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Seman t i c Compet i t io n a n d th e Amb igu i t y Disadvantag e 

Jennifer Rodd (jenni.rodd@mrc-cbu.cam.ac.uk) 

Gareth Gaskell (gareth.gaskell@mrc-cbu.cam.ac.uk) 

William Marslen-Wilson (william.marslen-wilson@mrc-cbu.cam.ac.uk) 

MRC Cognition and Brain Sciences Unit 

15 Chauce r  Road ,  Cambridge ,  U K 

Abstrac t 

In  many recent models of word recognition, words compete to 
activat e distribute d semanti c representations .  Report s o f  faste r 
visua l  lexica l  decision s fo r  ambiguou s word s compare d wit h 
unambiguou s word s ar e problemati c fo r  suc h models ;  wh y 
does increase d semanti c competitio n betwee n differen t  mean -
ing s no t  slo w th e recognitio n o f  ambiguou s words ? Thi s stud y 
challenge s thes e findings  b y showin g tha t  visua l  lexica l  deci -
sion s t o ambiguou s word s whos e meaning s wer e judge d t o b e 
unrelate d wer e slowe r  tha n eithe r  unambiguou s word s o r  am -
biguou s word s whos e meaning s wer e judge d t o b e related .  W e 
sugges t  tha t  previou s report s o f  a n ambiguit y advantag e ar e 
due t o th e us e o f  ambiguou s word s wit h highl y relate d mean -
ings . 

In t roduc t io n 

M a ny recen t  connecdonis t  model s o f  writte n an d spoke n 
wor d recognitio n us e distribute d lexica l  representations ; 
word s ar e represente d a s a  patter n o f  activatio n acros s a  se t 
of  units .  I n mos t  o f  thes e models ,  word s ar e represente d a t  a n 
explicid y semanti c leve l  (Gaskel l  &  Marslen-Wilson ,  1997 ; 
Hinto n &  Shallice ,  1991 ;  Joorden s &  Besner ,  1994 ;  Plaut , 
1997) .  Word s compet e fo r  activatio n o f  thes e semanti c repre -
sentations ,  an d fo r  a  wor d t o b e recognised ,  i t  mus t  produc e 
a familia r  patter n o f  semanti c activation .  Thi s pape r  review s 
th e existin g evidenc e fo r  suc h semanti c competitio n effects , 
and report s a  visua l  lexica l  decisio n experimen t  tha t  suggest s 
tha t  semanti c competitio n doe s pla y a n importan t  rol e i n vi -
sua l  wor d recognition . 

Ambiguous Words 

O ne situatio n wher e semanti c competitio n wil l  occu r  i s th e 
cas e o f  ambiguou s words .  Homograph s suc h a s ban k ar e 
word s wher e a  singl e orthographi c for m ha s mor e tha t  on e 
meaning .  I n th e abov e models ,  th e orthographi c patter n ban k 
must  b e associate d wit h tw o differen t  semanti c pattern s o f 
activatio n correspondin g t o it s tw o meanings .  W h e n th e or -
thographi c patter n i s presente d t o a  networ k model ,  thes e tw o 
semanti c pattern s wil l  bot h b e partiall y  activate d a s th e net -
wor k trie s t o simultaneousl y instantiat e bot h pattern s acros s 
di e semanti c units .  Th e likel y consequenc e o f  thi s i s tha t  th e 
tw o pattern s o f  activatio n wil l  interfer e wit h eac h other ,  an d 
dela y th e recognitio n o f  th e word .  Thi s predictio n o f  a  pro -
cessin g disadvantag e fo r  ambiguou s word s i s a n exampl e o f 
th e mor e genera l  principl e tha t  one-to-on e mapping s ar e mor e 
easil y learne d an d processe d tha n mapping s wher e a  singl e in -
put  patter n correspond s t o mor e tha n on e outpu t  pattern .  (Fo r 
a revie w o f  suc h effort s se e Joorden s &  Besner ,  1994. ) 

However ,  ther e hav e bee n severa l  attempt s t o sho w that , 
give n th e righ t  assumptions ,  thi s clas s o f  mode l  ca n sho w th e 
opposit e effect ,  a n advantag e fo r  ambiguou s words .  Th e ap -
proac h take n b y Joorden s an d Besne r  (1994 )  relie s o n th e as -
sumptio n tha t  whe n th e orthograph y o f  a  wor d i s presente d t o 
th e network ,  th e initia l  stat e o f  th e semanti c unit s i s randoml y 
determined .  Further ,  th e close r  t o it s  targe t  stat e di e networ k 
starts ,  th e quicke r  i t  wil l  setti e int o tha t  state .  Fo r  ambiguou s 
words ,  ther e i s mor e tha n on e vali d finishing  state ,  an d th e 
networ k i s likel y t o settl e int o th e targe t  stat e closes t  t o it s 
initia l  state .  O n average ,  th e initia l  stat e o f  th e networ k wil l 
be close r  t o on e o f  thes e state s tha n fo r  a n unambiguou s wor d 
wher e ther e i s onl y on e vali d finishing  state .  Thei r  networ k 
di d sho w a n ambiguit y advantage ,  bu t  onl y whe n th e erro r 
rat e wa s unrealisticall y high . 

