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Abstrac t 

We present a connectionist model of children's developing 
relianc e o n objec t  label s a s oppose d t o superficia l 
appearanc e whe n makin g inductiv e inferences .  Th e mode l 
learn s t o infe r  a  fac t  abou t  a n objec t  base d o n th e object' s 
labe l  (an d no t  percept )  eve n thoug h tha t  fac t  ha s neve r  bee n 
previousl y associate d wit h th e label .  Th e shif t  i n relianc e 
fro m perceptua l  t o labe l  informatio n i s foun d t o depen d on ; 
(a )  th e presenc e o f  a  pre-linguisti c abilit y t o categoriz e 
perceptua l  information ,  an d (b )  th e greate r  variabilit y o f 
percept s tha n label s Th e mode l  predict s tha t  childre n wil l 
shif t  thei r  inductiv e basi s a t  differen t  age s dependin g o n 
th e perceptua l  variabilit y o f  th e tes t  categories .  Thi s 
predictio n i s discusse d wit h respec t  t o studie s o f  children' s 
inductio n an d wit h particula r  referenc e t o conflictin g 
result s reporte d i n th e literatur e concernin g th e onse t  o f 
labe l  use . 

Introduction 

Thi s pape r  present s a  connectionis t  mode l  o f  th e child' s 
developin g relianc e o n objec t  label s a s oppose d t o 
appearanc e whe n makin g inductiv e inferences .  Earl y studie s 
of  categorizatio n an d inductio n i n youn g childre n hav e 
suggeste d tha t  judgement s regardin g a n object' s categor y 
membership ,  o r  th e likelihoo d o f  it s  sharin g a  propert y wit h 
anothe r  object ,  ar e mad e o n a  differen t  basi s dependin g o n 
th e child' s age .  Younge r  childre n appl y a  ne w fac t  t o 
perceptuall y simila r  objects ,  whils t  olde r  childre n o r  adult s 
utilis e mor e profoun d conceptua l  information .  Thi s accoun t 
of  th e perceptual/conceptua l  shif t  ca n b e foun d throughou t 
Piaget' s work .  Th e younge r  chil d i s  perceptuall y bound , 
and onl y afte r  enterin g a  subsequen t  stag e o f  developmen t 
ca n th e chil d utilis e abstract ,  categorica l  informatio n 
(Inhelde r  &  Piaget ,  1964) . 

Since Piaget, this view of the perceptual/conceptual shift 
has bee n undermine d a s younge r  an d younge r  childre n hav e 
bee n show n t o behav e i n way s tha t  Piage t  woul d no t  hav e 
expected .  Counte r  example s t o Piage t  ar e th e inductio n 
studie s discusse d belo w (Gelma n &  Markman ,  1986 ;  Carey , 
1985 ;  Keil ,  1989) .  Thes e author s hav e show n tha t  childre n 
as youn g a s thre e an d a  hal f  year s ol d ar e abl e t o mak e 
inference s tha t  Piage t  woul d hav e considere d t o b e 
characteristi c  o f  m u c h olde r  children . 

The fact that children's induction behavior changes 
earlie r  tha n Piage t  expecte d ha s bee n use d a s suppor t  fo r  th e 
vie w tha t  conceptua l  developmen t  i s ftmdamentally  a  forma l 
proces s o f  th e growt h o f  theory-lik e structure s (Gelma n & 

Markman ,  1986) .  Thus ,  developmen t  i s take n t o consis t  o f 
change s i n symboli c structures ,  an d no t  th e emergenc e o f  th e 
abilit y t o us e suc h structure s (Carey ,  1985 ;  Murph y & 
Medin ,  1985) .  Whils t  concept s ar e abl e t o develop ,  th e 
abilit y  t o modif y abstract ,  symboli c representation s i s see n 
as a  prerequisit e throughou t  development . 

Although Gelman and Markman (1986) found that 
youn g childre n rel y o n objec t  label s a s oppose d t o 
perceptua l  informatio n whe n makin g induction s abou t 
natura l  kinds ,  studie s wit h childre n younge r  thei r  subject s 
ar e mor e equivocal .  Fo r  example ,  McCarrel l  an d Callanan' s 
tw o yea r  ol d subject s foun d perceptua l  informatio n t o b e a 
mor e robus t  basi s fo r  inductio n tha n objec t  label s 
(McCarrel l  &  Callanan ,  1995) .  Othe r  inductio n studie s 
usin g differen t  (thoug h stil l  natura l  kind )  stimul i  hav e foun d 
a shif t  i n th e basi s o f  inductio n acros s development ,  bu t  tha t 
th e onse t  o f  thi s shif t  depend s o n th e concept s unde r 
investigatio n (Keil ,  1989) . 

