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Abst rac t 

The development of models of human sentence 
processin g hai s traditionall y followe d on e o f  tw o 
paths .  Eithe r  th e mode l  posite d a  sequenc e 
of  processin g modules ,  eac h wit h it s ow n task -
specifi c  knowledg e (e.g. ,  synta x an d semantics) , 
or  i t  posite d a  singl e processo r  utilizin g differen t 
type s o f  knowledg e inextricabl y integrate d int o a 
monolithi c knowledg e base .  Ou r  previou s wor k 
i n modelin g th e sentenc e processo r  resulte d i n a 
model  i n whic h differen t  processin g module s use d 
separat e knowledg e source s bu t  operate d i n par -
al  e l  t o arriv e a t  th e interpretatio n o f  a  sentence . 
One highligh t  o f  thi s mode l  i s tha t  i t  offere d a n 
explanatio n o f  ho w th e sentenc e processo r  migh t 
recove r  fro m a n erro r  i n choosin g th e meanin g 
of  a n ambiguou s word :  th e semanti c processo r 
briefl y pursue d th e differen t  interpretation s asso -
ciate d wit h th e differen t  meaning s o f  th e wor d 
i n questio n unti l  additiona l  tex t  confirme d on e 
of  them ,  o r  unti l  processin g limitation s wer e ex -
ceeded .  Error s i n syntacti c ambiguit y resolutio n 
were assume d t o b e handle d i n som e othe r  wa y 
by a  separat e syntacti c module . 

Recent  experimenta l  wor k b y Lauri e Stow e 
strongl y suggest s tha t  th e huma n sentenc e pro -
cesso r  deal s wit h syntacti c erro r  recover y usin g 
a mechanis m ver y muc h lik e tha t  propose d b y 
our  mode l  o f  semanti c erro r  recovery .  Anothe r 
way t o interpre t  Stowe' s finding  tha t  tw o signifi -
cantl y differen t  kind s o f  error s ar e handle d i n th e 
same wa y i s this :  th e huma n sentenc e processo r 
consist s o f  a  singl e unifie d processin g modul e uti -
lizin g multipl e independen t  knowledg e source s i n 
parallel .  A  sentenc e processo r  buil t  upo n thi s ar -
chitectur e shoul d a t  time s exhibi t  behavio r  eis -
sociate d wit h modula r  approaches ,  an d a t  othe r 
time s ac t  lik e a n integrate d system .  I n thi s pa -
per  w e explor e som e o f  thes e idea s vi a a  proto -
typ e computationa l  mode l  o f  sentenc e processin g 
ca le d C O M P E R E,  an d propos e a  se t  o f  psycho -
logica l  experiment s fo r  testin g ou r  theories . 

Overview 

Most  model s o f  huma n languag e processin g en -
forc e a  separatio n o f  languag e level s eithe r 
throug h a n aissumptio n o f  individua l  module s 

each devote d t o a  differen t  leve l  o f  languag e or ,  d e 
facto ,  b y focusin g o n onl y on e aspec t  o f  languag e 
processin g (e.g. ,  lexica l  disambiguation ,  theta -
rol e assignment ,  o r  syntacti c structur e building) . 
I n contrast ,  ou r  ongoin g researc h ha s focuse d o n 
finding  way s t o integrat e languag e processin g us -
in g a s fe w assumption s o f  separat e processe s a s 
possible .  However ,  w e hav e alway s bee n cog -
nizan t  o f  th e fac t  tha t  theorie s o f  modula r  pro -
cesse s hav e suppor t  i n th e literature ,  an d w e hav e 
foun d i t  convenien t  i n ou r  ow n wor k t o focu s o n 
lexica l  an d pragmati c disambiguatio n durin g sen -
tenc e processin g i n a  modula r  faishion . 

Our  curren t  wor k represent s a  meetin g o f  the -
oretica l  inten t  wit h computationa l  instantiation . 
I n thi s ne w model ,  a  unifie d processo r  i s abl e t o 
generat e multipl e inference s an d mak e decision s 
among thes e inference s a t  al l  level s o f  languag e 
processing .  Currently ,  ou r  mode l  encompasse s 
lexical ,  syntactic ,  semantic ,  an d pragmati c pro -
cesses .  Th e mode l  i s  als o abl e t o mak e th e kind s 
of  inferentia l  error s tha t  peopl e d o an d t o recove r 
fro m the m automatically ,  a s peopl e do .  Finally , 
thi s model ,  althoug h a  singl e processor ,  unite s 
tw o school s o f  though t  regardin g th e modularit y 
of  language .  Ou r  mode l  i s  abl e t o exhibi t  seem -
ingl y modula r  processin g behavio r  tha t  matche s 
th e result s o f  experiment s showin g differen t  level s 
of  languag e processin g (e.g. ,  Forster ,  1979 ;  Fra -
zier ,  1987 )  bu t  i s als o abl e t o displa y seemingl y in -
tegrate d processin g behavio r  tha t  matche s th e re -
sult s o f  experiment s showin g semanti c influence s 
on syntacti c structur e assignmen t  (e.g. ,  Grai n k 
Steedman ,  1985 ;  Tyle r  &  Marslen-Wilson ,  1977) . 

