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Discriminatin g Loca l  a n d Distribute d M o d e l s o f  Compet i t io n i n S p o k e n W o r d 

Recognitio n 

M.  Garet h Gaskel l  an d Willia m D .  Marslen-Wilso n 
Centr e fo r  Speec h an d Language , 

Psycholog y Department ,  Birkbec k College , 
Male t  Street ,  Londo n WCI E 7HX ,  Englan d 

{g.gaskell,w.marslen-wilson}@psyc.bbk.ac.u k 

Abstrac t 

Local and distributed theories of representation make 
differen t  prediction s regardin g th e simultaneou s activatio n o f 
multipl e lexica l  entrie s durin g speec h perception .  W e repor t 
thre e experiment s tha t  us e th e cross-moda l  primin g techniqu e 
wit h fragment s o f  spoke n word s t o explor e competitio n 
effect s i n th e activatio n o f  multipl e lexica l  representations . 
The experiment s sugges t  tha t  lexica l  activatio n i s inversel y 
relate d t o th e numbe r  o f  word s bein g activated .  Thi s 
competitio n effec t  i s  stronge r  a t  th e semanti c tha n th e 
phonologica l  leve l  o f  representation ,  supportin g a  mode l  o f 
speec h perceptio n i n whic h sensor y informatio n i s mappe d 
directl y ont o distribute d representation s o f  bot h th e for m an d 
th e meaning s o f  words . 

Introduction 

Curren t  model s o f  cognitiv e functionin g ofte n describ e 
representation s wit h respec t  t o a  local/distribute d distinction . 
A pur e localis t  syste m use s a  uniqu e processin g elemen t  fo r 
eac h ite m t o b e represented .  A t  th e othe r  extreme ,  a  full y 
distribute d syste m use s eac h elemen t  t o represen t  ever y 
item .  I n m a n y situations ,  thi s distinctio n i s mor e a  matte r  o f 
perspectiv e tha n a  har d theoretica l  division .  Indee d i f  th e 
item s i n a n distribute d syste m ca n b e represente d b y 
unbounde d linearl y independen t  vectors ,  th e syste m i s 
isomorphi c t o a  localis t  syste m (Smolensky ,  1986) . 
However ,  whe n thi s assumptio n doe s no t  hold ,  som e 
identifiabl e difference s d o occur . 

Gaskel l  (1996 )  examine d th e combinatoria l  propertie s o f 
localis t  an d distribute d systems ,  wit h th e specifi c  intentio n 
of  modelin g simultaneou s activatio n o f  lexica l 
representation s durin g spoke n wor d recognition .  A  numbe r 
of  cross-moda l  primin g studie s hav e demonstrate d tha t 
lexica l  knowledg e abou t  mor e tha n on e wor d i s transientl y 
activate d durin g th e perceptio n o f  a  spoke n word .  Fo r 
example ,  Marslen-Wilso n (1987 )  showe d tha t  th e 
presentatio n o f  a  spoke n wor d fragmen t  suc h a s capt.. . 
facilitate s th e recognitio n o f  word s associate d wit h mor e 
tha n on e possibl e continuatio n (e.g. ,  shi p relate d t o captain , 
guar d relate d t o captive) . 

These ,  an d othe r  simila r  data ,  sugges t  tha t  a  mode l  o f 
lexica l  acces s i n speec h perceptio n mus t  allo w multipl e 
wor d representation s t o b e activate d simultaneously .  Thi s 

findin g i s easil y capture d i n a  localis t  model ,  whic h simpl y 
activate s th e node s representin g eac h o f  th e word s tha t 
matc h th e fragmen t  s o far .  Fo r  a  distribute d mode l  i t  i s  no t 
so simple ,  becaus e overlappin g pattern s o f  activatio n wil l 
creat e interference .  Standar d connectionis t  networks ,  w h e n 
face d wit h thi s problem ,  wil l  produc e a  "blend "  pattern , 
equivalen t  t o th e arithmeti c mea n o f  th e vector s representin g 
th e pattern s t o b e activated .  Blendin g m a y b e bes t 
appreciate d usin g a  spatia l  analogy .  Distribute d pattern s ca n 
be represente d b y point s i n a  multidimensiona l  stat e space , 
wit h eac h dimensio n o f  th e spac e representin g a  singl e 
elemen t  i n th e distribute d pattern .  T h e blen d o f  a  se t  o f 
pattern s i s simpl y thei r  midpoin t  i n thi s space .  Blendin g i s a 
rathe r  nois y solutio n t o th e proble m o f  simultaneou s 
activation ;  a s th e numbe r  o f  pattern s t o b e activate d 
increases ,  th e similarit y o f  th e blen d t o eac h patter n 
decrease s an d th e blen d m a y indee d tur n ou t  t o b e mor e 
simila r  t o s o m e othe r  pattern .  A  behaviora l  analog y t o thi s 
proble m woul d b e creatin g a  blen d o f  th e distribute d 
representation s o f  captai n an d captiv e i n respons e t o th e 
fragmen t  capt.. .  an d accessin g th e meanin g o f  say ,  banana , 
whic h happen s t o b e clos e t o th e blen d i n th e stat e space . 

