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Dimens ion s o f  G r a m m a t i c a l  Coreferenc e 

Pete r  C .  Gordo n (pcg@email.unc.edu ) 
Departmen t  o f  Psychology ;  Universit y o f  Nort h Carolin a 

Chapel  Hill ,  N C 27599-327 0 U S A 

Randal l  Hend r i c k (hendr ick@emai l .unc.edu ) 
Departmen t  o f  Linguistics ,  Universit y o f  Nort h Carolin a 

Chapel  Hill ,  N C 27599-315 5 U S A 

Abstrac t 

The correlational structure of judgments of grammatical 
coreferenc e i s examine d usin g facto r  analysi s an d th e result s 
ar e use d t o identif y th e dimension s o f  grammatica l  variatio n 
i n competen t  speaker s o f  English .  Th e dimension s tha t  ar e 
discovere d d o no t  correspon d t o thos e typicall y discusse d i n 
generativ e linguistic s bu t  the y ca n b e explaine d ver y 
naturall y b y a  mode l  i n whic h coreferenc e i s  achieve d 
throug h a  proces s i n whic h linguisti c expression s ar e mappe d 
ont o a  mode l  o f  discourse . 

Intuitions of grammaticality constitute the most basic data 
t o b e explaine d b y theor y i n generativ e linguistics .  Thi s ha s 
bee n s o sinc e C h o m s k y (1965 )  argue d tha t  a  competen t 
speaker-hearer' s implici t  knowledg e o f  a  languag e provide s 
th e bes t  pat h t o characterizin g th e essential ,  generativ e 

capacit y o f  a  grammar .  Whil e generativ e linguist s hav e 
accepte d intuition s o f  grammaticalit y a s thei r  basi c data , 
the y hav e by-and-larg e eschewe d th e developmen t  o f 
forma l  method s fo r  assessin g thos e intuitions .  Ther e hav e 
bee n occasional ,  interestin g attempt s t o appl y mor e forma l 
methodolog y t o th e stud y o f  grammaticall y significan t 
intuitions ,  bu t  thes e hav e no t  ha d muc h impac t  o n linguisti c 
theor y (Shutze ,  1996) .  Psychologist s studyin g intuition s o f 
grammatica l  (an d othe r  type s of )  well-formednes s hav e 
c o me t o characteriz e suc h studie s a s "offline "  an d t o regar d 
the m primaril y a s way s o f  validatin g material s bein g use d i n 
onlin e studie s designe d t o revea l  moment-to-momen t 
processin g o f  language .  W e believ e tha t  mor e systemati c 
us e o f  forma l  method s fo r  studyin g intuition s o f 
grammaticalit y ca n b e o f  rea l  valu e bot h t o forma l  theorie s 
of  gramma r  an d t o model s o f  languag e processing .  Th e 
presen t  pape r  provide s suppor t  fo r  thi s belie f  b y showin g 
h o w applyin g scalin g technique s t o judgment s o f 
grammaticalit y ca n revea l  h o w differen t  type s o f  linguisti c 
form s giv e rise  t o dimension s o f  grammaticalit y i n th e 
domai n o f  coreference . 

I n previou s wor k (Gordo n &  Hendrick ,  1997 ;  Gordo n & 
Hendrick ,  i n pressfc) ,  w e hav e applie d elementar y 
technique s o f  experimenta l  psycholog y t o th e stud y o f 
judgment s o f  whe n coreferenc e betwee n tw o nou n phrase s 
(NPs )  i s  grammaticall y acceptable .  Th e result s o f  thes e 
studie s wer e analyze d b y calculatin g th e mea n acceptabilit y 
of  coreferenc e fo r  differen t  type s o f  N P s i n differen t 
syntacti c relations .  Th e patter n o f  acceptabl e coreferenc e i n 

some case s provide d suppor t  fo r  basi c claim s presente d i n 
th e Bindin g Theor y (Chomsky ,  1981 ;  1986 )  bu t  i n othe r 
case s di d not .  I n th e presen t  wor k w e us e facto r  analysi s a s 
a scalin g too l  fo r  revealin g th e dimension s underlyin g 
grammatica l  coreferenc e i n a  communit y o f  competen t 
speaker s o f  English .  Th e dimension s tha t  emerg e provid e 
informatio n abou t  whic h form s o f  referrin g expression s 
var y togethe r  i n thei r  eas e o f  coreferentia l  interpretation . 
The resultin g classificatio n o f  type s o f  referrin g expression s 
i s no t  consisten t  wit h centra l  theoretica l  principle s i n 
generativ e linguistic s (Chomsky ,  1981 ;  1986 ;  Evans ,  1980 ; 
M a y,  1985) ,  bu t  i s consisten t  wit h a  mode l  tha t  treat s th e 
acceptabilit y o f  coreferentia l  interpretatio n a s emergin g 

fro m th e eas e wit h whic h a  discours e mode l  ca n b e 
dynamicall y constructe d fro m linguisti c inpu t  containin g 
differen t  type s o f  referrin g expression s (Gordo n & 
Hendrick ,  i n pressa) . 

