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Departmen t  o f  Brai n an d Cognitiv e Science s 
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Abst rac t 

It is well known that the time course of lexical access is 
shape d b y th e numbe r  an d natur e o f  potentia l  competito r 
item s i n th e lexicon .  Whil e researc h ha s outline d th e 
macrostmctur e o f  lexica l  processin g (e.g. ,  tha t  durin g 
spoke n wor d recognition ,  lexica l  candidate s simila r  t o th e 
inpu t  ar e activate d an d compet e fo r  recognition) ,  man y 
question s remai n abou t  th e microstructur e (ho w exactl y i s 
th e competito r  se t  defined? )  an d dynamic s (wha t  i s th e tim e 
cours e o f  lexica l  competition? )  o f  lexica l  processing ,  a s 
wel l  a s thei r  developmen t  a s word s ar e learned .  Here ,  w e 
begi n t o addres s thes e issue s wit h a  stud y i n whic h 
participant s learne d t o recogniz e word s fro m a  lexico n o f 
nove l  name s associate d wit h nove l  shapes .  Eac h ite m i n 
th e lexico n (e.g. ,  /pibo/ )  ha d tw o potentia l  competitor s 
(e.g. ,  /pibu /  an d /dibo/) .  Hal f  o f  th e word s wer e presente d 
more frequenU y tha n th e othe r  hal f  durin g training .  Thi s 
allowe d u s t o examin e th e developmen t  o f  competitio n 
effect s wit h experience .  A n ey e tracke r  provide d a n on-lin e 
measur e o f  th e item s bein g considere d fo r  recognition .  Th e 
result s indicat e tha t  lexica l  competitio n effect s amon g 
newly-learne d item s develo p quickly . 

Introduction 

I n recen t  years ,  issue s o f  lexica l  representatio n an d proces s 
hav e take n o n a n increasingl y centra l  rol e i n model s o f 
languag e comprehension .  Lexica l  representation s ar e n o w 
viewe d a s providin g m u c h o f  th e syntactic ,  semantic ,  an d 
pragmati c knowledg e necessar y fo r  th e earl y stage s o f 
parsin g an d interpretatio n (e.g. ,  MacDonald ,  Pearlmutte r  & 
Seidenberg ,  1994 ;  Tanenhau s &  Trueswell ,  1995) .  I n th e 
domai n o f  spoke n language ,  lexica l  knowledg e i s implicate d 
i n aspect s o f  speec h recognitio n tha t  wer e ofte n previousl y 
viewe d a s pre-lexica l  (Andruski ,  Blumstein ,  &  Burton , 
1994 ;  Marslen-Wilso n &  Warren ,  1994) .  Thus ,  havin g a 
detaile d understandin g o f  lexica l  processin g i s  essentia l  fo r 
th e broade r  goa l  o f  developin g theorie s o f  languag e 
comprehensio n an d development . 

Thre e ke y finding s indicat e tha t  durin g spoke n wor d 
recognitio n listener s evaluat e th e unfoldin g inpu t  agains t  a n 
activate d se t  o f  lexica l  candidate s whic h compet e fo r 
recognition .  First ,  m a n y spoke n words ,  especiall y 
polysyllabi c conten t  words ,  ar e ofte n recognize d befor e th e 
end o f  th e word ,  a s assesse d b y a  variet y o f  speede d reactio n 
tim e measure s (e.gr t  Marslen-Wilson ,  1987) .  Second ,  di e 
time-cours e o f  recognitio n depends ,  i n part ,  o n constraint s 
provide d b y sententia l  contex t  (Zwitserlood ,  1988) .  Third , 

recognitio n tim e i s contingen t  i n tha t  i t  depend s no t  onl y o n 
th e propertie s o f  th e inpu t  an d th e targe t  wor d (e.g. ,  it s 
frequency,  phonologica l  structure ,  etc.) ,  bu t  als o o n it s 
similarit y t o phoneticall y simila r  lexica l  candidate s 
(Andrusk i  e t  al ,  1994 ;  Luce ,  Pisoni ,  &  Goldinger ,  1990 ; 
Marslen-Wilson ,  1987 ;  1993) . 