Fortunately ,  thi s possibilit y  recede s a s th e numbe r  o f 
dimension s i n th e representationa l  spac e increases . 
Nonetheless ,  th e basi c findin g o f  Gaskel l  (1996 )  wa s tha t 
distribute d representation s ca n onl y b e activate d 
simultaneousl y a t  a  cost ,  an d tha t  fo r  s o m e critica l  numbe r 
of  item s multipl e activatio n woul d becom e nois y o r  eve n 
brea k d o w n altogether . 

A n extensio n t o thi s basi c findin g indicate s tha t  th e abilit y 
t o represen t  multipl e item s simultaneousl y i n a  distribute d 
syste m depend s o n th e organizatio n an d distributio n o f  th e 
item s withi n th e system .  I f  th e syste m i s organize d s o tha t  al l 
item s tha t  ar e likel y t o b e activate d togethe r  hav e simila r 
representations ,  the n thei r  blen d i s als o likel y t o b e simila r 
t o th e constituen t  item s an d thu s represen t  thos e item s mor e 
successfully .  I n th e cas e o f  spoke n words ,  thi s i s tru e i f 
lexica l  representation s ar e organize d i n term s o f  thei r 
phonology .  I f  i n som e sub-are a o f  lexica l  space , 
representationa l  dimension s correspon d eithe r  explicitl y o r 
implicitl y t o phonologica l  features ,  the n lexica l  blend s o f 
word s lik e captai n an d captiv e wil l  b e simila r  t o thos e word s 
and relativel y dissimila r  t o phonologicall y unrelate d words . 
On th e othe r  hand ,  becaus e word s wit h simila r  onset s ten d t o 
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be unrelate d i n meaning ,  thi s advantag e woul d no t  hol d lo r  a 
distribute d lexico n i n whic h item s ar e semanticall y 
organize d (se e Figur e 1) .  Gaskel l  an d Marslen-Wilso n 
(1995 ,  i n press )  propose d a  mode l  o f  lexica l  acces s i n whic h 
a featura l  representatio n o f  speec h i s mappe d directl y ont o a 
distribute d representatio n incorporatin g bot h lexica l  for m 
and meaning .  Thi s mode l  predict s tha t  th e abilit y  t o activat e 
word s i n paralle l  wil l  var y fo r  differen t  area s o f  lexica l 
space .  Thi s variatio n shoul d b e observabl e b y manipulatin g 
th e experimenta l  tas k t o focu s o n eithe r  semanti c o r 
phonologica l  organizatio n o f  th e menta l  lexicon . 

Captai n 

Semanti c 
Blen d 

^  Banan a 

Captiv e • 

Banan a 

• 

Captai n 

\ 

\ 

Phonologica l 
Blen d \ 

C a p t i v e 

Figur e 1 .  Blendin g o f  onset-matche d wor d representation s 
fo r  space s organize d i n term s o f  meanin g (uppe r  box )  an d 

phonolog y (lowe r  box )  Th e fille d circle s represen t  lexica l 
item s an d th e fille d square s represen t  th e blen d i n eac h typ e 

of  space .  Th e representation s o f  unrelate d words ,  suc h a s 
banana ,  ar e mor e likel y t o b e simila r  t o th e blen d i n 

semanti c spac e tha n i n phonologica l  space . 

Returning briefly to localist models of lexical 
representation ,  i n whic h a  wor d i s  represente d b y th e 
activatio n o f  a  singl e node ,  simultaneou s representatio n ca n 
occu r  wit h n o cos t  i n term s o f  reduce d activation . 
Regardles s o f  th e numbe r  o f  lexica l  matche s t o a  fragmen t  o f 
speech ,  th e node s representin g eac h lexica l  ite m ca n b e 
independentl y full y  activate d (e.g. ,  Marslen-Wilso n & 
Welsh ,  1978) .  However ,  althoug h localis t  model s ca n hav e 
thi s property ,  the y d o no t  hav e to .  Fo r  example ,  th e T R A C E 
model  o f  speec h perceptio n (McClellan d &  Elman ,  1986 ) 
build s i n inhibitor y link s betwee n localis t  wor d node s i n 

orde r  t o captur e competitio n betwee n wor d candidates . 
Localis t  model s ar e les s constraine d i n thes e terms ,  implyin g 
tha i  i t  i s  easie r  t o fin d evidenc e supportin g localis t  ove r 
distribute d model s tha n th e converse .  Nonetheles s th e 
predictio n o f  distribute d models—tha t  th e organizatio n o f 
word s withi n th e lexico n affect s th e abilit y  t o activat e wor d 
representation s i n parallel—i s no t  share d b y T R A C E o r  an y 
othe r  localis t  mode l  o f  lexica l  acces s i n speech . 