Coreference With Names and Pronouns 

I n Gordo n an d Hendric k (1997 )  w e repor t  a  serie s o f 
survey s o f  intuitiv e judgment s o f  coreferenc e designe d t o 
tes t  th e adequac y o f  Principl e C  o f  th e Bindin g Theory . 
Thos e survey s systematicall y investigate d coreferenc e 
possibilitie s i n sentence s wit h coreferenc e betwee n name -
pronoun ,  name-nam e an d pronoun-nam e sequences ;  th e 
structure s wer e systematicall y varie d a s t o whethe r  th e 
coreferentia l  element s wer e i n a  c-comman d relatio n o r  not . 
( A constituen t  a  i s sai d t o c-comman d anothe r  constituen t  P 
i f  th e first  branchin g nod e tha t  dominate s a  dominate s P  a s 
well .  Principl e C  state s tha t  a  nam e o r  definit e descriptio n 
canno t  hav e a  c-commandin g antecedent. )  Tabl e 1  show s 
th e type s o f  coreferentia l  configuration s examine d an d 
sampl e stimul i  fro m th e fourt h experimen t  i n tha t  work . 
Subject s wer e aske d t o us e a  six-poin t  scal e t o rat e th e 
grammatica l  acceptabilit y o f  coreferentia l  interpretatio n o f 
th e tw o boldface d words .  Th e experimen t  manipulate d th e 
linea r  orde r  o f  name s an d pronouns ,  an d whethe r  a  c -
c o m m a nd relatio n existe d betwee n them . 

The implication s o f  th e patter n o f  mean s ar e discusse d i n 
Gordo n an d Hendric k (1997) .  Her e w e examin e ho w 
individua l  variatio n i n grammaticalit y judgment s ca n revea l 
underlyin g dimension s o f  grammaticality .  Facto r  analysi s i s 
a statistica l  too l  fo r  capturin g th e correlationa l  structur e i n a 
set  o f  dat a b y determinin g h o w linea r  combination s o f 
observe d variable s ca n accoun t  fo r  th e patter n o f  observe d 
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Tabl e 1 .  Sampl e stimul i  an d summar y result s (grammatica l  acceptabilit y  o f  a  coreferentia l  interpretatio n o f  th e boldface d 

word s o n a  1  t o 6  scale )  fro m Experimen t  4  o f  Gordo n an d Hendric k (1997) . 

Typ e o f  Sequenc e 

Name-Pronou n 
Name-Pronou n 
Name-Name 
Name-Name 
Pronoun-Nam e 
Pronoun-Nam e 

Exampl e Stimul i 

Lisa' s brothe r  visite d he r  a t  college . 
Lis a visite d he r  brothe r  a t  college . 
Lisa' s brothe r  visite d Lis a a t  college . 
Lis a visite d Lisa' s brothe r  a t  college . 
Her  brothe r  visite d Lis a a t  college . 
She visite d Lisa' s brothe r  a t  college . 

correlation s betwee n thes e variables .  I t  ca n b e use d eithe r 
i n a n explorator y o r  confirmator y manner .  Fo r  curren t 

purposes ,  w e hav e performe d a n explorator y facto r  analysi s 
of  th e dat a fro m thi s experiment .  Tabl e 2  show s th e 
correlation s i n subjects '  rating s betwee n sentence s i n th e si x 
basi c coreferenc e conditions .  A  ver y substantia l  positiv e 
correlatio n o f  .7 6 wa s observe d betwee n rating s fo r  th e 
Name-Name sentence s i n th e c-comman d an d n o c -
command conditions .  Anothe r  ver y substantia l  positiv e 
correlatio n o f  .6 8 wa s observe d betwee n rating s fo r  th e 
Pronoun-Nam e sentence s i n th e c-comman d an d n o c -
command conditions .  T w o othe r  correlation s wer e smalle r 
but  stil l  significant :  Name-Pronou n sentence s i n th e tw o c -
command condition s (.32 )  an d c-commande d Name -
Pronou n sentence s wit h c-commande d Pronoun-Nam e 
sentence s (-.30) .  N o othe r  correlation s approache d 
significance .  Th e stron g correlation s sugges t  tha t  ou r 
subject s showe d reliabl e individua l  difference s alon g clea r 
syntacti c dimensions . 

A facto r  analysi s simplifie s th e patter n i n thi s correlatio n 
matri x b y determinin g ho w linea r  combination s o f  th e 
observe d variable s ca n accoun t  fo r  th e patter n o f  observe d 
correlation s betwee n thos e variables .  Facto r  analysi s o f 
thes e dat a reveale d thre e factor s wit h eigenvalue s greate r 
tha n one,  whic h togethe r  accounte d fo r  82. 3 percen t  o f  th e 

Table 2. Correlations in subjects' mean grammaticality 

rating s fo r  th e differen t  configuration s o f  referrin g 

expression s fo r  th e dat a i n Tabl e 1 .  A ^  =  Name ,  P  = 
Pronoun ,  Ye s =  C-Command ,  N o =  n o C-Command. 