Background 

A T L A ST (Eiselt ,  1989 )  wa s a  mode l  o f  unifie d 
lexica l  an d pragmati c disambiguatio n an d erro r 
recovery .  Th e mode l  include d lexica l  an d worl d 
knowledge ;  i t  als o include d som e amoun t  o f  syn -
tacti c knowledge .  Th e syntacti c informatio n wei s 
processe d separately ,  usin g a n A T N parser .  Th e 
model  achieve d disambiguatio n usin g multipl e ac -
cess o f  meaning s fo r  lexica l  item s an d pragmati c 
situations ,  choosin g th e meanin g tha t  matche d 
previou s context ,  an d deactivatin g bu t  retain -
in g al l  othe r  meanings .  I f  late r  contex t  prove d 
th e initia l  disambiguatio n decisio n incorrect ,  th e 
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retaine d meaning s coul d b e reactivate d withou t 
reaccessin g th e lexico n o r  worl d knowledge .  AT -
L A ST prove d t o hav e grea t  psychologica l  validit y 
fo r  lexica l  an d pragmati c processing—it s us e o f 
multipl e acces s wa s wel l  grounde d i n psychologi -
cal  literatur e (e.g. ,  Tanenhaus ,  Leiman ,  &  Seiden -
berg ,  1979) ,  and ,  mor e importantly ,  i t  mad e psy -
chologica l  prediction s abou t  th e retentio n o f  un -
selecte d meaning s tha t  wer e experimentall y  vali -
date d (Eisel t  &  Holbrook ,  1991 ;  Holbrook ,  1989) . 

A T L A ST wa s no t  intende d t o mode l  syntac -
ti c disambiguatio n an d erro r  recovery ,  bu t  w e be -
lieve d tha t  th e principle s embodie d i n th e mode l 
shoul d exten d t o syntacti c knowledg e a s wel l 
(Granger ,  Eiselt ,  &  Holbrook ,  1984) :  tha t  syn -
tacti c disambiguatio n an d erro r  recover y woul d 
follo w th e sam e patter n o f  multipl e access ,  se -
lectio n base d o n previou s context ,  deactivatio n 
and retentio n o f  unselecte d structures ,  an d re -
activatio n o f  unselecte d structure s shoul d a n er -
ro r  b e discovered .  A t  las t  year' s meetin g o f  th e 
Cognitiv e Scienc e Society ,  Stow e presente d th e 
findin g tha t  syntacti c informatio n an d semanti c 
informatio n interac t  sl s th e knowledg e structur e 
i s built .  Stowe' s wor k (1991 ;  Holmes ,  Stow e & 
Cupples ,  1989 )  ha s len t  credenc e t o th e predic -
tio n tha t  syntacti c knowledg e i s processe d jus t 
lik e othe r  languag e knowledg e sources .  Partic -
ularl y relevan t  t o th e wor k presente d herei n i s 
Stowe' s conclusio n tha t  i n case s o f  syntacti c am -
biguity ,  th e sentenc e processo r  accesse s al l  possi -
bl e syntacti c structure s simultaneousl y and ,  i f  th e 
structur e preferre d fo r  syntacti c rezison s conflict s 
wit h th e structur e favore d b y th e curren t  seman -
ti c  bias ,  th e competin g structure s ar e maintaine d 
and th e decisio n i s delayed .  Furthermore ,  th e 
wor k suggest s a n interactio n o f  th e variou s knowl -
edge types ,  a s i n som e case s semanti c informatio n 
influence s structur e assignmen t  o r  trigger s reacti -
vatio n o f  unselecte d structures .  Th e ne w psycho -
logica l  evidenc e inspire d u s t o exten d A T L A S T t o 
includ e syntacti c knowledg e a s a n integra l  par t  o f 
a unifie d languag e processor . 