Previous Research 

A numbe r  o f  studie s (e.g. ,  Marslen-Wilson ,  1987 ; 
Zwitserlood ,  1989 )  hav e addresse d multipl e activatio n i n 
speec h perceptio n usin g associativ e priming ,  fo r  whic h th e 
targe t  i s  a n associat e o f  th e prim e (e.g. ,  elbow-grease) , 
chose n fro m normativ e dat a (e.g. .  Mos s &  Older ,  1996) . 
Recent  computationa l  an d experimenta l  wor k ha s suggeste d 
tha t  thi s typ e o f  relationshi p ma y b e influence d 
predominantl y b y knowledg e abou t  th e cooccurrenc e o f 
wor d form s an d i s thu s les s usefu l  fo r  assessin g acces s t o 
store d lexica l  knowledg e (Moss ,  Hare ,  Da y &  Tyler ,  1994 ; 
Plaut ,  1995) .  Mor e recently ,  simila r  question s hav e bee n 
addresse d usin g a  non-associativ e semanti c relationshi p 
betwee n prim e an d targe t  (e.g. .  Moss ,  McCormic k &  Tyler , 
i n press ;  Zwitserloo d &  Schriefers ,  1994) .  Thes e hav e 
generall y show n wea k primin g effect s fo r  fragment s o f 
word s cu t  of f  befor e uniquenes s point ,  bu t  hav e no t  direcd y 
compare d th e level s o f  facilitatio n foun d fo r  fragment s o f 
speec h matchin g differen t  number s o f  words . 
Zwitserloo d an d Schriefer s (1994 )  demonstrate d th e 
importanc e o f  prim e duratio n i n th e interpretatio n o f  primin g 
strengt h i n term s o f  lexica l  activation .  Thei r  experimen t 
compare d th e primin g effect s o f  a  shor t  fragmen t  o f  a  wor d 
t o eithe r  a  longe r  fragmen t  o f  th e sam e wor d o r  simpl y th e 
shor t  fragmen t  followe d b y a n inter-stimulu s interva l 
equivalen t  t o th e differenc e i n duratio n betwee n th e shor t 
and th e lon g fragmen t  (roughl y 10 0 m s o n average) .  Th e 
shor t  fragment s di d no t  facilitat e recognitio n o f  semanticall y 
relate d targets ,  bu t  th e othe r  tw o prim e type s produce d equa l 
amount s facilitation .  Thi s suggest s tha t  ther e i s a  dela y 
betwee n informatio n becomin g availabl e an d th e 
observatio n o f  it s  effect s a t  a  lexica l  level .  I t  als o 
demonstrate s th e problem s involve d i n tryin g t o find  effect s 
of  competitio n o n activatio n b y usin g differen t  lengt h 
fragment s o f  th e sam e wor d a s stimul i  i n a  primin g 
experiment ,  becaus e o f  th e confoun d o f  processin g time . 
Instead ,  differen t  set s o f  words ,  matche d fo r  fragmen t 
duratio n an d varyin g i n competito r  environment ,  mus t  b e 
used . 

Experimental Issues 

Our  curren t  researc h examine s th e effect s o f  competitio n o n 
th e degre e o f  activatio n o f  lexica l  candidate s usin g th e 
primin g technique .  T w o set s o f  word s wer e created ,  whic h 
varie d i n th e numbe r  o f  possibl e continuation s a t  certai n 
points .  Fo r  on e group ,  th e word s wer e uniquel y identifiabl e 
befor e th e final  consonan t  o r  consonant s (e.g. ,  /gomant/ , 
garment ,  wher e n o othe r  wor d matche s th e fragmen t 
/goma/) .  W e shal l  labe l  thes e word s th e earl y uniquenes s 
poin t  (UP )  group .  Fo r  th e secon d grou p (lat e U P ) ,  a t  leas t 
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Tabl e 1 :  Exampl e prime s fo r  eac h condition ,  wit h phonemi c transcription .  Th e number s o f  word s tha t  onset-matc h eac h 
relate d prim e phonemicall y (average d acros s al l  item s i n tha t  category )  ar e give n i n brackets . 

