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Abstrac t 

We propose an account for the acquisition of grammatical 
relation s usin g th e concept s o f  connectionis t  learnin g an d a 
construction-base d theor y o f  grammar .  Th e proposa l  i s base d 
on th e observatio n tha t  earl y productio n o f  childhoo d speec h 
i s formulai c an d th e assumptio n tha t  th e purpos e o f  languag e 
i s communication .  I f  on e assume s tha t  children' s 
comprehensio n o f  multiwor d speec h i s no t  globall y 
systematic ,  bu t  base d initiall y o n semi-rot e knowledg e (so -
calle d "pivo t  grammars") ,  a  pathwa y throug h small-scal e 
systematicit y t o grammatica l  relation s appropriat e t o th e 
child' s targe t  languag e ca n b e seen .  W e propos e suc h a 
syste m an d demonstrat e a  portio n o f  th e emergenc e o f 
grammatica l  relation s usin g a  connectionis t  network . 

Introduction 

Grammatica l  relation s ar e frequentl y a  proble m fo r  languag e 

acquisitio n systems. '  I n on e sens e the y represen t  th e mos t 
abstrac t  aspec t  o f  language ;  subject s transcen d al l  semanti c 

restrictions—virtuall y an y semanti c rol e ca n b e a  subject . 

W h e r e semantic s i s  see n a s bein g relate d t o world -

knowledge ,  synta x i s  see n a s existin g o n a  distinc t  plane . 

For  thi s reaso n ther e ar e languag e theorie s i n whic h 

grammatica l  relation s ar e considere d theoretica l  primitives , 

th e mos t  obviou s example s o f  thi s ar e Relationa l  Granruna r 

(Perlmutter ,  1982 ;  Perlmutte r  &  Postal ,  1983 )  an d Arc-Pai r 

G r a m m ar  (Johnso n &  Postal ,  1980) . 

O ne approac h t o learnin g synta x ha s bee n t o relegat e 

grammatica l  relation s an d thei r  behavior s t o th e "innat e 

endowment "  tha t  eac h chil d i s  bor n with .  Ther e ar e a 

number  o f  theorie s o f  languag e acquisition ,  (e.g. .  Pinker , 

1984 ,  1989 ;  H y a m s ,  1986 ;  Bore r  &  Wexler ,  1987 ,  1992 ) 

whic h star t  wit h th e assumptio n tha t  synta x i s a  separat e 

componen t  o f  language ,  an d tha t  th e acquisitio n o f  synta x i s 

largel y independen t  o f  semanti c considerations . 

Accordingly ,  i n thes e theorie s ther e i s a n innate ,  skeleta l 

'  Grammatica l  relation s ar e th e relationship s tha t  nou n phrase s 
bear  wit h a  clause .  Thes e includ e subjects ,  objects ,  an d indirec t 
objects . 

syntacti c syste m presen t  fro m th e ver y beginnin g o f 

multiwor d speech .  Th e acquisitio n o f  syntax ,  then ,  consist s 

of  modifyin g an d elaboratin g th e skeleta l  syste m t o matc h 

th e targe t  language . 

I n orde r  t o avoi d th e nee d fo r  innat e knowledge ,  w e 

propos e a  languag e acquisitio n syste m tha t  doe s no t  rel y o n 

innat e syntacti c knowledg e (Morris ,  1998) .  Th e proposa l  i s 

base d o n Constructio n G r a m m a r  (Goldberg ,  1995 )  an d o n 

th e learnin g mechanism s o f  PDP-styl e connectionis m 

(Rumelhar t  &  McClelland ,  1986) .  W e assum e tha t  th e 

purpos e o f  languag e i s  communication ,  an d tha t  childre n 

lear n synta x a s par t  o f  th e mediatin g mechanis m betwee n 

spoke n word s an d thei r  aggregat e meanin g (cf .  Slobin ,  1997 : 

297) .  W e hypothesiz e tha t  abstraction s suc h a s "subject " 

emerg e throug h rot e learnin g o f  particula r  constructions , 

followe d b y th e mergin g o f  thes e "mini-grammars" .  Th e 

clai m i s  tha t  i n usin g thi s sor t  o f  a  languag e acquisitio n 

syste m i t  i s  possibl e fo r  a  chil d t o lear n grammatica l 

relation s ove r  time ,  an d i n th e proces s accommodat e t o 
whateve r  language-specifi c  behavior s hi s  targe t  languag e 

exhibits . 