To understand these diverse findings, we must know 
w hy younge r  childre n ar e sometime s observe d a s bein g 
mor e perceptuall y reliant .  Eithe r  the y hav e difficult y 
comprehendin g labe l  information ,  o r  (mor e likely )  the y 
simpl y valu e perceptua l  informatio n mor e tha n verba l 
informatio n i n certai n context s an d wit h certai n concept s 
(Freema n &  Sera ,  1996) .  Unfortunatel y thi s accoun t  doe s 
not  answe r  th e questio n o f  h o w an d w h y a  child' s bia s 
migh t  change .  Thus ,  w e ar e lef t  wit h tw o issues .  First , 
h o w migh t  w e accoun t  fo r  th e changin g emphasi s o n 
perceptua l  an d symboli c information ? A n d secondly ,  mus t 
suc h a n accoun t  presuppos e a n abilit y t o manipulat e 
abstrac t  symboli c information ? 

We developed a connectionist model to address the issue 
of  transition .  Th e mode l  make s spontaneou s inferences ,  an d 
change s th e basi s o f  it s  inference s ove r  th e cours e o f  learnin g 
from  a  relianc e o n perceptua l  informatio n t o a  relianc e o n 
objec t  labels . 

The rest of this paper unfolds as follows. First, we present 
i n greate r  detai l  th e inductiv e reasonin g paradig m use d t o 
explor e children' s conceptua l  knowledge .  Thi s paradig m wil l 
for m th e basi s o f  th e trainin g regim e use d t o mode l  th e 
perceptua l  /  labe l  shift .  Next ,  w e presen t  th e mode l 
architectur e an d trainin g regime .  Th e model' s performanc e i s 
the n reporte d i n term s o f  it s behavio r  whe n (a )  th e percep t 
and labe l  informatio n d o no t  conflict ,  an d (b )  th e percep t  an d 
labe l  informatio n ar e i n conflict .  Th e nex t  sectio n explore s 
h o w th e variabilit y  o f  th e perceptua l  categor y impact s o n th e 
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onse t  o f  a  percep t  t o labe l  shift .  Th e effec t  o f  multipl e 
categorie s i s als o addressed .  Finally ,  th e result s ar e discusse d 
i n term s o f  th e implication s fo r  theorie s o f  children' s 
concep t  acquisition . 

The Inductive Reasoning Paradigm 

The mode l  presente d i n thi s pape r  focuse s o n a n 
experimenta l  paradig m ofte n use d i n explorin g th e 
developmen t  o f  inductiv e inferenc e (Gelma n &  Markman , 
1986 ;  Freema n &  Sera ,  1996) .  Th e paradig m i s  bes t 
explaine d wit h referenc e t o Gelma n an d Markma n (1986) . 

Gelman and Markman presented four year olds and 
adult s wit h pair s o f  picture s o f  natura l  kin d objects . 
Underneat h eac h pictur e wa s writte n a  fac t  abou t  th e object . 
The exampl e give n i s th e presentatio n o f  a  flamingo,  an d a 
bat .  Writte n unde r  th e pictur e o f  th e flamingo  was ,  "Thi s 
bird' s hear t  ha s a  righ t  aorti c arch, "  whils t  unde r  th e ba t 
was writte n "thi s bat' s hear t  ha s a  lef t  aorti c arch. "  Havin g 
thu s labele d th e object s an d provide d a  fac t  abou t  them ,  a 
thir d pictur e i s presented .  Th e thir d pictur e i s o f  a n objec t 
whic h i s perceptuall y simila r  t o on e o f  th e object s alread y 
presented ,  bu t  share s it s labe l  wit h th e other .  Thus ,  i n th e 
flamingo  /  ba t  example ,  th e final  pictur e i s o f  a  blackbird , 
labelle d 'bird' .  Perceptua l  an d labe l  informatio n ar e i n 
conflic t  a s predictor s o f  th e fact .  Th e chil d mus t  tel l  th e 
experimente r  whic h fac t  i s  tru e o f  th e final  objec t  (blackbird) , 
and i n s o doin g revea l  whethe r  h e o r  sh e i s  relyin g o n 
perceptua l  similarit y o r  share d identit y i n makin g suc h 
inferences . 

