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Abstract 

Young children's performance on certain mapping tasks can be improved by introducing relational language (Gentner, 1998). We 
sho w tha t  children' s performanc e o n a  spatia l  mappin g tas k ca n b e modele d usin g th e Structure-Mappin g Engin e (SME )  t o simulat e 
th e comparison s involved .  T o mode l  th e effect s o f  relationa l  languag e i n ou r  simulations ,  w e var y th e quantit y an d natur e o f  th e spa -
tia l  relation s an d objec t  description s represented .  Th e result s reproduc e th e trend s observe d i n th e developmenta l  studie s o f  Loewen -
stei n &  Gentne r  (1998 ;  i n preparation) .  Th e result s o f  thes e simulation s ar e consisten t  wit h th e clai m tha t  gain s i n relationa l  repre -
sentatio n ar e a  majo r  contributo r  t o th e developmen t  o f  spatia l  mappin g ability .  W e furthe r  sugges t  tha t  relationa l  languag e ca n pro -
mot e relationa l  representation . 

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

Spatial reasoning is one of the core abilities in human 
cognition .  A n importan t  tes t  o f  spatia l  reasonin g i s th e 
mappin g tas k (DeLoache ,  1987 ,  1995 ;  Huttenlocher ,  N e w -

combe,  &  Sandberg ,  1994 ;  Uttal ,  Schreiber ,  &  DeLoache , 

1995 ;  Uttal ,  Gregg ,  Tan ,  Chamberlin ,  &  Sines ,  submitted) . 
I n a  mappin g task ,  th e goa l  i s t o find  a  correspondenc e be -

twee n tw o differen t  spatia l  situations .  I n DeLoache' s clas -

si c task ,  a  chil d i s show n tw o rooms ,  simila r  i n layou t  an d 
furnitur e (thoug h no t  necessaril y  i n size) .  A  to y i s hidde n i n 

on e roo m an d th e chil d mus t  loo k fo r  anothe r  to y i n th e cor -
respondin g plac e i n th e othe r  roo m (e.g. ,  DeLoache ,  1995) . 
I t  ha s bee n propose d (Gentne r  &  Rattermann ,  1991 )  tha t  th e 
same proces s o f  structura l  alignmen t  tha t  i s  use d i n analog y 
and similarit y m a y pla y a  rol e i n spatia l  mappin g tasks . 
Tha t  is ,  spatia l  mappin g task s ca n b e viewe d a s a  kin d o f 
analog y i n whic h th e spatia l  relationship s o f  th e situation s 
involve d provid e th e bas e an d targe t  description s fo r  th e 
structura l  alignment ,  an d th e correspondence s compute d i n 
structura l  alignmen t  provid e th e basi s fo r  inferrin g th e cor -

rec t  answer . 
Thi s pape r  provide s evidenc e fo r  th e rol e o f  structura l 

alignmen t  i n spatia l  mappin g tasks .  W e sho w h o w th e pat -

ter n o f  developmenta l  result s foun d b y Loewenstei n an d 
Gentne r  (1998 ,  i n preparation )  ca n b e modele d usin g S M E 
(th e Structure-Mappin g Engin e (Falkenhainer ,  Forbus ,  & 
Gentner ,  1989 ;  Forbus ,  Ferguson ,  &  Gentne r  1994) )  a 
simulatio n o f  Gentner' s (1983 )  structure-mappin g theory . 
We star t  b y describin g Loewenstei n an d Gentner' s spatia l 
mappin g task .  Nex t  w e describ e h o w w e use d S M E t o 
model  th e results . 

Spatia l  M a p p i n g T a s k s 

Mapping and symbolic reference is ubiquitous in adult 
dail y  life ,  bu t  i t  develop s onl y graduall y i n children .  Studie s 
by Blade s an d Cook e (1994) ,  DeLoach e (1995) ,  Utta l  (Uttal , 
Schreiber ,  &  DeLoache ,  1995) ,  an d other s hav e show n tha t 

preschoo l  childre n hav e grea t  difficult y wit h th e seemingl y 
simpl e tas k o f  finding  a n objec t  i n th e 'sam e place '  a s a n 

objec t  i n a n almos t  identica l  model ,  eve n thoug h the y ca n 

easil y retriev e th e origina l  hidde n object .  Gentne r  an d he r 
colleague s hav e suggeste d tha t  on e contributio n t o th e grea t 

