
A r g u m e n t s an d Adjuncts : 

A Compu ta t i ona l  Explanat io n o f  A s y m m e t r i e s i n A t t a c h m e n t  Preference s 

Suzanne Stevenson 
Cente r  to r  Cognitiv e Scienc e 

and Dept .  o f  Compute r  Scienc e 

Rutger s Universit y 

N ew Brunswick ,  N J U890 3 

s u z a n n e O r u c c s . r u t g e r s . e d u 

Abstrac t 

An explanatory model of ambiguity resolution in human pars-
in g mus t  denv e a  multitud e o f  preferenc e behavior s fro m a  con -
cis e computationa l  framework .  On e behavio r  tha t  ha s bee n dif -
ficult  t o accoun t  fo r  concisel y i s th e preferenc e t o interpre t  a n 
ambiguou s phras e a s a n argumen t  o f  a  predicate ,  rathe r  tha n a s 
a modifie r  tha t  i s  les s integrall y relate d t o a  phras e (a n adjunct) . 
Previou s account s o f  th e argumen t  preferenc e hav e rehe d o n 
assumption s abou t  adjunct s requirin g a  mor e comple x struc -
tur e o r  entaiJin g a  dela y i n thei r  mterpretation .  Thi s pape r  ex -
plore s a  mor e fundamenta l  distinctio n betwee n argument s an d 
adjuncts—tha t  th e numbero f  potentia l  argument s o f  a  predicat e 
i s fixed,  whil e th e numbe r  o f  adjunct s fo r  a  phras e i s unpre -
dictable .  Thi s simpl e differenc e ha s importan t  computationa l 
consequence s with m th e competitiv e attachmen t  mode l  o f  hu -
man parsing .  Th e mode l  exhibit s a  preferenc e fo r  argument s 
ove r  adjunct s du e t o th e necessar y difference s i n competitiv e 
propertie s o f  th e tw o type s o f  attachmen t  site .  Th e competitiv e 
difference s als o entai l  tha t  adjunct s accommodat e mor e easil y 
tha n argument s t o contextua l  effects .  Th e mode l  thu s provide s 
a concis e an d explanator y accoun t  o f  thes e argument/adjunc t 
asymmetries ,  avoidin g th e unnecessar y structura l  o r  interpre -
tiv e assumption s mad e withi n othe r  approaches . 

Introduction 

I n developin g a  mode l  o f  huma n parsing ,  i t  i s  crucia l  t o dis -

cove r  a  smal l  se t  o f  computationa l  principle s tha t  ca n accoun t 

fo r  th e huma n abilit y  t o effectivel y resolv e linguisti c ambigu -

ities .  A n explanator y mode l  mus t  deriv e a  multitud e o f  ob -

serve d huma n preferenc e behavior s fro m a  concis e compu -

tationa l  firamework .  O n e aspec t  o f  huma n syntacti c process -

in g tha t  ha s prove n resistan t  t o integratio n withi n a n explana -

tor y accoun t  i s th e followin g argumen t  attachmen t  preference : 

Peopl e prefe r  t o interpre t  a n ambiguou s phras e a s a n argumen t 

of  a  predicate—fo r  example ,  a s th e direc t  o r  indirec t  objec t  o f 

a verb—rathe r  a s a n adjunct ,  whic h i s a  modifie r  o f  a  phrase . 

As ci n example ,  conside r  a  sentenc e beginnin g Sar a pu t  th e 

boxe s o n th e table... ,  i n whic h th e atuichmen t  o f  th e prepo -

sitiona l  phras e (PP )  o n th e tabl e i s jimbiguous .  Th e P P ca n 

attac h t o th e ver b phras e a s th e locatio n argumen t  o f  th e ver b 

put  (i.e. ,  th e plac e wher e Sar a pu t  th e boxes) ,  o r  t o th e nou n 

phrjts e a s a n adjunc t  modifie r  o f  th e nou n boxe s (i.e. ,  th e boxe s 

jir e thos e tha t  ar e o n th e tiible) .  I n a  choic e o f  thi s kin d be -

twee n £i n cirgumen t  an d adjunc t  attachmen t  fo r  a  phrase ,  th e 

humji n parse r  show s a  stron g preferenc e fo r  interpretin g th e 

ajnbiguou s phras e i\ s a n <'irgument .  Explainin g th e argumen t 

atuichmen i  preferenc e ha s bee n a n importan t  goa l  i n model -

in g humji n pjirsing ,  <in d ye t  t o date ,  n o theor y hji s  give n a n 

accoun t  o f  thi s phenomeno n tha t  avoid s a d ho c assumption s 

abou t  adjuncts . 

S o me theorie s assum e tha t  a n adjunc t  attachmen t  require s 

a mor e comple x structur e tha n a n argumen t  attachment .  Th e 

preferenc e fo r  th e argumen t  attachmen t  the n follow s fro m a 

mor e genera l  preferenc e fo r  buildin g simple r  syntacti c struc -

ture s (Frazier ,  1978 ,  1990 ;  Gorrell ,  1995) .  However ,  a 

stric t  adherenc e t o thi s typ e o f  structura l  complexit y approac h 

canno t  easil y accommodat e th e accumulatin g evidenc e tha t 

lexical ,  semantic ,  an d discours e context s affec t  initia l  at -

tachmen t  decision s (e.g. ,  MacDonald ,  Pesirlmutter ,  &  Sei -

denberg ,  1994 ;  Spivey-Knowlton ,  Trueswell ,  &  Tanenhaus , 

1993 ;  Taraba n &  McClelland ,  1990) .  Furthermore ,  th e crucia l 

assumptio n i n suc h a n account—tha t  adjunc t  attachment s re -

quir e th e on-lin e additio n o f  mor e node s int o th e pars e tree — 

i s no t  a  computationa l  necessity .  Fo r  example ,  i n parsin g ap -

proache s base d o n pre-allocate d X  template s (e.g. ,  Lin ,  1993 ; 

MacDonal d e t  al. ,  1994 ;  Stevenson ,  1994a) ,  th e structure -

buildin g cost s o f  argument s an d adjunct s i s equivalent . 

