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Babies ,  Variables ,  a n d Connectionis t  N e t w o r k s 

Michae l  Gasse r  (gasser@cs.indiana.edu ) 
Elian a Colung a (ecolunga@cs.indiana.edu ) 

Computer  Scienc e Department ,  Cognitiv e Scienc e Progra m 
Indian a Universit y 

Bloomington ,  I N 4740 5 

TWo recen t  paper s i n Scienc e hav e demonstrate d th e re -
markabl e languag e learnin g abilitie s tha t  ar e possesse d b y 
infants .  I n bot h case s th e infant s wer e presente d wit h se -
quence s o f  syllable s embodyin g som e sor t  o f  regularit y an d 
late r  teste d wit h sequence s tha t  agree d o r  disagree d i n cer -
tai n way s wit h th e trainin g set .  I n th e experiment s o f  Saffran , 
Aslin ,  an d Newpor t  (1996) ,  eight-month-old s wer e abl e t o 
distinguis h three-syllabl e "words "  tha t  the y ha d hear d previ -
ousl y i n a  strea m o f  syllable s fro m thos e tha t  the y ha d not . 
I n th e experiment s o f  Marcus ,  Vijayan ,  Band i  Rao ,  an d Vish -
to n (1999) ,  seven-month-old s wer e abl e t o distinguis h three -
syllabl e "sentences "  tha t  followe d a  trainin g pattern ,  eithe r 
A A B,  A B B ,  o r  A B A (wher e A  an d B  ar e variable s represent -
in g syllables) ,  fro m thos e tha t  di d not .  W h a t  i s strikin g abou t 
th e latte r  experiment s i s tha t  th e tes t  sentence s consiste d o f 
syllable s no t  hear d a t  al l  durin g training .  Tha t  is ,  th e patter n 
tha t  i s  learne d seem s t o b e independen t  o f  specifi c  syllabl e 
conten t  an d t o requir e variable s fo r  it s representation . 

Marcu s e t  al .  (1999 )  an d Pinke r  (1999 )  argu e tha t  thes e 
experiment s demonstrat e tw o distinc t  learnin g mechanisms , 
whic h wil l  late r  prov e usefu l  fo r  learnin g language :  a  statis -
tical/associationis t  mechanism ,  illustrate d i n Saffra n e t  al.' s 
experiments ,  an d a  symboli c mechanism ,  illustrate d i n Mar -
cu s e t  al.' s  experiments .  I n particular ,  becaus e variable s ar e 
exclude d from  simpl e associationis t  accounts ,  thes e account s 
fai l  t o handl e Marcu s e t  al.' s results . 

We focu s o n Marcu s e t  al.' s  experiments ,  showin g ho w a n 
associationis t  device ,  a  particula r  neura l  networ k architec -
ture ,  ca n lear n th e pattern s i n th e experiments ,  generalizin g 
t o nove l  sequences ,  an d h o w thi s account ,  rathe r  tha n bein g 
simpl y a n uninterestin g implementatio n o f  a  symboli c model , 
makes nove l  prediction s abou t  th e learnin g o f  sequences . 

A neura l  networ k need s tw o feature s t o generaliz e ove r 
"grammatical "  pattern s lik e thos e i n Marcu s e t  al.' s  experi -
ments .  First ,  i t  need s a  mean s o f  distinguishin g particula r  ob -
ject s o r  set s o f  object s from  eac h othe r  i n short-ter m memory . 
Thi s allow s i t  t o segmen t  inpu t  sequence s o n th e basi s o f  inter -
ite m similarity ,  fo r  example ,  fo r  th e sequenc e l e l e di ,  t o trea t 
th e first  an d secon d syllable s a s belongin g t o a  grou p distinc t 
fro m th e third .  Second ,  i t  need s a  mean s o f  handlin g rela -
tiona l  knowledge .  Thi s allow s i t  t o detec t  an d stor e th e simi -
larit y relation s tha t  characteriz e segmente d sequences ,  fo r  ex -
ample ,  t o remembe r  tha t  th e first  an d secon d syllable s i n a 
sequenc e resemble d eac h othe r  bu t  differe d fro m th e third . 

Plaype n (Gasse r  &  Colunga ,  1998 )  i s a  neura l  networ k ar -
chitectur e whic h i s designe d t o represen t  an d lear n relationa l 
knowledg e an d t o dea l  wit h simpl e sequentia l  patterns .  Seg -

mentatio n i s handle d throug h th e us e a  secon d dimension , 
i n additio n t o activation ,  alon g whic h unit s i n th e networ k 
ca n vary .  Unit s whic h ar e synchronize d alon g thi s dimensio n 
ar e treate d a s belongin g together .  Relationa l  knowledg e i n 
Plaype n i s handle d wit h special-purpos e micro-relatio n unit s 
( M R U s ) ,  whic h ar e activate d t o th e exten t  tha t  inpu t  t o thei r 
tw o micro-role s i s ou t  o f  synchronization ,  tha t  is ,  tha t  i t  rep -
resent s distinc t  object s o r  groups . 

To simulat e Marcu s e t  al.' s  task ,  w e use d a n instantiatio n 
of  Plaype n i n whic h similarit y relation s betwee n th e sylla -
bl e inpu t  unit s wer e represente d b y hard-wire d connections . 
Thes e connection s caus e simila r  syllable s i n a  sequenc e t o b e 
synchronize d an d differen t  syllable s t o b e desynchronized . 
M R Us i n th e networ k represente d possibl e binar y relation s 
betwee n th e syllable s i n a  sequence ,  an d connection s betwee n 
th e M R Us represente d correlation s betwee n thes e simpl e bi -
nar y relations . 

The networ k wa s traine d o n sequence s o f  syllable s ad -
herin g t o on e o r  anothe r  o f  th e pattern s use d i n Marcu s e t 
al.' s experiments ,  an d i t  successfull y generalize d t o sequence s 
of  nove l  syllable s b y producin g mor e activatio n acros s th e 
M RU laye r  fo r  "grammatical "  tha n fo r  "ungranmiatical "  se -
quences .  Bu t  i n th e mode l  thi s rule-lik e behavio r  i s jus t  on e 
extrem e o f  a  continuu m alon g whic h sensitivit y t o ite m con -
ten t  varies .  Specifically ,  i n th e networ k th e similarit y o f  th e 
tes t  sequence s t o th e trainin g sequence s ha d a n effec t  o n gen -
eralization .  Thi s behavio r  contrast s wit h tha t  o f  symboli c ac -
counts ,  wher e th e variable s i n th e learne d rul e woul d b e obliv -
iou s t o th e specifi c  conten t  o f  th e item s i n th e tes t  patterns . 
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