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Abstrac t 
Thre e principle s governin g th e operatio n o f  th e lexica l 
pathway  i n a  mode l  o f  readin g singl e word s alou d wer e 
applie d t o th e questio n o f  learning ,  a s measure d b y time s 
t o iiutiat e correc t  pronunciations .  I .  A t  th e lexica l  level ,  a 
targe t  wor d activate s a  neighborhoo d o f  orthographicall y 
simila r  entrie s i n th e lexicon .  II .  A t  th e phonem e level , 
th e correc t  phoneme s i n th e phonemi c spellin g o f  th e wor d 
compet e wit h th e othe r  activ e phonemes .  III .  A t  th e 
namin g level ,  th e pronunciatio n i s  compose d o f  a 
conjunctio n o f  phonemes .  Thes e principle s wer e teste d 
usin g th e da u fro m a  4-year-ol d beginnin g reade r  ( U ) , 

resultin g i n a  goodness-of-fi t  R ^  =  .44 .  Whe n a  rul e 
pathwa y usin g grapheme-phonem e correspondence s wa s 
adde d t o th e lexica l  pathway ,  th e goodness-of-H t  wa s 

comparable (/?' = .46). When single entries were accessed 
alon g th e lexica l  pathway ,  instea d o f  wor d neighborhoods , 
and grapheme-phonem e conespondence s wer e accesse d 
alon g th e rul e pathway ,  a s i n standar d dual-rout e models , 

th e goodness-of-fi t  R ^  fel l  t o .27 .  Althoug h th e model -
fltting  supporte d th e importanc e o f  neighborhoo d 
activatio n an d faile d t o suppor t  th e importanc e o f  rules . 
grapheme-phonem e correspondence s wer e overtl y use d b y 
U i n th e initia l  trial s wit h word s an d whe n feedbac k 
indicate d a n errorfu l  pronunciation .  Thus ,  rul e applicatio n 
may b e relativel y slo w i n norma l  fluen t  wor d naming ,  bu t 
may stil l  pla y a  strategi c rol e i n attempt s t o initiall y 

decod e lette r  string s o r  t o correc t  errors . 

T wo relate d question s ar e centra l  t o a n understandin g o f 

readin g singl e word s aloud .  O n e concern s wha t  get s activate d 

i n a  menta l  lexicon ,  whic h i s a  person' s stor e o f  knowledg e 
ibou t  words .  Anothe r  i s  whethe r  a  lexica l  pathwa y i s 
sufficien t  fo r  th e task .  Dual-rout e theorist s (e.g .  Baro n & 

Strawson ,  1976 ;  Coltheart .  1978 ;  Forste r  &  Chambers . 

1973 )  propose d tha t  a  perso n ca n "loo k up "  th e 

pronunciatio n o f  a  familia r  wor d alon g a  lexica l  route . 

however ,  becaus e mos t  peopl e hav e n o difficult y readin g 
jseudowords ,  lik e gok ,  fo r  whic h the y hav e n o lexica l  entry . 

t  seeme d tha t  individual s als o ha d a  stor e o f  rule s available . 
whic h the y accesse d an d applie d alon g a  rul e route .  Thes e 

'ule s relat e grapheme s (th e lette r  o r  letter s tha t  spel l 
jhonemes )  t o phoneme s (th e simples t  unit s o f  spoke n 

iound) .  Th e suggestio n tha t  rul e knowledg e i s par t  o f  th e 

nechanis m fo r  pronunciatio n i s plausible ,  particularl y fo r 

)eginnin g readers .  Childre n ar e ofte n taugh t  spelling-soun d 

correspondence s i n readin g program s an d childre n an d adult s 
us e thi s knowledg e readil y (Colthear t  &  Leahy .  1992 ; 

Siegler .  1988) .  A n awarenes s o f  phoneme s an d a n 

understandin g tha t  letter s m a p int o soun d ar e als o stron g 

predictor s o f  readin g developmen t  (se e Rayne r  &  Pollatsek , 

1989 .  fo r  a  summary) . 