N-P: 
No 

N-P: 
Yes 

N-N: 
No 

N-N: 
Yes 

P-N: 
No 

N-P: 
Yes 

.32* * 

N-N: 
No 

-.0 7 

.1 5 

N-N: 
Yes 

-.1 3 

.0 6 

.76** * 

P-N: 
No 

.1 5 

.1 9 

-.0 9 

.0 1 

P-N 
Yes 

.1 5 

.3 0 

-.1 7 

.0 1 

.68 * 

C -Command 

No 
Yes 
No 
Yes 
No 
Yes 

Averag e 

4.4 7 
5.3 2 
4.1 2 
3.5 0 
2.7 0 
2.4 4 

predictabl e varianc e i n th e matrix .  Tabl e 3  show s th e 
resultin g facto r  matrix .  Th e absolut e valu e o f  th e numerica l 
entrie s fo r  th e factor s indicate s o n a  scal e o f  zer o t o on e th e 
exten t  t o whic h individua l  coreferenc e condition s contribut e 
t o th e factors .  Interpretatio n o f  th e patter n of  thes e weight s 
provide s th e basi s fo r  labelin g th e factors .  Accordingly , 
Facto r  1  ca n b e calle d th e "Name-Pronoun "  facto r  becaus e 
i t  depend s o n Name-Pronou n sequence s of  NPs .  Facto r  2 
can b e calle d th e "Pronoun-Name "  facto r  becaus e i t  ver y 
clearl y depend s o n th e "Pronoun-Name "  sequence s of  NPs , 
wit h a  smalle r  contributio n o f  th e c-commande d N a m e -
Pronou n sequences .  Facto r  3  ca n b e calle d th e "Name -
N a m e"  factor ,  becaus e i t  depend s o n th e N a m e - N a m e 
sequence s o f  NPs .  Th e ver y clea r  cu t  patter n of  thes e 
factor s suggest s tha t  differen t  principle s gover n th e 
grammaticalit y o f  thes e differen t  sequence s o f  NPs . 

The correlationa l  result s (Tabl e 2 )  an d th e subsequen t 
facto r  analysi s (Tabl e 3 )  provid e a  direc t  windo w o n th e 
systemati c variatio n o f  acceptabl e coreferenc e i n a 
communit y o f  competen t  user s of  English .  The y sho w tha t 
ther e ar e thre e independen t  factor s alon g whic h individual s 
reliabl y var y i n thei r  willingnes s t o accep t  coreferenc e 
betwee n tw o NPs .  Thes e factor s ar e relate d t o th e thre e 
sequence s o f  type s o f  NP s tha t  w e explored :  N a m e -
Pronoun ,  Pronoun-Nam e an d Name-Name .  O n eac h facto r 
a subject' s criterio n fo r  acceptin g coreferenc e wit h o r 

Table 3. Factor matrix for subjects' grammaticality ratings 

i n Tabl e 1 .  A ^  =  Name ,  P  =  Pronoun ,  Ye s =  C-Command , 

No =  n o C-Command .  Thi s facto r  matri x i s show n afte r 

varima x rotation ,  whic h i s a  standar d facto r  analyti c 

techniqu e fo r  assistin g i n interpretin g th e factor s (Gorsuch , 

1983) .  Varima x rotatio n wil l  ten d t o promot e a 

representatio n o f  th e factor-analyti c solutio n tha t  emphasize s 

separat e factor s an d minimize s a n overal l  grou p factor . 

n =  94 ,  *  p  <  .05 ;  * *  p  <  .005 ;  ** *  p  <  .00 1 

N-P:  N o 

N-N:  N o 

P-N:  N o 

N-P:  Ye s 

N-N:  Ye s 

P-N:  Ye s 

Facto r  1 

.8 4 

.0 5 

.0 4 

.7 8 

-.0 6 

-.0 6 

Facto r  2 

.2 6 

-.1 1 

.8 9 

.3 4 

.0 5 

.9 1 

Facto r  3 

-.1 3 

.9 3 

.0 1 

.1 4 

.9 4 

-.0 5 
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withou t  c-ciimman d i s quit e similar .  Accordingly ,  a  subjec t 
who wa s conservativ e i n acceptin g coreferenc e i n th e 
Name-Name conditio n withou t  c-comman d woul d als o ten d 
t o b e conservativ e i n acceptin g i t  wit h c-command . 
Likewise ,  a  subjec t  wh o wa s libera l  abou t  coreferenc e i n th e 
Name-Name conditio n woul d b e tha t  wa y regardles s o f 
whethe r  ther e wa s a  c-comman d relation .  Suc h stron g 
relation s d o no t  exis t  acros s factors .  Accordingly ,  eac h 
facto r  ca n b e see n a s a  principl e o f  linguisti c knowledg e 
whil e a  subject' s criterio n fo r  acceptanc e ca n b e .see n a s a 
paramete r  settin g fo r  tha t  principle . 

Of  course ,  th e analysi s o f  languag e structur e i n term s o f 

principle s an d parameter s ha s bee n a n importan t  par t  o f 
syntacti c theor y fo r  th e las t  decad e (Rizzi ,  1982 ;  Huang , 
1982) .  Thi s approac h ha s bee n applie d acros s language s i n 
an effor t  t o adduc e universa l  principle s o f  huma n language , 
and t o explai n languag e variatio n i n term s o f  th e settin g o f 
parameters .  Linguist s ofte n tr y t o explai n gros s difference s 
betwee n language s an d majo r  dialect s thi s way .  I n 
principle ,  i t  shoul d exten d t o idiolectica l  variatio n a s well . 
Applyin g thi s approac h t o experimenta l  result s obtaine d 
fro m a  collectio n o f  speaker s o f  a  singl e languag e i s nove l 
as fa r  a s w e know .  W e d o s o becaus e th e correlationa l 
structur e o f  th e subjects '  judgment s i s strikingl y clea r  i n it s 
delineatio n o f  independen t  linguisti c dimensions ,  whic h 
constrai n th e kind s o f  variatio n tha t  exis t  i n individua l 
subject' s judgments .  Tha t  i s wha t  th e principle s an d 
parameter s approac h i s mean t  t o do .  Th e principle s tha t  ou r 
correlationa l  analysi s reveal s ar e no t  consisten t  wit h thos e 
of  bindin g theory .  Classica l  bindin g theor y (Chomsky , 
1981 )  offer s onl y a  singl e Principl e C  tha t  shoul d appl y t o 
bot h Name-Name an d Pronoun-Nam e sequences .  Tha t  i s 
not  consisten t  wit h ou r  finding  tha t  thes e dimension s ar e 
independen t  i n ou r  subjects "  acceptabilit y  judgments . 
Further ,  ou r  findings  lea d t o a  conceptio n o f  paramete r 
settin g i n term s o f  specifyin g th e valu e o f  a  criterio n o n a 
continuou s dimension .  Tha t  conceptio n als o differ s fro m 
th e standar d approac h t o principle s an d parameters . 

