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Abstrac t 

MacDonald ,  Pearlmutter ,  an d Seidenber g (1993 )  propos e a n al -
ternativ e t o th e dominan t  vie w i n sentenc e processin g tha t  syn -
tacti c ambiguitie s ar e resolve d b y heuristic s base d o n structura l 
simplicity .  MacDonal d e t  al .  argu e tha t  suc h ambiguitie s ca n b e 
define d i n term s o f  alternative s associate d wit h informatio n i n 
individua l  lexica l  items ,  an d thu s tha t  syntacti c ambiguitie s ca n 
be resolve d b y lexica l  disambiguatio n mechanism s relyin g o n 
acces s t o th e relativ e frequencie s o f  alternative s an d t o biase s 
create d b y contextua l  constraints .  W e presen t  evidenc e fro m 
a compute r  simulatio n o f  th e us e o f  frequency-base d an d con -
textua l  constraint s i n th e processin g o f  th e mai n verb/reduce d 
relativ e syntacti c ambiguity ,  showin g tha t  frequenc y an d rela -
tivel y limite d contextua l  informatio n fro m a  sampl e o f  natura l 
languag e ca n interac t  sufficientl y t o mode l  basi c result s i n th e 
literature . 

Introduction 

Unti l  ver y recently ,  question s abou t  th e us e o f  frequenc y in -
formatio n i n languag e comprehensio n wer e considere d fo r 
th e processin g o f  word s (lexica l  items )  bu t  onl y rarel y fo r  th e 
processin g o f  mor e comple x structure s (sentence s an d whol e 
discourses) .  Frazier' s (1979 )  well-know n garde n pat h mode l 
of  sentenc e processin g relie s o n complexity-base d rathe r  tha n 
frequency-base d heuristic s t o determin e th e resolutio n o f  syn -
tacti c ambiguities :  Th e mos t  intensivel y investigate d o f  thes e 
heuristics .  Minima l  Attachment ,  force s th e syntacti c proces -
sor  t o construc t  th e phras e structur e tre e wit h th e fewes t  nodes . 
However ,  fo r  man y Minima l  Attachmen t  ambiguities ,  fre -
quenc y i s inversel y relate d t o complexity ,  s o a  syste m resolv -
in g ambiguitie s i n favo r  o f  th e mos t  frequen t  interpretatio n 
woul d displa y th e appropriat e preferences .  Bu t  constructin g 
suc h a  syste m i s difficult :  A n infinit e variet y o f  frequencie s 
migh t  conceivabl y b e maintained,  an d an y frequency-base d 
syste m mus t  someho w limi t  wha t  i t  counts . 

A numbe r  o f  researcher s hav e suggeste d tha t  Minima l  At -
tachmen t  ambiguitie s i n th e garde n pat h mode l  ar e als o am -
biguitie s ove r  lexica l  representation s (e.g. ,  Julian o &  Tanen -
haus ,  1993 ;  MacDonald ,  i n press ;  MacDonald ,  Pearlmutter ,  & 
Seidenberg ,  1993 ;  Trueswell ,  Tanenhaus ,  &  Kello ,  1993) ,  an d 
tha t  therefor e th e resolutio n o f  thes e ambiguitie s shoul d de -
pend o n factor s relevan t  t o th e disambiguatio n o f  othe r  case s 

of  lexica l  ambiguity .  Duffy ,  Morris ,  an d Rayne r  (1988 ;  als o 
Simpso n &  Krueger ,  1991 ;  Taboss i  &  Zardon ,  1993 )  showe d 
tha t  th e processin g o f  lexica l  meanin g ambiguit y depend s o n 
bot h th e relativ e frequenc y o f  alternativ e meaning s an d th e 
degre e t o whic h th e sentenc e contex t  biase s i n favo r  o f  on e 
meanin g o r  another . 

On thi s view ,  frequenc y an d contextua l  biase s ar e relevan t 
t o syntacti c ambiguit y resolutio n whe n syntacti c ambiguitie s 
ar e describe d i n term s o f  thei r  lexica l  components .  Fo r  ex -
ample ,  MacDonal d e t  al .  (1993 )  presente d a n enriche d vie w 
of  th e lexico n i n whic h a  wid e variet y o f  informatio n abou t 
a wor d wa s include d i n th e word' s lexica l  entry :  I n addi -
tio n t o informatio n abou t  a  word' s phonology ,  orthography , 
and semantics ,  the y suggeste d tha t  knowledg e o f  a  variet y o f 
grammatica l  an d morphologica l  feature s o f  a  wor d wa s als o 
present ,  includin g grammatica l  categor y (noun ,  verb ,  etc.) , 
agreemen t  feature s (number ,  person ,  gender) ,  activ e versu s 
passiv e voice ,  inflectiona l  morpholog y (i n particular ,  th e pas t 
tens e vs .  pas t  participl e distinction) ,  an d argumen t  structure . 

