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Introductio n 

Any theor y o f  developmen t  mus t  specif y it s positio n o n 
thre e crucia l  assumptions : 
1.  Th e natur e o f  th e star t  stat e o f  th e organism . 

2.  Th e effectiv e learnin g environmen t  tha t  th e organis m 
occupies . 

3.  Th e learnin g procedur e tha t  enable s th e organis m t o alte r 
it s  star t  stat e vi a interaction s wit h th e learnin g 
environment . 

Once committe d t o thes e assumptions ,  th e 
developmentalis t  ca n mak e prediction s abou t  th e trajector y 
of  learnin g tha t  th e organis m mus t  follo w i n orde r  t o 
achiev e matur e level s o f  performance .  Thes e prediction s ca n 
be compare d t o th e actua l  behaviour s tha t  th e organis m 
produce s e n rout e t o masterfu l  behaviour .  A  certai n amoun t 
of  slac k i s permitte d i n th e fi t  o f  th e prediction s t o actua l 
behaviou r  dependin g o n th e manne r  i n whic h th e origina l 
assumption s hav e bee n stipulated—som e theorie s wil l 
permi t  a  greate r  degre e o f  individua l  variatio n tha n others .  I n 
principle ,  th e outcom e o f  th e compariso n o f  th e predicte d 
developmenta l  trajector y t o th e organism' s actua l 
developmenta l  trajector y wil l  lea d t o a n acceptanc e o r 
rejectio n o f  th e theory .  I n th e cas e o f  rejection ,  on e o r  mor e 
of  th e origina l  assumption s ma y requir e modiflcado n an d th e 
proces s o f  predictio n an d compariso n reiterate d unti l  a 
successfu l  matc h ca n b e achieved . 

Thi s idealise d proces s o f  theor y buildin g an d evaluatio n i s 
rarel y achieve d fo r  comple x organism s lik e hom o sapien s 
becaus e o f  th e difficultie s involve d i n stipulatin g th e conten t 
of  th e thre e assumption s outline d above :  W e stil l  kno w ver y 
littl e abou t  th e geneti c cod e an d neura l  architecture s tha t 
specif y th e star t  stat e o f  huma n development .  Th e natur e o f 
th e learnin g environmen t  fo r  youn g human s ma y see m self -
evident .  However ,  etholog y ha s taugh t  u s t o b e war y o f 
equalin g environmenta l  inpu t  wit h perceptua l  uptake .  Th e 
sensitivitie s o f  youn g human s t o feature s o f  th e 
environmen t  ma y var y considerabl y eve n fro m thei r  matur e 
caregivers .  Som e succes s ha s bee n achieve d i n discoverin g 
neura l  mechanism s o f  learning ,  suc h a s lon g ter m 
potentiatio n i n th e mammalia n brain .  However ,  i t  i s 
unlikel y tha t  thi s Hebbian-styl e learnin g i s th e onl y learnin g 
mechanis m availabl e t o humans .  Ignoranc e a s t o wha t  get s 
learnin g of f  th e groun d i n human s undermine s th e 
consuaint s necessar y fo r  theor y buildin g an d evaluation . 

W h en ther e ar e s o man y under-specified ,  fre e parameter s i n 
th e theory ,  th e reason s fo r  failur e t o predic t  a  developmenta l 
trajector y becom e unfathomable . 

Ther e are ,  nevertheless ,  ground s fo r  optimis m fo r  theor y 
buildin g i n developmenta l  cognitiv e science .  First , 
significan t  progres s i s bein g mad e i n decodin g th e huma n 
genome an d neuro-physiologist s ar e makin g dramati c 
headway i n identifyin g th e neura l  circuitr y an d constraint s o n 
neura l  plasticit y i n developin g organisms .  Thes e advance s 
ar e likel y t o hav e a  majo r  impac t  o n developmenta l 
psycholog y ove r  th e nex t  decade .  Second ,  developmenta l 
psychologist s themselve s ar e makin g enormou s headwa y i n 
understandin g th e sensor y an d perceptua l  sensitivitie s o f 
human newborns .  W e kno w a  lo t  mor e abou t  th e infant' s 
effectiv e learnin g environmen t  tha n w e di d jus t  on e decad e 
ago .  Thirdly ,  th e adven t  o f  compute r  modellin g i n 
developmenta l  psycholog y permit s th e rapi d evaluatio n o f 
theorie s s o tha t  a  wid e rang e o f  configiuation s o f  start-states , 
effectiv e learnin g environment s an d learnin g procedure s ca n 
be explored .  I n thi s symposium ,  w e focu s o n th e thir d o f 
thes e advances—th e applicado n o f  computationa l  modellin g 
t o theor y buildin g i n developmenta l  cognitiv e science .  W e 
evaluat e an d compar e som e o f  th e lesson s w e hav e learn t 
fro m th e stud y o f  tw o particula r  classe s o f  m o d e l s — 
symboli c an d neura l  networ k simulation s o f  development . 