Other s hav e dispute d th e nee d fo r  a  rul e route ,  arguin g 

tha t  a  lexica l  rout e i s sufficient .  O n thi s account ,  a  targe t 

wor d doe s no t  simpl y acces s a  singl e entr y i n th e lexicon ,  a s 

i n standar d dual-rout e models .  Rather ,  th e targe t  wor d 
activate s "neighborhoods "  o f  word s i n th e lexicon ,  base d o n 

thei r  orthographi c overla p (share d letters )  wit h th e input ;  th e 
activate d entrie s ar e the n synthesize d int o a  pronunciatio n 
(e.g .  Glushko .  1979 ;  McClellan d &  Rumelhart .  1981 ; 

Seidenberg .  Waters .  Barnes ,  &  Tanenhaus .  1984 ;  Taraba n & 

McClelland .  1987) .  Single-rout e lexica l  model s hav e bee n 
successfu l  i n explainin g man y o f  th e empirica l  result s tha t 

dual-rout e model s ca n explain ,  lik e th e difficult y i n 

pronouncin g exceptio n word s (word s tha t  d o no t  follo w th e 

typica l  spelling-soun d correspondence s i n English ,  lik e 
hav e )  compare d t o regula r  word s (word s tha t  d o confor m t o 

th e typica l  correspondences ,  lik e fish  ) .  a s wel l  a s result s 
tha t  dual-rout e model s canno t  easil y explain ,  lik e th e 
difficult y i n pronouncin g regula r  word s wit h exceptio n 

neighbor s (so-calle d regular-inconsisten t  words ,  lik e gave) . 

The tw o question s pose d a t  th e outse t  wer e addresse d 

usin g mathematica l  analyse s o f  pronunciatio n latencie s tha t 
wer e collecte d whil e leachin g a  4-year-ol d t o rea d he r  first  se t 

of  words .  Thre e models ,  depicte d i n Figur e 1 .  wer e tested :  a 
lexica l  mode l  i n whic h a  targe t  wor d activate d a  wor d 

neighborhoo d i n th e lexicon ;  th e standar d dual-rout e model , 

i n whic h th e targe t  wor d wa s th e onl y wor d accesse d o n th e 
lexica l  rout e an d i n whic h grapheme-phonem e 

correspondenc e rule s wer e accesse d o n a  rul e route ;  an d a 
modifie d lexica l  model ,  whic h adde d th e rul e rout e fro m th e 

standar d dual-rout e mode l  t o th e lexica l  model .  Th e lexica l 

model  wa s motivate d b y findings  wit h adul t  subject s 
reporte d i n Taraba n an d McClellan d (1987) .  Althoug h 

Taraba n an d McClellan d rejecte d th e ide a tha t  a  rul e rout e 

was necessary ,  a s stipulate d b y dual-rout e models ,  i t  wa s no t 

clea r  tha t  thi s wa s th e cas e throughou t  development , 
particularl y durin g earl y readin g instruction .  Th e 4-year-oI d 

subjec t  i n thi s experimen t  kne w th e grapheme-phonem e 

correspondence s fo r  regula r  consonan t  sound s prio r  t o 

learnin g an y words .  Thus ,  i n thi s case ,  ther e wer e stron g 

reason s t o hypothesiz e tha t  furthe r  rul e learnin g woul d occu r 
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alon g wit h n e w lexica l  learning ,  whic h coul d b e neighbo r 

teamin g (th e nKxlifle d lexica l  model )  o r  singl e whol e wor d 
learnin g (th e standar d dual-rout e nuxlel) .  T h e lexica l  mode l 

i s describe d i n detai l  next .  T h e equation s fo r  testin g al l  th e 

model s ar e provide d i n th e Appendix . 

The Lexical Model 

Before describing the experiment, it may be useful to focus 

on th e cognitiv e component s o f  th e lexica l  mode l  depicte d i n 

Figur e I  an d describe d mathematicall y i n Figur e 2 .  First , 

conside r  th e equatio n fo r  th e activatio n o f  exemplar s (i.e . 

entries )  a t  th e lexica l  level .  Give n a  targe t  wor d L ,  th e 
activatio n o f  eac h exempla r  (a ^  )  i n th e lexico n i s a 

multiplicativ e functio n o f  it s  matc h t o th e input .  G ive n 
weigh t  strength s betwee n lette r  detector s an d exemplar s i n 

th e rang e . 5 <  w  <  1.0 ,  wit h . 5 representin g a  neutra l 
value ,  a  lette r  matc h i n positio n i  contribute s w -  t o th e 

activatio n o f  th e exemplar ,  an d a  lette r  mismatc h contribute s 

1 -  w ^  (Se e Taraba n &  Palacios ,  1993 ,  fo r  detail s o f  thi s 

activatio n function) .  Activatio n o f  th e /  t h p h o n e m e (p ^  ) 

i n wor d L  i s  represente d a t  th e p h o n e m e leve l  a s th e 

s u m o f  th e activation s o f  al l  exemplar s w h o s e 
pronunciation s matc h th e correc t  p h o n e m e i n th e i  t h 
position ,  divide d b y th e s u m o f  th e activation s o f  al l  th e 
exemplar s (cf .  Luce ,  1959 ;  McClelland ,  1991 ;  McClellan d 
& Rumelhart .  1981 ;  M e d i n &  Schaffer .  1978 ;  Taraba n & 
Palacios ,  1993). '  T h e compositio n o f  th e pronunicatio n a t 

th e n a m i n g leve l  i s  conjunctive ,  tha t  is ,  i t  consist s o f 

A. 

