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R e c e n c y Preferenc e a n d G a r d e n - P a t h Effect s 

Edwar d Gibso n 

Departmen t  o f  Philosophy ,  Carnegi e Mello n Universit y 

Pittsburgh ,  P A 15213-3890 ,  U S A 

electroni c mail :  gibson@cs.cmu.ed u 

Abstract 

Followin g Fodo r  (1983) ,  i t  i s assume d tha t  th e languag e processo r  i s a n automati c devic e tha t  maintain s onl y th e 
bes t  o f  th e se t  o f  al l  compatibl e representation s fo r  a n inpu t  string .  On e wa y t o mak e thi s ide a explici t  i s  t o assum e th e 
seria l  hypothesis :  a t  mos t  on e representatio n fo r  a n inpu t  strin g i s permitte d a t  an y tim e (e.g. .  Frazie r  &  Fodo r  (1978) , 
Frazie r  (1979) ,  an d Pritchet t  (1988)) .  Thi s pape r  assume s a n alternativ e formulatio n o f  loca l  memor y restriction s 
withi n a  paralle l  framework.  Firs t  o f  all ,  i t  i s  assume d tha t  ther e exist s a  numbe r  o f  structura l  properties ,  eac h o f 
whic h i s associate d wit h a  processin g load .  On e structur e i s preferre d ove r  anothe r  i f  th e processin g loa d associate d 
wit h th e first  structur e i s markedl y lowe r  tha n th e processin g loa d associate d wit h th e second .  Thu s a  garden-pat h 
effec t  result s i f  th e unpreferre d structur e i s necessar y fo r  a  grammatica l  sentence . 

Thi s pape r  present s thre e structura l  propertie s withi n thi s framework:  th e firs t  two -  th e Propertie s o f  Themati c 
Assignmen t  an d Reception -  derivabl e from  th e ̂-Criterio n o f  Governmen t  an d Bindin g Theor y (Chomsk y (1981)) ; 
and th e third -  th e Propert y o f  Recenc y Preference -  tha t  prefer s loca l  attachment s ove r  mor e distan t  atuchments .  Thi s 
pape r  show s ho w thes e propertie s interac t  t o giv e appropriat e predictions -  garden-pat h effect s o r  not -  fo r  a  larg e 
arra y o f  loca l  ambiguities . 

1 Introduction 

Perhaps the besl-known theory of garden-path effects is that developed by Frazier and her colleagues (Frazier & 

Fodo r  (1978) ,  Frazie r  (1979) ,  Frazie r  &  Raync r  (1982)) .  Thi s theor y assume s th e seria l  hypothesis :  tha t  a t  mos t  on e 

representatio n ca n b e maintaine d fo r  th e inpu t  strin g a t  eac h pars e state .  I n orde r  t o decid e whic h structur e t o choos e 

at  a  give n pars e state ,  th e principle s o f  Minima l  Attachmen t  an d Lat e Closur e ar e invoked .  Thes e principle s ar e give n 
i n (1 )  an d (2 )  respectivel y (fro m Frazie r  &  Rayne r  (1982)) : 

(1 )  Minima l  Attachment :  Attac h incomin g materia l  int o th e phrase-marke r  bein g constructe d usin g th e fewes t  node s 

consisten t  wit h th e well-formednes s rule s o f  th e language . 

(2) Late Closure: When possible, attach incoming lexical items into the clause or phrase currently being processed 

{i.e. ,  th e lowes t  possibl e nontermina l  nod e dominatin g th e las t  ite m analyzed) . 

T h e principle s o f  Minima l  Attachmen t  an d Lat e Closur e insid e a  seria l  processin g mode l  correctl y predic t  a  larg e 

arra y o f  garden-pat h effect s an d preferre d reading s o f  ambiguou s input .  Conside r  th e followin g well-know n examples: ' 

(3 )  #  T h e hors e race d pas t  th e b a m fell . 

(4 )  a .  #  Sinc e sh e jog s a  mil e seem s ligh t  work . 

b.  Bil l  though t  Joh n die d yesterday . 

Minima l  attachmen t  predict s th e garden-pat h effec t  i n (3) .  A t  th e poin t  o f  parsin g th e wor d raced ,  fewe r  node s 

nee d t o b e constructe d fo r  th e matri x ver b readin g tha n fo r  th e reduce d relativ e claus e reading ,  s o th e matri x ver b 

readin g i s preferred .  Sinc e i t  i s th e reduce d relativ e readin g tha t  i s necessar y fo r  (3) ,  a  garden-pat h effec t  results . 

Lat e Closur e predict s th e garden-pat h effec t  i n (4a )  an d preferre d readin g i n (4b) .  I n (4a) ,  ther e i s a  syntacti c 

ambiguit y a t  th e poin t  o f  parsin g th e nou n phras e a  mile :  thi s N P m a y attac h a s eithe r  direc t  objec t  o f  th e verb;o^. y o r 

as subjec t  o f  th e matri x claus e t o follow .  Sinc e th e direc t  objec t  attachmen t  i s withi n th e sam e claus e a s th e precedin g 

words ,  thi s attachmen t  i s preferre d b y th e principl e o f  Lat e Closure .  However ,  th e matri x subjec t  attachmen t  i s th e 

attachmen t  tha t  i s necessar y fo r  a  successfu l  pars e o f  (4a) .  Thu s a  garden-pat h effec t  i s  correctl y predicted . 

Similarly ,  th e nomina l  adver b yesterda y ca n attac h t o eithe r  th e embedde d claus e o r  t o th e matri x claus e i n (4b) . 

Sinc e th e embedde d claus e occur s mor e recentl y i n th e inpu t  string ,  thi s attachmen t  i s  preferred .  Thu s ther e i s a 

preferre d readin g o f  (4b) :  tha t  whic h associate s yesterda y wit h th e embedde d clause . 

