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A r e Attractor s Necessar y i n a  Connectionis t  M o d e l  o f  D e e p Dyslexia ? 

Lor i  A .  Blan c an d J .  Devi n McAule y an d Jane t  Wile s 
School s o f  Informatio n Technolog y an d Psycholog y 

Universit y o f  Queenslan d 
Brisbane ,  Queenslan d 407 2 Australi a 
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Hinto n an d Shallic e (1991 )  propose d a  recurren t  con -
nectionis t  mode l  o f  dee p dyslexi a i n orde r  t o provid e a 
unifie d accoun t  o f  th e co-occurrenc e o f  visual ,  semantic , 
an d mixe d error s characteristi c o f  dee p dyslexi c patients . 
The y argue d tha t  th e deep-dyslexi c erro r  patter n wa s a 
natura l  consequenc e o f  lesionin g a  connectionis t  mode l 
tha t  m a p s orthograph y t o semantic s usin g attractor s fo r 
wor d meanings .  Thi s stud y wa s extende d b y Plau t  an d 
Shallic e (1993 )  w h o showe d tha t  a  variet y o f  recurren t 
networ k architecture s an d learnin g algorithm s giv e ris e 
t o th e sam e characteristi c patter n o f  errors .  Base d o n 
thi s work ,  Plau t  an d Shallic e (P&S )  identifie d fou r  neces -
sar y propertie s o f  a  connectionis t  mode l  o f  dee p dyslexia : 
(1 )  distribute d orthographi c an d semanti c representa -
tions ;  (2 )  gradient-descen t  learning ;  (3 )  attractor s fo r 
wor d meanings ;  an d (4 )  greate r  richnes s o f  concret e ver -
sus abstrac t  semantics . 

Althoug h attractor s fo r  wor d meaning s wer e a  basi c 
assumptio n o f  th e H<k S an d P & S models ,  H & S acknowl -
edge d tha t  som e o f  th e phenomen a ca n b e observe d i n a 
feed-forwar d network .  Sinc e n o result s o f  a  feed-forwar d 
model  wer e reporte d b y eithe r  R k S o r  P & S ,  i t  remain s 
unclea r  whethe r  attractor s ar e necessar y t o mode l  th e 
characteristic s o f  dee p dyslexia .  Thi s possibilit y  i s  inves -
tigate d i n th e presen t  stud y usin g a  3-laye r  feed-forwar d 
network . 

Background 

Deep dyslexia ,  on e o f  severa l  acquire d dyslexia s (Mar -
shal l  an d N e w c o m b e ,  1973 )  i s a  selectiv e defici t  i n read -
in g whic h occur s followin g localise d brai n damage .  Dee p 
dyslexi a i s  characterise d b y semanti c confusion s (e.g. , 
readin g "peach "  a s "apricot") .  However ,  dee p dyslexi c 
patient s frequentl y exhibi t  othe r  type s o f  readin g er -
rors ,  includin g visua l  error s (e.g. ,  readin g "peach "  a s 
"beach") ,  an d mixe d visual-and-semanti c errors ,  (e.g. , 
readin g "dog "  a s "hog") ,  whic h ar e difficul t  t o explai n 
usin g dua l  rout e model s o f  reading .  O n e possibl e expla -
natio n i s vi a connectionism ,  whic h support s th e possibil -
it y  tha t  readin g processe s ar e distribute d throughou t  a 
singl e system .  I n thi s paradigm ,  on e lesio n ca n produc e 
multipl e erro r  types . 

A Feed-Forward Model 

T h e feed-forwar d mode l  explore d i n thi s stud y consiste d 
of  three-layer s (orthographic ,  intermediate ,  an d seman -
tic) .  T h e tas k o f  th e networ k wa s t o generat e th e se -

manti c representatio n o f  a  wor d whe n presente d wit h 
it s orthography ,  usin g th e U k S dat a set .  Th e dat a se t 
consiste d o f  4 0 thre e an d fou r  lette r  word s subdivide d 
int o five  semanti c categories .  Th e orthographi c repre -
sentatio n o f  a  wor d consiste d o f  a  distribute d vecto r  o f 
orthographi c feature s whil e th e word' s meanin g wa s rep -
resente d b y a  distribute d vecto r  o f  semanti c features . 

Th e networ k wa s traine d usin g backpropagatio n t o 
m ap orthograph y t o semantic s fo r  eac h o f  th e 4 0 word s 
i n th e dat a set .  Th e traine d networ k wa s systematicall y 
lesione d b y eithe r  deletin g a  proportio n o f  th e weight s i n 
th e networ k o r  b y addin g rando m nois e t o th e weights . 
Th e lesione d networ k wa s the n teste d o n eac h wor d i n 
th e dat a se t  recordin g correc t  an d incorrec t  responses , 
accordin g t o th e criteri a establishe d b y H & S .  Error s 
wer e classifie d a s eithe r  semantic ,  visual ,  mixe d o r  other . 
Words wit h on e lette r  i n c o m m o n i n th e sam e positio n 
withi n th e wor d wer e considere d t o b e visuall y similar , 
whil e word s withi n th e sam e categor y wer e considere d 
t o b e semanticall y similar . 

Results and Discussion 

As i n th e H & S an d P & S studies ,  th e likelihoo d o f  th e ob -
serve d erro r  type s occurrin g b y chanc e wa s assesse d b y 
comparin g th e observe d erro r  rate s wit h th e expecte d 
chanc e rate s i n th e dat a set .  Consisten t  wit h th e H & S 
an d P & S findings,  simulation s o f  th e feed-forwar d net -
wor k showe d a  co-occurrenc e o f  visual ,  semanti c an d 
mixe d error s independen t  o f  lesio n locatio n a t  highe r 
tha n chanc e levels .  Th e result s sugges t  tha t  vecto r  sim -
ilarit y an d damag e t o th e mappin g proces s ar e sufficien t 
t o explai n wh y th e deep-dyslexi c erro r  patter n occurs . 
We conclud e tha t  attractor s ar e no t  th e fundamenta l 
caus e o f  th e deep-dyslexi c erro r  pattern . 
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