
A U n i f i e d M o d e l  o f  P r e f e r e n c e a n d R e c o v e r y M e c h a n i s m s 

i n H u m a n P a r s i n g 

Suzann e Stevenso n 
Departmen t  o f  Compute r  Scienc e 

Universit y o f  Toront o 
6 King' s Colleg e Roa d 

Toronto ,  Ontari o M 5 S 1 A 4 
Canad a 

suzzLiineCcs .  toronto .  ed u 

Abs t rac t 

Models of human parsing typically focus on explain-
in g syntacti c preference s an d garden-pat h phenomena . 
Thi s pape r  explore s anothe r  aspec t  o f  th e processin g 
of  syntacti c ambiguity—th e successfu l  revisio n o f  pre -
viousl y preferre d structure .  I n th e competitiv e attach -
ment  mode l  o f  parsing ,  a  hybri d connectionis t  networ k 
directl y represent s th e attachmen t  structur e amon g 
phrasa l  node s i n a  pars e tree .  A  syntacti c ambiguit y 
lead s t o a  networ k o f  alternativ e attachment s tha t  com -
pet e fo r  numeri c activation .  Th e winnin g attachment s 
ar e determine d withi n a  paralle l  operatio n tha t  simulta -
neousl y revise s earlie r  attachment s a s neede d whe n ini -
tiall y  attachin g a  ne w phras e t o th e developin g pars e 
tree .  Becaus e o f  th e uniqu e paralle l  structurin g op -
eration ,  th e competitiv e attachmen t  mode l  provide s a 
unifie d explanatio n o f  huma n preferenc e an d recover y 
mechanism s i n parsing .  Th e pape r  demonstrate s thi s 
abilit y b y showin g ho w th e mode l  account s fo r  recenc y 
effect s i n huma n syntacti c processing .  I n th e parsin g 
network ,  a  mechanis m o f  decay ,  whic h i s independentl y 
neede d t o manag e th e finit e poo l  o f  processin g nodes , 
allow s mor e recen t  phrase s t o compet e mor e effectivel y 
tha n les s recen t  phrase s fo r  ne w attachments .  Th e effec t 
of  deca y o n th e attachmen t  competitio n underlie s a  uni -
fie d accoun t  o f  psycholinguisti c observation s o f  recency , 
bot h i n initia l  syntacti c preference s an d i n th e revisio n 
of  erroneou s attachments . 

Introduction 

I n developin g a  cognitiv e mode l  o f  parsing ,  a  ke y proble m 
i s t o elucidat e th e computationa l  mechanism s underly -
in g th e h u m a n abilit y t o proces s an d resolv e syntacti c 
ambiguities .  I n orde r  t o achiev e this ,  w e mus t  under -
stan d h o w th e h u m a n parse r  determine s whic h o f  th e 
possibl e analyse s o f  a  syntacti c ambiguit y t o pursue ,  an d 
h o w i t  respond s t o late r  linguisti c inpu t  tha t  i s  incom -
patibl e wit h it s initiall y  preferre d analysis .  I n general , 
i t  i s  assume d tha t  th e h u m a n parse r  adopt s a  preferre d 
structura l  interpretatio n becaus e i t  i s  easie r  o r  faste r  fo r 
th e parse r  t o build .  T o explai n th e observe d preferenc e 
behavior ,  sophisticate d processin g proposal s spel l  ou t  a 
set  o f  computationa l  assumption s unde r  whic h a  pars -
in g mechanis m wil l  exhibi t  structura l  choice s matchin g 
thos e o f  th e h u m a n parse r  (e.g. ,  Frazier ,  1978 ;  Gorrell , 
1987 ;  M c R o y fc  Hirst ,  1990) .  Althoug h peopl e appea r 
t o locall y optimiz e structurin g operations ,  thi s strateg y 
doe s no t  alway s lea d the m t o th e bes t  interpretatio n i n 
th e lon g run ;  hence ,  parsin g model s mus t  als o accoun t 

fo r  th e behavio r  o f  th e h u m a n parse r  whe n th e initiall y 
preferre d structur e turn s ou t  t o b e incorrect .  A  numbe r 
of  recen t  model s o f  h u m a n parsin g hav e focuse d o n expli -
catin g th e processin g limitation s tha t  caus e th e break -
d o wn o f  th e parse r  i n certai n well-know n case s i n whic h 
it s loca l  preference s lea d i t  d o w n th e garde n pat h (Gib -
son ,  1991 ;  Pritchett ,  1992 ;  Weinberg ,  1991) . 