Othe r  model s posi t  tha t  th e increase d difficult y o f  process -

in g adjunct s arise s i n th e interpretiv e componen t  o f  th e lan -

guag e processor ,  rathe r  tha n i n th e structure-buildin g compo -

nent .  S o m e model s fonnulat e thi s a s a n explici t  preferenc e 

fo r  themati c (argument )  attachment s (Abney ,  1989 ;  Gibson , 

1991 ;  Pritchett ,  1992) ;  relate d approache s assum e tha t  de -

terminin g th e themati c rol e o f  a n argumen t  i n th e discours e 

i s faste r  tha n determinin g tha t  o f  a n adjunc t  (Crocker ,  1992 ; 

M c R oy &  Hirst ,  1990 ;  Weinberg ,  1991) .  Non e o f  thes e ap -
proache s depen d o n adjunct s havin g increase d structura l  com -

plexity .  However ,  th e evidenc e cite d abov e tha t  strongl y sup -

port s th e immediac y o f  contextua l  influence s make s i t  les s 

plausibl e tha t  receivin g a  themati c rol e o r  no t  fro m a  predicat e 

woul d lea d t o a  significan t  differenc e i n complexit y o r  spee d 

of  interpretation .  Thus ,  th e thematic/non-thernati c distinctio n 

betwee n argument s an d adjuncts ,  lik e th e structura l  distinc -

tion ,  appear s unabl e t o provid e a n explanator y accoun t  o f  th e 

argumen t  preference . 

I n fact ,  neithe r  structura l  complexit y no r  interpretiv e dif -

ficulty  i s a  necessar y propert y o f  th e adjunc t  modifyin g re -

lationship .  Th e proponent s o f  bot h th e structura l  an d th e in -

terpretiv e approache s ar e buildin g int o thes e model s th e ob -
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serve d iirgument/adjunc t  distinction ,  b y explicitl y  formulat -

in g a  tree-buildin g o r  interpretiv e cos t  t o b e jissociate d wit h 

adjuncts .  O n th e othe r  hjind ,  a  purel y contextui d approac h 

relyin g entirel y o n differentia l  frequencie s o f  lexic;i l  associ -

ation s (e.g. ,  MacDonal d e t  al. ,  1994 )  appe;u- s simpl y t o re -

stat e th e origina l  problem ,  sinc e presumabl y difleren t  fre -

quencie s ar e no t  accidenta l  bu t  ciris e fro m som e mor e funda -

menta l  distinction. ^  Th e questio n the n is :  Ar e ther e an y nec -

essar y propertie s o f  adjunct s tha t  differentiat e the m compu -

tJitionjdl y fro m arguments ? Surprisingly ,  ther e i s a  ver y sim -

pl e differenc e betwee n argument s <'in d adjunct s whos e conse -

quence s hav e no t  previousl y bee n explored .  Namely ,  node s 

i n a  pcirs e tre e licens e iv n exac t  numbe r  o f  arguments—0 ,  1 , 

2,  o r  3—Jin d eac h o f  thos e individua l  argument s m a y b e op -

tionji l  o r  obligatory .  B y contr<LSt ,  node s ca n b e modifie d b y a n 

jirbitrar y numbe r  o f  adjuncts— 0 o r  more—eac h o f  whic h i s 

idway s optional .  Not e tha t  thi s i s essentiall y  th e definitio n o f 

what  i t  mean s t o b e a n adjunc t  a s oppose d t o a n argument . 

I n th e competitiv e attachmen t  parse r  (Stevenson ,  1994a) , 

thi s simple ,  fundamenta l  differenc e betwee n argument s an d 

adjunct s lead s t o a n imporuin t  differenc e i n computationa l 

propertie s betwee n th e tw o type s o f  attachmen t  sites .  I n th e 

model ,  attachment s ar e decide d b y a  competitiv e proces s o f 

spreadin g numeri c activatio n throug h a  massivel y paralle l  net -

work ,  whic h directl y represent s th e possibl e pars e tre e struc -

tures .  A  competitio n fo r  activatio n a t  eac h attachmen t  sit e 

focuse s th e activatio n withi n th e networ k ont o th e preferre d 

set  o f  attachments .  Th e competitiv e attachmen t  proces s ha s 

been show n t o provid e a n explanator y accoun t  o f  a  num -

ber  o f  huma n behavior s i n processin g syntacti c ambiguitie s 

tha t  involv e argumen t  attachment s (Stevenson ,  1993a ,  1993b , 

1994b) .  Thi s pape r  discusse s th e extension s tha t  ar e require d 

t o ensur e th e activatio n o f  th e appropriat e numbe r  o f  attach -
ment s t o a n argumen t  o r  adjunc t  attachmen t  site .  Th e resul t 

i s  a  necessar y differenc e i n th e degre e o f  competitio n a t  ar -

gument  an d adjunc t  sites ,  whic h lead s t o asymmetrie s i n thei r 
behavior .  O n e importan t  consequenc e i s tha t  th e competi -

tiv e attachmen t  mode l  mimic s th e iirgumen t  attachmen t  pref -

erenc e observe d i n huma n parsing .  Th e pape r  demonstrate s 

additiona l  asymmetrie s o f  argumen t  an d adjunc t  attachments , 

;i s  wel l  u s th e smoot h integratio n o f  contextua l  preference s 

;in d recenc y effect s int o th e relevan t  attachmen t  competitions . 

