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Abstrac t 

In order to produce coherent text, natural language generation 
system s mus t  hav e th e abilit y  t o generat e pronoun s i n th e ap -
propriat e places .  I n th e past ,  pronou n usag e wa s primaril y in -
vestigate d wit h respec t  t o th e accessibilit y  o f  referents .  Tha t 
is ,  i t  wa s assume d tha t  a  pronou n shoul d b e generate d when -
ever  th e referen t  wa s sufficientl y accessibl e s o a s t o mak e it s 
resolutio n easy .  W e foun d tha t  suc h a n explanatio n doe s no t 
see m t o accoun t  wel l  fo r  th e pattern s o f  pronou n usag e foun d 
i n naturall y occurrin g texts .  W e presen t  a n algorith m fo r  gen -
eratin g appropriat e anaphori c expression s whic h take s int o ac -
coun t  th e tempora l  structur e o f  text s (a s a  discours e structurin g 
device )  an d knowledg e abou t  ambiguou s contexts .  Othe r  im -
portan t  factor s i n ou r  algorith m ar e sentenc e boundarie s an d 
th e distanc e fro m th e las t  mentio n o f  th e anaphor .  W e bac k u p 
our  hypothese s wit h som e empirica l  result s indicatin g tha t  ou r 
algorith m choose s th e right  referrin g expressio n i n 8 5 % o f  th e 
cases . 

In t roduc t io n 

Anaphori c expression s ar e a n importan t  componen t  t o gener -
atin g coheren t  discourses .  Whil e ther e ha s bee n som e wor k 
on generatin g appropriat e referrin g expressions ,  littl e atten -
tio n ha s bee n give n t o th e proble m o f  whe n a  pronou n shoul d 
be use d t o refe r  t o a n object .  I n mos t  instance s th e assumptio n 
has bee n tha t  a  pronou n shoul d b e generate d whe n referrin g t o 
a discours e entit y tha t  i s  highl y prominen t  (accessible) .  How -
ever ,  a  stud y o f  naturall y occurrin g text s reveal s tha t  factor s 
beyon d accessibilit y  mus t  b e take n int o accoun t  i n orde r  t o 
explai n th e pattern s o f  pronou n us e found . 

I n thi s pape r  w e attemp t  t o investigat e factor s tha t  migh t  in -
fluence  th e us e o f  pronomina l  referenc e forms .  I n particular , 
we attemp t  t o answe r  th e questio n o f  whe n i t  i s  appropriat e 
t o generat e a  pronou n versu s som e othe r  kin d o f  definit e de -
scriptio n (i.e. ,  a  definit e nou n phras e o r  prope r  name )  whe n 
realizin g a n anaphori c expression .  Pronoun s ar e prevalen t  i n 
tex t  an d pla y a  rol e i n tex t  coherence ,  ye t  pronou n generatio n 
has gotte n ver y littl e attention .  T o dat e mos t  o f  th e researc h 
involvin g pronoun s i n tex t  ha s concentrate d o n th e proble m o f 
pronou n resolutio n (neede d fo r  natura l  languag e understand -
ing) .  Whil e i t  i s  likel y tha t  th e wor k o n pronou n resolutio n 
m ay b e relevan t  t o th e proble m o f  pronou n generatio n (on e 
woul d no t  wan t  t o generat e a  pronou n tha t  th e reade r  coul d 
not  resolv e wit h reasonabl e effort) ,  additiona l  explanation s 
ar e needed . 

Our  tac k ha s bee n t o stud y naturall y occurrin g example s 
and t o tr y t o hypothesiz e rule s tha t  explai n th e pronou n us e i n 
thos e examples .  T o dat e w e hav e concentrate d ou r  stud y o n 

N ew Yor k Time s new s articles .  W e hop e t o generaliz e som e 
of  ou r  findings  t o othe r  type s o f  tex t  genre s a s well . 

Consider  th e followin g passag e fro m th e first  severa l  line s 
of  on e o f  th e storie s w e analyzed : 

Example 1: 
When Kennet h L .  Curti s wa s wheele d int o cour t  nin e 

year s ago ,  mute ,  dull-eye d an d crippled ,  i t  seeme d clea r  t o 
neari y everyon e involve d tha t  i t  woul d b e pointles s t o pu t  hi m 
on tria l  fo r  th e murde r  o f  hi s forme r  girifriend ,  Donn a Kalson , 
and th e woundin g o f  he r  companion . 

I t  ha d bee n a  yea r  sinc e Mr .  Curti s ha d slamme d hi s 
picku p truc k int o them ,  breakin g thei r  legs .  H e the n sho t  the m 
bot h and ,  finally,  fired  a  bulle t  int o hi s ow n brain .  Mr .  Cur -
ti s  lingere d i n a  com a fo r  months ,  the n awok e t o a  wori d o f 
paralysis ,  pai n an d menta l  confusio n fro m whic h psychiatri c 
expert s sai d h e woul d neve r  emerge . 

One exper t  calculate d hi s I.Q .  a t  6 2 
For convenience, we have indicated all references to the 
mai n characte r  i n bold . 

A surprisin g thin g t o not e abou t  thi s passag e i s tha t  no t 
al l  o f  th e anaphori c reference s t o Mr .  Curti s ar e pronoun s 
eve n thoug h h e i s arguabl y th e focu s o f  ever y sentenc e in -
cluded .  Previou s wor k o n pronou n generatio n woul d predic t 
tha t  a  pronou n shoul d b e use d i f  th e sam e ite m remain s i n 
focus .  Thu s i t  appear s tha t  somethin g othe r  tha n a  straight -
forwar d applicatio n o f  focusin g o r  othe r  pronou n resolutio n 
algorithm s i s necessary . 