Althoug h th e principle s o f  Minima l  Attachmen t  an d Lat e Closur e correctl y accoun t  fo r  numerou s othe r  garden-pat h 

effects ,  the y als o m a k e a  numbe r  o f  incorrec t  predictions ,  a s note d i n Pritchet t  (1988) .  Fo r  example ,  i t  i s  predicte d 

tha t  (5 )  shoul d induc e a  garden-pat h effect : 

(5 )  Joh n k n e w Bil l  like d Sue . 

'  I  wil l  prefi x sentence s tha t  ar e difficul t  t o proces s wit h th e symbo l  "#" . 
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T h e N P Bil l  m a y attac h i n on e o f  tw o locations :  a s direc t  objec t  o f  th e ver b k n e w o r  a s subjec t  o f  th e complemen t 

claus e o f  th e ver b knew .  Sinc e th e direc t  objec t  allachnicn l  require s fewe r  nodes ,  i t  i s  preferre d becaus e o f  th e principl e 

of  Minima l  Attachment .  Thu s w h e n th e ver b like d i s processed ,  reanalysi s mus t  tak e plac e an d a  garden-pat h effec t 

results .  Sinc e peopl e hav e littl e difTicull y parsin g sentence s lik e (5) ,  Frazicr' s principle s ar e i n erro r  i n thi s case . 

As a  result ,  Pritchet t  propose s a n alternativ e processin g theor y whic h collapse s th e Principle s o f  Min ima l  Attach -

ment  an d Lat e Closur e int o a  singl e parsin g principle : 

(6 )  r-Attachmenl :  Ever y principl e o f  th e Synta x attempt s t o b e satisfie d a t  ever y poin t  durin g processing . 

T h e syntacti c principle s tha t  Pritchet t  assume s ar e thos e fro m Governmen t  an d Bindin g Theor y ( C h o m s k y (1981) , 

C h o m s ky (1986a)) .  I n particula r  h e appeal s t o th e ̂ -Criterion : 

(7 )  T h e ^-Criterion :  Eac h argumen t  bear s on e an d onl y on e ̂ -rol e (themati c role )  an d eac h ^-rol e i s assigne d t o on e 

an d onl y on e argumen t  ( C h o m s k y (1981 )  p .  36) . 

T h e garden-pat h effec t  i n (3 )  i s  derive d i n Pritchett' s  theor y a s follows .  W h e n th e wor d race d i s inpu t  i t  ca n attac h 

eithe r  a s matri x ver b o r  a s a  reduce d relativ e claus e modifie r  o f  th e horse .  I n th e matri x ver b attachment ,  th e N P th e 

hors e receive s a  themati c rol e fro m th e ve: b raced .  N o suc h themati c rol e i s assigne d t o th e hors e i n th e modifie r 

attachment .  Thu s th e matri x ver b attachmen t  i s locall y preferre d sinc e i t  bette r  satisfie s th e ̂ -Criterio n tha n doe s 

th e modifie r  attachment .  W h e n th e word/e/ /  i s  processed ,  n o attachment s ar e possibl e an d reanalysi s i s necessar y t o 

obtai n a  pars e fo r  th e sentence .  Thu s th e garden-pat h statu s o f  (3 )  i s  predicted . 

I n orde r  t o accoun t  fo r  th e non-garden-pat h statu s o f  (5) ,  Pritchet t  hypothesize s th e existenc e o f  th e Thet a Reanalysi s 

Constraint : 

(8 )  Thet a Reanalysi s Constraint :  Syntacti c reanalysi s whic h interpret s a  ̂ -marke d constituen t  a s outsid e it s curren t 
^-Domai n i s costly . 

(9 )  ̂ -Domain :  a  i s i n th e 7  fl-Domain  o f  / ? if f  a  receive s th e 7  ^-rol e fro m / 5 o r  a  i s dominate d b y a  constituen t  tha t 

receive s th e 7  ^-rol e fro m /? . 

Conside r  (5 )  wit h respec t  t o th e Thet a Reanalysi s Constraint .  A t  th e poin t  o f  parsin g th e wo r d liked ,  reanalysi s i s 

necessary .  T h e N P Bil l  initiall y  receive s it s  ̂ -rol e fro m th e ver b knew ;  afte r  reanalysi s thi s N P receive s it s O-wl e fro m 

th e ver b liked .  Pritchet t  hypothesize s tha t  thi s reanalysi s i s no t  costl y becaus e o f  th e Thet a Reanalysi s Constraint : 

afte r  reanalysi s th e S-marke d constituen t  B// /  i s  stil l  withi n it s origina l  ̂ -Domai n sinc e th e ̂ -rol e initiall y  assigne d t o 
Bil l  i s  n o w assigne d t o a  constituen t  dominatin g Bill ,  th e complementize r  phras e Bil l  liked?' ^ 

Not e tha t  th e definitio n o f  th e Thet a Reanalysi s Constrain t  stil l  predict s a  garden-pat h effec t  i n (3) .  A t  th e pars e 

stat e jus t  befor e th e v/or d fel l  i s  input ,  th e N P th e hors e receive s th e ̂ -rol e a g e n t  fro m th e ver b raced .  W h e n th e 

v/OTdfel l  i s  input ,  th e N P th e hors e mus t  b e reanalyze d a s T H E ME otfel l  rathe r  tha n a s A G E NT o f  raced .  Sinc e thi s 

reanalysi s interpret s th e N P th e hors e a s outsid e it s origina l  ̂ -Domain ,  thi s reanalysi s i s expensiv e an d a  garden-pat h 
effec t  results . 

I n addition ,  Pritchett' s  theor y predict s a  garden-pat h effec t  i n (4a) ,  thu s partiall y  collapsin g Frazier' s principle s o f 

Minima l  Attachmen t  an d Lat e Closure .  However ,  Pritchett' s  theor y doe s no t  predic t  th e preferre d readin g i n (4b) :  n o 

principl e o f  th e synta x i s bette r  satisfie d b y attachin g th e adver b yesterda y t o th e embedde d rathe r  tha n t o th e matri x 

clause .  Thu s th e preferre d readin g o f  (4b )  i s unexplaine d i n Pritchett' s  theory :  hi s theor y wil l  b e force d t o includ e a 
principl e lik e Lat e Closur e i n orde r  t o accoun t  fo r  example s lik e (4b) . 