Thes e result s provid e a  clea r  pictur e o f  wha t  Marslen -
Wilso n (1993 )  ha s terme d th e macrostructur e o f  spoke n wor d 
recognition .  However ,  numerou s question s remai n abou t  th e 
microstructur e o i  \h t  d y m m i c s o f  on-lin e lexica l  processin g 
(wha t  determine s th e natur e o f  th e competito r  se t  an d th e 
tim e cours e o f  competitio n effects) ,  a s wel l  a s th e 
developmen t  o f  thes e dynamic s a s word s ar e learned .  Ther e 
hav e bee n fe w studie s o f  th e developmen t  o f  lexica l 
processing .  Fo r  example ,  Charles-Luc e an d Luc e (1990 ) 
hav e describe d neighborhood s i n children' s lexicon s (base d 
on th e numbe r  o f  simila r  lexica l  item s fo r  eac h lexica l 
item) .  A n importan t  exceptio n i s  wor k b y Swingle y 
(1997) ,  w h o examine d on-lin e onse t  cohor t  effect s (paralle l 
consideratio n o f  lexica l  item s whic h shar e onsets )  i n 18 -  an d 
24-month-olds .  Whil e thi s wor k support s th e hypothesi s 
tha t  processin g i s  incrementa l  an d competitiv e eve n whe n 
children' s vocabularie s ar e small ,  i t  doe s no t  addres s h o w 
wel l  word s mus t  b e learne d befor e suc h effect s becom e 
apparen t  (Swingley' s stimul i  wer e word s th e childre n i n hi s 
stud y alread y knew) .  Tha t  is ,  i s  incrementa l  processin g th e 
natura l  m o d e o f  spoke n wor d recognition ,  o r  doe s i t  emerg e 
onl y whe n lexica l  item s ar e well-learned ? 

Here ,  w e begi n t o addres s thes e issue s wit h a  stud y i n 
whic h participant s learne d t o associat e sixtee n nove l  name s 
wit h sixtee n nove l  shapes .  Eac h o f  th e sixtee n name s i n th e 
artificia l  lexico n (e.g. ,  /pibo/ )  ha d a n onse t  cohor t 
competito r  (e.g. ,  /pibu/ )  an d a  rhym e competito r  (e.g. , 
/dibo/) .  Thi s allowe d u s t o examin e specifi c  competitio n 
effect s whic h differentiat e tw o majo r  classe s o f  spoke n won j 
recognitio n model s (whic h wil l  b e discusse d i n mor e detai l 
i n th e nex t  section) .  I n addition ,  hal f  o f  th e word s wer e 
presente d wit h hig h frequenc y durin g training .  Thi s allowe d 
us t o stud y difference s i n activatio n du e t o differin g amount s 
of  experienc e durin g training . 

I n orde r  t o measur e competitio n effect s on-line ,  w e use d a 
recently-develope d ey e trackin g methodolog y (th e "visua l 
worl d paradigm" ;  se e Tanenhau s an d Spivey-Knowlton , 
1996 ,  fo r  methodologica l  details )  whic h ha s allowe d 
extremel y fine-grained  measurement s o f  th e tim e cours e o f 
competitio n durin g variou s aspect s o f  languag e 
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comprehensio n (e.g. ,  Tanenhaus ,  Spivey-Knowlton , 

Eberhard ,  &  Sedivy ,  1995) .  W e wil l  n o w revie w recen t 
studie s usin g thi s methodolog y whic h demonstrat e it s 
usefulnes s fo r  observin g incrementa l  consideratio n o f  lexica l 
competitor s a s a  spoke n wor d unfold s ove r  time . 

T h e Visua l  W o r l d P a r a d i g m 

I n th e visua l  worl d paradigm ,  participant s wea r  a  light -
weight ,  head-mounte d ey e tracke r  a s the y follo w instruction s 
t o interac t  wit h object s i n th e visua l  worl d (e.g. ,  "pic k u p 
th e beaker ;  n o w pu t  i t  nex t  t o th e square") .  Th e paradig m 
has severa l  advantage s ove r  conventiona l  psycholinguisti c 
tasks .  Fo r  example ,  unlik e a  tas k lik e lexica l  decision ,  n o 
metalinguisti c judgmen t  i s calle d for ;  participant s behav e 
naturally ,  an d incidenta l  fixation s ar e recorded .  Further , 
give n a  tas k whic h require s visua l  guidanc e (e.g. .  pickin g u p 
objects) ,  ey e movement s ar e closel y tim e locke d t o th e 
speec h strea m (not e tha t  usin g a  tas k fo r  whic h fixation s ar e 
functionall y relevan t  avoid s th e problem s o f  interpretatio n 
discusse d b y Viviani ,  1990 ;  se e Allopenna ,  Magnuson ,  & 
Tanenhaus ,  i n press ,  fo r  mor e discussion) . 

For  example ,  Spivey-Knowlto n an d Tanenhau s 
(submitted )  foun d that ,  give n a  displa y containin g tw o 
cohort s (word s sharin g onsets ,  suc h a s "candy "  an d "candle" ) 
as wel l  a s phoneticall y unrelate d distractors ,  subject s wer e 
initiall y  equall y likel y t o fixat e "candy "  an d "candle "  (an d 
significantl y mor e likel y t o fixat e thos e item s tha n 
distractors )  whe n tol d t o pic k u p th e candy .  Afte r  th e onse t 
of  th e final  vowe l  o f  "candy, "  th e probabilit y  o f  fixating 
"candle "  quickl y fel l  t o zero . 