A secon d thin g t o not e abou t  thi s passag e i s tha t  th e sen -
tence s ar e generall y lon g an d comple x an d ofte n contai n sev -
era l  reference s t o th e sam e character .  Thes e type s o f  sen -
tence s ar e ver y differen t  fro m thos e tha t  hav e bee n consid -
ere d b y an y generatio n syste m tha t  ha s rule s fo r  generatin g 
pronouns .  I n addition ,  i t  i s  no t  clea r  ho w mos t  focusin g o r 
pronou n interpretatio n algorithm s woul d handl e them . 

Lookin g fo r  a n explanation ,  on e migh t  tur n t o th e underly -
in g structur e o f  th e text .  However ,  i n doin g so ,  car e mus t  b e 
take n t o ensur e tha t  th e chose n structur e bot h affect s pronou n 
generatio n decision s an d i s somethin g tha t  i s  well-define d 
fro m a  generatio n perspective .  A  structurin g devic e suc h a s 
paragrap h break s fail s o n bot h o f  thes e counts .  A t  firs t  on e 
migh t  expec t  t o se e a  definit e descriptio n a t  th e beginnin g o f 
a paragraph ,  an d a  pronou n insid e a  paragrap h (a s lon g a s th e 
ite m bein g referre d t o i s i n focus) .  Whil e thi s correctl y pre -
dict s th e nam e a t  th e beginnin g o f  paragrap h two ,  notic e ther e 
i s a  nam e i n th e middl e o f  tha t  sam e paragrap h an d a  pronou n 
at  th e beginnin g o f  paragrap h three .  Mor e importantiy ,  fro m 
th e perspectiv e o f  a  generatio n system ,  i t  i s  no t  a t  al l  clea r 
ho w a  paragrap h brea k shoul d b e defined .  Thu s positin g a 
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rul e base d o n suc h a  structurin g devic e i s no t  helpful .  W e 
must  searc h fo r  a n answe r  tha t  (1 )  explain s th e pattern s o f 
pronoun s foun d i n naturall y occurrin g text ,  an d (2 )  i s base d 
on informatio n availabl e t o a  sentenc e generatio n system . 

I n thi s pape r  w e presen t  ou r  preliminar y wor k i n doin g jus i 
that .  Ou r  wor k s o fa r  ha s le d u s t o hypothesiz e severa l  lac -
tor s tha t  affec t  pronou n generatio n an d tha t  ar e availabl e t o a 
sentenc e generatio n system .  Thes e factor s include : 

Sentence Boundaries - pronouns appear to be the preferred 
referrin g for m fo r  subsequen t  referenc e t o a n ite m withi n 
th e sam e centence . 

Distance from Last Mention - when the last mention of an 
ite m i s severa l  sentence s bac k i n th e text ,  a  definit e descrip -
tio n i s preferred . 

Discourse Structure (as indicated by time change) - if we 
tak e tim e a s a  discours e structurin g device ,  whe n th e pre -
viou s referenc e t o a n ite m i s a t  th e sam e tim e a s th e curren t 
reference ,  a  pronou n i s preferred .  A  definit e descriptio n i s 
preferre d whe n th e tim e ha s changed . 

Ambiguity - potential ambiguity must be taken into account 
when choosin g a n anaphori c expressio n i n tha t  a  pronou n 
shoul d onl y b e generate d i f  i t  ca n b e resolve d correctly . 

In the next section we discuss previous research on pro-
nou n generation .  Thi s i s followe d b y a n introductio n o f 
tim e a s a  structurin g devic e whic h affect s pronou n genera -
tion .  Nex t  w e investigat e ambiguou s anaphori c references . 
We follo w thi s wit h a n algorith m whic h decide s whe n t o us e a 
pronou n versu s a  definit e descriptio n whe n referrin g t o som e 
discours e entity .  Afte r  this ,  w e repor t  o n empirica l  result s 
of  th e applicatio n o f  ou r  algorith m t o a  corpu s o f  N e w Yor k 
Time s articles . 

Previous Work on Pronoun Generation 

Few researcher s hav e give n seriou s consideratio n t o th e prob -
le m o f  pronou n generation .  Th e mos t  c o m m o n facto r  con -
sidere d ha s bee n th e accessibilit y  o f  th e referent .  Fo r  exam -
ple ,  a  pronou n woul d b e generate d i f  it s  referen t  wa s suffi -
cientl y prominen t  i n th e precedin g text .  S o m e earl y genera -
tio n wor k (e.g. ,  McDona l d (1980) ,  M c K e o w n (1985) ,  M c K e -
own (1983) ,  Appel t  (1981) )  use d a  simpl e rul e t o implemen t 
thi s ide a base d o n focu s (Sidner ,  1979) .  Th e rul e roughl y 
state d tha t  i f  th e curren t  sentenc e i s abou t  th e sam e thin g tha t 
th e previou s sentenc e wa s about ,  us e a  pronou n t o refe r  t o tha t 
thing .  A s wa s pointe d ou t  above ,  thi s rul e doe s no t  provid e a 
ver y goo d matc h wit h th e referrin g expression s i n ou r  corpus . 