M u ch progres s ha s thu s bee n m a d e i n addressin g tw o 
long-standin g goal s i n th e cognitiv e modelin g o f  huma n 
parsing :  t o explai n people' s initia l  structura l  preference s 
when processin g syntacti c ambiguities ,  an d t o accoun t 
fo r  th e breakdow n o f  parsin g i n garden-pat h sentences . 
However ,  littl e attentio n ha s bee n give n t o anothe r  as -
pec t  o f  th e processin g o f  a n ambiguity—th e situatio n 
tha t  arise s whe n th e initiall y  preferre d structur e turn s 
out  t o b e wrong ,  bu t  th e parse r  i s  no t  garden-pathed . 
T h e detaile d behavio r  o f  th e parse r  whe n successfull y 
revisin g a n initiall y  preferre d structur e ha s ye t  t o b e ex -
plained .  Parsin g model s hav e til l  n o w accounte d onl y fo r 
th e divisio n o f  sentence s int o tw o discret e classes :  thos e 
allowin g fo r  necessar y revision s withi n som e constraine d 
clas s o f  parsin g operations ,  an d thos e fo r  whic h a  nec -
essar y revisio n woul d requir e a n unconstraine d recover y 
mechanis m (i.e. ,  garden-pat h examples )  (Abney ,  1989 ; 
Gibson ,  1991 ;  Pritchett ,  1992 ;  Weinberg ,  1991) .  Thes e 
theorie s canno t  accoun t  fo r  th e rang e o f  behavio r  tha t 
th e parse r  exhibit s whe n revisin g a  structura l  hypoth -
esis .  I n particular ,  th e h u m a n parse r  ha s mor e o r  les s 
difficult y i n adoptin g a  les s preferre d interpretatio n o f 
an ambiguity .  T h e eas e o f  doin g s o i s affecte d b y ho w 
quickl y followin g th e onse t  o f  th e ambiguit y th e parse r 
receive s disambiguatin g informatio n (Frazie r  k  Rayner , 
1982) ,  o r  eve n uncertai n bu t  biasin g informatio n (Mac -
Donald ,  i n press) .  I t  i s  therefor e simplisti c t o assum e 
tha t  revisio n i s eithe r  impossible ,  a s i n garden-pat h sen -
tences ,  o r  completel y unproblematic . 

Thi s pape r  discusse s a  competitiv e attachmen t  mode l 
of  parsin g tha t  provide s a n explici t  computationa l  ac -
coun t  o f  th e comple x rang e o f  h u m a n behavio r  exhibite d 
i n th e processin g o f  syntacti c ambiguities .  I n th e model , 
ambiguit y resolutio n i s formulate d a s a  competitio n fo r 
activatio n a m o n g a  se t  o f  syntacti c attachment s withi n 
a hybri d connectionis t  network .  Underlyin g propertie s 
of  th e mode l  explai n a  numbe r  o f  h u m a n structura l  pref -
erence s an d accoun t  fo r  th e statu s o f  garden-pat h sen -
tences ,  withou t  th e us e o f  explici t  preferenc e heuristic s 
or  revisio n strategie s (Stevenson ,  1993a ;  1993b ;  1994) . 

824 



Thi s pape r  wil l  demonstrat e ho w thes e sam e proper -
tie s determin e th e eas e wit h whic h th e parse r  i s abl e 
t o successfull y revis e it s attachmen t  decisions .  I n con -
tras t  t o othe r  models ,  th e competitiv e attachmen t  ap -
proac h yield s finer-graine d prediction s o f  relativ e diffi -
cult y withi n th e clas s o f  possibl e reanalyses .  I n fact , 
th e sam e factor s tha t  giv e ris e t o th e initia l  structura l 
preference s ar e instrumenta l  i n determinin g th e relativ e 
ease o f  reanalyzin g th e resultin g structures .  Th e mode l 
therefor e provide s a  unifyin g accoun t  o f  th e preferenc e 
and recover y mechanism s involve d i n h u m a n parsing . 

Becaus e o f  lengt h constraints ,  thi s pape r  focuse s o n 
ho w th e mode l  explain s recenc y effect s i n h u m a n pars -
ing .  T w o relate d result s ar e presented .  First ,  a  necessar y 
mechanis m fo r  deca y o f  phrasa l  activatio n i s show n t o ac -
coun t  fo r  a  genera l  preferenc e fo r  recen t  attachment s i n 
parsing ,  withou t  th e us e o f  a n explici t  structura l  strat -
egy o r  preferenc e heuristi c a s i n othe r  models .  Th e singl e 
mechanis m o f  deca y o f  activatio n addresse s a s wel l  th e 
potentia l  memor y loa d proble m tha t  arise s i n considerin g 
multipl e attachmen t  site s fo r  a  phras e (see ,  fo r  example , 
Gibso n (1991)) .  Second ,  th e ver y sam e computationa l 
factor s tha t  giv e ris e t o th e exhibite d recenc y preference s 
ar e show n t o accoun t  fo r  th e effec t  o f  lengt h o f  a n ambi -
guit y o n th e eas e o f  reanalyzin g incorrec t  structure—a n 
observatio n tha t  ha s heretofor e lacke d a n adequat e ex -
planation .  Thus ,  th e pape r  demonstrate s a n exampl e 
of  ho w fundamenta l  propertie s o f  th e competitiv e at -
tachmen t  mode l  underli e bot h structura l  preference s an d 
ease o f  recovery ,  an d accoun t  fo r  a  wide r  rang e o f  psy -
cholinguisti c dat a tha n ha s bee n previousl y explained . 

The pape r  i s organize d a s follows .  Th e nex t  sectio n 
present s a  brie f  overvie w o f  th e model .  Th e followin g 
tw o section s presen t  th e preferenc e an d recover y results , 
comparin g th e competitiv e attachmen t  accoun t  t o othe r 
proposals .  Th e fina l  sectio n conclude s th e paper . 