Allopenn a e t  al .  (i n press )  use d th e paradig m t o tes t 
differin g prediction s o f  alignmen t  model s suc h a s Cohor t 
(e.g. ,  Marslen-Wilson ,  1987 )  an d continuou s activatio n 
model s suc h a s T R A C E (McClellan d &  Elman ,  1986 )  an d 
Shortlis t  (Norris ,  1994) .  I n th e Cohor t  model ,  a s a  wor d 
unfold s ove r  time ,  potentia l  matche s t o th e inpu t  ar e 
activate d an d comf)et e fo r  recognition .  Give n th e wor d 
"beaker" ,  earl y on ,  al l  item s beginnin g wit h Ih l  wil l  becom e 
slightl y activ e (i.e. ,  wil l  for m th e curren t  "cohort") .  A s 
mor e informatio n i s heard ,  item s whic h ar e inconsisten t 
wit h th e inpu t  wil l  b e strongl y inhibite d (o r  eliminated) . 
Thi s continue s unti l  th e lexica l  ite m whic h bes t  matche s th e 
inpu t  i s identified .  Thus ,  competitio n i s predicte d amon g 
word s whic h shar e onset s (e.g. ,  "beaker "  an d "beetle" ,  whic h 
we wil l  refe r  t o a s "onse t  cohor t  competitors") ,  bu t 
competitio n a m o n g rhyme s (e.g. ,  "beaker "  an d "speaker" )  i s 
hel d t o b e extremel y unlikely ,  sinc e rhyme s ar e likel y t o b e 
exclude d fro m th e cohor t  earl y on . 

I n contriist ,  continuou s activatio n model s lik e T R A C E 
predic t  activatio n o f  rhyme s du e t o thei r  overal l  similarity . 
I n T R A C E ,  unit s a t  th e wor d leve l  ar e connecte d t o inpu t 
unit s whic h represen t  phoneti c features .  Similarit y betwee n 
a wor d uni t  an d th e inpu t  lat e i n a  wor d wil l  stil l  resul t  i n 
activatio n o f  th e wor d unit .  R h y m e activatio n i s predicte d t o 
be relativel y lowe r  tha n tha t  o f  cohor t  competitor s becaus e 
of  thei r  initia l  mismatch ,  bu t  substantia l  nonetheless . 

Whil e cohor t  effect s ar e well-establishe d (e.g. ,  Grosjean , 
1980 ;  Marslen-Wilson ,  1989 ;  Tyler ,  1984 ;  Zwitserlood , 
1989) ,  rhym e effect s hav e prove n mor e elusiv e (e.g. . 

Referen t  (e.g. .  "beaker" ) 
Cohor t  (e.g. ,  "beetle" ) 
Rhyme (e.g. ,  "speaker" ) 
Unrelate d (e.g. ,  "carriage" ) 

1.0 

200 40 0 60 0 
Tim e sinc e targe t  onse t  (scale d t o msec ) 

| 0 . 6 j 

p 

o 

Referen t  (e.g. ,  "beaker" ) 
Cohor t  (e.g. ,  "beetle" ) 
Rhyme (e.g. ,  "speaker" ) 
Unrelate d (e.g. ,  "carriage" ) 

Averag e targe t  offse t 

200 40 0 60 0 80 0 
Tim e sinc e targe t  onse t  (msec ) 

1000 

Figur e 1 :  T R A C E activation s converte d t o predicte d fixation 
probabilitie s (to p panel )  an d observe d probabilitie s o f 
fixatin g a  targe t  referent ,  a  cohor t  m e m b e r ,  a  rhyme ,  an d a n 
unrelate d objec t  fro m Allopenn a e t  al .  (i n press) . 

Zwitserlood, 1996). Although there have been recent reports 
of  rhym e effect s i n cross-moda l  an d auditory-auditor y 
primin g (Connine ,  Blask o &  Titone ,  1993 ;  Andrusk i  e t  al. , 
1994 ;  Marslen-Wilson ,  M o s s ,  &  va n Halen ,  1996) ,  th e 
effect s hav e involve d stimul i  differin g b y onl y on e o r  tw o 
phoneti c features .  Thi s suggest s tha t  onl y ver y smal l 
mismatche s ar e tolerated ,  whic h i s consisten t  wit h a 
probabilisti c  for m o f  a n alignmen t  mode l  (cf .  Marslen -
Wilso n e t  al. ,  1996) . 