Kawamoto ,  Farrar ,  an d Kell o (1994 )  too k a  differen t  ap -
proac h t o modellin g a n ambiguit y advantage .  The y assume d 
tha t  lexica l  decision s ar e mad e o n th e basi s o f  orthographic , 
not  semantic ,  representations .  Usin g di e leas t  mea n squar e 
( L M S )  algorith m durin g training ,  a n ambiguit y advantag e 
was shown .  Thi s arise s becaus e o f  th e error-correctin g na -
tur e o f  th e learnin g algorithm ;  i n orde r  t o compensat e fo r  th e 
increase d erro r  produce d b y th e ambiguou s word s i n th e se -
manti c units ,  stronge r  connection s ar e forme d betwee n th e 
orthographi c units ,  whic h ar e bein g use d a s th e inde x o f  per -
formance . 

Therefore ,  successfu l  demonstratio n o f  a n ambiguit y ad -
vantag e relie s o n th e assumptio n tha t  th e lexica l  decisio n tas k 
i s primaril y orthographic .  Thi s assumptio n ha s problem s i n 
accountin g fo r  th e rang e o f  semanti c effect s o n lexica l  de -
cision .  Th e simulation s reporte d b y Joorden s an d Besne r 
(1994 )  mak e i t  clea r  tha t  i f  th e activatio n o f  th e semanti c unit s 
i s use d t o mode l  lexica l  decisio n i n suc h networks ,  semanti c 
competitio n make s i t  difficul t  fo r  suc h network s t o produc e 
an ambiguit y advantage . 

Joorden s an d Besne r  (1994 )  argu e tha t  fo r  thi s clas s o f 
model  "increase d competitio n mus t  occu r  whe n a n ambigu -
ous wor d i s processe d an d tha t  thi s competitio n mus t  ac t  t o 
reduc e processin g efficiency" .  Thi s give s u s a  testabl e pre -
dictio n o f  model s wher e word s compet e fo r  activatio n o f  se -
manti c representations :  semanti c competitio n shoul d ac t  t o 
slo w th e recognitio n o f  ambiguou s word s relativ e t o word s 
wit h onl y on e meaning . 

The secon d semanti c competitio n predictio n relie s o n th e 
observatio n tha t  withi n th e clas s o f  ambiguou s word s ther e 
ar e word s tha t  diffe r  widel y i n th e relatednes s o f  thei r  mean -
ings .  Th e linguisti c literatur e ha s distinguishe d betwee n tw o 
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type s o f  ambiguity :  h o m o n y m y an d polysemy .  Traditionall y 
homonyms ar e sai d t o b e differen t  word s tha t  happe n t o hav e 
th e sam e form ,  wherea s a  polysemou s wor d i s a  singl e wor d 
tha t  ha s mor e tha n on e sens e (Lyons ,  1977) .  Fo r  exampk- ,  ih c 
orthographi c for m ban k i s assume d t o b e a  homograph ,  an d 
t o an d correspon d t o tw o separat e lexica l  item s tha i  shar e th e 
same orthograph y purel y b y chance .  Conversely ,  th e us e o f 
th e wor d mout h t o describ e th e entranc e t o a  cav e a s wel l  a s a 
par t  o f  th e bod y i s assume d t o reflec t  th e fac t  tha t  mout h i s a 
wor d wit h mor e tha n on e sens e (Lyons ,  1977) .  Thi s distinc -
tio n betwee n wor d sense s an d wor d meaning s i s respecte d b y 
al l  standar d dictionaries ;  lexicographer s decid e whethe r  dif -
feren t  usage s o f  th e sam e orthograph y correspon d t o differen t 
lexica l  entrie s o r  differen t  sense s withi n a  singl e entry . 

However ,  whil e thi s homonymy/polysem y distinctio n i s 
easy t o formulate ,  i t  i s difficul t  t o appl y wit h consistenc y an d 
reliability .  Ther e i s no t  alway s a  clea r  distinctio n betwee n 
thes e tw o type s o f  ambiguity ,  an d peopl e wil l  ofte n disagre e 
about  whethe r  tw o wor d meaning s ar e sufficientl y relate d t o 
be classe d a s sense s o f  a  singl e meaning .  Despit e this ,  i t  i s 
importan t  t o remembe r  tha t  word s tha t  ar e describe d a s am -
biguou s ca n var y betwee n thes e tw o extremes . 

Thi s distinctio n i s importan t  whe n lookin g a t  th e issu e o f 
semanti c competition .  Model s i n whic h word s compet e fo r 
activatio n o f  distribute d semanti c representation s predic t  tha t 
recognitio n o f  ambiguou s word s wil l  b e slowe d b y compe -
titio n betwee n semanti c representations .  However ,  a s note d 
by Rueck l  (1995) ,  competitio n betwee n tw o meaning s ca n b e 
reduce d b y increasin g th e similarit y o f  thei r  representations . 
Thi s mean s tha t  th e situatio n i s differen t  fo r  ambiguou s word s 
wit h semanticall y relate d senses .  Ofte n thes e sense s relat e t o 
a singl e cor e litera l  meanin g o f  th e wor d (Lyons ,  1977) .  Fo r 
suc h word s ther e wil l  b e a  hig h leve l  o f  overla p betwee n th e 
competin g semanti c representations ,  an d s o th e interferenc e 
betwee n the m wil l  b e greatl y reduced .  W e predic t  tha t  thi s re -
ductio n i n interferenc e wil l  resul t  i n ambiguou s word s bein g 
recognise d faste r  whe n thei r  differen t  meaning s ar e relate d 
tha n whe n the y ar e highl y unrelated .  Thi s i s a  secon d testabl e 
predictio n o f  model s wher e word s compet e fo r  activatio n o f 
distribute d semanti c representations . 

The followin g tw o section s wil l  revie w th e literatur e tha t 
i s relevan t  t o thes e tw o predictions .  W e wil l  the n g o o n t o 
repor t  a  lexica l  decisio n experimen t  tha t  support s thes e tw o 
predictions . 

