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Abstrac t 

Models of spoken word recognition vary in the ways in 
whic h the y captur e th e relationshi p betwee n speec h inpu t 
and meaning .  Modula r  account s prohibi t  a  word' s meanin g 
from  affectin g th e computatio n o f  it s  form-base d 
representation ,  wherea s interactiv e model s allo w semanti c 
activatio n t o affec t  phonologica l  processing .  T o tes t  thes e 
competin g hypothese s w e manipulate d wor d &miliarit y an d 
imageability ,  usin g auditor y lexica l  decisio n an d repetitio n 
tasks .  Response s t o hig h imageabilit y  word s wer e 
significantl y faste r  tha n t o lo w imageabilit y  wwds .  Respons e 
latencie s wer e als o analyse d a s a  fimctio n o f  cohor t 
variables ;  cohor t  siz e an d frequency  o f  cohor t  members .  H i ^ 
and lo w imageabl e word s wer e divide d int o 2  sets :  (a )  larg e 
cohort s wit h man y hig h frequency  competitors ,  (b )  smal l 
cohort s wit h fe w hig h frequency  competitors .  Analyse s 
showed tha t  ther e wa s onl y a  significan t  imageabilit y  effec t 
fo r  th e word s whic h wer e member s o f  larg e cohorts .  Thes e 
dat a sugges t  tha t  whe n th e mappin g fixnn  phonolog y t o 
semantic s i s difiBcul t  (whe n a  spoke n wor d activate s a  larg e 
cohor t  consistin g o f  man y h i ^  frequency  competitors) , 
semanti c informatio n ca n hel p th e discriminatio n process . 
Becaus e highl y imageabl e word s ar e "semanticall y richer " 
and/o r  mor e context-independent ,  the y provid e mor e 
activatio n t o phonolog y tha n d o lo w imageabilit y  words . 
Thus,  thes e dat a provid e stron g suppcn t  fo r  interactiv e 
model s o f  spoke n wor d recognition . 

Introduction 

Model s o f  spoke n wor d recognitio n var y i n th e way s i n 
whic h the y captur e th e relaticmshi p betwee n phraiolog y an d 
semantics .  Account s assumin g a  modula r  structure ,  wit h 
th e speec h inpu t  passin g throug h a  serie s o f  stage s unti l  th e 

meanin g o f  th e wor d i s accesse d (e.g .  Forster ,  1979) ,  shar e 
th e vie w tha t  th e speec h inpu t  i s initiall y  mappe d ont o a 
leve l  o f  for m representation .  Onl y whe n thi s proces s i s 
complete d ca n meanin g b e accessed ;  th e meanin g o f  a  wor d 
canno t  affec t  th e computatio n o f  it s  form-base d 
representation .  I n contrast ,  interactiv e model s o f  wor d 
recognitio n (e.g .  McClellan d &  Ehnan ,  1986 )  assum e 
feedbac k betwee n differen t  level s o f  processing .  Althoug h 
ther e i s n o extan t  interactiv e mode l  whic h capture s th e 
entir e proces s o f  spoke n wor d recognition ,  from  analysin g 
th e speec h inpu t  t o accessin g meaning ,  w e ca n extrapolat e 
from  existin g model s whic h captur e par t  o f  th e wor d 
recognitio n process .  I n T R A C E,  fo r  example ,  th e speec h 
inpu t  i s  initiall y  mappe d ont o a  featura l  leve l  o f 
representatioi ,  the n (mt o a  phonem e leve l  an d finally  ont o 
a wor d leve l  (McClellan d &  Ehnan ,  1986) .  Interactio n i s 
achieve d b y feedforwar d an d feedbac k betwee n levels .  I f 
thi s mode l  wa s extende d beyon d th e word-for m leve l  t o 
semantics ,  an d assumin g th e sam e structure ,  semanti c 
infOTmatio n woul d fee d bac k t o th e word-for m level .  Thus , 
thi s kin d o f  mode l  woul d predic t  tha t  th e computatio n o f  a 
word' s for m coul d b e affecte d b y it s meaning . 

Experimenta l  investigation s o f  th e relationshi p betwee n 
for m an d meanin g hav e ofte n exploite d imageability *  (se e 
Balota ,  Ferrar o &  Connor ,  199 1 fo r  a  review) .  Th e 
imageabilit y  o f  a  wor d i s th e degre e t o wiiic h it s referen t 
can b e perceive d throug h th e senses ;  fo r  example ,  tabl e i s 
highl y imageabl e wlierea s hop e i s lo w i n imageability .  Th e 
empirica l  issu e i s  whethe r  a  purel y semanti c variabl e -
imageabilit y -  ca n affec t  phonologica l  processing .  I f  i t  does . 

