
A Full y Connectionis t  Dua l  Rout e Mode l  o f  Readin g 

John A. Bullinaria 

Centr e fo r  Speec h an d Language ,  Departmen t  o f  Psycholog y 

Birkbec k College ,  Male t  Street ,  Londo n W C I E 7 H X ,  U K . 

j . b u l l i n a r i a @ p s y c . b b k . a c . u k 

Int roduct io n 

There  now exist direct route connectionist models of reading 
alou d (i.e .  tex t  t o phonem e conversion )  tha t  ca n lear n t o 
perfor m o n thei r  trainin g dat a an d unsee n word s wit h 
accurac y comparabl e t o tha t  o f  human s (Bullinaria ,  1994 ; 
Plau t  e t  al. ,  1996) .  The y als o exhibi t  a  numbe r  o f 
developmental ,  reactio n tim e an d brai n damag e effect s tha t 
ar e observe d experimentally .  Thes e model s als o constiuit e 
an existenc e proo f  agains t  earlie r  claim s tha t  separat e route s 
ar e neede d t o proces s th e regula r  an d exceptio n words . 
However ,  variou s deficiencie s o f  thes e model s (suc h a s thei r 
inabilit y  t o perfor m reliabl e lexica l  decisio n an d thei r  failur e 
t o exhibi t  th e pseudohomophon e effect )  indicat e th e nee d t o 
incorporat e som e for m o f  lexical/semanti c syste m int o thes e 
model s (e.g .  Colthear t  e t  al. ,  1993) .  Indeed ,  i t  ha s alway s 
been clea r  tha t  suc h a  sub-system  wil l  b e neede d i n an y 
complet e mode l  o f  readin g an d relate d tasks . 

Thi s wor k constiUite s a  preliminar y investigatio n o f  th e 
propertie s o f  thes e mor e complet e connectionis t  model s an d 
thei r  implication s fo r  understandin g th e norma l  readin g 
proces s i n childre n an d adults ,  a s wel l  a s bot h 
developmenta l  an d acquire d readin g disorders .  A  genera l 
framewor k i s outline d tha t  model s th e mapping s betwee n 
simplifie d representation s o f  orthography ,  phonolog y an d 
semantic s o n th e appropriat e networ k input-outpu t  imits . 
The 'lexica l  entries '  ar e distribute d pattern s o f  activatio n 
over  thes e units .  W h e n presente d wit h a n inpu t  pattern , 
activatio n cascade s vi a hidde n imit s t o th e othe r  tw o set s o f 
outpu t  unit s b y whicheve r  rout e th e gradien t  descen t  trainin g 
procedur e ha s learnt .  Explici t  smal l  scal e networ k 
simulation s base d o n 51 3 mono-syllabi c word s sho w h o w 
suc h a n approac h ca n accoun t  fo r  man y aspect s o f  readin g 
(an d relate d tasks )  tha t  ar e no t  possibl e withou t  th e 
influenc e o f  th e semanti c system .  I n particular ,  i n additio n 
t o retainin g al l  th e mai n effect s o f  th e earlie r  singl e rout e 
models ,  w e acquir e th e abilit y  t o perfor m accurat e lexica l 
decisio n wit h realisti c reactio n time s (whic h sho w semanti c 
and associativ e primin g effect s consisten t  wit h thos e foun d 
experimentally )  an d ar e abl e t o exhibi t  th e pseudo -
homophone effec t  fo r  namin g latencies .  Assuming ,  a s wit h 
children ,  w e teac h ou r  network s t o m a p betwee n phonolog y 
and semantic s befor e w e teac h the m t o rea d an d spell ,  w e 
find  tha t  phonologica l  recedin g o f  th e orthographi c input s 
automaticall y take s plac e whe n w e loo k a t  th e mappin g 
from  orthograph y t o semantics .  Thi s agree s wit h wha t  ha s 
been foun d experimentall y (Va n Orde n e t  al. ,  1988 )  an d ha s 
th e importan t  implicatio n tha t  (bot h developmenta l  an d 
acquired )  phonologica l  dyslexi a (i n whic h non-wor d 

performanc e i s m u c h wors e tha n rea l  wor d performance ) 
must  com e abou t  i n a  manne r  differen t  t o tha t  generall y 
assimie d i n conventiona l  dua l  rout e model s (e.g .  Colthear t 
etal. ,  1993) .  Rathe r  tha n occurrin g du e t o problem s wit h 
th e 'rule-based '  orthograph y t o phonolog y route ,  i t  mus t 
occu r  a t  som e late r  phonologica l  outpu t  processin g stag e a s 
suggeste d b y Patterso n &  Marce l  (1992) . 

The succes s o f  thes e simpl e connectionis t  model s 
suggest s tha t  w e hav e a  promisin g framewor k fo r  th e 
modellin g o f  readin g an d als o th e relate d task s o f  spelling , 
speec h recognition ,  an d s o on .  Moreover ,  w e ca n se e tha t 
many o f  th e propertie s o f  thi s clas s o f  model s ar e actuall y 
independen t  o f  th e precis e detail s o f  th e model s an d henc e 
we ca n expec t  t o mak e th e variou s aspect s o f  the m 
increasingl y realisti c withou t  undoin g ou r  earl y successes . 
I f  w e ar e t o understan d an d remed y th e problem s tha t 
childre n fac e whe n learnin g t o rea d (suc h a s phonologica l 
dyslexia )  w e nee d t o b e sur e tha t  w e ar e lookin g i n th e righ t 
plac e fo r  thos e problems .  Th e nex t  stag e o f  thi s wor k (i n 
progress )  i s henc e t o conside r  mor e explicitl y  th e tex t  an d 
speec h inpu t  an d outpu t  mechanism s an d t o investigat e thei r 
propertie s whe n operatin g i n conjunctio n wit h th e model s 
outline d here .  W e wil l  the n als o b e i n a  goo d positio n t o 
model  th e emergenc e o f  morphologica l  effects ,  tim e cours e 
effects ,  cros s moda l  priming ,  an d s o on . 
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