Overview of the Model 

The competitiv e attachmen t  mode l  i s a  hybri d connec -
tionis t  networ k o f  processin g node s tha t  represen t  syn -
tacti c phrase s an d thei r  attachment s withi n a  pars e 
tree. ^  Th e grammaticalit y o f  potentia l  attachment s i s 
determine d usin g simpl e symboli c feature s an d marke r 
passing .  Numeri c activatio n encode s th e th e relativ e 
strength s o f  th e attachmen t  alternatives ,  an d a  compe -
titio n mechanis m provide s a  unifor m metho d fo r  deter -
minin g th e preferenc e fo r  on e attachmen t  structur e ove r 
another .  Th e networ k o f  alternativ e attachment s i s dy -
namicall y create d b y allocatin g processin g node s i n re -
spons e t o th e input . 

Creating the Network 

When a n inpu t  toke n i s read ,  th e parse r  activate s tw o 
type s o f  processin g nodes :  phrasa l  node s representin g 
th e curren t  inpu t  phrase ,  an d attachmen t  node s repre -
sentin g th e potentia l  attachment s betwee n th e curren t 
inpu t  phras e an d th e existin g pars e tree .  Eac h attach -
ment  nod e connect s t o exactl y tw o phrasa l  node s tha t  ar e 
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Figur e 1 :  (a )  Networ k an d (b )  pars e tre e representatio n 
of  Th e warde n expect s th e report . 

potentia l  sister s i n th e pars e tree ;  compar e th e networ k 
of  Figur e 1(a )  wit h th e subtre e tha t  i t  represent s i n Fig -
ur e 1(b) .  Onc e th e curren t  phras e i s connecte d t o th e ex -
istin g network ,  eac h processin g nod e iterativel y update s 
an d output s it s symboli c feature s an d numeri c activa -
tion ,  unti l  th e activatio n leve l  o f  eac h attachmen t  nod e 
i s eithe r  abov e a  certai n threshol d 6 ,  o r  i s  zero. ^  W h e n 
th e networ k stabilizes ,  th e se t  o f  activ e attachmen t  node s 
represent s th e curren t  pars e tre e attachments .  A t  thi s 
point ,  th e nex t  inpu t  toke n i s rea d an d th e proces s i s 
repeated .  A t  th e en d o f  a  successfu l  parse ,  th e phrase s 
an d thei r  attachment s for m a  connecte d networ k repre -
sentin g th e fina l  pars e tre e structure . 

The Competition Mechanism 

A syntacti c ambiguit y lead s t o a  networ k  o f  grammatica l 
attachmen t  alternative s tha t  canno t  al l  simultaneousl y 
participat e i n th e pars e tre e structure .  I n orde r  t o focu s 
activatio n i n th e networ k ont o a  consisten t  se t  o f  pars e 
tre e attachments ,  eac h phrasa l  nod e use s a  competitiv e 
outpu t  functio n (Reggia ,  1987 )  t o allocat e a  percentag e 
of  it s activatio n t o eac h o f  it s attachmen t  nodes ,  propor -
tiona l  t o thei r  activatio n levels .  T h e outpu t  functio n i s 
of  th e form :  ô ,  = •  a, ,  wher e Oj ,  i s  th e outpu t 

fro m nod e n ,  t o nod e Hj ,  a ,  i s  th e activatio n o f  nod e n, , 
Wji  i s th e weigh t  o n th e connectio n fro m nod e n ,  t o nod e 
Tij, ^  an d k  range s ove r  al l  node s connecte d t o nod e tij . 
Thi s functio n bring s abou t  indirec t  inhibitio n amon g th e 
attachmen t  nodes ,  s o tha t  onl y a  subse t  o f  th e node s i s 

'Th e parse r  i s implemente d i n C o m m on Lisp ,  seriedl y sim -
ulatin g th e paralle l  processin g o f  th e network . 

^Th e parsin g networ k require s 10-7 0 iteration s t o reac h a 
stabl e state . 

^Weight s encod e lexica l  preferenc e o r  frequenc y 
information . 
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Figur e 2 :  O n e examp l e o f  competitiv e relationship s i n 
th e primitiv e paralle l  at tachmen t  operation .  Attach -
men t s ai-a 4 wer e previousl y activated .  T o attac h th e 
curren t  phras e t o th e tre e o n th e stack ,  th e followin g 
m u st  occur :  exactl y on e o f  th e prio r  attachments ,  a,- , 
m u st  b e c o m e inactive ,  an d th e correspondin g pai r  o f  at -
tachments ,  Pi ,  m u s t  b e c o m e active .  Thi s relationshi p 
hold s fo r  a  tre e o f  arbitrar y dept h o n th e stack . 

abl e t o b e c o m e full y activated .  T h e competitiv e functio n 
i s designe d s o tha t  i n a  stabl e stat e o f  th e network ,  eac h 
phrasa l  n o d e activate s a  n u m b e r  o f  attachmen t  node s i n 
accordanc e wit h it s  grammat ica l  properties .  Fo r  e x a m -
ple ,  sinc e ever y phras e m u s t  hav e a  paren t  i n th e pars e 
tree ,  al l  X P node s m u s t  activat e exactl y on e attachmen t 
node . 