We hav e m a d e a  preliminar y stud y showin g tha t  a  neura l 

net  whic h i s traine d wit h it s sol e tas k bein g th e assignmen t 

of  semanti c role s t o sentenc e constituent s ca n acquir e 

grammatica l  relations .  W e hav e demonsti-ate d thi s i n tw o 

ways :  b y showin g tha t  thi s networ k associate s particula r 

subjecthoo d propertie s wit h th e appropriat e ver b arguments , 

and b y showin g tha t  th e networ k ha s gon e som e distanc e 
towar d abstractin g thi s nomina l  awa y from  it s  semanti c 

content . 

Theoretical Proposal 

Th e proposa l  tha t  w e ar e basin g ou r  modelin g o n involve s a 

three-stag e process .  Th e firs t  stag e involve s rot e 
understandin g o f  speech ,  reflectin g th e formulai c speec h dia t 

childre n exhibit .  Th e secon d stag e involve s progressiv e 

abstractio n ove r  th e formulas,  base d o n bot h semanti c an d 

syntacti c similarities .  Th e thir d stag e involve s associatin g 

th e resultan t  abstraction s wit h specifi c  "subjecthoo d 

properties'" . 
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I n th e firs t  stag e a  chil d learn s ver b argumen t  structure s a s 

separate ,  individua l  "mini-grammars" .  Thi s wor d i s use d t o 

emphasiz e tha t  ther e ar e n o overarchin g abstraction s tha t 

lin k thes e individua l  argumen t  structure s t o othe r  argumen t 

structures .  Eac h argumen t  structur e i s a  separat e gramma r 

unt o itself . 

I n th e secon d stag e th e chil d develop s conespondence s 

betwee n th e separat e mini-grammars ;  initiall y  th e 

correspondence s ar e base d o n bot h semanti c an d syntacti c 

similarity, ^  late r  th e correspondence s ar e establishe d o n 

purel y syntacti c criteria .  Th e transitio n i s gradual ,  wit h th e 

rol e tha t  semantic s play s decreasin g slowly .  Th e resul t  o f 

th e correspondence s involve s th e creatio n o f  a  large r 

grammar  tha t  include s th e constituen t  mini-grammars . 

Thes e large r  grammars ,  i n turn ,  wil l  wit h eac h other . 

For  example ,  th e verb s ea t  an d drin k ar e quit e simila r  t o 
eac h other ,  an d wil l  "merge "  quickl y int o a  large r  gramma r 

(whil e retainin g thei r  separat e identitie s withi n tha t 

grammar ,  however) .  Similarly ,  th e verb s hi t  an d kic k wil l 

merg e early ,  sinc e thei r  semantic s an d synta x ar e similar . 

Whil e al l  fou r  o f  thes e verbs  hav e agent s an d patient s a s 
ver b arguments ,  ther e ar e m a n y semanti c difference s 

betwee n th e verb s o f  ingestio n an d th e verbs  o f  physica l 

assault ,  therefor e th e merg e betwee n thes e tw o ver b group s 

wil l  occu r  late r  i n development . 

Ultimately ,  thes e agent-patien t  verb s wil l  merg e wit h 
experiencer-percep t  verb s (e.g. ,  like ,  fear ,  see ,  remember) , 

percept-experience r  verbs  (e.g. ,  please ,  frighten ,  surprise) , 
and others ,  yieldin g a  prototypica l  transitiv e construction , 

wit h a n extremel y abstrac t  argumen t  structure .  Th e verb -
argument s i n thes e abstrac t  argumen t  structure s ca n b e 

identifie d a s "A" ,  th e transitiv e actor ,  an d "O" ,  transitiv e 

patien t  (o r  "object") .  I n additio n ther e i s prototypica l 

intransitiv e argumen t  structur e wit h a  singl e argument ,  "S" , 
th e intransitiv e "subject" .  (Thi s schemati c descriptio n wa s 
first  pu t  forwar d b y Dixon ,  1979. ) 

