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Abstrac t 

In this paper, we introduce a new model of human sentence 
processing .  Th e psychologica l  issue s addresse d includ e th e 
use o f  lexica l  information ,  specificall y subcategorizatio n 
information ,  durin g th e initia l  stag e o f  syntacti c structur e 
assembly ,  th e issu e o f  linea r  parsing ,  i.e .  immediat e attach -
ment  o f  word s t o th e sentenc e structure ,  withi n a  head-drive n 
grammar  framewoik ,  an d th e resolutio n o f  attachmen t  ambi -
guities .  W e wil l  demonsu^t e tha t  th e variet y o f  psycholinguis -
ti c  phenomen a ca n b e accounte d fo r  b y th e assumptio n o f 
principle d behavio r  o f  linguisti c  signs ,  whic h ar e implemente d 
i n a n object-oriente d fashion .  Th e mode l  provide s a  seria l 
implementatio n o f  Parametrize d Hea d Attachment . 

P a r s e r s a s a d e q u a t e cognit iv e m o d e l s 

Cognitive parsers are computational models of human cogni-

tiv e processe s wit h respec t  t o th e syntacti c analysi s o f  natu -

ra l  language .  T o qualif y fo r  that ,  thos e model s first  hav e t o 

be computationall y sufficient ,  whic h mean s tha t  the y mus t  b e 

abl e t o pars e sentence s o f  som e natura l  languag e (o r  a t  leas t 

a non-trivia l  subse t  o f  those) .  Th e secon d criterio n i s tha t 

cognitiv e parser s mus t  b e show n t o procee d i n a  wa y tha t 

lead s t o th e sam e behavio r  tha t  ha s bee n foun d i n studie s o f 
human parsing ,  i.e. ,  th e sam e kin d o f  errors ,  an d th e sam e 

preference s i n analysis .  A  third ,  ambitiou s criterion ,  labele d 

'typ e transparency' ,  ha s bee n specifie d b y Berwic k an d 

Weinber g (1985) ,  w h o sugges t  tha t  'granunatica l  representa -

tion s ar e embedde d directl y int o parsers ,  withou t  intervenin g 

derive d predicate s o r  multiplied-ou t  rul e systems' .  Th e 

S O UL (Semantics-Oriente d Unification-base d Language ) 

syste m ha s bee n buil t  wit h thi s requiremen t  i n mind .  I f  trans -

parenc y holds ,  the n cognitiv e parser s shoul d no t  onl y mode l 

linguisti c performance ,  bu t  th e linguisti c competenc e o f  th e 

idealize d 'nativ e speaker '  a s wel l  (Konieczn y &  Hemforth , 

1994) .  Ou r  approac h i s therefor e base d o n a  principle d the -

or y o f  gramma r  (namely ,  th e Head-drive n Phras e Structur e 

Grammar,  H P S G,  Pollar d &  Sag ,  1994) . 

The status of lexical information in parsing 

In a 'head-driven' grammar framework, such as HPSG, 

transparentl y assemblin g syntacti c structur e depend s 

directl y upo n th e availabilit y o f  lexica l  information . 
Althoug h ther e i s a  broa d consensu s amon g psycholinguist s 

tha t  lexica l  informatio n influence s th e parsin g proces s ver y 

shortl y afte r  a  wor d i s processed ,  i t  i s  stil l  a n ope n ques -

tio n a s t o whethe r  thi s informatio n i s use d t o guid e th e ini -

tia l  structure-buildin g proces s (lexica l  guidance ,  lexicall y 

directe d assembly) ,  o r  whethe r  i t  i s  onl y use d t o monito r 

or  evaluat e th e independentl y buil t  structure s (lexica l  filter, 

structur e checkin g models) ,  an d t o rul e ou t  inconsisten t 

ones .  I n ou r  approach ,  w e tak e th e forme r  view . 

Th e mos t  prominen t  proponen t  o f  th e latte r  vie w i s th e 

garden-pat h mode l  b y Frazie r  an d he r  colleagues ,  whic h 

stil l  constitute s a  substantia l  par t  o f  it s  successor ,  th e con -

strua l  theor y (Frazie r  &  Clifton ,  i n press) .  Th e garden -

pat h mode l  focuse s o n structura l  econom y i n parsin g (min -

ima l  attachment ,  lat e closure) .  I n additio n t o th e 'constitu -
ent  structur e subsystem' ,  Frazie r  (1987 ,  p .  582 ) 

distinguishe s anothe r  subsystem ,  th e themati c processor , 

whic h serve s th e purpos e o f  checkin g o r  monitorin g th e 

initiall y  buil t  structur e base d o n lexica l  an d highe r  leve l 

information .  I n term s o f  processing ,  thi s amount s t o th e 

structur e bein g buil t  fro m syntacti c categor y informatio n 

alone ,  an d a  late r  'filtering '  stage ,  wher e structure s pro -

pose d b y th e constituen t  structur e subsyste m ca n b e 

rejecte d b y mean s o f  additiona l  lexica l  information ,  fo r 

example ,  semanti c features . 

