
Dete rminan t s 6 f  Word l ikenes s 

Todd M. Bailey (todd.bailey@psy.ox.ac.uk) 
Departmen t  o f  Experimenta l  Psycholog y 

Universit y o f  Oxfor d 

Sout h Park s Rd . 

Oxfor d 0 X 1 3 U D . U . K . 

Ulrike Hahn (U.Hahn@warwick.ac.uk) 

Departmen t  o f  Psycholog y 

Universit y o f  Warwic k 

Coventr y C V 4 7 A L ,  U.K . 

Abstrac t 

Wordlikeness, which is generally equated with phonotactics, 
i s  becomin g a n increasingl y importan t  variabl e i n th e stud y 
of  languag e acquisitio n an d processin g a s wel l  a s i n th e con -
tex t  o f  verba l  shor t  ter m memory .  Pas t  researc h ha s sough t 
t o establis h phonotacti c knowledg e (knowledg e o f  th e possibl e 
sequence s o f  sound s withi n a  language )  a s a  distinc t  kin d o f 
knowledg e abov e an d beyon d knowledg e o f  individua l  lexica l 
items .  I t  i s  unclear ,  however ,  ho w separat e phonotacti c an d 
lexica l  knowledg e reall y  are ;  conceivabl y ther e coul d b e ef -
fect s o f  simila r  soundin g lexica l  neighbor s o n perceive d word -
likeness .  W e repor t  empirica l  evidenc e an d analysi s demon -
stratin g independen t  contribution s o f  phonotactic s an d o f  lexi -
cal  neighbor s i n accountin g fo r  wordlikenes s ratings ,  a  finding 
wit h bot h methodologica l  an d cognitiv e implications . 

I n t r o d u c t i o n 

A n y speake r  o f  Englis h ca n tel l  tha t  Zbignie w i s no t  a n En -

glis h name ;  an y suc h speake r  know s i t  no t  onl y doe s no t  hap -

pe n t o b e a n Englis h n a m e bu t  ther e i s a  stron g intuitio n tha t 

i t  coul d no t  b e on e either .  Polis h word s ar e clearl y differen t 

fro m Englis h words ,  an d speaker s ca n tel l  thi s intuitivel y eve n 

i f  the y canno t  articulat e why .  Furthermore ,  eve n amon g ac -

tua l  word s o f  English ,  som e word s soun d mor e "typical "  tha n 

others ,  sa y ra t  a s oppose d t o sphere ,  splurge ,  o r  phlegm . 

Thu s give n a  know n o r  unknow n sequenc e o f  sounds ,  w e 

hav e intuition s o n whethe r  th e sequenc e coul d b e a  wor d o f 

Englis h an d h o w natura l  i t  woul d soun d a s a  wor d o f  English . 

Thi s sens e o f  "wordlikeness "  i s th e focu s o f  thi s paper . 

Wordlikenes s i s implicate d a s a  relevan t  facto r  i n a  vari -

et y o f  domains ,  includin g speec h perception ,  lexica l  devel -

opment ,  an d verba l  memory ,  whic h establis h knowledg e o f 

wordlikenes s a s a n importan t  typ e o f  linguisti c knowledge . 

Researc h i n thes e domain s ha s m a d e us e o f  severa l  concep -

tuall y relate d way s o f  measurin g wordlikeness .  Ou r  moti -

vatio n fo r  th e researc h reporte d her e stem s fro m ou r  o w n 

attempt s t o us e thes e measure s fo r  th e principle d construc -

tio n o f  experimenta l  stimuli ,  bot h word s an d nonce-words . 

as woul d b e desirabl e i n a  wid e variet y o f  psycholinguisti c 

domains .  Contrar y t o ou r  expectations ,  th e us e o f  standar d 

measure s o f  wordlikenes s di d no t  see m t o correspon d t o ou r 

intuitiv e judgement s o f  th e resultan t  stimul i  i n an y rea l  way . 

Thi s prompte d u s t o examin e mor e closel y th e determinant s 

of  wordlikeness . 

Thus ,  ou r  wor k ha s a  methodologica l  poin t  o f  departure . 

D ue t o th e widesprea d appea l  t o wordlikenes s a s a  typ e o f 

linguisti c knowledge ,  however ,  th e researc h describe d her e i s 

als o a  questio n abou t  th e natur e o f  linguisti c knowledg e o f  in -

trinsi c interest ;  and ,  a s wil l  becom e apparent ,  i t  i s a  questio n 

i n whic h resurface s on e o f  th e mos t  ubiquitou s issue s con -

cernin g menta l  representatio n i n Cognitiv e Science ,  namel y 

th e exten t  t o whic h knowledg e i s abstrac t  o r  merel y implici t 

i n store d exemplars . 