Restricting the Network Structure 

T h e competitio n mechanis m i s unabl e t o rul e ou t  certai n 
mutuall y exclusiv e pair s o f  attachment s whos e simulta -
neou s activatio n woul d creat e a n illega l  tre e structure . 
I n orde r  t o preven t  invali d pars e trees ,  th e structur e o f 
th e networ k o f  potentia l  attachment s mus t  b e restricted . 
N ew attachmen t  node s ca n onl y represen t  a n attachmen t 
betwee n th e curren t  phras e an d th e righ t  edg e o f  th e 
developin g pars e tree ,  a s i n Figur e 1 .  Maintainin g th e 
require d networ k structur e entail s th e us e o f  a  parsin g 
stack.' *  T h e onl y attachmen t  node s tha t  ca n compet e si -
multaneousl y ar e thos e i n th e se t  o f  attachment s betwee n 
th e curren t  phras e an d th e tre e o n to p o f  th e stack .  Th e 
competitiv e relationship s amon g th e allowe d attachmen t 
node s completel y defin e th e set s o f  attachmen t  node s 
tha t  ca n b e simultaneousl y activ e i n a  stabl e stat e o f  th e 
network .  T h e logica l  attachmen t  possibilities ,  a n exam -
pl e o f  whic h i s show n i n Figur e 2 ,  follo w directl y fro m 
th e propagatio n o f  loca l  competition s a m o n g th e attach -
ment  nodes. ^  T h e competitiv e mechanis m o f  th e parse r 

*Th e stac k i s no t  a  globa l  contro l  mechanism ;  i t  i s i n fac t 
a singl e (symbolicall y degenerate )  phrasa l  node .  A  phras e 
pushe s itsel f  ont o th e stac k b y activatin g a n attachmen t  nod e 
betwee n it s X P an d th e stac k node . 

Î n ove r  9 8 % o f  th e approximatel y 140 0 simulation s o f 
attachmen t  decision s i n th e parser ,  th e networ k stabilize d o n 
one o f  thes e attachmen t  set s (Stevenson ,  1994) . 

thu s determine s a  circumscribe d se t  o f  attachmen t  pos -
sibilitie s fo r  bot h initia l  an d revise d attachment s i n th e 
parser .  Th e resul t  i s  a  uniqu e paralle l  attachmen t  op -
eration ,  i n whic h revisio n o f  earlie r  attachment s i s de -
termine d simultaneousl y wit h initia l  attachmen t  o f  th e 
curren t  phrase .  Thi s paralle l  structurin g operatio n lead s 
th e mode l  t o a  unifie d explanatio n o f  preferenc e an d re -
cover y mechanism s i n h u m a n parsing . 

Memory Management 
An importan t  effec t  o n th e outcom e o f  th e attachmen t 
operatio n i s th e m e m o r y managemen t  schem e employe d 
i n th e parser .  Sinc e th e poo l  o f  networ k processin g node s 
i s finite ,  an d ther e i s n o a  prior i  limi t  o n th e lengt h 
of  a  sentence ,  a  mechanis m mus t  allo w fo r  node s t o b e 
re-use d durin g th e parse .  Becaus e relativel y fe w attach -
ment  node s ar e require d t o represen t  th e pars e tree ,  mos t 
attachmen t  node s tha t  ar e activate d becom e inactiv e 
at  th e en d o f  eac h processin g loop .  Th e existin g com -
petitio n mechanis m thu s ensure s tha t  mos t  attachmen t 
node s ar e availabl e fo r  re-us e wit h th e ver y nex t  inpu t 
phrase .  B y contrast ,  phrasa l  node s requir e a n additiona l 
memory managemen t  mechanism .  Th e activatio n func -
tio n fo r  a  phrasa l  nod e incorporate s a  deca y facto r  tha t 
cause s th e nod e t o deca y slowl y ove r  time .  I n th e simpl e 
case ,  thi s deca y facto r  i s a  functio n o f  th e differenc e be -
twee n th e curren t  tim e an d th e tim e a t  whic h th e phrasa l 
nod e wa s activated .  Thi s ensure s tha t  th e leas t  recen t 
portio n o f  th e pars e tre e wil l  becom e inactiv e an d avail -
abl e fo r  re-us e first .  However ,  whe n a n olde r  phrasa l 
nod e participate s i n a  ne w attachment ,  it s  activatio n 
leve l  need s t o reflec t  tha t  mor e recen t  participatio n i n 
th e pars e tree .  Thu s th e deca y facto r  i s actuall y a  func -
tio n o f  th e differenc e betwee n th e curren t  tim e an d th e 
tim e o f  th e mos t  recen t  attachmen t  fo r  a  phrase .  Th e de -
gre e o f  deca y i n th e curren t  implementatio n o f  th e parse r 
i s linea r  ove r  time ;  however ,  th e onl y necessar y propert y 
of  a  deca y functio n i s tha t  i t  kee p a  reasonabl e portio n o f 
th e developin g pars e tre e active .  Tha t  is ,  deca y mus t  b e 
fas t  enoug h t o enabl e re-us e o f  th e node s whe n needed , 
and slo w enoug h t o maintai n a n amoun t  o f  tre e structur e 
tha t  i s  sufficien t  t o effectivel y pars e mos t  inputs . 

Th e followin g tw o section s wil l  demonstrat e ho w th e 
deca y o f  phrasa l  activatio n affect s th e outcom e o f  th e 
competitiv e attachmen t  operation ,  accountin g fo r  re -
cenc y effect s i n attachmen t  preference s an d i n reanalysi s 
wit h a  single ,  independentl y motivate d mechanism . 