(pnnt) ' detector$^^»or t  neighbo r  ^^«etiv»ton"^^proounci«tio o 

B. 
inpu t 

(Pfrt ) 

c . 
nput 

(pnnt) * 

d e t « c t o n " ^ ^  t»rje t  wor t  "  pronun c 
t 

convsp o ndence s 

itono f 
•tio n 

^ ^  Lette r  ^  Activatio n o f  ^  Phonem e ^  Compoiitiono f 
^'detactors"^*«iofdneighbo r  ̂ ^"eetivition"'^^p«or«jnc«tio n 

Activatio n o f  1 

convspondence s 

Figur e 1 .  A  depictio n o f  (A )  th e lexica l  model ,  (B )  th e 

standar d dual-rout e model ,  an d (C )  th e modifie d lexica l 
model . 

The specifi c  se t  i n th e denominato r  o f  th e expressio n i s 
an artifac t  o f  ou r  learnin g se t  (describe d later) .  Tha t  is .  ever y 
exempla r  ha s a n i  t h letter ,  thu s th e ful l  se t  o f  alternative s i s 
represente d b y th e activation s o f  al l  th e exemplar s (th e se t  E) ;  i f 
thi s wer e no t  th e case ,  the n th e denominato r  woul d b e a  subse t 
of  th e activation s o f  al l  th e exemplars . 

Pj  A N D P 2 A N D p j  (fo r  thre e phonemes )  whic h i s 

implemente d throug h th e multiplicativ e function .  Later ,  w e 

verif y tha t  th e appropriat e operato r  i s  A N D ,  no t  O R ,  o r 

some intennediai e operaio c 

Namin g 
Leve l 

m. 
1=1.  k 

(wher e n  i s th e activatio n o f  th e nam e fo r  wor d L ,  an d 
k I s th e numbe r  o f  phonenne s i n th e phonemi c spelling ) 

Phoneme 
Leve l 

p , = ^ 
l a -

i  =  l ,  2 .  .. .  k 

ceE 

(wher e p  i s th e activatio n o f  th e correc t  phonem e i n 
positio n i ,  Ei  i s th e se t  o f  exemplar s whos e pronuncia -
tio n matche s th e correc t  phonem e i n th e i-t h position , 
k I s th e numt>e r  o f  phoneme s i n th e phonemi c spelling ) 

Lexica l 
Leve l 

Q)t. i  = 

i=I. n 
e G  E 

f  Wi ,  i f  L  matche s th e i  -  t h lette r  o f  e ; 

1 -  Wi ,  otherwis e 

(wher e a e i s th e activatio n o f  exempla r  e ,  E  i s th e se t 
of  exemplars ,  wor d L  •  li ,  Iz ,  13 ,  an d n  i s th e numbe r 
of  letter s i n wor d L ) 

Figur e 2 .  Th e computatio n o f  pronunciation s i n th e lexica l 
model . 

T h e E x p e r i m e n t 

The subject (LT) was the 4-year 5-month old daughter of the 
experimenters .  A t  th e beginnin g o f  th e expeirment ,  L T coul d 

visuall y identif y th e letter s o f  th e alphabe t  an d th e typica l 
soun d tha t  eac h consonan t  made .  T h e rule s relatin g letter s t o 

sound s constitute d a  majo r  par t  o f  wha t  L T k n e w abou t 
reading .  T h e learnin g se t  consiste d o f  3 6 three-lette r  words ' 
tha t  wer e presente d o n a  compute r  scree n an d tha t  wer e rea d 

*  Th e word s were :  bag ,  bib ,  bud .  bug ,  bun ,  but ,  den .  did , 
dig ,  dim .  dip ,  gag .  god ,  got ,  gum ,  leg ,  lip .  lot ,  mad ,  man .  m ^ . 
mat ,  men .  mug ,  nag ,  nap ,  not ,  pad ,  pen ,  pig .  pot ,  tag ,  tap ,  ten . 
top ,  tub .  Thes e word s wer e chose n fo r  a  primin g manipulatio n 
tha t  i s  no t  discusse d here .  I T wa s familia r  wit h th e meanin g o f 
th e words . 
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alou d fo r  spee d an d accuracy .  A  single-subjec t  desig n wa s 

appropriat e becaus e i t  allowe d fo r  precis e contro l  ove r  th e 

frequenc y o f  presentatio n o f  specifi c  word s an d fo r  a  tes t  o f 

th e variou s model s w h e n al l  th e lexica l  entrie s i n visua l 

m e m o ry wer e known . 