Furthermore ,  bot h th e theorie s o f  Pritchet t  an d Frazie r  m a k e incorrec t  prediction s wit h respec t  t o th e dat a i n (10) : 

(10 )  a .  I  gav e he r  earring s o n he r  birthday . 

b.  I  gav e he r  earring s t o Sally . 

Althoug h th e inpu t  strin g /  gav e he r  earring s i s ambiguou s betwee n tw o possibl e readings ,  neithe r  i s difficul t  t o 

process ,  a s i s demonstrate d b y th e lac k o f  garden-pat h effect s i n eithe r  o f  th e sentence s i n (10) .  Sinc e bot h Frazier' s 

an d P*ritchett' s  model s ar e seria l  models ,  ther e ca n b e a t  mos t  on e representatio n fo r  th e input  strin g /  gav e he r  earrings . 

^Th e categor y complementize r  phras e (CP )  i s th e equivalen t  o f  th e traditiona l  S '  nod e (Chomsk y (1986b) .  Furthermore ,  tens e an d agreemen t 
infomiatio n ar e assume d t o resid e i n th e categor y Infl .  Th e categor y I P (Inf l  phrase )  i s th e mode m equivalen t  o f  th e traditiona l  S  node . 

'it  turns out that there are difficulties with Pritchett's analysis when Case Theory is considered. If the Theta Reanalysis Constraint is not to 
be slipulaiive ,  the n i t  shoul d follo w fro m (6) .  Sinc e Pritchet t  appeal s t o Cas e Theor y i n man y o f  hi s garden-pat h derivations ,  ther e shoul d b e a 
correspondin g Cas e Reanalysi s Constraint .  Howeve r  ther e canno t  b e suc h a  constrain t  l>ecaus e o f  example s lik e (5) .  I f  th e Cas e Filte r  i s  t o b e 
locall y satisfied ,  the n th e preferre d attachmen t  o f  th e N P fii//  i s  a s direc t  objec t  o f  th e ver b kne w s o tha t  i t  receive s accusativ e Case .  Cas e reanalysi s 
i s necessar y whe n th e ver b like d i s encountered :  th e nou n BUI  no w receive s nominativ e Case .  Sinc e thi s sentenc e i s no t  difficul t  t o process ,  thi s 
reanalysi s shoul d no t  b e costly .  Thu s eithe r  (5 )  violate s th e Cas e Reanalysi s Constrain t  o r  ther e i s n o Cas e Reanalysi s Constrain t  an d henc e th e 
Thet a Reanalysi s Constrain t  i s  stipulaiive . 
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Frazier' s mode l  therefor e predict s a  garden-pat h effec t  fo r  on e o f  th e tw o sentences .  Sinc e Pritchett' s  mode l  allow s 

reanalysi s a s lon g a s th e Thct a Reanalysi s Constrain t  i s  no t  violated ,  i t  i s  necessar y t o chec k whethe r  o r  no t  thi s 

constrain t  i s violate d b y th e pars e o f  on e o f  th e sentence s i n (10) .  Conside r  th e stat e o f  th e pars e afte r  th e inpu t  /  gav e 

her  earring s ha s bee n processed .  Sinc e th e ver b giv e assign s tw o themati c roles ,  th e representatio n tha t  woul d bes t 

satisf y th e ̂ -Criterio n ha s bot h o f  thes e role s assigned .  Thu s Pritchett' s  theor y predict s tha t  th e preferre d readin g a t 

thi s pars e stat e represent s he r  an d earring s a s separat e nou n phrases ,  eac h receivin g themati c role s fro m gave .  Henc e 

reanalysi s i s necessar y i n orde r  t o pars e (10b) .  Furthermore ,  thi s reanalysi s violate s th e Thet a Reanalysi s Constraint , 

sinc e th e >f P earring s mus t  b e reanalyze d a s withi n a  ne w ^-Domain .  Thu s i t  i s incorrectl y predicte d tha t  (10b )  shoul d 

induc e a  garden-pat h effect . 

I  propos e her e tha t  th e difficultie s encountere d b y thes e model s ca n b e overcom e b y th e us e o f  simila r  principle s 

insid e a  constraine d paralle l  mode l  (cf .  Gibso n &  Clar k (1987) ,  Clar k &  Gibso n (1988)) .  B y includin g a  principl e 

lik e Lat e Closur e withi n a  constraine d paralle l  model ,  tw o structure s ca n b e maintaine d i n paralle l  fo r  th e sentence s i n 

(10) .  Thu s neithe r  o f  thes e sentence s wil l  caus e a  garden-pat h effect . 

2 A Parallel Model of Sentence Processing 

Following Fodor (1983), it is assumed that the language processor is an automatic device that maintains only the best 

of  th e se t  o f  al l  compatibl e representation s fo r  a n inpu t  string .  O n e wa y t o m a k e thi s ide a explici t  i s  t o assum e th e 
seria l  hypothesis :  a t  mos t  on e representatio n fo r  a n inpu t  strin g i s permitte d a t  an y tim e {e.g. ,  Frazie r  &  Fodo r  (1978) , 