I n th e thir d stage ,  th e chil d begin s t o associat e th e abstrac t 
argument s o f  th e abstrac t  transitiv e an d intransitiv e 
construction s wit h th e "bridgin g constructions "  tha t 

instantiat e th e propertie s of ,  fo r  example ,  claus e 
coordination ,  contro l  structures ,  an d reflexivization .  So ,  fo r 
example ,  a n intransitive-to-transitiv e bridgin g constructio n 

wil l  associat e th e S  o f  a n intransitiv e first  claus e t o th e 
delete d co-referen t  A  o f  a  transitiv e secon d clause .  Thi s wil l 
enabl e th e understandin g o f  a  sentenc e lik e M a x arrive d an d 

hugge d everyone .  Similarly ,  a  transitive-to-intransitiv e 
bridgin g constructio n wil l  m a p th e A  o f  a n initia l  transitiv e 

claus e t o th e S  o f  a  followin g intransitiv e clause ;  thi s wil l 
enabl e th e understanding  o f  a  sentenc e lik e M a x hugge d 
Anni e an d left . 

^  Fo r  ou r  purposes ,  "syntacti c similarity "  refer s t o similarit y o f 
constructions .  I n Englis h thi s primaril y refer s t o wor d order ,  i n 
othe r  language s cas e markin g perform s th e sam e function .  I n a 
connectionis t  networ k tha t  i s  sensitiv e t o wor d order ,  th e 
instantiatio n o f  syntacti c similarit y i s i n similarit y o f  trajectorie s 
throug h activatio n space . 

F ro m beginnin g t o en d thi s i s a  usage-base d acquisitio n 

system .  I t  start s wit h rote-acquisitio n o f  verb-argumen t 

structures ,  an d b y finding  commonalities ,  i t  slowl y build s 

level s o f  abstraction .  Throug h thi s bottom-u p process ,  i t 

accommodate s t o th e targe t  language .  (Fo r  othe r  account s 

of  usag e base d systems ,  se e als o Schlesinger ,  1982,1988 ; 

Bybee ,  1985 ;  Langacker ,  1987 ,  1991a ,  1991b ;  St .  Joh n & 

McClelland ,  1990 ;  Tomasello ,  1992 ;  E lma n e t  al. ,  1996. ) 

Psycholinguistic Evidence 

Th e abov e proposa l  i s  base d o n th e notio n tha t  childre n star t 

wit h rot e behavior ,  progres s throug h a  perio d i n whic h 
small-scal e systemati c behavior s emerg e i n m a n y ver y 

limite d arenas ,  an d finally  c o m e t o a  perio d i n whic h th e 

numerou s small-scal e systemati c behavior s dra w togethe r 

int o a  smal l  numbe r  o f  large-scal e systemati c behaviors . 

Ther e i s considerabl e evidenc e fo r  thi s notion . 

Chil d languag e specialist s hav e note d fo r  years  tha t  th e 

earlies t  multiwor d utterance s tha t  childre n produc e ar e 

formulaic .  M a n y o f  th e formula s appea r  t o b e "froze n 

phrases" ,  o r  unanalyze d sequence s tha t  childre n ca n trea t  a s 
individua l  lexica l  items  (Peters ,  1983 ;  Barto n &  Tomasello , 

1994) .  Othe r  formulas ,  fi-equently  referre d t o a s "pivo t 

grammars" ,  consis t  o f  wor d combination s i n whic h on e 

elemen t  i s fixed  an d th e othe r  "open" ;  example s includ e 
mor e +  X ,  a s i n mor e juice ,  mor e banana ,  etc. ,  an d X  + 

allgone ,  a s i n juic e allgone ,  milk  allgone ,  etc .  (Braine ,  1963 , 
1976 ;  Bloom ,  1973 ;  Brown ,  1973 ;  Horgan ,  1978) .  Pine , 

Lieven ,  &  Rowlan d (forthcoming )  hav e collecte d sample s o f 
12 children' s speec h ove r  si x month s startin g w h e n th e 

childre n acquire d vocabularie s o f  approximatel y 10 0 words . 

The y foun d tha t  eac h child' s five  mos t  c o m m o n pivo t 

formula s coul d accoun t  fo r  betwee n 6 5 an d 9 0 percen t  o f  th e 
child' s subjec t  +  ver b combinations . 