The Model 

A successful model of this paradigm should begin by 
demonstratin g a  relianc e o n perceptua l  informatio n then ,  a t 
th e en d o f  training ,  demonstrat e a  relianc e o n labe l 
informatio n instead .  W e star t  from  th e assumptio n tha t  th e 
chil d i s abl e t o perceptuall y categoris e object s befor e bein g 
abl e t o labe l  them .  I t  i s  n o w clea r  tha t  eve n ver y youn g pre -
linguisti c childre n (infants )  hav e impressiv e perceptua l 
categorisatio n abilitie s (Quin n &  Eimas ,  1996) .  T o captur e 
this ,  w e begi n ou r  simulation s a t  a  poin t  wher e perceptua l 
categorizatio n abilitie s ar e alread y presen t  (se e Quin n & 
Johnson ,  199 6 fo r  a n exampl e o f  h o w thes e earl y abilitie s 
can b e modelle d i n connectionis t  networks) .  I n contras t  t o 
many contemporar y account s o f  children' s inductiv e 
reasonin g (Gelma n &  Markman ,  1986 ;  Carey ,  1985) ,  ou r 
model  doe s no t  presuppos e an y prio r  abstrac t  o r  symboli c 
processin g system . 
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Figur e 1  Schem a o f  th e mode l 
architectur e 

Figur e 1  show s a  schemati c outlin e o f  th e model .  I t 
consist s o f  a  full y  connecte d bac k propagatio n networ k wit h 
a singl e hidde n layer .  Th e inpu t  an d outpu t  layer s hav e bee n 
spli t  int o 3  bank s 
representin g perceptua l 
information ,  labe l 
information ,  an d a  fac t 
associate d wit h a n 
object .  Not e tha t  figures 
2 4  presen t  simulatio n 
result s usin g a 
diagramati c for m 
equivalen t  t o figure  1 , 
but  withou t  a 
representatio n o f  th e 
hidde n units .  A  simila r 
approac h ha s bee n use d 
t o mode l  earl y languag e 
acquisidon .  (Chauvin , 
1989 ;  Plunkett , 
Marchman ,  M o U e r  &  Stransby ,  1992) .  Thi s i s a  mode l  o f 
cognitiv e processin g an d w e woul d no t  necessaril y  equat e th e 
inpu t  t o ra w perceptua l  uptak e an d th e outpu t  t o observabl e 
behavior . 

Ther e ar e 4 8 unit s i n th e percep t  an d prototyp e banks , 
and 1 6 unit s i n eac h o f  th e labe l  an d fac t  banks .  T h e 
number  o f  hidde n unit s use d depend s o n th e numbe r  o f 
pattern s t o b e learned ,  an d i s kep t  a s lo w a s possible .  I n th e 
initia l  example ,  onl y a  singl e hidde n uni t  i s  required . 
Learnin g rat e an d m o m e n t u m ar e se t  t o 0.2 5 an d 0. 9 
respectively .  Uni t  activatio n varie s withi n th e rang e 0 — 1 
and doe s no t  decay .  Weight s ar e unbounded ,  an d ar e 
initialise d t o rando m value s i n th e rang e ±0.5 . 

The perceptual prototypes were defined as binary vectors, 
constraine d t o b e greate r  tha n a  certai n fixed  distanc e apar t 
(i.e .  m i n i m u m h a m m i n g distanc e =  36 )  wit h 5 0 % o f  al l 
value s se t  t o '1' .  Th e percep t  input s wer e generate d o n th e 
fly  b y addin g Gaussia n nois e (mea n =  0 ,  varianc e =  0.6 )  t o 
eac h componen t  o f  a  prototyp e vector . 

Different phases of training were used to model the 
differen t  step s i n th e inductiv e reasonin g paradig m describe d 
previously .  First ,  th e networ k i s traine d onl y o n th e percep t 
t o prototyp e association .  Thi s phas e o f  trainin g stop s whe n 
th e networ k i s  abl e t o produc e appropriat e prototype s 
regularl y wit h a n erro r  les s tha n a  fbce d criterio n (SS E = 
0.6) .  Th e trainin g i s mean t  t o captur e th e feet  tha t  th e 
childre n i n thes e studie s arriv e wit h th e abilit y  t o categoris e 
comple x perceptua l  information .  Not e tha t  durin g thi s 
phase ,  ther e i s  n o trainin g o n eithe r  th e labe l  o r  fac t 
pathways .  Th e labe l  an d fac t  input s ar e se t  t o 0.5 .  Sinc e 
activatio n range s from  0-1 ,  a  valu e o f  0. 5 provide s th e 
networ k wit h n o information . 