Frazie r  (1979) ,  an d Pritchet t  (1988)) .  Thi s pape r  assume s a n alternativ e formulatio n o f  loca l  m e m o r y restriction s 

withi n a  paralle l  framework.' *  Firs t  o f  all ,  i t  i s  assume d tha t  ther e exist s a  numbe r  o f  structura l  properties ,  eac h o f 

whic h i s associate d wit h a  processin g load ,  i n Processin g Loa d Unit s o r  PLUs. *  O n e structur e i s preferre d ove r  anothe r 

i f  th e processin g loa d associate d wit h th e first  structur e i s markedl y lowe r  tha n th e processin g loa d associate d wit h th e 
second. *  Tha t  is ,  I  assum e ther e exist s som e preferenc e quantit y P  correspondin g t o a  processin g load ,  suc h tha t  i f  th e 

processin g load s associate d wit h tw o representation s fo r  th e sam e strin g diffe r  b y loa d P ,  the n onl y th e representatio n 

associate d wit h th e smalle r  o f  th e tw o load s i s pursued .  Give n th e existenc e o f  a  preferenc e facto r  P ,  i t  i s  eas y t o 

accoun t  fo r  garden-pat h effect s an d preferre d reading s o f  ambiguou s sentences .  Bot h effect s occu r  becaus e o f  a  loca l 

ambiguit y whic h i s resolve d i n favo r  o f  on e reading .  I n th e cas e o f  a  garden-pat h effect ,  th e favore d readin g i s no t 

compatibl e wit h th e whol e sentence .  Give n tw o representation s fo r  th e sam e inpu t  strin g tha t  diffe r  i n processin g 

loa d b y a t  leas t  th e facto r  P ,  onl y th e les s computationall y expensiv e structur e wil l  b e pursued .  I f  tha t  structur e i s 

not  compatibl e wit h th e res t  o f  th e sentenc e an d th e discarde d structur e i s par t  o f  a  successfu l  pars e o f  th e sentence ,  a 

garden-pat h effec t  results .  I f  th e pars e i s successful ,  bu t  th e discarde d structur e i s compatibl e wit h anothe r  readin g fo r 

th e sentence ,  the n onl y a  preferre d readin g fo r  th e sentenc e ha s bee n calculated .  Thu s i f  w e k n o w wher e on e readin g 

of  a  (temporarily )  ambiguou s sentenc e become s th e strongl y preferre d reading ,  w e ca n writ e a n inequalit y associate d 

wit h thi s preference : 

(12 ) 
H H 

^A,x,-J2BiX ,  > P 

where: 

P i s th e preferenc e facto r  i n P L U s , 

X,  i s  th e n u m b e r  o f  P L U s associate d wit h propert y / , 

A,  i s th e n u m b e r  o f  time s propert y /  appear s i n th e unpreferre d structure , 

Bi  i s  th e n u m b e r  o f  time s propert y /  appear s i n th e preferre d structure . 
Thre e structura l  propertie s wil l  b e presente d withi n thi s framework :  th e first  t w o -  th e Propertie s o f  Themati c 

Ass ignmen t  an d Receptio n (Gibso n (1990)) -  derivabl e fro m th e 0-Criterio n o f  G o v e r n m e n t  an d Bindin g Theor y 

( C h o m s k y (1981)) ;  an d th e third -  th e Propert y o f  Recenc y Preference -  tha t  prefer s loca l  attachment s ove r  mor e 

*Se e Kurtzma n (1985) ,  Gorrel l  (1986 )  an d Carlso n &  Tanenhau s (1989 )  fo r  psycholinguisu c evidenc e i n favo r  o f  paralle l  processing . 

^I  also assume the existence of semantic and pragmatic properties that require processing load, but I will only consider structural propeities here. 
The existenc e o f  furthe r  propertie s ma y hel p t o explai n th e dat a presente d i n Grai n &  Steedma n (1985 )  an d N i  &  Grai n (1989) . 

*Sce  Gibson (1990) for a description of how these same properties can be used to predict processing overload in sentences like (11): 

(11 )  #  Th e ma n tha t  th e woma n tha t  th e do g bi t  like s ea u fish. 
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distan t  attachment s (cf .  Frazie r  &  Fodo r  (1978) ,  Fra/.ic r  (1979) ,  Frazie r  &  Rayne r  (1982)) . 

3 The Properties of Thematic Assignment and Reception 

Recall the ^-Criterion: 

(7 )  Th e ̂ -Criterion :  Eac h argumen t  bear s on e an d onl y on e ̂ -rol e (themati c role )  an d eac h ̂ -rol e i s assigne d t o on e 

and onl y on e argument . 

Not e tha t  th e ̂ -Criterio n ca n b e violate d i n on e o f  tw o ways :  a n argumen t  ca n b e missin g a  themati c rol e o r  a 

themati c rol e ca n b e lef t  unassigned .  Thu s I  propos e tha t  th e ̂ -Criterio n ha s tw o correspondin g parsin g properties , 

eac h o f  whic h require s processin g load : 

(13 )  Th e Propert y o f  Themati c Receptio n (PTR) : 

Associat e a  loa d o f  xt r  P L U s o f  shor t  ter m memor y t o eac h themati c elemen t  tha t  i s i n a  positio n tha t  ca n receiv e a 

themati c rol e i n som e co-existin g structure ,  bu t  lack s a  themati c rol e i n th e structur e i n question . 

(14 )  Th e Propert y o f  Themati c Assignmen t  (PTA) : 

Associat e a  loa d ofxj A P L U s o f  shor t  ter m memor y t o eac h themati c rol e tha t  i s no t  assigne d t o a  nod e containin g a 

themati c element . 

Not e tha t  th e Propertie s o f  Themati c Assignmen t  an d Receptio n ar e state d i n term s o f  themati c elements. '  Thu s 
th e Propert y o f  Themati c Receptio n doesn' t  appl y t o functiona l  categories ,  whethe r  o r  no t  the y ar e i n position s tha t 

receiv e themati c roles .  Similarly ,  i f  a  themati c rol e i s assigne d t o a  functiona l  category ,  th e Propert y o f  Themati c 

Assignmen t  doe s no t  notic e unti l  ther e i s a  themati c elemen t  insid e thi s constituent . 