Th e dat a wer e collecte d ove r  5 4 meetings .  Th e newnes s 

of  th e tas k an d th e ag e o f  th e subjec t  di d no t  allo w th e 

immediat e collectio n o f  pronunciatio n latencie s usin g a 

computer .  Rather ,  fo r  th e firs t  1 2 meetings ,  word s wer e 

presente d o n inde x cards ,  printe d i n one-inc h capita l  letters . 
Erro r  dat a wer e collecte d bu t  latencie s wer e not .  Throughou t 

th e experiment ,  L T wa s give n explici t  feedbac k afte r  eac h 

tria l  abou t  th e accurac y o f  he r  response .  Durin g th e first  fe w 

meetings ,  L T wou l d somet ime s as k abou t  th e soun d 

associate d wit h a  lette r  i n a  word ,  an d wa s tol d wha t  th e 

soun d was .  Withi n si x meetings ,  sh e alway s generate d a 

pronunciatio n befor e receivin g an y feedback ,  whic h fro m 

tha t  poin t  forwar d wa s simpl y "Right "  o r  "Wrong ,  tr y 

again "  (unles s th e erro r  wa s readin g th e wor d backwards ,  i n 

whic h cas e sh e wa s tol d explicitl y  tha t  thi s wa s th e error) . 

W h e n e v e r  a n erro r  w a s m a d e ,  L T usuall y go t  th e 
pronunciatio n right  o n th e secon d attempt .  Beginnin g wit h 

th e sevent h meeting ,  L T wa s encourage d no t  t o vocaliz e 

befcM ^  namin g th e wor d (Thi s wa s don e t o prepar e he r  fo r  th e 
shif t  t o th e time d compute r  paradigm) .  A t  th e computer , 

trial s wer e initiate d b y L T b y pressin g a  switc h interface d 

wit h th e compute r  afte r  a  fixatio n mar k appeare d o n th e 

screen .  T h e switc h closur e starte d a  time r  accurat e t o 1 

millisecond .  L T pronounce d th e wor d int o a  microphon e tha t 

was als o interface d wit h th e computer ,  whic h stoppe d th e 
timer .  I f  L T n a m e d th e wor d incorrectly ,  th e experimente r 

verball y indicate d tha t  th e pronunciatio n wa s incorrec t  an d 

L T trie d again .  Ther e wa s a  computer-controlle d dela y o f  5 
second s afte r  th e correc t  pronunciatio n durin g whic h th e 

wor d remaine d o n th e screen .  Th e scree n wa s the n replace d 

wit h a  fixation  mark . 

I n orde r  t o avoi d empt y cell s fo r  an y o f  th e item s i n th e 

statistica l  analyses ,  th e readin g time s an d erro r  probabilitie s 

fo r  set s o f  si x consecutiv e meeting s wer e poole d item-by -
ite m an d th e mean s fo r  eac h ite m wer e computed .  Thes e 25 2 

means (3 6 item s X  7  poole d meetings )  wer e als o use d fo r 
model  fitting.  A n analysi s o f  varianc e usin g poole d meetin g 

as th e facto r  fo r  th e seve n poole d meeting s a t  th e compute r 

showe d a  significan t  effec t  i n th e analysi s o f  erro r 

probabilitie s ( F (6 ,  210 )  =  4.46 ,  p  <  .001 )  an d i n th e 
analysi s o f  lime s t o initiat e correc t  pronunciation s ( F (6 , 
210 )  =  39.13 ,  p  <  .001) .  T h e m e a n lime s i n millisecond s 

an d th e erro r  probabilitie s (includin g th e off-lin e session s 
pre l  an d pre2 )  ar e summarize d i n Figur e 3 .  Thes e result s 