gain s childre n m a k e i n thei r  performanc e o n spatia l  map -
pin g task s i s relationa l  knowledge ,  an d further ,  tha t  acquir -
in g relationa l  languag e promote s thi s relationa l  knowledg e 
(Gentne r  &  Loewenstein ,  i n preparation ;  Gentne r  &  Ratter -
mann,  1991 ;  Gentner ,  Rattermann ,  Kotovsky ,  &  Markman , 
1995 ;  Kotovsk y &  Gentner ,  1996 ;  Loewenstei n &  Gentner , 
1998) . 

Experiment 1. The first study (Loewenstein & Gentner, 
1998 )  use d th e setu p i n th e lef t  o f  Figur e 1 ,  wit h neutra l 

appearance s fo r  th e cards .  Thre e card s ar e place d on ,  in ,  an d 
unde r  th e Hidin g box .  Th e instruction s give n i n th e base -
lin e conditio n avoide d languag e tha t  use d spatia l  relation -
ships .  Durin g th e orientatio n trial ,  th e experimente r  sai d 
"I' m puttin g th e winne r  righ t  here "  whil e placin g th e car d i n 
it s locatio n a t  th e Hidin g box .  Th e instruction s i n th e lan -

guag e conditio n use d spatia l  relationship s durin g th e orien -
tatio n tas k t o describ e wher e th e card s wer e bein g placed : 
Th e experimente r  said ,  "I' m puttin g th e winne r 

[in/on/under ]  th e box. "  Fo r  bot h conditions ,  n o languag e 

was use d i n th e finding  task :  Th e Experimente r  gesture d 
generall y toward s th e Findin g box ,  sayin g "Ca n yo u find  th e 

'  Compute r  Scienc e Departmen t 
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Neutra l  Objec t s 

Hidin g Bo x Findin g Bo x 

C r o s s - M a p p e d Ob jec t s 

Hidin g Bo x Findin g Bo x 

Relationa l  M a t c h 

Ob jec t  M a t c h e s C o m p e t e 

wit h Relationa l  M a t c h 

Figur e 1  -  Experimen t  Setu p 

winne r  here ,  i n th e ver y sam e place? "  I n th e baselin e con -
dition ,  44-month-old s foun d th e sticke r  onl y 4 2 % o f  th e 
time ,  no t  significantl y abov e chanc e performanc e o f  33% . 

However ,  i n th e languag e condition ,  the y performe d fa r 
better ,  finding  th e winne r  7 0 % o f  th e tim e (se e Figur e 2 , 
left) .  Th e 49-month-old s performe d fairl y wel l  i n bot h th e 

baselin e (63% )  an d languag e (73% )  conditions .  I t  appear s 
tha t  hearin g spatia l  relationa l  term s le d th e younge r  childre n 
t o for m stronge r  representation s o f  th e spatia l  relationa l 
structure . 

Experiment 2. Centner and Loewenstein (in prepara-
tion )  us e a  simila r  tas k a s i n Experimen t  1 ,  bu t  th e thre e 
card s associate d wit h a  bo x wer e al l  distinctiv e an d unique , 
as show n i n Figur e 1 .  Whil e ther e i s a n exac t  objec t  matc h 
fo r  eac h card ,  th e card s tha t  matc h i n appearanc e hav e dif -

feren t  spatia l  relationship s wit h th e box .  Fo r  example ,  th e 
car d tha t  i s O N th e Hidin g bo x matche s th e car d tha t  i s I N 
th e Findin g box .  Thi s i s a n exampl e o f  a  cross-mappin g 
tas k (Gentne r  &  Toupin ,  1986 ;  Centne r  &  Rattermann , 
1991) ,  i n whic h objec t  similarit y i s pitte d agains t  relationa l 
similarity .  Suc h task s ar e usefu l  i n testin g fo r  th e availabil -
it y  an d salienc e o f  th e child' s relationa l  knowledge .  Th e 
result s bor e ou t  previou s findings  tha t  cross-mappin g task s 
ar e difficult ;  49-month-old s wer e a t  chanc e a t  finding  th e 
winne r  i n bot h conditions .  Eve n 62-month-old s wer e cor -
rec t  onl y 5 3 % o f  th e tim e i n th e baselin e condition .  How -
ever ,  i n th e languag e condition ,  whe n give n th e spatia l  rela -
tio n durin g th e hidin g task ,  thei r  performanc e improve s t o 
7 3 % correc t  (se e Figur e 2 ,  right) . 