The second phase involves training the network on the 
percept-and-labe l  t o prototype-and-labe l  association .  Durin g 
thi s phas e ther e i s n o trainin g o n th e fac t  pathway .  Thi s 
phas e o f  fraining  i s  mean t  t o captur e th e fac t  tha t  olde r 
childre n hav e ha d mor e opportunit y t o lear n whic h label s g o 
wit h whic h percepts .  Thu s minima l  fraining  i n thi s phas e 
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(=100 0 epochs )  represent s a  chil d earl y i n development , 
whils t  a  m u c h longe r  perio d o f  trainin g (=30,00 0 epochs ) 
represent s a  chil d late r  i n development . 

The third phase involves training the percept-and-fact to 
prototype-and-fac t  associations ,  bu t  no t  th e label .  Thi s 
time ,  i t  i s  th e labe l  input s tha t  ar e se t  t o 0. 5 (n o 
information) .  Weigh t  change s d o no t  occu r  i n tha t  pathway . 
Thi s i s mean t  t o captur e th e experimen t  itself ,  i n whic h th e 
child ,  comin g t o th e tas k wit h th e abilit y t o perceptuall y 
categoriz e plu s s o m e abilit y  wit h labe l  information ,  i s 
taugh t  t o associat e a  feet  wit h a  particula r  object .  Th e 
amount  o f  trainin g require d a t  thi s poin t  i s  significantl y les s 
tha n tha t  require d t o mode l  th e developmen t  o f  percept/labe l 
association s (typicall y =10 0 epochs) . 

Note that the networks are never trained on the label to 
feet  association .  Thi s associatio n emerge s b y virtu e o f 
learnin g abou t  percept s +  labels ,  an d percept s +  fects 
separately .  Th e network' s inductiv e abilit y  (i.e .  it s  abilit y 
t o produc e a  feet  w h e n presente d wit h perceptua l  an d labe l 
information )  i s probe d b y presentin g bot h percep t  an d labe l 
input s an d observin g th e fac t  respons e a t  th e output .  Sinc e 
th e network s hav e alway s experience d th e feet  i n associatio n 
wit h th e percep t  an d neve r  i n associatio n wit h th e label ,  on e 
migh t  expec t  th e fac t  "inductiv e inference "  t o b e drive n b y 
th e percep t  input .  A s wil l  b e show n i n th e results ,  thi s i s 
not  alway s th e case .  W e repor t  o n 3  type s o f  testing .  Th e 
firs t  involve s presentin g th e networ k wit h a  n e w percep t 
only .  Th e secon d involve s presentin g th e networ k wit h a 
labe l  only .  Thes e test s ar e intende d t o mode l  th e firs t 
statement s o f  th e experimenta l  paradig m i n whic h a  ne w 
exempla r  o f  a  familia r  categor y (e.g .  bird )  i s presente d t o th e 
child .  Thi s test s whethe r  th e networ k i s  abl e t o mak e 
"inductiv e inferences "  base d o n eithe r  th e percep t  o r  th e 
label .  Th e thir d tes t  involve s presentin g th e networ k wit h 
conflictin g percep t  an d labe l  inpu t  an d observin g th e feet 
produce d a t  th e output .  Thi s tes t  provide s a  measur e o f  th e 
basi s o f  th e "inference"—i.e .  a  percep t  o r  labe l  drive n 
"inference" .  Thi s tes t  correspond s t o th e thir d statemen t  i n 
th e paradig m use d t o evaluat e th e inferentia l  basi s o f 
children . 

Results 

Percept only Inferences 

Figur e 2  show s th e network' s performanc e whe n 
presente d wit h perceptua l  informatio n alone .  Th e lef t  sid e o f 
th e figur e show s performanc e earl y i n developmen t  wherea s 
th e righ t  sid e show s performanc e lat e i n development .  Eac h 
of  th e fou r  section s o f  th e figure  show s th e activatio n state s 
of  th e input s an d output s w h e n a  particula r  percep t  i s 
presente d t o th e network .  Th e to p ro w correspond s t o 
performanc e whe n percep t  (A )  i s presente d an d th e botto m 
ro w correspond s t o performanc e w h e n percep t  (B )  i s 
presented .  A s i n figure  1 ,  uni t  activation s ar e represente d b y 
smal l  squares .  Dar k square s correspon d t o hig h activation s 
and ligh t  square s correspon d t o lo w activation .  W h e n n o 
inpu t  i s  presente d th e square s ar e a n intermediat e shade , 

signifyin g a n activatio n o f  0.5 .  I n thi s conditio n neithe r  th e 
labe l  no r  th e fac t  input s ar e presente d t o th e network . 