Measures of Wordlikeness 

Wordlikeness ,  a s evidence d i n ou r  intuitiv e judgements ,  i s 

typicall y equate d wit h phonotactics .  Phonotactic s i s th e ter m 

use d i n linguistic s t o refe r  t o th e sequentia l  arrangement s o f 

phonologica l  unit s (sounds )  whic h occu r  i n a  give n language . 

Th e ter m ha s tw o relate d senses .  I t  ca n b e use d t o refe r  t o th e 

constraint s o n wha t  constitute s a  permissibl e o r  acceptabl e 

sequenc e i n th e languag e an d i t  ca n b e use d i n a  mor e fine-

graine d sens e whic h refer s t o th e probabilit y  wit h whic h par -

ticula r  sequence s occur .  Phonotactic s a s sequenc e acceptabil -

it y  highlights ,  e.g. ,  th e fac t  tha t  ther e ar e n o word s i n Englis h 

whic h star t  wit h th e consonan t  sequenc e /fs /  o r  /spm/ ,  an d 

tha t  ther e seem s t o b e a  stron g sens e i n whic h Englis h coul d 

not  hav e suc h words ,  thu s indicatin g a  phonotacti c constraint . 

Phonotactic s a s sequenc e probabilit y  i s  concerne d wit h th e 

frequenc y wit h whic h a  particula r  sequenc e occur s i n th e lan -

guag e an d i s generall y base d o n measure s o r  count s take n 

ove r  larg e languag e samples .  I n thi s latte r  sense ,  phonotactic s 

deal s wit h grade d measure s o f  phonologica l  well-formednes s 

wit h th e consequenc e tha t  a  sequenc e o f  sounds ,  whethe r  a n 

existin g wor d o r  a  nove l  sequence ,  ca n b e mor e o r  les s word -

like ,  mor e o r  les s typica l  o f  Englis h words . 
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T h e Rol e o f  Wordl ikenes s 

Wordlikeness has been established as a relevant type of lin-

guisti c knowledg e i n a n increasin g variet y o f  domains . 

The firs t  o f  thes e i s spoke n wor d perception .  Brow n 

and Hildu m (1956 )  foun d tha t  participant s aske d t o identif y 

monosyllabi c sequence s embedde d i n nois e wer e bette r  a t 

identifyin g rea l  Englis h word s tha n a t  identifyin g non-words , 

but  the y wer e als o bette r  a t  identifyin g non-wor d sequence s 

whic h ar e phonotacticall y permissibl e i n Englis h compare d t o 

sequence s whic h ar e illegal .  Thu s the y showe d bot h knowl -

edg e an d effect s o f  phonotacti c constraints .  Anothe r  study ,  b y 

Vitevitch ,  Luce ,  Charles-Luc e an d Kemmere r  (1997) ,  foun d 

effect s o f  phonotacti c probabilit y  o n participants '  reactio n 

time s i n a n auditor y repetitio n task :  high-probabilit y  non -

word s wer e responde d t o mor e quickl y tha n lo w probabilit y 

nonwords . 

A secon d are a wher e wordlikenes s ha s bee n show n t o b e 

relevan t  i s developmenta l  researc h whic h ha s reveale d infan t 

sensitivit y bot h t o phonotacti c constraint s an d t o sequenc e 

probabilities .  Jusczyk ,  Frederici ,  Wessels ,  Svenkerud ,  an d 

Jusczy k (1993 )  foun d tha t  9  mont h ol d infant s listene d longe r 

t o list s o f  word s i n thei r  nativ e language ,  preferrin g the m ove r 

foreig n word s whic h violate d nativ e phonotacti c constraints . 

Jusczyk ,  Luc e an d Charles-Luc e (1994 )  foun d tha t  9  mont h 

ol d infant s preferre d t o liste n t o list s o f  monosyllabi c non -

sens e word s wit h hig h probabilit y  phonotacti c sequence s (i n 

English )  ove r  list s containin g lo w probabilit y  sequences . 

Thes e result s lin k suggestivel y wit h recen t  computationa l 

wor k demonstratin g th e utilit y  o f  phonotacti c constraint s 

(Bren t  an d Cartwright ,  1996 )  an d phonotacti c probabilitie s 

(Cairns ,  Shillcock ,  Chate r  an d Levy ,  1997 )  fo r  segmentatio n 

of  th e speec h stream .  Thu s phonotactic s migh t  provid e a n 

importan t  cu e whic h th e infan t  ca n us e t o bootstra p lexica l 

acquisition . 

A thir d are a i n whic h wordlikenes s ha s figured  prominentl y 

i s verba l  shor t  ter m memory .  I t  ha s recentl y bee n demon -

strate d tha t  verba l  short-ter m memor y interact s wit h long -

ter m knowledge ,  rathe r  tha n bein g a n independen t  buffer . 