Neutra l  Object s 
1 

0. 8 

0. 6 -  - L 

I  0. 4 

Q. 0.2 

I 0 

—̂  Lanquaq e 
Contro l 

44 mo .  4 9 mo .  5 5 mo . 

Thes e result s sugges t  th e followin g conjectures : 

•  Age-relate d improvement s ar e largel y du e t o improve d 

understandin g o f  spaUa l  relationships . 

•  Relationa l  languag e highlight s spatia l  relationships , 
supportin g children' s relationa l  mappin g abilities . 

Thi s patter n o f  result s i s consisten t  wit h othe r  findings  o n 
th e rol e o f  relationa l  languag e i n domai n learnin g (e.g. , 
Gentne r  &  Rattermann ,  1991 ;  Centner ,  Rattermann ,  Mark -
man &  Kotovsky ,  1995 ;  Kotovsk y &  Centner ,  1996) ,  an d 

lend s evidenc e t o th e positio n tha t  relationa l  languag e fos -
ter s th e developmen t  o f  relationa l  though t  (Centner ,  1998) . 

Modeling Spatial Mapping as Visual Compari-

son s 

The spatial mapping task above involves encoding de-
scription s o f  th e hidin g bo x an d th e finding  bo x an d com -
parin g thes e description s t o predict ,  base d o n th e locatio n o f 
th e winne r  i n th e hidin g box ,  wher e th e winne r  wil l  b e i n th e 
finding  box .  Sinc e w e ar e modelin g th e compariso n proces s 
vi a structure-mapping ,  w e first  briefl y revie w structure -
mappin g theor y an d S M E. 

Review of Structure-Mapping 

According to structure-mapping theory, the process of 
structura l  alignmen t  take s a s inpu t  tw o structure d represen -
tation s (bas e an d target )  an d produce s a s outpu t  a  se t  o f 

Cross Mapped Objects 

49 mo . 55 mo .  6 2 mo . 
Figur e 2  -  Experimen t  Result s 
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mappings .  Eac h mappin g consist s o f  a  se t  o f  correspon -

dence s tha t  align s item s i n th e bas e wit h item s i n th e targe t 

and a  se t  o f  candidat e inferences ,  whic h ar e surmise s abou t 

th e targe t  m a d e o n th e basi s o f  th e bas e representatio n plu s 

th e correspondences .  Th e constraint s o n th e correspon -

dence s includ e structura l  consistency ,  i.e. ,  tha t  eac h ite m i n 

th e bas e map s t o a t  mos t  on e ite m i n th e targe t  an d vice -

vers a (th e 1: 1 constraint) ,  an d tha t  i f  a  correspondenc e be -
twee n tw o statement s i s include d i n a  mapping ,  the n s o mus t 

correspondence s betwee n it s argument s (th e paralle l  con -

nectivit y constraint) .  Wh ic h mappin g i s chose n i s governe d 

by th e systematicit y constraint :  Preferenc e i s give n t o map -

ping s tha t  matc h system s o f  relation s i n th e bas e an d target . 

Eac h o f  thes e constraint s i s motivate d b y th e rol e analog y 
play s i n cognitiv e processing .  Th e 1: 1 an d paralle l  connec -

tivit y constraint s ensur e tha t  th e candidat e inference s ar e 

well-defined .  Th e systematicit y constrain t  reflect s a  (tacit ) 

preferenc e fo r  inferentia l  powe r  i n analogica l  arguments . 

