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Abstrac t 

Current models of Human Sentence Processing fall into two 
broa d categories :  Constrain t  Satisfactio n accounts ,  whic h em -
phasis e th e immediat e acces s o f  th e comprehensio n processe s 
t o detaile d linguisti c informatio n a s parsin g progresse s (e.g. , 
MacDonal d e t  al. ,  1994) ,  an d Synta x Firs t  accounts ,  whic h 
hol d tha t  parsin g i s essentiall y  a  two-stag e process ,  wit h initia l 
decision s bein g mad e o n th e basi s o f  a  subse t  o f  availabl e in -
formatio n (see ,  e.g. ,  Frazier ,  1995) .  I n thi s paper ,  w e examin e 
evidenc e fro m Mitchel l  (1987 )  whic h seem s strongl y t o favou r 
a synta x first  posidon ,  suggestin g tha t  basi c lexica l  informatio n 
abou t  verb s ma y hav e littl e influenc e o n th e eari y stage s o f  sen -
tenc e processing .  W e provid e experimenta l  evidenc e t o sho w 
(a )  tha t  detaile d linguisti c informatio n i s availabl e early ,  bu t  (b ) 
tha t  bar e N P adverb s ( a typ e o f  modifier )  ar e rea d surprisingl y 
fast ,  a  finding  whic h appear s difficul t  t o reconcil e wit h man y 
curren t  account s o f  sentenc e processing . 

Constrain t  Satisfactio n model s o f  H u m a n Sentenc e Process -

in g rel y heavil y o n detaile d informatio n abou t  th e combinato -

ria l  possibilitie s an d probabilitie s associate d wit h eac h wor d 

of  a  sentence .  Fo r  example ,  M a c D o n a l d e t  al .  (1994 )  sug -
ges t  tha t  th e readin g o f  a  sentenc e suc h a s (la )  i s  affecte d b y 

lexico-syntacti c factor s includin g th e frequencie s wit h whic h 
th e wor d race d i s use d i n eac h o f  it s sense s (fo r  example ,  a s 

a pas t  participl e o r  a s a  pas t  tens e verb) ,  a s wel l  a s themati c 

factor s suc h a s h o w goo d a n agen t  o r  patien t  hors e i s o f  raced . 

(1 a) The horse raced past the bam fell.' 

(lb) The landmine buried in the sand exploded. 

This type of account can be contrasted with Syntax First 
positions ,  accordin g t o whic h initia l  parsin g decision s ar e 
m a de o n th e basi s o f  a  subse t  o f  availabl e linguisti c informa -

tio n (generall y comprisin g categor y informatio n an d phras e 

structur e rules ,  e.g. ,  Frazier ,  1979) .  Thes e decision s m a y 
late r  b e revise d i n th e ligh t  o f  furthe r  (syntactic ,  themati c o r 

pragmatic )  evidence ,  bu t  thes e revision s hav e a n associate d 
processin g cost .  Accordin g t o suc h accounts ,  (lb )  shoul d b e 

as har d t o understan d a s (la) ,  sinc e the y ar e syntacti c ho -

m o m o r p h s .  T h e constrain t  satisfactio n view ,  o n th e othe r 

hand ,  predict s th e intuitivel y observabl e differenc e betwee n 

th e two ,  b y pointin g ou t  tha t  (thematically )  landmin e make s a 
poo r  agen t  (bu t  a  goo d patient )  o f  buried ,  a s wel l  a s (syntac -

tically )  th e statistica l  fact s tha t  burie d i s typicall y use d a s a 

passiv e pas t  participl e (i n compariso n t o race d whic h i s typi -
call y use d a s a n activ e pas t  tens e verb) . 

However ,  evidenc e fro m a  stud y b y Mitchel l  (1987 )  ap -

pear s highl y incompatibl e wit h constraint-base d accounts . 

Accordin g t o Mitchell ,  th e mos t  basi c for m o f  informatio n 

associate d wit h a  verb—tha t  o f  whethe r  a  ver b i s transitiv e 

or  intransitive ,  o r  i n othe r  word s th e verb' s subcategorisatio n 

informat ion—ma y no t  b e availabl e durin g th e initia l  stage s 

of  sentenc e comprehension .  Usin g material s lik e thos e i n (2) , 
he foun d tha t  reader s o f  (2a )  wer e typicall y slo w (relativ e t o a 

contro l  wit h a  disambiguatin g adverbia l  phras e suc h a s durin g 

surger y afte r  visite d o r  sneezed )  a t  readin g th e wor d wrote . 

Thi s i s t o b e expecte d withi n almos t  an y framework ,  sinc e i t 

i s  syntacticall y permissibl e (a s wel l  a s thematicall y accept -

able )  fo r  th e docto r  t o b e initiall y  interprete d a s th e direc t 

objec t  o f  visited . 

(2a) After the child visited the doctor wrote him 

a prescription , 

(2b) After the child sneezed the doctor wrote 
h i m a  prescription . 

Crucially, Mitchell also showed that readers were slow to 

rea d th e docto r  i n (2b) .  Sinc e sneeze d i s a  (typically )  intran -

sitiv e verb, ^  Mitchel l  interprete d thes e findings  a s suggestin g 
tha t  informatio n abou t  th e subcategorisatio n o f  sneeze d wa s 

not  initiall y  availabl e t o th e parsin g proces s (bu t  wa s mad e 

availabl e a s soo n a s late r  processe s coul d chec k th e plausibil -
it y  o f  th e docto r  a s a n objec t  o f  sneezed) . 