One sourc e o f  evidenc e i n thi s contex t  ar e studie s o n th e so -

calle d "lexicalit y  effect" ,  th e robus t  finding  tha t  participant s 

ar e bette r  a t  recallin g list s o f  familia r  word s tha n list s o f  th e 

same lengt h containin g English-soundin g nonword s (Hulme , 

Maughan an d Brown ,  1991) .  Subsequently ,  ver y recen t  re -

searc h i n thi s are a ha s directl y demonsu-ate d a  "wordlike -

nes s effect "  i n nonwor d repetition— a nonwor d analogu e t o 

th e lexicalit y effec t  accordin g t o whic h greate r  wordlikenes s 

support s greate r  repetitio n accurac y i n bot h childre n (Gather -

cole ,  Willis ,  Emsli e an d Baddeley ,  1991 ;  Gathercole ,  1995 ) 

and adult s (reporte d i n Gathercol e an d Martin ,  1997) .  Fo r 

measure s o f  wordlikeness ,  thes e studie s hav e relie d bot h o n 

explici t  wordlikenes s judgements ,  wher e participant s wer e 

aske d t o rat e wordlikenes s o n a  scal e (Gathercol e e t  al. , 

1991) ,  an d o n phonotacti c probabilitie s (Gathercole ,  1995) . 

Additiona l  interes t  i n thi s wor k stem s fro m th e emergin g 

link s betwee n verba l  short-ter m memor y an d vocabular y ac -

quisition .  Childrens '  score s o n test s o f  verba l  short-ter m 

memory — s u c h a s nonwor d repetition — ar e predictor s o f 

th e eas e wit h whic h the y acquir e nove l  word s (Gathercol e 

and Baddeley ,  1989 ;  Gathercole ,  Willis ,  Emsli e an d Badde -

ley ,  1992 ;  Gathercole ,  Hitch ,  Servic e an d Martin ,  1997 )  an d 

of  thei r  abilit y  fo r  foreig n languag e learnin g (Service ,  1992) . 

Ther e i s als o som e evidenc e tha t  childre n wit h developmenta l 

languag e disorder s hav e poore r  vocabular y knowledg e du e t o 

impaire d phonologica l  memor y skill s  (Gathercol e an d Bad -

deley ,  1990) .  I n short ,  wordlikenes s i s becomin g a n increas -

ingl y importan t  variabl e i n explanation s o f  cognitiv e perfor -

mance,  wit h researc h expandin g particularl y rapidl y i n th e 

contex t  o f  languag e development . 

The Nature of Wordlikeness 

Al l  o f  th e domain s i n whic h wordlikenes s ha s bee n impli -

cate d requir e som e wa y o f  measurin g wordlikeness .  Thu s al l 

immediatel y rais e th e questio n o f  wha t  constitute s knowledg e 

of  wordlikeness ,  wha t  exactl y ar e th e factor s tha t  influenc e it . 

Thoug h al l  th e researc h cite d ha s ha d som e mean s o f  mea -

surin g wordlikeness ,  an d thes e measure s hav e prove d usefu l 

i n analyzin g behaviora l  data ,  ou r  o w n experience ,  mentione d 

above ,  suggest s tha t  thes e issue s migh t  no t  b e resolved . 

What  factor s determin e wordlikeness ,  i.e. ,  wha t  typ e o f 

knowledg e wordlikenes s implicates ,  i s th e first  an d mos t  fun -

damenta l  questio n t o as k abou t  wordlikeness .  Bu t  ther e i s a 

furthe r  questio n involve d i n understandin g th e natur e o f  thi s 

typ e o f  knowledge ,  namel y th e natur e o f  th e menta l  repre -

sentation s underlyin g it .  Specifically ,  th e questio n i s whethe r 

thi s knowledg e i s merel y implici t  i n ou r  lexica l  knowledge , 

tha t  i s  withi n th e individua l  word s w e know ,  o r  whethe r  th e 

relevan t  informatio n i s extracte d fro m th e lexica l  leve l  an d 

store d separatel y (Vitevitch ,  1997) ,  a n issu e whic h ha s bee n 

give n attentio n i n th e contex t  o f  model s o f  speec h perceptio n 

(Norris ,  1994 )  an d memor y (Gathercol e an d Martin ,  1997) . 

The researc h presente d i n thi s pape r  concentrate s o n th e 

first  question ,  th e factor s determinin g wordlikenes s (an d th e 

resultan t  implication s fo r  measurement) ,  bu t  a s wil l  becom e 

apparent ,  th e particula r  factor s w e ar e investigatin g als o mak e 

thi s wor k directl y relevan t  t o th e representatio n issue ,  i n par -

ticula r  wit h respec t  t o th e lexicon . 

Befor e w e describ e ou r  ow n study ,  however ,  a  close r  loo k 

at  previou s wor k o n th e factor s governin g wordlikenes s i s 

necessary . 

Previous Work 

Thoug h ther e ha s bee n a  sizeabl e amoun t  o f  wor k makin g us e 

of  wordlikeness ,  ther e hav e bee n virtuall y n o direc t  investiga -

tion s o f  th e factor s determinin g wordlikeness . 