I n Dal e (1992) ,  Dal e als o discusse d th e generatio n o f  pro -
noun s i n th e contex t  o f  wor k o n generatin g referrin g expres -
sion s (Appelt ,  1985 ;  Reiter ,  1990) .  H e specifie d a n algorith m 
tha t  essentiall y  generate d th e smalles t  referrin g expressio n 
tha t  distinguishe d th e objec t  i n questio n fro m al l  other s i n th e 
context. '  H e generate d a  pronou n (o r  ellipsis )  i f  on e wer e ad -
equat e an d i f  th e objec t  bein g referre d t o wa s th e cente r  o f  th e 
las t  utterance .  A s a n exampl e o f  th e kind s o f  text s h e gener -
ate d consider :  "Soa k th e butterbeans .  Drai n an d rins e f/iem. " 

'Thi s algorith m wa s late r  revise d i n Dal e &  Reite r  (1995 )  t o 
more adequatel y reflec t  human-generate d referrin g expression s an d 
t o b e mor e computationall y tractable . 

Suc h a n accoun t  o f  pronou n generation ,  base d o n cente r  con -
stanc y appear s t o wor k quit e wel l  i n th e domai n studie d b y 
Dale ,  bu t  i s unabl e t o accoun t  fo r  th e pattern s i n othe r  kind s 
of  naturall y occurrin g text . 

Th e centerin g mode l  (Gros z e t  al. ,  1995 )  itsel f  make s pre -
diction s abou t  pronou n generatio n onl y i n th e instance s wher e 
Rul e 1  i s applicable .  Recal l  tha t  centerin g associate s a  se t  o f 
forwar d lookin g center s wit h eac h utterance .  Thi s i s a n or -
dere d lis t  o f  th e discours e entitie s introduce d i n th e utterance . 
Whil e a n activ e are a o f  research ,  i n Englis h th e orde r  i s  gen -
erall y take n t o b e subject ,  object ,  othe r  argument s t o th e ver b 
i n surfac e order ,  adjunct s o f  th e ver b i n surfac e order .  Th e 
backwar d lookin g cente r  o f  a n utteranc e i s th e highes t  ranke d 
elemen t  o f  th e previou s utterance' s forwar d lookin g center s 
tha t  i s realize d i n th e curren t  utterance .  Centering' s Rul e 1 
state s tha t  i f  an y elemen t  o f  th e previou s utterance' s forwar d 
lookin g center s lis t  i s  realize d i n th e curren t  utteranc e a s a 
pronoun ,  the n th e backwar d lookin g cente r  mus t  b e realize d 
as a  pronou n a s wel l  (Gros z e t  al. ,  1995 ,  p.214) .  Notic e tha t 
th e Mr .  Curti s a t  th e beginnin g o f  th e secon d sentenc e i n Ex -
ampl e 1  i s a n apparen t  violatio n o f  thi s rul e (becaus e i t  i s  th e 
subjec t  o f  th e previou s sentenc e bu t  i s no t  pronominalize d 
whil e anothe r  elemen t  mentione d i n tha t  sentenc e is) .  But , 
mor e generally ,  w e mus t  hav e a  theor y tha t  i s  abl e t o handl e 
al l  case s o f  pronou n use . 

A pronou n interpretatio n algorith m base d o n centerin g 
whic h relie d o n centerin g transitio n preference s wa s devel -
ope d i n Brenna n e t  al .  (1987) .  Usin g transitio n preference s 
i n a  pronou n generatio n rul e woul d cove r  mor e case s o f  pro -
nou n us e tha n i s covere d b y Rul e 1 ,  bu t  th e applicatio n o f 
suc h transitio n preference s als o prove d unhelpfu l  i n explain -
in g pronou n pattern s i n ou r  corpus . 

Gros z &  Sidne r  (1986 )  an d Reichma n (1985 )  indicat e tha t 
discours e segmentatio n ha s a n effec t  o n th e linguisti c realiza -
tio n o f  referrin g expressions .  Whil e thi s i s  intuitivel y appeal -
ing ,  i t  i s  unclea r  h o w t o appl y thi s t o th e generatio n prob -
le m (i n par t  becaus e i t  i s  unclea r  h o w t o defin e discours e 
segment s t o a  generatio n system) .  Passonnea u (1996 )  ar -
gue s fo r  th e us e o f  th e principle s o f  informatio n adequac y 
and econom y i n generatin g anaphori c expressions .  He r  al -
gorith m take s discours e segmentatio n int o accoun t  throug h 
th e us e o f  focu s space s whic h ar e associate d wit h eac h dis -
cours e segment .  Thus ,  Passonnea u explain s tha t  a  fulle r  de -
scriptio n migh t  b e use d a t  a  discours e segmen t  boundar y be -
caus e th e se t  o f  accessibl e object s change s a t  suc h boundarie s 
(thoug h sh e combine s thi s consideratio n wit h centerin g the -
or y whic h m a y overrid e th e decision s du e t o segmen t  bound -
aries) .  Whil e Passonneau' s algorith m seem s quit e appealing , 
notic e tha t  i t  provide s n o explanatio n o f  h o w a  discours e seg -
ment  (boundary )  shoul d b e defined .  Th e evaluatio n tha t  sh e 
provide d use d th e discours e segment s provide d b y a  se t  o f 
naiv e subject s w h o indicate d discours e segmen t  boundarie s 
i n he r  texts .  Withou t  suc h boundarie s provided ,  i t  i s  impos -
sibl e t o appl y he r  algorithm .  I n som e sense ,  th e wor k pre -
sente d her e i s consisten t  wit h Passonneau' s theory .  W h a t  w e 
attemp t  t o ad d i s a  definitio n o f  discours e segmen t  whic h i s 
well-define d an d ca n b e derive d fro m inpu t  tha t  an y sentenc e 
generato r  mus t  hav e i n orde r  t o generat e a  sentence .  O n th e 
othe r  hand ,  w e diffe r  fro m Passonnea u i n tha t  w e d o no t  at -
temp t  t o m a k e us e o f  focu s space s i n generation .  Rathe r  w e 
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argu e fo r  evaluatin g informationa l  adequac y o n th e basi s o f 
confusabl e object s nea r  th e curren t  sentenc e i n a  discourse . 

