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A C o n n e c t i o n i s t  M o d e l  o f  F o r m - r e l a t e d P r i m i n g Ef fec t s 

Robert R. Peterson, Gary S. Dell, Padraig G. O'Seaghdha 

Universit y o f  Rocheste r 

Abstract 

In contrast to the results of many previous studies, Colombo (1986) has demonstrated that form-
relate d primin g i s sometime s inhibitory .  Colomb o propose d tha t  inhibitio n reflect s th e suppressio n 
of  lexica l  item s orthographicall y relate d t o th e prime .  W e suggest ,  however ,  tha t  form-relate d 
inhibitio n arise s a s a  resul t  o f  competitio n betwee n discrepan t  prime-targe t  phonemes .  Durin g th e 
phonologica l  encodin g o f  th e targe t  word ,  activ e phoneme s fro m th e prim e migh t  b e mistakenl y 
selected ,  causin g a  dela y i n responding .  W e presen t  a  connectionis t  mode l  tha t  implement s thi s 
account ,  an d simulate s tii e empirica l  data .  Th e mode l  i s supporte d b y th e result s o f  a n experimen t 
tha t  distinguishe s betwee n th e lexica l  suppressio n an d phonologica l  competitio n views . 

INTRODUCTION 

It has often been demonstrated that the processing of a word can be facilitated by the prior presen-

tatio n o f  a  formall y relate d word .  Fo r  example ,  Meyer ,  Schvaneveldt ,  an d Rudd y (1974 )  foun d shorte r 

lexica l  decisio n latencie s t o word s followin g phonologicall y an d orthographicall y simila r  prime s (e.g. , 

B R I B E - T R I B E )  tha n t o target s followin g unrelate d prime s (e.g. ,  F E N C E - T R I B E ) .  Recently ,  however , 

Co lomb o (19SG )  ha s demonstrate d tha t  form-relate d prime s ca n inhibi t  response s t o hig h frequenc y tar -

gets .  Th e presen t  pape r  focusse s o n th e inhibitio n foun d b y Co lomb o an d he r  theoretica l  explanatio n fo r 

th e effect .  W e wil l  sugges t  a n alternativ e explanatio n fo r  th e inhibition ,  an d wil l  presen t  a  connectionis t 

model  tha t  account s fo r  th e Co lomb o data . 

The Coloinbo View: Word-level Inhibition 

Colombo suggested that when a prime word is presented, it raises the activation level of a set of 

lette r  detectors ,  an d subsequentl y activate s a  se t  o f  wor d node s tha t  ar e a t  leas t  partiall y  consisten t  wit h 

thos e letters .  Thi s proces s result s i n heightene d activatio n fo r  word s orthographicall y consisten t  wit h th e 

prime ,  an d therefor e facilitate s th e recognitio n o f  thos e words .  T o explai n th e inhibitio n foun d fo r  hig h 

frequenc y targets ,  Co lomb o assume s tha t  orthographicall y simila r  lexica l  item s inhibi t  on e another ,  bu t 

tha t  thi s inhibitio n occur s onl y fo r  node s tha t  ar e highl y activated .  Tha t  is ,  Co lomb o argue s tha t  lexica l 

node s hav e a n inhibitio n threshold ,  an d becom e susceptibl e t o inhibitor y influence s onl y whe n thei r  tota l 

activatio n surpasse s thi s threshol d level .  Sinc e hig h frequenc y word s hav e relativel y hig h restin g level s o f 

activation ,  the y quickl y surpas s thei r  inhibitio n thresholds .  Lo w frequenc y words ,  however ,  star t  a t  suc h 

a lo w leve l  o f  activatio n tha t  the y neve r  reac h thei r  inhibitio n thresholds .  Overall ,  then ,  lo w frequenc y 

word s receiv e primaril y letter-to-wor d facilitation ,  whil e hig h frequenc y word s receiv e initia l  facilitatio n 

followe d b y word-to-wor d suppression . 

An Alternative View: Phonological Competition 

We agre e wit h Colombo' s clai m tha t  facilitatio n ca n aris e a s a  resul t  o f  activatio n spreadin g t o 

lexica l  node s tha t  shar e letter s wit h th e prime .  W e disagree ,  however ,  wit h he r  explanatio n o f  form -

relate d inhibition .  Whil e Co lomb o assume s tha t  inhibitio n occur s a t  th e lexica l  level ,  w e argu e tha t  i t 

arise s a t  th e phonologica l  ' .  ve l  instead ,  resultin g fro m competitio n betwee n discrepan t  phoneme s o f  th e 

prim e an d target .  Accordin g t o ou r  view ,  i t  i s  difficul t  t o respon d t o th e wor d M A N followin g th e prim e 

F A N,  no t  becaus e th e lexica l  ite m M A N i s inhibited ,  bu t  rathe r  becaus e th e phonem e M i n M A N mus t 

compet e wit h th e alread y activate d F  o f  F A N .  Sinc e th e presentatio n o f  th e wor d M A N wil l  ten d t o 

activat e th e lexica l  nod e F A N (du e t o th e share d letters) ,  th e F  phonem e wil l  b e initiall y  quit e active , 

creatin g th e possibilit y  tha t  th e F  rathe r  tha n th e M phonem e wil l  b e selecte d durin g th e phonologica l 

encodin g o f  M A N . 