However ,  usin g th e visua l  worl d paradig m (wit h display s 
containing ,  e.g. ,  a  beaker ,  a  beetle ,  a  speaker ,  an d a  carriage , 
an d instruction s lik e "pic k u p th e beaker") ,  Allopenn a e t  al . 
(i n press )  foun d evidenc e fo r  rhym e competitio n eve n wit h 
rhym e stimul i  tha t  differe d b y mor e tha n tw o features .  I n 
Figur e ! ,  simulatio n an d experimenta l  dat a fro m Allopenn a 
et  al .  ar e presented .  A s predicte d b y continuou s activatio n 
model s (here ,  T R A C E activation s converte d t o fixation 
probabilitie s usin g a  varian t  o f  th e Luc e choic e rule ;  se e 
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Allopenn a e t  al .  fo r  details) ,  ther e i s evidenc e o f  substantia l 
rhym e activatio n beginnin g shortl y afte r  th e beginnin g o f 
th e vowel ,  an d reachin g a  pea k activatio n (o r  fixatio n 
probability )  somewha t  les s tha n tha t  o f  th e cohort . 

I n ver y simpl e tasks ,  participant s requir e approximatel y 
150 mse c t o pla n an d launc h a  saccad e (e.g. ,  Matin ,  Shao ,  & 
Boff ,  1993) .  Allowin g fo r  thi s plannin g time ,  i t  i s  clea r 
tha t  th e earlies t  ey e movement s ar e bein g planne d 
approximatel y 10 0 mse c afte r  targe t  onset .  Thus ,  th e visua l 
worl d paradig m i s abl e t o detec t  ver y subtl e effects ,  an d s o 
provide s a n extremel y sensitiv e measur e o f  processin g whic h 
i s time-locke d t o th e speec h stream ,  an d whic h require s onl y 
natura l  action s i n respons e t o spoke n instructions . 

Learning and the Visual World Paradigm 

Previou s studie s hav e use d artificia l  word s t o stud y wor d 
segmentatio n (Saffran ,  Newport ,  &  Aslin ,  1996 )  o r  artificia l 
word s an d grammar s t o stud y syntacti c developmen t  (e.g. , 
Braine ,  1963 ;  Morgan ,  Meier ,  &  Newport ,  1987) .  Ou r  goa l 
her e wa s t o examin e th e developmen t  o f  lexica l  dynamic s a s 
word s ar e learned .  W e use d a  lexico n o f  nove l  name s 
becaus e thi s allowe d u s t o hav e contro l  ove r  factor s suc h a s 
th e detaile d natur e o f  th e competito r  se t  an d frequency. '  I n 
addition ,  sinc e th e name s mus t  b e learned ,  w e ca n observ e 
whethe r  competitio n amon g phonologicall y simila r  item s 
emerge s earl y i n learning ,  o r  i f  suc h effect s depen d o n th e 
item s bein g ver y well-learned . 

We gav e participant s abou t  8 0 minute s o f  trainin g t o 
associat e 1 6 nonsens e shajje s wit h 1 6 bisyllabi c nove l 
names.  Eac h nam e ha d on e onse t  competito r  an d on e rhym e 
competitor .  Neighborhoo d wa s hel d constan t  (al l  word s ha d 
neighborhood s o f  three ;  th e wor d itsel f  -  e.g. ,  /pibo /  -  plu s 
an onse t  competito r  an d a  rhym e -  e.g. ,  /pibu /  an d /dibo/) -
Word frequenc y wa s manipulate d b y presentin g eigh t  o f  th e 
word s wit h relativel y hig h frequency ,  an d th e othe r  eigh t 
wit h relativel y lo w frequency .  I n addition ,  fou r  o f  th e high -
frequenc y item s ha d low-frequenc y competitors ,  an d fou r  ha d 
high-frequenc y competitors .  Th e sam e wa s tru e fo r  th e low -
frequency  items .  Thes e manipulation s wer e introduce d t o 
allo w u s t o examin e whethe r  an y competitio n effect s tha t 
migh t  emerg e woul d b e modulate d b y frequency . 

Method 

Participants Five students at the University of Rochester 
wer e pai d fo r  thei r  participation .  Al l  wer e nativ e speaker s o f 
Englis h wit h norma l  o r  corrected-to-norma l  vision . 

Material s Th e visua l  stimul i  wer e simpl e patterns ,  forme d 
by fillin g eigh t  randomly-chosen ,  contiguou s cell s o f  a  four -
by-fou r  gri d (se e Figur e 2) .  10,00 0 suc h randomly-generate d 
pattern s wer e randoml y ordered ,  an d sixtee n wer e selecte d 
fro m th e beginnin g o f  th e se t  (wit h tw o item s replace d du e 
t o visua l  similarit y wit h othe r  items) . 