Mitchell' s  findings  ar e clearl y problemati c fo r  constraint -

base d account s o f  sentenc e processing .  I f  th e difference s be -
twee n (la )  an d (lb )  ar e t o b e accounte d fo r  i n term s o f  in -
formatio n abou t  th e (probabilistic )  'goodnes s o f  fit'  betwee n 

a ver b an d it s argument s (includin g th e relativ e frequencie s 

wit h whic h particula r  subcategorisatio n frame s o f  a  give n 

ver b ar e used) ,  a n accoun t  mus t  b e m a d e o f  th e apparen t 

insensitivit y o f  th e h u m a n parse r  t o th e fac t  tha t  sneeze d i s 
rarely ,  i f  ever ,  use d a s a  transitiv e verb . 

Les s ofte n remarke d upo n i s th e difficult y tha t  Mitchell' s 

result s m a y pos e fo r  m a n y synta x first  theories .  Althoug h th e 

'  Region s o f  exampl e sentence s wher e mor e tha n on e interpretatio n i s  (po -
tentially )  availabl e ar e typese t  i n italics ,  an d disambiguatin g region s ar e se t 
i n bol d 

^Almos t  ever y 'intransitive '  verb ,  a s Adam s e t  al .  (1998 )  note ,  ca n b e 
used i n som e transitiv e senses ,  i f  onl y i n highl y stylise d phrase s suc h a s H e 
sneeze d a  tin y .meeze .  Sh e yawne d a  bi g yawn ,  etc . 
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detail s o f  model s differ ,  a  numbe r  o f  curren t  position s con -

verg e o n th e importanc e o f  (potential )  argumenthood ,  wit h in -

comin g constituent s bein g preferentiall y  attache d t o th e cur -

ren t  phras e marke r  a s argument s rathe r  tha n a s modifier s o r 

adjunct s (e.g. ,  Crocker ,  1992 ;  Frazie r  &  Clifton ,  1996) .  I n 

orde r  t o adjudicat e betwee n th e attachmen t  o f  a  constituen t 

as a  modifie r  o r  a s a n argument ,  th e huma n parse r  mus t  b e 

awar e tha t  a  potentia l  sit e fo r  argumen t  attachmen t  exists .  I f 

thi s informatio n i s unavailabl e a t  th e tim e a  ver b i s encoun -

tered ,  the n a n argumen t  attachmen t  strateg y woul d provid e a 

poo r  account ,  a t  leas t  a t  th e explanator y level ,  o f  th e parser' s 

behaviour . 

Interpretation s o f  Mitchell' s findings  ten d t o assum e tha t 

detaile d informatio n abou t  th e ver b i s initiall y  available ,  bu t 
tha t  eithe r  linguisti c o r  experimenta l  factor s giv e ris e t o th e re -

sult s obtained .  Fo r  example ,  Tanenhau s an d Trueswel l  (1995 ) 

observ e tha t  ther e m a y b e a  residua l  bia s t o interpre t  a  nou n 
phras e followin g a  ver b a s it s object ,  lexica l  biase s notwith -

standing .  Thi s ha s th e advantag e o f  providin g a  straightfor -

war d accoun t  o f  Mitchell' s findings  withi n a  constrain t  satis -
factio n framework ,  bu t  th e disadvantag e tha t  i t  damage s th e 

predictiv e powe r  o f  th e theor y (i f  difficult y i n readin g (la )  i s 
accounte d fo r  i n term s o f  informatio n associate d wit h a  par -
ticula r  verb ,  bu t  Mitchell' s  findings  ar e interprete d i n th e ligh t 

of  th e behaviou r  o f  verb s i n general ,  ho w ar e w e t o kno w 
whic h factor s ar e likel y t o influenc e th e interpretation s o f 

hithert o unteste d sentences?) . 
Critic s o f  Mitchell' s  experimenta l  desig n hav e note d tha t 

he use d a  self-pace d readin g paradig m i n hi s initia l  study . 

Due t o th e wa y tha t  th e material s wer e segmente d (suc h tha t 
participant s sa w th e word s .. .  sneeze d th e docto r  i n a  singl e 

displa y befor e pressin g a  ke y t o vie w th e matri x ver b o f  whic h 
th e docto r  wa s th e subject) ,  participant s m a y hav e bee n mis -

le d int o 'strategically '  attemptin g t o interpre t  th e docto r  a s 
th e objec t  o f  sneezed .  Thi s criticis m (effectivel y o f  th e eco -

logica l  validit y o f  th e self-pace d readin g paradigm )  wa s ad -
dresse d b y Adams ,  Clifton ,  an d Mitchel l  (1998) ,  w h o repli -
cate d Mitchell' s  experimen t  usin g a n eyetracker ,  s o tha t  mate -
rial s di d no t  hav e t o b e artificiall y  segmented .  Althoug h thei r 
findings  contradic t  Mitchell's ,  the y remai n unconvince d tha t 
subcategorisatio n informatio n i s initiall y  available .  O n e argu -
ment  tha t  the y mak e i s tha t  Mitchell' s findings  mus t  stil l  b e 
accounte d for :  eve n i f  segmentatio n affect s th e wa y i n whic h 
subject s rea d Mitchell' s  materials ,  i t  i s  clea r  tha t  i t  doe s no t 
caus e subject s t o violat e phrase-structur e rule s (whe n attach -
in g adverbial s i n contro l  materials) ,  wherea s subcategorisa -
tio n informatio n appear s t o b e easil y overridden . 

I n thi s paper ,  w e offe r  a  differen t  interpretatio n o f  Mitch -

ell' s  findings.  Thi s rest s o n th e observatio n tha t  althoug h in -
transitiv e verb s suc h a s sneeze d d o no t  subcategoris e fo r  ob -
jec t  NPs ,  ther e i s a  clas s o f  NP s whic h ca n legitimatel y follo w 
them :  namely ,  bar e N P adverb s (Larson ,  1985) .  Fo r  example , 
th e sentenc e i n (3 )  i s a  perfectl y acceptabl e sentenc e i n En -
glish . 