Pivo t  grammar s poin t  towar d th e isolatio n o f  earl y 
systemati c behavior .  I t  i s  eviden t  tha t  syntacti c 
sophisticatio n likewis e appear s i n isolate d small-scal e 
"puddles "  o f  systemati c behavior .  Tomasell o (1992 )  ha s 

show n tha t  whe n childre n first  begi n t o var y th e type s o f 
synta x tha t  the y us e wit h a  verb ,  th e nove l  us e doe s no t 
exten d t o othe r  verbs .  Fo r  a  considerabl e period ,  childre n 
lear n syntacti c variatio n o n a  verb-by-ver b basis .  Tomasell o 

refer s t o thi s analysi s a s th e "Verb-Islan d Hypothesis" . 
Ther e appea r  t o b e discernabl e pattern s t o th e way s tha t 

children' s grammar s coalesce .  Studie s b y B loom ,  Lifter ,  & 
Hafit z (1980 )  an d Clar k (1996 )  examine d th e semantic s 
behin d set s o f  verbs  tha t  share d morphology ,  i.e. ,  th e verb s 
tha t  appeare d wit h -ed ,  -s ,  o r  -ing. .  Interestingly ,  the y foun d 
tha t  thes e set s o f  verb s di d ten d t o shar e semanti c features . 
Pine ,  Lieven ,  &  Rowlan d (forthcoming )  analyze d th e 

overla p o f  ver b set s wit h thes e sam e ver b endings ,  an d foun d 
that ,  b y an d large ,  th e set s define d b y c o m m o n morpholog y 
wer e distinc t  fro m on e another .  Tha t  is ,  morphologica l 
generalizatio n wa s limite d t o smal l  group s o f  semanticall y 
simila r  verbs . 
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Figur e 1 :  Th e Networ k 

Finally ,  w e not e tha t  studie s b y Maratsos ,  Kuczaj ,  Fox ,  & 

Chalkle y (1979 )  an d Maratsos ,  Fox ,  Becker ,  &  Chalkle y 

(1985) ,  a m o n g others ,  sho w a  surprisin g differentia l  i n 

children' s rat e o f  comprehensio n o f  th e passiv e voic e 

dependin g o n whic h verb s ar e used .  Passiv e sentence s wit h 

verb s havin g agen t  an d patien t  argument s (a s i n Larr y wa s 

hi t  b y Marvin )  ar e understoo d a t  a  highe r  rat e tha n passiv e 

sentence s wit h verb s havin g experience r  an d percep t  ver b 

argument s (a s i n Larr y wa s see n b y Marvin) .  Th e differenc e 

was dramati c a t  ag e 4  ( 8 5 % comprehensio n fo r  agent-patien t 
verb s vs .  3 4 % comprehensio n fo r  experiencer-percep t 

verbs) ,  an d di d no t  disappea r  unti l  th e ag e o f  te n o r  eleve n 

(Maratso s e t  al. ,  1985) .  Thi s stud y demonstrate s tha t  eve n 
suc h a  thoroughl y abstrac t  operatio n a s passivizatio n i s 

learne d no t  a s a n abstrac t  operatio n define d i n term s o f 

grammatica l  relations ,  bu t  a s a  semanticall y restricte d 

operatio n whic h late r  "grows "  int o a  greate r  absU-action . 

U p on investigation ,  Maratso s showe d tha t  ther e wa s a 
correspondin g ga p i n th e parenta l  inpu t  t o children ;  i n child -

directe d speec h ther e appea r  t o b e few ,  i f  any ,  passiv e 

sentence s wit h experiencer-percep t  verbs. ^ 

A Connectionist Simulation 

I n thi s sectio n w e presen t  a  connectionis t  simulatio n t o tes t 
whethe r  a  networ k coul d buil d abstrac t  relationship s 

correspondin g t o "subjects "  an d "objects' "  give n a n English -

lik e languag e wit h a  variet y o f  grammatica l  consU-uctions . 

^  Ther e are ,  however ,  a  numbe r  o f  percept-experience r  verb s i n 
passiv e sentences ,  e.g. ,  /  wa s surprise d by... ,  o r  H e wa s frightene d 
by... . 

Thi s wa s don e i n suc h a  wa y tha t  ther e i s n o "innate " 

knowledg e o f  languag e i n th e network .  I n particular ,  ther e 

ar e n o architectura l  feature s tha t  correspon d t o "syntacti c 

elements" ,  i.e. ,  n o grammatica l  relations ,  n o feature s tha t 

facilitat e wor d displacement ,  an d s o forth . 