Sinc e th e Propertie s o f  Themati c Assignmen t  an d Receptio n ar e bot h derive d fro m th e ̂ -Criterion ,  i t  i s reasonabl e 

t o assum e a s a  defaul t  tha t  th e load s associate d wit h thes e tw o propertie s i s th e same : 

(15 )  x ™ =Xt a =x g 

Conside r  (5 )  wit h respec t  t o th e Propertie s o f  Themati c Assignmen t  an d Reception : 

(5 )  Joh n kne w Bil l  like d Sue . 

As pointe d ou t  earlier ,  th e ver b kne w i s ambiguous :  eithe r  takin g a n N P complemen t  o r  a  C P complement .  Thu s 

th e N P Bil l  m a y attac h a s eithe r  th e direc t  objec t  o f  th e ver b kne w o r  a s subjec t  o f  th e C P t o come.* : 

(16 )  a .  [// .  [a,/ .  Joh n ]  [v p kne w [n p Bil l  ]] ] 

b.  [// > b/ p Joh n ]  [v p kne w [c p [// > [n p Bil l  ]  e  ]]] ] 

I n (16a )  th e N P Bil l  i s attache d a s th e N P complemen t  o f  knew .  I n thi s representatio n ther e i s n o loa d associate d 

wit h eithe r  o f  th e Propertie s o f  Themati c Assignmen t  o r  Receptio n sinc e n o themati c elements  nee d themati c role s an d 

no themati c role s ar e lef t  unassigned .  I n (16b )  th e N P Bil l  i s th e specifie r  o f  a  hypothesize d E P nod e whic h i s attache d 

as th e complemen t  o f  th e othe r  readin g o f  knew .  Thi s representatio n i s associate d wit h a t  leas t  x e P L U s sinc e th e N P 
Mar y i s i n a  positio n tha t  ca n b e associate d wit h a  themati c rol e (th e subjec t  position) ,  bu t  doe s no t  ye t  receiv e on e i n 

thi s structure .  N o loa d i s associate d wit h th e Propert y o f  Themati c Assignment ,  however ,  sinc e bot h themati c role s o f 

th e ver b kne w ar e assigne d t o node s tha t  contai n themati c elements . 

Sinc e ther e i s n o difficult y i n processin g sentenc e (5) ,  th e loa d differenc e betwee n th e structure s i n (16 )  canno t  b e 

greate r  tha n P  PLUs ,  th e preferenc e facto r  assume d i n inequalit y  (12) .  Thu s th e inequalit y i n (17 )  i s obtained : 

( 1 7 ) x « < P 

Sinc e th e loa d differenc e betwee n th e tw o structure s i s no t  sufficien t  t o caus e a  stron g preference ,  bot h structure s 

ar e maintained .  Not e tha t  thi s  i s a  crucia l  differenc e betwee n th e theor y presente d her e an d th e theor y presente d i n 
Frazie r  &  Fodo r  (1978) ,  Frazie r  (1979 )  an d Pritchet t  (1988) .  I n eac h o f  thes e theories ,  onl y on e representatio n ca n b e 

maintained ,  s o tha t  eithe r  (16a )  o r  (16b )  woul d b e preferre d a t  thi s point .  A s note d earlier ,  Pritchett' s  theor y account s 

fo r  th e lac k o f  difficult y experience d i n parsin g (5 )  b y appea l  t o th e Thet a Reanalysi s Constraint ,  (8) .  However ,  n o 

suc h stipulatio n i s require d i n th e theor y presente d here :  al l  reanalysi s i s assume d t o b e expensive . 

^Followin g earl y wor k i n linguisti c theory ,  tw o kind s o f  categorie s ar e distinguished :  functiona l  categorie s an d themati c o r  conten t  categorie s 
(see ,  fo r  example ,  Fuku i  &  Spea s (1986 )  an d Abne y (1987 )  an d th e reference s cite d i n each) .  Themati c categorie s includ e nouns ,  verbs ,  adjective s 
and som e prepositions ;  functiona l  categorie s includ e determiners ,  complementizers ,  an d inflectio n markers .  Ther e ar e a  numbe r  o f  propertie s tha t 
distinguis h functiona l  element s fro m themati c elements ,  th e mos t  crucia l  bein g tha t  functiona l  element s mar k grammatica l  o r  relationa l  feature s 
whil e themati c element s pic k ou t  a  clas s o f  object s o r  events . 

*I assume some form of hypothesis-driven node projection so that noun phrases are projected to the categories that they specify (Gibson (1989)). 
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N o w conside r  onc e agai n (3) : 

(3 )  #  Th e hors e race d pas t  th e ba m fell . 

The structur e fo r  th e inpu t  th e hors e race d i s ambiguou s betwee n a t  leas t  th e tw o structure s i n (18) : 

(18 )  a .  [i p [tv p th e hors e ]  [v p race d ] ] 

b.  b p [n p th e bj -  U -  horse ,  ]  [c p O ,  race d ]  ] ]  [/ -  ] ] 

Structur e (18a )  ha s n o loa d associate d wit h i t  du e t o eithe r  th e PT A o r  th e PTR .  Cruciall y not e tha t  th e ver b race d 

has a n intransitiv e readin g s o tha t  n o loa d i s require d vi a th e Propert y o f  Themati c Assignment .  O n th e othe r  hand , 

structur e (18b )  require s a  loa d o f  2  •  x « PLU s sinc e 1 )  th e nou n phras e th e hors e i s i n a  positio n tha t  ca n receiv e a 

themati c role ,  bu t  currentl y doe s no t  an d 2 )  th e operato r  O ,  i s i n a  positio n tha i  ma y b e associate d wit h a  themati c role , 

but  i s no t  ye t  associate d wit h one. '  Thu s th e differenc e betwee n th e processin g load s o f  structure s (18a )  an d (18b )  i s 

2*x b PLUs .  Sinc e thi s sentenc e i s a  stron g garden-pat h sentence ,  i t  i s hypothesize d tha t  a  loa d differenc e o f  2  •  x # 

P L Us i s greate r  tha n th e allowabl e limit ,  P  PLUs : 

(19)2*j: 8 > P 

Conside r  no w (20) ,  a  sentenc e whos e structur e an d loca l  ambiguitie s ar e ver y simila r  t o thos e i n (3) : 

(20 )  Th e bir d foun d i n th e roo m wa s dead . 