(3) After the child sneezed the other day, the 
docto r  wrot e hi m a  prescription . 

The othe r  da y serve s a n adverbia l  function ;  tha t  is ,  i t  seem s t o 

modify ,  rathe r  tha n serv e a s a n argumen t  of ,  th e ver b sneezed . 

I f  participant s ar e initiall y  awar e o f  th e subcategorisatio n 

propertie s o f  verbs ,  th e dela y i n readin g th e docto r  i n (2b )  rel -

ativ e t o it s contro l  migh t  b e accounte d fo r  b y a  syste m whic h 

was workin g o n th e assumptio n tha t  an y N P followin g a n in -

transitiv e ver b suc h a s sneeze d woul d b e a  bar e N P adverb ; 

th e dela y reflect s th e fac t  tha t  th e docto r  mus t  b e rejecte d i n 

thi s case . 

Parsing Bare NPs 

The primar y ai m o f  th e first  stud y whic h follow s i s t o tes t  thi s 

interpretatio n o f  Mitchell' s  findings,  b y explicitl y  includin g 
bar e N P adverb s i n a  se t  o f  experimenta l  material s modelle d 
on thos e use d b y A d a m s e t  al .  (1998) .  W e hav e chose n t o us e 

a self-pace d readin g paradigm ,  precisel y becaus e w e ar e in -

tereste d i n wha t  happen s whe n subject s ar e 'forced '  t o attac h 

an N P t o a  verb .  I f  ou r  assumption s ar e right ,  the n bar e N P ad -
verb s (hencefort h 'bNPs' )  shoul d b e rea d faste r  tha n 'normal ' 

N Ps ('nNPs' )  followin g intransitiv e verb s i n th e subordinat e 
clause .  Ther e shoul d als o b e a  cos t  o f  revision ,  reflecte d i n th e 

tim e take n t o rea d th e disambiguatin g matri x verb ,  i n al l  con -
dition s excep t  tha t  wher e a n n N P follow s a n intransitiv e (i n 

thi s cas e th e revisio n shoul d alread y hav e bee n made ,  i n lin e 
wit h Mitchell' s  findings).  Th e stud y als o allow s u s t o explor e 
th e parsin g o f  modifier s vs .  arguments .  Accordin g t o man y 
'synta x first'  accounts ,  bot h bNP s an d nNP s shoul d initiall y 
be attache d a s argument s o f  th e verbs ,  assumin g tha t  thi s i s 
permissible :  exac t  prediction s ar e dependen t  o n whethe r  i t  i s 
believe d tha t  subcategorisatio n informatio n i s initiall y  avail -
able . 

Experiment 1 

Participant s 2 4 volunteer s fro m th e Universit y o f  Edin -
burg h undergraduat e populatio n too k par t  i n thi s study .  Al l 
wer e nativ e speaker s o f  English ,  ha d norma l  o r  corrected-to -

norma l  vision ,  an d ha d n o professe d readin g difficulties . 

Material s Th e experimenta l  material s wer e adapte d fro m 
thos e use d b y A d a m s e t  al .  (1998) .  2 4 material s wer e cre -
ated ,  wher e eac h materia l  ha d fou r  version s simila r  t o thos e 
i n (4) .  Example s lik e (4a )  an d (4b )  ha d optionall y transitiv e 
verb s i n th e prepose d subordinat e clause ,  wherea s i n (4c )  an d 

(4d )  thes e verb s wer e strictl y intransitive .  Transitiv e an d in -
transitiv e verb s wer e matche d fo r  length ,  an d fo r  frequenc y 
accordin g t o norm s fro m Kucer a an d Franci s (1967) . 

(4a) Although the dog scratched the old vet I 
seemed /  ver y relaxed . 

(4b) Although the dog scratched the whole day I 
seemed /  ver y relaxed . 

(4c) Although the dog struggled the old vet I 
seemed /  ver y relaxed . 

(4d) Although the dog struggled the whole day I 
seemed /  ver y relaxed . 
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Eac h materia l  containe d a  (potential )  ambiguity ^  i n tha t  th e 

N P followin g th e subordinat e ver b coul d b e interprete d a s a n 

argument ,  o r  modifier ,  o f  tha t  verb ;  i n eac h case ,  th e secon d 

(matrix )  ver b resolve d th e ambiguit y i n favou r  o f  a n inter -

pretatio n wher e th e N P wa s th e subjec t  o f  th e matri x clause . 

I n (4a )  an d (4c )  th e N P i n questio n wa s a n 'object-like '  N P 

(nNP) ,  whic h migh t  b e interprete d a s a n argumen t  o f  th e sub -

ordinat e verb ;  i n (4b )  an d (4d )  th e N P wa s a  bar e N P (bNP) , 

whic h migh t  b e interprete d a s a  modifier . 

T h e 2 4 set s o f  fou r  material s wer e sorte d int o fou r  ex -

perimenta l  packages ,  suc h tha t  eac h packag e containe d a n 

equa l  numbe r  o f  material s i n eac h o f  th e fou r  condition s i n 

(4) .  Eac h materia l  appeare d i n exactl y on e versio n i n eac h 
of  th e experimenta l  packages .  T o counterbalanc e th e exper -

imenta l  material s (an d dissuad e subject s fro m assumin g tha t 

al l  subordinat e clause s rea d durin g th e experimen t  ende d wit h 

a verb )  3 2 contro l  sentence s wer e constructed ,  i n whic h th e 

N P followin g th e first  ver b alway s belonge d t o th e subordi -

nat e claus e (e.g. .  Becaus e th e waitres s spa t  th e chewin g g u m 

we demande d a  refund) .  1 6 o f  thes e containe d nNPs ,  an d 1 6 

containe d bNPs .  Finally ,  4 6 filler  sentences ,  o f  unrelate d syn -

tacti c structures ,  wer e created .  Th e 7 8 contro l  an d filler  sen -

tence s wer e adde d t o eac h experimenta l  package ,  resultin g i n 

fou r  experimenta l  package s whic h consiste d o f  10 2 sentence s 

each . 