Preference Effects 

Th e h u m a n parse r  show s a  stron g tendenc y t o attac h 
th e curren t  inpu t  phras e t o mor e recen t  syntacti c struc -
ture .  Thi s preferenc e ha s bee n labele d Righ t  Associa -
tio n (Kimball ,  1973) ,  Lat e Closur e (Frazier ,  1978) ,  o r 
Recenc y Preferenc e (Gibson ,  1991) ;  i n eac h o f  th e pro -
pose d parsin g models ,  th e preferenc e i s state d a s a n ex -
plici t  processin g heuristic .  B y contrast ,  th e competitiv e 
attachmen t  mode l  explain s recenc y effect s i n parsin g a s a 
side-effec t  o f  th e activ e memor y managemen t  technique s 
tha t  ar e require d t o maintai n th e poo l  o f  networ k pro -
cessin g nodes ,  thereb y providin g a  mor e parsimoniou s 
accoun t  o f  th e data . 

826 



Give n th e deca y o f  phrasa l  activatio n describe d above , 
th e explanatio n o f  recenc y effect s i n parsin g i s straight -
forward .  Whe n a  phras e i s allocated ,  ther e i s a  com -
petitio n amon g th e potentia l  attachmen t  node s connect -
in g i t  t o th e righ t  edg e o f  th e existin g pars e tree .  Th e 
phrase s i n th e tre e tha t  wer e allocate d mos t  recentl y ar e 
thos e lowe r  alon g th e righ t  edg e an d close r  t o th e cur -
ren t  phrase ;  the y wil l  hav e th e highes t  activatio n level s 
becaus e the y hav e decaye d less .  Al l  othe r  effect s o n ac -
tivatio n bein g equal ,  th e attachmen t  nod e betwee n th e 
curren t  phras e an d th e mos t  recen t  phras e i n th e pars e 
tre e t o whic h i t  ca n attac h wil l  wi n th e competition- .  Fo r 
example ,  conside r  th e sentence : 

I  [vpsa w th e chil d wh o wa s [vpsleepin g [ppo n th e train] . 

The P P o n th e trai n ca n attac h t o eithe r  ver b phrase , 
modifyin g sa w o r  sleeping ,  althoug h th e preferenc e i s 
fo r  attachmen t  t o th e lowe r  ver b phrase ,  sleeping .  I n 
th e competitiv e attachmen t  model ,  th e P P doe s indee d 
attac h t o th e lowe r  VP .  Sinc e th e lowe r  ver b phras e ha s 
been allocate d mor e recently ,  it s  activatio n ha s decaye d 
les s tha n tha t  o f  th e highe r  ver b phrase ;  i t  thu s compete s 
more effectivel y fo r  th e P P attachment. ® 

The deca y o f  activatio n thu s give s ris e t o recenc y ef -
fect s tha t  othe r  model s mus t  accoun t  fo r  b y buildin g i n 
explici t  structurin g strategies .  Furthermore ,  th e deca y o f 
distribute d phrase s addresse s th e issu e o f  th e parse r  po -
tentiall y  exceedin g it s memor y loa d b y havin g t o main -
tai n an d proces s to o man y attachmen t  possibilities .  Fo r 
discussio n surroundin g th e necessit y o f  "closure "  princi -
ple s fo r  weedin g ou t  excessiv e attachmen t  sites ,  se e Gib -
son (1991) .  Wha t  propose d closur e mechanism s hav e i n 
common i s t o remov e th e les s recen t  o f  tw o potentia l  at -
tachmen t  site s (e.g. ,  Gibson ,  1991 ;  Kimball ,  1973) .  Th e 
competitiv e attachmen t  mode l  achieve s thi s withou t  a n 
additiona l  prunin g mechanism—olde r  attachmen t  site s 
simpl y fad e ou t  i n time .  Thus ,  thi s singl e mechanis m 
parsimoniousl y account s fo r  wha t  ha s bee n previousl y 
addresse d wit h tw o separat e heuristics :  a  recenc y o r  lo -
calit y constraint ,  an d a  closur e principle . 

I n additio n t o providin g a  simple r  account ,  th e com -
petitiv e attachmen t  mode l  ha s empirica l  advantage s a s 
well .  Fo r  example ,  al l  previou s model s o f  recenc y ef -
fect s hav e addresse d onl y th e effec t  o f  relativ e recency — 
tha t  is ,  the y hav e onl y bee n concerne d wit h explainin g 
th e choic e th e parse r  make s betwee n mor e an d les s re -
cent  attachmen t  possibilities .  Th e heuristic s ar e alway s 
based o n comparin g tw o attachmen t  sites .  Bu t  absolut e 
recenc y effect s ca n als o b e observe d i n huma n parsing — 
tha t  is ,  th e recenc y o f  a  phras e ca n affec t  th e eas e o f 
attachin g t o it ,  eve n whe n ther e i s n o competin g attach -
ment  site .  Fo r  example ,  i n th e sentenc e /  calle d th e gu y a 
rotte n driver ,  th e N P a  rotte n drive r  ha s a  singl e poten -
tia l  attachmen t  sit e (withi n th e VP) .  Compar e a  modi -
fie d versio n o f  th e sentence ,  wher e th e N P i n questio n i s 

*Th e competitio n betwee n tw o attachment s cause s th e 
networ k t o requir e a  large r  numbe r  o f  iteration s t o stabi -
liz e tha n whe n ther e i s onl y a  singl e vali d att3u:hmen t  fo r  th e 
curren t  phrase .  Th e mode l  therefor e predict s tha t  a  choic e 
betwee n fairl y clos e attachment s wil l  caus e a  slo w dow n i n 
human parsing . 