If inhibition is indeed caused by competition at a phonological level, why should the effect appear 

onl y wit h hig h frequenc y targets ? Thi s effec t  i s  likel y du e t o th e fac t  tha t  hig h frequenc y word s ar e 
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recognize d ver y quickly .  Thi s rapidit y i n recognitio n ha s tw o consequences ,  bot h o f  whic h accentuat e 

inhibition .  T h e first  consequenc e i s tlia t  a  liig h frequenc y targe t  i s  likel y t o ge t  littl e facilitatio n fro m 

orthographi c overla p wit h th e prime ,  sinc e th e baselin e recognitio n rat e fo r  th e targe t  i s alread y s o quick . 

Therefore ,  i f  a n inhibitor y proces s exists ,  i t  wil l  no t  b e washe d ou t  b y concurren t  facilitativ e processes . 

A fast recognition rate also means that phonological encoding will occur more quickly for high than 

fo r  lo w frequenc y words .  Thus ,  fo r  hig h frequenc y targets ,  selectio n o f  th e target' s componen t  phoneme s 

wil l  occu r  whe n th e prime' s phoneme s migh t  stil l  b e active ,  thereb y increasin g th e probabilit y  tha t  a 

phoneme fro m th e prim e wil l  b e mistakenl y selected .  Recoverin g fro m suc h a n erro r  i s  likel y t o b e 

time-consuming ,  an d therefor e wil l  lea d t o a n overal l  inhibitio n effect .  I n contrast ,  th e selectio n proble m 

wil l  b e les s troublesom e fo r  lo w frequenc y words ,  sinc e thes e word s ar e recognize d fairl y slowly ,  allowin g 

activatio n o f  th e prime' s phoneme s t o deca y befor e selectio n o f  th e target' s phoneme s occurs . 

We mak e th e followin g specifi c  assumption s regardin g phonem e selection .  Retrieva l  o f  a  lexica l  ite m 

makes availabl e informatio n pertainin g t o th e genera l  phonologica l  for m o f  th e word .  Thi s informatio n 

migh t  b e represente d a s a n abstrac t  fram e whic h specifie s th e number ,  type,  an d orde r  o f  th e phoneme s 

i n th e word ,  a s wel l  a s th e word' s syllabi c structur e an d stres s patter n (Brow n &  McNeill ,  1966 ;  Dell , 

1988 ;  Stemberger ,  i n press) .  T h e fram e ca n b e though t  o f  a s containin g slot s fo r  eac h o f  it s phonemes , 

wit h th e slot s bein g filled  b y selectin g fro m amon g activate d phonologica l  nodes .  Fo r  example ,  retrieva l 

of  th e wor d M A N migh t  activat e a  C V C frame ,  whic h specifie s tha t  thre e phoneme s ar e t o b e retrieved ; 

an initia l  consonant ,  a  media l  vowel ,  an d a  final  consonant .  I n ou r  model ,  hig h frequenc y word s mak e 

thei r  frame s availabl e mor e quickl y tha n d o lo w frequenc y words ,  an d thu s attemp t  t o lin k phoneme s t o 

th e frame s a t  a n earlie r  poin t  i n processing . 

Thus ,  o n ou r  view ,  ther e ar e tw o qualitativel y differen t  effect s tha t  a  prim e wor d ha s o n a n ortho -

graphicall y an d phonologicall y simila r  targe t  word .  First ,  ther e i s  facilitatio n a t  th e lexica l  level ,  du e 

t o th e activatio n o f  word s sharin g letter s wit h th e prime .  Second ,  ther e i s confusio n a t  th e phonologi -

cal  leve l  ove r  th e incompatibl e phoneme s o f  th e prim e an d target .  Thi s confusio n i s onl y problematic , 

however ,  i f  a n attemp t  i s  m a d e t o selec t  th e target' s phoneme s whil e th e prime' s phoneme s ar e highl y 

activated .  Form-relate d primin g ca n b e seen ,  therefore ,  a s facilitatin g lexica l  retrieval ,  bu t  potentiall y 

interferin g wit h th e specificatio n o f  a  word' s complet e phonologica l  form .  W e hav e implemente d thes e 

idea s withi n a  connectionis t  framework ,  an d th e remainde r  o f  thi s pape r  i s a  presentatio n o f  ou r  model . 