Figure 1 demonstrates that both early and late in 
development ,  th e networ k ca n produc e th e appropriat e labe l 
(a )  an d feet  (a )  whe n presente d onl y wit h percep t  (A) ,  a s 
wel l  a s labe l  (b )  an d feet  (P )  whe n presente d onl y wit h 
percep t  (B) .  Th e network s successfull y infer s labe l  an d fac t 
informatio n fro m percept s only . 
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Figur e 2  Input/Outpu t  m a p p i n g s demonstratin g correc t 
inductio n performanc e w h e n give n percep t  informatio n 
alone.Throughou t  deve lopment ,  a  perceptua l  inpu t  lead s t o 
recognitio n o f  th e appropriat e prototype ,  labe l  an d fact . 

Label Only Inferences 

Figur e 3  show s th e network' s performanc e whe n 
presente d wit h label s onl y a t  th e inputs .  Th e to p ro w 
show s performanc e whe n presente d wit h labe l  (a )  an d th e 
botto m ro w whe n presente d wit h labe l  (b) .  Bot h earl y an d 
lat e i n development ,  th e networ k produce s th e appropriat e 
prototyp e an d fac t  from  th e labe l  only .  Presentatio n o f  labe l 
(b )  result s i n prototyp e (B )  an d fac t  (P )  whil e presentatio n o f 
labe l  (a )  result s i n prototyp e (A )  an d fac t  (a) . 

The feet that presenting any known percept or label 
produce s th e appropriat e prototype ,  labe l  an d fac t  outpu t 
reveal s h o w th e mode l  i s working .  Th e mode l  onl y ha s a 
singl e interna l  representatio n tha t  i s  require d t o encod e 
multipl e mappings .  I t  doe s no t  hav e separat e 
representation s o f  wha t  a n objec t  look s like ,  wha t  i t  i s 
called ,  an d wha t  i s  tru e abou t  it .  W h e n learnin g t o 
categoriz e perceptually ,  th e mode l  develop s a  representatio n 
of  distinc t  object s o n th e basi s o f  perceptua l  information . 
W h en subsequentl y traine d o n labe l  an d feet  information , 
thi s ne w informatio n i s  incorporate d int o th e existin g 
interna l  representation .  Th e resul t  i s  a n interna l 
representatio n tha t  i s constraine d b y bot h th e perceptua l  an d 
labe l  information . 
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FfgMr e 3  Inpu t  /  Outpu t  mapping s demonstratin g 
spontaneou s inductio n whe n give n labe l  informatio n alone . 
Throughou t  development ,  a  labe l  inpu t  lead s t o recognitio n 
of  th e appropriat e prototype ,  labe l  an d fact . 

Percept and Label Conflict Inferences 

Figur e 4  show s th e crucia l  conflictin g percep t  an d labe l 
condition .  Th e to p o f  th e figur e show s percep t  (A ) 
presente d alongsid e labe l  (b )  whil e th e botto m o f  th e figur e 
shows percep t  (B )  presente d alongsid e labe l  (a) .  Th e 
principl e guidin g th e network' s inductio n i n th e conflic t 
conditio n shift s ove r  th e cours e o f  developmen t  from  a 
relianc e o n perceptua l  informatio n t o a  relianc e o n labe l 
information . 

Early in development, presentation of percept (A) and 
labe l  (b )  result s i n th e productio n o f  prototyp e (A) ,  labe l  (a ) 
and fac t  (a) .  Th e presentatio n o f  percep t  (B )  an d labe l  (a ) 
result s i n th e productio n o f  prototyp e (B) ,  labe l  (b )  an d fac t 
(P) .  I n bot h cases ,  th e networ k i s relyin g o n th e percep t 
informatio n onl y t o infe r  th e objec t  category ,  label ,  an d fact . 
The reade r  ma y wis h t o compar e wit h figure s 2  an d 3  t o 
verif y wha t  th e expecte d ( A — a — a)  an d ( B — ^ b — P)  percept -
label-fac t  association s are . 