The New Theoretical Model 

We propos e tha t  th e huma n sentenc e processo r 
can bes t  b e describe d a s a  singl e unifie d lan -
guag e processo r  whic h operate s o n distinc t  knowl -
edge sources .  Thes e knowledg e source s corre -
spon d t o wha t  ar e typicall y labele d synta x an d 
semantics .  Whil e thes e source s contai n differen t 
type s o f  knowledge ,  th e sam e proces s i s use d t o 
manipulat e an d integrat e eac h typ e o f  informa -
tio n int o a  coheren t  an d plausibl e interpretation . 
The singl e processo r  allow s inference s abou t  th e 
interpretatio n t o b e generate d uniformly ,  regard -
les s o f  th e typ e o f  inferenc e tha t  mus t  b e made . 
Thus ,  a n ambiguou s word ,  a n ambiguou s pars e 
tree ,  a n ambiguou s themati c rol e assignment ,  an d 
an ambiguou s semanti c representatio n ar e al l  dis -
ambiguate d b y th e processo r  i n th e sam e way . 

Thi s mode l  o f  sentenc e processin g attempt s t o 
explai n severa l  differen t  phenomena .  Fo r  exam -
ple ,  lexical/semanti c disambiguatio n an d erro r  re -

cover y ar e accounte d fo r  b y th e approac h firs t 
postulate d i n th e A T L A S T sentenc e processin g 
model .  Sinc e w e ar e usin g a  singl e processo r  fo r 
al l  processin g i n ou r  ne w model ,  th e approac h 
used b y A T L A S T i s no w applie d t o syntacti c  dis -
ambiguatio n an d erro r  recovery .  A s a  result ,  w e 
hav e a  plausibl e proces s accoun t  o f  Stowe' s (1991 ) 
findings . 

Additionally ,  becaus e th e knowledg e source s 
ar e modula r  whil e th e processin g i s unified ,  w e 
jredic t  tha t  thi s ne w mode l  wil l  sometime s ex -
libi t  ambiguit y resolutio n behavio r  lik e tha t 
expecte d fro m a  stron g modular ,  autonomou s 
proces s approac h t o sentenc e processin g (e.g. , 
Forster ,  1979) ,  an d a t  othe r  time s i t  wil l  exnibi t 
behavio r  mor e lik e tha t  expecte d fro m a  stron g in -
teractiv e approac h (e.g. ,  Tyle r  &  Marslen-Wilson , 
1977) .  Thes e difference s i n behavio r  wil l  depen d 
on whethe r  th e informatio n availabl e fro m th e dif -
feren t  knowledg e source s i s sufficien t  t o resolv e 
th e specifi c  ambiguitie s a t  han d a t  an y give n time . 
I n short ,  thi s mode l  shoul d accoun t  fo r  th e wid e 
rang e o f  dat a accumulate d b y th e opposin g camp s 
i n tni s ongoin g debate . 

Implementation 

To explor e ho w wel l  ATLAST' s approac h t o lex -
ical/semanti c disambiguatio n an d erro r  recover y 
woul d actuall y wor k whe n applie d t o th e resolu -
tio n o f  syntacti c ambiguity ,  w e constructe d a  pro -
totyp e computationa l  mode l  calle d C O M P E RE 
(Cognitiv e Mode l  o f  Parsin g an d Erro r  Recovery ) 
t o serv e a s a  testbed .  Thi s computationa l  mode l 
follow s closel y th e spiri t  o f  th e theoretica l  mode l 
describe d above ,  bu t  diverge s slightl y i n actua l 
implementation .  Th e divergenc e appear s i n th e 
processo r  itself :  th e theoretica l  mode l  ha s a  sin -
gl e processor ,  whil e th e prototyp e computationa l 
model  ha s tw o nearly-identica l  processors—on e 
fo r  synta x an d on e fo r  semantics—whic h shar e 
identica l  contro l  structure s bu t  ar e duplicate d fo r 
convenienc e becaus e eac h processo r  mus t  wor k 
wit h informatio n encode d i n slightl y differen t  for -
mats .  Becaus e w e intende d onl y t o explor e syn -
tacti c ambiguit y an d erro r  recover y wit h thi s ini -
tia l  computationa l  model ,  th e distinctio n betwee n 
tw o identica l  processor s an d on e unifie d processo r 
i s unimportant .  A s w e expan d th e scop e o f  ou r 
investigations ,  however ,  w e wil l  nee d t o unif y th e 
tw o processin g component s completely . 