Relate d prim e Unrelate d contro l 

Earl y U P 

Lat e U P 

CVC(C) 

gar m (23 ) 
/gam / 

capt  (39 ) 
/kaept / 

CVC(C) V 

garme(l ) 
/gam/ J 

capta i  (3.5 ) 
/kaspti / 

Complet e 

garment(l ) 
/gamMit / 

captai n (1 ) 
/kaeptm / 

CVC(C) 

chi s 

/tjiz / 
mount 

/mawnti / 

CVC(C) V 

chis e 
/tJ"lZA / 

mounta i 
/mawnti / 

Complet e 

chise l 
/tJlZAl / 

mountai n 
/mawntin / 

tw o possibl e continuation s wer e possibl e a t  thi s poin t  (e.g. , 
/kaeptm/ ,  captain ,  wher e th e fragmen t  /kaepti /  i s  consisten t 
wit h bot h captai n an d captive) .  Accordin g t o distribute d 
model s o f  lexica l  access ,  a s wel l  a s localis t  model s 
incorporatin g competition ,  th e complet e activatio n o f  th e 
word s i n th e lat e U P se t  shoul d onl y occu r  onc e th e final 
consonant s o f  th e word s ar e heard .  Befor e thi s point ,  mor e 
tha n on e candidat e shoul d b e partiall y  activated .  O n th e 
othe r  hand ,  fo r  th e earl y U P grou p complet e activatio n i s 
possibl e earlie r  o n i n th e perceptio n o f  th e word .  Localis t 
model s tha t  d o no t  introduc e direc t  competitio n betwee n 
wor d node s (e.g. .  Cohort ;  Marslen-Wilso n &  Welsh ,  1978 ) 
predic t  n o differenc e i n activatio n betwee n th e tw o group s 
befor e th e final  vowels ,  sinc e the y allo w multipl e wor d 
candidate s t o b e full y activated . 

Distribute d model s furthe r  predic t  variatio n i n activatio n 
dependin g o n th e organizatio n o f  th e sectio n o f  lexica l  spac e 
unde r  examination .  Specifically ,  a  distribute d phonologica l 
representatio n provide s a  bette r  basi s fo r  paralle l  activatio n 
tha n a  distribute d semanti c representation ,  becaus e th e 
lexica l  item s tha t  mus t  b e coactivate d durin g speec h 
perceptio n wil l  b e simila r  t o eac h othe r  phonologically ,  bu t 
not  semantically .  T o explor e thi s issue ,  w e varie d th e 
relationshi p betwee n prim e an d targe t  betwee n experiments . 
For  Experimen t  1 ,  th e targe t  wa s th e orthographi c for m o f 
th e prim e an d fo r  Experimen t  2 ,  th e targe t  wa s a  clos e 
categor y coordinat e o f  th e prime .  Th e issu e o f  wha t  level s o f 
representatio n thes e task s ta p int o i s no t  uncontroversial ,  bu t 
i t  seem s likel y tha t  cross-moda l  repetitio n primin g wil l  b e 
more influence d b y lexica l  phonologica l  for m tha n semanti c 
priming . 

Materials and Gating Pre-test 

Al l  experiment s employe d th e sam e material s an d desig n 
(se e Tabl e 1) .  Ther e wer e tw o within-ite m variable s tha t 
manipulate d th e for m o f  th e spoke n prime ;  prim e lengt h (th e 
lengt h o f  th e fragmen t  o f  speec h use d a s prime )  an d prime -
targe t  relatednes s (eithe r  relate d o r  unrelated) .  Th e thre e 
level s o f  prim e lengt h involve d th e bisyllabi c spoke n prim e 
wor d bein g presente d eithe r  wit h th e final  vowe l  an d 
consonant(s )  splice d out ,  o r  wit h th e final  consonant(s ) 
splice d out ,  o r  a s a  complet e word .  Eac h relate d prim e toke n 
was matche d wit h a  similarl y splice d unrelate d contro l 
prime .  A  thir d independen t  variabl e involve d th e 
manipulatio n o f  competito r  environmen t  betwee n item s 
(earl y v s lat e U P words )  a s discusse d above .  Th e prim e 
word s wer e concret e nouns ,  matche d o n phonemi c length , 
tempora l  duratio n an d fi^equency  o f  usage .  I n al l  primin g 
experiments ,  th e prim e wor d wa s presente d spoken ,  i n 

isolation ,  an d th e visua l  targe t  wa s presente d a t  th e offse t  o f 
th e speech .  Th e tas k o f  th e participan t  wa s t o mak e a  time d 
yes/n o lexica l  decisio n t o th e target . 