The Ambiguity Advantage 

The first prediction, that semantic competition will slow 
recognitio n o f  ambiguou s words ,  i s  apparentl y contradicte d 
by th e availabl e experimenta l  evidence .  Th e ambiguit y ad -
vantag e i s th e reporte d finding  tha t  word s wit h m a n y mean -
ing s ar e responde d t o faste r  i n visua l  lexica l  decisio n exper -
iment s tha n word s wit h fewe r  meanings .  Therefore ,  rathe r 
tha n semanti c competitio n slowin g recognitio n o f  ambiguou s 
words ,  ther e appear s t o b e a  processin g advantag e fo r  suc h 
words . 

Earl y report s o f  a n ambiguit y advantag e (e.g .  Rubenstein , 
Garfield ,  &  Millikan ,  1970 )  hav e bee n criticise d fo r  no t  con -
trollin g fo r  subjectiv e familiarity ;  word s wit h mor e tha n on e 
meanin g ar e typicall y mor e familiar .  Sinc e then ,  Kellas ,  Fer -
raro ,  an d Simpso n (1988 )  repor t  faste r  lexica l  decisio n time s 

fo r  ambiguou s word s tha n fo r  unambiguou s words ,  bu t  the y 
do no t  sho w tha t  thi s effec t  reache s statistica l  significance . 
Hin o an d Lupke r  (1996 )  an d Borowsk y an d Masso n (1996 ) 
als o repor t  finding  a n ambiguit y advantag e i n a  lexica l  deci -
sio n experiment ,  bu t  th e effec t  o f  ambiguit y wa s no t  signifi -
can t  i n th e item s analysi s i n eithe r  study . 

Milli s  an d Butto n (1989 )  an d A z u m a an d Va n Orde n 
(1997 )  d o sho w a  statisticall y significan t  advantag e i n visua l 
lexica l  decisio n experiment s fo r  word s wit h m a n y meaning s 
when compare d wit h word s wit h fe w meanings .  However , 
bot h thes e studie s use d procedure s tha t  counte d highl y re -
late d wor d meaning s tha t  correspon d t o differen t  sense s o f 
a singl e dictionar y entr y a s distinc t  meanings .  Fo r  example , 
Milli s  an d Butto n (1989 )  provid e th e wor d tel l  a s a n exam -
pl e o f  a  wor d tha t  ha s man y meanings .  Participant s produce d 
up t o fou r  meaning s fo r  thi s word ;  thes e meaning s were :  t o 
inform ,  t o explain ,  t o understan d an d t o relat e i n detail .  Al -
thoug h ther e ar e importan t  difference s betwee n thes e fou r 
definitions ,  the y al l  relat e t o a  singl e cor e meanin g o f  th e 
word ,  an d ar e give n a s differen t  sense s withi n a  singl e entr y 
i n th e Wordsmyt h Dictionar y (Parks ,  Ray ,  &  Bland ,  1998) . 

Further ,  neithe r  stud y compare d ambiguou s word s wit h 
word s wit h onl y on e meaning .  Rather ,  the y compare d word s 
wit h fe w meaning s wit h word s wit h m a n y meanings .  Thi s 
had th e resul t  tha t  man y o f  th e low-ambiguit y stimul i  wer e 
themselve s highl y ambiguous ,  e.g .  spoke ,  staffs ,  bar k an d sea l 
whic h al l  hav e mor e tha n on e entr y i n th e Wordsmyt h Dic -
tionary .  W e carrie d ou t  a n analysi s o f  th e stimul i  use d i n 
th e tw o experiments ,  an d foun d tha t  i n bot h experiments ,  th e 
low -  an d high-ambiguit y word s di d no t  diffe r  i n thei r  num -
ber  o f  differen t  dictionar y entries ;  bot h group s ha d a  simi -
la r  numbe r  o f  word s wit h multipl e entrie s i n th e Wordsmyt h 
Dictionary .  Instead ,  th e group s differe d i n thei r  numbe r  o f 
dictionar y senses ,  wit h th e high-ambiguit y word s havin g fa r 
mor e senses .  Thi s suggest s tha t  th e ambiguit y advantag e the y 
foun d wa s no t  th e resul t  o f  a  benefi t  fo r  ambiguit y o f  th e kin d 
see n i n th e wor d bank ,  betwee n tw o highl y unrelate d mean -
ings .  Rather ,  the y hav e show n a  benefi t  fo r  ambiguou s word s 
that ,  i n additio n t o an y unrelate d meanings ,  hav e cluster s o f 
relate d wor d senses . 

As discusse d earlier ,  ambiguit y betwee n relate d wor d 
sense s woul d no t  necessaril y  produc e th e kin d o f  semanti c 
competitio n tha t  w e woul d expec t  fo r  unrelate d wor d mean -
ings .  Fo r  a  reporte d ambiguit y advantag e t o b e problem -
ati c fo r  model s tha t  incorporat e semanti c competition ,  th e 
high-ambiguit y word s mus t  hav e fewe r  semanticall y unre -
late d meaning s tha n th e low-ambiguit y words .  W e believ e 
tha t  neithe r  o f  thes e studie s ha s show n suc h a n effect .  There -
fore ,  th e questio n o f  wha t  effec t  th e presenc e o f  semanticall y 
unrelate d meaning s ha s o n wor d recognitio n ha s no t  ye t  bee n 
resolved . 