Bot h type s o f  knowledg e ar e represente d a s net -
work s o f  structures .  Syntacti c knowledg e i s repre -
sente d a s a  networ k i n whic h eac h nod e hold s al l 
th e knowledg e abou t  a  particula r  syntacti c cat -
egor y necessar y fo r  parsin g a  sentenc e int o it s 
surfac e structure .  A  nod e i n th e networ k rep -
resentin g semanti c knowledg e stand s fo r  a  con -
cept .  Th e structur e o f  th e nod e (i.e. ,  it s  slot s 
represent s th e relationship s betwee n th e nod e an ( 
othe r  concepts .  Thes e relationship s ca n includ e 
worl d knowledg e i n th e for m o f  selectiona l  restric -
tions . 

I n additio n t o syntacti c an d semanti c knowl -
edge ,  C O M P E RE ha s a  lexico n whic h provide s 
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Figur e 1 :  Architectur e o f  C O M P E RE 

th e syntacti c categorie s an d subcategorie s o f 
word s a s wel l  a s th e meaning s o f  word s repre -
sente d a s pointer s t o node s i n th e semanti c net -
work .  Th e semanti c componen t  als o ha s knowl -
edge o f  themati c role s whic h help s bridg e syntax 
and semantics .  Fo r  instance ,  i t  know s tha t  a  nou n 
phras e ha s a  primitiv e rol e calle d T H I N G whic h 
can evolv e i n contex t  t o a n A C T O R o r  a n O B -
J E C T role .  Th e representation s o f  th e differen t 
bodie s o f  knowledg e an d th e flow  o f  informatio n 
betwee n the m i s show n i n Figur e 1 . 

The Process 

Words ar e rea d fro m lef t  t o right ,  an d thei r  lexi -
cal  entrie s ar e retrieved .  Th e syntacti c categorie s 
ar e passe d t o th e syntax  processor ;  a t  th e sam e 
time ,  th e pointer s t o correspondin g meaning s ar e 
passe d t o th e semanti c processor .  Th e semanti c 
processo r  build s a  tre e o f  themati c roles ,  a s wel l 
as a  networ k o f  instance s o f  meanin g structures . 

As explaine d above ,  th e contro l  structure s o f 
th e synta x an d semanti c processor s ar e identical , 
thoug h the y proces s diff'eren t  kind s o f  knowledge . 
The processor s interac t  man y time s i n processin g 
eac h wor d a s the y buil d th e trees .  Th e synta x 
processo r  first  build s th e basi c nod e fo r  th e cate -
gor y o f  th e wor d whic h wil l  b e a  lea f  o f  th e pars e 
tree .  Th e semanti c processo r  build s a  nod e fo r 
th e primitiv e rol e th e wor d play s (i f  any )  an d als o 
instantiate s th e meanin g structur e fo r  th e word . 
For  instance ,  o n readin g th e ver b "saw, "  th e syn -
ta x processo r  build s a  ver b nod e (V )  t o b e adde d 
t o th e pars e tre e o f  th e curren t  sentence .  Th e 
semanti c processo r  build s node s fo r  a n E V E N T 
rol e an d a n instanc e o f  th e S E E structure .  Thes e 
structure s mus t  b e connecte d t o othe r  rol e an d 
meanin g structure s alread y buil t  fo r  th e sentence . 
The processor s no w tr y t o connec t  th e ne w node s 
wit h th e partia l  tree s buil t  earlier .  W h e n th e 

syntacti c structur e o f  a  sentenc e i s successfull y 
parsed ,  th e meanin g o f  th e sentenc e i s availabl e 
as th e meanin g attache d t o th e roo t  nod e (S )  o f 
th e pars e tree . 

Whenever  th e syntacti c processo r  connect s a 
nod e t o it s parent ,  i t  communicate s wit h th e se -
manti c processor .  Th e semanti c processo r  trie s t o 
find  correspondin g relationship s i n th e meaning s 
associate d wit h th e tw o node s b y wa y o f  connect -
in g thei r  role s i n th e rol e tree .  Thu s th e meaning s 
associate d wit h th e node s mov e u p alon g th e syn -
tacti c structure .  W h e n the y mee t  a t  a  c o m m o n 
node ,  th e semanti c processo r  trie s t o bin d the m 
togethe r  throug h thei r  roles .  Fo r  example ,  con -
side r  th e followin g sentence : 

Text 1: The man saw the horse. 

The structures that exist after reading "The man 
saw"  ar e show n i n Figur e 2 . 