Material s wer e deliberatel y segmente d int o presentatio n 

region s i n suc h a  w a y tha t  subject s woul d b e encourage d t o 

trea t  th e ambiguou s N P a s a  par t  o f  th e subordinat e claus e 

(segmentatio n point s ar e marke d wit h "/ "  i n (4)) .  O f  crit -
ica l  interes t  ar e th e time s take n t o rea d th e first  segment , 

whic h include s th e ambiguou s NP ,  an d th e secon d segment , 

whic h provide s a  disambiguation .  Contro l  material s wer e 
segmente d analogousl y t o experimenta l  items ,  an d filler  m a -

terial s wer e segmente d arbitrarily . 

4 4 o f  th e material s (abou t  4 3 % )  wer e followe d b y yes/n o 

question s referrin g t o th e conten t  o f  th e materials .  Thes e wer e 

use d t o ensur e tha t  participant s rea d eac h sentenc e fo r  com -

prehension ;  eac h participan t  answere d 8 0 % o r  mor e o f  th e 
question s correctl y (mea n 92 .2%) ,  an d thu s al l  participant s 

wer e include d i n th e analysis . 

Procedur e Material s wer e presente d an d respons e time s 
wer e recorde d usin g th e E X M O RE experimentatio n packag e 

(Mitchel l  &  Barchan ,  1984 )  o n a n Acor n R I S C O S computer . 

A five-trial  practic e sessio n precede d th e experimen t  proper , 

t o clarif y th e experimenta l  procedure .  Th e practic e an d ex -

perimenta l  session s wer e identica l  i n al l  respect s excep t  ran -

domisatio n an d content .  Befor e bot h practic e an d experimen -
ta l  sessions ,  instruction s appeare d o n th e screen ,  informin g 

participant s tha t  the y woul d b e readin g sentence s spli t  int o 
'chunks' ,  followe d i n som e case s b y yes-n o questions . 

Eac h tria l  consiste d o f  th e presentatio n o f  on e material ,  i n 
successiv e displays ,  followe d o n occasio n b y a  relate d ques -

tion .  Th e tria l  bega n wit h th e word s 'Pres s space-bar' ;  thi s 

cause d th e first  displa y t o appear .  Eac h successiv e pres s o f  th e 

space-ba r  cause d th e displa y currentl y i n vie w t o b e replace d 

wit h th e nex t  displa y o f  th e material .  Afte r  th e final  display , 

on e o f  tw o thing s coul d happen :  i f  ther e wa s n o question ,  th e 

word s 'Pres s space-bar '  indicate d th e beginnin g o f  th e fol -

lowin g trial ;  otherwis e th e wor d 'Question '  wa s displaye d fo r 

tw o seconds ,  followe d b y th e questio n itsel f  (t o whic h par -

ticipant s responde d usin g th e 'Y '  an d 'N '  keys) .  Onc e th e 

questio n ha d bee n answered ,  participant s wer e instructe d t o 

pres s th e space-bar ,  a s usual ,  indicatin g th e beginnin g o f  th e 

subsequen t  trial . 

For  th e experimenta l  sessio n proper ,  material s wer e ran -

domise d prio r  t o bein g displayed ,  subjec t  t o th e constrain t 

tha t  n o mor e tha n tw o item s whic h wer e no t  fillers  coul d oc -

cu r  i n sequence .  Additionally ,  th e first  fou r  item s wer e alway s 

filler  materials .  Record s wer e kep t  o f  th e ke y presse d an d th e 

tim e t o respon d (i n milliseconds )  fo r  eac h display .  Subject s 

wer e informe d b y th e compute r  whe n th e experimenta l  ses -

sio n ha d ended . 

Analysi s Al l  analyse s wer e carrie d ou t  usin g within -

subject s analysi s o f  variance ,  takin g int o accoun t  participant s 
(Fl )  an d experimenta l  item s (F2 )  a s rando m factors . 

Results and Discussion 

Figure 1 shows the mean reading times in milliseconds per 

characte r  fo r  th e ambiguou s (la )  an d disambigiuatin g (lb ) 

region s respectively .  Takin g th e disambiguatin g regio n first, 

i t  appear s fro m figure  l b tha t  th e matri x ver b i s rea d faste r 

when th e ambiguou s regio n precedin g i t  contain s a n intran -

sitiv e ver b (181. 8 an d 215. 5 m s vs .  226. 1 an d 233. 2 ms).' * 

Thi s impressio n i s born e ou t  b y statistica l  analysis :  Ther e 

i s a  mai n effec t  o f  typ e o f  ver b (Fl(l,23 )  =  5.86 ,  p  =  .024 ; 

F2(l,23 )  =  4.96 ,  p  =  .037) .  Ther e i s als o a  significan t  effec t 

(b y participants ;  marginall y significan t  b y items )  o f  typ e o f 
N P (Fl(l,23 )  =  5.32 ,  p  =  .030 ;  F2(l,23 )  =  2.96 ,  p  =  .099) . 

F ro m th e figure,  thi s appear s t o reflec t  th e fac t  tha t  onc e a n 

intransifiv e ver b ha s bee n followe d b y a n nNP ,  whic h coul d 
not  b e attache d int o th e VP ,  th e disambiguatin g informatio n 

i s fastes t  t o read ,  althoug h th e interactio n i s no t  significan t 

(F l  <  1;F2(1,23) = 1.28) . 