sho w a  consisten t  decreas e i n time s t o initiat e pronunciatio n 

and a  reductio n i n errors ,  wit h practice .  Th e mos t  interestin g 

anecdota l  dat a fro m thi s experimen t  involve d LT' s attempt s 

i n th e earlies t  trial s t o first  identif y th e soun d o f  eac h lette r 

i n th e wor d an d the n t o repea t  th e combinatio n o f  sound s 

quickl y ove r  an d ove r  unti l  sh e recognize d a  word .  I n a 

relate d fashion ,  i f  sh e m a d e a n erro r  a t  th e computer ,  sh e 

woul d sometime s appea r  t o gues s bu t  woul d usuall y analyz e 

th e sounds ,  lette r  b y letter ,  befor e tryin g anothe r 

pronunciation .  Thes e observation s suggeste d a  stron g rol e 

fo r  th e rul e pathway .  T h e fits  o f  th e dat a t o alternativ e 

models ,  presente d next ,  provide d a  tes t  o f  thi s possibility . 

Poott d maatlng t 

Poo(* d mavtlna s 

Figur e 3 .  (A )  M e a n erro r  probabilites ;  (B )  M e a n time s (ms ) 

t o initiat e correc t  pronunciations . 

The Analyses 

The purpose of the analyses was to assess the roles of the 

lexico n an d rule s i n learnin g pronunciations .  Th e dat a wer e 

th e time s t o initiat e correc t  pronunciations. '  Fo r  eac h o f  th e 

thre e model s tha t  wa s fit,  learnin g wa s interprete d a s a 

chang e i n associativ e strength s o f  lexica l  an d rul e 
knowledge .  Thes e weigh t  change s wer e expresse d a s th e 

natura l  lo g o f  th e poole d meeting ,  a s show n i n E q 1 .  A t 

poole d meeting/n . 

^ i , m = S +  f i  !"('") • m= 1,2 ,  ... 7 0) 

Onl y correc t  pronunciation s wer e modele d becaus e i t  wa s 
not  clea r  ho w t o relat e time s fo r  error s t o th e learnin g expresse d 
i n E q 1  an d t o th e model s i n th e Appendix .  Mor e detaile d 
proces s model s coul d mode l  al l  th e latencies .  Erro r 
probabilitie s coul d hav e bee n modele d bu t  w e chos e no t  t o 
becaus e fo r  an y give n tria l  "correct "  (1 )  an d "inconect "  (0 )  ar e 
crud e measure s o f  performance . 
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wher e Cj -  i s  a  constant ,  r ^  i s a  learnin g rat e parameter ,  an d 

Wj-  represents  th e associativ e strengt h o f  a  lette r  t o a n 

exempla r  (lexica l  models) ,  a  whol e wor d t o a  lexica l  entr y 

(standar d dual-rout e model) ,  o r  a  lette r  t o a  phonem e 

(standar d dual-rout e nKxlel) . 
First ,  conside r  learnin g i n th e lexica l  model .  Fo r  a 

particula r  targe t  word ,  lik e pot ,  th e lexica l  representation  fo r 

pot  woul d hav e a  relatively  hig h activatio n level ,  an d clos e 

neighbor s (tha t  shar e tw o letters )  lik e go t  an d lo t  woul d b e 
relativel y mor e activ e tha n distan t  neighbors ,  lik e bu t  an d 

pad,  o r  non-neighbors ,  lik e dim .  Thi s i s becaus e clos e 

neighbor s matc h th e targe t  i n mor e lette r  position s tha n 

distan t  neighbor s (Se e Figur e 2) .  I n th e lexica l  model ,  th e 

associativ e strength s o f  thes e wor d neighborhood s change d 

wit h practice .  I n th e standar d dual-rout e model ,  i n contrast , 

a singl e lexica l  entr y wa s strengthene d fo r  an y particula r 

target ,  a s wel l  a s th e grapheme-phonem e correspondenc e 

rule s fo r  th e letter s i n th e targe t  (se e th e Appendi x fo r 
details) .  Th e modifie d lexica l  mode l  combine d th e 
neighborhoo d learnin g o f  th e lexica l  mode l  an d th e rul e 
learnin g o f  th e standar d dual-rout e model. ' 

I n orde r  t o tes t  th e conjunctiv e natur e o f  pronunciatio n 
at  th e namin g leve l  i n th e lexica l  model ,  w e additionall y 
teste d a  versio n tha t  incorporate d a  tuneabl e negatio n 
operato r  (Neg )  (Oden ,  1992) .  Th e negatio n operato r  i s  base d 
on D e McM-gan' s Law : 

A AND B =  NOT (NOT  A  OR NOT B)  (2) 

In the range of v.- values tested, which was -1.0 to 1.0, the 

tuneabl e operato r  act s lik e a n O R (a t  -1.0 )  o r  A N D (a t  1.0 ) 

at  th e boundar y value s an d lik e a  fuzz y operato r  i n betwee n 
(se e Oden ,  1992 ,  fo r  details) .  Th e operatCH -  wa s implemente d 
usin g E q 3  fo r  th e p ^  value s fro m Figur e 2 ,  wit h negatio n 

beginnin g wit h p j  an d applyin g fro m lef t  t o right ,  requiring 

si x V  •  paramete r  estimates . 

