  th e conjectur e tha t  childre n an d adult s 
may us e th e sam e typ e o f  similarit y processe s an d tha t  i t  i s 
change s i n domai n representation s rathe r  tha n change s i n 
cognitiv e competenc e tha t  caus e th e observe d developmenta l 
improvemen t  an d (2 )  th e acquisitio n an d us e o f  languag e -
specificall y relationa l  languag e -  i s  a n importan t  contributo r  t o 
thi s development . 
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