Relatedness of Word Meanings 

Two studies have investigated whether the relationship be-
twee n th e meaning s o f  a n ambiguou s wor d ca n affec t  it s 
recognition .  A z u m a an d Va n Orde n (1997 )  repor t  tha t  fo r  ho -
mograph s wit h tw o t o fou r  meanings ,  visua l  lexica l  decisio n 
time s ar e slowe r  whe n thei r  meaning s wer e rate d a s bein g un -
related .  Thi s i s consisten t  wit h ou r  predictio n tha t  whe n th e 
meaning s o f  a n ambiguou s wor d ar e highl y unrelated ,  ther e i s 
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greate r  competitio n betwee n thei r  semanti c representations , 
and tha t  thi s increase d competitio n produce s slowe r  lexica l 
decisio n time s tha n whe n th e meaning s ar e highl y related . 
However ,  a s mentione d earlier ,  th e procedur e use d b y A z u m a 
and Va n Orde n (1997 )  mean s tha t  highl y relate d wor d sense s 
wer e counte d a s separat e meanings .  The y wer e comparin g 
word s lik e hid e an d park ,  whos e meaning s ar e completel y 
unrelate d wit h word s lik e drin k an d rak e whic h ar e ambigu -
ous onl y i n tha t  the y ca n b e use d a s eithe r  a  nou n o r  a  verb . 
I t  i s  no t  clea r  tha t  word s wit h suc h highl y relate d meaning s 
shoul d reall y b e considere d ambiguous .  Thi s stud y wil l  at -
temp t  t o replicat e thei r  finding  usin g stimul i  wit h greate r  am -
biguity .  W e wil l  compar e word s lik e iiicket ,  whos e meaning s 
ar e semanticall y unrelated ,  t o word s lik e letter .  Lette r  ha s tw o 
meanings ,  bu t  the y ar e semanticall y relate d i n tha t  the y bot h 
refe r  t o writte n language . 

Th e secon d relevan t  experimen t  wa s performe d b y Ruben -
stei n e t  al .  (1970) .  The y investigate d th e effect s o f  ambiguit y 
and concretenes s o n visua l  lexica l  decisio n times ,  an d repor t 
faste r  lexica l  decisio n time s fo r  homograph s wit h on e con -
cret e meanin g an d on e abstrac t  meanin g tha n fo r  homograph s 
wit h tw o concret e meanings .  I f  w e accep t  tha t  concretenes s 
i s a n importan t  semanti c dimension ,  w e woul d expec t  tha t 
on averag e tw o concret e meaning s wil l  b e mor e simila r  tha n 
one concret e meanin g an d on e abstrac t  meaning .  Thi s make s 
Rubenstei n e t  al. s (1970 )  resul t  somewha t  counterintuitive ; 
th e homograph s wit h les s simila r  meaning s wer e responde d 
t o faster .  Thi s i s inconsisten t  wit h th e finding  o f  A z u m a 
and Va n Orde n (1997) ,  an d conflict s wit h th e vie w tha t  in -
crease d competitio n betwee n semanticall y dissimila r  homo -
graph s shoul d slo w thei r  recognition . 

Therefor e th e tw o report s i n th e literatur e o f  semanti c com -
petitio n effect s giv e somewha t  contradictor y findings.  Th e 
experimen t  reporte d her e attempt s t o resolv e th e issue .  It s 
startin g poin t  i s  th e desig n use d b y Rubenstei n e t  al .  (1970) , 
sinc e thi s i s a  resul t  tha t  i s  problemati c fo r  al l  classe s o f  mod -
els . 

Aims of the Experiment 

The visual lexical decision experiment reported here has three 
mai n aims . 

Firstl y i t  wil l  investigat e th e effec t  o f  ambiguit y o n wor d 
recognitio n b y comparin g word s tha t  hav e mor e tha t  on e 
meanin g wit h word s tha t  ar e no t  ambiguous .  Evidenc e o f 
a disadvantag e fo r  ambiguou s word s woul d contradic t  previ -
ous report s o f  a n ambiguit y advantage ,  bu t  suppor t  ou r  first 
prediction ,  tha t  semanti c competitio n wil l  slo w recognitio n 
of  ambiguou s words .  T o avoi d th e problem s associate d wit h 
earlie r  studies ,  i t  wil l  directl y compar e ambiguou s word s wit h 
unambiguou s word s tha t  hav e onl y on e dictionar y entry .  Th e 
ambiguou s word s wil l  hav e tw o meaning s wit h a  rang e o f  re -
latedness . 

Th e experimen t  wil l  als o addres s th e predictio n o f  tha t 
any slowin g o f  th e recognitio n o f  ambiguou s word s wil l  b e 
greate r  whe n th e ambiguity  i s betwee n meaning s tha t  ar e se -
manticall y highl y unrelated .  I t  wil l  use  a  desig n tha t  wil l  al -
lo w u s t o investigat e th e finding  b y Rubenstei n e t  al .  (1970 ) 
tha t  ambiguou s word s wer e responde d t o faste r  whe n the y 
had on e abstrac t  an d on e concret e meaning s tha n whe n bot h 
meaning s ar e concrete .  Finally ,  i t  wil l  als o loo k fo r  direc t 

effect s o f  meanin g relatedness . 