THE PHONOLOGICAL COMPETITION MODEL 

Components of the Model 

T h e mode l  i s m a d e u p o f  thre e distinc t  level s o f  representation :  letters ,  words ,  an d phoneme s (se e 

Figur e 1) .  A  nod e a t  th e lette r  leve l  correspond s t o a  give n lette r  i n a  specifi c  wor d position .  T h e mode l 

has bee n constructe d t o proces s 3-lette r  word s only ,  s o ther e ar e thre e node s fo r  eac h letter .  Likewise , 

eac h nod e a t  th e phonem e leve l  stand s fo r  a  give n phonem e i n a  particula r  wor d position .  Al l  o f  th e 

word s i n th e mode l  ar e m a d e u p o f  thre e phonemes ,  s o a  give n phonem e i s represente d thre e times ,  onc e 

fo r  eac h wor d position .  Fo r  bot h phonem e an d lette r  nodes ,  th e restin g leve l  o f  activatio n wa s se t  a t  0 . 

A nod e a t  th e wor d leve l  correspond s t o a  singl e word .  I n th e implementatio n describe d here ,  th e 

model  wa s provide d wit h si x  words :  C A T ,  C A P ,  C A D ,  P E G ,  P E N ,  an d P E Z .  T h e word s C ^ T an d 

P E G serve d a s relate d an d unrelate d prim e words ,  respectively .  C A P an d C A D wer e th e critica l  targe t 

items ,  wit h C/I P servin g a  hig h frequenc y targe t  an d C A D a s a  lo w frequenc y target .  T h e lexica l 

item s P E N an d P E Z wer e include d s o tha t  relate d an d unrelate d prime s woul d hav e equivalen t  lexica l 

neighborhoods .  P E N ,  lik e C A P ,  i s a  hig h frequenc y word ,  an d P E Z ,  lik e C A D i s a  lo w frequenc y word . 

T h e restin g level s wer e se t  a t  0  fo r  hig h frequenc y words ,  an d -5 0 fo r  lo w frequenc y words .  T h e prime s 

{ C A T a n d P E G )  wer e give n a n intermediat e restin g leve l  of-25. ^ 

'Ou r  assignmen t  o f  frequenc y level s t o eac h o f  th e si x word s doe s no t  necesseiril y  correspon d t o thos e words '  actua l 
frequencie s i n th e language .  Ou r  purpos e wa s simpl y t o creat e hig h an d lo w frequenc y lexica l  node s tha t  shar e letter s an d 
phonemes.  Th e particula r  word s tha t  w e chos e t o us e ca n bes t  b e though t  o f  a s convenien t  label s fo r  thes e nodes ,  an d 
henc e th e actua l  characteristic s o f  thes e word s i n th e languag e i s largel y irrelevan t  t o ou r  endeavors . 
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LETTERS 

PHONEMES 

Slot s 

wordfram e 

WORDS 

FIGURE 1 .  Structur e o f  th e Mode l 

Connection s 

Ther e ar e bot h excitator y an d inhibitor y connection s i n th e mode L Al l  connection s ar e betwee n 

node s a t  adjacen t  levels .  W o r d node s hav e excitator y connection s t o thei r  correspondin g lette r  an d 

phoneme node s (weigh t  =  .03) .  Lette r  node s hav e excitator y connection s t o word s tha t  contai n the m 

(weigh t  =  .03) ,  an d inhibitor y connection s t o othe r  word s (weigh t  =  .04) .  Phonem e node s hav e excitator y 

connection s t o thei r  correspondin g word s (weigh t  =  .03) ,  bu t  n o inhibitor y connections . 

Activatio n Functio n 

T h e activatio n leve l  o f  a  node ,  a t  an y particula r  time ,  i s determine d b y thre e factors :  th e node' s ac -

tivatio n leve l  a t  th e previou s timestep ,  activatio n receive d fro m othe r  node s durin g th e curren t  timestep , 

an d activatio n los t  durin g th e curren t  timeste p du e t o decay . 

T h e activatio n receive d fro m othe r  node s i s determine d accordin g t o Equatio n 1 : 

ni{t) = Y,aijejit) -^-n.ikit) (1 ) 

wher e n,(< )  i s th e curren t  inpu t  t o a  node ,  ej{t )  i s th e activatio n o f  a n excitator y neighbo r  o f  th e node , 

an d ik{t )  i s  th e activatio n o f  a n inhibitor y neighbo r  o f  th e node ,  a,- ^  an d 7, *  ar e weigh t  constant s fo r 

excitator y an d inhibitor y links ,  respectively . 