I n th e followin g sectio n w e hypothesiz e tha t  discours e seg -
ment  boundarie s (or ,  perhaps ,  settin g changes )  d o hav e a n 
effec t  o n appropriat e anaphori c expressio n choic e an d tha t 
change s i n tim e ar e marker s o f  suc h boundarie s (i n th e sto -
rie s tha t  w e hav e analyzed) .  W e hypothesiz e tha t  i f  th e cur -
ren t  an d previou s referenc e t o a n entit y occu r  i n clause s refer -
encin g tw o differen t  times ,  a  definit e descriptio n i s use d (an d 
when th e tim e reference d i s th e same ,  a  pronou n i s  used) . 

Temporal Discourse Structure 

In this section, we describe our approach to using discourse 
structur e fo r  choosin g th e righ t  referrin g expression .  Sinc e 
we ar e workin g wit h storie s fro m newspaper s w e wer e no t 
abl e t o identif y th e kin d o f  discours e structur e a s assume d 
by Gros z &  Sidne r  (1986) ,  whos e dialogue s ar e mor e task -
oriente d an d hav e clea r  intentiona l  goals .  W e neede d t o 
find  a  structurin g devic e tha t  wa s bot h recognizabl e an d par t 
of  th e inpu t  t o a  sentenc e generatio n system .  Afte r  inves -
tigatin g som e wor k o n narrativ e structur e (Genette ,  1980 ; 
Prince ,  1982 ;  Vogt ,  1990) ,  w e concentrate d o n tempora l 
structure .  Tempora l  structur e (a n impoverishe d notio n o f  th e 
deicti c cente r  (Nakhimovsky ,  1988 ;  Wiebe ,  1994 )  an d relate d 
t o tempora l  focu s (Webber ,  1988) )  informall y relate s t o th e 
tim e bein g reference d i n a  text .  Thi s structur e i s ofte n in -
dicate d b y linguisti c mean s an d mus t  b e par t  o f  th e inpu t  t o 
a sentenc e generator .  Change s i n tempora l  structur e o r  tim e 
m ay requir e worl d knowledg e reasonin g t o recogniz e bu t  ar e 
ofte n indicate d b y eithe r  cu e word s an d phrase s (e.g. ,  "nin e 
year s ago" ,  " a year" ,  "fo r  months" ,  "severa l  month s ago") , 
a chang e i n grammatica l  tim e o f  th e ver b (e.g. ,  pas t  tens e ver -
sus presen t  tense) ,  o r  change s i n aspec t  (e.g. ,  atomi c versu s 
extende d event s versu s state s a s define d b y Moen s &  Steed -
m an (1988)) . 

I n considerin g h o w tim e chang e migh t  affec t  anaphori c ex -
pressio n choice ,  w e conside r  th e choic e fo r  th e first  men -
tio n o f  a  discours e entit y i n a  sentenc e wher e tha t  entit y ha s 
recentl y bee n referre d t o i n th e discourse .  Ou r  hypothesi s 
i s that :  Change s i n tim e reliabl y signa l  discours e segmen t 
boundarie s i n newspape r  articles ;  definit e description s shoul d 
appea r  whe n th e curren t  referenc e t o a  discours e entit y i s i n 
a differen t  discours e segmen t  fro m th e las t  referenc e t o tha t 
entit y an d pronoun s shoul d occu r  whe n th e previou s mentio n 
i s i n th e sam e discours e segment . 

Notic e tha t  ou r  hypothesi s doe s no t  cove r  lon g distanc e sit -
uation s -  wher e a  discours e entit y ha s no t  bee n referre d t o fo r 
severa l  sentences ;  w e hav e foun d tha t  a  definit e descriptio n 
i s almos t  alway s use d i n lon g distanc e situation s regardles s 
of  tim e changes .  A  secon d plac e wher e tim e doe s no t  af -
fec t  anaphori c expressio n choic e i s a t  ver y shor t  distance s -
subsequen t  referenc e t o a n objec t  withi n th e sam e sentenc e i s 
almos t  alway s realize d a s a  pronou n regardles s o f  whethe r  o r 
not  th e tim e ha s changed . 

I n orde r  t o evaluat e thi s hypothesis ,  w e mappe d ou t  th e 
tim e bein g reference d i n ou r  text s o n a  clause-by-claus e ba -
sis .  Fo r  eac h claus e i n th e texts ,  w e indicate d th e tim e whic h 
was referre d to .  W e distinguishe d betwee n event s tha t  oc -
curre d a t  a  singl e instanc e i n tim e (atomi c events )  an d event s 
or  state s tha t  occurre d ove r  a  spa n o f  tim e (repeate d atomi c 

events ,  extende d events ,  an d states) .  Fo r  atomi c event s w e al -
lowe d fo r  bot h a  specifi c  tim e a t  whic h i t  occurre d an d fo r  a 
non-specifi c  tim e tha t  indicate d th e rang e o f  uncertainty .  W e 
allowe d tim e span s t o hav e bot h specifi c  en d point s an d un -
specifie d en d point s a s well . 

An exampl e fro m ou r  corpu s wit h it s associate d tempo -
ra l  structur e m a y illustrat e thes e labels ,  th e complexit y o f  th e 
text s unde r  consideration ,  an d h o w w e propos e pronou n gen -
eratio n i s affected . 