The Role of Modelling 

I n orde r  t o buil d a  compute r  mode l  o f  a  developmenta l 
process ,  yo u nee d a  precisel y formulate d theory—precis e 
enoug h t o specif y i n a  compute r  programme .  Thi s deman d 
fo r  precisio n force s th e theor y t o b e coherent .  I t  ma y b e th e 
wron g theory ,  bu t  a t  leas t  i t  wil l  b e internall y consistent .  I f 
i t  i s  not ,  i t  won' t  ru n properl y o n th e computer .  Th e 
modellin g endeavou r  force s a n elaboratio n o f  th e 
fundamenta l  principle s underlyin g th e developmenta l 
process .  Th e mode l  canno t  encompas s th e whol e child ,  s o 
th e modelle r  mus t  decid e whic h part s o f  th e chil d ar e crucia l 
fo r  th e proble m o f  interest .  Thi s i s  par t  o f  th e theor y 
buildin g proces s itself ,  bu t  a  par t  tha t  i s  enforce d b y th e 
decisio n t o implemen t  th e theor y o n a  computer . 

Once thes e part s o f  th e mode l  buildin g proces s ar e 
complete ,  th e nex t  ste p i s t o determin e whethe r  th e 
programm e produce s th e kin d o f  behaviou r  produce d b y 
developin g children .  Thi s i s no t  alway s a  straightforwar d 
par t  o f  th e process .  Childre n var y i n thei r  behaviou r  s o on e 
must  decid e whethe r  an y observe d deviatio n fro m th e 
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model' s performanc e constitute s a  refutatio n o f  th e model .  I t 
i s  bes t  i f  th e mode l  ca n var y i n it s  performanc e to o an d thes e 
variation s ar e cause d b y factor s tha t  migh t  b e relate d t o 
factor s underlyin g variatio n i n children .  Th e thew y embodie d 
i n th e mode l  mus t  b e abl e t o mak e nove l  prediction s tha t 
ca n b e teste d empirically .  I n othe r  words ,  i t  i s  no t  enoug h 
fo r  th e mode l  t o mimi c children' s behaviour .  I t  mus t  b e abl e 
t o generat e testabl e hypotheses . 

Connectionist and Symbolic Modelling 

Al l  th e paper s i n thi s symposiu m presen t  workin g model s 
of  s o m e aspec t  o f  th e child' s linguisti c o r  cognitiv e 
developmen t  firom a  connectionis t  o r  symboli c perspective . 
Bot h classe s o f  mode l  m a k e thei r  o w n characteristi c 
assumption s abou t  th e natur e o f  th e star t  state ,  learnin g 
algorithm s an d effectiv e learnin g environments .  Al l  th e 
model s assum e a  se t  o f  pattern s t o b e processe d b y som e 
computationa l  architecture .  Th e fundamenta l  differenc e 
betwee n th e tw o classe s o f  mode l  i s th e natur e o f  th e 
processin g an d inferenc e procedure s employed .  Fo r 
connectionis t  models ,  pattern s ar e manipulate d b y a  se t  o f 
adaptabl e weighte d connection s tha t  ar e sensitiv e t o th e 
conten t  o f  th e form s encountered .  Learnin g amount s t o a 
proces s o f  statistica l  inference .  I n symboli c models ,  pattern s 
ar e manipulate d b y a  se t  o f  rule s tha t  m a y b e imperviou s t o 
certai n detail s o f  th e patterns .  I f  a  patter n i s identifie d a s a 
certai n type ,  the n i t  i s  handle d accordin g t o th e rule s 
specifie d fo r  tha t  type ,  irrespectiv e o f  an y idiosyncrasie s 
concernin g th e particula r  toke n o f  th e type .  Learnin g i s ofte n 
handle d b y th e constructio n o f  decisio n tree s tha t  classif y th e 
pattern s i n term s o f  thei r  symboli c attributes . 

Nativism and Empiricism 

A c o m m o n poin t  o f  contentio n betwee n connectionis t  an d 
symboli c model s o f  developmen t  concern s th e amoun t  o f 
structur e tha t  i s  require d t o ge t  learnin g of f  th e ground .  Fro m 
th e symboli c perspective ,  i t  i s  sometime s hel d tha t  stimul i 
(o r  trainin g patterns )  ar e to o impoverishe d t o accoun t  fo r  th e 
richness  o f  huma n cognition—^Plato' s well-know n "Shadow s 
i n th e cave "  problem .  Learnin g i s ofte n see n a s a  proces s o f 
triggerin g innat e knowledg e bases ,  wher e th e trigge r  operate s 
i n a  domain-specifi c  fashion .  M a n y connectionist s maintai n 
tha t  symboli c theorist s hav e underestimate d th e structura l 
complexit y o f  informatio n availabl e i n th e environmen t  an d 
th e capacit y o f  domain-genera l  learnin g algorithm s t o induc e 
domain-specifi c  knowledg e base s fro m thi s complexity . 