Althoug h th e structure s an d loca l  ambiguitie s i n (20 )  an d (3 )  ar e similar ,  (3 )  cause s a  garden-pat h effec t  while , 

surprisingly ,  (20 )  doe s not .  T o determin e wh y (20 )  i s no t  a  garden-pat h sentenc e w e nee d t o examin e th e loca l 

ambiguit y whe n th e wor d foun d i s read : 

(21 )  a .  b p b/ p th e bir d ]  [v p [ v [ v foun d ]]] ] 

b.  b p b/ p th e b/ -  bj '  bird ,  ]  [c p O ,  foun d ]  ] ]  [/ '  ] ] 

The crucia l  differenc e betwee n th e ver b foun d an d th e ver b race d i s Iha l  foun d i s obligatoril y  transitive ,  whil e 

race d i s optionall y intransitive .  Sinc e th e 6-gn d o f  th e \CT b foun d i s no t  filled  i n structur e (21a) ,  thi s representatio n 

i s associate d wit h x e PLU s o f  memor y load .  Lik e structur e (18b) ,  structur e (21b )  require s 2  *  x e PLUs .  Thu s th e 

differenc e betwee n th e processin g load s o f  structure s (21a )  an d (21b )  i s 2  •  j: # -  x e PLU s =  x g PLUs .  Sinc e thi s 

differenc e i s les s tha n th e preferenc e facto r  P ,  bot h structure s ar e maintaine d an d a  garden-pat h effec t  i s avoide d a s 

desired.' " 

The Propertie s o f  Themati c Assignmen t  an d Receptio n mak e man y furthe r  garden-pat h predictions ,  amon g them : 

(23 )  a .  #  1  pu t  th e cand y o n th e tabl e i n m y mouth . 

b.  #  Th e Russia n wome n love d died . 

c.  #  Joh n tol d th e ma n tha t  Mar y kisse d tha t  Bil l  sa w Phil . 

See Gibso n (1990 )  fo r  derivation s o f  th e garden-pat h statu s o f  thes e sentence s withi n th e framewor k describe d 

here . 

4 The Property of Recency Preference 

Although the Properties of Thematic Assignment and Reception account for numerous garden-path effects and preferred 

reading s o f  ambiguou s input ,  the y d o no t  accoun t  fo r  th e Lat e Closur e effect s presente d i n (4) : 

(4a )  #  Sinc e sh e jog s a  mil e seem s ligh t  work . 

'i n fact ,  thi s operato r  wil l  b e associate d wit h a  themati c rol e a s soo n a s a  gap-positin g algorith m link s i t  wit h th e objec t  o f  th e passiv e participl e 
raced .  However ,  w h e n th e atuchmen t  i s initiall y  made ,  n o suc h lin k ye t  exists :  th e operato r  wil l  initiall y  b e unassociate d wit h a  themati c role . 

'"Note that the principle of Minimal Attachment makes the wrong prediction in (20): this example is wrongly predicted to be identical to (3) and 
thu s a  garden-path . 

Pritchet t  attempt s t o accoun t  fo r  th e lac k o f  garden-pat h effec t  i n (20 )  b y alterin g th e Thet a Reanalysi s Constrain t  i n suc h a  wa y tha t  (20 )  doe s 
not  violat e th e n e w constrain t  whil e garden-pat h sentence s lik e (3 )  stil l  do .  Crucia l  t o hi s argumen t  i s hi s clai m tha t  ther e i s a  stron g preferenc e fo r 
th e matri x clausereadingo f  th e word/oun d whe n i t  i s  initiall y  input .  However ,  Kurtzma n (1985 )  foun d tha t  bot h matri x claus e an d reduce d relativ e 
claus e reading s o f  verb s VlV. c foun d wer e equall y eas y t o proces s a s soo n a s the y wer e read ,  contrar y t o Pritchett' s  claim .  Fo r  example ,  conside r  th e 
sentence s i n (22) : 
(22 )  a .  Th e monkey s chase d his.. . 

b.  Th e monkey s chase d were.. . 
Kurtzma n foun d tha t  partia l  sentence s lik e thos e i n (22 )  di d no t  var y significantl y i n parsin g difficulty .  Thu s Pritchett' s  clai m tha t  word s lik e 

foun d o r  chase d ar e initiall y  analyze d a s matri x verbs  appear s t o b e incorrect .  Furthermore ,  not e tha t  a  paralle l  mode l  o f  processin g make s exactl y 
th e right  prediction s here . 
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(4b )  Bil l  though t  Joh n die d yesterday . 

Firs t  conside r  (4a) .  Ther e ar e tw o possibl e attachment s o f  th e N P a  mile :  1 )  a s direc t  objec t  o f  th e \CThjogs ;  an d 

2)  a s subjec t  o f  th e matri x claus e t o follow .  Conside r  thes e tw o structures : 

(24 )  a .  [// > [c p sinc e U p [n p sh e ]  [v p [ v  [ v jog s ]  [n p a  mil e ]  ]]] ]  U p ] ] 

b.  [// •  [c p sinc e b p [m p sh e ]  Iv p jog s ]] ]  U p Im p a  mil e ]  [/ -  ]] ] 

Ther e i s n o loa d associate d wit h structur e (24a )  b y th e Propertie s o f  Themati c Assignmen t  an d Receptio n sinc e al l 

argument s receiv e themati c role s an d al l  themati c role s ar e assigned .  Structur e (24b) ,  o n th e othe r  han d i s associate d 

wit h x e P L U s sinc e th e N P a  mil e currentl y lack s a  themati c rol e i n thi s structure .  Howeve r  thi s i s th e onl y loa d 

associate d wit h (24b) .  Thu s th e loa d differenc e betwee n th e tw o structure s i s onl y x e P L U s b y th e Propertie s o f 
Themati c Assignmen t  an d Reception ,  no t  enoug h t o caus e a  garden-pat h effect . 