Neg(Pi )  =  Pi^J/(Pi^J+(l-Pi)^J ) (3 ) 

I n wde r  t o asses s ho w wel l  th e model s accounte d fo r  th e 

data ,  a  goodness-of-fi t  R ^  wa s calculate d fo r  eac h o f  th e 

models ,  a s /? ^  =  1  -  Residua l  S S I  Correcte d SS ,  whic h 
indicate s ho w muc h bette r  th e mode l  fi t  th e dat a compare d t o 

simpl y usin g th e mean .  Th e standar d dual-rout e mode l  {R ^  = 

.27 )  di d considerabl y wors e tha n th e lexica l  mode l  (R ^  = 

.44) ,  supportin g th e validit y o f  neighborhoo d activatio n an d 
learning ,  a s wel l  a s th e remainin g component s i n Figur e 2 . 

Thi s mode l  i s simila r  t o a  versio n o f  a  dual-rout e mode l 
suggeste d i n Coltheart ,  Curtis ,  Atkins ,  an d Halle r  (1993) ,  whic h 
incorporate s a  lexica l  pathwa y tha t  accesse s neighborhood s o f 
words ,  no t  jus t  th e targe t  word . 

Th e tuneabl e negatio n operato r  improve d th e fi t  onl y 

marginall y {R ^  =  .45) ,  whic h supporte d th e us e o f 

conjunctiv e combinatio n a t  th e namin g leve l  rathe r  tha n a n 

operatio n betwee n logica l  A N D an d O R .  Finally ,  th e fi t  o f 

th e modifie d lexica l  mode l  (/ ? =  .46 )  wa s comparabl e t o th e 

fi t  o f  th e lexica l  model . 

I W o flndings  argue d agains t  th e importanc e o f  rules :  th e 

poo r  fi t  o f  th e dual-rout e mode l  compare d t o th e lexica l 
model  an d th e comparabl e Fi t  o f  th e modifie d lexica l  mode l 
compare d t o th e lexica l  model .  I f  rule s wer e o f  an y 

consequence ,  ther e shoul d hav e bee n mor e o f  a  discrqianc y 

i n th e fit s  fo r  th e lexica l  an d modifie d lexica l  models . 

A compariso n o f  th e lexica l  mode l  wit h neighborhoo d 

activatio n t o th e dual-rout e mode l  withou t  neigborhoo d 

activatio n argue s f w th e importanc e o f  neighbors .  I f  L T wer e 

simpl y learnin g abou t  th e targe t  word ,  the n th e R ^  fo r  th e 

standar d dual-rout e mode l  shoul d hav e bee n comparabl e to , 

or  perhap s eve n bette r  than ,  th e / ? fo r  th e lexica l  model . 
The mathematica l  expressio n fo r  th e dual-rout e mode l  (Se e 

th e Appendix )  presume d singl e whol e wor d learnin g b y 
assignin g a  singl e weigh t  t o th e lexica l  pathway ,  o n th e 
assumptio n tha t  o n a  give n tria l  onl y on e lexica l 

representatio n wa s strengthene d an d tha t  fro m meetin g t o 
meetin g eac h lexica l  representatio n wa s strengthene d b y 
roughl y th e sam e amount .  A  relate d questio n i s whethe r  th e 
lexica l  mode l  simpl y fi t  a  globa l  learnin g curv e bette r  tha n 

th e dual-rout e model .  I f  thi s wer e th e case ,  the n th e actua l 

time s woul d b e randoml y distribute d amon g th e slowe r  an d 
th t  faste r  time s tha t  th e lexica l  mode l  predicted .  T o examin e 
thi s possibility ,  th e predicte d time s t o initiat e 
pronunciation s wer e divide d int o slowe r  an d faste r  times ,  fo r 
eac h poole d meeting ,  accordin g t o a  media n split .  A n 

examinatio n o f  Tabl e 1  show s tha t  th e mode l  consistentl y 
predicte d th e actua l  slowe r  an d th e faste r  times .  Thi s i s 
important ,  becaus e i t  indicate s tha t  th e time s themselve s ar e 
base d o n mor e tha n a  strengthenin g o f  unrelate d lexica l 

items ,  a s woul d b e th e cas e i f  th e lexica l  mode l  simpl y fit  a 
globa l  learnin g curve . 

