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statistica l  Regularitie s I n Inpu t  Lea d T o A  N a m i n g Bias :  A  Connectionis t 
Model  O f  T h e Shap e Bia s 

Larissa Samuelson (samuelso@indiana.edu) 
Mik e Gasse r  (gassek@cs.indiana.edu ) 

Lind a Smitt i  (smith@indiana.edu ) 
Departmen t  o f  Psycholog y an d Progra m i n Cognitiv e Scienc e 

DepL o f  Psychology ,  Indian a University ,  Bloomingto n IN ,  4740 5 U S A 

B a c k g r o u n d :  T h e S h a p e Bia s 
Studie s o f  children' s nove l  wor d generalization s hav e 

provide d a  detaile d pictur e o f  th e changin g knowledg e 
childre n brin g t o earl y wor d learning .  I n on e versio n o f 
thi s tas k th e chil d i s (xesente d wit h a n object ,  th e objec t 
i s  name d wit h a  nove l  coun t  nou n (i.e .  "thi s i s a  dax") , 
and the n th e chil d i s aske d i f  othe r  object s ca n b e calle d b y 
th e nove l  n a m e (i.e .  "i s thi s a  dax?") . 

Thi s genera l  procedur e ha s bee n use d wit h coun t  nouns , 
mass noun s an d adjectiv e syntacti c frame s an d wit h 
variou s kind s o f  stimul i  includin g rigid  objects ,  object s 
wit h glitter y color s an d object s wit h eyes .  Thes e 
experiment s hav e demonstrate d tha t  i n som e syntacti c an d 
stimulu s context s childre n systematicall y generaliz e a 
nove l  wor d b y shap e whil e i n othe r  syntacti c an d stimulu s 
context s the y generaliz e b y othe r  properties .  Moreover , 
th e result s fro m al l  thes e studie s sugges t  tha t  th e 
contextua l  force s o n nove l  wor d generalizatio n chang e 
wit h age .  A  summar y o f  th e extan t  result s i s  provide d i n 
figure  1 . 

As ca n b e see n i n th e figure ,  children' s tendenc y t o 
generaliz e nove l  word s t o n e w instance s b y shap e 
inaease s wit h age ,  become s mor e exclusiv e t o coun t 
nouns ,  an d become s mor e specifi c t o particula r  kind s o f 
objects .  O n e hypothesi s i s  tha t  th e patter n o f  wci d 
generalization s depicte d i n figur e 1  result s from  statistica l 
regularitie s a m o n g th e firs t  word s childre n know .  Thi s 
poste r  provide s suppor t  fo r  thi s hypothesi s b y (1 ) 
presentin g dat a o n th e kind s o f  similaritie s inheren t  i n 
differen t  lexica l  categwie s (animal s v .  concret e object s v . 
substances )  an d (2 )  b y demonstratin g tha t  th e patter n i n 
figur e 1  i s  easil y replicated  b y a  simpl e leamo -  er f 
statistica l  regularities -  a  connectionis t  network . 
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Figur e 1 :  Th e shap e bia s change s wit h developmen t 
Methods 

The networ k ha d thre e input/outpu t  layer s whic h 
corresponde d t o words ,  objec t  dimensicms ,  an d syntax . 
Thes e layer s wer e connecte d vi a bidirectiona l  connecticm s 
t o a  hidde n layer .  Th e objec t  laye r  consiste d o f  2 0 node s 

divide d int o "dimensions "  whic h corresponde d t o real -
worl d objec t  propertie s suc h a s shape ,  color ,  an d rigidity. 
The synta x laye r  ccmtaine d tw o node s whic h corresponde d 
t o diffaien t  synta x context s suc h a s coun t  noun ,  mas s 
noun an d adjective .  Th e wor d laye r  consiste d o f  1 0 nodes . 
Individua l  word s wer e reisesented  b y activatio n o f  singl e 
wor d laye r  nodes . 

Training 
The networ k wa s traine d vi a contrastiv e hebbia n 

learnin g (Movellan ,  1991 )  o n fou r  consecutiv e set s o f 
word s i n tw o conditions .  I n th e ordere d conditio n th e set s 
of  wOTds w o e designe d t o closel y mode l  th e growt h o f 
children' s vocabular y betwee n th e age s o f  18 -  an d 30 -
months .  Th e MacArthu r  Communicativ e Developmen t 
Inventor y databas e wa s use d t o fin d th e tota l  numbe r  o f 
word s i n children' s productiv e vocabular y a t  eac h mont h a s 
wel l  a s a  breakdow n o f  thi s tota l  int o twenty-on e wor d 
categories .  Adul t  judgment s o f  th e perceptua l  similaritie s 
i n thes e categorie s wer e use d t o structur e th e set s o f 
trainin g stimul i  give n t o th e network .  I n a  contro l 
conditio n wor d set s di d no t  closel y mode l  th e growt h o f 
children' s vocabularies .  I f  th e orde r  o f  th e word s cfaildr ^ 
kno w contribut e t o th e emergenc e o f  a  shap e bias ,  w e 
shoul d se e a  shap e bia s i n th e ordere d conditio n only . 

Testing 
Afte r  th e networ k learne d a  se t  o f  words,  i t  wa s teste d 

on generalizatio n t o ne w instances .  I n testin g phase s a 
"novel "  object ,  word ,  an d correspondin g synta x wer e 
iwesente d t o th e network .  These  input s wer e clampe d an d 
th e networ k wa s allowe d t o settle .  Th e networ k wa s the n 
"asked "  wha t  objec t  dimensio n i t  wa s payin g attentio n t o 
by unclampin g th e activation s o n th e objec t  layer , 
allowin g th e networ k t o re-settle  an d observin g wha t 
objec t  dimensio n wa s mos t  active . 

Results 
The networ k develope d a  shap e bia s i n th e oideie d 

conditio n only .  Specifically ,  a s mor e word s wer e learned , 
th e network' s attentio n t o shap e initiall y  increase d ai d 
late r  becam e mor e exclusiv e t o specifi c  kind s o f  word s an d 
specifi c  kind s o f  objects .  Overall ,  th e result s sugges t  tha t 
statistica l  regularitie s amon g th e word-referen t  pair s i n th e 
fu-s t  word s learne d b y childre n ar e related  t o th e observe d 
developmenta l  pattern s o f  nove l  wor d generalization . 
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