Structur e checkin g models ,  suc h a s th e garden-pat h 

model ,  therefor e presum e that :  1 .  ther e i s a n independen t 
grammar ,  suc h a s CFG-rules ,  outsid e th e lexicon .  Thi s 

grammar  i s constructiv e i n th e sens e tha t  syntacti c struc -

tur e ca n b e buil t  from  i t  withou t  furthe r  lexica l  informa -

tion .  2 .  onl y th e categor y informatio n o f  lexica l  item s i s 

use d initially ,  whil e subcategorizatio n informatio n i s 

ignore d a t  th e first  stage .  Th e mode l  presente d i n thi s 

pape r  depend s o n neithe r  o f  thes e assumptions .  I t  wil l  nev -

ertheles s b e show n tha t  th e dat a ca n b e accounte d fo r  wit h 

a transparen t  one-stag e parse r  buil t  o n a  state-of-the-ar t 

lexicalize d grammar . 

Psycholinguistic evidence. Although the issue of lexical 

guidanc e vs .  filter  i s  on e o f  th e mos t  extensivel y investi -

gate d i n psycholinguistics ,  a  final  decisio n i s ye t  t o come . 

A m o ng th e man y researcher s reportin g evidenc e i n favo r 

of  th e guidanc e assumptio n ar e Bolan d an d Tanenhau s 

(1991 )  an d others .  I n a  serie s o f  self-pace d readin g an d 

eye-movemen t  experiments ,  reporte d i n (Hemfort h e t  al. , 

1991 ;  Strub e e t  al. ,  1990 ;  Konieczn y e t  al. ,  1994ab) ,  w e 

investigate d PP-attachmen t  preference s i n Germa n sen -
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tences ,  suc h a s (1 )  an d (2) . 

(1 )  Mario n beobachtet e da s Pfer d {a .  mi t  d e m neue n 
Femglas ,  b .  mi t  d e m weiBe n Fleck} . 

Mario n watche d th e hors e {a .  wit h th e ne w binoculars , 

b.  wit h th e whit e fleck}. 

(2 )  Mario n erblickt e da s Pfer d {a .  mi t  d e m neue n Femglas , 
b.  mi t  d e m weiBe n Fleck} . 

Mario n caugh t  sigh t  o f  th e hors e {a .  wit h th e ne w binoc -

ulars ,  b .  wit h th e whit e fleck}. 

Th e ver b wa s eithe r  biase d t o "expect "  a n instrument ,  a s i n 

th e cas e o f  beobachte n (t o watch) ,  o r  no t  t o d o so ,  a s i n th e 

cas e o f  erblicke n {t o catc h sigh t  of) .  Subject s spen t  longe r 

readin g th e PP ,  i f  th e verb' s bia s contradicte d th e plausibilit y 

of  th e attachment,  a s i n (lb )  an d (2a) ,  compare d t o (la )  an d 

(2b) ,  wher e th e verb-bia s i s confirme d b y plausibility .  Thes e 

dat a ar e thu s i n lin e wit h findings  i n suppor t  o f  th e assump -

tio n tha t  th e verb-bia s influence s initia l  parsin g decisions . 

On th e contrary ,  Mitchel l  (1987 ,  1989) ,  an d recentl y 

A d a m s,  Clifton ,  an d Mitchel l  (1991 ,  i n press )  hav e reporte d 

studie s tha t  see m t o provid e evidenc e agains t  th e lexica l 

guidanc e hypothesis .  Subject s rea d sentence s lik e (3ab) . 

(3 )  Althoug h th e audienc e {a .  yawned ,  b .  booed }  (, )  th e 
comedia n continue d tellin g ver y ba d jokes . 

Reader s spen t  longe r  readin g th e disambiguatin g secon d 

ver b (continued )  i n a  sentenc e wit h a  transitiv e first  ver b 

(booed ,  3b) ,  tha n i n an y othe r  condition ,  includin g contro l 

condition s wit h a  conmia .  However ,  the y spen t  reliabl y 

longe r  readin g th e N P (th e comedian )  followin g a n intransi -

tiv e verb ,  suc h a s yawne d (3a) ,  tha n i n an y o f  th e othe r  con -

ditions .  Thei r  result s indicat e tha t  i n th e absenc e o f  a  c o m m a 

reader s preferre d t o interpre t  th e N P a s a  direc t  objec t  o f  th e 

first  verb .  I n cas e o f  a  transitiv e first  verb ,  th e initia l  choic e 

was onl y correcte d a t  th e disambiguatin g secon d verb .  H o w -

ever ,  th e longe r  readin g time s o n th e N P i n sentence s wit h a n 

intransitiv e ver b (3a )  indicat e tha t  th e N P ha s initiall y  bee n 

interprete d a s a  direc t  objec t  despit e th e verb' s intransitivity . 

Th e result s thu s see m t o suppor t  Mitchell' s  interpretatio n 

tha t  onl y informatio n a t  th e majo r  categor y leve l  i s  use d dur -

in g th e initia l  stag e o f  structur e assembly ,  thu s allowin g th e 

"minimal "  attachmen t  o f  th e N P t o th e curren t  VP .  Onl y dur -

in g th e secon d stag e ca n th e verb' s subcategor y rul e ou t  th e 

initia l  attachmen t  an d initiat e a  reanalysis ,  resultin g i n 

increase d processin g loa d a t  th e NP .  Hence ,  one-stag e 

approache s hk e our s appea r  t o b e challenged . 