Becaus e o f  th e amoun t  o f  informatio n i n th e lexico n an d th e 
potentia l  complexit y o f  interaction s betwee n differen t  sort s o f 
information ,  i t  i s importan t  t o understan d h o w suc h a  syste m 
woul d behav e durin g sentenc e processing .  W e ar e therefor e 
currentl y engage d i n modelin g interaction s betwee n lexica l 
and contextua l  constraints ,  an d thi s pape r  report s o n th e first 
phas e o f  a  projec t  intende d t o provid e a n implementatio n o f 
idea s discusse d b y MacDonal d e t  al .  Argumen t  structure s ar e 
particularl y importan t  fo r  th e lexica l  vie w o f  syntacti c ambi -
guity ,  s o w e first  briefl y describ e them .  W e the n summariz e 
thi s vie w o f  ambiguit y resolutio n an d discus s th e best-know n 
exampl e o f  syntacti c ambiguity ,  th e mai n verb/reduce d rela -
tiv e ( M V / R R )  ambiguity .  Finally ,  w e presen t  a  mode l  o f  th e 
processin g o f  th e M V / R R ambiguit y i n whic h th e constraint s 
describe d b y MacDonal d e t  al .  interac t  t o predic t  interpreta -
tio n preferences . 

Argument Structures 

Argumen t  structure s provid e a  shorthan d mechanis m fo r  in -
tegratin g syntacti c an d semanti c informatio n abou t  th e argu -
ment s o f  a  wor d (e.g. .  Pinker ,  1989) .  Argumen t  structure s 
ar e annotate d list s o f  themati c roles ,  wher e th e annotation s 
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provid e informatio n abou t  th e syntacti c propertie s o f  th e ar -
guments ,  an d themati c role s provid e semanti c information . 
Example s fo r  th e ver b coo k ar e show n i n (1) . 

(l)a. <Agent, Theme> Murray cooked the stew. 
b.  < A g e n t > Murra y cooke d (fo r  fun) . 
c.  < T h e m e > Murra y cooke d (a s th e cannibal s 

waited) . 

The argument structure in (la) specifies that cook takes two 
arguments ,  th e first  o f  whic h (th e subject ;  Murray )  i s  assigne d 
th e Agen t  themati c role .  Agent s ar e canonica l  performer s o f 
action s an d ar e typicall y animat e an d imbue d wit h intensions . 
Cook' s secon d argumen t  i n (la )  i s a  direc t  objec t  an d receive s 
th e T h e m e rol e (th e stew) .  Theme s typicall y hav e action s per -
forme d o n the m and/o r  underg o change s o f  state ,  position ,  o r 
possession .  I n (lb )  an d (Ic) ,  coo k take s onl y on e argument ; 
i n (lb) ,  th e argumen t  i s a n Agent ,  an d thu s Murra y cooke d 
something ,  bu t  wha t  i t  wa s i s lef t  unspecified .  I n (Ic) ,  how -
ever ,  Murra y i s assigne d th e T h e m e role ,  an d thu s h e i s bein g 
cooke d rathe r  tha n cookin g somethin g else . 

Lexical Representation and Ambiguity Resolution 

MacDonal d e t  al .  propose d tha t  a  word' s grammatica l  fea -
tur e alternative s ar e directl y associate d wit h th e wor d i n th e 
lexicon .  Thu s informatio n i n lexica l  entrie s i s specificall y 
require d b y th e syntacti c componen t  o f  th e system :  Th e ap -
propriat e structur e fo r  a n inpu t  c£i n onl y b e determine d b y 
combinin g lexically-base d constraint s (e.g. ,  tha t  th e subjec t 
nou n i s plura l  an d th e ver b i s plural )  wit h constraint s pro -
vide d b y th e gramma r  itsel f  (e.g. ,  tha t  verb s an d thei r  subject s 
must  agre e i n number) .  A s a  result ,  th e availabilit y  o f  differ -
ent  alternative s i n th e lexico n ca n determin e h o w ambiguitie s 
ar e resolved . 