Th e motivatio n behin d th e networ k i s th e notio n tha t 

merel y th e driv e t o m a p inpu t  word s t o outpu t  semantic s i s 

sufficien t  t o induc e th e necessar y interna l  abstraction s t o 

facilitat e th e mapping .  Thi s i s a n instantiatio n o f  th e notio n 

tha t  th e sol e purpos e o f  languag e i s  communication ,  an d 
synta x i s emergent .  W e wer e precede d i n thi s approac h b y 

St .  Joh n &  McClellan d (1990) .  Ou r  networ k an d tas k i s a 
simplifie d versio n o f  th e on e use d b y them .  W e diffe r  from 

the m i n tha t  ou r  nou n meaning s ar e extremel y simplified , 

whil e ou r  syntacti c construction s ar e mor e complex . 
Our  mode l  use s a  Simpl e Recurren t  Networ k (Elman , 

1990 )  implemente d usin g th e Stuttgar t  Neura l  Networ k 

Simulato r  (SNNS) .  Th e networ k i s show n i n Figur e 1 . 
The inpu t  laye r  i s te n unit s wide ;  eac h patter n represent s 

one o f  5 6 word s o r  on e o f  2  punctuations .  Eac h o f  thes e i s 

represente d b y a  uniqu e patter n o f  5  zeroe s an d 5  ones .  Th e 
inpu t  consist s o f  sentence s draw n from  th e vocabular y o f  5 6 

word s an d tw o punctuations .  O f  thes e 5 6 words ,  2 5 ar e 

verbs ,  2 5 ar e nouns ,  an d remainin g 6  ar e a  variet y o f 

functio n words .  Al l  o f  th e noun s ar e prope r  names .  O f  th e 
verbs ,  five  ar e unergativ e (intransitive ,  wit h agent s a s th e 

sol e arguments ,  e.g. ,  run ,  sing) ,  five  ar e unaccusativ e 

(intransitive ,  wit h patien t  arguments ,  e.g. ,  fall ,  roll) ,  te n ar e 

"action "  transitive s (wit h agen t  &  patien t  arguments ,  e.g. , 

hit ,  kick ,  tickle) ,  an d five  ar e "experiential "  transitive s (wit h 

experience r  &  percep t  arguments ,  e.g. ,  see ,  like ,  remember) . 
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I n additio n ther e wa s a  "matri x verb" ,  persuade ,  whic h wa s 

use d fo r  embedde d sentenc e structures .  Th e five  remainin g 

word s wer e who ,  was ,  by ,  and ,  an d self .  Th e tw o 

punctuation s wer e "period "  an d "reset" .  Th e networ k wa s 

traine d t o hol d th e outpu t  value s durin g a  "period "  an d t o 

rese t  th e outpu t  value s a t  a  "reset" . 

The outpu t  laye r  i s 6 0 unit s wide .  Thes e ar e divide d int o 

6 fields  tha t  ar e 1 0 unit s wide .  Th e first field  i s th e ver b 

identifier ,  th e secon d throug h th e fifth  ar e th e identifier s fo r 

th e agent ,  th e patient ,  th e experiencer ,  an d th e percept . 

(Not e tha t  a t  mos t  onl y tw o o f  thes e fou r  fields  shoul d b e 

asserte d a t  a  singl e time. )  Th e sixt h field  i s th e "matri x 

agent "  field,  whic h wil l  b e explaine d below .  Th e interna l 

identifier s o f  th e noun s ar e differen t  fro m (an d unrelate d to ) 

th e externa l  identifiers—th e interna l  identifier s eac h hav e 

onl y tw o unit s asserted . 

Usin g th e back-propagatio n learnin g procedur e 

(Rumelhart ,  Hinton ,  &  Williams ,  1986 )  th e networ k wa s 

taugh t  t o assig n th e prope r  nou n identifier(s )  t o th e 
appropriat e role(s )  fo r  an y o f  a  numbe r  o f  sentenc e 

structures .  Thu s fo r  th e sentence ,  Sand y persuade d K i m t o 
kis s Larry ,  th e matri x agen t  rol e i s filled  b y Sandy ,  th e agen t 

rol e i s filled  b y Kim ,  an d th e patien t  rol e i s filled  b y Larry . 
I n th e sentence .  W h o di d Larr y see ,  th e experience r  rol e i s 

filled  b y Larr y an d th e percep t  rol e i s filled  b y who . 
Trainin g wa s conducte d wit h 5 0 epochs ,  wit h 10,00 0 