Para a Tra * 

/\ 
VP 

DET 

Rol a Tr* * 

evpiTi 

ACTORl 

THINGl 

Maanln g Structura a 

SEEl : 
Actor :  MANl 
rola :  EVENTl 

tONl: 
rola :  ACTORl 

Figur e 2 :  C O M P E R E 'S outpu t  fo r  "Th e m a n 
saw. " 

Now,  afte r  readin g "th e horse, "  th e syste m cre -
ate s a  nou n phras e (NP )  nod e t o b e connecte d t o 
th e abov e pars e tree ,  a  T H I N G rol e t o b e con -
necte d t o th e abov e rol e tree ,  an d a  H O R S El 
structur e t o b e connecte d t o th e meanin g struc -
ture s above .  Syntacti c processin g coul d propos e 
a connectio n fro m th e ne w N P t o th e ver b phras e 
(VP )  i n th e tree ,  makin g "th e horse "  th e syntac -
ti c object .  Th e semanti c processo r  finds  corre -
spondin g link s betwee n th e H O R S El  nod e an d 
th e S E E l  nod e throug h it s O B J E C T slot .  Thi s 
result s fro m specializin g th e T H I N G rol e o f  "th e 
horse "  t o a n O B J E C T rol e whic h ca n no w b e 
connecte d t o th e E V E N T l  role .  Thi s proces s 
ca n b e viewe d a s th e meanin g o f  "horse "  propa -
gatin g u p th e pars e tre e t o mee t  th e meanin g o f 
"see "  a t  th e V P nod e wher e th e correspondin g 
semanti c connection s ar e found .  Th e structure s 
buil t  a t  th e en d o f  th e sentenc e ar e show n i n Fig -
ur e 3 . 

Thoug h th e syntacti c an d semanti c processor s 
interac t  wit h eac h other ,  the y ar e functionall y in -
dependent ;  eac h ca n d o it s jo b shoul d th e othe r 
fail .  I f  th e syntacti c processo r  fail s  t o buil d a 
pars e structur e fo r  a  sentence ,  th e semanti c pro -
cesso r  connect s th e primitiv e rol e fo r  a  wor d wit h 
th e rol e tre e (o r  a  se t  o f  subtrees )  buil t  thu s far . 
Th e processo r  ca n mak e decision s base d o n pref -
erence s comin g onl y fro m on e sourc e o f  knowl -
edg e (suc h a s synta x o r  semantics )  i f  othe r  source s 
fai l  t o provid e an y preferences .  Suc h a  failur e o f 
th e othe r  source s coul d b e eithe r  du e t o a  lac k o f 
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THIHCl  THIH0 2 rol« :  »CIORl 
HOR8E1: 

rel* :  OBJECT1 
Figur e 3 :  C O M P E R E 's outpu t  fo r  Tex t  1 . 

knowledg e o r  du e t o a  lesio n i n th e communica -
tio n pathways .  Functionall y independen t  behav -
io r  o f  thi s kin d woul d no t  hav e bee n possibl e i f  th e 
syste m ha d a  singl e integrate d sourc e o f  knowl -
edge togethe r  wit h a  unifie d processo r  bl s see n 
i n othe r  model s (e.g. ,  Jurafsky ,  1991 ;  Lebowitz , 
1983) . 

Ambiguity Resolution 

Structura l  ambiguitie s i n a  sentenc e ca n b e re -
solve d throug h semanti c o r  syntacti c processing . 
For  instance ,  i f  Tex t  1  wer e change d to : 

Text 2: The man saw the woman with the 
horse . 

there would be at leaist two possible interpreta-
tion s fro m a  syntacti c poin t  o f  view—attachin g 
th e prepositiona l  phras e (PP )  t o th e V P o r  t o 
th e objec t  N P — b ut  onl y on e o f  the m i s supporte d 
by semantics .  Th e NP-attachmen t  interpretatio n 
wit h it s "woma n togethe r  wit h th e horse "  mean -
in g i s acceptabl e wherea s th e VP-attachmen t  in -
terpretatio n wit h it s "sa w usin g th e hors e a s a n 
instrument "  i s no t  acceptabl e sinc e i t  violate s th e 
constrain t  tha t  th e E V S T R U M E NT slo t  o f  th e 
even t  S E E mus t  b e filled  b y a n optica l  instru -
ment . 

On th e othe r  hand ,  conside r  th e followin g sen -
tence : 

Text 3: The officers taught at the military 
academy wer e ver y demanding . 