Th e availabilit y  o f  alternative s depend s o n thei r  frequen -
cies .  Thus ,  fo r  example ,  th e lexico n contain s informatio n 
abou t  th e relativ e frequencie s o f  th e variou s argumen t  struc -
ture s fo r  cooked .  Thus ,  th e relativ e frequenc y o f  grammatica l 
featur e alternative s ough t  t o affec t  disambiguation :  Mo r e fre -
quen t  alternative s becom e availabl e mor e rapidl y an d there -
for e affec t  (syntactic )  processin g sooner .  MacDonal d e t  al . 
als o argue d tha t  contextua l  biase s affec t  ambiguit y resolution , 
althoug h o n th e average ,  frequenc y biase s wil l  ten d t o domi -
nate :  Contextua l  biase s provide d b y natura l  languag e context s 
ten d no t  t o b e a s constrainin g a s frequency  biase s ca n be . 

MacDonal d e t  al .  showe d tha t  whe n lexica l  factor s ar e con -
sidered ,  a  variet y o f  result s fro m th e syntacti c ambiguit y lit -
erature ,  m a n y o f  whic h wer e incompatibl e wit h th e dominan t 
vie w i n th e field,  coul d b e explained .  The y therefor e con -
clude d tha t  a  rang e o f  syntacti c ambiguitie s coul d b e describe d 
instea d a s ambiguitie s ove r  lexica l  representations ,  an d tha t 
the y coul d b e resolve d b y mechanism s o f  lexica l  rathe r  tha n 
structura l  disambiguation .  The y furthe r  propose d constrain t 
satisfactio n a s th e relevan t  mechanis m fo r  bot h lexica l  an d 
syntacti c processing ,  wher e th e constraint s ar e th e relativ e 
frequencie s o f  alternative s i n th e lexicon ,  biase s create d b y 
contex t  i n favo r  o f  on e o r  anothe r  lexica l  alternative ,  an d th e 
specificatio n o f  th e gramma r  itsel f  (se e Julian o &  Tanenhaus , 
1993 ;  an d Trueswel l  e t  al. ,  i n press ;  fo r  simila r  proposals) .  I n 
th e nex t  section ,  w e discus s th e M V / R R ambiguit y an d som e 
specifi c  constraint s relevan t  t o it s resolution . 

T h e M a i n V e r b / R e d u c e d Relativ e A m b i g u i t y 

The most-studied syntactic ambiguity over the past decade 
has bee n th e mai n verb/reduce d relativ e ( M V / R R )  ambiguity , 
as illustrate d i n (2 )  (Trueswel l  e t  al. ,  i n press) . 

(2)a. The defendant examined by the lawyer was important. 
b.  Th e evidenc e examine d b y th e lawye r  wa s important . 

In (2), examined can be treated either as the main verb of 
th e sentenc e o r  a s par t  o f  a  reduce d relativ e claus e modifyin g 
th e precedin g noun .  I f  comprehender s adop t  th e mai n ver b 
interpretation ,  the y wil l  displa y difficult y later ,  becaus e wa s 
i s i n fac t  th e mai n ver b o f  th e clause .  I n th e reduce d relativ e 
case ,  however ,  littl e difficult y shoul d b e encountered . 

MacDonal d e t  al .  discusse d thre e potentia l  frequenc y biase s 
relevan t  t o th e disambiguatio n o f  th e M V / R R ambiguity ,  al l 
associate d wit h th e verb :  th e frequencie s o f  th e verb' s alter -
nativ e argumen t  structures ,  th e frequenc y o f  th e ver b i n activ e 
versu s passiv e voice ,  an d th e frequenc y o f  th e ver b a s a  pas t 
tens e versu s a s a  pas t  participl e form .  Thes e frequencie s ar e 
relevan t  becaus e th e reduce d relativ e interpretatio n require s a 
pas t  participle ,  passiv e voice ,  an d a n argumen t  structur e wit h 
a direc t  object ;  an d thu s t o th e degre e tha t  eac h o f  thes e al -
ternative s i s mor e frequen t  tha n it s  competitor(s) ,  th e reduce d 
relativ e interpretatio n wil l  b e preferred .  I f  instea d competi -
tor s t o thes e alternative s ar e mor e frequent ,  th e mai n ver b 
interpretatio n o f  th e ambiguit y wil l  b e preferred . 