Lexical Decision Experiment 

Kxperimenta l  Desig n A  summar y o f  th e experimenta l  de -
sig n i s give n i n Tabl e 1 .  Thre e group s o f  homograph s 
ar e used .  Grou p C C contain s homograph s wit h tw o con -
cret e meanings ,  homograph s i n Grou p C A hav e on e concret e 
meanin g an d on e abstrac t  meaning ,  an d Grou p A A contain s 
homograph s wit h tw o abstrac t  meanings .  Th e contro l  stim -
ul i  ar e tw o group s o f  non-homographs .  Grou p C  consist s o f 
concret e non-homographs ,  matche d fo r  concretenes s wit h th e 
mor e concret e meanin g o f  th e homograp h Group s C C an d 
C A.  Grou p A  consist s o f  abstrac t  words ,  matche d fo r  con -
cretenes s wit h th e abstrac t  meaning s o f  th e word s i n Grou p 

CA. 

Tabl e 1 :  Experimenta l  Desig n 

Homograph s Non-Homograph s 

Grou p 

Exampl e 
CC 
cal f 

CA 
seal 

AA 
lea n 

C 

goat 

A 

san e 

I n additio n t o thes e between-grou p comparisons ,  i t  wa s in -
tende d t o us e correlatio n analyse s t o investigat e th e effect s o f 
th e concretenes s an d relatednes s o f  th e tw o meaning s o f  th e 
homographs .  T o increas e th e numbe r  o f  word s i n thi s analysi s 
al l  homograph s tha t  wer e preteste d bu t  eliminate d durin g th e 
matchin g o f  th e group s wer e als o include d i n th e experiment . 

Method 

Stimul i  Th e mai n selectio n criterio n fo r  th e homograph s 
was tha t  the y shoul d hav e onl y tw o meanings .  13 0 homo -
graph s take n fro m a  rang e o f  homograp h norm s wer e pre -
teste d t o obtai n rating s fo r  th e concretenes s o f  eac h o f  thei r 
tw o meanings ,  an d fo r  thei r  overal l  familiarity .  T w o group s 
of  subject s no t  include d i n th e lexica l  decisio n experimen t 
made th e familiarit y an d concretenes s ratings ,  o n a  7-poin t 
scale .  Th e pre-teste d stimul i  wer e assigne d t o th e five  stimu -
lu s group s accordin g t o thes e concretenes s scores .  Concret e 
meaning s ha d a  m in imu m concretenes s ratin g o f  5.22 ;  ab -
strac t  meaning s ha d a  m a x i m u m concretenes s o f  4.96 . 

The five  group s eac h containe d 3 0 words ,  an d wer e 
matche d fo r  length ,  frequency ,  familiarity ,  an d neighbour -
hoo d density .  Th e frequenc y measur e use d wa s th e log -
transforme d frequenc y o f  th e wor d i n th e spoke n sectio n o f 
th e Britis h Nationa l  Corpu s (LnBNC) .  Th e neighbourhoo d 
densit y measur e wa s th e numbe r  o f  word s i n C E L E X tha t 
differe d fro m eac h wor d b y onl y on e letter . 

Thes e five  group s ca n b e collapse d t o giv e a  grou p o f  ho -
mograph s (N=90 )  an d a  grou p o f  non-homograph s (N=60) ; 
thes e tw o group s wer e als o matche d o n al l  th e abov e vari -
ables ,  a s wel l  a s fo r  mea n concreteness .  Fo r  a  homograph , 
Mean Concretenes s wa s th e mea n o f  th e concretenes s ratin g 
fo r  it s  tw o meanings ;  fo r  non-homograph s i t  wa s simpl y th e 
concretenes s scor e fo r  th e word . 

Thirt y fou r  homograph s tha t  ha d bee n pre-teste d bu t  wer e 
not  include d i n on e o f  th e five  group s wer e include d i n th e 
experiment . 
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The non-wor d stimul i  wer e pseudohomophone s wit h a 
simila r  distributio n o f  wor d length s t o th e wor d stimuli . 

Procedure The participants were 25 members of the MRC 
Cognitio n an d Brai n Science s Uni t  subjec t  panel .  Al l 
th e stimulu s item s wer e pseudo-randoml y divide d int o fou r 
group s whic h participant s sa w i n a  pseudo-rando m orde r  suc h 
tha t  n o tw o participant s sa w th e list s i n th e sam e orde r  Withi n 
th e lists ,  th e orde r  i n whic h stimulu s item s wer e presente d 
was randomise d fo r  eac h participant .  Al l  th e participant s sa w 
al l  o f  th e stimulu s materials .  Th e participants '  tas k wa s t o 
decid e whethe r  eac h ite m wa s a  wor d o r  a  non-word .  Onc e 
a participan t  ha d responded ,  th e nex t  stimulu s appeare d afte r 
500 ms . 

Results 

The latencie s fo r  response s t o th e wor d an d non-wor d stimul i 
wer e recorded ,  an d th e invers e o f  thes e respons e time s (1/RT ) 
wer e use d i n th e analyses . 

ANOVA Analyses Mean values were calculated separately 
acros s subject s an d items .  Th e subjec t  mean s wer e subjecte d 
t o a n analysi s o f  varianc e ( A N O V A ) ,  an d th e ite m mean s wer e 
subjecte d t o a n analysi s o f  covarianc e ( A N C O V A )  wit h fre -
quency ,  familiarit y an d lengt h entere d a s covariates . 

Incorrec t  response s wer e no t  include d i n th e analysis .  Al l 
response s greate r  tha n tw o second s wer e als o remove d fro m 
th e analysis ;  participant s mad e betwee n zer o an d si x suc h re -
sponses ,  nearl y al l  o n th e non-words ;  i n total ,  onl y tw o suc h 
response s wer e mad e fo r  th e rea l  words .  Th e overal l  erro r 
rat e fo r  response s wa s 5.5% . 