I t  turn s ou t  tha t  thi s proble m i s solve d b y incorporatin g a  structura l  propert y derive d fro m a  principl e simila r  t o Lat e 

Closur e int o th e framewor k describe d thu s far .  Th e intuitio n behin d th e Principl e o f  Lat e Closur e an d it s predecessor s 

(Kimbal l  (1973) )  i s  tha t  ne w structure s prefe r  t o b e attache d t o structure s associate d wit h mor e recen t  word s i n th e 

inpu t  string .  Fo r  example ,  i n (4b) ,  th e preferre d attachmen t  fo r  th e adver b yesterda y i s a s modifie r  o f  th e mor e recentl y 

occurrin g clause :  th e mos t  deepl y embedde d one .  Th e propert y tha t  I  presen t  here ,  th e Propert y o f  Recenc y Preferenc e 

(PRP) ,  make s thi s intuitio n explicit . 

(25 )  Th e Propert y o f  Recenc y Preferenc e (PRP) : 

The loa d associate d wit h th e structur e resultin g fro m a n attachmen t  o f  structur e X  =  (numbe r  o f  mor e recen t  word s 
tha t  woul d als o allo w a n attachmen t  o f  structured )  *xr p PLUs . 

Henc e give n tw o possibl e attachmen t  sites ,  th e structur e resultin g fro m attachmen t  t o th e mor e recen t  wor d wil l 

be associate d wit h n o loa d vi a th e Propert y o f  Recenc y Preference ,  whil e th e structur e resultin g fro m attachmen t  t o 

th e les s recen t  wor d wil l  b e associate d v/ithxn p PLUs . 
Conside r  th e P R P wit h respec t  t o sentenc e (4b) .  A t  th e poin t  o f  parsin g th e wor d yesterday ,  ther e ar e tw o possibl e 

attachments :  eithe r  a s a  modifie r  o f  th e embedde d claus e heade d b y die d o r  a s modifie r  o f  th e matri x claus e heade d b y 

thought .  Th e structur e tha t  result s fro m attachin g thi s adver b a s modifie r  o f  th e embedde d claus e i s associate d wit h 

no loa d vi a th e Propert y o f  Recenc y Preference ,  sinc e th e wor d die d i s th e mos t  recentl y occurrin g attachmen t  sit e 
i n th e inpu t  string .  However ,  th e structur e tha t  result s fro m attachin g thi s adver b t o th e matri x claus e i s associate d 

wit h xr p P L U s ,  sinc e ther e i s a  mor e recen t  wor d i n th e inpu t  suing ,  th e wor d died ,  t o whic h thi s adver b coul d attach . 
Sinc e th e interpretatio n whic h link s th e adver b yesterda y wit h th e embedde d claus e i s th e strongl y preferre d readin g 

i n (4b) ,  I  hypothesiz e tha t  th e loa d differenc e betwee n th e structure s resultin g fro m th e tw o possibl e attachmen t  site s 

i s significant : 

(26)xpp> P 

The existenc e o f  a  garden-pat h effec t  i n (4a )  ca n n o w b e explained .  Structur e (24a )  i s associate d wit h n o loa d vi a 

th e Propert y o f  Recenc y Preferenc e sinc e th e N P a  mil e i s attache d t o a  structur e heade d b y th e mos t  recen t  wor d i n 
th e inpu t  string ,  yo g jr .  Structur e (24b) ,  o n th e othe r  hand ,  represent s attachmen t  t o th e C P heade d b y since .  Thu s thi s 

structur e i s associate d wit h xr p P L U s b y th e PRP .  Sinc e thi s structur e als o contain s a  themati c role-les s N P ,  th e tota l 

loa d associate d wit h thi s structur e i s xr p +  x g PLUs .  Structur e (24a )  i s associate d wit h n o loa d whatsoever .  Thu s th e 

loa d differenc e betwee n th e tw o structure s i s xr p +  x g PLUs ,  enoug h t o caus e a  su-on g loca l  preferenc e an d henc e a 
garden-path . 

Althoug h th e Propert y o f  Recenc y Preferenc e i s ver y simila r  t o Frazier' s principl e o f  Lat e Closure ,  ther e i s a n 

importan t  difference .  Unlik e th e principl e o f  Lat e Closure ,  th e P R P i s no t  stipulate d t o ac t  o n it s own :  i t  ca n interac t 

wit h othe r  properties .  Thu s w e expec t  t o find  situation s wher e th e P R P interact s wit h th e Propertie s o f  Themati c 

Assignmen t  an d Receptio n i n th e predictio n o f  behavio r  i n ambiguou s situations .  I n fact ,  m a n y suc h case s occur .  Firs t 

conside r  (27) ,  a  sentenc e whos e garden-pat h effec t  i s unexplaine d withou t  th e P R P : 

(27 )  #  I  convince d he r  childre n ar e noisy . 

(27 )  i s locall y ambiguou s ove r  th e spa n o f  th e word s he r  children .  T w o parse s fo r  th e inpu t  strin g /  convince d he r 

childre n ar e give n i n (28) : 

(28 )  a .  [// > [m > I  ]  [v p [ v [ v convince d ]  [n p he r  childre n ]  ]] ] 

b.  [ipInpI ]  [v p [ v [vconvinced ]  [î p he r  ]  [c p U p [n p children ]  ]]]] ] 

I n structur e (28a )  th e word s he r  childre n correspon d t o th e nou n phras e objec t  o f  convinced .  I n (28b) ,  th e wor d 

her  i s th e nou n phras e objec t  o f  convince d an d th e wor d childre n i s th e subjec t  o f  th e complemen t  claus e o f  convinced . 