Certai n contextua l  constraint s hav e als o bee n studie d fo r 
thes e ambiguities .  I n (2) ,  th e contextua l  constrain t  come s 
fro m th e plausibilit y  o f  th e initia l  nou n a s a n Agen t  fo r  exam -
ined :  I n (2a) ,  defendan t  i s a  plausibl e Agen t  (defendant s ca n 
examin e things) ,  bu t  i n (2b) ,  evidenc e i s inanimat e an d i s a n 
extremel y implausibl e Agent .  Th e onl y argumen t  structur e 
availabl e fo r  examine d i s tha t  i n (la) ,  s o i f  evidenc e i s no t 
assigne d th e Agen t  role ,  i t  mus t  b e assigne d th e Them e role . 
However ,  thi s i s onl y allowe d b y th e gramma r  i f  examine d i s 
i n passiv e voice ,  whic h wil l  the n forc e th e reduce d relativ e in -
terpretation .  Trueswel l  e t  al .  (i n press )  foun d tha t  subject s ha d 
les s difficult y o n item s lik e (2b) ,  containin g helpfu l  contextua l 
biases ,  tha n o n item s lik e (2a) ,  wher e th e contextua l  hel p wa s 
not  present .  Thu s w e expec t  tha t  i f  a  mode l  ha d acces s t o in -
formatio n fro m unambiguou s sentence s abou t  frequenc y an d 
contextua l  biase s relevan t  t o th e M V / R R ambiguity ,  i t  woul d 
displa y bot h effect s o f  frequenc y an d effect s o f  contextua l 
bia s whe n presente d wit h ambiguou s sentences . 

The Model 

We chose a simple three-layer feedforward connectionist net-
wor k t o implemen t  a  par t  o f  th e MacDonal d e t  al .  theory . 
Such network s ar e well-suite d t o performin g constrain t  satis -
factio n task s (e.g. ,  Cottrell ,  Munro ,  &  Zipser ,  1987 ;  McCel -
land ,  Rumelhart ,  &  Hinton ,  1986) .  Th e architectur e o f  th e 
model  i s show n i n Figur e 1 .  Th e model' s tas k wa s t o selec t 
an interpretatio n fo r  eac h inpu t  toke n (sentence) .  Th e mode l 
was traine d o n unambiguou s input s t o giv e i t  th e opportunit y 
t o lear n th e constraints ;  th e mode l  wa s the n teste d o n ambigu -
ous version s o f  th e inpu t  token s t o se e wha t  it s interpretatio n 
preference s wer e i n th e fac e o f  th e M V / R R ambiguity . 
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Figur e 1 :  Schemati c o f  th e model .  Arrow s indicat e feedforwar d connections . 

Tabl e 1 :  Exampl e verb s an d semanti c features . 

doz e bodil y proces s 
entity-specifi c 
manner 

dissolve motion 
stat e 
resultan t  stat e 

glitte r  emissio n 
entity-specifi c 

bum motion 
stat e 
resultan t  stat e 
entity-specifi c 
emissio n 
existenc e 

Inpu t  Representatio n 

As show n i n Figur e 1 ,  th e 8 7 unit s i n th e inpu t  laye r  ca n b e 
broke n int o five  groups : 

• Subject noun phrase animacy (2 units). 

•  Ver b featura l  semantic s (2 1 units) ,  a  simplifie d ver b se -
mantic s wit h 2 1 features ,  base d primaril y o n Levi n (1989) . 
Tabl e 1  show s som e example s o f  verb s fro m th e trainin g 
set  wit h thei r  semanti c features . 

•  Ver b uniqu e identificatio n (6 0 units) .  T o differentiat e verb s 
wit h identica l  semanti c features ,  eac h ver b ha d a  uniqu e 
patter n ove r  thes e units .  Pattern s wer e generate d randomly ; 
each uni t  ha d a  2 5 % chanc e o f  bein g se t  on . 

•  Transitive/intransitiv e ( 2 units) ,  indicatin g th e presence/ab -
senc e o f  a  direc t  objec t  nou n phrase . 

•  Active/passiv e ( 2 units) ,  indicatin g th e absence/presenc e o f 
a for m o f  b e befor e th e verb . 