separate d fro m th e phras e t o whic h i t  attache s b y length y 
intervenin g material :  /  calle d th e gu y wh o smashe d m y 
bran d ne w ca r  a  rotte n driver ^  Previou s models ,  whic h 
onl y addres s relativ e recenc y effect s arisin g fro m multipl e 
attachmen t  sites ,  predic t  thes e sentence s t o b e equiva -
lentl y easy .  However ,  interpretatio n o f  th e N P a  rotte n 
drive r  appear s t o b e increasingl y difficul t  wit h increasin g 
lengt h o f  th e prio r  N P (th e gu y who...) .  Th e compet -
itiv e attachmen t  mode l  account s fo r  thi s rang e o f  diffi -
culty .  A  les s recentl y allocate d attachmen t  sit e ha s les s 
activatio n t o contribut e t o a n attachmen t  node ,  causin g 
an increas e i n th e tim e i t  take s fo r  th e nod e t o becom e 
full y activated . 

Finally ,  th e approac h her e naturall y capture s interac -
tion s betwee n recenc y an d othe r  preferenc e effect s i n a 
way tha t  a  simpl e strateg y lik e Lat e Closur e o r  Righ t 
Associatio n cannot .  Th e activatio n leve l  o f  a n attach -
ment  nod e i s affecte d no t  onl y b y recenc y o f  th e phrase s 
tha t  ar e tryin g t o attach ,  bu t  b y othe r  factor s suc h a s 
lexica l  preference s an d frequenc y effect s a s well .  Th e 
competitiv e activatio n functio n o f  th e mode l  incorpo -
rate s al l  thes e factor s int o a  continuou s functio n tha t 
assign s a  "goodnes s o f  attachment "  value ,  thereb y avoid -
in g th e nee d fo r  additiona l  conflic t  resolutio n strategie s 
t o mediat e betwee n multipl e discret e preferenc e heuris -
tics .  I n fact ,  thi s propert y lead s t o anothe r  predictio n 
of  th e mode l  tha t  distinguishe s i t  fro m earlie r  proposals : 
i n som e case s a  les s recen t  attachmen t  ma y win ,  bu t  th e 
decreas e i n th e activatio n i t  receive s wil l  caus e i t  t o b e 
a weake r  attachment . 

Recency and Recovery 

Because the competitive attachment parser uses a single 
paralle l  operatio n t o attac h a n incomin g phras e an d si -
multaneousl y revis e earlie r  attachment s (i f  needed) ,  th e 
same factor s tha t  lea d t o a n initia l  structura l  prefer -
ence i n th e parser ,  als o affec t  th e abilit y  o f  th e parse r 
t o revis e tha t  structure .  Earlie r  wor k ha s show n ho w 
th e mode l  account s fo r  th e huma n parse r  bein g unabl e 
t o recove r  fro m th e misanalyse s o f  certai n ambiguitie s 
i n well-know n garden-pat h example s (Stevenso n 1993b) . 
Here th e accoun t  i s extende d b y showin g ho w th e parse r 
experience s a  rang e o f  difficult y whe n successfull y rean -
alyzin g structure ,  focusin g i n particula r  o n th e effect s o f 
th e deca y o f  activatio n o f  phrase s ove r  time . 

Conside r  a  ver b suc h a s expec t  tha t  ca n tak e a n N P o r 
sententia l  object ,  a s in :  Th e warde n expect s th e repor t 
soon ,  an d Th e warde n expect s th e repor t  t o arriv e soon . 
The N P th e repor t  constitute s a n ambiguou s regio n i n 
thes e sentences ,  sinc e th e parse r  ha s n o wa y o f  knowin g 
at  tha t  poin t  whethe r  th e N P i s th e direc t  objec t  o f  th e 
verb ,  o r  th e subjec t  o f  th e sententia l  objec t  o f  th e verb . 
Studie s hav e reveale d tha t  th e huma n parse r  prefer s th e 
interpretatio n i n whic h th e N P i s th e direc t  objec t  o f  th e 
ver b (Frazier ,  1978 ;  Gorrell ,  1987) ,  althoug h peopl e hav e 
no troubl e i n processin g verb s suc h a s thes e whe n the y 
occu r  wit h a  sententia l  object . 

T̂hi s exampl e i s fro m Gibso n (1991) ,  wh o predict s n o 
differenc e i n processin g th e tw o version s o f  th e sentence . 
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T o lear n mor e abou t  h o w th e h u m a n parse r  processe s 
thi s typ e o f  ambiguity ,  Frazie r  &  Rayne r  (1982 )  con -
ducte d eye-movemen t  experiment s o n sentence s wit h 
verb s suc h a s these ,  usin g preferre d ( N P object )  an d non -
preferre d (sententia l  object )  version s o f  th e sentences. * 
The y foun d tha t  readin g time s pe r  lette r  fo r  th e non -
preferre d version s o f  th e sentence s wer e longe r  tha n fo r 
th e preferre d version s o f  th e sentences .  T h e experi -
ment s als o reveale d that ,  i n thos e sentence s i n whic h 
th e ver b occurre d wit h a  sententia l  object ,  readin g time s 
withi n th e subordinat e ver b phrase—th e disambiguatin g 
regio n o f  th e sentenc e tha t  indicate s th e non-preferre d 
structure—wer e significantl y longe r  tha n i n th e prio r  re -
gion s o f  th e sentence .  T h e dat a indicat e tha t  eve n a n 
unconsciou s revisio n o f  a n initia l  preferenc e slow s d o w n 
th e h u m a n parser . 

