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LEXICAL ACCESS DURIN G SENTENCE COMPREHENSION: 

FREQUENCY AND CONTEXT EFFECTS 

MARGERY LUCAS 
DEPARTMENT O F PSYCHOLOGY 
UNIVERSITY O F ROCHESTER 

Introduction 

Lexical access Is a multi-component process that Involves both the access of a word's orthographic and phonological 
code s a s wel l  a s th e activatio n o f  meaning .  Th e stud y o f  thi s proces s a s i t  occur s durin g sentenc e comprehensio n i s 
valuabl e fo r  tw o reasons .  First ,  w e nee d t o kno w ho w thi s importan t  par t  o f  sentenc e processin g function s I n 
Interactio n wit h othe r  level s o f  analysis .  Mor e generally ,  it s  stud y ca n provid e evidenc e abou t  ho w top-dow n o r 
knowledge-leve l  processin g influence s processe s tha t  occu r  a t  lowe r  o r  stimulus-drive n levels .  I n particular ,  i n thi s 
pape r  I  repor t  o n a  serie s o f  experiment s concerne d primaril y wit h ho w semanti c Informatio n a s wel l  a s informatio n 
abou t  frequenc y o f  us e o f  wor d meaning s affect s tha t  par t  o f  th e lexica l  proces s tha t  involve s th e activatio n o f 
meaning .  Fo r  eas e o f  presentatio n I  us e th e ter m "lexica l  access "  throughou t  thi s pape r  t o refe r  onl y t o tha t  par t  o f 
th e process . 
We know from previous research on lexical access that it Is both an autonomous and automatic process. Let us 
conside r  th e autonomou s aspec t  first . 
There are many levels of analysis in sentence processing - the phonological/orthographic, lexical, syntactic, 
semantic ,  an d pragmati c level s ar e th e one s comnjonl y recognized .  Thes e level s mus t  b e discret e t o b e considere d a s 
separat e mode s o f  analysi s bu t  mus t  als o interac t  I f  a  coheren t  representatio n o f  a  sentenc e i s t o b e achieved .  Ho w 
does thi s exchang e o f  informatio n betwee n level s occur ? Ther e ar e tw o predominan t  view s o n th e matter .  Accordin g t o 
th e autonomou s mode l  (Garrett ,  1978 ;  Forster ,  1979 ;  an d Swinney ,  1979) ,  processin g withi n a  leve l  (o r  "module" )  i s 
carrie d o n I n isolatio n fro m processin g a t  othe r  levels .  Interactio n i s limite d t o th e output s o f  processing .  I n th e 
alternativ e mode l  (Marslen-Wllso n an d Tyler ,  1980 )  informatio n fro m highe r  level s o f  analysi s ca n facilitat e th e 
processin g tha t  occur s a t  lowe r  level s befor e tha t  processin g ha s bee n completed . 
Evidence for the autonomy of lexical access comes from the study of lexical ambiguity resplution. Many words 
ar e associate d wit h mor e tha n on e meaning .  Fo r  example ,  "draft "  ca n mea n eithe r  "conscription "  o r  "breeze" .  I n a 
sentenc e wher e biasin g contex t  precede s th e ambiguou s wor d bot h semanti c an d syntacti c informatio n i s availabl e fo r 
aidin g disambiguation .  Th e crucia l  questio n fo r  th e autonom y issu e I s whether  thi s higher-leve l  informatio n act s t o 
restric t  acces s t o onl y th e appropriat e sens e (prio r  decisio n hypthesls )  o r  whethe r  i t  ca n onl y hav e a n effec t  o n th e 
proces s afte r  bot h meaning s ar e accesse d (pos t  decisio n hypothesis) .  Th e forme r  hypothesi s I s consisten t  wit h th e 
interactiv e node L th e latte r  wit h th e autonomou s model . 