Example 2: 

(47a )  Questione d abou t  th e crimina l  activitie s o f  th e footbal l 
club , 

(47b )  Mrs .  Mandel a maintaine d 
(47c )  tha t  sh e ha d neve r  ha d an y contro l  ove r  them . 
(48a )  Thi s despit e testimon y fro m a  hal f  doze n forme r  mem-

ber s 
(48b )  tha t  the y eve n ha d t o ge t  permissio n t o g o i n an d ou t  o f 

her  yard . 
(49a )  Mrs .  Mandel a als o sai d 
(49b )  sh e ha d disbande d th e clu b 
(49c )  afte r  he r  husban d aske d he r  to ,  despit e evidenc e t o th e 

contrary . 
(50 )  Mrs .  Mandel a face d question s fro m mor e tha n 1 0 

lawyer s representin g variou s victim s an d th e pane l  o f  com -
missioner s an d thei r  investigators . 

1985 

1990 

1991 

1 year 

1 month 

1 week 

now 

N P P N  P  PP :  N 

a •  b  • 
47 

cl  a '  b l 
48 

'  b l  c '  I 
49 5 0 

Figur e 1 :  Tempora l  Structur e fo r  Exampl e 2 

Figure 1 contains the temporal structure for (each clause) 
of  sentence s 47-5 0 o f  on e o f  ou r  texts .  Th e correspondin g 
sentence s (als o broke n int o finite  clause s ar e containe d i n Ex -
ampl e 2 . 

Notic e tha t  sentenc e 4 7 consist s o f  thre e clauses .  Th e first 
tw o (47 a an d 47b )  describ e atomi c event s tha t  ar e takin g plac e 
at  th e "now "  tim e o f  th e stor y (durin g th e proceeding s agains t 
Mrs .  Mandela) .  Th e thir d claus e (47c )  refer s t o a n indefinit e 
spa n o f  tim e i n th e pas t  (roughl y firo m 198 5 t o 1991 ,  durin g 
whic h Mrs .  Mandela' s footbal l  clu b existed) .  Note ,  th e us e 
of  th e pas t  perfec t  indicatin g th e chang e i n tim e an d setdng . 

As Figur e 1  illustrates ,  ther e i s a  nam e (N )  referenc e t o 
Mrs .  Mandel a i n (47b) ,  an d a  pronomina l  (P )  referenc e t o he r 
i n (47c) .  Thi s pronou n i s use d eve n thoug h ther e i s a  chang e 
i n tim e betwee n (47b )  an d (47c )  an d i s explaine d becaus e thi s 
i s  th e secon d referenc e t o Mrs .  Mandel a withi n th e sam e sen -
tenc e ( a conditio n tha t  overrule s th e tim e chang e hypothesis) . 
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(48a )  represent s a  chang e bac k t o th e tim e o f  th e pro -
ceeding s (not e th e discourse-deicti c referenc e (Webber ,  1991 ) 
"This") .  I n thi s case ,  a  tim e spa n indicate s multipl e atomi c 
event s occurrin g durin g tha t  time .  (48b )  agai n point s t o th e 
tim e spa n i n th e past ,  thoug h thi s i s no t  explicitl y  marke d lin -
guisticall y a s i t  wa s i n (47c) .  Her e worl d knowledg e mus t  b e 
use d t o understan d th e tim e reference d i n thi s clause .  Note , 
however ,  tha t  th e tim e woul d hav e t o b e par t  o f  th e inpu t  t o 
a generator ,  an d thu s ou r  rule s ar e completel y well-define d 
fro m th e generatio n perspective . 

The us e o f  a  pronou n t o refe r  t o Mrs .  Mandel a i n (48b )  i s 
warrante d b y ou r  hypothesis ,  becaus e th e claus e containin g 
th e previou s mentio n o f  Mrs .  Mandela ,  (47c) ,  reference s th e 
same tim e a s i s reference d i n (48b) . 

Becaus e ther e i s a  tim e chang e betwee n (48b )  an d (49a) , 
our  hypothesi s explain s th e appearanc e o f  th e prope r  nam e 
i n (49a )  eve n thoug h i t  occur s jus t  afte r  a  pronou n (i n (48b) ) 
co-specifyin g wit h th e sam e character. ^  Th e pronoun s i n th e 
remainde r  o f  (49 )  ar e explaine d becaus e the y ar e subsequen t 
reference s withi n th e sam e sentenc e (despit e th e fac t  tha t  the y 
refe r  t o a n unspecifie d tim e i n th e pas t  whic h i s differen t  fro m 
th e tim e reference d i n (49a)) .  Finally ,  th e us e o f  a  nam e i n 
(50 )  i s agai n indicate d b y th e chang e i n tim e betwee n (49c ) 
and (50) . 