Structur e (28a )  i s strongl y preferre d ove r  (28b )  an d a  garden-pat h effec t  result s fo r  (27) . 
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I n orde r  t o se e ho w ihi s garden-pat h effec t  ca n b e predicte d i n thi s framework ,  conside r  th e load s associate d wit h 

eac h o f  th e structure s i n (28) .  First ,  le t  u s conside r  th e Properl y o f  Recenc y Preference .  Th e attachmen t  o f  th e N P 

representatio n o f  th e wor d childre n t o for m (28a )  require s n o P R P loa d sinc e th e attachmen t  involve s th e mos t  recen t 

wor d i n th e inpu t  string ,  her .  O n th e othe r  hand ,  th e attachmen t  o f  childre n a s th e subjec t  o f  th e C P complemen t  t o 

convince d involve s makin g a n attachmen t  t o th e ver b convinced ,  a  les s recen t  wor d i n th e inpu t  string .  Thu s ther e i s a 

loa d ofxg p P L U s associate d wit h (28b) . 

Conside r  no w th e Propertie s o f  Themati c Assignmen t  an d Reception .  Structur e (28a )  ha s a  loa d o f  X g PLU s sinc e 

th e ver b convince d ha s a  ye t  unassigne d themati c role .  Structur e (28b )  i s associate d wit h a  loa d o f  j: # PLU s sinc e th e 

nou n phras e childre n require s a  themati c rol e an d doe s no t  ye t  receiv e one .  Thu s th e tota l  loa d differenc e betwee n th e 

tw o structure s i s x e +  xr p -  Jt # PLU s =  xr p PLUs .  Thu s (27 )  induce s a  garden-pat h effect ,  a s desired . 

Furthermore ,  th e combinatio n o f  th e propertie s als o explain s th e lac k o f  difficult y i n th e sentence s i n (10) : 

(10a )  I  gav e he r  earring s o n he r  birthday . 

(10b )  I  gav e he r  earring s t o Sally . 

I n orde r  t o formulat e a n inequalit y representin g th e stat e o f  affair s i n (10) ,  conside r  th e pars e stat e afte r  th e wor d 

earring s i s read : 

(29 )  a .  [// > [jv/ > 1 1 [v p [ v  W gav e ]  b/ p he r  earring s ]  ]] ] 

b.  bplNpl ]  [v p [ v  W gav e ]  [n p he r  ]  b/ p earring s ]  ]] ] 

The ver b gav e subcategorize s fo r  eithe r  tw o nou n phrase s o r  fo r  a  nou n phras e an d a  prepositiona l  phras e (c/ .  Kayn e 

(1984) ,  Larso n (1988)) .  Firs t  conside r  th e loa d associate d wit h th e structure s i n (29 )  wit h respec t  t o th e Propert y o f 

Recenc y Preference .  Th e derivatio n o f  thi s loa d i s simila r  t o tha t  fo r  th e structure s i n (28) .  Structur e (29a )  i s associate d 

wit h n o loa d b y th e P R P sinc e earring s attache s t o her ,  th e mos t  recen t  word .  However ,  structur e (29b )  i s associate d 

wit h a  loa d o f  xr p PLU s sinc e th e attachmen t  necessar y t o for m thi s structur e involve s a  les s recen t  word ,  gave .  N o w 

conside r  th e load s associate d wit h th e structure s i n (29 )  wit h respec t  t o th e Propertie s o f  Themati c Assignmen t  an d 

Reception .  Structur e (29a )  i s associate d wit h a  loa d o f  x e PLU s sinc e a  themati c rol e i s ye t  unassigne d b y th e ver b 

gav e i n thi s structure .  O n th e othe r  hand ,  structur e (29b )  i s associate d wit h n o loa d du e eithe r  th e P T A o r  th e P T R sinc e 

al l  themati c role s ar e assigne d an d al l  themati c element s receiv e themati c roles .  Not e tha t  thi s i s th e crucia l  differenc e 
betwee n (10 )  an d (27) .  Thu s th e loa d differenc e betwee n structure s (29a )  an d (29b )  i s xr p -  x g PLUs .  Sinc e neithe r 

(10a )  no r  (lOb )  i s a  garden-pat h sentence ,  I  hypothesiz e tha t  thi s loa d differenc e i s no t  significant : 

(30 )  X R P - X 0 < P 

Thu s w e hav e th e followin g inequalities : 

(31 )  a .  X e < P 

b.  2*x e >  P 

C.  XRP >  P 

d.  Xr p - X e < P 

Thi s se t  o f  inequalitie s i s consistent .  I t  identifie s th e solutio n spac e depicte d i n Figur e 1 . 

Xe, 

' 

. 

x,,> P 

H 

/ 

XRP-Xe < P y 

^  2 x , > P 

P Xk, 

Figur e 1 :  Th e Solutio n Spac e fo r  th e Inequalitie s i n (31 ) 
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5 Conclusion s 

This paper has presented a parallel model ofhuman sentence processing in which it is assumed that the ease or difficulty 

i n parsin g a  give n sentenc e i s du e t o multipl e coexistin g propertie s o f  th e sentence .  Thre e independen t  propertie s 

wer e presented :  tw o tha t  follo w fro m th e ̂ -Criterion ,  an d th e third ,  a  propert y tha t  prefer s attachment s involvin g 

more recen t  words .  Thes e thre e propertie s wer e show n t o interac t  t o correctl y predic t  previousl y unexplaine d result s 

wit h respec t  t o a  numbe r  o f  loca l  ambiguities .  Furthermore ,  n o stipulation s regardin g reanalysi s ar e necessary :  al l 

reanalysi s i s assume d t o b e expensive .  Thu s th e framewor k presente d her e make s bette r  prediction s wit h respec t  t o 

th e dat a considere d her e tha n th e currentl y accepte d seria l  model s o f  languag e processing . 
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