Th e Structure-Mappin g Engin e ( S M E )  (Falkenhaine r  e t 
at  1989 ;  Forbu s e t  a l  1994 )  i s a  cognitiv e simulatio n o f 
analogica l  matching .  Give n bas e an d targe t  descriptions , 

S ME finds  globall y consisten t  interpretation s vi a a  local-to -

globa l  matc h process .  S M E begin s b y proposin g corre -
spondences ,  calle d matc h hypotheses ,  i n paralle l  betwee n 

statement s i n th e bas e an d target .  Then ,  S M E filters  ou t 
structurall y inconsisten t  matc h hypotheses .  Mutuall y con -

sisten t  collection s o f  matc h hypothese s ar e gathere d int o 
globa l  mapping s usin g a  greed y merg e algorithm .  A n 
evaluatio n procedur e base d o n th e systematicit y principl e i s 

use d t o comput e th e structura l  evaluatio n fo r  eac h matc h 
hypothesi s an d mapping .  Thes e numerica l  estimate s ar e 
use d bot h t o guid e th e merg e proces s an d a s on e componen t 
i n th e evaluatio n o f  a n analogy .  I t  i s  importan t  t o not e tha t 
S ME ca n produc e multipl e mapping s fo r  a  give n pai r  o f 
bas e an d targe t  descriptions ,  correspondin g t o differen t 
ways i n whic h the y migh t  b e aligned . 

Using SME to Model the Effects of Relational 

K n o w l e d g e i n Spatia l  M a p p i n g 

Our focus is on demonstrating that, if SME is used to 
model  structura l  alignment ,  tha t  change s i n availabl e rela -

tiona l  knowledg e ca n explai n th e patter n o f  results .  Conse -
quently ,  w e d o no t  mode l  th e encodin g processe s them -
selves ,  onl y thei r  results .  Ou r  goa l  i s  t o sho w tha t  th e as -

sumed outcome s o f  encodin g i n th e explanation s fo r  th e 
experiment s d o i n fac t  lea d t o th e patter n o f  result s found , 
give n tha t  S M E i s use d t o mode l  th e structura l  alignmen t 
involved . 

We mode l  th e rol e o f  structura l  alignmen t  i n thes e task s 
usin g S M E b y th e followin g assumptions : 

•  Th e bas e i s ou r  construa l  o f  wha t  th e chil d migh t 

hav e encode d abou t  th e hidin g box . 

•  Th e targe t  i s ou r  construa l  o f  wha t  th e chil d migh t 
hav e encode d abou t  th e finding  box . 

•  Th e child' s respons e wil l  b e base d o n th e mappin g 

the y use ,  specifically ,  th e candidat e inferenc e fo r 

whic h car d ha s th e sticke r  behin d i t  (an d henc e i s 

th e "winner") . 

•  Th e us e o f  relationa l  languag e lead s t o increase d 

relationa l  conten t  i n th e child' s representation s 

•  Th e likelihoo d tha t  a  chil d use s a  particula r  map -

pin g i s a  functio n o f  it s  structura l  evaluation . 

Thi s las t  assumptio n require s furthe r  explanation .  W h y 
not  jus t  tak e S M E ' s top-rate d mappin g a s th e child' s map -

ping ,  a s wa s don e i n M a r k m a n &  Centne r  (1993 )  o r  Cent -

ner ,  Rattermann ,  Markman ,  an d Kotovsk y (1995) ? W e be -

liev e tha t  variabilit y  i n children' s performanc e i s cause d b y 
variation s i n h o w the y encod e th e situations .  Ther e ar e 

many source s o f  encodin g variability ,  includin g domai n 

knowledg e an d context .  W e mode l  th e potentia l  variabilit y 

i n thes e processe s b y representin g wha t  th e final  resul t  o f 
suc h processe s migh t  be ,  an d takin g alternat e mapping s 

generate d b y S M E a s representativ e o f  differen t  possibl e 
outcome s o f  a n interleave d encoding/mappin g process . 

For  eac h experiment ,  w e generate d a  se t  o f  description s 
intende d t o b e representativ e o f  th e encoding s childre n use d 

at  differen t  age s an d differen t  conditions .  W e the n ra n S M E 
on thes e description s t o comput e th e mappings .  Th e pre -
dictio n mad e b y a  mappin g i s generate d from  th e candidat e 
inference s fo r  a  mapping :  Th e locatio n o f  th e car d i n th e 
Hidin g bo x i s represente d b y th e statemen t  (BEHIN D 

<card > S T I C K E R )  i n th e base ,  wit h n o suc h statemen t  ap -
pearin g i n th e target .  Th e lac k o f  correspondin g statemen t 

i n th e targe t  mean s tha t  ther e wil l  b e a  candidat e inferenc e 
compute d from  thi s statement .  Consequently ,  whateve r 
correspond s t o th e winnin g car d i n th e hidin g bo x withi n a 
mappin g wil l  b e th e predicte d winnin g car d i n th e Findin g 
box .  W e randoml y chos e a  locatio n fo r  th e winne r  card ,  an d 
thi s locatio n ha d n o effec t  o n th e results . 