I f  lexica l  informatio n wer e essentia l  fo r  th e assembl y o f 

structure ,  an d henc e fo r  interpretation ,  head-fina l  structures , 

whic h ar e ver y c o m m o n structure s i n som e languages ,  suc h 

as Germa n o r  Dutch ,  mus t  obviousl y b e processe d differ -

entl y fro m head-initia l  structures .  Thi s aspec t  i s ofte n 

pointe d ou t  b y proponent s o f  two-stag e structur e checkin g 

models ,  suc h a s Frazie r  (1989 )  an d Mitchel l  (1989) .  Eve n i f 

lexica l  informatio n ca n onl y hel p th e parse r  t o buil d th e 

"best "  structur e mor e often ,  head-fina l  structures ,  suc h a s 

German subclauses ,  wil l  henc e b e disadvantageous ,  sinc e 

lexica l  informatio n enter s th e proces s to o lat e t o preven t 

th e parse r  fro m buildin g th e wron g structure .  Frazie r 

(1989 )  claim s tha t  head-fina l  structure s ha d disappeare d 

ove r  tim e i f  th e initia l  assembl y o f  structur e wer e depen -

den t  upo n lexica l  information .  W e wil l  argu e agains t  thi s 

positio n later . 

Immediate vs. delayed attachment 

There is common agreement that human parsing proceeds 

incrementally ,  essentiall y  i n a  word-by-wor d fashion . 

F ro m a  technica l  poin t  o f  view ,  parsin g wit h lexicalize d 

head-drive n grammar s bear s th e proble m tha t  th e assem -

bl y o f  a  certai n piec e o f  structur e withou t  it s  hea d doe s no t 

see m t o b e possibl e a t  all .  Lexicalize d head-drive n gram -

mars see m t o impl y head-drive n parsin g accounts ,  whic h 

hav e bee n propose d i n psycholinguistic s (Abney ,  1989 ; 

Pritchett ,  1992) ,  a s wel l  a s i n computationa l  linguistic s 

(e.g .  Kay ,  1989) .  Contrar y t o "linear' '  parsin g approache s 

(Konieczny ,  i n prep.) ,  i n whic h 'perceiver s incorporat e 

eac h wor d o f  a n inpu t  int o a  constituen t  structur e represen -

tatio n o f  th e sentence ,  roughl y a s eac h ite m i s encoun -

tered '  (Frazier ,  1987 ,  p .  561) ,  head-drive n parsin g 

account s assum e tha t  structur e i s no t  buil t  befor e it s hea d 

i s processe d and ,  a s a  consequenc e o f  this ,  th e attachmen t 

of  complement s t o th e structur e i s delaye d unti l  i t  i s 

license d b y th e head . 

However ,  ther e i s a n increasin g amoun t  o f  evidenc e 

agains t  delaye d attachmen t  (e.g .  Inou e &  Fodor ,  1994 ; 

Bader  an d Lasser ,  i n press) .  Hemforth ,  Konieczn y an d 

Strub e (1993 )  foun d evidenc e fo r  attachmen t  t o a  phras e 

marke r  eve n befor e th e hea d o f  th e phras e wa s read .  Over -

all ,  ther e i s goo d reaso n t o believ e tha t  structur e i s buil t 

eve n befor e th e hea d i s processed ,  an d tha t  complement s 

ca n b e attache d int o th e structur e befor e th e attachmen t  i s 

license d b y th e head .  However ,  ther e i s n o nee d t o rejec t 

head-drive n grammar s a s a  competenc e bas e fo r  strictl y 

linea r  parser s becaus e o f  thes e findings,  a s wil l  b e demon -

strate d late r  o n i n thi s paper . 

The SOUL system 

A short note on the competence base 

HPSG is a system of linguistic signs (in roughly the Saus-

surea n sense) .  Sign s ca n b e eithe r  phrase s o r  words ,  an d 

consis t  o f  a  se t  o f  attributes ,  suc h a s th e phonologica l 

form ,  syntacti c an d semanti c features ,  etc .  Constituen t 

structur e i s accounte d fo r  b y a n attribut e a s well ,  whic h i s 

onl y permitte d fo r  phrasa l  signs ,  however .  Wheneve r  sign s 

ar e combined ,  part s o f  thei r  featur e structure s ar e unified . 

Afte r  successfu l  unification ,  th e featur e structur e consist s 

of  al l  th e informatio n tha t  constitute d th e formerl y sepa -

rate d featur e structures . 

A n importan t  extensio n i s tha t  featur e structure s ar e 
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labeled .  A  labe l  represent s a  specifi c  sor t  o f  featur e structure , 

and onl y certai n attribute s ar e permitte d b y a  particula r  sort . 

Sorte d featur e structures ,  then ,  represent  a  partia l  descriptio n 

of  a  linguisticall y relevan t  generalize d piec e o f  information , 

and ca n b e organize d i n hierarchica l  system s o f  linguisti c 

sorts .  Thus ,  sort s ca n hav e subsorts ,  whic h ar e subsume d b y 

thei r  supersorts ,  i.e .  the y inheri t  al l  th e informatio n o f  thei r 

supersort s bu t  ar e mor e specifi c  t o a  certai n extent . 