T h e amoun t  o f  deca y d..nn g a  timeste p i s give n i n Equatio n 2 : 

d,it )  =  Qiioiit )  -  n ) (2 ) 

wher e di{t )  i s th e amoun t  o f  deca y fo r  th e node ,  0 ;  i s a  constan t  deca y rat e (.0 9 i n th e presen t  model) , 

ai{t )  i s  th e node' s curren t  leve l  o f  activation ,  an d r, -  i s  th e node' s restin g leve l  o f  activation .  Thus ,  th e 

amount  o f  deca y i s proportiona l  t o a  node' s activatio n relativ e t o it s restin g level . 

T h e activatio n o f  a  nod e a t  tim e t  +  A t  i s  equal ,  then ,  t o th e activatio n o f  th e nod e a t  tim e t 

plu s th e inpu t  fro m othe r  node s a t  tim e t ,  minu s th e node' s decay .  Thi s i s expresse d mathematicall y i n 
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Equation 3. 
a,(t-}-At )  =  a,{t )  +  n.it )  -  diit )  (3 ) 

There are two important qualifications to Equation 3. First, activation can never go below a node's 

restin g level .  Second ,  w e se t  a  maximu m leve l  o f  activatio n (300 )  fo r  al l  th e nodes .  Th e outpu t  o f  a  nod e 

i s equa l  t o it s activatio n leve l  i f  tha t  leve l  i s positive .  I f  th e node' s potentia l  i s les s tha n 0 ,  however ,  th e 

node send s n o output . 

Episodic Node 

I n th e model ,  ther e i s a n episodi c nod e whic h operate s slightl y differentl y tha n th e res t  o f  th e node s 

discusse d above .  Th e episodi c nod e reside s a t  th e lexica l  level ,  ha s a  restin g leve l  o f  0 ,  an d ha s a  deca y 

rat e o f  1.0 .  Durin g th e cours e o f  a  primin g trial ,  th e episodi c nod e establishe s connection s wit h th e lette r 

and phonem e node s o f  th e prime ,  an d thereb y establishe s a n episodi c memor y o f  th e processin g o f  tha t 

prime .  Th e actua l  functionin g o f  th e episodi c nod e i s describe d mor e full y i n th e nex t  section . 

How the Model Works 

The model is intended to simulate a priming paradigm, in which a prime word is presented for 

a certai n amoun t  o f  tim e an d i s immediatel y followe d b y th e presentatio n o f  a  targe t  word .  Prim e 

presentatio n i s simulate d b y settin g th e activatio n leve l  o f  eac h o f  th e prime' s lette r  node s t o 30 0 (thei r 

maximu m activation) .  Th e mode l  i s  the n ru n fo r  2 0 timesteps .  Th e activatio n o f  th e prime' s lette r  node s 

remain s fixe d a t  a  valu e o f  30 0 fo r  th e entir e 2 0 steps .  Durin g thes e steps ,  activatio n spread s throughou t 

th e mode l  (fro m letter s t o words ,  fro m word s t o bot h phoneme s an d letters ,  an d fro m phoneme s t o 

words) .  Th e wor d nod e correspondin g t o th e prim e get s highl y activated ,  primaril y du e t o input s fro m 

it s thre e lette r  nodes .  Orthographicall y simila r  word s als o becom e active ,  althoug h t o a  muc h lesse r 

extent .  Thes e node s receiv e excitator y inpu t  fro m th e tw o consisten t  lette r  nodes ,  bu t  receiv e inhibitor y 

inpu t  fro m th e inconsisten t  thir d letter . 

Followin g th e presentatio n o f  th e prime ,  link s ar e create d fro m th e prime' s lette r  node s t o th e 

episodi c nod e (weigh t  =  .10) ,  an d fro m th e episodi c nod e t o th e prime' s phonem e node s (weigh t  =  .015) . 

The episodi c node ,  therefore ,  i s a  generi c nod e tha t  i s recruite d b y th e mode l  t o bin d togethe r  pattern s 

of  activatio n a t  th e lette r  an d phonologica l  levels .  Thi s boun d configuratio n constitute s th e model' s 

episodi c memor y o f  th e prime . 

Followin g th e establishmen t  o f  th e episodi c links ,  th e presentatio n o f  th e targe t  i s simulate d b y 

settin g th e target' s lette r  node s t o th e maximu m valu e o f  300 .  Th e activatio n level s o f  al l  othe r  lette r 

node s ar e se t  t o 0 .  Th e mode l  i s the n ru n unti l  th e target' s lexica l  nod e reache s it s maximu m leve l  o f 

activation .  Activatio n spread s throug h th e mode l  i n th e manne r  describe d abov e fo r  th e processin g o f 

th e prime ,  wit h th e exceptio n tha t  ther e ar e no w episodi c link s activ e i n th e model .  I f  th e targe t  share s 

letter s wit h th e prime ,  i t  wil l  ten d t o activat e th e episodi c node ,  whic h i n tur n wil l  sen d activatio n 

t o th e prime' s phonemes .  Thus ,  th e presentatio n o f  a n orthographicall y relate d targe t  wor d i n effec t 

remind s th e mode l  o f  it s recen t  experienc e wit h th e prime ,  an d cause s i t  t o re-creat e th e correspondin g 

phonologica l  representation . 