Table 1. Predicted (Pred) and actual means (LT), in 

milliseconds ,  fo r  slowe r  an d faste r  pronunciations ,  base d o n 
a media n spli t  o f  predicte d time s t o initiat e pronunciation . 

Poole d 
Meetin g 

1 
2 
3 
4 
5 
6 
7 

Slowe r  Word s 

Pre d 

547 2 

466 1 
414 4 

378 3 
348 9 

325 0 

303 9 

LT 

557 8 
435 0 
387 2 

331 1 
325 0 

283 3 
329 4 

Faste r  Word s 

Pre d 

441 1 

347 8 
291 7 
251 7 

217 8 

191 7 

168 3 

LT 

476 7 
347 2 
291 7 
245 0 
226 7 

201 1 
238 9 
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Overall ,  th e analyse s provide d suppor t  fo r  th e thre e 

principle s embodie d i n th e level s i n Figur e 2 .  I .  A t  th e 

lexica l  level ,  a  targe t  wor d activate s a  "neighborhood "  o f 

orthographicall y simila r  entrie s i n th e lexicon .  II .  A t  th e 

p h o n e m e level ,  th e correc t  p h o n e m e s i n th e phonemi c 

spellin g o f  th e w o r d c o m p e t e wit h th e othe r  activ e 

phonemes .  III .  A t  th e namin g level ,  th e pronunciatio n i s 
c o m p o s e d o f  a  conjunctio n o f  phonemes .  Thes e thre e 

principle s hel p t o explai n essentia l  aspect s o f  th e learnin g 

tha t  too k place .  I n orde r  t o provid e a  sens e o f  th e overal l 

goodness-of-fi t  fo r  th e readin g times ,  th e predicte d time s 

fro m th e lexica l  mode l  ar e plotte d agains t  th e actua l  time s i n 

Figur e 4  fo r  th e 25 2 fitte d dat a points . 

O.I  0. 4 O. i  O. t  1. 0 
Prodleti d llm o t o Inllla U 

pronunciatio n 
Figur e 4 .  T ime s predicte d b y th e lexica l  mode l  versu s actua l 

time s t o initiat e pronunciations .  T h e actua l  time s wer e 

multiplie d b y 1 0 prio r  t o mode l  fitting. 

Discussion 

LTs knowledge of letter-sound rules at the outset of the 

experimen t  an d th e anecdota l  dat a fro m th e experimen t 

suggeste d tha t  ther e migh t  b e a n importan t  rol e fo r  rule s i n 
th e cognitiv e mechanis m tha t  sh e relie d o n fo r  readin g singl e 

word s aloud .  L T overtl y use d letter-soun d rule s i n th e initia l 
trial s an d whe n sh e m a d e a n error .  However ,  th e fits  o f  th e 

model s t o th e readin g tim e dat a fo r  correc t  pronunciation s 

indicate d tha t  letter-soun d rule s wer e no t  important .  H o w ca n 

we resolv e thi s apparen t  paradox ? 

I t  woul d b e incwrec t  t o conclud e fro m th e succes s o f  th e 
lexica l  mode l  i n fitting  LT' s dat a tha t  th e prerequisit e skill s 

c o m m o n l y associate d wit h startin g t o rea d wer e 

unimportant ,  particularl y som e specifi c  knowledg e o f  h o w 

letter s m a p int o sound .  Thi s knowledg e allow s a  chil d t o 

confron t  th e tas k o f  decodin g lette r  string s int o speec h wit h 
some hop e o f  success .  W e questio n th e suggestion ,  however , 

tha t  rule s pla y a  centra l  rol e i n generatin g pronunciation s 
fo r  word s afte r  a  perso n gain s som e fluenc y i n reading . 
F ro m thi s i t  woul d follo w tha t  rule s ar e no t  su-engthene d a s 
par t  o f  th e weigh t  strengthenin g (erro r  correction )  proces s i n 

fluen t  readin g bu t  lexica l  neighborhood s are .  Rudimentar y 

spelling-soun d mapping s coul d stil l  provid e th e mean s o f 

bootstrappin g th e creatio n o f  lexica l  representation s tha t  ar e 

strengthene d throug h practice . 