sentence s i n eac h epoch .  Th e learnin g rat e wa s 0.2 ,  initia l 

weight s se t  withi n a  rang e o f  ±  1.0 .  Ther e wa s n o 

momentum.  Th e learnin g functio n wa s onlin e back -

propagatio n usin g th e mean-squar e erro r  criterion .  Th e 

squashin g functio n wa s th e standar d 0- 1 logisti c function . 
Example s o f  th e type s o f  sentence s i n th e trainin g se t  ar e 

shown i n example s 1-6 .  Th e number s i n parenthese s 
indicat e th e percentag e o f  th e tota l  trainin g corpu s 
represente d b y eac h typ e o f  sentence .  Semanti c role s (i.e. , 
agent ,  patient ,  experiencer ,  percept ,  o r  matri x agent )  presen t 
i n eac h exampl e sentenc e ar e indicate d i n parenthese s afte r 

th e example . 

1. Simple declarative intransitives (18%) 
e.g. ,  Sand y jumpe d (agent ) 

Sandy fel l  (patient ) 
2.  Simpl e declarativ e transitive s (26% ) 

e.g. ,  Sand y kisse d K i m (agen t  &  patient ) 
Sandy sa w K i m (exper .  &  percept ) 

3.  Simpl e declarativ e passive s (6% ) 
e.g .  Sand y wa s kissed ,  (patient ) 

4.  Question s (20% ) 
e.g. ,  W h o di d Sand y kiss ? (agen t  &  patient ) 

W ho kisse d Sandy ? (agen t  &  patient ) 

W ho di d Sand y se e ?  (exper .  &  percept ) 
W ho sa w Sandy ? (exper .  &  percept ) 

5.  Contro l  (equi-NP )  sentence s (25% ) 

e.g. ,  Sand y persuade d K i m t o run . 

(matri x agen t  &  agent ) 
Sandy persuade d K i m t o fall . 

(matri x agen t  &  patient ) 

Sand y persuade d K i m t o kis s Max . 

(matri x agent ,  agent ,  &  patient ) 

Sandy persuade d K i m t o se e Max . 

(matri x agent ,  exper .  &  percept ) 

6.  Contro l  (equi-NP )  sentence s wit h question s (5% ) 

e.g. .  W h o di d Sand y persuad e t o run/fall ? 

(questionin g embedde d subject ,  whethe r 

agen t  o r  patient ,  o f  a n intransitiv e verb ) 

W ho persuade d Sand y t o run/fall ? 

(questionin g matri x agent ;  not e embedde d 

intransitiv e verb ) 

W ho persuade d Sand y t o kiss/se e M a x ? 

(questionin g matri x agent ;  not e embedde d 
transitiv e verb ) 

W ho di d Sand y persuad e t o kis s M a x ? 

(questionin g embedde d agent ) 

The distribution of verb types (agent-only, patient-only, 

agent-patient ,  an d experiencer-percep t  types )  i s intende d t o 

be a s realisti c a s possibl e fo r  suc h a  smal l  vocabulary .  Th e 

distributio n o f  construction s i s intende d t o provid e som e 

syntacti c richnes s an d t o la y th e groundwor k fo r  ou r 
generalizatio n tests .  Th e richnes s o f  th e synta x her e i s ou t 

of  proportio n t o th e vocabular y size .  I n futur e wor k w e 
hop e t o reduc e th e imbalanc e betwee n vocabular y an d 
syntax . 

The test There were two systematic gaps in the data 
presente d t o th e network ;  bot h involve d experientia l  verbs : 

passiv e sentence s wit h experientia l  verbs ,  e.g. ,  Sand y wa s 
see n b y Max ,  an d questionin g embedde d subject s i n 

transidv e clause s wit h experientia l  verbs ,  e.g. .  W h o di d 

Sandy persuad e t o se e M a x ? 
Neithe r  o f  thes e sentenc e type s occurre d wit h experiencer -

percep t  verbs ;  al l  o f  th e trainin g involvin g thes e 
construction s use d onl y agent-patien t  verbs .  Th e tes t 
involve d probin g thes e gaps . 