At  first  glance ,  thes e findings  appea r  t o suppor t  th e vie w 

tha t  huma n sentenc e processin g i s sensitiv e t o subcategori -
satio n informatio n abou t  verbs ,  bu t  no t  t o propertie s o f  NP s 

(thi s woul d b e compatibl e wit h 'verb-driven '  account s suc h 
as tha t  o f  Ford ,  Bresnan ,  &  Kaplan ,  1982) .  However ,  furthe r 

analysi s reveal s tha t  th e tim e take n t o rea d a  disambiguat -

in g ver b afte r  a n intransitiv e ver b -i -  n N P i s faste r  tha n fo r 
any othe r  condition ,  an d crucially ,  faste r  tha n fo r  a n intransi -

tiv e verb-i-bN P (Fl(l,23 )  =  4.48, p =  .045 ;  F2(l,23 )  =  5.11 , 

p =  .034) .  W e tak e thi s t o suppor t  th e vie w tha t  parsin g i s 

sensitiv e t o propertie s o f  N P s a s wel l  a s o f  verbs :  a  revisio n 
i s mor e likel y t o b e necessar y i f  a  b N P follow s a n intransitiv e 

'Clearly ,  whethe r  eac h materia l  i s  actuall y ambiguou s depend s o n 
whethe r  subcategorisatio n informatio n fro m th e first  ver b (sneeze d o r 
scratche d i n (4) )  i s initiall y  availabl e t o th e sentenc e comprehensio n pro -
cesses . 

^The fac t  tha t  per-characte r  readin g time s ar e highe r  i n thi s regio n tha n 
fo r  th e longe r  ambiguou s regio n may b e accounte d fo r  b y "overspill '  fro m a 
lon g t o a  shor t  regio n (cf .  Mitchel l  &  Green ,  1978) . 
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Figure 1: Mean reading times (in ms/ciiar) for: (a) ambiguous region, including nNP or bNP; and (b) 

disambiguatin g region ,  consistin g o f  matri x verb . 

ver b becaus e tha t  b N P ca n b e incorporate d int o th e curren t 

phras e marke r  a s a  modifier . 

Figur e l a show s th e readin g time s fo r  th e ambiguou s re -
gion ,  containin g a  subordinat e ver b followe d b y eithe r  a  b N P 
or  nNP .  A s i s clearl y visibl e fro m th e figure,  th e tim e t o 
rea d b N P s (mea n =  47.79ms )  i s  lowe r  tha n tha t  fo r  n N P s 

(56.50ms) .  Thi s differenc e i s statisticall y significant ,  i n tha t 
ther e i s a  clea r  mai n effec t  o f  N P typ e (Fl(l,23 )  =  20.35 , 
p <  .001 ;  F2(l,23 )  =  18.30 ;  p  <  .001) .  Ther e ar e n o othe r 
significan t  effect s i n th e ambiguou s regio n (al l  F' s <  1) . 

Th e finding  tha t  bar e N P s ar e rea d faste r  tha n n N P s i s 
difficul t  t o accoun t  fo r  withi n a  constraint-base d framework , 
since ,  a t  leas t  followin g optionall y transitiv e verbs ,  n N P s 
shoul d b e significantl y m o r e frequentl y encountere d tha n 
bNPs. '  Equally ,  thi s finding  i s  problemati c fo r  'syntax-first ' 
account s whic h sugges t  tha t  argument s shoul d b e preferre d 
ove r  modifiers .  However ,  experimen t  1  ha s th e potentia l  con -
foun d tha t  th e hea d noun s o f  th e b N P s chose n ar e signifi -
cand y mor e frequen t  tha n thos e o f  th e n N P s (mea n hea d nou n 
frequenc y fo r  b N P s :  583 ;  fo r  n N P s :  60 .  Figure s fro m Kucer a 
& Francis ,  1967) . 

Experimen t  1  ha s clearl y demonstrate d tha t  detaile d lin -
guisti c informatio n i s availabl e durin g th e earl y stage s o f  sen -
tenc e processing :  b y modifyin g Mitchell' s  (1987 )  experimen t 
t o includ e bar e N P s w e hav e provide d th e basi s o f  a n ac -

coun t  o f  th e difference s betwee n hi s findings  an d thos e o f 
A d a ms e t  al .  (1998) .  I n experimen t  2 ,  w e ai m t o remov e 
th e confound s fro m experimen t  1  an d explor e th e readin g o f 
bNPs i n mor e detail ,  sinc e confirmatio n tha t  b N P s ar e rea d 
faste r  tha n n N P s ,  contrar y t o wha t  woul d b e predicte d bot h 
by constraint-base d an d argument-favourin g accounts ,  woul d 
hav e seriou s consequence s fo r  model s o f  sentenc e processing . 

Experiment 2 

Experimen t  2  wa s designe d t o investigat e tw o aspect s o f 
th e processin g o f  bNPs .  A s wel l  a s attemptin g t o confir m 
tha t  the y wer e rea d faste r  tha n nNPs ,  w e wer e intereste d i n 
whethe r  the y wer e attache d int o V P s i n a  simila r  wa y t o 
nNPs.  O n e potentia l  accoun t  o f  b N P s (derive d fro m Fra -

zie r  &  Clifton ,  1996 )  woul d b e that ,  a s modifiers ,  the y ar e 
"construed '  a s bein g associate d wit h a  V P rathe r  tha n bein g 

explicitl y  connecte d t o th e curren t  phras e marker .  I f  th e pro -

cesse s b y whic h the y ar e attache d t o V P s diffe r  fro m thos e fo r 
nNPs,  i t  migh t  b e possibl e t o construc t  a n accoun t  i n whic h 
readin g time s reflec t  les s "structura l  work' .  T o investigat e thi s 

possibility ,  w e omitte d intransitiv e verb s firom  experimen t  2 

and instea d include d a n explici t  contro l  conditio n i n whic h 
th e ambiguou s N P s remaine d associate d wit h th e subordinat e 
clause .  W e predicte d (a )  tha t  bNP s woul d b e rea d faste r  tha n 

nNPs,  an d (b )  tha t  ther e woul d b e a  cos t  i n encounterin g a  m a -
tri x ver b disambiguation ,  relativ e t o a  control ,  fo r  bot h type s 
of  NP ,  reflectin g th e fac t  tha t  bot h type s o f  N P ar e similarl y 

attache d int o th e VP . 