Fro m thi s poin t  o f  vie w correlationa l  studie s o f  linguisti c 
variabilit y  withi n a  speec h communit y bea r  directl y o n 

claim s abou t  hypothesize d principle s an d parameters .  Ou r 
correlationa l  analyse s sho w tha t  ther e i s systemati c variatio n 
acros s individual s i n thei r  acceptanc e o f  differen t  kind s o f 
linguisti c coreferenc e tha t  ca n b e modele d i n term s o f 
principle s an d parameter s o f  grammar .  W e shoul d note , 
however ,  tha t  thes e analyse s canno t  b y themselve s provid e 
evidenc e abou t  wh y tha t  variatio n exists .  Gerke n an d Beve r 
(1986 )  hav e examine d individua l  variatio n i n th e acceptanc e 
of  coreferenc e i n pronoun-nam e sequences ,  an d hav e show n 
tha t  i t  i s  relate d t o difference s amon g individual s i n ho w 
thei r  comprehensio n strategie s handl e syntacti c closure .  We 
ar e no t  i n a  positio n t o offe r  thi s kin d o f  basi s fo r 

interpretin g th e difference s amon g ou r  individua l  subjects . 
However ,  ou r  examinatio n o f  a  larg e variet y o f  linguisti c 
construction s doe s allo w u s t o provid e compellin g evidenc e 
about  th e dimension s o f  linguisti c variatio n tha t  ar e 
psychologicall y salient . 

Coreference With Non Definite NPs 

I n Gordo n an d Hendric k (i n pressfe )  w e examin e pattern s o f 
acceptabl e coreferenc e involvin g no n definit e NP s (suc h a s 
no one ,  everyone ,  an d who )  an d compar e the m t o pattern s o f 
acceptabl e coreferenc e involvin g definit e NP s (suc h a s 
names an d definit e descriptions) .  I t  i s  commonl y hel d tha t 
ther e ar e specia l  structura l  restriction s o n th e relatio n 
betwee n a n no n definit e N P an d a  pronou n tha t  i t  bind s (c f 
(Hornstein ,  1995)) .  Thes e difference s hav e bee n use d t o 
suppor t  claim s tha t  no n definit e NP s semanticall y bin d 
pronoun s i n a  differen t  fashio n tha n definit e NP s (Evans , 

1980 )  an d hav e bee n crucia l  t o th e developmen t  o f  claim s 
about  th e existenc e o f  Logica l  For m a s a n abstrac t  leve l  o f 
syntacti c structur e (May ,  1985) .  Thes e theoretica l  claim s 
have als o depende d o n Principl e C  o f  th e Bindin g Theor y 
wit h it s relianc e o n c-command .  Becaus e ou r  result s o n 
coreferenc e involvin g name s an d pronoun s (Gordo n & 
Hendrick ,  1997 )  challeng e Principl e C  w e undertoo k a 
forma l  stud y o f  judgment s o f  coreferenc e involvin g no n 
definit e expression s (Gordo n &  Hendrick ,  i n pressb) . 

The first  experimen t  i n Gordo n an d Hendric k (i n pressfe ) 
examine d th e assumption ,  common sinc e (Evans ,  1980) , 

Tabl e 4 .  A  summar y o f  conditions ,  sampl e stimul i  an d result s use d i n Gordo n an d Hendric k (i n pressfc) .  Subject s wer e aske d 
t o rat e th e grammatica l  acceptabilit y  o f  th e sentence s give n a  coreferentia l  interpretatio n o f  th e expression s i n boldface . 

C-Command 

Yes 
No 
Yes 
No 

Typ e o f  Sequenc e 

Quantifier-Pronoun 
Quantifier-Pronou n 
Pronoun-Quantifie r 
Pronoun-Quantifie r 

Sample Stimulu s Mea n Ratin g & 
(95 % Confidenc e Interval ) 

Each gir l  decide d wha t  sh e coul d do .  4.8 3 ±  .1 8 
Each girl' s  parent s decide d wha t  sh e coul d do .  4.0 5 ±  .2 4 
She decide d wha t  eac h gir l  coul d do .  2.4 3 ±  .3 0 
Her  parent s decide d wha t  eac h gir l  coul d do .  2.4 2 ±  .2 4 

Yes Definit e Description-Pronou n 
No Definit e Description-Pronou n 
Yes Pronoun-Definit e Descriptio n 
No Pronoun-Definit e Descriptio n 

The gir l  decide d wha t  sh e coul d do . 
The girl' s  parent s decide d wha t  sh e coul d do . 
She decide d wha t  th e gir l  coul d do . 
Her  parent s decide d wha t  th e gir l  coul d do . 