Th e initia l  estimat e o f  competito r  environmen t  wa s mad e 
by phonemi c dictionar y searc h usin g th e M R C machin e 
readabl e dictionary .  Discountin g morphologica l  variants ,  th e 
prim e word s wer e al l  uniquel y identifiabl e whe n complete . 
At  th e secon d leve l  o f  prim e lengt h (i.e. ,  wit h th e final 
consonant(s )  o f  th e wor d removed) ,  th e relate d prime s i n th e 
earl y U P conditio n wer e stil l  uniquel y identifiable ,  bu t  th e 
lat e U P relate d prime s wer e n o w consisten t  wit h a t  leas t  2 
differen t  wor d continuations .  A t  th e first  leve l  o f  prim e 
lengt h (i.e. ,  wit h th e final  vowe l  an d consonant(s )  removed ) 
ther e wer e generall y mor e word s consisten t  wit h th e 
fragment s fo r  bot h group s o f  fragments ,  wit h a  rang e acros s 
group s o f  1  t o 289 .  Th e mea n numbe r  o f  possibl e 
continuation s fo r  eac h relate d prim e conditio n ar e give n i n 
Tabl e 1 . 

Althoug h th e phonemi c dictionar y searche s wer e usefu l 
fo r  selectin g stimuli ,  the y ten d t o overestimat e th e numbe r  o f 
matche s betwee n a  speec h fragmen t  an d lexica l  items .  Thi s 
i s becaus e firstly  the y d o no t  specif y subtl e informatio n i n 
th e speec h signa l  (e.g. ,  coarticulator y information )  tha t 
migh t  b e use d t o discriminat e betwee n lexica l  candidates , 
and secondl y the y includ e rar e word s tha t  m a y no t  b e know n 
t o th e majorit y o f  languag e users .  I n orde r  t o obtai n a 
secondar y measur e o f  competito r  environment ,  a  reduce d 
for m o f  th e gatin g tas k (Grosjean ,  1980 )  wa s use d i n whic h 
participant s wer e presente d th e relate d spoke n prime s i n 
orde r  o f  prim e lengt h (e.g. ,  /kaspt/ ,  followe d b y /kaspti/ , 
followe d b y /kasptm/) .  Thei r  tas k wa s t o writ e d o w n wha t 
the y thoug h th e complet e wor d wa s a t  eac h poin t  an d t o rat e 
th e confidenc e o f  thei r  decision . 

M e an percentag e identificatio n rate s an d confidenc e 
value s (ou t  o f  10 )  ar e displaye d i n Figur e 2 .  Th e patter n o f 
result s agree s quit e closel y wit h th e dictionar y estimate s o f 
competito r  environment ,  althoug h th e percentag e o f  correc t 
response s earl y i n th e wor d i s  greate r  tha n th e dictionar y 
searche s woul d suggest .  Fo r  th e complet e words ,  bot h set s 
of  word s ar e identifie d perfectly .  However ,  fo r  bot h th e 
splice d conditions ,  ther e i s a  stron g effec t  o f  competito r 
environment ,  wit h earl y U P word s correctl y identifie d mor e 
ofte n tha n th e lat e U P words .  Th e rating s dat a displa y thi s 
competitio n effec t  mor e weakly ,  wit h a  stronge r  overal l 
effec t  o f  gat e position . 
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o 

•  Earl y U P n L a t e U P 

C V C ( C) CVC(C) V 
Gat e Positio n 

Complet e 

Figur e 2 .  Result s o f  th e gatin g pre-test .  Th e bar s correspon d 
t o th e mea n identificatio n percentage s (lef t  han d scale )  an d 
th e line s correspon d t o th e mea n confidenc e rating s (righ t 

han d scale) . 

Experiment 1: Repetition Priming 

Experimen t  1  use s repetitio n primin g t o examin e th e effect s 
of  competitio n o n th e activatio n o f  word s durin g speec h 
perception .  Th e mode l  o f  Gaskel l  an d Marslen-Wilso n 
(1995 )  predict s tha t  ther e shoul d b e mor e evidenc e o f 
coactivatio n o f  multipl e lexica l  entrie s usin g a  tas k tha t 
involve s phonologica l  a s wel l  a s o r  instea d o f  semanti c 
dimension s o f  lexica l  space .  W e assum e tha t  repetitio n 
primin g i s suitabl e i n thi s respect . 

Th e material s describe d abov e wer e use d a s prime s i n a 
cross-moda l  primin g experiment .  O n eac h trial ,  a n auditor y 
prim e wa s presente d followe d immediatel y b y a  visua l  targe t 
word ,  whic h fo r  th e tes t  item s wa s th e complet e 
orthographi c for m o f  th e relate d prim e i n capita l  letter s (e.g. , 
C A P T A I N o r  G A R M E N T ).  Participant s wer e instructe d t o 
make a  tw o alternativ e force d choic e lexica l  decisio n o n th e 
targe t  word .  Intersperse d wit h th e tes t  item s wer e a  larg e 
number  o f  fille r  trials ,  whic h ensure d tha t  th e rati o o f  wor d 
t o nonwor d target s wa s equa l  an d reduce d th e prime-targe t 
relatednes s proportio n t o 2 9 % .  Fille r  item s wit h nonwor d 
target s relate d i n for m t o th e prim e (e.g. ,  jecref-SECREN ) 
prevente d for m link s betwee n prime s an d target s bein g use d 
as cue s t o wor d targets . 