Ambiguities 

Of  course ,  th e choic e o f  referrin g expressio n i s no t  onl y 
guide d b y discours e structure ;  ther e i s als o a n influenc e du e t o 
ambiguities .  Dal e (1992 )  generate d referrin g expression s s o 
tha t  the y coul d b e distinguishe d fro m th e othe r  discours e enti -
tie s mentione d i n th e context .  Thi s strateg y ca n b e interprete d 
as:  Generat e a  pronou n wheneve r  i t  i s  no t  ambiguous .  H o w -
ever ,  h o w on e shoul d defin e contex t  i s  no t  quit e clear .  Fo r 
thi s definitio n w e choos e a  spa n o f  tex t  considere d importan t 
i n ou r  previou s wor k o n anaphor a resolutio n (Strube ,  1998) , 
and defin e a  referrin g expressio n a s ambiguou s i f  ther e i s a 
competin g anteceden t  (i.e .  anothe r  discours e entit y matchin g 
i n numbe r  an d gender )  mentione d i n th e previou s sentenc e o r 
t o th e lef t  o f  tha t  referrin g expressio n i n th e curren t  sentence . 
Of  th e 43 7 referrin g expressio n i n th e text s w e analyzed ,  10 4 
wer e considere d ambiguou s b y thi s definition .  O f  thes e onl y 
51 wer e realize d a s a  definit e description .  Thu s a  rul e whic h 
say s t o us e a  definit e descriptio n i f  a  pronou n woul d b e am -
biguou s accordin g t o th e definitio n appear s t o b e to o strict . 
Therefor e w e nee d t o conside r  ambiguou s case s i n mor e de -
tail . 

To handl e thes e case s w e turne d t o pronou n resolutio n al -
gorithms .  Ou r  intuitio n wa s tha t  a  pronou n coul d b e gen -
erate d t o refe r  t o a  particula r  discours e entit y i f  a  pronou n 
resolutio n algorith m woul d choos e tha t  entit y a s a  referen t 
fo r  th e pronoun .  T o ou r  knowledge ,  ther e ar e onl y tw o pro -
nou n resolutio n algorithm s tha t  ar e specifie d i n enoug h de -
tai l  t o wor k o n unrestricte d naturall y occurrin g text :  Brenna n 
et  al .  (1987 )  usin g th e definitio n o f  utteranc e accordin g t o 
K a m e y a ma (1998) ,  an d Strub e (1998) .  Strube  (1998 )  eval -

Not e tha t  th e us e o f  thi s definit e descriptio n canno t  b e explaine d 
by a  topi c shif t  sinc e ther e i s n o topi c shif t  i n betwee n th e previou s 
tex t  an d (49) .  A t  leas t  tw o discours e entitie s ("Mrs .  Mandela "  an d 
th e "footbal l  club" )  ar e constant ,  onl y Mrs .  Mandela' s husban d doe s 
not  occu r  i n th e immediatel y precedin g sentences . 

uate d th e effectivenes s o f  thes e tw o algorithm s o n th e tas k 
of  pronou n resolutio n i n som e naturall y occurrin g texts .  Be -
caus e Strube' s algorith m showe d significantl y bette r  results , 
we hav e turne d t o i t  fo r  guidanc e i n pronou n generation . 

Th e ide a i s tha t  i f  w e wan t  t o refe r  t o a  discours e entity ,  E , 
but  ther e i s a  competin g antecedent ,  C ,  w e loo k t o Strube' s 
algorith m i n th e followin g way .  I f  Strube' s algorith m woul d 
resolv e a  pronou n t o b e E ,  w e us e a  pronoun .  If ,  instead , 
Strube' s algorith m woul d prefe r  C  a s th e referen t  o f  th e pro -
noun ,  w e us e a  definit e descriptio n t o refe r  t o E . 

Our  analysi s showe d tha t  th e us e o f  Strube' s algorith m 
showe d improvement ,  bu t  i t  seeme d t o b e to o libera l  wit h sug -
gestin g pronoun s w h e n th e competin g anteceden t  wa s i n th e 
previou s sentence .  Thus ,  th e rul e tha t  w e settle d o n i s show n 
i n Figur e 2 . 

1. //this is the first occurrence of X in the current sen-
tenc e an d 

(a )  j/ther e i s a  competin g anteceden t  i n th e previou s 
sentence ,  us e a  definit e description ; 

(b )  j/ther e i s a  competin g anteceden t  i n th e sam e sen -
tenc e (i.e. ,  t o th e left )  an d 

i .  i/Strube' s algorith m woul d resolv e a  pronou n i n 
thi s positio n t o b e X ,  us e a  pronoun ; 

ii .  els e us e a  definit e description ; 

2. j/this is a subsequent occurrence of X in the current 
sentenc e an d 

(a )  i f  ther e i s a n intervenin g competin g antecedent , 
use a  definit e description ; 

(b )  r/ther e i s n o intervenin g competin g antecedent , 
use a  pronoun . 

Figure 2: Realization of the Referring Expression X when 

Competin g Antecedent s Exis t 

A n a p h o r i c E x p r e s s i o n G e n e r a t i o n A l g o r i t h m 

I n th e previou s section s w e hav e argue d tha t  tempora l  struc -
tur e shoul d influenc e pronou n choic e an d tha t  ambiguou s 
case s nee d t o b e handle d separately .  I n addition ,  w e foun d 
tha t  i f  th e distanc e betwee n th e curren t  referenc e an d th e pre -
viou s mentio n o f  th e discours e entit y bein g referre d t o wa s 
fi u (ove r  tw o sentences) ,  a  definit e descriptio n wa s almos t  al -
ways used .  Finally ,  w e foun d tha t  whe n a n entit y wa s referre d 
t o multipl e time s i n a  sentence ,  a  pronou n wa s usuall y use d 
fo r  subsequen t  reference s i n a  sentence . 

Base d o n thes e findings,  w e propos e th e algorith m fo r  re -
alizin g anaphori c expression s show n i n Figur e 3 . 

Empirical Data 

We applie d th e algorith m describe d i n th e previou s sectio n 
t o thre e text s fro m th e N e w Yor k Times .  Article s wer e rang -
in g fro m a  frontpag e articl e t o loca l  news .  W e applie d th e 
algorith m t o al l  reference s t o person s i n thes e texts .  Th e al -
gorith m wa s correc t  i n 37 0 case s (84.7%) ,  an d wron g i n 6 7 
case s (15.3%) .  I n Figur e 4  w e sho w th e distributio n ove r  th e 
rule s specifie d i n th e algorithm . 

