
Modelin g th e Rol e o f  Phoneti c Knowledg e i n Learnin g t o Rea d Alou d 

Jeann e C .  Milosta n an d Garriso n W.  Cottrel l 
Computer  Scienc e &  Engineerin g 011 4 

Universit y o f  Californi a Sa n Dieg o 
La Jolla .  C A 9203 9 

j m i l o s t a O c s . u c s d . e d u ,  gary(3c s . u c s d . e d u 

In t roduct io n 

W h en learnin g t o read ,  a  chil d mus t  develo p a  mappin g fro m 
orthograph y t o phonology ;  tha t  is ,  fro m th e letter s o f  th e wor d 
t o th e correc t  pronunciatio n o f  th e word .  Althoug h th e ulti -
mat e goa l  o f  readin g i s comprehensio n an d extractio n o f  th e 
messag e o f  th e text ,  t o becom e a  fluen t  reade r  o f  Englis h th e 
youn g chil d mus t  gras p th e alphabeti c natur e o f  th e languag e 
and mus t  develo p a  fluent  an d reflexiv e knowledg e o f  spelling -
soun d correspondence s i n orde r  t o rea d wit h an y measur e o f 
skil l  (Adam s 1990) .  Mos t  computationa l  model s o f  readin g 
assume tha t  th e phonologica l  for m play s a  passiv e rol e a s a 
stati c mappin g target .  However ,  th e chil d certainl y ha s sub -
stantia l  knowledg e o f  phonologica l  structur e befor e learnin g 
t o read .  Here ,  w e conside r  wha t  effec t  tha t  knowledg e migh t 
hav e o n learning . 

Connectionis t  model s o f  readin g (Seidenber g &  McClel -
lan d 1989 ;  Plaut ,  McClelland ,  Seidenber g &  Patterso n 1994 ; 
Plau t  &  Shallic e 1993 )  hav e s o fa r  addresse d man y psycho -
logica l  phenomen a associate d wit h reading .  However ,  non e 
of  thes e model s ha s addresse d ho w pre-existin g knowledg e 
affect s th e learnin g process .  Recently ,  Plau t  e t  al .  (1994 ) 
sough t  t o explai n th e caus e o f  acquire d surfac e dyslexi a b y 
trainin g thei r  orthography-to-phonolog y pathwa y i n th e fac e 
of  a n additiona l  "semantics "  input .  Brai n injur y i s the n simu -
late d b y removin g th e additiona l  input ;  thi s damage d networ k 
produce s result s consisten t  wit h actua l  dyslexi a data .  H o w -
ever ,  th e mode l  doe s no t  giv e a  realisti c  accoun t  o f  th e proces s 
of  learnin g th e semantics-to-phonolog y pathwa y (no r  wa s i t 
meant  to) . 

Interactions of Learning in Stages 

Thi s wor k concentrate s o n th e effec t  o f  learnin g thes e aspect s 
of  languag e i n stage s i n a  connectionis t  mode l  o f  th e readin g 
process .  W e imagin e tha t  befor e learnin g t o rea d on e alread y 
has th e meaning-to-phonolog y association ,  whic h consist s o f 
tw o components :  th e semantics-to-phonolog y mappin g an d 
th e phonologica l  attracto r  itself .  W e investigat e th e effect s o f 
simpl y havin g knowledg e o f  th e phonologica l  structur e o f  En -
glish ,  modele d throug h th e us e o f  a n attracto r  a t  th e phonem e 
layer .  Thi s phonologica l  attracto r  i s traine d wit h a  represen -
tativ e sampl e o f  Englis h one-syllabl e word s an d i s intende d 
t o lear n regularitie s whic h appea r  i n th e languag e an d t o clea n 
up an y nois y o r  ambiguou s inpu t  int o a  vali d (American )  En -
glis h pronunciation .  Th e orthography-to-phonolog y pathwa y 
i s the n traine d i n th e presenc e o f  thes e recurren t  phonem e 
weights ;  th e feedforwar d portio n nee d onl y plac e th e networ k 
int o th e appropriat e attracto r  basi n an d th e recurren t  link s wil l 

carr y th e networ k activatio n t o a  vali d pronunciatio n ove r 
subsequen t  networ k iterations . 

We us e thes e network s t o investigat e th e Phonic s metho d o f 
readin g instruction .  I n th e Phonic s method ,  correspondence s 
betwee n printe d letter s an d phonemi c sound s ar e learne d i n 
isolatio n fro m thei r  contex t  withi n words .  T o simulat e this , 
th e orthographi c feedforwar d pathwa y wa s initialize d wit h 
rando m weight s an d the n give n som e trainin g wit h a  smal l 
set  o f  grapheme-phonem e correspondence s outsid e o f  thei r 
contex t  withi n words .  Fo r  instance ,  a  typica l  trainin g exampl e 
migh t  indicat e tha t  th e lette r  t  shoul d m a p ont o th e phonem e 
representatio n fo r  Ixl . 

Once th e orthographi c pathwa y ha d bee n expose d t o th e 
phonic s trainin g set ,  severa l  simulation s wer e ru n wit h thes e 
weights .  Thi s orthographi c ne t  wa s combine d wit h variou s 
configuration s o f  phonem e attractors ;  thes e network s an d 
an additiona l  networ k withou t  an y phonem e attracto r  wer e 
the n al l  traine d o n th e ful l  grapheme-to-phonem e trainin g set . 
Thos e network s wit h phonem e attractor s di d no t  chang e th e 
weight s o f  th e attractors ,  althoug h th e effect s o f  erro r  propaga -
tio n throug h thos e weight s wa s explored .  Th e network s whic h 
combine d bot h th e preliminar y Phonic s trainin g an d a  phono -
logica l  attracto r  wer e see n t o lear n fastest .  Thi s support s th e 
notio n tha t  prio r  informatio n abou t  th e phoneti c structur e o f 
th e languag e t o b e learne d encourage s faste r  learnin g o f  th e 
readin g task . 

The mai n goa l  fo r  th e nex t  phas e o f  thi s projec t  i s t o incor -
porat e semanti c informatio n int o trainin g o f  th e feed-forwar d 
network s an d observ e th e effec t  o n th e learnin g curve ,  an d t o 
examin e th e effect s o f  networ k damag e o n th e networ k wit h 
incorporate d semantic s an d compar e th e subsequen t  perfor -
mance t o actua l  dyslexi c subjec t  data . 
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