T h e experimen t  als o include d version s o f  th e sentence s 
i n whic h th e lengt h o f  th e ambiguou s regio n (i.e. ,  th e N P 
whos e attachmen t  i s ambiguous )  wa s increase d fro m tw o 
word s t o a n averag e o f  5- 6 words ,  a s in :  Th e warde n ex -
pect s [th e repor t  tha t  th e guard s slept ]  t o arriv e soon . 
Not e tha t  lengthenin g th e ambiguou s regio n ha s th e ef -
fec t  o f  delayin g th e onse t  o f  th e disambiguatin g infor -
matio n tha t  indicate s a  sententia l  complement .  Frazie r 
& Rayne r  foun d tha t  th e readin g time s fo r  th e disam -
biguatin g regio n i n sentence s wit h a  4- 8 wor d ambiguou s 
regio n wer e significantl y longe r  tha n i n sentence s wit h a 
tw o wor d ambiguou s region .  Thus ,  th e parse r  ha s in -
creasin g difficult y i n revisin g it s originall y preferre d hy -
pothesis ,  th e longe r  disambiguatin g informatio n i s de -
layed . 

Previou s parsin g models ,  seria l  o r  parallel ,  hav e bee n 
unabl e t o provid e a  straightforwar d accoun t  o f  thi s vary -
in g degre e o f  difficult y i n th e successfu l  revisio n o f  a  pre -
ferre d analysis .  Althoug h proponent s o f  seria l  model s 
ca n accoun t  fo r  th e finding  tha t  th e h u m a n parse r  take s 
tim e t o reanalyz e structure ,  the y mus t  rel y o n devis -
in g explici t  recover y strategie s (Frazie r  &  Rayner ,  1982 ; 
M c R oy &  Hirst ,  1990 ;  Pritchett ,  1992) .  Paralle l  model s 
avoi d this ,  bu t  ar e unabl e t o accoun t  fo r  th e observe d re -
visio n time ,  sinc e "reanalysis "  consist s o f  th e inmiediat e 
adoptio n o f  a n availabl e alternativ e (Gibson ,  1991 ;  Gor -
rell ,  1987) ,  o r  th e immediat e extensio n o f  existin g struc -
tur e (Weinberg ,  1991). ^  Neithe r  typ e o f  mode l  ca n ex -
plai n th e increase d difficult y i n processin g disambiguat -
in g informatio n followin g a  length y ambiguou s region . 

I n contras t  t o seria l  models ,  th e uniqu e paralle l  struc -
turin g operatio n o f  th e competitiv e attachmen t  mode l 
entail s tha t  acceptabl e revisio n i s a n integra l  par t  o f  th e 
norma l  processin g operatio n o f  th e parser—tha t  is ,  a d 
ho c revisio n strategie s ar e unnecessary .  O n th e othe r 
hand ,  i n contras t  t o paralle l  models ,  revisin g a  preferenc e 
involve s a n explici t  reanalysi s o f  attachmen t  relations . 

^Frazie r  k ,  Rayne r  use d sentence s wit h tense d subordi -
nat e clauses .  Sinc e th e processin g result s fo r  th e competi -
tiv e attachmen t  parse r  ar e th e sam e fo r  tense d an d infinitiva l 
clause s (Stevenson ,  1994) ,  I  wil l  continu e t o us e example s 
wit h infinitiva l  clause s fo r  eas e o f  display . 

*  Weinberg' s seria l  mode l  employ s implici t  parallelis m i n 
it s relianc e o n underspeciiicatio n o f  structure . 
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.̂.---Cŝ 2)~->. ^ 
^ " - o 

'^^^^^^^ 

^ / V - - - ^ 
^ ^  33 

^̂̂ ^  curren t 

^ J ^ 
.-""•'n T 

0 t V 
.0 C 

warde n 

•xpec t 

repor t 

ttia t 

pas t 

guard s 
slee p 

Figur e 4 :  Reanalyzin g th e initia l  attachmen t  o f  a  lon g 
post-verba l  N P . 

an d th e necessar y competitio n fo r  activatio n take s time . 
A n initia l  attachmen t  withi n th e networ k tha t  require s 
n o revisio n o f  earlie r  attachment s take s 1 7 iterations , 
whil e a n attachmen t  tha t  involve s revisio n take s a  min -
i m u m o f  2 4 iterations .  Furthermore ,  sinc e th e revisio n 
of  attachment s occur s a s par t  o f  th e sam e competitiv e 
operatio n tha t  determine s initia l  attachments ,  th e sam e 
factor s tha t  affec t  th e outcom e o f  th e competitio n fo r  a n 
initia l  attachmen t  ar e als o brough t  t o bea r  i n reanaly -
sis .  Thus ,  th e sam e recenc y effect s tha t  aris e i n initia l 
attachmen t  preference s wil l  als o occu r  i n attemptin g t o 
revis e thos e attachments ,  leadin g t o a  simpl e an d elegan t 
accoun t  o f  th e effec t  o f  increase d lengt h o f  a n ambiguit y 
on th e difficult y o f  revisin g it s initia l  analysis . 