Makin g Response s 

I n a n actua l  primin g experiment ,  a  subjec t  woul d b e require d t o mak e som e respons e t o th e target . 

We estimate d th e model' s respons e tim e base d o n Equatio n 4 : 

RT = pli+rPil-piRi,t)) + K (4) 

The term PU is a measure of lexical access time, with /; being the number of timesteps required for the 

target' s lexica l  nod e t o reac h it s maximu m potentia l  an d / ? bein g a  constan t  specifyin g th e duratio n 

of  on e timeste p ( 5 msec) .  Th e componen t  xp{ l  — p{Ri,t) )  i s  a n estimat e o f  th e processin g tim e tha t  i s 

incurre d whe n ther e i s a n incorrec t  selectio n o f  th e target' s critica l  phoneme .  Th e critica l  phonem e i s 

th e on e tha t  i s uniqu e t o th e target ,  i n relate d prime-targe t  pairs .  Fo r  example ,  i n th e prime-targe t  pair , 

CAT-CAD,  th e D  i n C A D i s critical .  Th e probabilit y  o f  correctl y selectin g th e critica l  phonem e {p{Ri,t ) 

i n Equatio n 4 )  depend s o n it s activatio n relativ e t o th e activatio n level s o f  othe r  phoneme s a t  th e sam e 
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word position. This probability was dett-rmined in the same way as in McClelland and Ruinelhart (1981), 

excep t  tha t  i t  wa s base d o n th e activatio n a t  a  singl e timeste p (i.e. ,  th e ste p a t  wliic h th e target' s lexica l 

nod e reache d threshold) ,  rathe r  tha n bein g base d o n a  runnin g averag e o f  a  notle' s activatio n ove r  time . 

T h e probability ,  then ,  tha t  a n incorrec t  phonem e i s selecte d i s  give n b y ( 1 —p(l{,,t)) .  T h e amoun t  o f 

tim e tha t  i s associate d wit h a n incorrec t  selectio n i s give n b y th e constan t  x/ j  (se t  t o 15 0 msec) .  Finally , 

K i s a  constan t  (se t  t o 15 0 msec )  whic h reflect s th e tim e require d fo r  al l  o f  th e processin g no t  explicitl y 

represente d i n th e mode l  (e.g. ,  encodin g o f  th e stimulu s letters ,  establishmen t  o f  a  moto r  cod e fo r  th e 

response ,  respons e execution ,  etc.) . 

By includin g th e secon d componen t  i n Equatio n 4 ,  w e ar e assumin g tha t  th e respons e t o a  targe t 

wor d i s  sensitiv e t o th e eas e wit h whic h th e target' s phonologica l  for m i s  derived .  I t  i s  important , 

therefore ,  t o specif y ho w an d whe n th e selectio n of  th e target' s phoneme s occurs .  A s note d i n th e 

introduction ,  w e ar e assumin g tha t  th e activatio n an d retrieva l  o f  a  lexica l  ite m make s availabl e a n 

abstrac t  phonologica l  fram e tha t  guide s th e selectio n process .  Althoug h th e presen t  mode l  doe s no t 

contai n phonologica l  frame s pe r  se ,  w e nevertheles s captur e th e functiona l  effec t  o f  thes e frame s b y 

makin g th e selectio n o f  phoneme s dependen t  upo n th e target' s lexica l  nod e reachin g it s m a x i m u m leve l 

of  activation . 

I n th e model ,  ther e ar e tw o importan t  factor s tha t  influenc e th e strengt h o f  th e target' s phoneme s 

relativ e t o competin g phonemes .  T h e first  i s ho w soo n phoneme s ar e selected .  T h e earlie r  th e selectio n 

proces s i s  initiated ,  th e greate r  th e chanc e tha t  a n incorrec t  phonem e i s  selected .  Thi s effec t  occur s 

becaus e th e prime' s phoneme s ar e highl y activ e whe n th e targe t  i s first  presented ,  an d i t  take s som e 

tim e fo r  thei r  activatio n t o decay .  A  secon d facto r  influencin g phonem e selectio n i s th e relationshi p 

betwee n th e prim e an d target .  Orthographicall y an d phonologicall y relate d prime-targe t  pair s resul t  i n 

greate r  selectio n error s tha n unrelate d pairs .  Thi s effec t  occur s becaus e th e processin g o f  th e relate d 

targe t  tend s t o activat e no t  onl y th e target' s lexica l  node ,  bu t  als o th e episodi c nod e an d th e prime' s 

lexica l  node .  Thes e latte r  tw o node s sen d activatio n t o th e prime' s phonemes ,  thu s decreasin g th e 

likelihoo d tha t  th e target' s critica l  phonem e wil l  b e selected . 