Respons e latencie s fo r  eac h cel l  o f  th e design ,  average d 
over  subject s an d items ,  ar e presente d i n Figur e 1 . 
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Figur e 1 ;  M e a n lexica l  decisio n time s 

The analyses of variance using the five groups of words 
reveale d a  mai n effec t  o f  stimulu s type ,  Fs{4:,88 )  =  13.27 , 
p <  .001 ,  Fi(4,142 )  =  6.47 ,  p  <  .001 .  Multipl e com -
parison s wer e m a d e betwee n th e individua l  group s usin g th e 
Newman-Keul s procedure . 

For  th e non-homographs ,  ther e wa s a  significan t  effec t  o f 
concreteness ,  wit h respons e time s fo r  concret e word s bein g 
significantl y shorte r  tha n fo r  abstrac t  words ;  gs(3,88 )  = 
7.39 ,  p  <  .001 ,  qi{4,144 )  =  4.99 ,  p  <  .001 . 

For  th e homographs ,  althoug h ther e wa s a  tren d toward s 
faste r  response s fo r  th e mor e concret e groups ,  ther e wer e n o 
significan t  difference s betwee n th e group s o f  homographs . 

I n orde r  t o loo k a t  th e effec t  o f  ambiguity ,  th e thre e group s 
of  ambiguou s word s (Group s A A ,  C A an d C C )  wer e col -

lapse d an d compare d wit h th e unambiguou s word s (Group s 
A an d C) .  I n th e item s analyse s frequency ,  familiarity ,  lengt h 
and mea n concretenes s wer e entere d a s covariates .  Th e anal -
y.se s reveale d tha t  th e ambiguou s word s wer e responde d t o 
mor e slowl y tha n th e unambiguou s words .  Th e 16. 5 m s dif -
ferenc e wa s significan t  i n bot h th e subject s an d th e item s 
analyses ;  Fs(l,23 )  =  21.88 ,  p  <  .001 .  Fi(l,144 )  =  4.93 , 
p <  .05 . 

Analyse s o f  th e erro r  dat a showe d a  simila r  patter n t o th e 
respons e tim e data :  slowe r  response s patterne d wit h mor e er -
rors . 

Correlation Analyses The inverse response times for the 
homograph s wer e als o entere d i n a  simpl e correlatio n anal -
ysis .  Include d i n thi s wer e th e 9 0 homograph s use d i n th e 
A N O VA analyses ,  a s wel l  a s th e 3 5 additiona l  homographs . 

Frequenc y (LnBNC )  significantl y predicte d respons e 
times ;  p  <  .001 ,  r  =  .54 .  Familiarit y als o significantl y pre -
dicte d respons e times ;  p  <  .001 ,  r  =  .48 .  Partia l  correla -
tion s demonstrate d tha t  familiarit y di d no t  accoun t  fo r  a  sig -
nifican t  proportio n o f  varianc e i n respons e times ,  whe n fre -
quenc y effect s wer e partialle d out ;  p  >  .3 .  Frequenc y re -
maine d a  significan t  predicto r  whe n familiarit y wa s partialle d 
out; r  =  .31,p < .001 . 

Thre e concreteness-relate d measure s wer e entere d i n a  cor -
relatio n analysi s o f  th e invers e respons e time s t o th e homo -
graph s i n whic h frequenc y effect s wer e partialle d out :  mea n 
concreteness ,  concretenes s differenc e an d dominan t  concrete -
ness .  M e a n concretenes s i s th e averag e o f  th e tw o concrete -
nes s scores ,  an d concretenes s differenc e i s th e differenc e be -
twee n them .  Dominan t  concretenes s i s th e concretenes s rat -
in g fo r  th e mor e dominan t  meanin g o f  eac h homograph ;  th e 
dominan t  meanin g wa s determine d o n th e basi s o f  th e fre -
quenc y norm s fro m whic h th e homograph s wer e taken . 

Significan t  correlation s wer e obtaine d betwee n respons e 
time s an d mea n concretenes s r  =  .20 ,  p  <  .05 .  Thi s indi -
cate s a  reliabl e effec t  o f  th e concretenes s trend ,  whic h wa s 
non-significan t  i n th e A N O V A analyses .  Th e correlation s be -
twee n concretenes s difference ,  dominan t  concretenes s an d re -
spons e time s wer e no t  significant . 

Discussion 

Thre e interestin g result s hav e emerge d fro m thi s experiment . 
Firstly ,  bot h th e homograph s an d non-homograph s showe d 

a significan t  effec t  o f  concreteness ;  concret e word s wer e re -
sponde d t o faste r  tha n abstrac t  words .  Thi s serve s a s a  usefu l 
replicatio n o f  th e concretenes s effect ,  usin g stimul i  tha t  wer e 
controlle d fo r  subjectiv e familiarit y a s wel l  a s frequency . 

Secondly ,  th e differenc e betwee n th e group s o f  homo -
graph s reporte d b y Rubenstei n e t  al .  (1970 )  i s likel y t o hav e 
bee n a n artefac t  o f  thei r  poorly-controlle d stimuli .  The y re -
porte d tha t  th e homograph s wit h tw o concret e meaning s wer e 
responde d t o mor e slowl y tha n thos e wit h on e concret e mean -
in g an d on e abstrac t  meaning .  W e foun d th e opposit e effect , 
althoug h thi s differenc e wa s non-significant . 