A very different thing happens later in development. 
The basi s o n whic h th e networ k make s a n inferenc e ha s 
shifted .  W h e n presente d wit h percep t  (A )  an d labe l  (b) ,  th e 
networ k no w produce s prototyp e (B) ,  labe l  (b )  an d fac t  (P) . 
Similarly ,  whe n presente d wit h percep t  (B )  an d labe l  (a )  th e 
networ k produce s prototyp e (A) ,  labe l  (a )  an d fac t  (a) . 
Again ,  th e reade r  m a y wis h t o verif y thi s agains t 
performanc e depicte d i n figure s 2  an d 3 . 
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Figur e 4  Inpu t  /  Outpu t  mapping s demonstratin g a  shif t  i n 
th e basi s o f  inductio n w h e n presente d wit h conflictin g 
percep t  /  labe l  information .  Early  i n developmen t  th e 
outpu t  i s  determine d b y th e perceptua l  input ,  bu t  late r  on , 
th e outpu t  i s determine d b y th e categor y label . 

This performance can be explained as a combination of 
tw o factors .  First ,  th e singl e hidde n uni t  ban k use d t o m a p 
multipl e set s o f  information .  Thi s fac t  implie s tha t  a  singl e 
interna l  representatio n wil l  b e develope d fo r  an y 
prototype/label/fac t  combination ,  an d al l  output s wil l  b e 
triggere d b y th e sam e interna l  (hidde n unit )  representation . 
Second ,  perceptua l  inpu t  rarel y correspond s perfectl y t o th e 
prototype ,  whils t  label s ar e invariant .  A s th e networ k seek s 
t o reduc e error ,  i t  wil l  inevitabl y discove r  tha t  th e bes t 
trigge r  o f  th e appropriat e interna l  representatio n i s th e labe l 
input .  Thu s th e weight s betwee n th e perceptua l  inpu t  an d 
th e hidde n representatio n shoul d graduall y reduc e i n 
magnitud e whils t  th e weight s betwee n th e labe l  inpu t  an d 
th e hidde n representatio n shoul d graduall y increas e durin g 
development . 
The Role of Perceptual Variability 

Variabilit y  acros s percept s seem s t o lea d t o a  shif t  i n 
relianc e from  percep t  t o labe l  w h e n performin g induction . 
We constructe d a  smalle r  networ k t o tes t  th e rol e o f  variabl e 
percept s mor e precisely .  Thi s networ k ha d 1 2 unit s fo r  th e 
percep t  /  prototyp e representation ,  an d 2  fo r  eac h o f  th e labe l 
an d fac t  representations .  Th e networ k showe d th e sam e shif t 
i n behaviou r  a s th e large r  networ k w h e n give n th e sam e 
leve l  o f  nois e (Nois e take n from  a  Gaussia n distribution , 
i'=0.6) . 
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Figur e 5  Plot s o f  averag e absolut e weight s fro m percep t 
inpu t  t o hidde n laye r  (thin) ,  an d labe l  inpu t  t o hidde n 
laye r  (thick )  average d ove r  5  simulation s 

The results of the previous section suggest that a reliance 
o n percep t  o r  labe l  depend s o n whic h se t  o f  unit s mos t 
effectivel y trigger s th e appropriat e interna l  representation . 
Th e relianc e o n percep t  vs .  labe l  ca n b e measure d b y 
comparin g th e averag e absolut e siz e o f  th e weight s betwee n 
th e hidde n laye r  an d th e percep t  input s wit h th e averag e 
absolut e siz e o f  th e weight s betwee n th e hidde n laye r  an d 
th e labe l  inputs .  Figur e 5  show s thi s a s a  functio n o f 
epoch s fo r  differen t  level s o f  variance . 

The two prototypes used in these simulations were the 
inverse s o f  eac h othe r  (i.e .  h a m m i n g distanc e betwee n 
pattern s =  12) .  I t  i s  wort h notin g tha t  th e averag e o f  th e 
labe l  weight s grow s t o excee d th e averag e o f  th e perceptua l 
weight s fo r  variance s exceedin g 0.5 .  A t  thi s point ,  th e leve l 
of  variabilit y  i n percept s mean s tha t  som e wil l  actuall y b e 
mor e simila r  t o th e opposit e prototype .  Th e shif t  i s  no t 
drive n b y percept s tha t  ar e slightl y differen t  from  th e 
prototype ,  bu t  b y percept s tha t  ar e mor e simila r  t o anothe r 
prototyp e tha n t o thei r  o w n categor y prototype .  A  secon d 