For  example .  Figure s 3  an d 4  sho w th e stat e o f  th e 
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parse r  afte r  processin g th e infinitiva l  marke r  t o i n th e fol -
lowin g exampl e sentence s containin g a  shor t  an d a  lon g 
ambiguou s region ,  respectively :  Th e warde n expect s [th e 
report ]  t o arriv e soon ,  an d Th e warde n expect s [th e re -
por t  tha t  th e guard s slept ]  t o arriv e soon .  T h e I P (a n 
infinitiva l  sententia l  phrase )  mus t  att2u: h t o th e mai n 
ver b expect ,  replacin g th e prio r  N P a s th e objec t  o f  th e 
verb .  Not e tha t  thi s revisio n i s on e o f  thos e allowe d un -
der  th e competitiv e attachmen t  operatio n (compar e th e 
attachmen t  configuration s show n i n Figure s 3  an d 4  t o 
Figur e 2) .  I n eac h o f  th e sentence s o f  Figure s 3  an d 4 , 
th e parse r  i s  face d wit h exactl y th e sam e attachmen t 
choices ;  onl y th e distanc e betwee n th e curren t  phras e 
and it s singl e attachmen t  sit e differ s i n th e tw o struc -
tures .  Th e lengt h o f  th e N P [th e repor t  tha t  th e guard s 
slept ]  mean s tha t  t o mus t  attac h t o a  les s recen t  phras e 
tha n afte r  a  shor t  N P lik e [th e report] .  No t  surprisingly , 
give n th e deca y o f  phrasa l  activation ,  th e attachmen t  o f 
th e I P take s longe r  i n th e networ k o f  Figur e 4  (3 1 itera -
tions) ,  tha n i n th e networ k o f  Figur e 3  (2 4 iterations).̂ " 

Thus ,  th e memor y managemen t  technique s o f  th e 
model  tha t  lea d t o a  genera l  recenc y preferenc e als o pro -
vid e a n explanatio n fo r  recenc y effect s i n reanalysis .  Th e 
influenc e o f  lexica l  strengt h ca n als o contribut e t o mak -
in g a  possibl e reanalysi s mor e o r  les s difficul t  fo r  th e 
parse r  (Stevenson ,  1994) .  Th e competitiv e behavio r  o f 
th e mode l  therefor e provide s a n accoun t  o f  th e rang e o f 
difficult y o f  reanalysis ,  incorporatin g precisel y th e sam e 
factors ,  suc h a s recenc y an d lexica l  strength ,  tha t  affec t 
preferences . 

Conclusions 

The competitiv e attachmen t  mode l  provide s a  parsimo -
niou s an d explanator y accoun t  o f  h u m a n preferenc e an d 
reanalysi s behavio r  i n th e processin g o f  syntacti c ambi -
guities .  Th e singl e mechanis m o f  deca y o f  activation , 
whic h i s independentl y require d i n th e mode l  fo r  man -
agin g th e finite  poo l  o f  processin g nodes ,  underlie s bot h 
relativ e an d absolut e recenc y effect s i n makin g initia l 
attachment s fo r  a  phrase .  Furthermore ,  th e competi -
tio n mechanis m tha t  determine s th e attachmen t  choice s 
can naturall y integrat e th e effect s o n activatio n fro m th e 
deca y proces s wit h othe r  effect s o n activatio n o f  a n at -
tachment ,  suc h a s lexica l  preference s an d priming .  Th e 
uniqu e paralle l  attachmen t  operatio n o f  th e mode l  en -
tail s  tha t  th e exac t  sam e effect s ar e observe d i n th e suc -
cessfu l  revisio n o f  attachments .  Thi s allow s th e mode l 
t o accoun t  fo r  th e previousl y unexplaine d phenomeno n 
of  th e lengt h o f  a n ambiguit y affectin g th e eas e o f  revis -
in g it s initia l  structura l  analysis .  I n fact ,  becaus e o f  th e 
model' s consisten t  applicatio n o f  th e competitiv e mech -
anis m t o bot h attachmen t  an d coindexatio n relations , 

'"Note that the increased time to make the revision relies 
not  o n a  compariso n betwee n tw o availabl e attachments ,  bu t 
fro m th e grea t  distanc e betwee n th e curren t  phras e an d it s 
singl e attachmen t  site .  Thi s exampl e i s thu s quit e simila r 
t o th e absolut e recenc y preferenc e exhibite d i n th e "rotte n 
driver "  exampl e o f  th e previou s section .  Stevenso n (1994 )  i n 
additio n demonstrate s case s o f  reanalysi s withi n th e mode l 
tha t  exhibi t  relativ e recenc y effects ,  involvin g a  revisio n o f 
more o r  les s recen t  attachmen t  sites . 

thes e sam e recenc y effect s wer e show n t o aris e i n th e do -
mai n o f  filler/gap  processin g a s wel l  (Stevenson ,  1993a) . 
Th e result s o f  th e mode l  underscor e th e importanc e o f 
determinin g computationa l  mechanism s tha t  ca n explai n 
an extensiv e rang e o f  h u m a n behavior ,  rathe r  tha n sim -
pl y specifyin g heuristic s tha t  captur e individua l  surfac e 
observations . 
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