The work of Swinney (1979) and Tanenhaus, Leiman, and Seidenberg (1979) using cross-modal priming has shown that 
th e post-decisio n hypthesl s i s correct .  Cross-moda l  primin g i s a  techniqu e base d o n th e primin g paradig m develope d 
by Meye r  an d Schvaneveld t  (1971) .  The y foun d tha t  th e tim e t o decid e i f  a  visuall y presente d strin g o f  letter s i s a 
wor d (th e lexica l  decisio n task )  i s facilitate d i f  a  semanticall y o r  assoclativel y relate d wor d I s presente d jus t  prio r 
t o th e target .  Thi s resul t  support s a  mode l  o f  semanti c memor y wherei n wor d meaning s ar e containe d i n a  networ k o f 
node s tha t  pas s activatio n alon g connectin g arc s t o other ,  semanticall y relate d node s (Collin s &  Loftus ,  1975) .  I n 
cross-moda l  primin g th e wor d primin g th e visua l  targe t  i s presente d auditorily .  I n thi s way ,  th e primin g effec t  i s 
maintaine d an d lexica l  acces s ca n b e studie d "on-line" ,  tha t  is ,  durin g th e actua l  processin g o f  th e sentence .  I n 
Swinne y (1979) ,  subject s listene d t o sentence s containin g ambiguou s word s i n whic h th e sentence s wer e biase d toward s on e 
or  th e othe r  meaning s o f  tha t  word .  Simultaneou s wit h th e offse t  o f  th e auditoril y  presente d ambiguou s word ,  subject s 
saw a  visua l  targe t  tha t  wa s relate d t o on e o r  th e othe r  meanin g o f  th e word ,  o r  a  control ,  a s I n th e followin g 
example : 

Auditory Stimulus: The man was not surprised when he found spiders, 
roaches ,  an d othe r  bug s i n th e come r  o f  hi s room . 

t 
ant 

Visua l  target :  sp y 
sew 

Subjects had to decide if the visual target was a word. Swinney found that targets related to either meaning of the 
ambiguou s wor d wer e responde d t o mor e quickl y tha n th e contro l  target ,  indicatin g tha t  bot h meaning s ha d bee n activated . 
Sinc e thi s occurre d eve n thoug h hi s sentence s wer e strongl y biasing ,  h e conclude d tha t  th e post-decisio n hypothesi s 
was correct . 

Swinney used noun-noun ambiguities in his study, demonstrating that semantic and pragmatic information could not 
influenc e th e lexica l  acces s proces s unti l  it s  output s wer e availabl e ( 4 syllable s late r  onl y th e appropriat e meanin g 
was stil l  activated) .  Tanenhaus ,  Leiman ,  an d Seidenber g (1979) ,  showe d tha t  thi s wa s tru e fo r  syntacti c informatio n 
as wel l  b y embeddin g noun-ver b ambiguitie s (e.g. ,  "rose" )  i n syntacticall y disambiguatin g contexts .  The y use d a  namin g 
latenc y tas k t o measur e activation .  I n namin g latency ,  th e tim e t o initiat e th e pronunciatio n o f  a  visuall y presente d 
wor d i s measured .  The y foun d tha t  visua l  target s relate d t o eithe r  meanin g o f  a n ambiguou s wor d wer e prime d eve n i n 
syntacticall y disambiguatin g contents ,  agai n confirmin g th e pos t  decisio n hypothesis . 

Another aspect of the model of lexical access is that it Is an automatic process. A number of psychologists have 
made a  distinctio n betwee n automati c an d attentiona l  processe s (Kahneman ,  197 3 an d Schiffrl n an d Schneider ,  1977) , 
wher e attentiona l  processe s ar e controlled ,  us e a  poo l  o f  limite d capacit y an d ar e characterize d b y inhibitio n o f 
response s tha t  compet e wit h th e tas k a t  hand .  Automati c processe s ar e no t  unde r  consciou s control ,  d o no t  us e 
capacity ,  an d exhibi t  facilitatio n o f  certai n response s bu t  n o inhibition .  Lexica l  acces s appear s t o b e a n automati c 
proces s sinc e th e acces s o f  meaning s i s no t  unde r  control .  Bot h meaning s ar e alway s accesse d regardles s o f  biasin g 
context .  Also ,  whil e ther e wa s facilitatio n o f  response s relate d t o th e wor d i n th e studie s cite d above ,  ther e wa s n o 
inhibitio n o f  unrelate d responses . 

Further Determination of the Model 
Our knowledge of lexical access is by no means complete. The aspects of the process I undertook to investigate 
wer e frequenc y effect s an d tim e course .  Previou s studie s ha d looke d onl y a t  th e 0  msec ,  dela y an d a t  on e dela y afte r 
wor d offset .  Give n ho w quickl y acces s an d decisio n processe s wer e foun d t o tak e place ,  I  though t  i t  wa s necessar y t o 
prob e a t  a  numbe r  o f  delay s t o ge t  a  mor e complet e pictur e o f  th e process .  I n particular ,  I  wa s intereste d i n th e 
effec t  o f  contex t  a t  differen t  delays .  Was i t  tru e tha t  contex t  provide d n o inpu t  t o th e acces s proces s unti l  acces s 'na d bee n completed ? Or  wa s i t  tha t  it s  effect s wer e no t  discernabl e a t  th e 0  delay ? Perhap s probin g a t  th e beginnin g of  th e word ,  jus t  a t  th e star t  o f  lexica l  access ,  migh t  b e mor e revealin g o f  th e influenc e o f  contex t  tha n probin g at  th e en d o f  th e wor d whe n th e proces s wa s alread y wel l  unde r  way . 