Participants A further 12 male and 12 female undergradu-

ate s volunteere d t o tak e par t  i n th e experimen t  (othe r  detail s 
as fo r  experimen t  1) . 

Materials 24 new materials, each having four versions, 

wer e create d fo r  experimen t  2  (se e (5)) .  Material s lik e (5a ) 
and (5b )  wer e analogou s t o (4a )  an d (4b )  fro m experimen t  1 ; 

(5c )  an d (5d )  wer e explicitl y  disambiguate d (a t  th e wor d the ) 
i n favou r  o f  a n interpretatio n wher e th e ambiguou s N P re -
maine d associate d wit h th e subordinat e clause . 

(5a )  Afte r  th e dog s /  scratche d th e whol e h o m e I 
was /  ruine d /  an d th e famil y wer e upset . 

(5 b) After the dogs / scratched the whole day I 
was /  ruine d /  an d th e famil y wer e upset . 

(5c) After the dogs / scratched the whole home I 
th e /  atmospher e /  wa s ruine d an d th e famil y 

wer e upset . 

(5d) After the dogs / scratched the whole day I 
th e /  atmosphere /  wa s ruine d an d th e famil y 
wer e upset . 

' a rando m sampl e o f  17 6 sentence s containin g th e structur e 'V+NP ' 
fro m tli e Britis h Nationa l  Corpu s yielde d onl y 6  example s judge d b y th e 
author s t o contai n bar e NPs . 
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Figure 2: Mean reading times (in ms/char) for: (a) ambiguous region, including nNP or bNP; and (b) 

disambiguatin g region ,  consistin g o f  wa s o r  the . 

Th e hea d noun s o f  th e nNP s an d bNP s wer e carefull y 
matche d fo r  frequenc y (usin g figures  fro m Kucer a &  Fran -

cis ,  1967) ^  an d lengt h (t o ±  1  character) ;  othe r  word s i n th e 
ambiguou s N P s wer e identica l  i n al l  conditions .  Th e dis -

ambiguatin g regio n alway s consiste d o f  th e singl e wor d wa s 

or  the .  A  furthe r  fou r  variant s wer e adde d t o thos e i n (5) ; 

thes e ha d explici t  disambiguatin g c o m m a s befor e o r  afte r  th e 
ambiguou s NP ,  a s appropriat e (fo r  reason s o f  space ,  readin g 

time s fo r  thes e sentence s ar e no t  considere d below ,  a s the y d o 

not  affec t  th e genera l  patter n o f  results) . 

Th e 2 4 set s o f  8  material s wer e sorte d int o 8  experimenta l 

packages ,  i n a  simila r  wa y t o tha t  fo r  experimen t  1 .  Sinc e 

eac h experimenta l  packag e containe d equa l  number s o f  dis -
ambiguation s favourin g attachmen t  o f  th e ambiguou s N P t o 

th e matri x an d t o th e subordinat e clause ,  additiona l  contro l 

item s wer e no t  use d i n thi s experiment ,  bu t  4 3 o f  th e filler 
item s fro m experimen t  on e wer e adde d t o eac h packag e file, 

so tha t  eac h consiste d o f  7 7 sentences . 

Segmentatio n point s i n th e experimenta l  material s ar e in -

dicate d wit h "/ "  i n (5) .  Th e shorte r  ambiguou s segment ,  con -

sistin g o f  jus t  th e ver b an d followin g NP ,  wa s chose n t o re -

duc e th e varianc e betwee n items .  2 4 Material s (abou t  3 1 % ) 
wer e followe d b y yes/n o questions ;  on e participan t  score d 
les s tha n 8 0 % correc t  an d wa s replaced .  M e a n question -

answerin g accurac y fo r  include d participant s wa s 90.7% . 

Pretes t  Twent y Ope n Universit y student s volunteere d t o 

rat e th e experimenta l  material s fo r  plausibilit y  an d accept -

ability .  Eac h voluntee r  wa s give n a  pamphle t  i n whic h th e 

subordinat e ver b +  N P section s o f  (5 )  (e.g. ,  Th e do g strug -
gle d th e whol e day )  wer e followe d b y tw o seven-poin t  scales , 

on e fo r  (semantic )  "plausibility" ,  an d th e othe r  fo r  (syntactic ) 

"acceptability "  Th e questionnair e wa s administere d i n tw o 
versions ,  eac h o f  whic h ha d hal f  n N P an d hal f  b N P version s 
of  th e materials ,  randomise d togethe r  wit h 2 4 filler  materials . 

T wo o f  th e 2 4 material s wer e give n mea n plausibilitie s o f 

les s tha n 2 ,  an d wer e discarde d fro m al l  analyses .  M e a n rat -

ing s fo r  th e remainin g 2 2 material s wer e 4.8 6 an d 4.8 0 (plau -

sibilit y  an d acceptabilit y  respectively )  fo r  bNPs ,  an d 5.4 2 

and 5.7 4 fo r  nNPs .  A s nNP s wer e rate d mor e highl y tha n 

bNPs,  an y processin g advantag e fo r  bNP s du e t o plausibil -

ity/acceptabilit y  ca n b e rule d out . 

Procedure and Analysis The procedure was identical to 

tha t  use d fo r  experimen t  1 .  A s fo r  experimen t  1 ,  within -

subject s analyse s o f  varianc e wer e use d t o analys e th e data . 