The verb "taught" is interpreted as the main verb 
of  th e sentenc e sinc e tha t  woul d satisf y th e ex -
pectatio n o f  a  V P a t  tha t  poin t  i n processing .  I n 
othe r  words ,  w e woul d rathe r  us e th e ver b t o be -
gi n th e V P tha t  i s require d t o complet e th e sen -
tenc e structure ,  instea d o f  treatin g i t  a s th e ver b 
i n a  reduce d relativ e claus e whic h woul d hav e lef t 
th e expectatio n o f  a  V P unsatisfied .  Thi s be -
havio r  i s th e sam e a s th e on e explaine d b y th e 
"firs t  analysis "  model s o f  Frazie r  an d colleague s 
(Frazier ,  1987 )  usin g a  minimal-attachmen t  pref -
erence . 

Error Recovery 

W h en choice s ar e mad e t o resolv e structura l  am -
biguities ,  th e alternative s tha t  wer e no t  selecte d 
ar e retaine d fo r  possibl e recover y fro m erroneou s 
decisions .  W h e n i t  i s  no t  possibl e t o attac h a 

structur e t o th e existin g tree(8) ,  th e previousl y  re -
taine d alternative s ar e examine d t o se e i f  choosin g 
anothe r  alternativ e a t  a n earlie r  poin t  provide s a 
way t o attac h th e curren t  structure .  I f  so ,  th e tre e 
i s repaire d accordingl y t o recove r  fro m th e error . 
Sinc e th e subtre e tha t  wa s originall y misplace d i s 
merel y attache d a t  a  differen t  point ,  erro r  recov -
er y doe s no t  amoun t  t o reprocessin g th e structur e 
of  th e phras e tha t  correspond s t o th e subtree . 

I n Tex t  3 ,  unti l  seein g th e wor d "were, "  th e 
ver b "taught "  i s treate d a s th e mai n ver b sinc e i t 
satisfie s th e expectatio n o f  a  V P tha t  i s require d 
t o complet e th e sentence .  However ,  a t  thi s point , 
th e structur e i s incompatibl e wit h th e remainin g 
input .  Th e processo r  no w trie s th e othe r  wa y o f 
attachin g th e V P a s a  reduce d relativ e claus e s o 
tha t  ther e wil l  stil l  b e a  plac e fo r  a  mai n verb .  I n 
doin g so ,  i t  di d no t  hav e t o proces s th e P P tha t 
was par t  o f  th e V P fo r  th e ver b "taught. " 

I n resolvin g th e structura l  ambiguit y  i n Tex t  3 , 
semanti c preference s di d no t  pla y a  significan t 
role .  I n othe r  situations ,  semanti c preference s 
coul d influenc e th e decision s tha t  th e processo r 
makes i n resolvin g syntacti c ambiguities .  Suc h 
behavio r  woul d b e th e sam e a s th e one s explaine d 
by model s whic h argu e fo r  th e earl y eff'ect s o f 
semanti c an d contextua l  informatio n i n syntac -
ti c processin g (e.g. ,  Grai n &  Steedman ,  1985 ; 
Tyle r  &  Marslen-Wilson ,  1977) .  C O M P E RE i s 
intende d t o demonstrat e tha t  th e rang e o f  be -
havior s tha t  thes e model s accoun t  for ,  an d th e 
behavior s tha t  th e "firs t  analysis "  model s (e.g. , 
Frazier ,  1987 )  accoun t  for ,  ca n b e explaine d b y 
a unifie d moae l  wit h a  singl e processo r  operatin g 
on multipl e independen t  source s o f  knowledge . 

C O M P E RE ha s bee n implemente d o n a  Sym -
bolic s workstatio n i n th e C o m m on Lis p languag e 
wit h th e C o m m on Lis p Objec t  System .  I t  ca n 
proces s bot h th e synta x an d semantic s o f  sim -
pl e sentence s (includin g al l  example s use d i n thi s 
paper )  an d use s semanti c informatio n i n resolv -
in g structura l  ambiguity .  Recover y fro m error s 
i n resolvin g structura l  ambiguit y ha s bee n imple -
mente d i n th e synta x processo r  alone ;  recover y 
fro m lexical/semanti c error s ha s no t  ye t  bee n im -
jlemente d i n thi s model ,  bu t  i t  wil l  requir e ver y 
ittl e effor t  t o adap t  th e mechanis m alread y use d 

successfull y b y th e A T L A S T (Eiselt ,  1989 )  sys -
tem. 