Sort s ar e a  powerfu l  devic e tha t  distinguis h H P S G fro m 

many othe r  gramma r  frameworks .  Valence-classes ,  fo r 

example ,  ca n b e accounte d fo r  b y a  hierarchica l  syste m o f 

sorts ,  whic h represen t  th e respectiv e featur e structur e o f  sub -

categorizatio n requirement s o f  intransitive ,  transitive , 

strictly-transitive ,  ditransitiv e verbs ,  etc .  Thes e genera l  sort s 

can late r  b e reference d i n th e concret e lexica l  entries . 

I n ou r  model ,  sort s pla y a n importan t  rol e i n solvin g th e 

proble m o f  linea r  incrementa l  parsin g wit h a  head-drive n 

grammar ,  a s describe d late r  i n thi s p^>er . 

Apar t  fro m this ,  ther e ar e onl y a  fe w ver y genera l  con -

straint s o n th e well-formednes s o f  sign s lef t  outsid e th e lexi -

con ,  namel y genera l  rule-schema s (abou t  five  i n number ) 

withou t  an y categor y information ,  whic h serv e a s th e basi c 
building-block s o f  constituen t  structure ,  an d a  fe w principle s 

of  well-formedness ,  whic h furthe r  constrai n th e w a y i n 

whic h sign s ca n b e pu t  togethe r  (se e Pollar d &  Sag ,  1994 , 

fo r  a  detaile d introductio n t o H P S G ) . 

The processing mechanism 

The parser is implemented in an object-oriented manner. 

Linguisti c sign-tokens ,  suc h a s word s o r  phrases ,  ar e imple -

mente d a s object s an d c o m e equippe d wit h method s fo r  com -

binin g themselve s wit h othe r  sign-objects^ .  Featur e 
structures ,  i.e .  th e interna l  representation s o f  signs ,  ar e 

implemente d a s object s wit h method s suite d fo r  unification , 

consistency-checks ,  copying ,  etc .  Th e object-clas s sig n 

inherit s thes e method s from  th e featur e structur e class ,  an d 

adds a  certai n amoun t  o f  parsin g "behavior" . 

Parsin g start s ou t  from  th e lexicon :  a s soo n a s a  wor d i s 

encountered ,  a  lexica l  sig n i s "activated" ,  i .  e .  afte r  i t  i s 

retrieve d from  th e lexicon ,  a n "act"-messag e i s sen t  t o i t 

(activ e sign) .  W h e n activated ,  a  lexica l  sig n behave s i n a 

ver y principle d way . 

The active sign and the waiting sign. Besides the active 

sign ,  ther e i s a  waitin g sign ,  whic h represent s th e entir e sen -

tence-stiiictur e tha t  wa s parse d befor e a  ne w wor d wa s pro -

cessed .  Durin g processing ,  th e activ e sig n passe s throug h 

severa l  stage s o f  development ,  whic h correspon d t o a  leve l  i n 

th e constituen t  stiiicture .  A t  eac h stage ,  th e activ e sig n 

attempt s t o successfull y invok e on e o f  th e followin g thre e 

method s i n th e orde r  o f  appearance : 

1.  attac h sel f  t o th e waitin g sig n (i f  ther e i s  one) .  I f  i t  i s 

' a sign-oriente d mechanis m i s thu s inserte d befor e th e undi -
recte d type-deductio n mechanis m o f  unification-base d grammars . 

impossibl e t o d o s o a t  th e curren t  state , 

2.  projec t  sel f  u p t o th e nex t  phrasa l  level ,  a s a  "daugh -

ter "  i n on e o f  th e basi c HPSG-rule-schemas ,  bu t  neve r 

highe r  tha n sentenc e level .  A s a  par t  o f  projection ,  unif y 

Ui e ne w phrasa l  uni t  wit h th e principle s o f  well-formed -

nes s i n orde r  t o rul e ou t  illega l  projections .  The n star t 

agai n wit h 1 . 

3.  I f  eithe r  th e attachmen t  (1. )  worked ,  o r  th e projectio n 

(2. )  reache d th e sentenc e level ,  predic t  th e subsequen t  con -

stituent s a t  eac h leve l  top-down ,  i n orde r  t o provid e attach -

ment  site s fo r  subsequen t  items .  Thi s i s don e b y collectin g 

th e ye t  unfille d daughters ,  whic h ste m from  th e subcatego -

rization  frame  o f  th e preferre d lexica l  form s o f  eac h ite m 

rea d s o far .  Th e daughter s ar e pu t  ont o a  stack ,  wit h di e 

predicte d adjacen t  sister s {predicte d signs )  o n top . 

T wo type s o f  attachment s hav e t o b e distinguished :  1 . 

predicte d attachment ,  i.e .  th e unificatio n wit h on e o f  th e 

predicte d signs ,  an d 2 .  th e activ e attachmen t  search ,  whic h 

start s a t  th e lef t  adjacen t  ite m an d proceed s upward s t o 
eac h inunediat e dominato r  o f  th e curren t  constituent ,  i f  th e 

attachmen t  i s prohibite d a t  th e curren t  level .  Th e activ e 

attachmen t  searc h incorporate s th e searc h fo r  alternativ e 

lexica l  form s o f  th e item s read  s o far ,  whic h migh t  provid e 

a matchin g complement ,  an d th e attemp t  t o attac h th e sig n 

t o th e curren t  nod e a s a n adjunct . 