Anothe r  issu e tha t  concerne d me wa s frequenc y effects .  Th e meaning s o f  a n ambiguou s wor d diffe r  I n th e frequenc y 
wit h whic h the y occu r  I n languag e use .  Fo r  example ,  th e "harbor "  Interpretatio n o f  "port "  i s  mor e ofte n encountere d 
tha n th e "wine "  meaning .  Hogaboa m &  Perfett i  (1975 )  suggeste d tha t  informatio n abou t  frequenc y i s containe d i n th e 
lexica l  netwo k i n suc h a  wa y tha t  dominan t  meaning s ar e alway s accesse d firs t  an d compare d wit h contex t  fo r 
appropriateness .  Subordinat e meaning s ar e onl y accesse d i f  th e dominan t  meanin g i s no t  Intended .  Hogaboa m an d 
Perfett i  presente d evidenc e fo r  thi s bu t  sinc e thei r  dependen t  measur e (reactio n time s t o mak e judgement s o f  ambiguity ) 
has a  stron g memor y component ,  i t  i s  no t  clea r  wha t  th e implication s ar e fo r  ongoin g sentenc e processing . 
Onifer and Swinney (1981) looked at frequency effects "on-line" using the same paradigm as Swlnney (1979) and a 
0 msec ,  delay .  The y chos e ambiguou s word s tha t  ha d a  clearl y dominan t  (mor e tha n 75 Z frequenc y o f  occurrence )  an d a 
clearl y subordinat e (les s tha n 25J I  frequency )  meanin g an d foun d n o differentia l  effects .  Bot h meaning s wer e accesse d 
eve n whe n th e sentenc e wa s biase d towar d th e dominan t  meaning .  But ,  althoug h frequenc y effect s weren' t  foun d a t  th e 
offse t  o f  th e wor d i t  i s  possibl e tha t  a  mor e thoroug h investigatio n o f  th e tim e cours e o f  activatio n woul d revea l  wher e 
and ho w frequenc y information  i s used .  On e possibilit y  i s  tha t  dominan t  meaning s reac h a  greate r  degre e o f  activation . 
Thi s woul d mea n tha t  frequenc y informatio n i s encode d i n th e networ k i n th e for m o f  highe r  restin g level s o f  activatio n 
fo r  dominan t  meanings .  Thi s woul d b e reflecte d i n mor e primin g fo r  dominant-relate d targets .  A t  wor d offset ,  bot h 
meaning s may hav e jus t  passe d thei r  threshol d an d therefor e see m t o b e equall y activated .  T o determin e i f  thi s wer e 
true ,  on e need s t o prob e a t  a  late r  delay . 

Yet another hypothesis is suggested by the use of a different type of ambiguous word than has commonly been used 
i n thes e studies .  S o far ,  onl y homograph s (word s tha t  soun d an d ar e spelle d alik e bu t  hav e differen t  meanings )  hav e 
been used .  Anothe r  typ e o f  ambiguou s wor d wa s use d i n th e studie s t o b e reporte d her e -  non-homographi c homophones . 
Thes e ar e word s tha t  soun d alik e bu t  hav e differen t  spelling s a s wel l  a s meaning s (e.g. ,  air-heir) .  Usin g thi s typ e 
of  wor d ha s tw o advantages .  I t  provide s a  mor e reliabl e measur e fo r  assessin g frequenc y o f  occurrenc e o f  meaning s 
tha n th e us e o f  homographs .  Th e latte r  require s wor d associatio n dat a -  a n indirect^measur e o f  frequency .  Non -
homographi c homophone s enabl e on e t o loo k u p th e frequencie s i n th e Kucer a an d Franci s (1967 )  wor d frequenc y norms . 

A second advantage comes from the additional Information that's available in the form of separate orthographic 
representation s fo r  th e tw o words .  It' s  possibl e tha t  th e separat e orthographi c path s may permi t  selectiv e access . 
I f  on e meanin g ha s alread y bee n prime d b y context ,  acces s may b e restricte d t o tha t  pat h wit h th e orthographi c 
representatio n tha t  i s  connecte d directl y wit h tha t  meaning .  Thi s mechanis m i s no t  availabl e wit h homographs .  There , 
bot h meaning s ar e connecte d wit h th e sam e orthographi c representatio n (se e Figur e 1) .  Alternatively ,  thi s Informatio n 
fro m th e orthograph y o f  th e wor d may no t  b e use d i n thi s way ,  s o tha t  eithe r  i t  i s  bypasse d o r  els e al l  orthographi c 
path s fro m th e sam e phonologica l  representatio n ar e alway s accessed . 