I n orde r  t o interpre t  th e result s o f  th e algorithm ,  w e mus t 
hav e som e comparison .  W e us e th e simpl e schem e show n i n 
Figur e 5  fo r  compariso n purposes . 
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1.  //thi s i s  a  lon g distanc e anaphori c referenc e (i.e. , 
i f  th e previou s referenc e t o X  wa s mor e tha n tw o sen -
tence s prior )  us e a  definit e description ; 

2. else 
i f  thi s i s a n unambiguou s referenc e (i.e. ,  ther e 
i s n o competin g antecedent )  an d thi s i s a n intra -
sententia l  anapho r  (i.e. ,  thi s i s  no t  th e first  mentio n 
of  X  i n th e curren t  sentence )  us e a  pronoun , 

3. else 
i/thi s i s a  tim e chang e (i.e. ,  ther e i s a  differenc e be -
twee n th e tim e o f  th e claus e wit h th e previou s refer -
enc e t o X  an d th e tim e o f  th e curren t  clause )  us e a 
definit e description ; 

4. else 
j/ther e i s a  competin g anteceden t  (i.e. ,  anothe r  ob -
jec t  i n th e previou s o r  curren t  sentenc e tha t  matche s 
th e typ e an d numbe r  o f  X )  us e th e rul e foun d i n Fig -
ur e 2 ; 

5. else 
fo r  th e remainin g case s us e a  pronoun . 

Figure 3: Algorithm for Generating the Appropriate Form for 

a Referrin g Expressio n X 

Rul e N a m e 
Al l  Rule s 

Lon g Distanc e Anaph . 

Intra-sententia l  Anaph . 

Tim e Rule s ( 3 &  5 ) 

Competin g Anteceden t 

correc t 
wron g 

correc t 
wron g 

correc t 
wron g 

correc t 
wron g 

correc t 
wron g 

number 
370 

67 
46 

1 
16« 

7 
116 
44 
40 
15 

percentag e 
84.7 % 
15.3 % 
97.9 % 

2.1 % 
%% 
4% 72.5 % 

27.5 % 
72.7 % 
27.2 % 

Figur e 4 :  Result s o f  th e Algorith m 

Th e result s o f  applyin g thes e rule s giv e 34 3 correc t  case s 
(78.5% )  an d 9 4 incorrec t  one s (21.5%) .  Henc e ou r  algorith m 
reduce s th e erro r  rat e b y 28.9% . 

Related Research 

A significan t  amoun t  o f  wor k i n linguistic s ha s investigate d 
th e us e o f  differen t  kind s o f  anaphori c referrin g expression s 
i n discours e an d thei r  relationshi p t o eas e o f  comprehension . 
See Arnol d (1998 )  fo r  a  discussio n o f  severa l  o f  th e factor s 
involve d i n referrin g expressio n choice .  I n man y case s th e 
variou s factor s see m t o affec t  th e accessibilit y  o f  a  referen t 
(wher e accessibiht y i s intende d i n a  broa d sens e t o cove r  bot h 
"topi c accessibility "  (Givon ,  1983 )  an d accessibilit y  du e t o 
factor s suc h a s recenc y o f  mention) .  Basically ,  th e mor e ac -
cessibl e a  referen t  th e mor e underspecifie d a  referrin g expres -
sio n shoul d be .  Accessibilit y  explain s th e apparen t  "name -
n a me penalty "  a s examine d i n Gordo n &  Hendric k (1998) , 
fo r  example . 

O ur  wor k argue s tha t  factor s beyon d accessibilit y  mus t  b e 
considere d i n anaphori c expressio n choice .  I t  i s  consisten t 
wit h wor k suc h a s Von k e t  al .  (1992 )  whos e experiment s in -
dicat e tha t  a  referrin g expressio n ".. .  tha t  i s  mor e specifi c 
tha n i s necessar y fo r  th e recover y o f  th e intende d referent.. . 
mark s th e beginnin g o f  a  ne w them e concernin g th e sam e dis -

1.  //thi s i s  a  lon g distanc e anaphori c referenc e (i.e. , 
i f  th e previou s referenc e t o thi s ite m i s greate r  tha n 
tw o sentence s prior )  us e a  definit e description ; 

2. else 
j/ther e i s a  competin g anteceden t  (i.e. ,  anothe r  ob -
jec t  i n th e previou s o r  curren t  sentence s tha t  matche s 
th e pronou n whic h woul d b e use d t o refe r  t o thi s en -
tity )  us e a  definit e description ; 

3. else 
th e anaphori c expressio n woul d b e unambiguou s s o 
use a  pronoun . 

Figure 5: Simple Algorithm 

cours e referent. "  (Von k e t  al. ,  1992 ,  pag e 304) .  The y argu e 
tha t  suc h overspecifie d expression s ar e servin g a  discours e 
functio n o f  indicatin g boundaries .  Thi s wor k doe s no t  de -
fine  wha t  a  discours e segmen t  boundar y actuall y  is .  O n th e 
othe r  hand ,  usin g th e definitio n o f  tim e chang e a s a  boundar y 
condition ,  ou r  wor k i s consisten t  wit h thei r  hypothesis .  In -
terestingly ,  Von k e t  al .  (1992 )  foun d tha t  i n discourse s wher e 
a them e chang e wa s wel l  marke d b y othe r  mean s (e.g. ,  b y a 
prepose d adverbia l  phras e o r  a  subordinat e claus e indicatin g 
tim e o r  place )  tha t  pronoun s wer e m u c h mor e c o m m o n eve n 
thoug h a  ne w them e wa s begun .  Presumabl y suc h phrase s 
mar k th e them e chang e well ,  an d thu s i t  i s  no t  necessar y t o 
als o mar k th e chang e vi a a n overspecifie d description .  W e ar e 
currentl y reanalyzin g ou r  dat a i n ligh t  o f  tha t  finding  t o se e o f 
i t  provide s a  fulle r  accoun t  o f  th e naturall y occurrin g data . 