5.4 3 ±.1 4 
4.9 8 ±  .2 0 
2.2 7 ±  .2 6 
3.2 0 ±.2 2 

Yes 
No 
Yes 
No 

Name-Pronou n 
Name-Pronou n 
Pronoun-Nam e 
Pronoun-Nam e 

Jil l  decide d wha t  sh e coul d do . 
Jill' s  parent s decide d wha t  sh e coul d do . 
She decide d wha t  Jil l  coul d do . 
Her  parent s decide d wha t  Jil l  coul d do . 

5.4 5 ±.1 6 
5.2 3 ±.2 1 
2.1 7 ±.2 7 
3.1 9 ±.2 4 
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Tabl e 5 .  Result s o f  th e facto r  analysi s o f  th e judgment s 

obtaine d i n th e first  experimen t  o f  Gordo n an d Hendric k (i n 

press/?) . 

c-
C o m m a nc 

Yes 
No 
Yes 
No 

Yes 
No 
Yes 
No 

Yes 
No 
Yes 
No 

Typ e o f  Sequenc e 
1 

Quantifie d NP-Pronou n 
Quantifie d N P -Pronou n 
Pronoun-Quantifie d N P 
Pronoun-Quantifie d N P 

Definit e N P -Pronou n 
Definit e N P -Pronou n 
Pronoun-Definit e N P 
Pronoun-Definit e N P 

Name-Pronou n 
Name-Pronou n 
Pronoun-Nam e 
Pronoun-Nam e 

Facto r  1 

.7 2 

.5 8 
-.1 1 
.1 3 

.7 9 

.8 3 
-.3 2 
.3 2 

.8 3 

.8 9 

.2 6 

.2 5 

Facto r 

-.1 4 
.0 9 
.8 4 
.7 7 

-.1 2 
.1 3 
.8 3 
.6 1 

.0 0 

.0 8 

.8 5 

.5 8 

tha t  quantifie d expression s mus t  c-comman d pronoun s tha t 
the y bind .  W e als o evaluate d th e long-standin g clai m tha t 
quantifie d expression s exhibi t  wea k an d stron g crossover . 
(Crossove r  refer s t o configuration s i n whic h a  questio n 
wor d an d it s trac e ar e separate d b y a  coreferentia l  pronoun. ) 
The secon d experimen t  i n Gordo n an d Hendric k (i n pressfc ) 
explore d th e natur e o f  crossove r  phenomen a mor e deeply , 
examinin g ho w an d wh y structure s involvin g syntacticall y 
dislocate d argument s exhibi t  th e crossove r  restriction .  Th e 
metho d wa s simila r  t o tha t  i n Gordo n an d Hendric k (1997 ) 
and involve d rating s o f  whethe r  coreferenc e betwee n tw o 
boldface d expression s wa s acceptable .  Th e experimenta l 
condition s a s wel l  a s sampl e stimul i  an d averag e 
acceptabilit y  rating s ar e show n i n Tabl e 4  fo r  th e first 
experimen t  an d Tabl e 6  fo r  th e secon d experiment .  Th e 
implication s o f  thes e pattern s o f  averag e acceptabilit y  ar e 

discusse d Gordo n an d Hendric k (i n press£>) .  Her e w e us e 
facto r  analysi s t o examin e th e correlationa l  structur e o f 
thes e rating s i n orde r  t o provid e evidenc e abou t  whethe r 
non definit e an d definit e N P s contribut e t o th e sam e o r 
differen t  dimension s o f  grammatica l  variation . 

Our  explorator y facto r  analysi s (presente d above )  o f  th e 
result s o f  th e result s o f  Experimen t  4  fro m Gordo n an d 
Hendric k (1997 )  yielde d tw o factors ,  "pronoun-nam e order " 
and "name-pronou n order" ,  tha t  coul d b e expecte d t o b e 
foun d i n th e result s o f  ou r  curren t  experimenta l  dat a se t  i f 
quantifie d expression s ar e psychologicall y groupe d wit h 
definit e expression s an d names .  Accordingly ,  a  facto r 
analysi s restricte d t o tw o factor s wa s performe d o n th e 
result s o f  th e tw o experiment s fro m Gordo n an d Hendric k 
(i n pressfc )  o n coreferenc e involvin g no n definit e 
expressions .  Th e result s fo r  th e first  experimen t  ar e show n 
i n Tabl e 5 . 

Examinatio n o f  th e absolut e value s o f  th e entrie s fo r 
Facto r  1  show s tha t  i t  clearl y depend s o n quantifie d N P -
pronou n sequences ,  definit e N P pronou n sequence s an d 
name-pronou n sequence s regardles s o f  th e presenc e o r 
absenc e o f  a  c-comman d relation .  I n contrast .  Facto r  2 
depend s o n th e remainin g type s o f  N P sequences ,  pronoun -
quantifie d N P sequences ,  pronoun -  definit e N P sequence s 
and pronou n nam e sequences ,  agai n showin g n o specia l 
sensitivit y t o c-command .  Thi s patter n strongl y suggest s 
tha t  linea r  orde r  rathe r  tha n hierarchica l  relation s lie s behin d 
th e intuitiv e judgment s o f  ou r  subjects . 

A facto r  analysi s o f  th e dat a i n Tabl e 6  i s give n i n Tabl e 7 
and provide s furthe r  suppor t  fo r  th e importanc e o f  linea r 
orde r  i n thes e intuitiv e judgment s b y yieldin g tw o factor s 
whos e loading s ar e consisten t  wit h th e Name-Pronou n an d 
Pronoun-Nam e factor s tha t  wer e observe d i n th e precedin g 
analyses .  Th e genera l  patter n i n Tabl e 7  accord s wel l  wit h 
our  earlie r  clai m tha t  quantifie d expressio n grou p wit h 
definit e expression s an d name s i n h o w the y bin d pronouns . 