Results and Discussion 

Figur e 2  show s th e mea n readin g fimes  fo r  th e ambiguou s 

(2a )  an d disambiguatin g (2b )  region s respectively .  Takin g 

th e disambiguatin g regio n first,  faste r  readin g appear s t o oc -
cur  whe n th e ambiguou s N P mus t  b e par t  o f  th e subordinat e 

claus e tha n whe n i t  i s  force d t o b e th e subjec t  o f  th e matri x 
clause ;  differen t  N P type s d o no t  appea r  t o hav e differen t  ef -

fects .  Statistica l  analyse s confir m thi s interpretafion :  ther e 
i s a  mai n effec t  o f  disambiguatio n typ e ( F 1(1,23 )  =  8.74 , 

p =  .004 ;  F2(l,21 )  =  4.93 ,  p  =  .038) ;  n o othe r  effect s ar e 

significan t  (al l  F' s <  1.20) .  Th e findings  fo r  th e disambiguat -

in g regio n confir m tha t  ther e i s a  cos t  o f  revisio n fo r  bot h 
bNPs an d nNP s wher e the y mus t  b e interprete d a s th e subjec t 

of  th e matri x clause :  ther e i s n o evidenc e tha t  bNP s ar e "les s 

strongly "  attache d t o th e subordinat e V P tha n ar e nNPs . 
Turnin g t o th e ambiguou s region ,  ther e appear s t o b e a 

smal l  advantag e fo r  bNP s ove r  nNPs ,  confirmin g th e result s 
of  experimen t  1 .  Thi s advantage ,  however ,  i s  onl y marginall y 

significan t  b y subject s (Fl(l,23 )  =  3.59 ,  p  =  .071 )  an d i s no t 
significan t  b y item s (F2(l,21 )  =  2.15 ,  p  =  .158) .  N o othe r 

effect s ar e significan t  (al l  F' s <  1) .  Althoug h i t  woul d b e a n 

over-interpretatio n t o clai m tha t  bNP s ar e rea d mor e quickl y 

tha n nNP s o n th e basi s o f  thi s evidence ,  i t  i s  apparen t  tha t 
ther e i s n o evidenc e tha t  the y ar e rea d mor e slowly ,  despit e 

bein g frequency-matche d to ,  an d les s plausibl e than ,  thei r 

n NP counterparts .  Thi s finding  remain s difficul t  t o accoun t 
fo r  withi n eithe r  a  constraint-base d o r  a n argument-favourin g 

framework . 

General Discussion 

Experimen t  1  provide s evidenc e whic h appear s t o contradic t 

Mitchell' s  (1987 )  findings.  Th e fac t  tha t  a n objec t  N P ca n 

'^Mean frequency = 288 (bNP), 277 (nNP), F < 1. 
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be easil y reinterprete d a s th e subjec t  o f  th e matri x claus e i n 

sentence s lik e (4 )  (a s witnesse d b y th e fac t  tha t  th e disam -

biguatin g matri x ver b i s rea d faste r  fo r  (4c )  tha n fo r  an y othe r 

condition) ,  couple d wit h th e fac t  tha t  ther e i s n o differenc e i n 

th e tim e take n t o rea d nNP s followin g transitiv e o r  intransitiv e 

subordinat e verbs ,  strongl y suggest s tha t  detaile d linguisti c 

informatio n i s availabl e initiall y  t o comprehensio n processes . 

Experimen t  1  als o showe d tha t  bar e N P adverb s ar e rea d 

more quickl y tha n nNPs ,  followin g an y kin d o f  verb .  How -

ever ,  th e bNP s use d ha d mor e frequen t  hea d noun s tha n thei r 

nNP counterparts ,  an d ma y als o hav e bee n mor e plausible , 

eithe r  o f  whic h woul d provid e th e basi s fo r  a n explanatio n 

of  thi s finding.  Alternatively ,  i t  ma y b e th e cas e tha t  bar e 

NPs ar e no t  explicitl y  attache d t o VPs ,  perhap s resultin g i n 

a lessene d cognitiv e loa d a s a  resul t  o f  no t  havin g t o alte r 

th e curren t  phras e marker .  Experimen t  2  controlle d fo r  fre -
quenc y an d plausibility ,  an d attempte d t o demonstrat e tha t 
bNPs wer e a t  leas t  a s difficul t  t o c/etac h fro m thei r  hos t  VP s 

as wer e nNPs .  Thi s latte r  hypothesi s wa s confirme d b y th e 

difference s i n readin g time s fo r  wa s an d th e i n example s lik e 

(5) .  I f  ther e i s a  differentia l  cos t  o f  attachment ,  th e en d re -
sult s appea r  t o b e equall y difficul t  t o undo .  I n th e absenc e o f 

furthe r  evidenc e w e choos e parsimon y i n assumin g tha t  th e 

attachmen t  processe s fo r  differen t  type s o f  N P d o no t  diffe r 
substantially . 

Whereas experimen t  1  showe d a  clea r  advantag e fo r  bar e 
NPs,  i n experimen t  2  th e time s take n t o rea d th e tw o type s 
of  N P di d no t  differ .  Note ,  however ,  tha t  bot h constrain t  sat -
isfactio n an d argument-favourin g synta x first  account s woul d 

appear  t o predic t  tha t  nNP s shoul d b e rea d mor e quickl y tha n 
bNPs (eithe r  becaus e i t  i s mor e frequentl y th e cas e tha t  NP s 
followin g verb s ar e objec t  NPs ,  o r  becaus e attachmen t  a s a n 

argumen t  i s  a  preferre d strategy). '  Constrain t  base d account s 
migh t  furthe r  predic t  tha t  (othe r  thing s bein g equal )  ther e 
shoul d b e a n interactio n betwee n ver b typ e an d N P type ,  sinc e 

NPs followin g intransitiv e verb s ar e muc h mor e likel y t o b e 

bNPs. 