'  On e potentia l  concer n wit h suc h a  learnin g stud y i s th e 
intrusio n o f  participants '  Englis h lexicons .  Thi s i s a n issu e 
we defe r  fo r  futur e research ,  onc e w e hav e establishe d tha t 
lexica l  processin g effect s ca n b e observe d wit h newly-learne d 
items . 

The phonologica l  material s consiste d o f  sixtee n bisyllabi c 
nonsens e words .  Th e sixtee n word s comprise d fou r  four -
wor d sets ,  suc h a s /pibo/ ,  /pibu/ ,  /dibo/ ,  an d /dibu/ .  Not e 
tha t  fo r  eac h word ,  ther e i s a n onse t  competito r  whic h differ s 
onl y i n th e fina l  vowel ,  a  rhyme ,  an d a  relativel y dissimila r 
ite m (differin g b y tw o phonemes ,  whic h woul d no t  qualif y i t 
as a  neighbo r  usin g th e mos t  standar d definitio n o f  a  wor d 
differin g b y a  singl e phoneme) .  A  smal l  se t  o f  phoneme s 
was selecte d i n orde r  t o achiev e consisten t  similarit y withi n 
and betwee n sets .  Th e consonant s /p/ ,  Pol ,  l\J ,  an d /d /  wer e 
chose n becaus e the y ar e amon g th e mos t  phoneticall y 
simila r  sto p consonants .  I n eac h set ,  rhyme s differe d b y tw o 
phoneti c feature s (plac e an d voicing )  i n th e first  phoneme . 
Transitiona l  probabilitie s wer e controlle d suc h tha t  al l 
phonemes an d combination s o f  phoneme s wer e equall y 
predictiv e a t  eac h positio n o r  combinatio n o f  positions . 

The auditor y stimul i  wer e produce d b y a  male ,  nativ e 
speake r  o f  Englis h i n a  sentenc e contex t  ("clic k o n th e 

" ) .  Th e averag e duratio n o f  th e targe t  word s wa s 49 6 
msec.  Th e stimul i  wer e recorde d t o tape ,  an d the n digitize d 
usin g th e standar d analog/digita l  device s o n a n Appl e 
Macintosh  850 0 a t  1 6 bit ,  44. 1 kHz .  Th e stimul i  wer e 
converte d t o 8  bit ,  11.12 7 kH z (SoundEdi t  format )  i n orde r 
t o b e use d wit h th e experimenta l  contro l  software ,  PsyScop e 
1. 2 (Cohen ,  MacWhinney ,  Flat t  &  Provost ,  1993) . 

Procedur e Participant s cam e t o th e la b fo r  tw o 2-hou r 
session s o n consecutiv e days .  Eac h da y consiste d o f  seve n 
trainin g session s wit h feedbac k an d a  testin g sessio n withou t 
feedback .  W e tracke d ey e movement s durin g th e test . 

Participant s wer e seate d a t  a  comfortabl e distanc e fro m th e 
experimenta l  contro l  compute r  (a n Appl e Macintos h 720 0 
PowerPC) .  Th e structur e o f  th e trainin g session s wa s a s 
follows .  First ,  a  fixatio n cros s woul d appea r  o n th e screen . 
The participan t  ha d t o clic k o n th e cros s t o begi n th e trial . 
Afte r  50 0 msec ,  eithe r  tw o shape s (i n th e first  thre e trainin g 
sessions )  o r  fou r  shape s (i n th e res t  o f  th e trainin g session s 
and th e tests )  woul d appear .  I f  onl y tw o shape s wer e 
presented ,  the y appeare d approximatel y 1. 5 degree s t o th e 
lef t  an d righ t  o f  th e fixatio n cross .  W h e n fou r  shape s wer e 
presented ,  tw o woul d als o appea r  abou t  1. 5 degree s abov e 
and belo w th e fixation  cros s (se e Figur e 2) . 

Participant s woul d hea r  th e instruction ,  "Loo k a t  th e 
cross "  throug h headphone s 75 0 mse c afte r  th e object s 
appeared .  A t  thi s point ,  participant s woul d fixate  th e cros s 
and clic k o n it .  Participant s wer e instructe d a t  th e beginnin g 
of  th e sessio n tha t  the y neede d t o fixate  th e cros s unti l  the y 
hear d th e nex t  instruction .  Then ,  50 0 mse c afte r  clickin g o n 