The networ k wa s no t  expecte d t o generaliz e ove r  thes e 
tw o systemati c gap s i n th e sam e way .  Th e questioning-of -
embedded-subject-sentence s ga p i s par t  o f  a n interlockin g 

grou p o f  construction s whic h "conspire "  t o compensat e fo r 
th e gap .  Th e "member s o f  th e conspiracy "  ar e th e transitiv e 
sentence s (grou p 2  above) ,  th e question s (grou p 4) ,  an d th e 

contro l  sentence s (grou p 5) .  Thes e sentence s ar e relate d t o 
eac h other ,  an d the y shoul d caus e th e networ k t o trea t  th e 
agent s o f  actio n verb s an d th e experiencer s o f  experientia l 
verb s similarl y i n th e contex t  o f  embedde d clauses .  Th e 
passiv e ga p ha s n o suc h compensatin g grou p o f 

constructions .  Onl y th e transitiv e sentence s (grou p 2 ) 
provide s suppor t  fo r  th e passiv e generalization ;  a s w e shal l 
see ,  thes e wer e insufficien t  t o bridg e th e gap . 

Th e sentence s i n group s 5  &  6  involv e th e "subjecthoo d 

property "  o f  contro l  structure s (o r  equi-N P deletion) .  Par t 

of  th e poin t  o f  includin g thes e wa s t o sho w tha t  a  networ k 

441 



Tabl e 1 :  Sentenc e comprehensio n usin g Euclidea n distanc e decision s 

Sentenc e descriptio n 

Simpl e activ e clauses ,  actio n verb s 

Simpl e activ e clauses ,  experientia l  verb s 

Simpl e passiv e clauses ,  actio n verb s 

Simpl e passiv e clauses ,  experientia l  verb s 

Contro l  (equi-NP )  structure s 

Questionin g embedde d subjects ,  actio n verb s 

Questionin g embedde d subjects ,  experientia l  verb s 

Percen t  correc t 
9 7 . 6 % 

9 7 . 6 % 

9 1 . 8 % 

6.2 % < = Failur e t o generaliz e 

83 .6 % 

9 1 . 4 % 

6 7 . 4 % <= •  Successfu l  generalizatio n 

ca n lear n t o associat e subjecthood  propertie s wit h th e 

appropriat e nominal . 

T h e Result s 

I n Tabl e 1  w e sho w th e resul t  o f  testin g a  variet y o f 

constructions ,  som e form s o f  whic h wer e trained ,  an d tw o 

wer e not .  Fiv e hundre d sentence s o f  eac h liste d typ e wer e 

tested .  Th e result s wer e compute d usin g Euclidea n distanc e 

decisions—eac h field  i n th e outpu t  vecto r  wa s compare d 

wit h al l  possibl e field  value s (includin g th e all-zeroe s 

vector) ,  an d th e fields  assigne d th e neares t  possibl e correc t 

value .  Fo r  a  sentenc e t o b e "correct "  al l  o f  th e outpu t  value s 

ha d t o b e correct .  Th e tw o salien t  line s ar e fo r  simpl e 

passiv e clause s wit h experientia l  verbs ,  whic h ha d a  6.2 % 

succes s rate ,  an d questionin g embedde d subject s wit h 

experientia l  verbs ,  whic h ha d a  6 7 . 4 % succes s rate .  (Thes e 

line s ar e italicize d i n th e tabl e below. ) 

T h e relationshi p betwee n thes e rate s i s a s expected .  Th e 

nea r  complet e failur e o f  generalizatio n fo r  simpl e passiv e 

clause s wit h experientia l  verb s show s tha t  th e 
nonappearanc e o f  experientia l  verb s i n th e passiv e voic e i n 

th e trainin g se t  cause s th e networ k t o lear n th e passiv e voic e 

as a  semanticall y narro w alternation .  Thi s i s simila r  t o a n 

undergeneralizatio n foun d b y Maratso s e t  al .  (1979 ;  1985) , 

i n whic h 4 -  an d 5-yea r  ol d childre n wer e show n t o no t 

comprehen d passiv e sentence s containin g experiencer -

percep t  verb s a t  a n ag e whe n the y coul d readil y understan d 

passiv e sentence s containin g agent-patien t  verbs .  Thi s ga p 

has bee n show n b y Maratso s e t  al .  (1985 )  t o b e on e tha t 

actuall y exist s i n parenta l  inpu t  t o children . 