Approache s whic h defin e discours e segment s o n th e basi s 
of  referenc e resolutio n (Sidner ,  1979 ;  Sur i  &  McCoy ,  1994 ; 
Strub e &  Hahn ,  1997 )  ar e no t  usefu l  fo r  ou r  purpose s be -
caus e the y requir e referrin g expression s fo r  recognizin g seg -
ment  boundaries .  I n contras t  t o thes e approaches ,  w e defin e 
segment  boundarie s independentl y fro m referenc e resolutio n 
so tha t  i n thi s respec t  ou r  wor k i s i n lin e wit h Gros z &  Sid -
ner' s (1986 )  definitions . 

Future Directions 

I n analyzin g ou r  data ,  ther e ar e severa l  place s fo r  furthe r  con -
sideration .  O n e proble m i s tha t  ou r  rul e whic h indicate s a 
definit e descriptio n shoul d b e use d i n a  tim e chang e overgen -
erate s definit e descriptions .  Followin g Von k e t  al .  (1992 )  w e 
pla n t o investigat e whethe r  definit e description s migh t  bes t 
be viewe d a s boundar y marker s an d whethe r  othe r  marker s o f 
discours e boundarie s (e.g. ,  prepose d adverbia l  phrases )  ar e 
foun d i n place s wher e ou r  algorith m suggest s a  definit e de -
scriptio n becaus e o f  a  time  chang e bu t  a  pronou n appear s i n 
th e text . 

I n place s wher e ou r  algorith m overgenerate s pronouns ,  a 
mor e sophisticate d time  analysi s m a y b e helpful .  Ou r  cur -
ren t  analysi s distinguishe s betwee n fou r  type s o f  time  an d i s 
drive n b y bot h semanti c cue s i n th e tex t  (e.g. ,  adverbia l  tim e 
phrases )  an d change s i n tense .  Nakhimovsk y (1988 )  als o use s 
change s i n "tim e scale "  a s a  marke r  fo r  change s i n time .  W e 
pla n t o investigat e thi s t o se e whethe r  i t  explain s mor e o f  th e 
examples .  Nakhimovsk y (1988 )  als o describe s severa l  othe r 
marker s fo r  a  settin g change ,  an d thes e wil l  als o b e investi -
gate d t o se e i f  the y ar e indicativ e o f  definit e descriptio n use . 

Anothe r  lin e o f  futur e researc h involve s furthe r  investiga -
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tio n o f  th e ambiguou s cases .  Ou r  curren t  rul e wa s develope d 
by evaluatin g severa l  differen t  possibilitie s (e.g. ,  usin g tim e 
chang e rules ,  differen t  pronou n resolutio n algorithms )  an d se -
lectin g a  rul e tha t  explain s mos t  o f  th e cases .  Still ,  th e numbe r 
of  ambiguou s case s i s fairl y  smal l  an d analyzin g mor e text s 
and concentratin g o n case s wher e th e curren t  rul e make s a n 
incorrec t  predictio n m a y lea d u s t o a  mor e robus t  rule . 

Conclusions 

Pronoun s occu r  frequentl y i n text s an d hav e bee n hypothe -
size d t o pla y a  larg e rol e i n tex t  coherence .  Yet ,  pronou n 
generatio n ha s no t  bee n studie d i n detail .  I f  futur e natura l 
languag e generatio n system s ar e t o produc e coherent ,  natu -
ra l  texts ,  the y mus t  us e rule s fo r  generatin g pronoun s tha t 
produc e pronoun s i n roughl y th e sam e place s tha t  human -
produce d text s do .  Moreover ,  th e rule s mus t  b e base d o n in -
formatio n tha t  woul d b e availabl e t o a  sentenc e generator .  A t 
th e sam e time ,  i n orde r  t o evaluat e rules ,  the y mus t  b e base d 
on informatio n tha t  ca n b e gleane d fro m a  text . 

I n thi s wor k w e hav e argue d tha t  change s i n setting ,  a s indi -
cate d b y change s i n time ,  provid e a n explanatio n fo r  pattern s 
of  pronou n us e i n naturall y occurrin g text .  Tha t  is ,  eve n i n 
place s wher e a  pronou n woul d b e unambiguous ,  a  definit e 
descriptio n migh t  b e use d whe n th e tim e o f  th e sentenc e i s 
differen t  fro m th e tim e o f  th e sentenc e i n whic h th e previou s 
mentio n wa s made .  Thi s hypothesi s provide s a n explanatio n 
fo r  man y o f  th e use s o f  definit e description s foun d i n th e stud -
ie d texts .  Othe r  use s o f  definit e description s occu r  becaus e o f 
ambiguities .  W e hav e suggeste d a  rul e whic h addresse s whe n 
suc h ambiguitie s shoul d no t  preclud e th e generatio n o f  a  pro -
noun .  Ou r  schem e appear s t o b e a  reasonabl e explanatio n fo r 
th e pattern s o f  pronou n us e foun d i n ou r  corpus . 
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