The units representing verb information (featural and 
uniqu e I D units )  ha d value s o f  1  o r  0 .  Fo r  th e othe r  unit s 
(animacy ,  direc t  objec t  presence/absence ,  an d active/passive) , 
th e patter n (. 6 .4 )  ove r  tw o unit s represente d on e valu e (e.g. , 
animate) ,  an d th e patter n (. 4 .6 )  represente d th e othe r  valu e 
(e.g. ,  inanimate) .  Value s clos e togethe r  wer e chose n t o forc e 
th e syste m t o rel y mor e strongl y o n informatio n abou t  th e ver b 
i n a  sentence . 

Outpu t  Representatio n 

Each of the five units in the output layer represented a com-
binatio n o f  argumen t  structur e an d active/passive .  Thre e o f 
thes e unit s represente d activ e voic e an d on e o f  th e argumen t 
structure s i n (1) ;  on e o f  th e othe r  unit s represente d activ e voic e 
and th e <Cause ,  T h e m o argumen t  structure ,  whic h differ s 
fro m (la )  onl y i n tha t  Cause s ar e inanimate ,  wherea s Agent s 
ar e animate .  Th e fifth  uni t  i n th e outpu t  laye r  represente d a 
passiv e interpretation ,  combinin g bot h passiv e voic e an d a n 
argumen t  structur e containin g a  Them e direc t  objec t  bu t  n o 
subjec t  (show n a s e) .  Thi s las t  combinatio n i s require d fo r  th e 
reduce d relativ e interpretation ,  wherea s th e othe r  fou r  unit s 
correspon d t o variou s mai n ver b interpretations .  Thu s whe n 
th e inpu t  wa s ambiguous ,  th e mos t  highl y activate d outpu t 
uni t  indicate d th e model' s interpretatio n o f  th e ambiguity . 

IVaining 

The model learned the constraints from a training set. Sixty 
past  participl e verb s wer e selecte d fo r  thi s set ,  primaril y fro m 
experiment s involvin g th e M V / R R ambiguity .  Al l  sentence s 
containin g thes e verb s wer e extracte d fro m th e Wal l  Stree t 
Journa l  (WSJ )  electroni c corpus ,  an d eac h wa s code d fo r  th e 
animac y o f  th e verb' s subject ,  th e presenc e o f  b e i n a  passive , 
th e presenc e o f  a  direc t  object ,  an d th e argumen t  structur e 
of  th e verb .  Fro m thes e codings ,  a  se t  o f  inpu t  token s wa s 
create d fo r  eac h verb .  Eac h inpu t  toke n consiste d o f  a  patter n 
on th e inpu t  laye r  paire d wit h a  patter n o n th e outpu t  layer . 
The frequenc y o f  eac h inpu t  toke n i n th e se t  o f  W SJ sentence s 
fo r  th e give n ver b wa s code d wit h th e inpu t  token .  Fro m th e 
60 verbs ,  17 6 inpu t  token s wer e generate d (onl y a  fe w o f  th e 
possibl e inpu t  token s occurre d fo r  mos t  verbs) . 

The 17 6 token s wer e presente d probabilisticall y (accord -
in g t o W SJ frequency )  t o th e mode l  i n eac h epoch ,  an d th e 
model  use d a  back-propagatio n learnin g algorith m t o adjus t 
it s  connectio n weight s (initiall y  se t  t o smal l  rando m values) . 
The learnin g rat e wa s se t  a t  0.00 1 an d th e momentu m valu e 
was 0.9 .  Th e mode l  wa s traine d fo r  500 0 epochs .  W e ra n fou r 
separat e simulation s wit h differen t  initia l  rando m weight s an d 
differen t  uniqu e I D patterns ;  al l  result s ar e average d acros s 
th e fou r  simulations . 
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Testin g th e IVainin g Se t 

Nothing about the model's learning of the constraints is theo-
reticall y crucial ,  bu t  i t  i s  importan t  tha t  th e mode l  doe s actu -
all y lear n o n unambiguou s inputs. '  Thu s afte r  500 0 epoch s o f 
training ,  th e mode l  wa s testei d o n ever y toke n i n th e trainin g 
set .  Th e mea n activatio n o f  th e correc t  outpu t  uni t  fo r  eac h 
toke n wa s .920 ,  m u c h greate r  tha n tha t  fo r  th e nex t  highes t 
uni t  fo r  eac h token ,  .061 .  Thu s th e mode l  wa s abl e t o lear n 
th e trainin g set ,  an d i t  develope d strong ,  accurat e preference s 
fo r  unambiguou s inputs . 