Simulat ion s 

Rdatednes s i  Frequenc y Interactio n 

Co lomb o (1986 )  foun d slowe r  lexica l  decisio n latencie s t o hig h frequenc y target s precede d b y ortho -

graphicall y an d phonologicall y relate d primes ,  relativ e t o unrelate d controls .  Fo r  lo w frequenc y targets , 

on th e othe r  hand ,  th e primin g eff'ec t  wa s facilitatory .  W e successfull y simulate d th e Co lomb o result s 

wit h ou r  model .  However ,  th e inhibitio n effec t  i n ou r  mode l  i s  no t  du e t o direc t  inhibitio n o f  lexica l 

nodes ,  a s propose d b y Colombo .  Rathe r  th e inhibitio n arise s a s a  resul t  o f  incorrectl y selectin g th e 

phonemes o f  th e prim e durin g th e processin g o f  th e target .  Thi s inhibitio n effec t  interact s wit h targe t 

frequenc y i n th e followin g way .  Wi t h hig h frequenc y words ,  th e selectio n proces s occur s soo n afte r  targe t 

presentation ,  whe n th e prime' s phoneme s ar e stil l  active .  L o w frequenc y word s selec t  later ,  whe n th e 

activatio n of  th e prime' s phoneme s ha s subsided .  Thus ,  ther e i s  les s competitio n durin g th e selectio n 

proces s fo r  th e lo w frequenc y targets . 

I n th e simulation ,  th e mode l  wa s presente d wit h eithe r  a  hig h o r  a  lo w frequenc y targe t  wor d 

( C A P OT C A D ,  respectively )  precede d b y eithe r  a  relate d o r  unrelate d prim e ( C A T o r  P E G ) .  Figur e 2 

show s th e result s o f  th e simulation .  Th e probabilit y o f  correctl y selectin g th e target' s critica l  phonem e 

i s plotte d a s a  functio n of  th e numbe r  o f  timestep s followin g th e target' s presentation .  I n thi s figure, 

th e fou r  Frequenc y x  Rel a Ines s condition s ar e plotte d separately .  T h e endpoin t  of  eac h lin e reflect s 

th e timeste p a t  whic h th e target' s lexica l  nod e reache d it s m a x i m u m activatio n an d phonem e selectio n 

occurred . 

Severa l  aspect s of  thi s figure  requir e comment .  First ,  acros s timesteps ,  unrelate d target s hav e 

a highe r  probabilit y o f  correctl y selectin g thei r  critica l  phonem e tha n d o relate d targets .  Thi s elTcc t 

occur s because ,  o n relate d trials ,  th e targe t  tend s t o reactivat e th e prime' s phonemes ,  thu s increasin g 

th e likelihoo d of  selectin g a  phonem e fro m th e prim e rathe r  tha n th e target .  O n a n unrelate d trial ,  ther e 
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is no overlap in letters between the prime and target, hence the prime's lexical node is inhibited by each 

of  th e target' s lette r  nodes .  Wit h n o lexica l  support ,  th e activatio n o f  th e prime' s phoneme s quickl y 

decays ,  thereb y increasin g th e probabilit y  o f  correctl y selectin g th e target' s critica l  phoneme . 

A secon d effec t  show n i n th e figure  i s tha t  hig h frequenc y targets ,  a t  a  give n timestep ,  hav e a  highe r 
probabilit y  o f  correc t  selectio n tha n d o lo w frequenc y target s (thi s ca n b e see n mos t  clearl y b y comparin g 

hig h an d lo w frequenc y target s withi n a  give n leve l  o f  relatedness) .  Thi s frequenc y effec t  occur s becaus e 

hig h frequenc y word s hav e highe r  restin g level s o f  activatio n tha n d o lo w frequenc y word s an d henc e 

activat e thei r  componen t  phoneme s mor e quickly . 

Of  primar y interes t  i n thi s figure,  however ,  i s  th e probabilit y  o f  correc t  phonem e selectio n a i  th e 

timeste p whe n selectio n actuall y occur s (i.e. ,  th e endpoin t  o f  eac h line) .  A t  thes e points ,  hig h frequenc y 

word s hav e a n overal l  lowe r  probabilit y  o f  correc t  selectio n tha n d o lo w frequenc y words ,  an d thi s 

frequenc y effec t  interact s wit h relatedness .  Fo r  unrelate d targets ,  ther e i s n o differenc e i n selectio n 

probabilit y  fo r  lo w an d hig h frequenc y target s (bot h hav e reache d a  ceilin g probabilit y  o f  ove r  9 9 % whe n 

selectio n occurs) .  Fo r  relate d targets ,  o n th e othe r  hand ,  ther e i s a  larg e advantag e fo r  lo w frequenc y 

word s (76 % probabilit y  fo r  th e lo w frequenc y target ,  an d 4 5 % fo r  th e hig h frequenc y target) .  Thi s 

differenc e i s du e t o th e fac t  tha t  th e hig h frequenc y wor d nod e reache s it s maximu m activatio n mor e 

quickly ,  thereb y no t  givin g it s critica l  phonem e enoug h tim e t o becom e sufficientl y activated . 

