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A n a l y z i n g r e s e a r c h p a p e r s u s i n g c i ta t io n s e n t e n c e s 

Wendy Lehnert, Claire Cardie, and Ellen RilofF 

Departmen t  o f  Compute r  an d Informatio n Scienc e 

Universit y o f  Massachusett s 

Amherst ,  M A 0100 3 

E-mail :  lehnert@cs.umass.ed u 

Abstrac t 

By focusing only on the citation sentences in a research document, one can get a good feel 
fo r  ho w th e pape r  relate s t o othe r  researc h an d it s overa D contributio n t o th e field.  Th e mai n 
purpos e o f  a  citatio n i s t o explicitl y  lin k on e researc h pape r  t o another .  W e presen t  a  taxonom y 
of  citatio n type s base d upo n empirica l  dat a an d clai m tha t  w e ca n recogniz e thes e citatio n 
type s usin g domain-independen t  predictiv e parsin g techniques .  Finally ,  a n experimen t  base d o n 
a corpu s o f  researc h paper s i n th e field  o f  machin e learnin g demonstrate s tha t  thi s i s a  promisin g 
ne w approac h fo r  processin g expositor y text . 

1 Introductio n 

One can get a recisonably good understanding of a research paper by merely skimming the sentences 

tha t  referenc e othe r  papers .  B y lookin g a t  ho w th e autho r  relate s hi s  wor k t o othe r  wor k i n th e 
field ,  a  casua l  reade r  ca n ge t  a  goo d ide a o f  wha t  th e pape r  i s al l  about .  A s a n example ,  conside r 

th e followin g openin g sentenc e take n fro m a  pape r  b y (Braverma n 88) : 

The methods of explanation-based learning (EBL) [DeJong & Mooney, 1986] and expla-

nation-base d generalizatio n ( E B G )  [Mitchell ,  Keller ,  k  Kedar-Cabelli ,  1986 ]  involv e tw o 

conceptuEi l  phases :  explanatio n an d generalization . 

There are two important inferences that can be drawn from the sentence: (1) The paper is 

pigeonholin g itsel f  i n th e explanation-base d learnin g (EBL )  an d explanation-bcise d generalizatio n 

( E B G)  paradigm s an d (2 )  Th e distinctio n betwee n th e tw o conceptua l  phase s i s likel y t o b e relevan t 
t o th e paper .  Thes e inference s requir e genera l  knowledg e abou t  researc h an d researc h paper s bu t 

no domain-dependen t  knowledg e abou t  E B L o r  E B G pe r  se .  Base d o n thi s observation ,  w e conten d 

tha t  researc h document s ca n b e understoo d a t  tw o distinc t  levels : 

1. The Semantic Level: the domiiin-dependent detcdls of the paper 

2. The Paradigmatic Level: how the paper relates to other papers in the field 

Previous work in understanding expository text has concentrated on summarization at the se-

manti c level .  Traditiona l  approache s require d extensiv e domain-dependen t  knowledg e a s wel l  a s a n 

analysi s o f  th e surfac e structur e o f  th e tex t  (se e [Britto n an d Blac k 85 ]  an d [Vos s an d Bisan z 85 ] 

fo r  discussion s o f  thes e approaches) .  B y focusin g o n th e paradigmati c leve l  o f  researc h documents , 

however ,  w e ca n ignor e th e domain-dependen t  detail s o f  a  pape r  an d thereb y mak e th e tas k o f 

"understanding "  th e tex t  a  tractabl e problem .  T w o mai n claim s follo w fro m thi s approach : 

511 

mailto:lehnert@cs.umass.edu


• Researc h document s ca n b e understoo d a t  th e paradigmati c leve l  usin g a  se t  o f  conceptua l 

references . 

•  Conceptua l  reference s ca n b e extracte d fro m researc h document s usin g domain-independen t 

predictiv e parsin g techniques . 

2 C o n c e p t u a l  Reference s 

A conceptual referenceis a relation between a referencing paper and the referenced paper. Conceptual 

reference s represen t  th e reason s behin d a  citatio n an d tel l  u s w h y a n autho r  reference s anothe r  paper . 

We hav e identifie d tw o distinc t  level s o f  conceptua l  references :  conceptua l  referenc e categorie s an d 

conceptua l  referenc e structures .  I n th e followin g sections ,  w e describ e thes e tw o level s o f  conceptua l 

references . 