Testing Ambiguous Inputs 

To determin e th e model' s respons e t o ambiguou s input s cor -
respondin g t o th e M V / R R ambiguity ,  th e trainin g se t  token s 
wer e used ,  bu t  th e inpu t  pattern s fo r  th e unit s encodin g ac -
tive/passiv e an d direc t  objec t  presence/absenc e wer e se t  t o 
(. 4 .4 )  rathe r  tha n (. 6 .4 )  o r  (. 4 .6) .  Thu s th e mode l  n o longe r 
had an y informatio n abou t  thes e propertie s o f  th e input ,  an d 
thi s shoul d correspon d t o th e poin t  i n huma n languag e pro -
cessin g whe n a  strin g suc h a s Th e defendan t  examine d ha s 
bee n seen ,  bu t  nothin g i s know n ye t  abou t  whethe r  a  direc t 
objec t  wil l  follow ,  o r  whethe r  examine d i s i n activ e o r  pas -
siv e voice .  Th e activatio n level s o f  th e argumen t  structure s i n 
th e outpu t  shoul d therefor e indicat e th e model' s preferences , 
base d o n wha t  i t  ha s learne d fro m th e (unambiguous )  input s 
abou t  frequency -  an d context-base d constraints . 

Frequency-dependency. As a test of the model's learning 
of  frequenc y constraints ,  w e examine d h o w th e activatio n 
of  eac h argumen t  structur e (outpu t  unit )  fo r  eac h ver b wa s 
relate d t o it s frequenc y fo r  tha t  verb .  Becaus e th e mode l 
was receivin g n o informatio n abou t  voic e o r  th e existenc e 
of  a  direc t  object ,  it s  response s depende d o n wha t  i t  kne w 
abou t  argumen t  structur e preferences .  Tabl e 2  present s th e 
correlatio n betwee n frequenc y an d activatio n acros s verb s fo r 
eac h argumen t  structure .  Activatio n i s ver y closel y relate d t o 
frequenc y fo r  al l  o f  th e argumen t  structure s excep t  <Agent , 
T h e m e >,  indicatin g tha t  th e mode l  wa s generall y successfu l 
at  usin g th e argumen t  structur e frequenc y constraint s i n th e 
input .  Th e lac k o f  effec t  i n th e latte r  cas e i s unde r  furthe r 
investigatio n bu t  probabl y resulte d fro m man y verb s (wit h a 
wid e rang e o f  semantics )  takin g th e <  Agent ,  T h e m e > struc -
ture ,  wit h a  ver y wid e rang e o f  frequencies .  Give n th e smal l 
number  o f  hidde n unit s i n th e model ,  i t  mus t  rel y o n signifi -
can t  generalizatio n acros s verbs ,  an d i n th e <  Agent ,  T h e m e > 
case ,  thi s i s  difficult ,  resultin g i n a  los s o f  crucia l  information . 

Verbs with a single argument structure. We also tested 
th e model' s knowledg e o f  ver b argumen t  structur e prefer -
ence s b y examinin g it s response s t o tw o particula r  classe s o f 
verbs .  Ambiguou s input s fo r  thes e verbs ,  althoug h missin g in -
formatio n abou t  voic e an d presenc e o f  a  direc t  object ,  shoul d 

Tabl e 2 :  Correlatio n o f  argumen t  structur e frequenc y wit h 
activatio n acros s verbs . 

'i n fact ,  th e mode l  wil l  no t  b e abl e t o precisel y lea m th e trainin g 
set ,  becaus e fo r  five  o f  th e verbs ,  th e sam e inpu t  patter n wa s traine d 
t o tw o differen t  outpu t  pattems .  Fo r  example ,  a  toke n lik e Th e 
passenger s lande d safel y woul d b e code d a s a  < T h e m e > argumen t 
structure ,  wherea s a  toke n lik e Th e pilo t  lande d gingerl y woul d b e 
code d a s a n <  Agent > structure ;  bu t  i n th e model' s input ,  th e subjec t 
nou n phras e wa s identifie d onl y i n term s o f  it s  animacy ,  s o th e tw o 
input s appeare d th e same . 