S o me o f  th e studie s describe d above ,  e.g. ,  Gathercol e e t 

al. ,  (1991) ,  simpl y us e wordlikenes s judgment s a s a  measur e 

of  wordlikeness .  Here ,  participant s ar e require d t o rat e word s 

(o r  nonwords )  o n a  numerica l  scal e reflectin g "goodness" ,  o r 

"typicality "  o r  "th e degre e t o whic h thi s wor d sound s lik e a 

wor d o f  English" .  M e a n wordlikenes s ratin g i s the n subse -

quentl y use d a s a  predictor . 
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Thos e studie s whic h emplo y phonotacti c measure s instea d 

of  wordhkenes s rating s a t  leas t  offe r  indirec t  informatio n o n 

th e factor s governin g wordlikeness .  T o th e exten t  tha t  th e 

calculate d phonotacti c measur e successfull y predict s behav -

ior ,  thi s succes s provide s evidenc e fo r  th e relevanc e an d ef -

ficacy  o f  th e calculate d factors .  Th e mos t  frequen t  measur e 

of  phonotacti c probabilit y  b y fa r  i s  simpl e bigra m statistics , 

tha t  i s  a  measur e o f  h o w frequentl y an y tw o phoneme s co -

occu r  (e.g. ,  h o w probabl e th e occurrenc e o f  /o /  afte r  /I /  is) . 

Similarly ,  trigra m statistic s coul d b e compute d (e.g. .  Cairn s 

et  al. ,  1997 )  o r  measure s whic h mor e closel y tak e int o ac -

coun t  syllabl e structure .  Bigra m co-occurrenc e probabili -

ties ,  o r  weighte d variant s thereof ,  wer e use d fo r  instanc e i n 

Jusczy k e t  al .  (1994) ,  Gathercol e (1995) . 

A mor e direc t  investigatio n o f  wordlikenes s wa s con -

ducte d b y Vitevitc h e t  al .  (1997) .  The y use d (log-frequenc y 

weighted )  bigra m co-occurrenc e probabilitie s an d positiona l 

segment  frequencie s (tha t  is ,  h o w ofte n a  give n phoneti c 

segment  occur s i n a  particula r  positio n o f  a  word )  t o gen -

erat e non-word s o f  hig h an d lo w phonotacti c probability . 

Thes e wer e the n use d i n a  wordlikenes s ratin g task ,  whic h 

yielde d significantl y highe r  mea n rating s fo r  high-probabilit y 

tha n fo r  lo w probabilit y  non-words ,  thu s confirmin g th e rel -

evanc e o f  bigra m statistic s fo r  wordlikeness .  Thei r  secon d 

stud y demonstrate d wit h th e sam e non-wor d se t  tha t  high -

probabilit y  word s wer e responde d t o mor e rapidl y tha n low -

probabilit y  word s i n a  speede d repetitio n task .  Thus ,  th e tw o 

studie s provid e suppor t  fo r  bigram s a s a  relevan t  facto r  bot h 

throug h a  judgemen t  tas k an d a  behaviora l  measure .  H o w -

ever ,  thi s wor k (whic h als o sough t  t o examin e th e effect s o f 

syllabl e stress )  di d no t  see k t o quantif y directl y h o w larg e th e 

contributio n o f  phonotactic s was . 

Whil e phonotactic s ha s bee n th e dominan t  wa y t o con -

ceptualiz e wordlikeness ,  ther e ar e tw o studie s whic h hav e 

take n th e lexico n a s thei r  poin t  o f  departure .  Greenber g an d 

Jenkin s (1964 )  constructe d nonword s whic h varie d i n "dis -

tance "  t o rea l  word s unde r  a  transformation-base d measure , 

i.e. ,  th e numbe r  o f  phonem e substitution s require d t o trans -

for m th e nonwor d int o a n actua l  wor d o f  English .  S o m e 

nonword s wer e constructe d entirel y o f  phoneme s o f  English , 

wherea s other s als o include d non-nativ e sounds .  Greenber g 

and Jenkin s (1964 )  foun d hig h correlation s betwee n thei r 

transformation-base d measur e an d participants '  judgment s o f 

h o w clos e item s wer e t o "bein g a  wor d o f  English" . 