Th e result s o f  Experimen t  1  ar e summarize d i n Figur e 3  i n 
term s o f  th e amoun t  o f  primin g foun d i n eac h condition . 
Thi s i s th e differenc e betwee n th e mea n respons e time s t o 
th e relate d an d unrelate d condition s fo r  eac h combinatio n o f 
prim e lengt h an d competito r  environment .  A  positiv e valu e 
suggest s tha t  th e relate d prim e ha s facilitate d th e lexica l 
decisio n t o th e targe t  word ,  an d fiirthe r  suggest s tha t  th e 
lexica l  representatio n o f  tha t  wor d ha s bee n activated . 
Modifie d Bonferron i  planne d comparison s showe d tha t  th e 
facilitator y effect s o f  th e prime s wer e significan t  i n al l 
conditions .  Thi s implie s tha t  eve n quit e shor t  fragment s o f 
speech ,  whic h matc h th e onset s o f  man y words ,  wil l 
facilitat e th e recognitio n o f  thos e words .  Previou s 
experiment s hav e show n tha t  thi s effec t  disappear s i f  th e 

lexica l  ite m an d th e spoke n prim e mismatc h t o eve n a  sligh t 
extent .  Fo r  example ,  unde r  simila r  conditions ,  hea p o r  hea k 
wil l  no t  facilitat e th e recognitio n o f  hea t  (Marslen-Wilson , 
Ni x &  Gaskell ,  1995) .  Th e facilitatio n canno t  b e explaine d 
simpl y o n th e basi s o f  a  genera l  phonologica l  overla p 
betwee n differen t  lexica l  items .  Instead ,  th e result s ar e 
consisten t  wit h a  mode l  o f  lexica l  acces s i n speec h 
perceptio n i n whic h multipl e lexica l  item s ca n b e activate d 
i n paralle l  base d o n thei r  lexica l  form . 
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Figur e 3 .  Repetitio n primin g result s 

Despite the overall facilitation found in Experiment 1, 
ther e i s als o evidenc e suggestin g tha t  th e degre e o f 
facilitatio n depend s o n th e numbe r  o f  lexica l  item s matchin g 
th e spoke n prime .  Thi s i s eviden t  firstl y i n th e genera l 
increas e i n facilitatio n a s mor e o f  a  prim e wor d i s hear d an d 
th e numbe r  o f  matchin g lexica l  item s drop s (Fi[2 ,  96 ]  =  9.5 , 
p <  .001 ;  F2[2 ,  138 ]  =  9.2 ,  p  <  .001) ,  althoug h a n alternativ e 
explanatio n o f  thi s findin g coul d b e tha t  th e increasin g 
duratio n o f  th e prime s account s fo r  th e increase d facilitatio n 
(c f  Zwitserloo d &  Schriefers ,  1994) .  Mor e crucially ,  th e 
differenc e betwee n th e amount s o f  facilitatio n fo r  th e earl y 
and lat e U P item s wa s significan t  fo r  th e C V C ( C ) V stimuli , 
whic h wer e matche d i n term s o f  duratio n an d numbe r  o f 
phonemes (F,[l ,  48 ]  =  7.7 ,  p  <  .01 ;  Fzll ,  69 ]  =  4.0 ,  p  <  .05) . 
Thi s i s a n advantag e o f  token s tha t  matc h a  uniqu e lexica l 
ite m ove r  token s tha t  matc h a t  leas t  tw o items .  I f  w e 
interpre t  strengt h o f  facilitatio n a s a  measur e o f  degre e o f 
activatio n o f  th e targe t  word ,  the n i t  seem s tha t  multipl e 
activatio n ha s a  cost .  Complet e activatio n o f  a  lexica l  for m 
representatio n relie s o n th e deselectio n o f  al l  competitors , 
wherea s th e simultaneou s activatio n o f  mor e tha n on e lexica l 
ite m implie s a  partia l  activation . 