As note d above ,  S M E ca n produc e multipl e mapping s 
fo r  a  give n bas e an d target .  W e use d thes e multipl e map -
ping s t o estimat e th e relativ e likelihoo d o f  a  particula r  car d 
bein g suggeste d a s th e winne r  fo r  eac h bas e an d targe t  a s 

follows .  T o eliminat e siz e effects ,  th e scor e fo r  eac h map -

pin g i s divide d b y a n idea l  scor e (i.e. ,  th e scor e obtaine d b y 
mappin g th e targe t  t o itself) .  Th e relativ e likelihoo d o f 
choosin g a  car d i s calculate d b y th e su m o f  th e score s o f  al l 
th e mapping s tha t  predic t  it .  Th e relativ e likelihood s fo r  th e 
card s ar e scale d s o tha t  the y su m t o 1 . 

Sinc e th e specifi c  value s o f  thes e number s depen d o n 
th e particula r  choic e o f  representation s an d processin g pa -
rameters ,  the y mus t  b e interprete d wit h care .  Specifically , 
we d o no t  conside r  th e particula r  numerica l  value s produce d 
as th e probabilit y  tha t  a  specifi c  outcom e wil l  occur .  Fo r 
robustness ,  w e onl y conside r  meaningfu l  th e ordina l  rela -
tionship s betwee n thes e numbers .  Tha t  is ,  i f  on e numbe r 

calculate d i s larger/smalle r  tha n another ,  the n th e corre -
spondin g frequency  i n th e huma n dat a shoul d b e 
larger/smaller . 
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(dttfdescriptlo u expl-targe t 
:documantatlo n 
"neutra l  objec t  findin g task ' 
rentitie s 

(bo x card- 1 card- 2 card-3 ) 
:expression s 
((open-objec t  box ) 

(rectangle-volum e box ) 
(vertically-oriente d box ) 
(touche s bo x ground ) 
(a t  bo x card-1 ) 
(a t  bo x card-2 ) 

(a t  bo x card-3 ) 

; ;  uniqu e relation s 
(o n bo x card-1 ) 
(ln--cont-ope n bo x card-2 ) 
(unde r  bo x oard-3 ) 

; ;  card s 
(open-objec t  card-1 ) 
(folding-car d card-1 ) 
(horizontally-oriente d card-1 ) 
(green-colore d card-1 ) 

(open-objec t  card-2 ) 
(folding-car d card-2 ) 
(horizontally-oriente d card-2 ) 
(green-colore d card-2 ) 

(open-objec t  card-3 ) 
(folding-car d card-3 ) 
(horizontally-oriente d card-3 ) 
(green-colore d card-3)) ) 

Figur e 3  -  Sampl e Descriptio n 

Simulation Experiment 1 Results 

To mode l  th e effect s o f  relationa l  knowledg e i n Ex -
perimen t  1  w e use d thre e differen t  bas e descriptions .  Al l 
bas e description s use d th e spatia l  relatio n A T (e.g. ,  ( A T 
B OX C A R D - 1 ) ) ,  description s o f  th e bo x an d th e thre e cards , 
and th e locatio n o f  th e winne r  (i.e. ,  ( B E H I N D C A R D - 1 
STICKER)) .  Th e res t  o f  th e bas e conten t  varie d a s follows : 

•  Leve l  1 :  N o additiona l  informatio n 

•  Leve l  2 :  Include s th e spatia l  relationshi p betwee n th e 
box an d th e winne r  (e.g. ,  (I N C A R D - 2 B O X ) ) . 

•  Leve l  3 :  Include d al l  spatia l  relation s involvin g th e 
card s an d th e boxes . 

I n othe r  words ,  wit h eac h increas e i n leve l  i s  a n increas e i n 
th e numbe r  o f  first-order  spatia l  relations . 