poin t  t o not e i s tha t  a s th e varianc e leve l  increases ,  s o th e 
earlie r  th e networ k shift s t o labe l  inferences .  Thi s i s les s 
obviou s a t  ver y hig h variabilit y  levels ,  sinc e a s nois e 
increase s th e numbe r  o f  epoch s require d fo r  learnin g 
perceptua l  categorizatio n become s les s predictabl e an d als o 
tend s t o increase .  Hence ,  th e mode l  make s th e stron g 
predictio n tha t  a  shif t  from  perceptua l  relianc e t o labe l 
relianc e wil l  occu r  earlie r  fo r  perceptuall y simila r  object s 
wit h differen t  labels . 

The Effect of Multiple Prototypes 

Thi s sectio n briefl y focuse s o n th e effect s o f  multipl e 
prototype/labe l  mappings .  Althoug h th e Gelma n an d 
M a r k m an studie s focuse d o n th e us e o f  tw o percept s an d 
facts ,  i n th e rea l  worl d childre n hav e knowledg e o f  man y 
more .  Al l  o f  thes e coul d interac t  wit h performanc e i n th e 
simplifie d inductiv e reasonin g task .  T o explor e possibl e 
interactio n effects ,  w e frained  th e ful l  scal e mode l  (6 4 percep t 
units ,  1 6 labe l  units ,  1 6 fac t  units )  wit h 1 0 prototype s eac h 
associate d wit h it s o w n fac t  an d label .  T o accommodat e 
thi s numbe r  o f  patterns ,  4  hidde n unit s wer e used .  Th e 
prototyp e pattern s ar e al l  greate r  tha n a  certai n fixe d 
(hamming )  distanc e apar t  T w o importan t  fmding s emerg e 
from  thi s work .  First ,  th e shif t  fi-o m percep t  relianc e t o 
objec t  labe l  relianc e i n inductio n doe s no t  occu r  a t  th e sam e 
poin t  i n trainin g fo r  al l  objects .  Second ,  object s whic h ar e 
perceptuall y mor e simila r  ten d t o shif t  earlier .  Th e reaso n 
fo r  thi s i s tha t  th e networ k wil l  ten d t o shif t  pattern s tha t 
reduc e mor e o f  th e erro r  earlie r  i n training .  Th e implicatio n 
of  thi s fo r  chil d developmen t  researc h i s tha t  perceptuall y 
mor e simila r  pattern s shif t  a t  a  younge r  age . 

Discussion 

We presen t  a  connectionis t  mode l  o f  th e developmen t  o f 
a relianc e o n labe l  informatio n a s oppose d t o perceptua l 
informatio n whe n makin g inductiv e inferences .  Thi s mode l 
perform s th e shif t  withou t  an y abilit y  t o manipulat e forma l 
system s a s i s th e suggestio n o f  th e 'concept s a s theories ' 
view .  Evidenc e tha t  younge r  childre n rel y o n label s i s ofte n 
take n a s suppor t  fo r  thi s view ,  howeve r  w e sho w tha t  th e 
developmen t  o f  labe l  relianc e m a y b e see n a s a  produc t  o f  a 
confusin g perceptua l  environment ,  a s oppose d t o a n innat e 
nee d fo r  structure .  W e woul d no t  wan t  t o den y tha t  suc h 
structure s d o develop .  Rather ,  w e sugges t  tha t  the y emerg e 
from  simpl e system s suc h a s th e on e describe d here .  Thi s 
wor k m a y b e viewe d withi n th e contex t  o f  th e growin g bod y 
of  wor k utilisin g connectionis t  principle s t o develo p a  ne w 
understandin g o f  idea s critica l  t o developmenta l  psycholog y 
-  particularl y wha t  i t  mean s fo r  a  behavio r  t o b e eithe r 
learne d o r  innat e (e.g. ,  Elman ,  Bates ,  Karmiloff-Smith , 
Johnson ,  Parisi ,  &  Plunkett ,  i996) .  Ou r  mode l  make s 
architectura l  assumption s whic h m a y reflec t  innat e structur e 
-  howeve r  suc h structur e woul d b e o f  a  ver y differen t  kin d 
from  wha t  migh t  b e propose d outsid e a  connectionis t 
fi-amework. 