The result s exten d th e explanator y accoun t  o f  th e mode l  b y 

showin g h o w independentl y motivate d propertie s o f  th e com -
petitiv e attachmen t  mechanis m concisel y accoun t  fo r  differ -

ence s i n th e humji n parsin g o f  argument s an d adjuncts . 

The Competitive Attachment Process 

The competitiv e attachmen t  mode l  i s implemente d withi n a 

hybri d connectionis t  framework ,  i n whic h a  parsin g networ k 

directl y represent s syntacti c phrase s an d th e potentia l  attach -

(cO 

'  Furthermore ,  a  purel y contextua l  accoun t  o f  th e dat a thu s fa r  ap -
pear s insufficient .  Fo r  example ,  Hindl e &  Root h (1993 )  foun d tha t  a 
statistica l  mode l  o f  P P attachment ,  base d o n lexica l  association s de -
rive d fro m a  larg e corpus ,  achieve d onl y 8 0 % accurac y eve n whe n 
teste d o n (previousl y unseen )  sentence s from  th e sam e corpus . 

Sara 

th e boxe s 

•  activ e argumen t  attachmen t 
G Inactiv e argumen t  attachmen t 

# activ e adjunc t  attachmen t 
O Inactiv e adjunc t  attachmen t 

(b) 

boxe s 

Sara 

Figur e 1 :  (a )  Th e competitiv e attachmen t  networ k piu-sin g 

Sar a pu t  th e boxe s o n th e table ,  a t  th e wor d on .  Attachmen t 
node s connec t  potentia l  sister s i n th e pars e tree ;  attachment s 

t o empt y (e )  node s represen t  unfille d attachmen t  sites ,  (b )  Th e 

partia l  pars e tre e represente d b y (a) . 

ment s amon g them .  Th e networ k i s create d "o n th e fly"  i n 

respons e t o a  sequenc e o f  words ;  eac h wor d trigger s th e ac -

tivatio n o f  a  phras e <ui d it s initializatio n wit h th e appropriat e 

grammatica l  features .  Th e curren t  phras e i s connecte d t o th e 

existin g networ k wit h attachmen t  nodes ,  whic h represen t  th e 

potentia l  attachmen t  o f  th e curren t  phras e a t  eac h o f  th e attach -

ment  site s alon g th e righ t  edg e o f  th e partia l  pars e tre e bein g 

developed ;  se e Figur e 1 .  Attachmen t  node s connec t  tw o po -

tentia l  sister s i n th e pars e tree ;  compar e th e networ k o f  Fig -
ur e 1(a )  wit h th e partia l  pars e tre e tha t  i t  represent s i n Fig -

ur e 1(b) .  Afte r  th e curren t  phras e ha s bee n connecte d t o th e 

developin g pars e tre e structure ,  th e networ k enter s a  spread -

in g activatio n loo p i n whic h th e attachmen t  node s compet e fo r 

th e availabl e activation .  W h e n th e networ k settles ,  th e se t  o f 

winnin g attachment s represent s th e preferre d piû s e tre e struc -

tur e fo r  th e input ,  u p t o an d includin g th e curren t  phrsise .  Th e 

number  o f  iteration s require d fo r  th e networ k t o settl e indi -

cate s th e degre e o f  difficult y i n decidin g o n th e curren t  se t  o f 

attachments . 

T wo factor s tha t  influenc e th e outcom e <m d spee d o f  th e 

attachmen t  competitio n wil l  b e relevjin t  t o th e result s here . 
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First ,  eac h lin k betwee n a  phrasji l  nod e an d ;i n attachmen t 

nod e hii s a  weigh t  tha t  affect s th e proportio n o f  activatio n 

tha t  th e attachmen t  nod e receive s froi n th e phrasii l  node .  Th e 

weight s integrat e al l  contextui U preferences ;  the y ma y deriv e 

directl y fro m th e themati c gri d o f  a  lexica l  entry ,  bu t  :»r e ;ils o 

subjec t  t o sem.'uiti c  ;in d discours e inlluence .  I n thi s paper ,  th e 

differen t  possibl e weigh t  value s o n ;i n attachmen t  lin k wil l  b e 

classitie d a s a  weitk ,  moderate ,  o r  stron g contextua l  prefer -

ence .  A  secon d importjui t  facto r  i n th e activatio n o f  attach -

ment s i s th e numeri c deca y o f  phnuse s ove r  time .  Thi s proces s 

result s i n mor e recen t  phrase s havin g mor e activatio n t o con -

tribut e t o attachmen t  nodes ,  makin g th e attachment s t o mor e 

recen t  phrase s mor e likel y t o win .  Th e competitiv e activatio n 

function s o f  th e parsin g networ k focu s activatio n ont o a  se t  o f 

attachment s tha t  ar e mos t  consisten t  wit h thes e influences . 