On th e othe r  hand ,  th e questionin g o f  embedde d subject s 

wit h experientia l  verbs ,  whic h likewis e di d no t  appea r  i n th e 

trainin g set ,  showe d m u c h greate r  generalization ,  i n al l 

likelihoo d becaus e ther e i s a  "conspirac y o f  syntacti c 
constructions "  surroundin g thi s gap .  A s a  resul t  w e ar e 

seein g a  leve l  o f  abstraction ,  wit h th e networ k abl e t o 

"define" ,  i n som e sense ,  th e ga p i n term s o f  th e embedde d 

subjec t  rathe r  tha n merel y a n embedde d agent . 
Thi s secon d gap ,  tha t  o f  th e questionin g o f  embedde d 

subject s o f  experientia l  verbs ,  i s  a n unnatura l  omission , 

unlik e th e passiv e voic e ga p wit h experientia l  verbs .  Ther e 

doe s no t  appea r  t o b e a  correspondin g ga p i n English .  Thi s 

omissio n wa s introduce d i n th e trainin g se t  precisel y becaus e 

i t  i s  unnatural ,  an d th e networ k wen t  a  considerabl e distanc e 

i n overcomin g it s effects ,  thu s demonstratin g th e emergenc e 
i n th e networ k o f  th e subject ,  i.e. ,  a  syntacti c constituen t 

abstracte d awa y fro m semantics .  Thi s wa s demonstrate d b y 

th e fac t  tha t  th e networ k ha d begu n t o defin e th e ga p foun d 

i n th e questionin g o f  embedde d agent s o f  actio n verb s i n 

mor e semanticall y abstrac t  terms ,  thu s allowin g th e networ k 

t o correctl y interpre t  two-third s o f  th e sentence s involvin g 

th e questionin g o f  embedde d experiencers . 

Discussion and Conclusions 

Thi s simulatio n an d th e planne d extension s o f  i t  ar e intende d 

t o demonstrat e tha t  th e mos t  abstrac t  syntacti c aspect s o f 

languag e ar e learnable .  Ther e ar e tw o broa d area s i n whic h 

thi s i s explored :  contro l  o f  "subjecthood "  propertie s an d 

demonstratio n o f  abstractio n acros s semanti c roles . 
I n th e are a o f  contro l  o f  properties ,  thi s simulatio n 

demonstrate d tha t  th e networ k wa s capabl e o f  learnin g equi -

N P deletio n (als o know n a s "contro l  constructions") .  Thi s i s 

show n i n th e abilit y  o f  th e networ k t o correctl y proces s 

sentence s suc h a s Sand y persuade d K i m t o ru n (thes e ar e 

show n i n group s 5  &  6 ,  i n sectio n 4  above) .  A s wa s see n 
above ,  th e networ k wa s abl e t o correctl y understan d thes e 

sentence s a t  a  rat e o f  8 4 % . 

Th e network' s abilit y  t o abstrac t  from  semantic s wa s 

show n i n th e abilit y  o f  th e networ k t o partiall y  bridg e th e 

artificia l  ga p i n th e trainin g set ,  tha t  o f  th e questione d 

embedded subjec t  o f  experientia l  verbs .  Th e networ k wa s 

abl e t o defin e th e positio n i n tha t  syntacti c constructio n i n 

term s o f  a  semantically-abstrac t  entity ,  tha t  is ,  a  subjec t 

rathe r  tha n a n agent . 

We ar e currentl y examinin g th e representatio n o f 

"subject "  i n th e network' s hidde n layer .  I n th e examinatio n 

we ar e seein g th e wa y tha t  th e networ k ha s develope d a 

partially-abstrac t  representatio n o f  th e subject .  W e ar e als o 

seein g th e limitation s o f  abstraction ;  th e network' s 
representatio n o f  th e subjec t  o f  a  give n sentenc e i s als o 

partiall y  specifie d i n semanticall y loade d units .  And ,  a s w e 

hav e see n i n th e Maratso s (1985 )  study ,  thi s appear s t o b e 

appropriat e t o th e wa y tha t  human s lear n language .  (Se e 

als o Goldberg ,  1995 ,  fo r  a  theoretica l  analysi s tha t  predict s 

thi s semantically-limite d scop e t o certai n syntacti c 

constructions. ) 
We believ e tha t  w e hav e show n tha t  synta x a s a  separat e 

entit y from  semanti c processin g i s a n unnecessar y 

assumption .  Rather ,  wha t  w e se e i n ou r  networ k i s tha t 

"syntax" ,  i n th e usua l  understandin g o f  tha t  term ,  i s par t  an d 
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parce l  o f  th e processin g require d t o ma p from a  sequenc e o f 

inpu t  word s t o a  se t  o f  semanti c roles . 
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