The targe t  descriptio n include d description s o f  th e box , 
th e cards ,  an d al l  o f  th e spatia l  relationship s involvin g them , 
but  di d no t  mentio n th e locatio n o f  th e sticker .  (I t  i s  suffi -
cien t  t o var y th e bas e representation s withou t  varyin g th e 
targe t  representation s becaus e th e failur e t o includ e a  propo -
sitio n i n eithe r  bas e o r  targe t  wil l  preven t  a  correspondenc e 
from  bein g formed. ) 

We the n ra n S M E o n eac h o f  th e thre e bas e description s 
and th e target .  Fo r  eac h pair ,  S M E generate s multipl e le -
gitimat e mapping s (e.g .  th e first  mappin g ha s th e to p car d 
correspondin g t o th e to p card ,  an d th e secon d mappin g ha s 
th e to p car d correspondin g t o th e middl e card) .  W e use d th e 
procedur e outline d abov e t o calculat e th e accurac y tha t  eac h 
leve l  o f  descriptio n predicts . 

As expected ,  increasin g th e numbe r  o f  uniqu e spatia l 
relation s resulte d i n stronge r  mapping s betwee n th e card s 
'i n th e sam e place '  i n eac h representation .  Thi s i n tur n re -
sulte d i n a  greate r  calculate d probabilit y o f  th e correc t  car d 
bein g selecte d a s 'th e winner' .  Wit h n o specifi c  spatia l  rela -
tion s represente d (Leve l  1) ,  th e mode l  gav e eac h possibl e 
mappin g th e sam e score ,  (yieldin g 3 3 % selectio n probabilit y 
fo r  th e correc t  relationa l  choice) .  Wit h on e spatia l  relado n 
representin g th e locatio n o f  th e winne r  (Leve l  2) ,  th e mode l 
gav e th e correc t  choic e th e greates t  scor e ( 4 0 % ) .  W h e n al l 
thre e first-order  spatia l  relation s wer e represente d (Leve l  3) , 
th e model' s selectio n probabilit y fo r  th e correc t  choic e in -
crease d (t o 4 8 % ) .  Thus ,  th e mode l  predict s (quit e reasona -
bly )  tha t  childre n w h o di d no t  represen t  an y spatia l  relation s 
woul d perfor m a t  chanc e (33%) ,  an d tha t  mor e full y repre -
sentin g th e spatia l  relation s i n th e tw o scene s woul d increas e 
performance . 

Discussion 

In Lowenstein and Centner's study, the 44 month olds 
performe d a t  chanc e i n th e baselin e conditio n an d a t  7 0 % i n 
th e languag e condition .  Th e simulatio n result s sugges t  tha t 
i n th e baselin e condition ,  th e childre n wer e no t  encodin g 
any o f  th e spatia l  relation s tha t  uniquel y identif y th e card . 
Th e languag e conditio n explicitl y  draw s attentio n t o on e o f 
th e identifyin g spatia l  relations .  T h e simulatio n result s sug -
ges t  tha t  encodin g thi s informatio n i s  sufficien t  t o rais e th e 
performanc e a s seen .  I n th e secon d simulatio n experimen t 
we conside r  th e mor e difficul t  cross-mappe d mode l  tas k an d 
investigat e th e effec t  o f  encodin g higher-orde r  relations . 

'th e winner ' 

Othe r  car d 1 

Othe r  car d 2 

Leve l  1 

Scor e 

0.22 4 

0.22 4 

0.22 4 

% fro m 
best 

0 
0 
0 

Selectio n 
probabilit y 

33.3 % 

33.3 % 

33.3 % 

Leve l  2 

Scor e 

0.24 1 

0.23 2 

0.23 2 

% fro m 
best 

N/A 
3.7 
3.7 

Selectio n 
probabilit y 

40% 
30% 
30% 

Leve l  3  1 

Scor e 

0.26 6 

0.25 2 

0.25 2 

% fro m 
best 

N/A 
5.7 
5.7 

Selectio n 
probabilit y 

48% 
26% 
26% 

Tabl e 1  -  Result s fro m Simulatio n Experimen t  1 

Not e -  m a x scor e i n thes e case s i s 0.30 2 
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Simula t io n E x p e r i m e n t  2 

Recall that Experiment 2 pitted relational similarity 

agains t  objec t  similarity .  Th e ric h objec t  matche s betwee n 

th e individua l  card s sugges t  a  differen t  se t  o f  correspon -
dence s tha n th e paralle l  spatia l  relationship s tha t  defin e th e 

correc t  responses .  W e suggeste d tha t  th e effect s o f  ag e an d 

relationa l  languag e i n increasin g accurac y bot h stemme d 

fro m greate r  encodin g o f  relation s (thereb y preventin g 

stron g attribut e overla p fro m overwhelmin g relationa l  map -

pings) .  Ou r  purpos e i n thi s simulatio n wa s t o se e i f  varyin g 

th e amoun t  o f  relationa l  structur e doe s indee d lea d t o thes e 
effects . 