The Competitive Properties of 

A r g u m e n t s a n d A d j u n c t s 

The precis e numbe r  o f  argument s fo r  a  wor d i s specifie d i n th e 

lexicon .  Hence ,  whe n th e node s o f  a  phras e iir e activated ,  a n 

argumen t  attachmen t  sit e i s establishe d correspondin g t o eac h 

of  th e specifie d arguments .  I n orde r  t o satisf y it s lexica l  spec -

ification ,  eac h argumen t  attachmen t  sit e mus t  activat e exactl y 

one attachmen t  node. ^  T o accomplis h this ,  th e numeri c func -

tion s tha t  focu s activatio n ont o a  preferre d attachmen t  mus t  b e 

highl y competitive—i.e. ,  the y mus t  hav e shar p "winner-take -

all "  behavior ,  s o tha t  onl y a  singl e argumen t  attachmen t  nod e 

i s activated.' '  Previou s wor k ha s show n tha t  th e argumen t  at -

tachmen t  activatio n function s achiev e thi s necessar y single -

winner-take-al l  behavio r  (Stevenson ,  1994a) . 

As mentione d above ,  adjunct s ar e fundainentall y differen t 

fro m argument s i n thi s regard ,  sinc e a n arbitriir y numbe r  o f 

adjunct s ma y modif y a  give n phrase .  Becaus e th e numbe r  o f 

adjunct s o f  a  phras e canno t  b e know n ahea d o f  time ,  a  singl e 

attachmen t  sit e fo r  eac h potentia l  iidjunc t  canno t  b e allocate d 

alon g wit h th e phrase ,  i n a  manne r  simila r  t o th e allocatio n o f 

argumen t  attachmen t  sites .  Th e mode l  i s  thu s force d t o allo w 

an arbitrar y numbe r  o f  attachment s t o b e activate d b y a  sin -

gl e adjunc t  site .  (Whethe r  tha t  sit e i s a n X '  o r  X P i s irrele -

van t  t o th e result s here. )  Becaus e th e competitiv e activatio n 

function s fo r  argument s sharpl y focu s activatio n ont o a  sin -

gl e attachmen t  possibility ,  the y ar e unabl e t o suppor t  th e si -

multaneou s activatio n o f  multipl e attachments .  Adjunc t  site s 

must  emplo y a  muc h les s competitiv e activatio n function — 

one whic h enable s multipl e adjunc t  attachment s b y allowin g 

"multiple-winners-take-all "  behavior .  Perhap s surprisingly , 

no additiona l  activatio n function s ha d t o b e adde d t o th e mode l 

t o satisf y th e requirement s o f  adjuncts .  Th e parse r  alread y in -

corporate d a  "multiple-winners-take-all "  activatio n functio n 

fo r  th e stac k dat a structure ,  whic h i s use d fo r  prope r  inpu t  se -

quencin g (Stevenson ,  1994a) .  Thus ,  th e require d behavio r  fo r 

The attachmen t  ma y b e t o a n "empty "  nod e i f  th e argumen t  i s 
optiona l  (o r  a  trace) ;  se e Stevenso n (1993b) . 

'Specifie r  attachmen t  site s hav e th e sam e requirement ,  sinc e the y 
als o licens e exactl y on e attachment ;  thus ,  the y ar e abl e t o us e th e 
same activatio n function s a s argumen t  sites . 

adjunct s i s achieve d throug h a n existin g an d independentl y 

necess<'U 7 mechjinis m o f  th e model .  Furthermore ,  th e stac k 

;in d adjunc t  activatio n function s ar c precisel y th e s;un e ;l s th e 

;irgumen t  functions ,  excep t  fo r  a  piiriunete r  tha t  adjust s th e de -

gre e o f  competitio n a t  th e attachmen t  site . 

As <i n ex;unpl e o f  multipl e adjunc t  attachments ,  conside r  a 

.sentenc e suc h ;ls : 

(1 )  I  [v p wen t  [p p wit h Sara ]  [p p fro m London ]  (p p t o 

Madrid !  [p p o n TWA] ] . 

The ver b phras e (VP )  i s modifie d b y fou r  separat e prepo -

sitiona l  phrase s (PPs) ,  necessitatin g multipl e adjunc t  attJich -

inent s t o th e VP .  Th e first  PP ,  wit h Sara ,  atuiche s t o th e V P i n 

17 iteration s o f  th e network .  Thi s i s quit e fast ,  representin g a n 

easy attachmen t  fo r  th e psirser ;  i n fact ,  thi s i s th e siun e numbe r 

of  iteration s require d fo r  th e parse r  t o decid e o n th e attachmen t 

of  a  phras e t o a n obligator y argumen t  site .  I n contras t  t o othe r 

model s (e.g. ,  Frazier ,  1978 ;  M c R o y &  Hirst ,  1990) ,  ther e i s n o 

inheren t  slow-dow n i n th e spee d o f  syntacti c operation s solel y 

due t o th e attachmen t  o f  a  phras e a s a n adjunc t  rathe r  tha n a s 

ni \  argument ,  i f  ther e ar e n o competin g attachmen t  sites .  I n 

processin g th e remainde r  o f  sentenc e (1) ,  th e nex t  thre e PP s 

successfull y activat e attachment s t o th e VP ,  i n eac h cas e re -

quirin g 2 2 networ k iterations." *  Thus ,  th e degre e o f  competi -

tivenes s o f  a n adjunc t  attachmen t  sit e i s indee d mil d enoug h 

t o suppor t  attachmen t  o f  arbitrar y number s o f  adjuncts ,  a s re -

quired . 