1 W e us e th e term s imageabilit y an d concretenes s 
interchangeabl y her e 
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thi s migh t  resul t  i n hig h imageabilit y  word s bein g 
recognise d mor e easil y tha n lo w imageabilit y  words ;  thi s 
woul d b e evidenc e tha t  meanin g variable s affec t  wor d 
identification . 

However ,  testin g thi s clai m cruciall y require s a  tas k 
whic h tap s int o th e earl y stage s o f  wor d recognition ;  a  tas k 
whic h reflect s th e automati c activatio n o f  phonologica l  an d 
semanti c infcwmatio n durin g th e proces s o f  recognisin g a 
spoke n word .  Ther e ar e tw o primar y candidates :  wor d 
namin g an d lexica l  decisio n (c f  Balot a e t  al ,  1991) .  Namin g 
i s generall y ccHisidere d t o ta p earl y aaivatic m processes , 
wiierea s lexica l  decisicH i  m a y includ e a  post-acces s decisio n 
stage ,  makin g i t  les s suitabl e fo r  probin g earl y wor d 
recognitio n processes . 

Althoug h fe w studie s hav e dirertl y  explore d th e 
relationshi p betwee n phonolog y an d meaning ,  a  numbe r  o f 
experiment s hav e focusse d o n a  relate d issu e -  >*iiethe r 
meanin g ha s a n earl y influenc e o n wor d recognition .  Thes e 
experiment s typicall y involv e subject s makin g lexica l 
decisioi s t o writte n word s o f  varyin g degree s o f 
imageability .  Some ,  althoug h no t  all ,  hav e reporte d a n 
advantag e fo r  highl y imageabl e word s i n lexica l  decisio n 
(e.g .  Rubenstein ,  Garfiel d &  Millikan ,  1970 ;  d e Groot , 
1989 ;  Schwanenflugel ,  Hamishfege r  &  Stowe ,  1988) ,  bu t  i t 
i s  difBcul t  t o argu e o n th e basi s o f  L D dat a alon e (o r  th e 
earl y influenc e o f  semantics ,  give n th e possibilit y  tha t  L D 
latencie s m a y involv e post-acces s phenomena . 

A mor e direc t  tes t  o f  th e relationshi p betwee n phonolog y 
and meanin g involve s subject s namin g writte n words . 
Semanti c effect s i n wor d namin g ar e eve n mor e elusive , 
wit h studie s showin g eithe r  ver y smal l  (deOroot ,  1989 )  o r 
n o effect s o f  imageabilit y  (Brow n &  Watson ,  1987) . 
Recently ,  however .  Strain ,  Patterso n &  Seidenber g (1995 ) 
hav e reporte d a n imageabilit y  effec t  fo r  lo w fi-equency 
exceptio n word s wit h naming ,  arguin g tha t  whe n th e 
orthographi c t o phonologica l  mappin g i s slow ,  inefiBcien t 
or  erro r  prone ,  meanin g play s a  large r  rol e i n wor d naming . 

Th e semantics/phonolog y interactio n i s mos t  directl y 
studie d b y investigatin g imageabilit y  effect s i n spoke n w w d 
recognitiMi .  Thi s avoid s an y problem s wit h th e 
orthography-phonolog y mapping .  Th e questio n w e as k i n 
th e studie s repeate d her e i s whethe r  imageabilit y  affect s th e 
computatio n o f  a  phonologica l  representatio n durin g th e 
processin g o f  a  spoke n word .  I f  i t  does ,  thi s i s evidenc e fo r 
a highl y interactiv e wor d recognitio n system . 

Experiments 

I n thi s researc h w e manipulat e imageabilit y  an d us e tw o 
task s -  wor d repetitio n an d auditor y lexica l  decisio n -  i n 
CM-der  t o prob e th e effec t  o f  semantic s o n phonology .  Usin g 
L D allow s a  direc t  compariso n wit h researc h i n th e visua l 
dcMnai n lookin g a t  imageabilit y  effects ,  an d repetitio n i s 
COTsidere d t o b e a  mor e direc t  reflectic m o f  th e automati c 
activatic m o f  phonologica l  infcMinatic m withou t 
acccHnpanyin g post-acces s processe s (Balot a e t  al ,  1991) . 