Finally ,  an d mos t  importantly ,  respons e time s showe d a n 
ambiguit y disadvantage .  Usin g stimul i  tha t  ar e matche d 
fo r  frequency ,  familiarity ,  lengt h an d orthographi c neigh -
bourhood ,  w e hav e foun d a n ambiguit y disadvantage ;  word s 
wit h on e meanin g wer e responde d t o significantly/ajfe r  tha n 
word s wit h tw o meanings .  Thi s apparentl y contradict s previ -
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ous findings  o f  a n advantag e fo r  ambiguou s word s o n visua l 
lexica l  decisio n tasks . 

I n thi s experimen t  w e use d concretenes s a s th e semanti c  di -
mensio n alon g whic h th e word s varied .  Thi s wa s i n respons e 
t o th e tindin g o f  Rubenstei n e t  al .  (1970) .  Th e finding  tha t 
concretenes s differenc e ha d n o significan t  effec t  o n respons e 
time s mean s tha t  w e hav e n o evidenc e tha t  homograph s ar e 
recognise d faste r  whe n thei r  meaning s hav e simila r  concrete -
nes s scores .  Therefore ,  thi s analysi s o f  th e experimen t  pro -
vide s n o evidenc e tha t  th e relationshi p betwee n th e semantic s 
of  th e differen t  meaning s o f  ambiguou s word s affect s thei r 
recognition . 

However ,  concretenes s i s onl y on e aspec t  o f  th e semanti c 
propertie s o f  a  word ;  comparin g th e concretenes s o f  a  word' s 
m e a n m gs i s a  rathe r  indirec t  wa y o f  measurin g th e seman -
ti c relationshi p betwee n it s differen t  meanings .  Th e follow -
in g analyse s wil l  addres s th e issu e o f  th e semanti c relation -
shi p betwee n th e meaning s o f  ambiguou s words ,  b y focus -
in g mor e directl y o n semanti c similarity .  Usin g participants ' 
judgement s o f  h o w relate d th e meaning s o f  ambiguou s word s 
are ,  w e wil l  loo k fo r  a n effec t  o f  relatednes s o f  lexica l  deci -
sio n times . 

Relatedness Ratings Analysis of Lexical 

Dec is io n E x p e r i m e n t 

M e t h o d 

Relatednes s rating s wer e obtaine d fo r  12 4 o f  th e homograph s 
use d i n th e lexica l  decisio n experiment .  Rater s wer e give n 
eac h homograph ,  togethe r  wit h shor t  definition s o f  it s  tw o 
meanings ,  an d aske d t o rat e h o w relate d th e tw o meaning s 
were ,  o n a  7-poin t  scale . 

Results and Discussion 

Th e mea n relatednes s ratin g acros s al l  participant s an d item s 
was 2.64 .  Thi s lo w valu e reflect s th e fac t  tha t  participant s sa w 
many o f  th e pair s a s completel y unrelated ;  a  ratin g o f  1  wa s 
use d mor e tha n an y othe r  rating .  I n al l  th e followin g analyses , 
rathe r  tha n usin g th e mea n relatednes s ratings ,  th e invers e o f 
thes e value s wa s used .  Thi s mad e th e measur e mor e sensitiv e 
t o smal l  change s a t  th e lowe r  en d o f  th e scale . 

Correlation Analyses The relatedness values for the ho-
mograph s wer e entere d int o a  correlatio n analysi s wit h th e 
othe r  predicto r  value s use d i n th e earlie r  analysis .  Related -
nes s wa s no t  significantl y correlate d wit h frequenc y ( r  = 
-.14, p =  .13) ,  familiarit y ( r  =  -.16, p =  .07) ,  o r  mea n 
concretenes s ( r  =  .07 ,  p  =  .48) .  Th e onl y variabl e tha t  relat -
ednes s wa s correlate d wit h wa s concretenes s difference ,  th e 
differenc e betwee n th e concretenes s value s o f  th e tw o mean -
ings ;  r  =  .24 ,  p  <  .01 .  Thi s show s tha t  th e differenc e be -
twee n th e concretenes s o f  th e tw o meaning s i s moderatel y 
relate d t o th e overal l  relatednes s o f  th e meanings . 

Th e rea l  questio n o f  interes t  i s  whethe r  th e relatednes s 
score s fo r  th e homograph s significantl y predic t  th e lexica l  de -
cisio n times .  I n a  correlatio n analysi s i n whic h th e effect s 
of  frequency ,  mea n concretenes s an d concretenes s differenc e 
wer e partialle d out ,  relatednes s wa s a  significan t  predicto r  o f 
respons e time s ( r  =  -.19, p <  .05) ;  homograph s wer e re -
sponde d t o faste r  whe n thei r  meaning s wer e judge d t o b e se -
manticall y related . 

A N O VA Analyse s T o provid e furthe r  evidenc e fo r  th e ef -
fect s o f  relatedness ,  A N O V A / A N C O VA analyse s wer e als o 
performed .  Fro m th e se t  o f  12 4 homographs ,  tw o set s o f  2 7 
homograph s wer e selected ,  containin g relate d an d unrelate d 
homograph s respectively .  The y wer e selecte d b y usin g onl y 
thos e homograph s wit h a  relatednes s scor e o f  eithe r  les s tha n 
1. 9 o r  greate r  tha n 3.4 .  A  fe w homograph s wer e the n remove d 
so tha t  th e tw o group s wer e matche d fo r  frequency ,  mea n con -
creteness ,  length ,  familiarit y an d neighbourhoo d density .  A 
grou p o f  4 3 non-homograph s wa s selecte d t o matc h th e tw o 
homograp h group s accordin g t o th e sam e variables .  Th e re -
spons e time s fo r  thes e thre e group s o f  word s wer e submitte d 
t o A N O V A / A N C O VA analyses .  Th e mea n respons e time s ar e 
give n i n Figur e 2 . 
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Figur e 2 :  M e a n lexica l  decisio n time s 

In the subjects analysis, the effect of group was signifi-
cant ;  Fs(2,44 )  =  6.74 ,  p  <  .003 .  I n th e item s analysis , 
usin g th e log-transforme d frequency ,  familiarity ,  m e a n con -
cretenes s an d lengt h a s covariates ,  th e effec t  o f  grou p wa s 
marginal ;  Fi(2,90 )  =  2.80 ,  p  <  .07 . 