Syntactic Ambiguity and 

A t t a c h m e n t  Compe t i t i on s 

As explaine d above ,  potentia l  attachment s t o a n adjunc t  sit e 

must  no t  compet e to o strongl y wit h eac h other ,  o r  modifica -

tio n o f  a  singl e nod e b y multipl e adjunct s woul d no t  b e sup -
ported .  Th e decrease d leve l  o f  competitio n mean s tha t  th e 

availabl e activatio n a t  a n adjunc t  sit e i s sprea d mor e evenl y 

acros s th e potentia l  attachments .  Durin g a n attachmen t  com -

petition ,  node s tha t  connec t  t o a n adjunc t  sit e ca n maintai n 

simila r  activatio n levels .  Thi s contrast s wit h argumen t  sites , 

wher e th e availabl e activatio n mus t  b e focuse d ont o a  singl e 

attachment .  Thes e site s forc e a  greate r  differenc e betwee n th e 

activatio n level s o f  th e attachmen t  node s connecte d t o them . 

The resul t  i s  tha t  on e attachmen t  nod e a t  a n argumen t  sit e typ -

icall y become s a  muc h stronge r  attracto r  o f  additiona l  acti -

vation ,  whil e al l  th e attachmen t  node s a t  a n adjunc t  sit e at -

trac t  activatio n les s strongly .  Th e crucia l  consequenc e fo r  th e 

modelin g o f  huma n behavio r  i s  tha t  th e decreas e i n competi -

tivenes s amon g attachmen t  node s fo r  activatio n fro m th e sam e 

adjunc t  sit e ha s th e indirec t  effec t  o f  decreasin g th e abilit y  o f 

thos e attachmen t  node s t o compet e wit h attachment s t o othe r 

(adjunc t  o r  argument )  sites .  Thus ,  i n situation s o f  synuicti c 

ambiguity ,  whe n mor e tha n on e attachmen t  sit e i s competin g 

t o activat e a n attachmen t  t o th e curren t  phrase ,  asymmetrie s 

•"Th e attachmen t  o f  additiona l  adjunct s t o th e sam e phras e i s 
slowe r  tha n attachmen t  o f  th e first  becaus e ther e i s a n increas e i n 
competitio n fo r  th e activatio n bein g outpu t  fro m th e VP . 

750 



i n argumen t  an d adjunc t  attachmen t  behavior s aris e fro m thei r 

differin g competitiv e properties . 

Competition between Two Adjunct Sites 

Firs t  conside r  th e followin g well-know n ex;un|)ic ,  i n whic h 

tw o differen t  adjunc t  site s compet e fo r  th e attachmen t  o f  a  sin -

gl e phrase : 

(2 )  I  [v p sa w [n p th e m a n [p p wit h th e telescope] . 

The V P sa w iin d th e N P th e m a n compet e fo r  th e attach -

ment  o f  th e P P a s a n adjunct .  Model s o f  huma n parsin g dis -

agre e o n th e preferre d attxichmen t  i n thes e crises .  S o m e the -

orie s clai m tha t  ther e i s a  VP-attachmen t  preferenc e (Abney , 

1989 ;  Frazier ,  1990) ,  whil e other s predic t  tha t  th e mos t  recen t 

(NP )  attachmen t  i s preferre d (Gibso n e t  al. ,  1995 ;  M c R o y & 

Hirst ,  1990) .  Th e competitiv e attachmen t  mode l  provide s Ji n 

accoun t  tha t  capture s th e variabilit y  i n intuitio n surroundin g 

thi s structure .  I n th e parsin g network ,  th e deca y o f  activatio n 

of  phrasa l  node s entail s a  genera l  recenc y effec t  (Stevenson , 

1994b) ,  leadin g t o a  preferenc e fo r  th e P P t o modif y th e mor e 

recen t  phras e (th e N P ) .  However ,  th e decisio n t o attac h t o th e 

most  recen t  phras e i s affecte d b y onl y sligh t  change s i n lexi -

cal  o r  contextua l  preferences .  I f  th e V P show s eve n a  sligh t 

preferenc e t o hav e a  modifie r  (o r  th e N P t o no t  hav e a  modi -

fier),  the n th e P P wil l  attac h a s th e adjunc t  o f  th e V P instea d o f 

th e NP ,  requirin g onl y on e o r  tw o mor e iteration s tha n th e at -

tachment  t o th e N P i n th e neutrji l  contex t  case .  Thus ,  a  sligh t 

chang e i n preferenc e c;i n caus e th e parse r  t o chang e th e pre -

ferre d attachmen t  site ,  wit h minima l  cos t  i n th e tim e i t  tiike s t o 

make th e attachment .  B y smoothl y integratin g bot h recenc y 

cui d contextua l  preferences ,  th e mode l  account s fo r  th e evi -

denc e that ,  i n thes e type s o f  modificatio n structures ,  appro -

priat e context s ca n easil y chang e syntacti c attachmen t  prefer -

ences ,  wit h littl e o r  n o penalit y i n processin g tim e (Taraba n & 

McClelland ,  1990) . 