Th e metho d use d i s  simila r  t o tha t  use d i n modelin g 

Experimen t  1  -  th e targe t  representatio n i s full y  specified , 
and th e bas e representatio n i s varie d wit h respec t  t o it s rela -

tiona l  specificity .  Th e card s ar e describe d a t  th e sam e leve l 
of  detai l  i n bot h targe t  an d bas e descriptions .  I n contras t  t o 

Experimen t  1  (fo r  whic h th e objec t  description s wer e al l 

identica l  an d coul d b e represente d wit h only  fou r  attributes) , 
th e ric h cross-mappe d object s use d i n Experimen t  2  require d 

nin e attribute s an d tw o relations .  The y wer e represente d a s 
uniquel y colore d an d a s havin g a  differen t  pictur e o n th e 
fron t  o f  eac h object .  Th e bas e description s includ e differen t 
level s o f  information ,  a s follows : 

3. Basic relations - The relations ON, IN and UNDER are 
included ,  (th e Leve l  3  cas e i n Experimen t  1 ) 

4.  Extr a binar y relation s -  I n additio n t o O N ,  I N an d 
U N D E R,  severa l  binar y relation s ar e added ,  specificall y 

(ABOVE CARD- 1 CARD-2 )  an d (ABOV E CARD- 2 

CARD-3) 
5.  Extr a ternar y relatio n -  I n additio n t o ON,  I N an d 

U N D E R,  a  relatio n tha t  tie s al l  thre e card s togethe r  i s 
added :  (IN-A-COLUM N CARD- 1 CARD- 2 CARD-3 ) 

6.  On e higher-orde r  relatio n -  I n additio n t o ON,  I N an d 

U N D E R,  som e o f  th e inferentia l  structur e linkin g rela -
tion s i s added :  (IMPLIE S (AN D (O N CARD- 1 B O X ) 
(I N CARD- 2 BOX) )  (ABOV E CARD- 1 CARD-2) ) 

7.  Tw o higher-orde r  relation s -  Lik e #4 ,  bu t  wit h tw o 
higher-orde r  relations :  (IMPLIE S (AN D (I N CARD- 2 
B O X)  (UNDE R CARD- 3 BOX) )  (ABOV E CARD- 2 

CARD-3) ) 

We then ran SME using each of these bases with the 

same target ,  a s w e di d i n th e first  model ,  an d generate d 

relativ e prediction s usin g th e sam e method . 

Results 

The results range from a below chance selection prob-

abilit y  o f  2 7 % (alway s preferrin g th e 'sam e card '  attribut e 

mappin g ove r  th e "sam e place '  card )  t o a  stron g perform -

ance o f  60% ,  a s show n i n Tabl e 2 .  Th e model' s selectio n 

probabilit y  fo r  th e correc t  choic e increase s wit h increase d 

relationa l  knowledge .  Thi s i s consisten t  wit h th e possibilit y 

tha t  children' s improve d performanc e betwee n 4 9 an d 6 2 

month s o f  age ,  an d betwee n th e baselin e an d languag e con -
dition ,  i s  du e t o bette r  encodin g o f  th e spatia l  relation s rele -

van t  fo r  th e task . 
I n orde r  fo r  th e mode l  t o consistentl y mak e th e correc t 

relationa l  matche s i n th e fac e o f  richl y represente d cross -

mapped objects ,  higher-orde r  relation s neede d t o b e in -

clude d i n th e representations .  Eve n wit h al l  th e basi c first -
orde r  relation s represente d (Leve l  3 )  -  th e mos t  successfu l 
model  i n Simulatio n Experimen t  1  -  th e mode l  stil l  chos e 