Argumen t  Structur e 

<Agent ,  T h e m e > 
<Cause ,  T h e m e > 

< A g e n t > 
<Theme> 

<e,  Theme > 

Frequenc y -  Activatio n Correlatio n 

.2 5 

.80 * 

.97 * 

.68 * 

.75 * 

*p < .0001 . 

nevertheles s b e unambiguous ,  becaus e thes e verb s (regardles s 
of  thei r  environment )  allowe d onl y on e argumen t  structure . 
O ne o f  thes e classes ,  includin g verb s lik e doz e an d glare ,  per -
mitte d onl y th e <Agen t > argumen t  structur e an d too k onl y 
animat e subjects .  Fo r  thes e verbs ,  th e mea n activatio n o f  th e 
< A g e n t > uni t  wa s .991 ;  n o othe r  argumen t  structur e ha d a n 
activatio n abov e .040 .  Th e secon d clas s o f  effectivel y unam -
biguou s verb s include d example s suc h a s disappear ,  sparkle , 
and wilt .  Thes e verb s allowe d onl y th e < T h e m e > argumen t 
structure ,  bu t  unlik e th e clas s o f  verb s lik e doze ,  the y coul d 
tak e eithe r  animat e o r  inanimat e subjects .  A s i n th e cas e o f 
verb s lik e doze ,  th e activatio n o f  incorrec t  argumen t  struc -
ture s wa s alway s belo w .04 0 fo r  thes e verbs .  However ,  th e 
activatio n o f  th e correc t  < T h e m e > structur e depende d o n th e 
animac y o f  th e subject :  Fo r  animat e subjects ,  it s  mea n activa -
tio n wa s .731 ,  bu t  fo r  inanimat e subjects ,  it s  mea n activatio n 
was .963 .  Thu s th e mode l  wa s quit e effectiv e a t  keepin g 
trac k o f  frequency-base d argumen t  structur e preference s fo r 
thes e verbs ,  bu t  i t  als o showe d som e sensitivit y t o animac y ( a 
context-base d constraint) . 

Fully ambiguous verbs. Finally, to see the model's prefer-
ence s i n full y  ambiguou s cases ,  whic h shoul d correspon d t o 
typica l  case s o f  th e M V / R R ambiguity ,  w e examine d perfor -
mance o n token s fo r  verb s whic h allowe d multipl e argumen t 
structure s (i.e. ,  thos e no t  include d i n th e abov e tw o classes) . 
Th e mea n activatio n acros s verb s fo r  al l  argumen t  structure s i s 
show n i n Figur e 2 ,  whic h show s tha t  i n additio n t o argumen t 
structur e frequenc y constraints ,  th e mode l  wa s abl e t o rel y o n 
constraint s fro m animacy :  W h e n th e subjec t  wa s animate ,  th e 
model  preferre d argumen t  structure s whic h coul d tak e animat e 
subjects ;  whe n th e subjec t  wa s inanimate ,  th e model' s prefer -
ence s change d appropriatel y t o reflec t  this .  Furthermore ,  fo r 
inanimat e subjects ,  th e mode l  strongl y preferre d th e passiv e 
argumen t  structure ,  reflectin g th e selectio n o f  th e reduce d rel -
ativ e interpretatio n o f  th e ambiguity ,  replicatin g Trueswel l  e t 
al .  (i n press) .  Thi s preferenc e i s no t  presen t  whe n th e subjec t 
i s  animate . 

Discussion 

Th e networ k mode l  w e hav e presente d wa s traine d o n a  rea -
sonabl y realisti c sampl e o f  Englis h writte n tex t  an d wa s abl e 
t o extrac t  usefu l  informatio n abou t  lexica l  frequencies .  Test -
in g o n ambiguou s input s indicate d tha t  th e constraint s coul d 
be applie d t o generat e prediction s abou t  preference s whic h 
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< e , 

T h e m o 

Figur e 2 :  Argumen t  structur e preference s fo r  ambiguou s verbs . 