Thi s emphasi s o n th e lexico n i s continue d i n th e mos t  direc t 

investigatio n o f  wordlikenes s t o dat e is ,  a  stud y b y Marti n an d 

Gathercole ,  o f  whic h a  preliminar y repor t  i s  give n i n Gather -

col e an d Marti n (1997) .  Thi s stud y too k wordlikenes s rating s 

of  spoke n nonword s an d directl y investigate d th e impac t  o f 

a hithert o unconsidere d factor ,  neighborhoo d density ,  o n rat -

ings .  Neighborhoo d densit y measure s wer e derive d fro m list s 

of  lexica l  neighbor s generate d b y participants .  Specifically , 

fo r  eac h nonword ,  participant s wer e aske d t o produc e al l  th e 

rea l  word s whic h th e nonwor d "brough t  t o mind" ,  thu s yield -

in g severa l  differen t  subjectiv e measure s o f  neighborhoo d an d 

neighborhoo d density .  Th e bes t  o f  thes e measure s accounte d 

fo r  2 1 % o f  th e uniqu e varianc e i n th e ratings ,  thu s indicat -

in g tha t  lexica l  densit y o f  th e phonologica l  spac e occupie d 

by a  wor d o r  nonwor d i s a n importan t  contributin g factor .  S o 

far ,  however ,  n o informatio n abou t  phonotacti c probabilitie s 

has bee n reporte d o n thi s project .  Thus ,  lik e Greenber g an d 

Jenkin s (1964 )  i t  doe s no t  lin k i n wit h th e phonotacti c base d 

research . 

Thu s extan t  researc h leave s a  lo t  unanswered .  A  consid -

erabl e variet y o f  measure s hav e bee n used ,  bot h phonotac -

ti c an d lexicall y base d i n nature ,  thu s raisin g th e questio n o f 

whic h ar e th e mos t  appropriate .  Thi s i s a  questio n whic h 

shoul d b e pursue d directly ,  no t  jus t  b y demonstratin g tha t  a 

particula r  measur e suc h a s bigram s ca n b e use d t o predic t  sig -

nifican t  difference s i n performance ,  bu t  b y directl y estimatin g 

th e siz e o f  tha t  measures '  contributio n t o performance .  Ther e 

i s goo d evidenc e tha t  bigra m statistic s hav e a n impac t  o n 

wordlikeness ,  bu t  give n ou r  o w n experience s bigra m statis -

tic s migh t  b e onl y one ,  comparativel y small ,  facto r  influenc -

in g perceive d wordlikeness . 

Furthermore ,  pursuin g th e comparativel y ignore d issu e o f 

th e potentia l  impac t  o f  lexica l  knowledg e seem s vital .  Thi s 

follow s als o fro m th e genera l  debat e abou t  th e natur e o f  th e 

underlyin g menta l  representation s a s discusse d above .  Word -

likenes s knowledg e migh t  simpl y b e implici t  i n ou r  lexica l 

knowledge ,  o r  i t  migh t  b e knowledg e whic h i s compile d an d 

extracte d fro m th e lexicon ,  a s ar e phonotactics .  Decidin g o n 

th e representationa l  natur e o f  thi s knowledg e thu s require s a 

carefu l  searc h fo r  bot h phonotacti c an d lexica l  contributions . 

Experimental Investigation 

Th e stud y elicite d rating s o f  wordlikenes s fo r  a  se t  o f  non -

word s an d a  se t  o f  words ,  randoml y intermixed .  Th e ai m 

of  th e stud y wa s t o asses s th e utilit y  o f  variou s phonotac -

ti c measure s a s wel l  a s t o tes t  whethe r  an d h o w wordlike -

nes s i s affecte d b y th e phonologica l  distanc e betwee n a  prob e 

ite m (wor d o r  nonword )  an d nearb y words ,  an d als o t o tes t 

whethe r  th e frequenc y o f  thes e nearb y word s affect s word -

likenes s judgments . 

Participants 

Participant s wer e 1 0 first  yea r  psycholog y student s firo m War -

wic k Universit y w h o too k par t  i n th e experimen t  a s par t  o f 

thei r  Method s course . 

Materials 

Stimul i  wer e selecte d b y first  extractin g monosyllable s fro m 

th e C E L E X database ^  o f  Englis h word s (thes e monosylla -

ble s ar e hencefort h referre d t o a s th e se t  o f  Englis h words) . 

Th e us e o f  monosyllabi c stimul i  avoide d th e adde d complex -

it y o f  stres s placemen t  an d syllabification .  A  syllabl e forma -

tio n gramma r  wa s constructe d base d o n th e se t  o f  al l  onset -

nucleu s an d nucleus-cod a combination s observe d i n th e En -

glis h (monosyllabic )  words ,  an d th e gramma r  wa s use d t o 

^CELEX ca n b e obtaine d b y contactin g celex@mpi.n e 
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generat e al l  "pronounceable "  wor d forms ,  i.e .  phonologi -

cal  syllable s consisten t  wit h onset-nucleu s an d nucleus-cod a 

transition s observe d i n Englis h monosyllables .  On e o r  mor e 

neares t  neighbor s wa s identifie d fo r  eac h wor d for m b y com -

parin g i t  wit h th e se t  o f  Englis h words .  Eac h wor d for m 

was classifie d a s a n isolate ,  nea r  miss ,  o r  word .  Wor d form s 

whic h differe d fro m thei r  neares t  rea l  wor d neighbo r  b y tw o 

phonemes wer e classifie d a s isolates .  Wor d form s whic h dif -

fere d fro m th e neares t  neighbo r  b y a  singl e phonem e wer e 

classifie d a s nea r  misses .  Fro m th e isolates ,  a  subse t  o f  2 2 

item s wer e chosen .  Thes e 2 2 isolate s wer e include d i n th e 

stimulu s set ,  alon g wit h 27 1 nea r  misse s whic h wer e on e 

phoneme differen t  fro m an y o f  th e 2 2 isolates . 