The genera l  tendenc y i n Tabl e 7  fo r  th e linea r  orde r  N P -

Tabl e 6 .  Experimenta l  conditions ,  sampl e stimul i  an d result s from  Experimen t  2  o f  Gordo n &  Hendric k (i n pressft) .  Subject s 
wer e aske d t o rat e th e grammatica l  acceptabilit y  o f  th e sentence s give n a  coreferentia l  interpretatio n o f  th e expression s i n 
boldfac e an d italics .  Mea n grammaticalit y rating s (o n a  scal e o f  1  t o 6) ,  alon g wit h th e lowe r  an d uppe r  bound s o f  th e 9 5 % 
confidenc e intervals ,  ar e show n fo r  th e differen t  kind s o f  coreferentia l  expressions . 

Typ e o f 
Sequenc e 

WH trac e -pronou n 
WH trac e -  pronou n 
pronou n - W H trac e 
pronou n -  W H trac e 

OP trace - pronoun 
OP trace -  pronou n 
pronou n -O P trac e 
pronou n -O P trac e 

name - pronoun 
name -  pronou n 
pronou n -  nam e 
pronou n -  nam e 

Crossove r  C -  Sampl e Sentenc e 
C o m m a nd 

No N o Bria n know s whic h gir l  aske d th e teache r  t o hel p he r  classmates . 
No N o Bria n know s whic h gir l  aske d th e teache r  t o hel p her . 

W e ak N o Bria n know s whic h gir l  he r  classmate s aske d th e teache r  t o help . 
Stron g Ye s Bria n know s whic h gir l  sh e aske d th e teache r  t o help . 

No No Brian knows the girl that asked the teacher to help her classmates. 
No N o Bria n know s th e gir l  tha t  aske d th e teache r  t o hel p her . 

W e ak N o Bria n know s th e gir l  tha t  he r  classmate s aske d th e teache r  t o help . 
Stron g Ye s Bria n know s th e gir l  tha t  sh e aske d th e teache r  t o help . 

No Brian knows that Karen asked the teacher to help her classmates. 
No Bria n know s tha t  Kare n aske d th e teache r  t o hel p her . 
No Bria n know s tha t  he r  classmate s aske d th e teache r  t o hel p Karen . 
Yes Bria n know s tha t  sh e aske d th e teache r  t o hel p Karen . 

M e an Ratin g 
( 9 5 % C.I. ) 

4.4 1 ±.2 1 
4.4 5 ±  .2 4 
2.9 7 ±  .2 3 
2.6 2 ±  .2 7 

4.69 ±.19 
4.9 1 ±.2 0 
2.9 5 ±  .2 2 
2.4 8 ±  .2 0 

5.27 ±.14 
5.4 0 ±.1 4 
3.5 5 ±.1 7 
2.6 6 ±.1 8 
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Tabl e 7 .  Result s o f  th e facto r  analysi s o f  th e judgment s 
obtaine d i n th e secon d experimen t  o f  Gordo n an d Hendric k 
(i n press/?) . 

Typ e o f  structur e 
wh-trac e pronou n 
wh-trac e pronou n 
pronou n wh-trac e 
pronou n wh-trac e 

OP-trace pronoun 
OP-trac e pronou n 
pronou n OP-U-ac e 
pronou n OP-trac e 

name pronoun 
name pronou n 

pronou n nam e 
pronou n nam e 

c-comman d 
yes 
yes 
no 
yes 

yes 
yes 
no 

yes 

yes 
yes 
no 
yes 

Facto r  1 
.7 3 
.7 6 
.0 2 

-.1 6 

.75 
.7 8 
.4 0 

-.1 0 

.69 
.6 7 
.2 5 
.1 7 

Facto r  2 
.1 9 

-.2 6 
.7 7 
.8 4 

.16 
-.2 6 
.3 5 
.7 6 

.00 

-.3 3 
.7 0 
.7 0 

pronou n an d pronoun-N P t o b e inversel y relate d accord s 
wel l  wit h ou r  earlie r  clai m tha t  quantifie d expressio n grou p 
wit h definit e expression s an d name s i n ho w the y bin d 
pronouns . 

I n thi s analysis ,  relativ e clause s tha t  hav e th e patter n 
pronou n OP-trac e sho w th e weakes t  loading s o n th e 
relevan t  facto r  whe n ther e i s n o c-comman d relatio n 
present .  Fro m ou r  perspectiv e o n th e correlationa l  structur e 
of  idiolectica l  variability ,  wea k loadin g o f  pronou n OP-trac e 
sequence s withou t  c-comman d shoul d reflec t  a  paramete r  o f 
grammatica l  knowledge .  A  possibl e candidat e i s th e ofte n 
propose d paramete r  o f  Universa l  Gramma r  tha t  give s 
grammar s o f  particula r  language s a n optio n betwee n trace s 
and resumptiv e pronouns .  M a n y language s (e.g. ,  Irish , 
McCloskey ,  1990 )  allo w resumptiv e pronoun s wher e 
standar d Englis h require s a  trac e an d suc h language s d o no t 
exhibi t  wea k crossove r  effects .  Accordingly ,  th e wea k 
loadin g o f  sentence s wit h relativ e clause s an d pronou n -  O P 
trac e sequence s withou t  c-comman d coul d emerg e fro m th e 
use ,  b y som e subjects ,  o f  th e resumptiv e pronou n 
parameter .  Th e resumptiv e pronou n paramete r  i s 
unavailabl e fo r  W H question s becaus e the y involv e 
movement  (eschewin g resumptiv e pronoun s i n al l 
languages )  an d i t  i s  inapplicabl e t o pronoun-nam e 
sequences .  Thi s provide s a n explanatio n o f  th e judgment s 