Th e basi c attach-project-predic t  behavio r  o f  sign s 

result s i n a n "eage r  left-comer"-lik e process .  Th e first  ite m 

i n a  sentenc e i s projecte d upward s unti l  th e sentenc e leve l 

i s  reached .  Eac h followin g ite m i s integrate d immediately , 

eithe r  a s a  complement ,  o r  a s a n adjunct .  I n head-fina l 

structures ,  however ,  complement s preced e thei r  heads . 

Thus ,  complement s hav e t o predic t  thei r  head s i n som e 

way. 

Strictly linear parsing of head-final constructions. As 

demonsti-ate d i n Konieczn y an d Hemfort h (1994) ,  H P S G 

has som e specifi c  device s tha t  ca n eithe r  b e use d direcUy , 
or  easil y extende d t o avoi d th e procedura l  shortcoming s o f 

a head-drive n account . 

Firstiy ,  som e non-heads ,  suc h a s determiners ,  modifier s 

and complementizers ,  ar e equippe d wit h informatio n 

abou t  thei r  heads ,  whic h allow s th e bottom-u p projectio n 

of  th e stiiictur e beyon d th e leve l  o f  th e 'maxima l  projec -

tion'  o f  th e particula r  ite m itself ,  an d henc e th e (top-down ) 

predictio n o f  th e hea d i t  specifies ,  o r  modifies ,  respec-

tively.  A s a  modes t  deviatio n from  transparency ,  Koniec -

zn y an d Hemfort h (1994) ,  secondly ,  propos e th e us e o f 

genera l  sentenc e scheme s fo r  thos e cases ,  wher e thi s kin d 

of  informatio n i s no t  availabl e from  th e lexicon .  Thes e 

schema s ca n b e tiiggered  b y anythin g Uia t  ca n star t  a  ne w 

sentence ,  includin g non-heads .  Importantly ,  sentenc e 

schema s ar e initiall y  underspecifie d a t  th e leve l  o f  verba l 

complements ,  i.e .  the y ar e simpl y restricte d t o th e mos t 

genera l  sor t  i n th e lexica l  sort-hierarch y fo r  subcategoriza -

tion  frames,  namel y verbal-complements .  Th e restrictio n 
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t o verbal-complements ,  thirdly ,  serve s tw o purpose s durin g 

th e parsin g o f  head-fina l  structures :  1 .  i t  allow s onl y thos e 

complement s t o b e attache d tha t  ar e consisten t  wit h othe r 

complement s withi n a  lega l  subsor t  o f  th e verba l  subcate -

gory ,  an d henc e 2 .  i t  successivel y constrain s th e subcategor y 

of  th e subsequen t  verb .  Thus ,  wit h eac h attache d comple -

ment  o f  a  verb ,  th e predicte d verb-sig n i s restricte d t o a  mor e 

specifi c  subcategory . 

Th e sorta l  hierarch y i s intende d t o expres s linguisti c gen -

eralizations ,  suc h a s th e valence-classe s o f  verbs ,  whic h 

woul d otherwis e hav e t o b e encode d withi n eac h lexica l 

entry .  Sort s ca n furthe r  b e use d i n parsing ,  a s describe d 

above .  Thi s kin d o f  "type-inference "  thu s serve s a  purpos e 

comparabl e t o CFG-rule s i n a  standar d parsin g paradigm . 

Equippe d wit h thes e devices ,  parsin g wit h H P S G avoid s 

most  o f  th e "shortcomings "  o f  othe r  principle d accounts . 

However ,  th e processin g o f  verb-fina l  an d verb-initia l  struc -

ture s i s carrie d ou t  differently :  wherea s head s i n th e initia l 

positio n projec t  thei r  subcategorizatio n requirement s directl y 

int o th e structure ,  th e successiv e attachmen t  o f  complement s 

i n head-fina l  structure s result s i n a  sorta l  inferenc e o n th e 

head' s subcategory .  However ,  sinc e constrainin g lexica l 

informatio n i s availabl e i n head-fina l  construction s t o permi t 

th e attachmen t  o f  th e complement s o f  subsequen t  heads ,  pro -

cessin g thes e structure s i s no t  significantl y disadvantageou s 

compare d t o head-initia l  structures .  Thus ,  Frazier' s an d 

Mitchell' s  argumen t  doe s no t  appl y t o th e approac h pre -

sente d here . 

Contrar y t o ou r  approach ,  i n a n accoun t  base d o n a n extra -

lexica l  grammar ,  suc h a s CFG-rules ,  th e parsin g o f  head -

final  an d head-initia l  structure s result s i n th e sam e kin d o f 

process ,  namel y th e selectio n an d applicatio n o f  a  particula r 

rule .  I t  i s  importan t  t o poin t  thi s ou t  i n th e ligh t  o f  th e dat a 

presente d i n th e nex t  sections . 