J +  f 

1 j 

> 

J r 

Figur e 2 :  Th e lef t  pane l  show s a  possibl e displa y i n 2 A F C 
training ;  th e righ t  pane l  show s a  possibl e 4 A F C display . 
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th e cross ,  a n instructio n t o clic k o n on e o f  th e item s (wit h 

th e computer' s mouse )  woul d b e presente d (e.g. ,  "Clic k o n 

th e pibu") . 
W h en participant s responde d b y clickin g o n on e o f  th e 

items ,  o r  a t  th e en d o f  1 5 seconds ,  al l  o f  th e item s woul d 
disappea r  excep t  fo r  th e shap e tha t  wa s actuall y named .  Th e 
shape' s nam e wa s repeate d (e.g. ,  "pibu" )  50 0 mse c later ,  s o 
tha t  th e feedbac k wa s th e sam e o n ever y trial ,  regardles s o f 
whethe r  th e participan t  clicke d o n th e correc t  shap e o r  not . 
Th e objec t  disappeare d 50 0 mse c later ,  an d th e subjec t  woul d 
clic k o n th e cros s t o begi n th e nex t  trial .  Th e testin g 
sessio n wa s identica l  t o th e four-ite m training ,  excep t  tha t 
no feedbac k wa s given . 

Shape s wer e randoml y mappe d t o names .  T w o rando m 
mapping s wer e used ,  wit h tw o o r  thre e subject s traine d o n 
eac h o f  th e mappings .  Hal f  th e item s wer e high -  an d hal f 
wer e low-frequency .  I n addition ,  hal f  o f  th e eigh t  high -
frequency  item s ha d low-frequenc y competitor s (e.g. ,  /pibo / 
and /dibu /  migh t  b e hig h frequency,  an d /pibu /  an d /dibo / 
woul d b e lo w frequency) .  Th e sam e wa s tru e o f  th e lo w 
frequenc y items . 

Eac h trainin g sessio n consiste d o f  6 4 trials .  Hig h 
frequency  name s appeare d 7  time s pe r  session ,  an d low -
frequency  name s appeare d onc e pe r  session .  I n additio n t o 
thei r  us e a s targets ,  shape s wer e use d a s visua l  distractors . 
Eac h ite m appeare d 4  time s a s a  visua l  distractor .  Thus , 
eac h high-frequenc y ite m appeare d 4 2 time s a s a  targe t  an d 
eac h low-frequenc y ite m appeare d 6  time s a s a  targe t  durin g 
th e si x trainin g sessions ,  an d eac h shap e appeare d 2 4 time s 
as a  visua l  distractor .  Withi n training ,  distractor s wer e 
randoml y assigne d t o eac h trial .  Item s wer e no t  allowe d t o 
appea r  a s th e targe t  o n consecutiv e trials . 

T h e test s consiste d o f  9 6 trials .  Eac h ite m appeare d i n si x 
trials :  on e wit h it s  onse t  competito r  an d tw o unrelate d 
items ,  on e wit h it s  rhym e competito r  an d tw o unrelate d 
items ,  an d fou r  wit h thre e unrelate d items .  Unrelate d item s 
wer e matche d i n frequenc y t o th e target' s competitors . 

We tracke d eye-movement s wit h a n Applie d Scientifi c 
Laboratorie s (E4000 )  ey e tracker .  T w o camera s mounte d o n 
a lightweigh t  helme t  provid e th e inpu t  t o th e tracker .  Th e 
ey e camer a provide s a n infrare d imag e o f  th e eye .  T h e cente r 
of  th e pupi l  an d th e first  Purkinj e cornea l  reflectio n ar e 
tracke d t o determin e th e positio n o f  th e ey e relativ e t o th e 
head .  Accurac y i s bette r  tha n 1  degre e o f  arc ,  wit h virtuall y 
unrestricte d hea d an d bod y movements .  A  scen e camer a i s 
aligne d wit h th e participant' s lin e o f  sight .  A  calibratio n 
procedur e allow s softwar e runnin g o n a  P C t o superimpos e 
crosshair s showin g th e poin t  o f  gaz e o n a  HI- 8 vide o tap e 
recor d o f  th e scen e camera .  Th e scen e camer a sample s a t  a 
rat e o f  3 0 frame s pe r  second ,  an d eac h fram e i s stampe d wit h 
a tim e code .  T h e auditor y stimul i  wer e presente d binaurall y 
throug h headphone s usin g th e standar d digital-to-analo g 
device s provide d wit h th e experimenta l  contro l  computer . 
Audi o connection s betwee n th e compute r  an d HI- 8 V C R 
provide d a n audi o recor d o f  eac h trial . 

Results 

Participant s wer e abl e t o achiev e hig h level s o f  accurac y 
relativel y quickly .  Th e accurac y result s fo r  th e fourtee n 
trainin g session s an d th e tw o tes t  session s ar e show n i n 

Tabl e 1 :  Accurac y i n trainin g an d testin g sessions . 