Finally, I was also Interested in how far the automatic activation of meanings extended. Many ambiguous words 
actuall y hav e mor e tha n jus t  tw o meanings .  "Draft, "  fo r  example ,  ha s al l  o f  th e followin g meanings : 

A. conscription process 
B.  breez e 
C.  bee r 
D.  preliminar y sketc h 
E.  paymen t  orde r 

and those are just the noun interpretations. Are the more infrequent meanings activated as well? 
In summary, then, I ran the following three experiments: 
1) Frequency effects - the cross-modal priming paradigm was used with non-homographic homphones at a delay of 

100 msec ,  fro m wor d offset .  10 0 msec ,  wa s chose n sinc e i t  wa s expecte d tha t  multipl e acces s woul d stil l  b e 
occurrin g (Tanenhau s e t  al .  (1979 )  reporte d tha t  onl y th e appropriat e meanin g wa s stil l  activate d a t  20 0 msec . 
afte r  th e en d o f  th e word )  bu t  tha t  th e acces s proces s woul d b e advance d enoug h t o pic k u p frequenc y difference s i n 
leve l  o f  activatio n i f  ther e wer e any .  Alternatively ,  i f  separat e orthographi c representation s wer e permittin g 
selectiv e access ,  tha t  woul d b e apparen t  a t  thi s delay ,  a s well . 

2) Context effects at initial access - design and materials for this are the same as in the previous experiment 
excep t  tha t  target s ar e presente d a t  th e beginnin g o f  th e word .  Thi s experimen t  wa s undertake n t o asses s th e effect s 
of  contex t  a s lexica l  acces s wa s jus t  starting . 

3) Activation of infrequent meanings - this experiment was similar to the above in design but the materials 
wer e different .  Du e t o th e difficult y i n findin g three-wa y ambiguou s non-homographi c homophones ,  homograph s wer e 
use d instead .  Sentence s wer e biase d onl y towar d th e dominan t  meanin g an d target s wer e relate d t o eithe r  th e 
subordinat e meanin g o r  th e thir d mos t  frequen t  meanin g associate d wit h th e homograph .  Target s wer e presente d a t  th e 
zer o dela y t o provid e th e mos t  direc t  compariso n wit h previou s studie s tha t  ha d foun d multipl e access . 

Results 
The results are presented in Table I (see next page) as reaction times In msec. Amount of priming is determined 

by takin g th e differenc e betwee n th e reactio n tim e t o th e targe t  an d it s control . 

At 100 msec, multiple access was found for the non-homographic homophones. This indicates that the availability 
of  separat e orthographi c pathway s doe s no t  permi t  selectiv e acces s an d confirm s th e Onife r  an d Swinne y findin g tha t 
frequenc y difference s d o no t  lea d t o selectiv e access .  However ,  a t  10 0 msec ,  ther e l £ a  frequenc y effec t  i n tha t  th e 
degre e o f  primin g fo r  dominan t  meaning s i s greate r  i n bot h th e appropriat e an d inappropriat e contexts .  Apparently , 
dominan t  meaning s reac h a  highe r  leve l  o f  activatio n durin g acces s tha n subordinat e meanings .  Thi s suggest s tha t 
frequenc y informatio n i s code d i n th e lexica l  networ k i n term s o f  highe r  restin g level s o f  activatio n fo r  frequentl y 
use d meanings . 

The results of the second experiment (Targets presented at the beginning of the word) reveal that context is 
havin g a n effec t  befor e th e acces s proces s ha s reall y begun .  Ther e i s primin g fo r  th e target s relate d t o th e 
appropriatel y biase d meanin g bu t  no t  fo r  thos e relate d t o th e inappropriatel y biase d meaning .  Ther e i s n o effec t  o f 
frequency .  Thi s demonstrate s tha t  contex t  alon e ha s a  primin g effect .  An d give n tha t  th e firs t  stud y show s tha t 
multipl e acces s nonetheles s occur s later ,  on e ca n dra w som e interestin g conclusion s abou t  th e forc e o f  bottom-u p 
processin g I n lexica l  access . 