of  pronou n OP-trac e sequence s i n ou r  data ,  bu t  i t  doe s no t 
provid e a  goo d accoun t  o f  th e dependenc e o f  thes e 
judgment s o n c-command .  Othe r  possibl e explanation s o f 
thi s finding  coul d dra w o n th e fac t  tha t  i n al l  o f  ou r  stimul i 
wher e a  pronou n c-command s a n OP-trace ,  th e pronou n i s 
i n subjec t  positio n adjacen t  t o th e hea d o f  a  relativ e clause . 
Assessin g th e validit y o f  thes e possibilitie s wil l  requir e 
furthe r  investigation s int o th e grammaticalit y o f  coreferenc e 
i n thes e type s o f  N P sequences . 

General Discussion 

Whil e a  complet e explanatio n o f  th e detail s o f  th e 
grammaticalit y judgment s require s furthe r  work ,  th e large r 
patter n i s ver y clea r  i n revealin g dimension s o f 
grammaticalit y i n coreference .  Th e first  facto r  analysi s 

reveale d thre e clea r  factor s whic h w e dubbe d (Name -
Pronoun ,  Pronoun-Name ,  an d Name-Name) .  Th e secon d 
and thir d facto r  analyse s showe d tha t  differen t  type s o f  ful l 
NPs (definit e descriptions ,  quantifie d expressions ,  an d W H 
phrases )  groupe d togethe r  wit h name s i n term s o f  th e 
variatio n the y elicite d i n subjects '  grammaticalit y 
judgments ;  thes e analyse s provide d furthe r  suppor t  fo r  th e 
Name-Pronou n an d Pronoun-Nam e factor s (wit h th e labe l 
"name "  bein g broadene d t o includ e thes e othe r  type s o f 
NPs) .  Thes e findings  provid e a  basi s fo r  treatin g thes e 
differen t  type s o f  NP s a s equivalen t  wit h respec t  t o 
coreferenc e an d fo r  focusin g o n ho w coreferenc e i s 
achieve d betwee n thes e differen t  type s o f  NP s an d pronoun s 
tha t  eithe r  follo w the m o r  preced e them . 

I n Gordo n an d Hendric k (i n pressa )  w e hav e develope d a 
model  o f  th e interpretatio n o f  referrin g expression s a s 
derivin g fro m th e wa y i n whic h syntacti c representation s ar e 
mapped ont o discours e representations .  Thi s explanatio n i s 
expresse d usin g a  formalis m create d b y K a m p an d Reyl e 
(1993 )  whic h seek s t o appl y mode l  theoreti c semantic s t o 

phenomena i n natura l  language ,  particularl y th e semantic s 
of  discourse .  Ou r  mode l  aim s t o provid e a n explanatio n fo r 

th e distributio n an d processin g o f  coreferentia l  expression s 
withi n an d betwee n sentences .  Her e w e offe r  a  summar y o f 
th e mode l  an d ho w i t  account s fo r  th e eas e o f  coreferentia l 
interpretatio n o f  differen t  type s o f  referrin g expressions . 
Then w e sho w ho w th e mode l  ca n accoun t  fo r  th e 
dimension s o f  grammatica l  coreferenc e reveale d b y th e 
result s presente d i n thi s paper . 

Model s base d o n th e K a m p an d Reyl e formalis m us e 
Constructio n Rule s t o m a p syntacti c representation s ont o 
Discours e Representatio n Structures .  Eac h constructio n 
rul e i s compose d o f  a  triggerin g conditio n tha t  delineate s 
th e linguisti c inpu t  tha t  cause s th e rul e t o apply ,  an d specifi c 
instruction s fo r  replacin g par t  o f  th e linguisti c 
representatio n wit h a  informatio n i n th e Discours e 
Representatio n Structure .  Th e materia l  adde d t o a 
Discours e Representatio n Structur e b y a  Constructio n Rul e 
i s terme d a  conditio n set .  Wha t  w e tak e t o b e importan t  i n 
thi s formalis m i s tha t  syntacti c structure s trigge r  th e 
buildin g o f  a  par t  o f  a  discours e representatio n structur e i n a 
dynami c fashion .  Entitie s ar e introduce d int o th e univers e 
of  th e discours e b y th e dynami c rule s tha t  construc t  thes e 
representations .  Thes e entitie s ar e terme d discours e 
referents . 