Lexica l  o r  contextua l  preference s ca n similarl y chang e th e 
preferenc e t o attac h a  phras e fro m th e mor e recen t  t o th e les s 

recen t  o f  tw o argumen t  attiichmen t  sites .  B y contr.xs t  wit h ad -

junc t  attJichments ,  however ,  i t  i s  quit e costl y t o d o .so .  Th e 

hig h degre e o f  competitivenes s o f  <irgumen t  site s cause s a 

slow-dow n o f  2 5 - 3 5 % fo r  th e networ k t o settl e o n th e les s re -

cent  o f  tw o cirgumen t  attachment s (Stevenson ,  1994a) .  Th e 
competitiv e attachmen t  mode l  thu s predict s tha t  adjunc t  at -

tachment s mor e easil y accommodat e t o contextua l  influence s 

thii n argumen t  attachments .  Thi s behavio r  doe s no t  rel y o n a n 

iissumptio n regardin g a  differenc e i n whe n themati c o r  seman -

ti c interpreUitio n occurs ,  bu t  rathe r  result s fro m neces.ScU- y dif -
ference s i n th e competitiv e propertie s o f  makin g adjunc t  ver -

sus Jirgumen t  atuichments .  Thus ,  behaviora l  asymmetrie s be -

twee n jirgument s ;in d adjunct s .'uis e eve n whe n the y Jir e no t  i n 

competitio n wit h eac h other . 

Competition between Argument and Adjunct Sites 

N o w let' s  tur n t o case s i n whic h ;i n adjunc t  atUichmen t  sit e 

compete s wit h n n argumen t  attiichmen t  site .  Thi s typeo f  com -
petitio n m a y sho w u p eve n withi n th e sjun e phnise ,  Ji s i n th e 

tt M dal m th e clol m 

Figur e 2 :  (a )  Moderate-to-stron g ;u"gumen t  preference . 

(b )  Weii k argumen t  preference . 

N P beginnin g wit h th e clai m in : 

(3a )  Th e evidenc e supporte d [n p th e clai m [c p tha t  Sar a i s in -

nocent] ] 

(3b )  TTi e evidenc e supporte d [n p th e cljii m [c p tha t  th e 

prospecto r  dispute d t  ] ] 

I n (3a) ,  th e C P (clausa l  phrase )  i s a  complemen t  claus e tha t 
attache s a s a n itrgumen t  o f  claim ,  whil e i n (3b )  th e C P i s a  rel -

ativ e claus e tha t  attache s u s a  modifie r  o f  th e NP .  Thus ,  a t  th e 

wor d that ,  th e parse r  i s choosin g betwee n a n argumen t  an d 

adjunc t  attachmen t  sit e fo r  th e CP .  Th e competitiv e attach -

ment  mode l  doe s no t  m;ik e £i n adjunc t  attachmen t  les s desir -

abl e i n direc t  compariso n wit h a n argumen t  attachment ;  ther e 

i s n o built-i n differenc e i n thei r  weight s o r  activatio n levels . 

However ,  a s describe d above ,  th e decreas e i n competitivenes s 

among attachment s a t  th e adjunc t  sit e ha s th e indirec t  effec t 

of  makin g th e adjunc t  sit e les s abl e t o compet e wit h othe r  at -

tachmen t  sites .  Thus ,  th e networ k settle s o n th e .irgumen t  at -

tachmen t  fo r  th e CP ,  exhibitin g a n argumen t  attachmen t  pref -

erence ,  it s  i n Figur e 2(a) . 

However ,  th e adjunc t  attachmen t  possibilit y  i s  no t  irrele -

vant ,  a s ca n b e see n whe n lexica l  o r  contextua l  preference s 

ar e take n int o account .  I n thi s configuration ,  i f  th e contextuji l 

preferenc e fo r  th e ctfgumen t  i s moderat e t o strong ,  the n th e 

curren t  phnis e wil l  attac h a s a n ju-gument .  O n th e othe r  h.'ind , 

i f  th e preferenc e fo r  th e argumen t  i s weitk ,  th e phras e wil l 

instea d attac h a s a n adjunct ;  se e Figur e 2(b) .  Agai n w e se e 

tha t  lexic<i l  o r  contextu<i l  preference s m a y affec t  th e pjirser' s 
attachmen t  decision .  However ,  i n a  choic e betwee n a n i\i -

gument  cin d ci n adjunc t  attiichment ,  th e greate r  competitive -
nes s o f  th e cirgumen t  sit e entail s tha t  a  significiin t  chang e i n 

extem£i l  preferenc e i s require d i n orde r  t o overcom e th e i\T -

gument  atuichmen t  preferenc e an d selec t  th e adjunc t  attach -

ment  instead .  Th e choic e o f  argumen t  o r  adjunc t  attachmen t 

i s thu s susceptibl e t o contextua l  influences ,  bu t  sligh t  change s 

i n preferenc e cir e insufficien t  t o shif t  activatio n awa y fro m th e 
highl y competitiv e argumen t  attachments . 

I t  i s importJin t  t o emphiisiz e her e tha t  th e preferenc e fo r  th e 

argumen t  attiichmen t  Jiri.se s solel y fro m independentl y moti -

vate d propertie s o f  th e competitiv e activatio n functions ,  ;in d 

not  fro m som e inheren t  differenc e i n v;du e assigne d t o ;tr -

gument  :in d adjunc t  attachments .  I n th e competitiv e attiich -

inen t  model ,  adjunct s iir e assume d t o satisf y gr.unmatici d con -
stniint s a s wel l  .i s  argument s (i n contras t  t o approache s suc h 

as i n Gibso n (1991 )  o r  Pritchet t  (1992)) ,  givin g the m equ;dl y 

h i g h a p n o n activatio n levels .  Th e demonstrate d argumen t  at -
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ta i  hinen t  preferenc e her e i s no i  a  resul t  o f  a  built-i n themati c 

preference ,  ;l s  i t  i s  i n a  numbe r  o t  othe r  model s (e.g. .  Abney , 