One possibl e interpretatio n o f  thes e result s come s fro m re -
cent  suggestion s o f  a  rationa l  analysi s o f  parsin g (Chater , 
Crocker ,  &  Pickering ,  1998) .  Chate r  e t  al .  stres s th e nee d 
to tak e int o accoun t  th e informatio n gaine d fro m makin g a 
parsin g decision ,  a s wel l  a s th e cos t  o f  makin g a  revisio n an d 
th e probabilit y  o f  makin g a  recovery .  Choosin g t o interpre t 
incomin g NP s a s bar e NP s regardles s o f  th e typ e o f  ver b tha t 
precede s the m ma y hav e advantages ,  sinc e (give n a  se t  o f  4 0 

or  s o potentia l  hea d noun s fo r  bNPs ;  Larson ,  1985 )  th e cor -
rectnes s o f  th e pars e ca n b e quickl y assesse d (compar e thi s 
wit h th e situatio n fo r  nN P objects ,  whic h hav e a  fa r  greate r 
number  o f  potentia l  hea d nouns) .  Bein g abl e t o quickl y as -
sess an d rejec t  a  particula r  analysi s ma y confe r  advantage s 
on th e processin g mechanism ,  compare d t o pursuin g a  strat -
egy wher e a  potentiall y  wron g analysi s ma y b e entertaine d 
fo r  longe r  tha n necessar y an d ma y subsequentl y b e difficul t 
t o revise .  Whethe r  thi s provide s a  usefu l  accoun t  o f  th e eas e 
wit h whic h bar e N P adverb s ar e rea d remain s a  questio n fo r 
futur e research ;  wha t  seem s clea r  fro m th e evidenc e provide d 
i n thi s pape r  i s tha t  curren t  account s o f  sentenc e processin g 

have difficultie s i n accountin g fo r  case s wher e modifier s d o 

not  suffe r  a t  th e expens e o f  arguments . 

References 

Adams,  B .  C ,  Clifton ,  C ,  &  Mitchell ,  D .  C .  (1998) .  Lexica l 

guidanc e i n sentenc e processing ? Psychonomi c Bulleti n & 

Review ,  5 ,  265-270 . 

Chater ,  N. ,  Crocker ,  M .  W. ,  &  Pickering ,  M .  J .  (1998) . 

Th e rationa l  analysi s o f  inquiry :  T h e cas e o f  parsing .  I n 

M.  Oaksfor d &  N .  Chate r  (Eds.) ,  Rationa l  model s o f  cog -

nition .  Oxford ,  U K :  Oxfor d Universit y Press . 

Crocker ,  M .  W .  (1992) .  A  logica l  mode l  o f  competenc e 

an d performanc e i n th e h u m a n sentenc e processo r  U n -

publishe d doctora l  dissertation .  Departmen t  o f  Cognitiv e 
Science ,  Universit y o f  Edinburgh .  (Availabl e a s researc h 

paper  HCRC/RP-34 ) 

Ford ,  M. ,  Bresnan ,  J. ,  &  Kaplan ,  R .  N .  (1982) .  A  com -

petenc e base d theor y o f  syntacti c closure .  I n J .  Bresna n 

(Ed.) ,  Th e menta l  representatio n o f  grammatica l  relations . 
Cambridge ,  M A :  M I T Press . 

Frazier ,  L .  (1979) .  O n comprehendin g sentences :  Syntac -
ti c parsin g strategies .  Unpublishe d doctora l  dissertation . 

Universit y o f  Connecticut .  (Indian a Universit y Linguistic s 
Club ) 

Frazier ,  L .  (1995) .  Constrain t  satisfactio n a s a  theor y o f  sen -
tenc e processing .  Journa l  o f  Psycholinguisti c Research ,  24 , 

437^68 . 

Frazier ,  L. ,  &  Clifton ,  C .  (1996) .  Construal .  Cambridge , 
M A:  MI T Press . 

Kucera ,  H. ,  &  Francis ,  W.  N .  (1967) .  Computationa l  analysi s 
of  present-da y America n English .  Providence ,  RI :  B r o w n 

Universit y Press . 

Larson ,  R .  K .  (1985) .  Bare-N P adverbs .  Linguisti c Inquiry , 

76,595-621 . 

MacDonald ,  M .  C ,  Pearlmutter ,  N .  J. ,  &  Seidenberg ,  M .  S . 
(1994) .  Th e lexica l  natur e o f  syntacti c ambiguit y resolu -
tion .  Psychologica l  Review ,  10 ,  676-703 . 

Mitchell ,  D .  C .  (1987) .  Lexica l  guidanc e i n h u m a n parsing : 
Locu s an d processin g characteristics .  I n M .  Colthear t  (Ed.) , 
Attentio n an d performanc e XII .  Hillsdale ,  NJ :  Erlbaum . 

Mitchell ,  D .  C ,  &  Barchan ,  J .  (1984) .  E X M O R E:  Exete r 
modul e fo r  on-lin e readin g experiments .  Duplicate d user' s 
manual .  Universit y o f  Exeter . 

Mitchell ,  D .  C ,  &  Green ,  D .  W .  (1978) .  T h e effect s o f  con -
tex t  an d conten t  o n immediat e processin g i n reading .  Quar -
terl y Journa l  o f  Experimenta l  Psychology ,  30 ,  609-636 . 

Tanenhaus ,  M .  K. ,  &  Trueswell ,  J .  C .  (1995) .  Sentenc e com -
prehension .  I n J .  Mille r  &  P .  Eima s (Eds.) ,  Speech ,  lan -
guag e an d communicatio n Vol .  11 ,  2n d ed. .  Sa n Diego , 
C A:  Academi c Press . 
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