supporte d thos e o f  MacDonal d e t  al .  (1993) .  Th e mode l  als o 
simulate d th e primar y resul t  i n Trueswel l  e t  al .  (i n press) :  tha t 
th e presenc e o f  a n inanimat e subjec t  ca n creat e a  preferenc e 
fo r  th e reduce d relativ e interpretatio n o f  th e M V / R R ambi -
guity .  However ,  th e mode l  ha d som e difficult y handlin g th e 
<Agent ,  T h e m o argumen t  structure :  I t  shoul d hav e bee n 
more strongl y preferre d fo r  th e ambiguou s input s wit h ani -
mate subjects ,  an d it s  activatio n faile d t o correlat e wit h it s 
frequenc y acros s verbs .  Par t  o f  th e proble m m a y b e tha t  thi s 
argumen t  structur e i s no t  a s frequen t  i n ou r  dat a se t  a s i n En -
glish .  I n addition ,  becaus e i t  i s s o c o m m o n ,  th e semantic s o f 
verb s whic h allo w i t  d o no t  necessaril y  shar e man y semanti c 
features ,  an d wit h onl y a  limite d numbe r  o f  verbs ,  i t  ma y b e 
difficul t  fo r  th e mode l  t o lear n m u c h abou t  i t  an d t o generaliz e 
abou t  th e verb s whic h allo w o r  prefe r  it .  W e ar e currentl y 
doublin g th e numbe r  o f  verb s i n th e model ,  an d thi s wil l  in -
creas e th e relativ e numbe r  o f  token s involvin g thi s argumen t 
structure .  Thi s ongoin g wor k wil l  als o furthe r  develo p th e 
ver b semantic s an d investigat e a  wide r  rang e o f  ambiguitie s 
and constraints . 

Wit h respec t  t o additiona l  constraint s i n particular ,  i t  wil l 
eventuall y becom e importan t  t o increas e th e contributio n o f 
nou n semantic s i n th e model .  A s note d above ,  codin g onl y 
animac y alread y create s mino r  problems ,  i n that ,  fo r  som e 
verb s (e.g. ,  landed) ,  mor e comple x propertie s o f  th e subjec t 
determin e th e choic e o f  themati c rol e an d thu s th e choic e 
of  argumen t  structur e (Th e passenger s lande d vs .  Th e pilo t 
landed) ,  s o th e mode l  i s  traine d t o m a p th e sam e inpu t  t o 
tw o possibl e outputs .  However ,  ther e i s a  mor e genera l  issu e 
t o b e considered ,  whic h i s h o w mor e comple x contextua l 
constraint s ar e t o b e represente d i n th e model .  A t  present , 
context s (animacy )  ar e treate d a s higher-orde r  o r  mor e subtl e 
case s o f  frequenc y effect s i n th e model ,  bu t  whethe r  suc h 
a strateg y ca n b e extende d t o mor e comple x context s i s a n 
open questio n (cf .  Pearlmutte r  &  MacDonald ,  1992 ;  1994) . 
The strateg y depend s o n bein g abl e t o isolat e specifi c  feature s 

int o whic h context s ca n b e decomposed ,  bu t  a s suggeste d b y 
th e pilot/passenger s lande d contrast ,  thi s m a y no t  alway s b e 
possible ,  a t  leas t  i f  th e feature s ar e t o remai n applicabl e t o 
mor e tha n a  singl e lexica l  ite m (o r  noun-ver b pair) . 

O ne alternativ e t o thi s approac h o f  identifyin g th e relevan t 
feature s i n advanc e i s t o allo w th e mode l  t o develo p rep -
resentation s i t  need s o n it s o w n .  St .  Joh n an d McClellan d 
(1990 )  create d a  mode l  o f  thi s sor t  b y trainin g a  recurren t 
connectionis t  networ k wit h distribute d representation s t o fill 
i n themati c rol e informatio n abou t  sentences .  Althoug h th e 
domai n wa s quit e limited ,  th e model' s interpretation s eventu -
all y reflecte d th e relativ e frequency ,  and ,  approximately ,  th e 
relativ e plausibilit y o f  variou s competin g themati c rol e as -
signments .  Whethe r  thi s typ e o f  mode l  coul d als o displa y 
sensitivit y t o syntacti c constraint s an d a n interactio n betwee n 
syntacti c an d semanti c constraints ,  i n a  manne r  anythin g lik e 
humans (MacDonal d e t  al. ,  1993 ;  Trueswel l  e t  al. ,  i n press )  i s 
unclear :  Connectionis t  model s a s a  clas s continu e t o hav e dif -
ficulty  handlin g structure d representation s o f  th e sor t  require d 
t o stat e syntacti c constraint s (bu t  cf .  Elman ,  1990) .  Par t  o f 
our  ongoin g wor k relate d t o th e curren t  mode l  i s a n attemp t  t o 
develo p a  framewor k combinin g th e strengt h o f  connectionis t 
model s — simple ,  unifor m processe s whic h interac t  t o creat e 
comple x behavior  — wit h th e potentia l  explanator y powe r  o f 
structure d syntacti c representation s an d theories . 
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