Procedure 

Words wer e presente d i n a  writte n questionnaire .  Participant s 

wer e instructe d t o judg e th e sound s o f  th e words ,  no t  thei r 

spellings ,  an d t o indicat e th e perceive d typicalit y o f  th e wor d 

or  nonwor d b y circlin g th e appropriat e numbe r  o n a  scal e 

fro m 1  t o 9 .  Fo r  example . 

Does minth sound like a typical word of English? 

Very non-typical = 123456789 = Very typical 

Real words and nonwords were intermixed, so as to 

heighte n th e naturalnes s o f  th e nonwor d ratin g task . 

Results 

Phonologica l  Well-Formednes s Thre e measure s o f  phono -

logica l  well-formednes s wer e compute d fo r  eac h prob e ite m 

base d o n monosyllable s i n th e C E L E X Englis h database . 

Thi s se t  contain s 723 9 phonologicall y distinc t  entries ,  i.e .  dif -

feren t  syllables ,  amon g th e 24,85 9 monosyllabi c entries ,  in -

cludin g homophones ,  i n total . 

The phonologica l  well-formednes s measure s compute d 

wer e bigram ,  trigram ,  an d syllabl e par t  transitio n probabili -

ties .  Th e bigra m probabilit y  fo r  eac h ite m wa s compute d b y 

calculatin g th e conditiona l  probabilit y o f  eac h phonologica l 

segment  i n th e item ,  give n th e precedin g segment .  Thi s in -

volve s countin g th e numbe r  o f  times ,  say ,  /t /  occur s afte r  /o/ , 

etc. ,  i n th e monosyllabi c subse t  o f  th e C E L E X lexicon .  Wor d 

boundarie s counte d a s segment s i n thi s analysis .  Th e geomet -

ri c mea n o f  conditiona l  segmen t  probabilitie s wa s compute d 

t o arriv e a t  a  singl e averag e bigra m probabilit y  fo r  th e entir e 

item .  Trigra m probabilitie s wer e compute d i n a  simila r  fash -

io n b y calculatin g th e conditiona l  probabilit y  o f  eac h segmen t 

give n th e precedin g tw o segments .  Thi s involve s countin g th e 

number  o f  time s /t /  occur s afte r  /po/ ,  o r  afte r  /es/ ,  etc .  A  syl -

labl e par t  probabilit y wa s compute d fo r  eac h ite m takin g syl -

labl e onset ,  nucleu s an d cod a t o b e th e basi c unit s o f  analysi s 

rathe r  the n segments .  Th e syllabl e par t  probabilit y  fo r  a n ite m 

was compute d fro m th e geomeU-i c mea n o f  th e probabilitie s 

of  it s  onset-plus-nucleu s an d it s nucleus-plus-coda . 

Bigra m an d trigra m probabilitie s wer e compute d wit h an d 

withou t  weightin g base d o n th e lo g toke n frequenc y give n fo r 

monosyllabi c word s i n th e C E L E X lexicon .  Correspondin g 

Enhance d Mode l 

SYL PART -I -  NN B 
BIGRAM +  NN B 
TRIGRAM +  NN B 
SYL PART +  BIGRA M + 
TRIGRAM +  NN B 

b! ' 
0.1 2 
0.1 1 
0.1 7 
0.1 7 

Fchang e (df ) 
F(l,256 )  =  34* * 
F(l,256 )  =  33* * 
F(l,256 )  =  51* * 
F(l,254 )  =  52* * 

Tabl e 1 :  Tabl e o f  result s indicatin g th e increase s i n propor -

tio n o f  th e varianc e i n rating s explaine d b y addin g neighbor -

hoo d siz e t o th e model .  Fchang e i s a n F  statisti c base d o n 

th e additiona l  varianc e accounte d fo r  i n th e enhance d mode l 

(takin g neighborhoo d siz e int o account )  compare d t o a  sim -

pl e mode l  includin g onl y phonologica l  well-formedness ,  * * 

denote s significanc e level s o f  p  <  .0001 . 

measure s wit h an d withou t  toke n frequenc y weightin g wer e 

highl y correlate d ( r  =  .9 8 fo r  bigrams ,  r  =  .9 9 fo r  trigrams ) 

and inspectio n reveale d n o clea r  non-linea r  relationship s be -

twee n weighte d an d unweighte d variables .  Subsequen t  calcu -

lation s wer e base d o n probabilitie s withou t  frequenc y weight -

ing .  Bivariat e correlation s betwee n bigram ,  trigram ,  an d syl -

labl e par t  probabilitie s wer e 0.3 8 (bigram/trigram) ,  0.4 4 (bi -

gram/syllabl e part) ,  an d 0.4 0 (trigram/syllabl e part) . 