Our model predicts that differently labelled objects that 
ar e nevertheles s perceptuall y confiisabl e wil l  promot e 
inductio n o n th e basi s o f  labe l  earlie r  tha n object s tha t  ar e 
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easie r  t o distinguis h perceptually .  Thi s predictio n ma y 
she d som e ligh t  o n th e contrastin g result s o f  differen t 
inductio n paradigms .  Th e origina l  studie s b y Gelma n e t  a l 
(Gelma n &  Markman ,  1986 ;  Ge lma n &  Markman ,  1987 ) 
di d no t  find  significan t  evidenc e o f  a  percep t  /  labe l  shif t  i n 
subject s a s youn g a s 3. 5 year s old .  Give n thei r  stimul i  thi s 
resul t  i s  no t  surprising .  Thei r  studie s rel y o n perceptuall y 
confusabl e natura l  kin d stimul i  (fo r  example ,  blackbird s an d 
bats) .  Ou r  mode l  predict s tha t  thes e ar e th e ver y case s tha t 
ar e mos t  likel y t o promot e reasonin g o n th e basi s o f  label s 
earl y on . 

S o me studie s d o no t  rel y o n perceptuall y confiisabl e 
examples .  Kei l  (1989 )  aske d childre n olde r  tha n Gelman' s 
subject s t o sa y whethe r  a  Skun k tha t  ha d bee n surgicall y 
transforme d t o loo k exactl y lik e a  Racoo n wa s i n fac t  a 
Racoo n o r  not .  I n thes e studies ,  Kei l  foun d tha t  youn g 
childre n wer e 5/// /  relian t  o n perceptua l  informatio n i n 
makin g inductions ,  an d onl y late r  di d the y realis e tha t  th e 
trul y salien t  characteristi c fo r  inductio n wa s th e animal' s 
label .  Thi s i s wha t  ou r  mode l  woul d predict—th e basi s c f 
inductio n wil l  tak e longe r  t o shif t  whe n perceptua l 
categorizatio n i s mor e clea r  cut . 

However, other studies involving still other stimuli do 
not  repor t  th e sam e findings  (Keil ,  1989) .  Eve n youn g 
childre n rel y o n objec t  kin d (label )  a s oppose d t o perceptua l 
similarit y whe n presente d wit h a  to y do g an d a  rea l  dog . 
Note ,  however ,  tha t  whils t  i n ou r  stud y al l  stimul i  wer e 
presente d equall y ofte n t o th e network ,  thi s i s no t  tru e o f 
children' s learning .  W e migh t  propos e tha t  to y dog s ar e 
precisel y th e kind s o f  object s tha t  youn g childre n woul d 
hav e ha d a  grea t  dea l  o f  experienc e of -  an d thu s th e basi s c f 
inductio n wit h suc h object s woul d b e mor e likel y t o hav e 
shifted .  Ou r  wor k wit h multipl e prototype s demonstrate s 
tha t  th e basi s o f  inductio n fo r  differen t  object s wil l  shif t  a t 
differen t  times .  A n alternativ e simpl e accoun t  o f  thi s i s t o 
say tha t  th e stuffe d dog s an d rea l  dog s ar e perceptuall y 
simila r  and ,  therefore ,  wil l  b e differentiate d b y labe l  us e 
earl y i n development .  Again ,  thi s i s compatibl e wit h th e 
behaviou r  o f  ou r  model . 

The questio n arise s a s t o whethe r  thi s mode l  migh t  als o 
be applicabl e t o novice/exper t  shift s i n adul t  learnin g (e.g . 
Slotta ,  Chi ,  &  Joram ,  1995) .  Th e dat a suggest s tha t  thi s 
may b e th e case .  I n future ,  however ,  w e inten d t o exten d 
th e mode l  t o cove r  a  broade r  spectru m o f  th e chil d dat a i n 
detail .  W e expec t  th e analog y betwee n adu h learnin g an d 
chil d developmen t  t o b e straine d b y suc h progress . 

The principle s embodie d i n thi s mode l  ar e inadequat e t o 
full y  explai n th e richnes s o f  children' s induction .  However , 
th e mode l  demonstrate s tha t  simpl e mechanism s ca n cove r 
broa d section s o f  dat a withou t  requirin g complex ,  structure d 
interna l  representations ,  an d provide s suppor t  fo r  th e vie w 
tha t  th e genesi s o f  conceptua l  though t  nee d no t  requir e a 
full y  develope d representationa l  system . 
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