Experiment 2: Semantic Priming 

Experimen t  2  applie s th e desig n an d prim e material s o f 
Experimen t  1  t o a  differen t  se t  o f  targe t  words ,  fo r  whic h th e 
targe t  wa s semantically ,  bu t  no t  associatively ,  relate d t o 
prime .  Th e target s wer e chose n fro m th e WordNe t  databas e 
(Miller ,  1990 )  an d wer e nea r  synonym s o r  clos e categor y 
coordinate s o f  th e prime s (e.g. ,  captain-commander) .  Ou r 
intentio n i n Experimen t  2 a wa s t o examin e h o w paralle l 
activatio n o f  multipl e lexica l  item s affect s acces s t o th e 
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meaning s o f  thos e words .  Apar t  fro m th e replacemen t  o f 
form-relate d nonwor d fille r  trials ,  whic h wer e n o longe r 
required ,  th e breakdow n o f  experimenta l  list s wa s identica l 
t o tha t  o f  Experimen t  1 ,  Th e results ,  i n th e for m o f  primin g 
value s ar e displaye d i n Figur e 4 . 
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Figur e 4 .  Semanti c primin g result s 

Compared to Experiment 1, priming in all conditions was 
greatl y reduced .  I n fac t  th e primin g level s onl y reache d 
significanc e fo r  th e complet e an d final  consonan t  excise d 
condition s o f  th e earl y U P words ,  whe n th e prim e wor d i s 
uniquel y identifiable .  Fo r  th e lat e U P items ,  no t  eve n th e 
complet e word s produce d significan t  primin g o f  th e relate d 
targets .  Thu s ther e i s n o evidenc e from  Experimen t  2 a fo r 
paralle l  activatio n o f  lexica l  semanti c representations .  Lik e 
Experimen t  1 ,  ther e i s evidenc e o f  competitio n effects :  ther e 
was significantl y mor e facilitatio n fo r  th e earl y tha n th e lat e 
UP word s overal l  (Fi[l ,  48 ]  =  4.7 ,  p  <  .05 ;  FjLl ,  69 ]  =  3.6 ,  p 
-  0.06) .  However ,  th e lac k o f  primin g eve n a t  th e offse t  o f 
th e lat e U P word s i s surprising .  I t  i s  possibl e tha t  th e 
strengt h o f  competitio n involve d fo r  thes e word s delay s 
acces s t o meanin g unti l  afte r  th e offse t  o f  th e word .  Suc h a 
la g betwee n speec h informatio n enterin g th e perceptua l 
syste m an d th e resolutio n o f  competitio n wa s observe d b y 
Zwitserloo d an d Schriefer s (1994 )  an d i s predicte d b y 
model s suc h a s T R A C E (McClellan d &  Elman ,  1986) , 
whic h requir e repeate d cycle s o f  processin g fo r  mismatchin g 
auditor y informatio n t o tak e effec t  a t  th e wor d level . 

Experimen t  2b ,  whic h replicate d Experimen t  2 a wit h a 
dela y o f  25 0 m s betwee n th e offse t  o f  th e prim e an d th e 
onse t  o f  th e target ,  confirme d thi s hypothesi s (se e Figur e 5) . 
Al l  condition s showe d simila r  level s o f  primin g t o 
Experimen t  2 a apar t  from  th e complet e lat e U P condition , 
whic h i n Experimen t  2 b showe d significan t  priming .  Ther e 
i s a  detectabl e dela y betwee n auditor y informatio n enterin g 
th e perceptua l  syste m an d th e consequence s o f  th e ne w 
informatio n showin g u p a t  th e semanti c level . 

Discussion 

I n al l  thre e primin g experiment s w e find  som e effec t  o f 
competito r  environmen t  tha t  modulate s th e strengt h o f 
facilitatio n o f  targe t  words .  Spoke n wor d fragments  tha t 
matc h a  singl e lexica l  ite m reliabl y facilitat e th e recognitio n 
of  th e visua l  for m o f  tha t  wor d an d als o generall y facilitat e 

recognitio n o f  non-associate d categor y coordinate s o f  tha t 
wor d (wit h th e exceptio n o f  lat e U P word s immediatel y 
followe d b y a  semanticall y relate d word) .  Thes e result s 
indicat e tha t  a  uniqu e matc h betwee n speec h an d a  lexica l 
for m allow s ful l  activatio n o f  it s representatio n an d acces s t o 
store d knowledg e abou t  th e word .  Thi s finding  i s 
unsurprisin g an d doe s no t  contradic t  an y mode l  o f  lexica l 
access . 
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Figur e 5 .  Delaye d semanti c primin g result s 

More importantly, when there is still ambiguity about the 
identit y o f  a  spoke n fragmen t  w e find  weake r  facilitatio n an d 
i n som e case s n o facilitation .  Th e degre e o f  facilitatio n (an d 
thu s th e degre e o f  activatio n o f  th e matchin g lexica l  entries ) 
seems t o b e inversel y relate d t o th e numbe r  o f  wor d 
matches .  Thi s contradict s localis t  models ,  suc h a s th e 
origina l  Cohor t  mode l  (Marslen-Wilso n &  Welsh ,  1978) , 
tha t  d o no t  incorporat e direc t  inhibitio n betwee n lexica l 
candidates .  Th e competitio n effec t  i s  explaine d eithe r  b y 
incorporatin g latera l  inhibitio n i n localis t  model s (e.g. , 
T R A C E)  o r  b y "natura l  competition "  (Smolensky ,  1986 )  i n 
distribute d model s (e.g. ,  Gaskel l  &  Marslen-Wilson ,  1995) . 