Results 

PP-attachment revisited 

We have presented data on PP-attachment sentences such as 

(1)  an d (2) ,  whic h strongl y suppor t  th e lexica l  guidanc e 

hypothesis .  I n Konieczn y e t  al .  (1994ab )  w e als o investigate d 

th e processin g o f  simila r  Ge rma n subclauses ,  suc h a s (4) ,  i n 

whic h th e ver b wa s place d a t  th e en d o f  th e subclause . 

(4)  Ic h hab e gehdrt ,  da £ Mario n da s Pfer d {a .  mi t  d e m 
neue n Femglas ,  b .  mi t  d e m weiBe n Fleck }  beobachtete . 

I  hav e heard ,  tha t  Mario n th e hors e {a .  wit h th e ne w bin -

oculars ,  b .  wit h th e whit e fleck }  watched . 

" /  hav e heard ,  tha t  Mario n watche d th e hors e (a .  wit h 

th e ne w binoculars ,  b .  wit h th e whit e fleck}." 

Th e materia l  wa s use d i n tw o experiments ,  i n on e o f  whic h 

we measure d word-by-wor d self-pace d readin g times , 

wherea s i n th e othe r  on e eye-movement s wer e recorded . 

Subject s spen t  longe r  processin g th e PP ,  i f  i t  represente d a n 

objec t  whic h coul d no t  plausibl y b e attribute d t o th e preced -

in g nou n (hors e wit h binoculars) ,  a s i n (4a) .  A s w e hav e 

demonstrate d i n Konieczn y e t  al .  (1994ab) ,  thes e findings 

strongl y contradic t  th e prediction s o f  th e garde n pat h the -

or y an d it s curren t  successo r  construa l  theor y (Frazie r  an d 

Clifton ,  forthcoming) ,  sinc e th e subject s di d no t  see m t o 

choos e th e structurall y mor e parsimoniou s attachmen t  t o 

th e V P initially ,  bu t  preferre d t o attac h th e P P t o th e pre -

cedin g direc t  objec t  i n th e initia l  stage ,  befor e worl d 

knowledg e rendere d thi s analysi s implausible . 

I n a n eye-movemen t  stud y base d o n ver y simila r  materi -

als ,  Konieczn y (i n prep. )  foun d a n interactio n o f  verb -

placemen t  an d th e referentia l  ambiguit y o f  th e direc t 

objec t  N P i n sentence s lik e (4) .  Finding s lik e thes e wer e 

fiirthe r  supporte d b y result s fro m a  self-pace d readin g 

stud y an d a n eye-movemen t  experimen t  reporte d i n 

(Scheepers ,  Hemforth ,  &  Konieczny ,  1994 )  o n sentence s 

wit h NP-attachmen t  ambiguities .  Take n together ,  th e dat a 

provid e overwhelmin g evidenc e i n suppor t  o f  th e hea d 

attachmen t  principl e (Konieczny ,  Hemforth ,  &  Strube , 

1991 )  a s expresse d i n (5) . 

(5 )  hea d attachmen t 

Prefe r  t o attac h a n ite m t o a  phrasa l  uni t  whos e lexica l 

hea d ha s alread y bee n read . 

Th e hea d attachmen t  principl e applie s t o al l  thos e cases , 

wher e a n attachmen t  ambiguit y ca n b e resolve d b y eithe r 

attachin g t o a  precedin g head ,  o r  t o a  hea d ye t  t o come . 

I n man y othe r  cases ,  suc h a s th e verb-secon d sentence s 

i n (1) ,  ther e ar e tw o o r  mor e head s tha t  ar e potentia l 

attachmen t  site s fo r  a n ambiguou s item .  A s w e hav e see n 

above ,  th e decisio n no w depend s o n th e lexica l  preference s 

of  eithe r  o f  th e heads ,  a s expresse d i n (6) . 

(6 )  preferred-rol e attachmen t 

Prefe r  t o attac h a n ite m t o a  phrasa l  uni t  whos e hea d 

preferentiall y  subategorize s fo r  it . 

Thi s i s t o a n exten t  th e reincarnatio n o f  For d e t  al.' s 

(1982 )  principl e o i  lexica l  preference ,  whic h wa s buil t  int o 

thei r  LFG-base d parsin g model .  I n th e curren t  versio n o f 

our  model ,  th e preferenc e t o expec t  eithe r  th e occurrence , 

or  th e non-occurrenc e o f  a n optiona l  complemen t  i s imple -

mente d b y th e assignmen t  o f  a  5/ren̂ //i-valu e t o distinc t 

subcategorizatio n frames .  Afte r  th e lexico n wa s accessed , 

onl y on e frame ,  an d mos t  probabl y th e stronges t  one ,  wil l 

be use d throughou t  th e initia l  analysis^ . 

Of  course ,  ther e ar e case s wher e tw o (o r  more )  preced -

in g head s d o no t  diffe r  i n thei r  preferenc e t o bin d a  constit -

uent .  I n thes e cases ,  a  decisio n i s suppose d t o b e base d 

^Ti e us e o f  a  strengt h valu e doe s no t  necessaril y  impl y th e 
assumptio n o f  a n "exposure-based "  aspec t  i n ou r  model .  O n th e 
contrary ,  w e ar e currentl y approachin g a  theor y o f  lexica l  prefer -
enc e tha t  uie s t o relat e subcategorizatio n preference s t o th e argu -
ment  sunctur e o f  verb s (Scheepers ,  i n prep.) ,  t o th e issu e o f 
ontologica l  necessit y o f  themati c roles ,  an d t o propertie s o f  th e 
situatio n mode l  (Konieczny ,  i n prep) . 
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upo n recenc y (7) . 