Context is able to prime the appropriate meaning of a word before enough phonological information has been 
obtaine d t o recogniz e th e word .  Onc e th e wor d i s heard ,  however ,  thi s effec t  o f  top-dow n processin g i s overridde n b y 
Che automati c proces s o f  lexica l  access .  Bottom-u p analysi s apparentl y ha s priorit y her e eve n whe n ther e i s 
sufficien t  informatio n availabl e i n th e for m o f  stron g semanti c constraint s o n probabl e sense s o f  th e ambiguou s word . 

The finding that context is priming is also interesting in light of the Seidenberg, Tanenhaus, Leiman, and 
Bienkowsk i  (1982 )  stud y tha t  indicate d tha t  ther e ar e tw o type s o f  contexts :  primin g an d non-priming .  I n thei r 
experiments ,  non-primin g context s produce d multipl e acces s an d primin g context s produce d selectiv e access .  Primin g 



context s containe d a  semanticall y o r  associativel y relate d lexica l  Ite m prio r  t o th e ambiguou s word .  Th e result s 
of  th e presen t  experiments ,  however ,  indicat e tha t  context s ca n b e primin g ye t  stil l  produc e selectiv e access , 
suggestin g tha t  ther e wa s anothe r  reaso n fo r  selectiv e acces s i n th e Seidenber g e t  al .  study .  Anothe r  possiblit y 
fo r  thi s differenc e i n finding s concern s th e natur e o f  thei r  primin g contexts .  Th e context s i n ray  studie s eithe r 
di d no t  contai n word s tha t  wer e strongl y semanticall y o r  associativel y relate d t o th e ambiguou s wor d o r  containe d 
the m a t  a  distanc e fro m th e ambiguou s wor d tha t  wa s sufficien t  t o mak e interactio n unlikely .  Perhap s relflte d lexica l 
item s produc e activatio n tha t  i s stron g enoug h t o overwhel m th e automati c acces s process .  I n orde r  t o asses s thi s 
hypothesis ,  on e woul d nee d t o us e material s lik e tha t  o f  Seidenber g e t  al .  i n a  conditio n wher e target s ar e presente d 
at  wor d onse t  t o allo w a  direc t  compariso n wit h th e result s o f  th e presen t  study . 
The results of the last experiment are problematical. In this experiment, words related to the second and third 
most  use d meaning s o f  homograph s wer e presente d a t  wor d offse t  i n sentence s o f  dominan t  bias .  Result s indicat e tha t 
neithe r  meanin g wa s prime d (se e Tabl e 2) .  However ,  whil e th e differenc e betwee n relate d an d contro l  word s wa s no t 
significant .  I t  wa s i n th e righ t  direction .  And ,  sinc e al l  previou s studie s hav e show n tha t  th e subordinat e meanin g 
i s activate d unde r  th e condition s o f  bia s tha t  existe d i n thes e contexts ,  I  hav e conclude d tha t  ther e i s possibl y a 
confoun d i n thi s experiment .  I  a m currentl y collectin g subjec t  rating s o f  th e degre e o f  relatednes s betwee n target s 
and thei r  ambiguou s word s t o determin e whethe r  poo r  stimulus-targe t  relatednes s obscure d th e primin g effects . 
Conclusions 
The results of these studies taken in sum elucidate the interaction between top-down and bottom-up processing in 
lexica l  acces s a s i t  occur s I n sentenc e comprehension .  Biasin g context s ca n ac t  throug h th e us e o f  semanti c 
constraint s t o prim e anticipate d meaning s o f  words .  Onc e th e wor d ha s bee n heard ,  however ,  a n automati c proces s o f 
acces s i s se t  int o motio n i n whic h al l  th e mos t  likel y meaning s associate d wit h a  wor d ar e activate d regardles s o f  th e 

initia l  primin g du e t o context .  Thi s automati c acces s o f  mul'-lpl e meaning s i s unaffecte d b y th e availabilit y  eithe r 
of  informatio n abou t  frequenc y o f  us e o r  b y potentiall y disambiguatin g orthographi c Information .  Onc e accessed , 
though ,  meaning s diffe r  i n th e degre e t o whic h the y ar e activated ,  wit h th e dominan t  meanin g bein g mor e strongl y 
activate d tha n th e subordinat e meaning . 
Lexical access, then, is a process in which bottom-up information has priority, overriding the effects of higher-
leve l  informatio n an d suspendin g it s us e unti l  th e automati c proces s se t  Inmotio n b y th e auditor y signa l  i s  completed . 
Therefore ,  whil e top-dow n processin g i s essentia l  fo r  sentenc e understanding ,  comprehensio n i s als o s o strongl y tie d 
t o th e stimulu s tha t  lowe r  leve l  analyse s mus t  b e complete d befor e semanti c an d pragmati c knowledg e ca n hav e a 
decisiv e effect . 
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