Our  mode l  include s thre e constructio n rule s t o handl e 
referenc e an d coreference .  (I )  Th e constructio n rul e fo r 
names i s triggere d b y th e occurrenc e o f  a  nam e i n th e 
syntacti c representatio n o f  th e inpu t  sentence ;  i t  the n posit s 
a ne w discours e entit y i n th e discours e mode l  predicate d o n 
th e name .  Th e sam e basi c mechanis m o f  interpretatio n 
applie s t o th e definit e an d no n definit e expressions .  (2 )  Th e 
constructio n rul e fo r  pronoun s i s triggere d b y a  pronoun ;  i t 
the n attempt s t o find a  suitabl e anteceden t  i n th e discours e 
model .  Failin g that ,  i t  posit s a  ne w discours e entity .  (3 ) 
The final  constructio n rul e (fo r  equivalence )  i s triggere d b y 
th e presenc e o f  tw o discours e entitie s predicate d o n th e 
same name .  I t  add s a  conditio n se t  t o th e discours e 
representatio n equatin g th e tw o entities . 
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These thre e rule s provid e a  straightforwar d accoun t  o f  ou r 
result s concernin g th e acceptabilit y  o f  coreferenc e i n th e 
thre e type s o f  N P sequence s show n i n Tabl e 1 .  Name-
pronou n sequence s trigge r  successiv e applicatio n o f  th e 
constructio n rul e fo r  name s an d the n fo r  pronouns .  Th e rul e 
fo r  name s posit s a  discours e entit y predicate d o n th e name , 
thi s subsequentl y provide s a  suitabl e anteceden t  whe n th e 
constructio n rul e fo r  pronoun s i s triggered ,  yieldin g 
coreferentia l  interpretatio n o f  th e nam e an d pronoun . 
Name-name sequence s trigge r  tw o application s o f  th e 
constructio n rul e fo r  names ,  resultin g i n tw o discours e 
entitie s predicate d o n th e sam e name .  Thi s situatio n 
trigger s th e constructio n rul e fo r  equivalence ,  whic h equate s 
th e tw o discours e entities .  Compare d t o name-pronou n 
sequences ,  establishin g coreferenc e i n name-nam e 
sequence s require s a n additiona l  constructio n rul e 
(equivalence )  an d result s i n a  mor e comple x discours e 
representation .  Thi s i s i n accor d wit h ou r  subjects ' 
judgment s o f  coreference .  Pronoun-nam e sequence s firs t 
trigge r  applicatio n o f  th e constructio n rul e fo r  pronouns .  A s 
it  ca n find  n o suitabl e antecedent ,  i t  posit s a  ne w entit y i n 
th e discours e model .  Subsequently ,  th e constructio n rul e 
fo r  name s i s triggered ,  resultin g i n th e positin g o f  a  name . 
However ,  th e equivalenc e rul e i s no t  triggere d a t  thi s poin t 
becaus e predicatio n o f  th e entit y create d b y th e pronou n 
rul e ha s n o identifyin g information .  Thi s account s fo r  th e 
lo w acceptabilit y  o f  coreferenc e i n pronoun-nam e 
sequences . 

Becaus e th e constructio n rule s fo r  interpretin g definit e 
and no n definit e expression s shar e th e essentia l  feature s o f 
th e constructio n rul e fo r  names ,  th e principle s outline d 
abov e als o explai n th e relativ e difficult y o f  establishin g 
coreferenc e i n sequence s containin g thos e type s o f  NP s a s 
shown i n Table s 4  an d 6 .  Thus ,  th e thre e basi c constructio n 
rule s ca n b e see n a s providin g a n accoun t  o f  th e relativ e 
acceptabilit y  o f  coreferenc e i n sequence s o f  differen t  type s 
of  NPs . 

The way s i n whic h coreferenc e i s establishe d fo r  th e thre e 
differen t  kind s o f  N P sequence s lead s t o a  straightforwar d 
accoun t  o f  th e finding  tha t  thes e kind s o f  coreferenc e 
correspon d t o separat e dimension s o f  grammaticalit y i n a 
communit y o f  competen t  languag e users .  Coreferenc e i n 
each cas e i s determine d b y ho w differen t  linguisti c 
configuration s trigge r  differen t  constructio n operations .  I f 
individua l  subject s hav e threshold s fo r  triggerin g tha t  ar e 
independentl y se t  fo r  th e differen t  constructio n rules ,  the n 
we wil l  find  tha t  subjects '  judgment s o f  differen t  referenc e 
condition s ar e highl y correlate d whe n coreferenc e require s 
th e sam e constructio n rule ,  an d uncorrelate d whe n the y d o 
not .  Thi s i s th e patter n show n b y th e correlatio n matri x i n 
Tabl e 2  an d b y th e facto r  analyse s i n Table s 3 ,  5  an d 7 .  Th e 
Name-Pronou n facto r  (Facto r  1  i n Table s 3 ,  5  &  7 )  i s 
create d b y individua l  difference s i n sensitivit y t o triggerin g 
th e constructio n rul e fo r  pronouns ,  whic h i s th e basi s fo r 
coreferentia l  interpretatio n i n thes e cases .  Th e Name-Name 
facto r  (Facto r  3  i n Tabl e 3 )  i s  similarl y create d b y differin g 
threshold s fo r  triggerin g th e constructio n rul e fo r 
equivalence .  Th e Pronoun-Nam e facto r  (Facto r  2  i n Table s 
3,  5  an d 7 )  emerge s fro m th e fac t  tha t  establishin g 
coreferenc e i n suc h sequence s require s tha t  th e NP s i n a 

sentenc e no t  b e interprete d i n a  stric t  left-to-righ t  fashion , 
somethin g tha t  clearl y happen s i n case s wher e a n N P i s 
presen t  i n a  fronte d adjunc t  expression .  Th e Pronoun-Nam e 
facto r  ca n b e explaine d b y th e suppositio n tha t  som e 
subject s ar c mor e incline d tha n other s t o interpre t  NP s i n th e 
ver b phras e befor e NP s i n th e subject . 

I n thi s way ,  ou r  mode l  provide s a  straightforwar d accoun t 
fo r  th e dimension s o f  grammatica l  variatio n reveale d b y ou r 
analyse s o f  th e correlationa l  structur e o f  judgment s o f 
coreference . 
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