(7 )  most-recen t  hea d attachmen t 

Prefe r  t o attac h a n ite m t o th e hea d tha t  wa s rea d mos t 

recently . 

The prediction s o f  most-recen t  hea d attachmen t  compar e 

t o thos e oilat e closur e i n th e garden-pat h model .  However ,  i t 

i s  onl y applie d i f  th e othe r  principle s fai l  t o provid e a  deci -

sion .  Thi s ha s bee n expresse d i n th e unifie d parametrized -

hea d attachmen t  principle ,  P H A (8) ,  whic h furthermor e 

serve s th e purpos e o f  emphasizin g th e fac t  tha t  attachmen t 

ambiguitie s ar e resolve d o n th e basi s o f  certai n parameter s o f 

lexica l  heads ,  suc h a s relativ e positio n an d lexica l  prefer -

ences . 

(8 )  parametrized-hea d attachment ,  P H A (Konieczny , 
Hemforth ,  Scheepers ,  &  Strube ,  1994 ) 

(Attemp t  to )  appl y hea d attachmen t  (5 )  befor e pre -

ferred-rol e attachmen t  (6 )  befor e most-recen t  hea d 
attachmen t  (7) . 

Accordin g t o P H A ,  an d i n particula r  du e t o hea d attach -

ment ,  th e parse r  initiall y  build s a  syntacti c structure ,  whic h 

can b e evaluate d semanticall y a s soo n a s possibl e {"seman -

tics-oriented "  processing) .  Note ,  however ,  tha t  semantic s i s 

not  suppose d t o guid e th e parser ,  a s i n a  strongl y interactiv e 

"semantics-driven "  account . 

The implementation of PHA. Fortunately, PHA can be 

accounte d fo r  withou t  majo r  extension s t o th e curren t  model . 

Thi s i s mos t  obviou s i n th e cas e o f  hea d attachment ,  whic h 

can b e derive d directl y fro m th e fac t  tha t  a n activ e sig n firs t 

attempt s t o attac h itsel f  t o th e waitin g structur e befor e i t  con -

tinue s t o d o somethin g else . 

The observe d attachmen t  phenomen a i n verb-fina l  con -
structions ,  suc h a s (4) ,  ca n easil y b e explained :  firstly,  le t  u s 

assume tha t  th e waitin g sig n i s th e structur e buil t  befor e th e 

PP wa s processed .  Th e lis t  o f  predicte d sign s n o w contain s 

th e predicte d verb-fragment ,  bu t  als o a  pointe r  t o th e lis t  o f 

th e complement s o f  th e verb .  Sinc e th e direc t  objec t  N P ha s 

bee n processe d before ,  th e lis t  i s  restricte d t o th e sor t  transi -

tive .  However ,  du e t o th e lac k o f  th e ver b i n thi s position ,  n o 

PP ha s bee n predicte d yet .  Thus ,  n o predicte d attachmen t  o f 

th e P P i n (4 )  ca n tak e place .  However ,  th e activ e attachmen t 

searc h startin g a t  th e left-adjacen t  N P succeed s i n attachin g 

th e P P a s a n adjunct .  Onl y the n ca n th e attachmen t  b e evalu -

ate d wit h respec t  t o plausibility .  I f  th e "plausibilit y  check " 

fails ,  th e activ e attachmen t  searc h i s continue d a t  th e nex t 

level ,  namel y th e VP .  Sinc e n o ver b wa s rea d s o far ,  th e 

searc h fo r  a n alternativ e lexica l  for m doe s no t  mak e m u c h 

sense .  Instead ,  th e sort-hierarch y i s accesse d i n orde r  t o 

searc h fo r  a  subsor t  o f  th e propose d verb' s subcat-sor t  transi -

tiv e tha t  permit s th e attachmen t  o f  a  PP-object .  I t  wil l  finally 

attac h itsel f  a s a  PP-complemen t  int o th e lis t  o f  comple -

ments ,  whic h i s n o w restricte d t o a  subsor t  o f  ditransitive . 

Hence ,  th e proces s o f  activ e attachmen t  i s  refine d t o 1 .  th e 

searc h o f  a n alternativ e lexica l  form ,  i n th e cas e tha t  a  lex -

ica l  ite m i s alread y available ,  an d 2 .  permitte d attachment , 

whic h require s a  sorta l  inferenc e i n th e hierarch y o f 

valence-sorts ,  otherwise ,  followe d b y adjunc t  attachment. 

Th e situatio n i n verb-secon d structure s i s different .  B y 

th e tim e th e P P i s abou t  t o b e processed ,  th e ver b ha s 

ahead y predicte d it s preferre d complements .  I f  th e ver b i s 

biase d toward s th e expectatio n o f  a n instrument ,  a  P P i s 

among th e predicte d sign s an d thu s succeed s i n attachin g 

itsel f  t o th e VP .  I f  not ,  th e P P ha s t o initiat e th e activ e 

attachmen t  search ,  startin g a t  th e mos t  recen t  head ,  th e 

direc t  objec t  NP ,  t o whic h i t  ca n easil y b e adjoined .  Pre -

ferre d rol e attachmen t  therefor e directl y result s from  th e 

distinctio n betwee n predicte d an d activ e attachment^ . 