Proposed Psychological Studies 

To tes t  th e validit y  o f  ou r  psychologica l  claims ,  w e 
must  answe r  th e followin g questions :  (1 )  Ho w d o 
we sho w tha t  ther e i s a  singl e processin g architec -
tur e whic h applie s t o multipl e knowledg e source s 
t o mak e languag e decision ,  a s oppose d t o mul -
tiple ,  non-identica l  processors ? (2 )  Ho w ca n w e 
sho w erro r  recover y occurrin g automaticall y an d 
on-lin e fo r  lexical ,  syntactic ,  semanti c an d othe r 
type s o f  errors ? 

Answering Question 1 

Recent  experiment s (e.g. ,  Holmes ,  Stowe ,  &  Cup -
pies ,  1989 )  hav e focusse d o n manipulatin g th e in -
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formatio n processed ,  bu t  no t  th e ac t  o f  process -
in g itself .  B y varyin g th e typ e o f  tas k assigne d 
t o th e subject ,  w e ca n manipulat e th e processin g 
styl e tha t  i s  bein g executed .  W e hav e create d ma -
terial s tha t  mak e processin g mor e (o r  les s syn -
tacti c o r  semantic ,  b y givin g a  tas k tha t  biase s 
th e processo r  towar d an y give n level .  I n on e ex -
periment ,  w e ar e usin g tw o set s o f  materials ,  on e 
semanticall y weighte d an d th e othe r  syntacticall y 
weighted .  W e hav e manipulate d th e leve l  o f  pro -
cessin g b y changin g th e tas k tha t  subject s mus t 
perform .  W e ar e comparin g th e tim e i t  take s fo r 
subject s t o mak e word-by-wor d completio n deci -
sions :  eithe r  a  decisio n o n whethe r  a  sentenc e ca n 
stil l  b e complete d grammatically ,  o r  whethe r  a 
sentenc e ca n stil l  b e complete d semantically .  W e 
ar e lookin g a t  th e kind s o f  comprehensio n error s 
tha t  ar e m a d e fo r  syntacticall y versu s semanti -
call y weighte d sentences ,  a s wel l  a s a t  ho w th e 
reactio n tim e curv e change s fo r  th e stimul i  de -
pendin g o n th e leve l  o f  processing .  Thus ,  i n thi s 
experiment ,  w e ar e abl e t o asses s th e separat e ef -
fect s o f  th e processo r  an d th e typ e o f  informatio n 
processe d o n parsin g decisions .  Bot h processin g 
model s mak e empirica l  predictions .  Th e single -
processo r  mode l  predict s unifor m processin g er -
ror s whe n w e manipulat e th e processin g environ -
ment  bu t  no t  th e informatio n processed .  Th e 
multipl e processo r  mode l  predict s tha t  process -
in g error s wil l  b e differen t  whe n w e manipulat e 
th e processin g environment . 

A secon d poin t  o f  compariso n betwee n singl e 
and multipl e processo r  model s i s tha t  th e singl e 
processo r  mode l  assume s interactio n betwee n lex -
ica l  informatio n an d synta x an d semantics ,  whil e 
th e multipl e processo r  mode l  assume s tha t  thes e 
woul d b e separable .  O n e poin t  a t  whic h th e infor -
matio n source s m a y interac t  i s  whe n lexica l  item s 
ar e recognized .  S o m e word s ar e syntacticall y am -
biguous ,  suc h tha t  mor e tha n on e par t  o f  speec h 
(an d probabl y meanin g a s well )  mus t  b e calle d 
up. 

Seidenberg ,  Tanenhaus ,  Leiman ,  an d Bi -
enkowsk i  (1982 )  looke d a t  ambiguou s word s tha t 
eac h ha d a  meanin g whic h lexicall y subcatego -
rize d a s a  nou n an d a  meanin g whic h lexicall y 
subcategorize d a s a  verb .  Thei r  result s showe d 
tha t  eve n whe n subcategorizatio n informatio n i s 
available ,  i t  doe s no t  immediatel y restric t  th e 
processo r  fro m viewin g al l  possibl e meaning s o f 
a wor d an y mor e tha n othe r  aspect s o f  th e 
word' s meanin g do .  Thi s i s evidenc e that ,  a t  th e 
plac e wher e meanin g an d structur e ar e first  con -
structed ,  th e informatio n i s extracte d i n th e sam e 
manner .  W e ar e conductin g a  simila r  experimen t 
t o tha t  o f  Seidenber g e t  al. ,  th e mai n differenc e 
bein g tha t  i n ou r  study ,  th e ambiguou s wor d i s 
embedded withi n th e sentenc e instea d o f  a t  th e 
end.  Thi s i s becaus e activ e suppressio n o f  alter -
nat e meaning s i s mor e likel y t o occu r  a t  th e en d 
of  material s tha n withi n the m (Holbrook ,  1989) . 
Seidenber g e t  al.' s  result s sugges t  suppor t  fo r  th e 
singl e processo r  mode l  ove r  th e multipl e processo r 
model ,  bu t  onl y a t  0  msec .  W e ar e testin g t o se e 
th e tim e cours e o f  disambiguatio n du e t o subcat -