Dat a fits  T o asses s th e exten t  t o whic h wordlikenes s rating s 

migh t  b e determine d b y simpl e phonotacti c probabilities ,  lin -

ear  regressio n model s wer e fit  t o th e nonwor d rating s whic h 

wer e average d acros s subject s t o obtai n a  singl e mea n word -

likenes s ratin g fo r  eac h probe .  Al l  thre e measure s o f  phono -

tacti c well-formednes s wer e significantl y correlate d wit h rat -

ings ,  thoug h non e o f  the m accounte d fo r  mor e tha n abou t  7 % 

of  th e varianc e betwee n item s (R" ^  =  .07 ,  p  <  .0001 ;  il ^  = 

.05, p =  .0002;i? 2 =  .02, p =  .03 ;  fo r  syllabl e part ,  tri -

gra m an d bigra m probabilities ,  respectively) .  I f  al l  thre e mea -

sure s o f  well-formednes s ar e included ,  th e combine d mode l 

account s fo r  abou t  9 % o f  th e varianc e (i? 2 =  .09 ,  p  <  .0001) . 

As a  first  an d ver y crud e tes t  fo r  neighborhoo d effects ,  eac h 

of  th e abov e regressio n model s wa s enhance d b y addin g a 

variabl e representin g th e neighborhoo d siz e fo r  eac h prob e 

item ,  tha t  is ,  th e numbe r  o f  rea l  word s whic h diffe r  fro m th e 

prob e ite m b y n o mor e tha n tw o phonemes .  I n eac h case , 

neighborhoo d siz e improve d th e fit  o f  th e mode l  significantl y 

(se e Tabl e 1) . 

Thi s suggest s tha t  wordlikenes s rating s wer e a t  leas t  par -

tiall y  influence d b y thei r  phonologica l  neighborhood ,  tha t  is , 

by th e presenc e i n th e lexico n o f  word s o f  simila r  pronuncia -

tion .  Disembodie d phonotacti c well-formednes s alon e i s no t 

sufficien t  t o accoun t  fo r  th e ratings .  I n fact ,  eve n a s crud e a 

measur e a s neighborhoo d siz e account s fo r  9 % o f  th e vari -

anc e o n it s own .  Thi s i s o f  th e sam e magnitud e a s th e contri -

butio n o f  phonotactics ,  bu t  interestingl y i t  i s no t  share d vari -

ance :  bot h neighborhoo d siz e an d phonotacti c measure s ac -

coun t  fo r  a  largel y differen t  9 % o f  th e varianc e a s i s apparen t 

fro m th e fac t  that ,  together ,  the y accoun t  fo r  1 7 % . 

We als o teste d a  slightl y mor e refine d measur e o f  neighbor s 
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and neighborhoods ,  a  varian t  o f  th e neighborhoo d siz e mea -

sure ,  wher e eac h neighbo r  i s weighte d b y proximit y t o th e 

probe ,  a s measure d b y th e numbe r  o f  share d syllabl e parts . 

Thi s mode l  i s base d o n th e larg e psychologica l  literatur e tha t 

has systematicall y relate d generalizatio n t o distanc e i n a n 

interna l  psychologica l  spac e fo r  a  variet y o f  task s suc h a s 

identification ,  old-ne w recognition ,  o r  categorizatio n (Shep -

ard ,  1987 ;  Nosofsky ,  1988 )  and ,  mos t  recently ,  inflectiona l 

morpholog y (Nakis a an d Hahn ,  1996 )  an d artificia l  gramma r 

learnin g (Potho s an d Bailey ,  1997) .  W e (crudely )  compute d 

phonologica l  distanc e betwee n th e prob e an d al l  othe r  item s 

by countin g th e numbe r  o f  syllabl e position s o n whic h an y 

tw o sequence s differed . 

Thi s distanc e wa s the n use d t o deriv e a  composit e similar -

it y measure ,  s im[ i ,LEX] ,  betwee n th e prob e an d al l  othe r 

item s i n th e (monosyllabic )  lexicon . 

sim[i, LEX] = J2j exp{-S * d[i,j]) 

where i is the probe, j is a word in the lexicon, and d[i,j] is 

th e (syllabl e part )  distanc e betwee n i  an d j  an d S  a  sensitivit y 

paramete r  tha t  govern s th e rat e o f  th e exponentia l  decay . 

Eve n thi s crud e measur e o f  similarit y o n it s ow n account s 

fo r  1 3 % o f  th e variance ,  thu s surpassin g th e combine d effect s 

of  phonotactics ,  an d furthe r  emphasizin g th e rol e o f  th e lexi -

con . 