Finally ,  comparin g th e result s acros s experiment s w e find 
greate r  evidenc e fo r  paralle l  activatio n i n a  tas k exploitin g 
th e form s o f  word s tha n i n on e involvin g th e meaning s o f 
words .  Facilitatio n b y non-uniqu e wor d fragments ,  althoug h 
partial ,  wa s reasonabl y stron g i n th e repetitio n primin g 
experiment ,  bu t  becam e weake r  o r  disappeare d altogethe r 
when th e target s wer e semanticall y relate d t o th e prime. ' 
Thi s resul t  wa s predicte d b y th e distribute d mode l  o f 
Gaskel l  &  Marslen-Wilso n (1995 ,  i n press ;  se e Gaskell , 
1996 ,  Figur e 6) .  A  blen d o f  multipl e distribute d 
representation s i s mor e likel y t o b e informativ e i f  thos e 
representation s ar e simila r  t o eac h othe r  i n th e stat e spac e 
spanne d b y th e distribute d vectors .  Thi s i s tru e whe n al l  o r 
par t  o f  th e distribute d representation s encod e similarit y o f 

'  I n ou r  experiments ,  ther e wa s n o significan t  semanti c primin g 
befor e uniquenes s point .  However ,  i t  i s  possibl e tha t  a  mor e 
powerfu l  experimenta l  desig n woul d pic k u p th e wea k effect s (o f 
th e orde r  o f  1 0 ms )  i n th e anticipate d direction .  Thi s nul l  resul t 
does no t  invalidat e previou s demonstration s o f  semanti c primin g 
usin g ambiguou s wor d fragment s (e.g. ,  Zwitserioo d &  Schriefers , 
1995) . 
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phonologica l  for m an d th e selecte d word s shar e a  c o m m o n 
onset . 

We shoul d not e a t  thi s poin t  tha t  a  varian t  of ,  say ,  T R A C E 
tha t  retaine d th e localis t  wor d node s an d adde d a  distribute d 
semanti c laye r  coul d quit e probabl y accommodat e thes e 
findings.  Nonetheles s th e mos t  parsimoniou s accoun t  o f 
thes e dat a require s simpl y tha t  acousti c inpu t  i s mappe d 
directl y ont o a  singl e distribute d spac e encompassin g (a t 
least )  lexica l  semantic s an d lexica l  phonology .  Th e resultin g 
automati c an d obligator y competitio n betwee n distribute d 
lexica l  ite m the n guarantee s th e patter n o f  facilitatio n foun d 
i n ou r  experiments . 

The developmen t  o f  model s o f  lexica l  acces s i n speec h 
ove r  th e pas t  2 0 year s exemplifie s th e transitio n fro m th e 
compute r  t o th e brai n metaphor .  Earlie r  model s (e.g. , 
Forster ,  1976 )  propose d a  seria l  searc h throug h lexica l 
entrie s i n orde r  t o determin e a  matc h wit h auditor y speec h 
information .  Store d knowledg e abou t  a  wor d wa s no t 
availabl e unti l  th e searc h proces s ha d selecte d a  singl e 
match .  Late r  model s (e.g. ,  Marslen-Wilso n &  Welsh ,  1978 ; 
McClellan d &  Elman ,  1986 )  wen t  t o th e opposit e extreme , 
stressin g paralle l  activatio n o f  man y localis t  wor d 
representations ,  wit h recognitio n consistin g o f  a  proces s o f 
eliminatio n a s incomin g speec h mismatche d lexica l 
candidates . 

Our  proposal ,  tha t  speec h i s mappe d directl y ont o a 
distribute d representatio n o f  wor d form s an d meanings ,  i s  i n 
fac t  a  compromis e betwee n thes e tw o positions .  Paralle l 
activatio n o f  multipl e distribute d representation s i s 
permitte d i n thi s typ e o f  model ,  wit h th e provis o tha t 
complet e activatio n o f  a  ful l  representatio n ca n onl y occu r 
fo r  a  singl e lexica l  item .  Lexica l  acces s proceed s a s a 
gradua l  emergenc e o f  signa l  fro m noise ,  a s lexica l 
candidate s ar e rejecte d an d th e blen d o f  distribute d pattern s 
i s adjuste d t o eliminat e th e mismatchin g representations . 
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