I f  th e activ e attachmen t  t o th e N P fail s fo r  reason s o f 

plausibility ,  th e attachmen t  t o th e V P i s pursued . 

Finally ,  most-recen t  hea d attachmen t  i s a  direc t  resul t  o f 

1.  th e predictio n stac k wit h th e mos t  recen t  prediction s 

alway s o n th e top ,  an d 2 .  th e activ e attachmen t  searc h 

startin g from  th e left-adjacen t  ite m upwards .  Th e recenc y 

effec t  i s  thu s accounte d fo r  withi n a  seria l  searc h model ,  a s 

oppose d t o som e curren t  accounts ,  whic h provid e a n "acti -

vation "  base d explanation .  E.g .  Gibso n e t  al .  (i n prep. ) 

implemen t  recenc y a s a  cost-futiction ,  whic h assume s tha t 

al l  potentia l  attachmen t  site s hav e t o b e compute d i n paral -

le l  befor e th e cos t  fo r  th e attachmen t  t o eac h o f  the m ca n 

be calculate d i n th e secon d run .  W e regar d th e serial -

searc h accoun t  a s mor e elegan t  an d parsimonious . 

The immediate use of lexical information revisited. We 

stil l  hav e t o provid e a n explanatio n fo r  Mitchell' s  (1987 , 

1989 )  an d A d a m s e t  al.' s  (i n prep. )  challengin g result s o n 

sentence s lik e (3) .  A  close r  loo k t o thei r  materia l  uncover s 

tha t  m a n y o f  thei r  verbs ,  suc h a s t o tal k an d t o yawn ,  hav e 
rar e bu t  permissibl e transitiv e forms^ .  Althoug h thi s doe s 

not  weake n thei r  argumen t  agains t  lexica l  guidanc e mod -

el s tha t  onl y pursu e th e lexicall y preferre d path ,  e.g .  th e 

model  o f  For d e t  al .  (1982) ,  th e studie s provid e n o evi -

denc e agains t  th e immediat e us e o f  lexica l  informatio n i n a 

model ,  tha t  give s highes t  priorit y t o hea d attachmen t  (5) : 
I f  n o complemen t  i s preferentiall y  predicte d a t  th e poin t 

w h en th e N P i s t o b e processed ,  th e activ e attachmen t 

searc h provide s anothe r  lexica l  for m tha t  permit s it s 
attachmen t  a s a  complement ,  a t  leas t  i n cas e o f  verb s lik e 

pray ,  talk ,  yawn ,  cough ,  doze ,  smile ,  etc. .  However ,  th e 

unificatio n wit h th e n o w predicte d complemen t  fail s  ver y 

early ,  e.g .  du e t o a  themati c rol e restrictio n mismatch . 

Onl y the n ca n th e activ e sig n continu e t o projec t  itsel f  fur -

the r  bottom-u p an d finally  produc e th e correc t  structure . 

Th e increase d readin g time s a t  th e N P followin g a n 

"intransitive "  verb ,  compare d t o th e transitiv e ver b condi -

Not e tha t  ther e ar e n o grade s o f  preferenc e durin g parsing , 
sinc e lexica l  strengt h onl y affect s th e initia l  choic e o f  a  subcate -
gorizatio n frame . 

^accordin g t o Webster' s Nint h N e w Collegiat e Dictionary . 
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tion ,  ar e thu s firstly  du e t o th e searc h fo r  anothe r  verb-for m 

tha t  permit s th e attachmen t  an d secondly ,  an d mor e impor -

tantly ,  du e t o th e additiona l  processin g loa d o f  severa l  step s 

of  bottom-up-projectio n afte r  th e attempte d attachmen t  /  uni -

fication  failed .  Compare d t o th e c o m m a conditions ,  however , 

th e processin g loa d i s increase d becaus e wit h a  c o m m a ,  th e 

searc h fo r  anothe r  verb-for m an d th e unificatio n wit h th e 

predicte d complemen t  i s  no t  eve n attempted .  Althoug h 

attachmen t  an d unifyin g i n lexica l  informatio n take s plac e a t 

one an d th e sam e stage ,  becaus e i t  i s  actuall y on e an d th e 

same process ,  Mitchell' s  result s ar e easil y accounte d for . 

Conclusions 

We introduced the SOUL system as a computationally suffi-

cient ,  implemented '  mode l  o f  huma n languag e competenc e 

and performance .  H P S G sig n token s ar e implemente d a s 

objects ,  whos e basi c attach-project-predic t  behavio r  result s 

i n attachmen t  preference s predicte d b y th e Parametrize d 

Head Attachmen t  ( P H A )  principle .  Sinc e th e principle s o f 

th e gramma r  ar e pu t  t o us e directly ,  parsin g i s suppose d t o b e 

'transparent' .  I t  coul d b e demonstrate d tha t  thi s behavio r  fits 

th e availabl e psycholinguisti c dat a well ,  i.e. ,  i t  i s psychologi -

call y adequate . 
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