th e objec t  choic e ( 4 7 % selectio n probabilit y  fo r  th e objec t 
match) .  Addin g a  ternar y relatio n wa s als o no t  sufficien t  t o 

enabl e th e mode l  t o mak e th e correc t  relationa l  choice .  On e 
higher-orde r  relatio n wa s jus t  enoug h t o induc e a  shif t  t o th e 

relationa l  choic e a s th e mappin g wit h th e bes t  score .  How -
ever ,  th e score s o f  th e relationa l  mappin g an d th e objec t 
mappin g wer e extremel y clos e (relationa l  choice :  5 0 % ;  ob -

jec t  match :  4 7 % ) .  Representin g tw o higher-orde r  relation s 
yield s a  clearl y dominan t  selectio n o f  th e correc t  relationa l 

choic e (60%) .  Althoug h th e precis e threshol d a t  whic h rela -
tiona l  overla p wil l  overcom e attribut e overla p depend s o n 

specifi c  modelin g parameter s (suc h a s th e amoun t  o f  eac h 
typ e o f  informatio n available) ,  wha t  i s clea r  her e i s tha t  th e 

additio n o f  higher-orde r  relation s contribute s t o improve d 
performance .  Thus ,  th e improve d performanc e o f  childre n i n 
Experimen t  2  m a y b e du e t o learnin g o f  higher-orde r  rela -
tions . 

G e n e r a l  D iscuss io n 

Relational language helped preschool children perform 

mappin g task s wit h neutra l  an d cross-mappe d objects . 
However ,  becaus e th e effect s cam e abou t  a t  differen t  ages ,  i t 
was possibl e tha t  languag e wa s providin g a  differen t  kin d o f 

Winne r 

Same 

Othe r 

Leve l  3 

Scor e 

4.5 0 

5.3 9 

4.4 8 

% fro m 
best 
16. 5 

N/A 
16. 7 

Prob . 

27% 
47% 
26% 

Leve l  4 

Scor e 

4.5 5 

5.4 4 

4.5 3 

%fro m 
best 
16. 4 

N/A 
16. 6 

Prob . 

27% 
47% 
26% 

Leve l  5 

Scor e 

4.5 2 

5.4 0 

4.4 9 

%fro m 
best 
16. 3 

N/A 
16. 7 

Prob . 

27% 
47% 
26% 

Leve l  6 

Scor e 

7.7 7 

7,6 7 

6,3 2 

%fro m 
best 
N/A 
1.3 

18. 8 

Prob . 

50% 
47% 
3% 

Leve l  7  | 

Scor e 

8.3 6 

7.6 7 

6.8 5 

%fro m 
best 
N/A 
8.2 
18. 0 

Prob . 

60% 
35% 
5% 

Tabl e 2  -  Result s f ro m Simulatio n Experimen t  2 

Not e -  m a x scor e i n thes e case s i s 9.6 7 
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suppor t  fo r  44 -  an d 62-month-olds .  Th e simulatio n experi -

ment s provid e evidenc e fo r  thi s suggestio n b y showin g a 

hnk betwee n leve l  o f  relationa l  understandin g an d mappin g 
tas k performance .  Th e simulatio n experiment s als o provid e 

suppor t  fo r  th e clai m tha t  spatia l  mappin g task s involv e 

structura l  aUgnment .  Simulatio n experimen t  1 ,  wit h n o 
competin g objec t  mappings ,  showe d tha t  first  orde r  relation s 
ar e sufficien t  fo r  succes s o n th e relationa l  mappin g task . 
Simulatio n Experimen t  2 ,  wit h ric h cross-mappe d objects , 

suggeste d tha t  higher-orde r  relation s ar e neede d t o perfor m 
relationa l  mapping s unde r  thes e mor e challengin g circum -

stances .  Furthe r  experimentatio n providin g higher-orde r 

relation s coul d provid e evidenc e fo r  thi s hypothesis . 
Durin g spatia l  mappin g tasks ,  a s i n m a n y everyda y 

tasks ,  ther e i s a  vas t  arra y o f  perceptua l  informatio n avail -

abl e t o th e child .  Ou r  evidenc e suggest s tha t  knowin g wha t 
t o encod e m a y b e i n par t  a  learne d skill .  Learnin g relationa l 
languag e m a y contribut e t o thi s ability . 
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