Typ e 

2 AF C 
2 AF C 
2 AF C 
2 AF C 

4 AF C 
4 AF C 
4 AF C 

Day 1 
Hig h 
.7 0 
.8 3 
.9 0 
.9 5 

.9 0 

.9 4 

.9 4 

Low 
.5 9 
.4 4 
.5 9 
.7 5 

.6 4 

.6 8 

.7 0 

Type 
4 AF C 
4 AF C 
4 AF C 
4 AF C 

4 AF C 
4 AF C 
4 AF C 

Day 2 
Hig h 
.9 4 
.9 6 
.9 5 
.9 4 

.9 9 

.9 9 

.9 6 

Low 
.7 5 
.8 3 
.9 0 
.8 5 

.8 8 

.9 5 

.9 3 

Tes t .9 5 .7 6 Tes t .9 8 .9 8 

Tabl e 1 .  O n th e firs t  day ,  participant s clearl y learne d th e 
high-frequenc y item s bette r  tha n th e low-frequenc y items . 
Participant s showe d sligh t  drop s i n accurac y whe n th e tas k 
was change d t o four-alternativ e force d choice ,  an d agai n 
when feedbac k wa s discontinue d i n th e test .  Not e tha t 
participant s wer e clos e t o ceilin g fo r  high-frequenc y item s i n 
th e first  test ,  bu t  di d no t  reac h ceilin g fo r  low-frequenc y 
item s unti l  th e en d o f  th e secon d day . 

Figur e 3  show s th e probabilit y  o f  makin g eye-movement s 
t o cohort ,  rhym e an d unrelate d distractors ,  average d acros s al l 
frequenc y an d competito r  condition s i n th e tes t  a t  th e en d o f 
day 2 .  Not e tha t  th e tim e axi s extend s furthe r  tha n tha t  i n 
Figur e 1 ,  an d tha t  th e probabilit y o f  fixating  th e targe t  shap e 
i s stil l  relativel y lo w eve n 150 0 mse c afte r  th e onse t  o f  th e 
targe t  name .  T w o factor s underli e this .  First ,  th e stimul i 
ar e longe r  tha n averag e bisyllabi c word s becaus e o f  thei r 
C V CV structure .  Second ,  althoug h subject s ar e a t  ceilin g 
on high -  an d low-frequenc y item s i n th e secon d test ,  the y ar e 
stil l  no t  a s confiden t  i n thei r  response s a s the y woul d b e fo r 
rea l  words ,  an d mak e mor e ey e movement s afte r  wor d onse t 
tha n participant s i n Allopenn a e t  al .  (i n press) .  However , 

Targe t  (e.g. ,  pbo ) 
Cohort(e.g. ,  pibu ) 
Rhyme (e.g. ,  dbo ) 
Unrelate d (e.g. ,  bapu ) 

O OA. Averag e targe t  offse t 

(r ~ 1  5 0 •  30 0 •  45 0 •  60 0 "  75 0 '  90 0 '  1050 '  1200 "  1350 "  150 0 
Tim e sinc e targe t  onse t  (ms ) 

Figure 3: Cohort and rhyme effects averaged across all 
condition s i n th e tes t  a t  th e en d o f  th e secon d day . 
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Targe t  (e.g. ,  pbo ) 
Cohoft(e.g. ,  pbu ) 
Unrelate d (e.g. .  bapu ) 

Averag e targe t  offse t 

1.0 

0.8 -

_g0. 6 

2 
a. 
c 0.4 ' 

( 0 
X 

0.2 ' 

0.0 

150 30 0 45 0 60 0 75 0 90 0 105 0 120 0 135 0 150 0 
T i m e sinc e targe t  onse t  ( m s ) 

•* — Targe t  (e.g. ,  pibo ) 
-• — Cohor t  (e.g. ,  pbu ) 
-• — Unrelate d (e.g.,bapu ) 

Averag e targe t  offse t 

150 30 0 45 0 60 0 75 0 90 0 105 0 120 0 135 0 150 0 
T i m e s i n c e targe t  o n s e t ( m s ) 

Figur e 4 :  Cohor t  effect s modulate d b y frequenc y i n th e tes t 
on da y 2 .  I n th e uppe r  panel ,  bot h th e targe t  an d th e cohor t 
ar e high-frequency .  I n th e lowe r  panel ,  th e targe t  i s low -
frequenc y an d th e cohor t  i s high-frequency . 

recall that it takes approximately 150 to 200 msec to plan 
and initiat e a  saccad e i n a  simpl e task .  Thi s mean s tha i  a t 
leas t  th e fixatio n probabilitie s observe d i n th e first  severa l 
hundre d millisecond s ar e time-locke d wit h th e spoke n input . 