Our  observation s suggeste d tha t  LT' s knowledg e o f 

letter-soun d correspondence s supporte d a n over t  back-u p 

strateg y fo r  correctin g errorfu l  pronunciations .  He r  relianc e 

on thes e rule s wa s no t  surprising ,  a s thes e correspondence s 

constitute d par t  o f  wha t  sh e ha d learne d abou t  writte n code s 

prio r  t o th e experiment .  O n thi s interpretation ,  rule s ca n b e 

use d su-aicgicali y whe n nove l  lette r  string s ar e confronte d o r 
when th e perso n i s awar e o f  a n erro r  i n pronunciation .  A 

promisin g wa y o f  thinkin g abou t  thi s restricte d us e i s i n 

term s o f  a  backu p su^leg y tha t  ca n b e applie d independentl y 

when retrieva l  alon g th e lexica l  pathwa y eithe r  fail s  o r  i s 

intuite d a s likel y t o fail .  Th e strateg y choic e paradig m i n 

Siegle r  (1988 )  shoul d b e helpfu l  i n furthe r  explorin g thi s 

possibility . 
A p p e n d i x 

The equations for the specific models (Eqs 4, 5, 6) were 

develope d b y reasonin g a s follows .  A  particula r  cognitiv e 

component ,  lik e th e lexica l  rout e i n Figur e 1 ,  modulate d 

time s t o initiat e pronunciation .  Becaus e th e equatio n fo r  an y 

particula r  componen t  quantifie d th e fit  o f  th e component' s 
outpu t  t o th e correc t  pronunciation ,  th e contribution s o f  th e 

(scaled )  cognitiv e component s wer e subtracte d fro m a 

baselin e valu e (th e Pq' s  ̂  Pi' s  ) •  Basically ,  th e bette r  th e fit, 

th e faste r  th e respons e time .  I n al l  cases ,  learnin g wa s 

quantifie d a s a  chang e i n associativ e strength s (w) ,  a s 

specifie d inE q 1 . 

Equatio n 4  wa s use d t o fit  readin g time s t o th e lexica l 

model : 

RTl  =  Po-Pd" l  (4 ) 

wher e R T l  i s th e predicte d tim e t o initiat e pronunciatio n fo r 

wor d L ,  p Q i s a  baselin e parameter ,  Pj- j  i s  th e scalin g 

paramete r  fo r  th e wor d nam e activations ,  an d n ^  i s define d 

i n Figur e 2 .  Th e secon d mode l  teste d wa s th e standar d dual -

rout e model ,  i n whic h on e componen t  consiste d o f  change s 

t o th e associativ e su-ength s o f  whol e word s an d anothe r 

componen t  consiste d o f  change s i n th e associativ e strength s 

of  grapheme-phonem e correspondenc e rules .  I n E q 5 ,  th e 

first  additiv e facto r  represent s th e lexica l  looku p route . 
Becaus e L T sa w al l  th e word s wit h equa l  frequency ,  th e 

strengthenin g o f  al l  th e lexica l  representation s wa s assume d 

t o b e roughl y th e same ,  a s reflecte d i n th e wj j  parameter ,  th e 

secon d facto r  represent s th e rul e route : 

RTl = (Po - Pd ^d) + (Pi - pR ^i^i. k fL.i wj) (5) 

where f^ i is the frequency of the grapheme-phoneme rule 

fo r  th e correc t  phonem e i n th e i-l h positio n i n th e phonemi c 

spellin g o f  wor d L  (se e Colthear t  e t  al. ,  1993) ,  k  i s th e 

number  o f  phoneme s i n th e phonemi c spelling ,  an d Wj  i s 
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th e associativ e strengt h o f  rule s i n phonem e positio n i . 

Value s fo r  fj ^  j  ar e constant s tha t  wer e compute d directl y 

fro m a n examinatio n o f  th e learnin g set .  Th e thir d mode l 

combine d th e lexica l  mode l  an d th e rul e componen t  fro m th e 

standar d dual-rout e model : 

RTl = Po - "i^i. k Od PL.i + Pr fL.i ^) (6) 

where p^ j is the i-th phoneme in the phonemic spelling of 

wor d L ,  an d represent s th e lexica l  route ,  a s define d i n Figur e 
2,  an d f ^  j  W|  represent s th e rul e rout e a s define d i n E q 5 . 

The best-fittin g parameter s fo r  th e thre e model s wer e 
foun d usin g a n iterativ e searc h algorithm .  Th e algorith m i s 

availabl e i n th e non-linea r  regressio n procedure s i n SPS S 

4.0 ;  als o se e Gill ,  Murray ,  Saunders ,  &  Wright ,  1984 . 
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