Auditory lexical decision 

I n thi s study ,  subject s hear d a  mixe d lis t  o f  word s an d non -
word s an d m a d e a  lexica l  decisio n t o eac h item .  Th e se t 

was comprise d o f  4 6 hig h imageabilit y  word s (imageabilit y 
and concretenes s ratings>540 )  an d 4 6 lo w imageabilit y 
word s (<400) ,  whic h wer e fijrther  groupe d int o 2  equal -
size d &miliarit y  bands ;  hig h familiarit y (fomiliarit y ratin g 
>550 )  an d lo w femiliarity  (<420) .  Hig h an d lo w 
imageabilit y  word s withi n th e sam e familiarit y ban d wer e 
matche d a s closel y a s possibl e i n term s o f  fi-equency  an d 
femiliarity,  numbe r  o f  syllables ,  numbe r  o f  phoneme s an d 
phoneme onse t  (Tabl e 1) .  Familiarit y an d imageabilit y 
rating s wer e fi-om  th e M R C databas e (Coltheart ,  1981) ; 
frequencies  wer e calculate d usin g th e L O B norm s 
(Johansso n &  Hofland ,  1989) .  W e coul d no t  perfectl y 
matc h th e frequencies  o f  th e tw o set s o f  hig h frequency 
words ,  bu t  th e highe r  frequency  o f  th e lo w imageabilit y 
word s i s a  conservativ e solutio n sinc e i t  shoul d increas e th e 
probabilit y  o f  fester  response s t o lo w imageabilit y  words , 
thu s loadin g th e dic e agains t  ou r  pedicte d outcome .  Th e 
words ,  al l  o f  \^ic h wer e 1- 2 sjdlabl e nouns ,  wer e pseudo -
rand(xnl y mixe d wit h a n equa l  numbe r  o f  non-words . 

Familiarit y 
Imageabilit y 
M e an concretenes s 
M e an imageabilit y 
M e an familiarit y 
M e an frequency 
M e an No .  syllable s 
M e an No .  phoneme s 

Hig h 
Low 
314 
351 
578 
222 
1.5 
4. 4 

Hig h 
600 
600 
588 
90 
1.5 
4. 2 

Low 
Low 
314 
331 
353 

6 
1.8 
4. 7 

Hig h 
594 
571 
373 

2 
1.6 
4. 6 

Tabl e 1 :  Statistic s o f  th e hig h an d lo w imageabilit y  wwds . 

The results given below die (or 14 subjects, all native 
speaker s o f  Britis h English .  A n A N O V A showe d a  mai n 
effec t  o f  imageabilit y  (Fltl,l3]=53.18 ,  p<.001 ; 
f2[1,84]=5.49 ,  p<.02) ,  wit h L D latencie s bein g fester  t o 
hig h (81 7 m s )  compare d t o lo w imageabilit y  word s 
(854ms) .  Highl y familia r  word s (79 8 m s )  wer e als o 
identifie d significantl y fester  tha n lo w femiliarity  word s 
(87 7 ms ) .  Imageabilit y  di d no t  interac t  wit h femiliarity. 

Imageabilit y 
Low 
Hig h 
Differenc e 

Familiarit y 
Hig h 
829 
769 
60 

Low 
881 
872 
9 

Tabl e 2 :  Lexica l  decisio n latencie s (ms) . 

Repetitio n 

Th e sam e rea l  word s wer e the n ru n m a  repetitic m study , 
wit h subject s repeatin g eac h wor d a s rapidl y a s possible . 
Repetitio n latencie s fo r  1 2 subject s wer e significantl y fester 
fo r  hig h imageabilit y  (39 7 m s )  compare d t o lo w 
imageabilit y  (44 2 m s )  word s (F1 [  1,11] = 10.63 ,  p<.001 ; 
f2[1,84]=5.43 ,  p<.02) .  Onc e again ,  ther e wa s a  significan t 
effec t  o f  femiliarity  (high :  39 6 m s ;  low:44 1 m s )  an d n o 
interacticHis . 
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Imageabilit y 
Low 
Hig h 

Differenc e 

Familiarit y 
Hig h 
424 
371 
53 

Low 
456 
428 
28 

Tabl e 3 :  Rqjetitio a latencie s (ms) . 

Cohor t  analyse s 

Becaus e w e wer e dealin g wit h spc*e n rathe r  tha n writte n 
words ,  w e als o analyse d repetitic m an d lexica l  decisic m 
latencie s a s a  functio n o f  ccrfior t  variable s whic h m a y affec t 
th e recognitiw i  o f  spdce n words ;  ccho n siz e an d frequency 
of  cdior t  competitors .  CcAort s wer e define d a s thos e word s 
sharin g th e initia l  coisonant-vowe l  o r  consonant-vowe l 
cluster .  W e als o measure d th e frequency  o f  th e targe t  wor d 
i n relatic m t o th e frequency  o f  it s  cohor t  competitor s 
[frequenc y o f  target/tota l  frequency  o f  cohor t  member s x 
100] .  H i ^  an d lo w imageabl e word s wer e divide d int o 2 
set s accwdin g t o whethe r  the y wer e member s o f  larg e 
cohort s wit h man y hig h frequency  awapetitOT S o r  smal l 
cohort s wit h fe w hig h frequency  ampetitors .  (Tabl e 4) . 