Discussion 

Our  firs t  mai n resul t  i s th e fac t  tha t  peoples '  intuition s abou t 

wordlikenes s ar e no t  wel l  capture d b y standar d phonotacti c 

measure s alone .  Thoug h bigrams ,  trigram s an d syllable-par t 

transitio n probabilitie s al l  see m t o hav e som e influence ,  thei r 

individua l  contributio n i s small ,  an d thei r  join t  contributio n 

limited .  Surprisin g too ,  wa s tha t  weightin g accordin g t o toke n 

frequenc y yielde d suc h extremel y highl y correlation s wit h 

non-weighte d measures . 

Our  secon d mai n resul t  i s  tha t  ou r  intuition s abou t  word -

likenes s ar e significantl y affecte d b y th e lexica l  neighborhoo d 

of  a n ite m i n phonologica l  space .  Th e degre e t o whic h th e 

lexico n contain s word s whic h soun d simila r  t o a n ite m af -

fect s it s perceive d wordlikeness .  Thi s resul t  confirm s thos e 

reporte d i n Gathercol e an d Marti n (1997) .  Th e analyse s w e 

hav e performe d s o fa r  als o sugges t  tha t  neighborhoo d an d 

phonotactic s eac h mak e independen t  contributions .  Thi s re -

sul t  goe s beyon d th e wor k reporte d b y Gathercol e an d Mar -

ti n (1997 )  b y directl y estimatin g independen t  contribution s o f 

lexico n an d phonotactics . 

As the y stan d ou r  result s sugges t  quit e simpl y tha t  th e 

sourc e o f  a  particula r  typ e o f  knowledg e o f  languag e w e have , 

namel y th e exten t  t o whic h a  sequenc e form s a  bette r  o r  a 

wors e instanc e o f  th e word s o f  a  languag e i s stil l  poorl y un -

derstood .  Thi s als o suggest s tha t  ther e migh t  b e potentia l 

improvement s t o cognitiv e account s an d model s i n a  variet y 

of  area s throug h incorporatio n o f  a  notio n o f  wordlikeness , 

whic h i s riche r  tha n jus t  phonotactic s an d whic h incorporate s 

neighbor -  an d neighborhoo d effect s a s well . 

I t  is ,  o f  course ,  possibl e tha t  i n som e o r  eve n al l  o f  th e 

domain s i n whic h wordlikenes s i s implicated ,  explici t  judg -

ment s aside ,  phonotactic s prope r  wil l  tur n ou t  t o b e doin g al l 

th e work .  Thi s doe s not ,  however ,  strik e u s a s likely ,  give n th e 

rathe r  limite d contributio n t o intuitiv e judgment s displaye d 

here .  Th e ultimat e test ,  however ,  mus t  b e mor e detaile d mod -

ellin g wor k i n thes e areas . 

Our  result s ar e als o informativ e wit h respec t  t o th e rep -

resentationa l  natur e o f  wordlikenes s knowledg e i n tha t  the y 

see m consisten t  neithe r  wit h th e ide a tha t  al l  knowledg e o f 

wordlikenes s i s give n implicitl y  i n th e lexicon ,  no r  wit h th e 

ide a tha t  i t  i s base d entirel y o n a  separat e non-lexica l  source . 

Ther e i s a n importan t  cavea t  here .  I t  remain s t o b e see n 

whethe r  mor e fine-grained  model s —eithe r  o f  phonologica l 

neighborhoo d o r  o f  phonotactics — migh t  no t  b e foun d whic h 

ar e sufficientl y powerfu l  t o explai n single-handedl y wha t  no w 

appear s t o b e a  join t  contribution .  Candidat e model s fo r 

phonotactic s coul d b e statistic s whic h includ e mor e long -

distanc e o r  higher-orde r  distributiona l  properties ;  candidat e 

model s o f  neighbo r  effect s coul d b e model s whic h incorpo -

rat e th e (token )  frequenc y o f  th e neighbors .  Give n th e ubiq -

uit y  o f  frequenc y effect s i n lexica l  processin g (se e e.g. .  Luce , 

Pisoni ,  an d Goldinger ,  1990) ,  th e latte r  wil l  b e ou r  ow n nex t 

step . 

Conclusions 

We hav e show n tha t  intuitiv e judgement s abou t  wordlikeness , 

tha t  i s  ou r  intuition s abou t  ho w typica l  a  soun d sequenc e i s o f 

word s o f  th e language ,  ar e no t  well-capture d b y phonotactic s 

alone .  The y ar e influence d considerabl y b y th e lexico n — 

sequence s hav e hig h wordlikenes s partiall y  becaus e the y ar e 

simila r  t o othe r  know n words .  Thi s suggest s tha t  no t  onl y i s 

a close r  loo k a t  th e knowledg e underpinnin g thes e intuition s 

required ,  bu t  als o tha t  th e wid e variet y o f  domain s i n whic h 

eithe r  wordlikenes s rating s o r  phonotactic s hav e bee n impli -

cate d migh t  profitabl y b e revisited . 
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