198y ;  Crocker ,  1992 ;  Gibson ,  1991 ;  Pritchett ,  1992 ;  Wein -

berg ,  1991) .  Thi s i s ;u i  importiin t  distinction ,  sinc e i n mos t 

ot  thes e models ,  th e preferenc e fo r  a n iirgumen t  ove r  ;i n ad -

junc t  i s absolute ;  suc h ;i n accoun t  doe s no t  len d itsel f  wel l 

t o th e shift s i n preferenc e tha t  ar e observabl e withi n differen t 

lexic.' d an d discours e contexts .  Th e competitiv e attachmen t 

model  ca n explai n bot h thegenen d preferenc e fo r  ji n ;irgumen l 

attachment ,  a s wel l  a s th e abilit y  o f  contextuj d influence s t o 

moderat e tha t  preference . 

The Argument Attachment Preference and Recency 

I n exampl e (3) .  th e relativ e recenc y o f  th e competin g attach -

ment  site s i s no t  a  facto r  becaus e the y ar e locate d withi n th e 

sain e phnLse .  Thi s contrast s wit h exjunpl e (4) ,  i n whic h a 

highe r  jirgumen t  attachmen t  i s competin g wit h a  lower ,  mor e 

recen t  adjunc t  attachment : 

(4 )  Sar a [v p pu t  [n p th e boxe s [p p o n th e table] . 

Her e th e P P m a y attac h a s th e secon d argumen t  o f  th e ver b 

put .  o r  ii s  th e modifie r  o f  th e N P th e boxes .  I n spit e o f  a  stron g 

and robus t  huma n preferenc e fo r  mor e recen t  attachment s 

(e.g. ,  Frazier ,  1978 ;  Gibson ,  1991 ;  Kimball ,  1973 ;  Steven -

son ,  1994b) ,  whichb y itsel f  woul d predic t  tha t  th e P P attache s 

t o th e iinmediatel y precedin g NP ,  th e huma n parse r  instea d 

prefer s th e argumen t  attachmen t  t o th e verb .  Thi s preferenc e 

i s clearl y demonstrate d i n a n inpu t  tha t  i s  incompatibl e wit h 

th e argumen t  preference ;  conside r  th e followin g sentenc e tha t 

require s th e mor e recen t  adjunc t  attachmen t  fo r  th e P P o n th e 

table ,  s o tha i  th e P P ont o th e handtruc k ca n attac h a s th e ar -

gument  o f  th e verb : 

(5 )  #Sar a [v p pu t  [n p th e boxe s [p p o n th e table] ]  [p p ont o 
th e handtruck] . 

Becaus e th e iirgumen t  attachmen t  preferenc e mislead s th e hu -

m.ui  parser ,  thi s sentenc e cause s peopl e t o experienc e sever e 

processin g difficulty ,  calle d a  garde n pat h (indicate d b y th e 

has h mar k "#") . ^ 

Thus ,  th e argumen t  attachmen t  preferenc e appejir s t o over -

rid e th e stron g an d consisten t  recenc y effect s withi n th e hu -

m.'i n parser .  M a n y pjirsin g model s accoun t  fo r  recenc y effect s 

wit h a  built-i n ambiguit y resolutio n su-ategy ,  whic h mus t  the n 

be explicitl y  ordere d behin d th e iirgumen t  attachmen t  prefer -

enc e s o tha t  i t  wil l  no t  over-appl y i n thes e type s o f  case s (Ab -

ney ,  1989 ;  Frazier ,  1978,1990 ;  Gibson ,  1991). ^  Th e smoot h 

intenictio n i n th e competitiv e attachmen t  mode l  betwee n th e 

deca y o f  phrase s an d th e preferenc e fo r  argumen t  attachment s 

contrast s wit h thes e othe r  solution s i n whic h heuristic s mus t 

Sai a 

^Note ,  however ,  tha t  som e evidenc e ha s show n tha t  th e garde n 
pat h effec t  i n thes e an d relate d example s ca n b e avoide d give n ap -
propriatel y biasin g context s (e.g. ,  MacDonal d e t  al. ,  1994 ;  Spivey -
Knowlto n e t  al. ,  1993 ;  Taraba n &  McClelland ,  1990) . 

®l n Gibson' s model ,  principle s appl y simultaneously ,  an d s o can -
not  b e seriall y  ordered .  Instead ,  t o achiev e th e correc t  prioritizatio n 
of  argument/adjunc t  effect s an d recency ,  hi s "Principl e o f  Recenc y 
Preference "  mus t  trea t  argumen t  an d adjunc t  attachment s differently . 

Ih *  "o** * 

Figur e 3 :  Th e mode l  demonstrate s a  preferenc e fo r  a  m u c h 

les s recen t  .'irgumen t  sit e ove r  a  ver y recen t  adjunc t  site . 

be explicitly n'lnked. Figure 1(a) shows the attachment deci-

sio n a t  th e P P fo r  th e wor d o n i n example s (4 )  £in d (5) .  Despit e 

a strong ,  genera l  preferenc e fo r  m o r e recen t  attachments ,  th e 

coinpetitiv e attachmen t  parsin g networ k settle s o n th e cirgu -

ment  attachmen t  fo r  th e P P du e t o th e fundamenta l  distinctio n 

i n degre e o f  competitio n betwee n argument s an d adjuncts . 