Imageabilit y 
Cohor t  siz e 
Mean concretenes s 
Mean cohor t  siz e 
Mean % cohort * 

Hi 
Larg e 
587 
236 
3. 5 

gh 
Smal l 
597 
22 
22 

L o w 1 
Larg e 
317 
280 

6 

Smal l 
311 
40 
22 

•th e smallC T th e value ,  th e greate r  th e competitio n 

Table 4: Cohort variables. 

We included the cohort variable in further ANOVAs and 
foun d tha t  ther e wa s (ml y a  significan t  imageabilit y  effec t 
fo r  th e word s whic h wer e member s o f  larg e cdiorts .  Thes e 
result s ar e show n i n Table s 5  &  6 . 

Imageabilit y 
Low 
Hig h 
Differenc e 

Cdior t  siz e 
Larg e 
898 
794 
104 * 

Smal l 
812 
829 
-1 7 

•  f '  &  F ^  significan t  a t  th e .0 5 leve l  o r  beyon d 

Table 5: Lexical decision latencies (ms). 

Imageabilit y 
Low 
Hig h 
Differenc e 

Cohor t  siz e 
Larg e 
438 
367 
71* 

Smal l 
438 
423 
15 

•  f '  &  f 2 significan t  a t  th e .0 5 leve l  o r  bQ'on d 

Table 6: Repetition latencies (ms). 

Discussio n 

Our  result s ar c compatibl e wit h interartionis t  model s i n 
which :  (a )  ther e i s paralle l  activatio n o f  multipl e candidate s 
initiate d b y th e speec h input ,  an d (b )  wher e phoiologica l 
and semanti c representation s intaa a wit h eac h other .  Thi s 
include s hiaardiicall y structure d model s i n whic h ther e i s 
continuou s feedbac k an d feedfcn v̂ar d throughou t  th e 
syston ,  a s wel l  a s interacticmis t  model s i n whic h ther e i s 
no hio-archica l  structure ,  suc h a s tha t  o f  Gaskel l  & 
Marslen-Wilson ,  1995 .  I n thei r  model ,  phonologica l  an d 
semanti c representation s resid e a t  th e sam e leve l  i n th e 
system ,  an d ar e simultaneousl y co-activate d b y th e speec h 
input . 

Our  dat a sugges t  tha t  whe n a  spdcc n wor d activate s a 
larg e cohor t  consistin g o f  man y hig h frequency  competitor s 
th e mappin g from  phonolog y t o semantic s become s mor e 
difficult ;  highl y activate d word s compet e wit h th e les s 
highl y activate d targe t  vrord .  Althoug h ther e i s cwitinuou s 
interactio n betwee n phonolog y an d semantic s fo r  al l  words , 
irrespectiv e o f  imageability ,  semanti c informatic m ha s a 
large r  rol e t o pla y a s th e discriminatio n proces s become s 
mor e difficult .  Highl y imageabl e word s provid e mor e 
activatio n t o phonolog y tha n d o lo w imageabilit y  words . 
Thi s m a y b e becaus e the y ar e "semanticall y richer "  i n tha t 
the y hav e mor e an d varie d semanti c representations ,  a s 
Plau t  &  Shallic e (1993 )  hav e suggested ,  o r  becaus e thei r 
representation s ar e mor e context-independent . 

Our  data ,  an d th e accoun t  w e provid e o f  them ,  i s 
amsisten t  wit h th e recen t  findings  o f  Strai n e t  a l  (1995) .  I n 
a wor d namin g tas k i n ̂\4lic h subject s wer e aske d t o n a m e 
regula r  an d exceptio n word s varyin g i n imageabilit y  an d 
familiarity ,  the y oil y foun d a n advantag e fo r  hig h 
imageabilit y  lo w frequency  exceptio n w w d s .  Strai n e t  a l 
(1995 )  argu e tha t  semanti c representation s hav e thei r 
greates t  influenc e vAie a th e mappin g frcxn  orthograph y t o 
phonolog y i s mos t  difficult .  Similarly ,  w e argu e tha t  a s i t 
becomes mor e difficul t  t o discriminat e betwee n a  wor d an d 
it s cfflnpetitor s (whe n cohor t  member s increas e i n numbe r 
and frequency),  semantic s become s inaeasingl y influential . 
I n general ,  thes e dat a ar e incompatibl e wit h model s whic h 
assume a  stric t  separatio n betwee n ph(xiologica l  an d 
semanti c levels ,  an d instea d provid e stron g suppor t  fo r 
interactiv e model s o f  spoke n wor d recognition . 
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