Multipl e comparison s wer e m a d e betwee n th e individua l 
groups ,  usin g th e N e w m a n - K e u l s procedure .  Response s t o 
th e grou p o f  non-homograph s wer e faste r  tha n t o th e grou p 
of  homograph s wit h unrelate d meanings ;  thi s differenc e wa s 
significan t  i n th e subject s analysi s an d margina l  i n th e item s 
analysis ;  g,(3,44 )  =  4.89, p <  .005 ,  gi(3,90 )  =  3.23, p < 
.06 .  T h e relate d homograph s wer e significantl y faste r  tha n 
th e unrelate d homograph s i n th e subject s analysis ;  again ,  th e 
differenc e w a s margina l  i n th e item s analysis ;  9,(2,44 )  = 
3.95, p <  .01 ,  9,(2,90 )  =  2.72, p <  .0 6 

Thes e result s confir m th e findings  o f  th e regressio n analy -
sis ;  homograph s wit h relate d meaning s ar e responde d t o mor e 
quickl y tha n homograph s wit h highl y unrelate d meanings . 
Further ,  the y sho w tha t  homograph s ar e responde d t o mor e 
slowl y tha n non-homograph s onl y whe n thei r  meaning s ar e 
unrelated . 

I n summary ,  post-ho c analyse s usin g relatednes s rating s 
fo r  th e homograph s use d i n th e lexica l  decisio n experimen t 
time s wer e performe d usin g regressio n an d A N O V A analy -
ses .  Thes e showe d tha t  response s wer e quicke r  fo r  homo -
graph s wit h relate d meaning s (e.g .  letter )  tha n fo r  thos e wit h 
unrelate d meanings(e.g .  cricket) .  Thi s resul t  fits  wel l  wit h th e 
ide a tha t  word s compet e a t  a  semanti c leve l  o f  representation , 
and tha t  recognitio n o f  th e homograph s wit h unrelate d mean -
ing s i s slowe d b y increase d competitio n betwee n th e compet -
in g semanti c representations . 
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G e n e r a l  Discussio n 

The lexica l  decisio n experimen t  reporte d her e confirm s pre -
diction s mad e b y model s o f  visua l  wor d recognitio n where -
word s compet e t o activat e distribute d semanti c rcprcscnli i 
tion s an d ar e recognise d a s familia r  pattern s o f  activation . 
Homograph s wit h tw o meaning s wer e responde d t o mor e 
slowl y tha n unambiguou s words ;  w e foun d a  significan t  am -
biguit y disadvantag e fo r  a  grou p o f  9 0 homographs ,  com -
pare d wit h 6 0 non-homograph s tha t  wer e controlle d fo r  fre -
quency ,  familiarity ,  length ,  neighbourhoo d size ,  an d con -
creteness .  Thi s differenc e completel y disappeare d fo r  am -
biguou s word s whos e tw o meaning s wer e judge d t o b e se -
manticall y related .  Thes e findings  ar e explaine d b y assumin g 
tha t  recognitio n o f  a n ambiguou s wor d i s slowe d b y compe -
titio n betwee n th e semanti c representation s correspondin g t o 
it s differen t  meanings .  Thi s semanti c competitio n arise s onl y 
fo r  word s whos e differen t  meaning s ar e highl y unrelated . 

The finding  o f  a  disadvantag e fo r  ambiguou s word s clearl y 
contradict s previou s report s o f  a n ambiguit y advantage .  W e 
have suggeste d tha t  thi s apparen t  discrepanc y ma y b e ex -
plaine d b y notin g tha t  al l  th e studie s tha t  repor t  a  reliabl e 
ambiguit y advantag e coun t  highl y relate d sense s a s distinc t 
wor d meanings .  Thei r  findings  ca n therefor e b e explaine d a s 
a benefi t  fo r  word s wit h cluster s o f  relate d meaning s rathe r 
tha t  a  benefi t  fo r  ambiguity . 

Report s o f  a n ambiguit y advantag e hav e presente d a  seri -
ous proble m fo r  model s wher e word s ar e recognise d a s fa -
milia r  pattern s o f  semanti c activation ,  an d ther e hav e bee n 
severa l  attempt s t o mode l  th e effec t  usin g suc h model s (Joor -
dens &  Besner ,  1994 ;  Kawamot o e t  al. ,  1994) .  W e hav e ar -
gued tha t  th e ambiguit y advantag e i s a n artefac t  o f  th e wa y i n 
whic h ambiguou s word s hav e bee n selecte d fo r  experiments . 
The significan t  disadvantag e w e foun d fo r  ambiguou s word s 
i s a  resul t  straightforwardl y predicte d b y thi s typ e o f  model . 

The lexica l  decisio n experimen t  reporte d her e provide s im -
portan t  evidenc e tha t  processe s o f  semanti c competitio n ar e 
cruciall y involve d i n wor d recognition ,  an d support s th e tren d 
i n th e literatur e toward s model s wher e semanti c representa -
tion s activel y participat e i n wor d recognition . 
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