As ca n b e see n i n Figur e 3 ,  ther e wer e cohor t  an d rhym e 
effect s tha t  emerge d a s a  functio n o f  similarit y wit h th e 
target .  Th e cohor t  an d targe t  probabilitie s separat e togethe r 
fro m th e unrelate d baseline .  Afte r  a  sligh t  delay ,  th e 
probabilit y o f  fixatin g th e rhym e separate s fro m baseline . 

The competito r  effect s wer e als o modulate d b y frequency. 
T wo o f  th e fou r  combination s o f  targe t  an d competito r 
frequency  ar c show n i n Figur e 4 .  I n th e uppe r  panel ,  th e 
cohor t  conditio n i n whic h bot h th e targe t  an d th e cohor t  an s 
hig h frequency  i s  shown .  Th e patter n i s  simila r  t o th e 

1.0 

O.8. 

5 0.6 1 

I 
a 

I 0-41 
X 

0.2 . 

-• — Targe t  (e.g. ,  pibo ) 
-• — Cohor t  (e.g. ,  pibu ) 
-• — Unrelate d (e.g. ,  bapu ) 

Averag e targe t  offse t 

0.0*«MN« M 
0 15 0 300 45 0 60 0 75 0 90 0 105 0 120 0 135 0 150 0 

Time sinc e targe t  onse t  (msec ) 

Figur e 5 :  Th e cohor t  effec t  afte r  onl y on e da y o f  training . 

overall pattern shown in Figure 3. In the lower panel, the 
cohor t  conditio n i n whic h th e cohor t  i s  hig h frequency  bu t 
th e targe t  i s lo w frequency  i s shown .  Ther e i s a  strikin g 
effec t  o f  frequency.  Participant s wer e muc h mor e likel y t o 
fixate  th e cohor t  earl y i n th e wor d whe n th e inpu t  wa s 
consisten t  wit h th e hig h frequency  cohort s an d targets . 
Althoug h the y ar e no t  show n here ,  a  sligh t  advantag e i s see n 
fo r  th e targe t  ite m i n th e conditio n wher e i t  i s  hig h 
frequenc y an d th e cohor t  i s  lo w frequency ,  an d n o advantag e 
i s see n whe n bot h item s ar e lo w frequency.  Simila r  effect s 
ar e see n fo r  rhym e competitors ,  bu t  ar e no t  show n here . 

Discussion 

The result s indicat e tha t  wit h relativel y littl e training , 
participant s for m representation s o f  nove l  word s whic h 
begi n t o approximat e thos e fo r  rea l  words .  Eye-movemen t 
measure s ove r  tim e suggeste d tha t  participant s wen s 
considerin g onse t  competito r  item s soo n afte r  wor d onset . 
Analyse s b y frequenc y conditio n showe d tha t  thi s effec t  wa s 
modulate d b y th e frequency  manipulation .  Thus ,  th e 9 8 
exposure s t o high-frequenc y item s an d 1 4 t o low-frequenc y 
item s durin g trainin g wer e sufficien t  t o begi n t o 
approximat e th e lexica l  dynamic s observe d wit h rea l  words . 
I n fact ,  afte r  jus t  4 9 exposure s t o high-frequenc y item s an d 7 
exposure s t o low-frequenc y item s o n th e first  da y o f 
training ,  cohor t  effect s wer e alread y presen t  (se e Figur e 5 ) , 
bu t  ther e wer e n o r h y m e effects . 

T h e absenc e o f  a  r h y m e effec t  o n da y 1  provide s a n 
interestin g paralle l  t o Swingley' s (1997 )  failur e t o find 
r h y m e effect s wit h 2 4 - m o n t h ol d childre n (althoug h h e di d 
find  onse t  cohor t  effects) .  I t  m a y b e tha t  th e absenc e o f  a 
r h y m e effec t  i s  diagnosti c o f  a  stag e i n wh i c h lexica l 
representation s ar e no t  well-enoug h establishe d fo r  subtl e 
similarit y effect s t o emerge .  Futur e w o r k wil l  explor e th e 
difference s i n th e a m o u n t  o f  learnin g necessar y t o establis h 
variou s lexica l  processin g effects . 
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Thi s wor k make s thre e contribution s t o th e literature :  (1 ) 

i t  show s tha t  lexica l  conip)etitio n effect s ca n develo p quit e 
quickly ;  (2 )  i t  reinforce s previou s demonstration s tha t  on -

lin e languag e comprehensio n i s incremental ;  an d (3 )  th e 
result s indicat e tha t  thi s paradig m ca n b e extende d t o mor e 
comple x issue s o f  lexica l  structur e an d lexica l  acquisition . 

Overall ,  th e result s sho w tha t  incrementa l  consideratio n o f 
multipl e alternative s i n paralle l  doe s no t  depen d o n highly -
learne d lexica l  items ;  i t  i s  th e natura l  mod e fo r  spoke n wa d 
recognition . 
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