egorizatio n information ,  an d th e exten t  t o whic h 
subcategorizatio n informatio n i s relie d upo n ex -
clusivel y fo r  disambiguation .  I f  th e singl e pro -
cesso r  mode l  i s  correct ,  th e subcategorizatio n in -
formatio n shoul d b e usefu l  bu t  no t  alway s deter -
ministic .  A  multipl e processo r  mode l  woul d pre -
dic t  tha t  th e subcategorizatio n informatio n wil l 
be a n earl y an d unassailabl e determine r  o f  mean -
in g choice . 

A n s w e r i n g Q u e s t i o n 2 

Error recovery ought to act differently for a sin-
gl e processo r  syste m tha n fo r  a  multipl e proces -
sor  system .  A  unifie d proces s ough t  t o m a k e th e 
tas k easy ,  an d multipl e processe s ough t  t o m a k e 
i t  hard .  T h e singl e processo r  mode l  predict s tha t 
erro r  recover y i s uniform ,  n o matte r  a t  wha t  leve l 
of  processin g th e erro r  occurs .  Th e sam e element s 
wi  1  b e brough t  t o bea r  t o fix  th e erro r  a t  th e lex -
ical ,  syntactic ,  an d semanti c levels .  Ou r  previou s 
experiment s (e.g. ,  Eisel t  &  Holbrook ,  1991 ;  Hol -
brook ,  1989 )  hav e validate d th e mechanis m fo r 
lexica l  ambiguity ,  bu t  hav e no t  validate d i t  fo r 
othe r  type s o f  errors .  Evidenc e fro m simila r  ex -
periment s b y Holmes ,  Stow e an d Cupple s (1989 ) 
showe d simila r  findings  fo r  syntacti c subcatego -
rization :  a s i n ou r  experiments ,  on e interpreta -
tio n wa s chose n an d the n discarde d whe n late r 
informatio n negate d thi s decision .  T o ti e thes e 
tw o set s o f  experiment s together ,  w e ar e runnin g 
th e variation s o n th e Holme s e t  al .  experiment s 
describe d above .  T o loo k a t  erro r  recovery ,  w e 
wil l  loo k fo r  primin g effect s fo r  bot h meaning s 
of  th e ambiguou s wor d an d fo r  evidenc e o f  re -
instantiatio n o f  a  discarde d structure . 

C o n c l u s i o n 

A model that unifies separate processing mecha-
nism s ca n onl y b e considere d successfu l  i f  i t  i s  abl e 
t o explai n apparentl y differen t  type s o f  output , 
suc h a s syntacti c an d semanti c output .  I n thi s pa -
per  w e hav e develope d a  mode l  tha t  i s  abl e t o d o 
so b y uniforml y processin g differen t  type s o f  in -
formation .  Th e advantage s t o thi s mode l  ar e tha t 
processin g error s ar e usuall y avoided ;  m a n y o f  th e 
processin g error s tha t  stil l  occu r  ca n b e correcte d 
immediatel y an d unconsciously ,  s o tha t  process -
in g ca n remai n automati c an d unconscious .  Th e 
emphasi s o n differen t  informatio n type s allow s 
our  mode l  t o remai n consisten t  wit h wor k tha t 
suggest s modularit y a t  variou s level s o f  process -
ing ;  th e modularit y lie s i n th e divisio n o f  th e in -
formatio n types .  However ,  th e singl e processo r 
simplifie s th e tas k o f  buildin g compatibl e syntac -
ti c an d semanti c structure s an d allow s fo r  thei r 
interactio n a s th e meanin g o f  th e tex t  i s  evolve d 
fro m th e separat e type s o f  information .  Hence , 
we ca n explai n apparentl y anomalou s psycholog -
ica l  findings  ̂e.g ,  Frazier ,  1987 ;  Tyle r  &  Marslen -
Wilson ,  1977 )  withi n a  singl e perspective . 
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