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Learn in g Syntacti c F r a m e s wit h S imp l e Recur ren t  N e t w o r k s 

Rutvi k Dcsa i  (RUDESAI@Indiana.Edu ) 
Compute r  an d Cognitiv e Science ;  Indian a Universit y 

Bloomington ,  I N 4750 5 U S A 

Introduct io n 

Syntacti c bootstrappin g an d semanti c bootstrappin g ar e ofte n 
seen a s riva l  hypothese s fo r  learnin g th e meanin g o f  verbs . 
Whil e bot h theorie s hav e differen t  startin g points ,  bot h credi t 
th e chil d wit h sensitivit y t o syntacti c informatio n i n th e input . 
Hirsh-Pase k an d Golinkof f  (1997 )  conducte d experiment s t o 
examin e whethe r  youn g childre n ar e capabl e o f  exploitin g th e 
syntacti c frames  i n whic h th e verb s ar e embedded ,  b y testin g 
whethe r  the y ca n distinguis h betwee n transitiv e an d intransi -
tiv e sentenc e frames. 

Here ,  1  presen t  a  preliminar y connectionis t  mode l  whic h 
uses a  Simpl e Recurren t  Networ k (SRN )  (Elman ,  1990 )  t o 
lear n t o classif y simila r  frames. 

A brief ,  simplifie d descriptio n o f  th e experiment s follows . 

The Experiments 

Hirsh-Pase k an d Golinkof f  (1997 )  use d a n experimenta l  setu p 
wher e tw o televisio n screens ,  se t  severa l  fee t  apart ,  displaye d 
tw o differen t  visua l  stimuli .  Th e chil d sa t  i n th e mother' s lap , 
i n front  o f  th e tw o screens .  Recorde d linguisti c stimulu s wa s 
playe d concurrentl y wit h th e visua l  stimul i  from  a  speake r 
i n th e middl e o f  th e tw o screens .  T w o characters .  Bi g Bir d 
(BB )  an d Cooki e Monste r  ( C M ) ,  wer e use d throughou t  th e 
trials .  Hal f  o f  th e subject s hear d transitiv e sentence s o f  th e 
for m "Look ,  B B i s turnin g CM!" ,  whil e th e othe r  hal f  hear d 
intransitiv e sentence s suc h a s "See ,  B B an d C M ar e turning!" . 
Causal  an d non-causa l  event s correspondin g t o th e ver b wer e 
shown o n th e tw o screen s t o bot h th e groups .  Familia r  verbs , 
suc h a s "turn "  an d "bend, "  a s wel l  a s unfamilia r  one s suc h 
as "glorp "  an d "blick "  wer e use d i n differen t  sentences .  Th e 
mean visua l  fixation  time s wer e measure d fo r  eac h grou p b y 
a hidde n vide o camer a whic h recorde d th e child' s responses . 
I f  th e childre n comprehen d th e sentence ,  the y ar e expecte d 
t o loo k a t  th e matchin g scree n fo r  a  longe r  perio d o f  tim e o n 
average . 

Twenty-four-month-ol d subject s looke d a t  th e matchin g 
scree n fo r  a  significantl y mor e tim e tha n th e non-matchin g 
screen ,  implyin g tha t  the y wer e abl e t o us e th e syntacti c cue s 
i n th e linguisti c inpu t  t o distinguis h betwee n transitiv e an d 
intransitiv e frames . 

The Network 

A SR N wa s constructe d t o distinguis h betwee n th e tw o syn -
tacti c frames,  "Joh n i s tur n in g David. "  an d "Joh n an d Davi d 
ar e tur n ing. "  Fiv e noun s (whic h I  cal l  John ,  Mike ,  David , 
Linda ,  Shelly )  an d five  verb s (turn ,  bend ,  tickle ,  flex,  twist ) 
wer e use d fo r  generatin g th e trainin g dataset .  Usin g thes e 

i n th e thre e underline d position s i n th e frame ,  a  tota l  o f  12 5 
sentence s o f  eac h typ e wer e generated .  The n en d o f  eac h 
sentenc e wa s marke d wit h a  separat e word ,  STOP.  Eac h wor d 
was encode d a s a n 18-bi t  vector ,  wit h on e bi t  turne d on . 

I f  th e tas k o f  th e networ k i s jus t  t o distinguis h betwee n 
thes e tw o sentences ,  i t  ca n b e don e i n a  trivia l  way ,  e.g. ,  b y 
checkin g fo r  th e presenc e o f  a  particula r  word ,  o r  b y consider -
in g th e lengt h o f  th e sentence .  T o forc e th e networ k t o atten d 
t o th e structur e o f  th e sentence ,  i t  wa s als o require d t o iden -
tif y th e tw o noun s an d th e ver b i n th e sentence .  I n addition , 
tw o othe r  sentence s o f  th e for m "Wher e ar e Joh n Mik e an d 
David. "  an d "I s Joh n togethe r  wit h David. "  wer e adde d t o th e 
trainin g set ,  t o b e classifie d a s "other. "  Th e choic e o f  thes e 
sentence s i s largel y arbitrary ,  an d the y ar e simpl y suppose d 
t o provid e som e representatio n t o al l  th e othe r  sentence s tha t 
th e childre n hea r  wit h word s suc h a s "is "  an d "are. " 

The S R N ha d 1 8 inpu t  nodes ,  5+5+5+2=1 7 outpu t  node s 
(fiv e node s fo r  identificatio n o f  eac h o f  th e tw o noun s an d 
th e verb ,  an d tw o fo r  classification) ,  2 0 hidde n nodes ,  an d 
2 0 contex t  nodes .  A  learnin g rat e o f  0.0 5 an d n o m o m e n t u m 
wer e used .  Th e contex t  unit s wer e rese t  afte r  eac h sentence . 

Results and Discussion 

The networ k wa s abl e t o achiev e a  near-perfec t  classifica -
tio n an d identificatio n accurac y o n th e trainin g se t  afte r  50 0 
epochs ,  i n eac h o f  th e severa l  run s wit h differen t  initia l 
weights .  Th e know n verb s wer e replace d wit h unknow n verb s 
(generate d b y turnin g o n multipl e bit s i n th e inpu t  vector) .  I n 
al l  cases ,  th e networ k correctl y identifie d th e sentenc e typ e 
and th e nouns .  Thus ,  th e networ k wa s abl e t o us e syntac -
ti c informatio n i n th e frame s t o distinguis h betwee n transitiv e 
and intransitiv e sentences . 

The experiment s lik e thos e describe d abov e sho w tha t  chil -
dre n ar e sensitiv e t o syntacti c cues ,  an d the y ca n us e thi s in -
formatio n t o infe r  th e meanin g o f  unknow n verbs .  Th e ques -
tio n remain s whethe r  the y actuall y  do .  Th e networ k describe d 
her e i s abl e t o produc e th e correc t  response s i n spit e o f  ignor -
in g semantic s completely .  Childre n coul d als o b e relyin g o n 
syntacti c cue s t o distinguis h betwee n sentences ,  withou t  ac -
tuall y derivin g an y meanin g fo r  th e unknow n verb . 
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