Eve n w h e n th e distanc e froi n th e curren t  phras e t o a n avml -

abl e argumen t  sit e i s m u c h greate r  tha n th e distanc e t o a n ad -

junc t  site ,  th e h u m a n parse r  stil l  prefer s th e argumen t  attach -

ment .  Fo r  example ,  sentenc e (6 )  als o produce s a  garde n pat h 

effec t  (Gibson ,  1991) : 

(6 )  #Sar a [v p pu t  th e boxe s tha t  Joh n [  v p sa w [p p o n th e table ] 

[p p ont o th e handtruck] . 

Her e th e adjunc t  attachmen t  fo r  th e P P o n th e tabl e (t o th e V P 

s a w )  i s  m u c h m o r e recen t  tha n th e argumen t  attachmen t  (t o 

th e ver b put) ;  compar e th e distanc e betwee n th e pair s o f  po -

tentia l  attachmen t  site s i n Figur e 1(a )  Jin d Figur e 3 .  However , 

th e ;irgumen t  atuichmen t  preferenc e remain s an d th e P P o n th e 

tabl e i s agai n misinterprete d b y th e humfi n parse r  a s th e argu -

ment  o f  th e verb ,  leadin g t o processin g difficult y a t  th e nex t 

PP.  Consisten t  wit h thi s observation ,  th e competitiv e attach -

ment  mode l  als o choose s th e argumen t  attiichmen t  fo r  th e P P 

o n th e tabl e i n thi s example ,  a s s h o w n i n Figur e 3 . 

Mode l s wit h built-i n themati c an d recenc y preference s 

(e.g. ,  Abney ,  1989 ;  Gibson ,  1991 )  predic t  tha t  th e garde n pat h 

effec t  ca n b e avoide d i f  th e embedde d ver b s a w i n sentenc e 

(6 )  i s replace d b y a  ver b lik e threw ,  tha t  ca n itsel f  tak e a  P P 

argument .  I n thes e models ,  i n a  sentenc e lik e (7) ,  th e P P 

o n th e tabl e attache s a s a n (optional )  argumen t  o f  th e ver b 

threw ,  leavin g put' s argumen t  sit e ope n fo r  th e fin;d  P P ont o 

th e handtruck : 

(7 )  ?Sar a [v p pu t  th e boxe s tha t  Joh n [v p thre w [p p o n th e 

tfible] ]  [p p ont o th e hjuidtruck] . 

T h e decisio n o f  th e competitiv e attachmen t  mode l  doe s no t 

confor m wit h thi s view .  Give n a n optiona l  argumen t  attach -

inen t  i n th e e m b e d d e d clause ,  th e networ k wil l  stil l  settl e o n 
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th e obligator y c'lrgumen l  attrichmen t  fo r  o n th e table ,  attachin g 

th e P P t o th e highe r  ver b put ,  thereb y no t  avoidin g th e gitrdc n 

path .  However ,  i f  th e lowe r  ver b thre w ha s eve n a  sligh t  prcl -

erenc e t o occu r  wit h th e optiona l  ;irgument .  the n th e hrs i  P P 

i s attache d t o tha t  ver b iin d th e g;irde n pat h i s avoided .  Thus , 

i n th e competitiv e attiichmen t  model ,  th e abilit y  t o avoi d th e 

garde n pat h relie s no t  o n a  discret e fac t  o f  th e lowe r  ver b be -

in g abl e t o tak e a  P P Jirgument ,  bu t  rathe r  o n th e preferenc e o f 

th e lowe r  ver b t o d o so .  Althoug h I  kno w o f  n o experimen -

tii l  evidenc e tha t  bejir s o n this ,  I  believ e th e predictio n o f  th e 

competitiv e attachmen t  inode l  i s mor e likel y t o b e born e out , 

give n th e evidenc e fo r  lexica l  ;in d sem;inti c influence s o n at -

tachmen t  preferences . 

Conclusions 

Thi s pape r  ha s demonstrate d tha t  th e competitiv e attachmen t 

model  exhibit s asymmetrie s i n processin g argumen t  an d ad -

junc t  attachment s du e t o th e competitivepropenieso f  theacti -

vatio n function s underlyin g th e tw o type s o f  attachment .  Th e 

advjintag e claime d fo r  th e explanatio n give n her e compare d 

t o othe r  approache s i s tha t  th e competitiv e attachmen t  mode l 

does no t  rel y o n buildin g i n dubiou s .ussumption s regiirdin g 

th e structur e an d interpretiitio n o f  adjuncts .  A n obviou s ques -

tio n t o as k i s wh y th e accoun t  i s mor e explanatory ,  i f  th e dif -

ferenc e betwee n argument s an d adjunct s i s iils o "built-into " 

th e competitiv e attachmen t  parser ,  b y providin g argumen t  an d 
adjunc t  attachmen t  site s wit h differen t  spreadin g activatio n 

functions. ^  Th e crucia l  poin t  i s  tha t  th e differenc e i n process -

in g mechanism s i s necessar y t o accommodat e a  fundamen -

ta l  distinction—tha t  th e numbe r  o f  potentia l  argument s o f  a 

predicat e i s fixed,  whil e th e numbe r  o f  adjunct s fo r  a  phras e 
i s unpredictiible .  Th e mode l  thu s ha s ii n explanator y advan -

tag e ove r  approache s i n whic h argument/adjunc t  asymmetrie s 

aris e fro m controversia l  structura l  propertie s o f  adjuncts ,  o r 

fro m unnecessar y assumption s regardin g differentia l  speed s 

of  interpretation . 
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