The respons e time s fo r  eac h o f  th e fou r  condition s wer e calculate d usin g Equatio n 4 .  Th e result s 

ar e presente d i n Figur e 3 ,  alon g wit h th e result s fro m th e Colomb o (1986 )  study .  A s ca n b e seen , 

th e model' s fit  t o th e dat a i s quit e good .  I n bot h th e simulatio n an d Colombo' s experiment ,  ther e i s 

facilitatio n fo r  lo w frequenc y target s an d inhibito n fo r  hig h frequenc y targets .  Thus ,  tii e mode l  account s 
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fo r  th e Colomb o dat a withou t  positin g inhibitio n amon g lexica l  candidates . 

Varytn g Episodi c Strengt h 

Inhibition occurs in our model as a result of difficulty in forming a phonological representation of the 

targe t  word .  Thi s difficult y arise s becaus e th e targe t  wor d tend s t o activat e boti i  th e prime' s lexica l  nod e 

an d th e episodi c node .  B y incorporatin g th e episodi c node ,  w e ar e proposin g tha t  inhibitio n depend s 

on th e formatio n o f  a n episodi c trac e o f  th e prime .  W e woul d predict ,  therefore ,  tha t  th e strengt h 

of  thi s trac e shoul d influenc e th e siz e o f  th e inhibitio n efl'ect .  Fo r  example ,  i f  th e prim e i s  presente d 

so briefl y tha t  n o episodi c representatio n i s  formed ,  i t  follow s fro m ou r  mode l  tha t  inhibitio n shoul d 

be substantiall y  reduced .  Consisten t  wit h thi s prediction ,  Forste r  (1987 )  ha s demonstrate d that ,  wit h 

sublimina l  prim e presentation ,  form-relate d target s ar e facilitate d (se e als o Humphreys ,  Evett ,  i c  Taylor , 

19S2) . 

I n orde r  t o quantif y th e relationshi p betwee n th e strengt h o f  th e episodi c trac e an d phonologica l 

priming ,  w e ra n a  furthe r  serie s o f  simulation s varyin g th e strengt h o f  th e letter-to-episod e connection s 

i n th e model .  W e varie d th e weigh t  o f  thes e connection s fro m 0  t o .1 5 (recal l  tha t  w e use d a  weigh t  o f  .1 0 

i n th e previou s ru n o f  th e model) .  B y performin g thi s manipulation ,  w e ar e changin g th e exten t  t o whic h 

th e mode l  i s  influence d b y memorie s o f  th e prime .  A  smal l  weigh t  o n th e letter-to-episod e lin k implie s 

tha t  th e mode l  i s abl e t o ignore ,  i n a  sense ,  it s prio r  experienc e wit h th e prime .  A  larg e weigh t  suggest s 

tha t  ther e i s a  stron g tendenc y t o re-creat e th e prim e durin g th e processin g o f  th e relate d target . 

Excep t  fo r  varyin g th e letter-to-episod e connectio n strength ,  th e mode l  wa s ru n a s before .  Figur e 

4 show s th e result s o f  thes e simulations .  Wit h ver y weak ,  o r  nonexisten t  episodi c trace s (specificall y 

weight s .02 5 an d 0 )  ther e wa s actuall y a  smal l  facilitatio n effec t  fo r  th e hig h frequenc y target ,  an d a  larg e 

facilitatio n effec t  fo r  th e lo w frequenc y target .  Wi t h increase s i n episodi c strength ,  th e hig h frequenc y 

targe t  bega n t o sho w inhibition ,  whil e th e lo w frequenc y targe t  showe d decreasin g level s o f  facilitation . 

Wi t h a n episodi c weigh t  o f  .15 0 (th e larges t  weigh t  used )  ther e wa s virtuall y n o facilitatio n fo r  th e lo w 

frequenc y target ,  an d a  larg e inhibitor y effec t  fo r  th e hig h frequenc y target . 