Th e inpu t  sensitivit y o f  connectionis t  system s make s 
the m obviou s tool s fo r  explorin g empiricis t  account s o f 
linguisti c an d cognitiv e developmen t  However ,  i t  shoul d b e 
emphasize d tha t  connectionis m an d empiricis m ar e no t 
necessar y bedfellows .  I n fact ,  connectionis m offer s a  too l  fo r 
examinin g th e trade-of f  betwee n th e rol e o f  th e inpu t  an d th e 
rol e o f  pre-adapte d structure s an d processe s i n developmen t 
Althoug h th e representation s forme d b y connectionis t 
system s ar e indee d highl y sensitiv e t o inpu t  parameters ,  i t  i s 
th e architecture s an d learnin g algorithm s o f  connectionis t 
system s themselve s tha t  affor d thi s sensitivity .  Becaus e 
connectionis t  architecture s diffe r  i n term s o f  thei r  networ k 
structure s an d learnin g algorithms ,  the y als o diffe r  i n th e 

manner  i n whic h the y respon d t o th e sam e inputs .  Th e 
potentia l  variet y o f  networ k architecture s thereb y conuibute s 
t o th e rang e o f  hypothese s tha t  migh t  describ e th e initia l 
stat e o f  th e learnin g devic e befor e i t  i s  expose d t o an y input . 
Consequently ,  connectionis m ca n als o b e use d t o explor e 
interactionis t  an d nativis t  account s o f  linguisti c an d 
cognitiv e development . 

Symboli c model s als o offe r  considerabl e flexibilit y  i n 
explorin g a  rang e o f  developmenta l  hypotheses .  Althoug h 
symboli c model s necessaril y  postulat e a  se t  o f  symboli c 
primitives ,  th e granularit y o f  thes e atomi c buildin g block s 
ca n var y ca n var y dramaticall y fro m on e theor y t o th e next . 
The commitmen t  t o th e software-hardwar e distinctio n tha t 
commonl y goe s hand-in-han d wit h th e symboli c approach , 
doe s no t  preclud e th e exploratio n o f  minimalis t  programme s 
of  innat e structure s an d processes . 

Biological Plausibility and Levels of 
E x p l a n a t i o n 

Connectionis t  model s clearl y hav e a  neurologica l  appeal . 
But  ar e connectionis t  system s constraine d t o providin g 
model s a t  th e neurologica l  leve l  o f  explanation ? M a n y 
researcher s workin g widii n th e classica l  symboli c approac h 
t o cognitiv e scienc e argu e tha t  functione d account s o f  th e 
cognitiv e leve l  mus t  b e couche d i n term s o f  discrete , 
categorical ,  symbo l  processin g systems .  Furthermore ,  the y 
argu e tha t  curren t  connectionis t  model s d o no t  behav e i n th e 
necessar y symboli c fashion .  Accordin g t o thi s argument , 
connectionis t  model s wil l  no t  b e abl e t o provid e 
explanation s an d description s a t  th e cognitiv e level .  I t  i s 
conceded ,  however ,  tha t  connectionis t  models ,  appropriatel y 
hard-wired ,  m a y b e abl e t o implemen t  th e foundation s o f  a 
cognitiv e syste m i n muc h th e sam e wa y tha t  di e hardwar e o f 
a compute r  jwovide s th e necessar y workin g environmen t  fo r 
symboli c programmes .  Indeed ,  i t  i s  widel y acknowledge d 
tha t  somethin g lik e a  connectionis t  syste m mus t  provid e th e 
neurologica l  foundation s fo r  th e £q}paren t  symboli c mind . 
On thi s view ,  a  symbo l  processin g machin e sit s o n to p o f  a 
connectionis t  implementatio n o f  th e neurologica l  system .  I t 
makes sens e t o tal k abou t  a  two-leve l  syste m wher e th e 
symboli c machin e operate s accordin g t o it s o w n 
autonomou s se t  o f  principles . 

M a ny developmenta l  connectionist s resis t  thi s relegatio n 
of  thei r  explanation s t o th e implementationa l  level .  On e o f 
th e primar y motivation s fo r  buildin g connectionis t  model s 
of  cognitiv e processe s i s tha t  symboli c approache s see m t o 
lac k certai n characteristic s tha t  ar e neede d a t  precisel y th e 
cognitiv e leve l  o f  functionin g (paralle l  processing ,  gracefu l 
degradation ,  learning) . 

A compromis e solution ,  i n whic h connectionis t 
mechanism s an d symbo l  manipulatin g device s wor k side-by -
sid e i n a n harmoniou s cognitiv e system ,  i s currentl y 
fashionable—so-calle d hybri d systems .  D o thes e offe r  th e 
way forwar d o r  ar e the y merel y a  confusio n i n level s o f 
description ? 

Th e presen t  symposiu m feature s modellin g approache s 
tha t  ar e eiUie r  purel y symboli c o r  purel y connectionist . 
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