Ther e ar e thre e differen t  experiment s whos e dat a ar e describe d reasonabl y wel l  b y thes e simulation s 

(se e Figur e 4) .  Th e firs t  i s  th e Co lomb o experimen t  presente d i n Figur e 3 ,  whos e dat a ou r  simulatio n 

capture s nicel y usin g a  letter-to-episodi c weigh t  o f  .10 .  I t  i s  no t  surprisin g tha t  ou r  mode l  doe s wel l  wit h 

th e Co lomb o study ,  sinc e th e mode l  wa s constructe d i n larg e par t  t o reproduc e he r  results .  However ,  i n 

additio n t o Colombo' s results ,  th e mode l  als o capture s th e result s o f  tw o recen t  experiment s b y Lupke r 

an d William s (1987) .  I n on e experiment ,  Lupke r  an d William s attempte d t o replicat e Colombo , 

c 
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usin g Englis h rathe r  tha n Italia n niaterials .  The y replicate d th e inliibitio n effec t  fo r  hig h frequenc y 

targets ,  bu t  di d no t  find  a  significan t  facilitatio n effec t  fo r  lo w frequenc y targets .  Ou r  mode l  show s a 

simila r  patter n o f  primin g wit h a  Ictter-to-episod e weigh t  o f  .138 .  I n a  secon d experiment ,  Lupke r  an d 

William s use d th e sam e materials ,  bu t  ha d subject s m a k e lexica l  decision s t o bot h th e prim e an d tji e 

targe t  (i n thei r  first  experiment ,  an d i n Colombo' s experiment ,  subject s m a d e a  respons e t o (h e targe t 

only) .  I n thi s secon d experiment ,  ther e wa s facilitatio n fo r  lo w frequenc y targets ,  bu t  onl y a  smal l 

(an d nonsignificant )  inliibitio n effec t  fo r  hig h frequenc y targets .  Thi s patter n o f  result s occur s i n ou r 

simulation s wit h a  weigh t  o f  abou t  .05 . 

While the data from the two Lupker and Williams studies and the Colombo experiment may at 

first  appea r  t o b e quit e disparate ,  the y actuall y ar e quit e compatibl e whe n viewe d withi n th e contex t  o f 

Figur e 4 .  Accordin g t o th e analysi s provide d here ,  th e thre e experiment s diffe r  i n term s o f  vulnerabilit y 

t o episodi c interference .  Unfortunately ,  i t  i s  difficul t  t o pinpoin t  th e specifi c  aspect s o f  th e experiment s 

tha t  migh t  hav e resulte d i n thes e episodi c differences .  I t  seem s likely ,  however ,  tha t  th e interferenc e 

efl"ec t  migh t  b e sensitiv e t o ver y subtl e detail s withi n th e experimenta l  environment .  Fo r  example ,  i f 

th e instruction s give n t o th e subjec t  a t  th e beginnin g o f  (h e experimen t  strongl y emphasize d jiayin g 

attentio n t o th e prime ,  interferenc e migh t  b e mor e substantia l  tha n i f  th e instruction s merel y informe d 

th e subjec t  tha t  a  prim e wor d woul d b e presented .  Further ,  tli e resuH s o f  Lupke r  an d \N'illiams '  secon d 

experimen t  sugges t  tha t  makin g a n over t  respons e t o th e prim e migh t  significantl y modif y th e natur e 

of  th e episodi c representatio n o f  tha t  prime .  Thi s modifie d representatio n migh t  lea d t o les s confusio n 

durin g targe t  processing ,  thu s diminishin g th e interferenc e effect . 

CONCLUSIONS 

We hav e presente d a  mode l  i n whic h ther e ar e tw o distinc t  loc i  o f  form-relate d priming .  Farilit.'iiio n 

arise s a s a  resul t  o f  th e activatio n o f  ortliographicali y relate d neiglibor s durin g th e procf.ssin g o f  th e 

prime .  O n th e othe r  hand ,  inhibitio n arise s durin g th e selectio n o f  th e target' s constituen t  f.honcmcs .  i f 

th e prime' s phoneme s ar e mistakenl y retrieved .  Ou r  mode l  i s  clearl y dih'eren t  fro m tha t  o f  Co lombo ,  w h o 

propose s tha t  bot h facilitatio n an d inhibitio n ar e lexical-leve l  effects .  O n e waj '  t o experimentall y t̂ s t  ou r 

model  agains t  Colombo' s vie w i s t o compar e prime-large t  pair s tha t  ar e nonhomograi)hi c homophone s 

(e.g. ,  H A R E - H A I R )  wit h pair s tha t  ar e nonhomoplione s (e.g. ,  H A T E - H A I R ) .  Becaus e th e prime s an d 

target s ar e ortliographicali y relate d neighbor s i n bot h cases ,  Co lomb o woul d predic t  a  simila r  patter n 
of  primin g fo r  th e tw o type s o f  items .  W e hav e conducte d thi s experimen t  an d foun d inhibitio n fo r 

nonhomophoni c iteins ,  bu t  facilitatio n fo r  homophones .  Thi s outcom e provide s stron g supjor t  fo r  ou r 

model :  I n th e absenc e o f  phonologica l  competition ,  orthographicall y simila r  word s engende r  facilitation . 
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