2. 1 Conceptua l  Referenc e Categorie s 

Conceptuetl reference categories identify the abstract object that the author is pointing to in the 
reference d paper .  Fo r  example ,  th e autho r  m a y referenc e anothe r  pape r  t o refe r  t o a  method , 
example ,  o r  resul t  presente d i n tha t  paper .  Base d o n th e observatio n tha t  th e majorit y o f  citatio n 
sentence s rel y o n a  smal l  se t  o f  conceptua l  referenc e types ,  w e hav e create d a  taxonom y o f  1 8 
conceptua l  referenc e categories : 

1. System: a system is described in the referenced paper; e.g. in (Silver 88), 
"Othe r  approache s wer e considered ,  includin g th e us e o f  JD S fQuinlanJ... " 

2.  M e t h o d :  a  metho d i s describe d i n th e reference d paper ;  e.g .  i n (Shavli k 88) , 
"Moone y [Moone y 88a ]  present s a n algorith m fo r  generalizing.. .  " 

3.  Concept :  a  concep t  i s describe d i n th e reference d paper ;  e.g .  i n (Kelle r  88) , 
"Mostow' s origina l  definitio n o f  operationalit y [Mosto w 81]... " 

4.  Result :  a  resul t  i s  claime d i n th e reference d paper ;  e.g .  i n (Cohe n 88) , 
"I n [Cohe n 87 ]  i t  i s  show n tha t  PA s ar e Turing-equivalent... " 

5.  Fact :  a  fac t  i s  state d i n th e reference d paper ;  e.g .  i n (Ellma n 88) , 
"Standar d explanation-base d learnin g (EBL )  method s appl y onl y t o domain s fo r 
whic h a  tractabl e domai n theor y i s availabl e [Mitchel l  86] " 

6.  Criticism :  a  criticis m i s mad e i n th e reference d paper ;  e.g .  i n (Hunte r  88) , 
" A detaile d criticis m o f  suc h purel y empirica l  system s ca n b e foun d i n [Schan k 86] " 

7.  E x a m p l e :  a n exampl e i s use d i n th e reference d paper ;  e.g .  i n (Shavli k 88) , 
"A n exampl e i n [Shavli k 88a ]  show s tha t  ... " 

6.  M o r e details :  th e reference d pape r  ha s mor e details ;  e.g .  i n (Swaminatha n 88) , 
"Fo r  details ,  th e reade r  i s referre d t o [Swaminatha n 88a] " 

9.  Attribution :  a n ite m i s attribute d t o th e reference d paper ;  e.g .  i n (Bylande r  88) , 
"I n [Chandrasekara n 87] ,  thre e type s o f  explanatio n ar e ... " 

10.  V i e w :  a  vie w i s expresse d i n th e reference d paper ;  e.g .  i n (Hirs h 88) , 
"Generalizatio n ca n b e viewe d a s a  searc h proble m ([Mitchel l  82 ]  [Simon74])... " 

11.  M o d e l :  a  mode l  i s presente d i n th e reference d paper ;  e.g .  i n (Mahadeva n 88) , 
"Whil e ther e exis t  forma l  model s fo r  concep t  learnin g [Nataraja n 87a ]  ... " 

12.  Research :  researc h i s presente d i n th e reference d paper ;  e.g .  i n (Clance y 88) , 
"Apprenticeshi p learnin g researc h ha s considere d .. .  [Mitchel l  85 ]  [Smit h 85] " 

13.  Extends :  th e reference d pape r  extend s previou s work ;  e.g .  i n (Cohe n 88) , 
"[Cohe n 88a ]  ha s extende d th e syste m describe d i n thi s pape r  ... " 

14.  Application :  th e reference d pape r  present s a n application ;  e.g .  i n (Bennet t  88) , 
"Fo r  example ,  Segr e ha s applie d E B L t o learnin g robotic s task s i n a  simplifie d block s worl d [Segr e 87b] " 

512 



15.  Merge :  th e reference d pape r  nicrgc K tw o techniques ;  e.g .  i n (Priediti s  88) , 
"(thi s work ]  i s  base d o n combinin g partia l  evaluatio n wit h othe r  technique i  (se e Sek i  an d Furukaw a 
137]) " 

16.  Proposal :  th e reference d pape r  propose s a n idea ;  e.g .  i n (Swaminatha n 88) , 
"[Tadepall i  85 ]  ha s propose d replacin g th e origina l  theor y wit h ... " 

17.  Problems :  th e reference d pape r  identifie s a  problem ;  e.g .  i n (Dietteric h 88) , 
"[A n importan t  problem ]  .. .  i s  th e imperfec t  theor y proble m [Mitchel l  86] " 

18.  A rgumen t :  th e reference d pape r  argue s a  position ;  e.g .  i n (Ginsber g 88) , 
".. .  Klee r  give s a  simila r  argumen t  fo r  th e A T M S [DeKlee r  86] " 

We created this taxonomy of conceptual reference categories based upon an exploratory empirical 

stud y o f  citatio n sentences .  Ou r  corpu s containe d 37 2 citatio n sentence s fro m 4 0 paper s i n th e 

Proceeding s o f  th e A A A !  Sprin g Symposiu m Serie s o n Explanation-Base d Learning ,  Marc h 1988 .  • " 

To establis h a  goo d se t  o f  categories ,  w e se t  a  prior i  criteri a fo r  a n acceptabl e taxonomy :  (1 )  ever y 

categor y mus t  b e presen t  i n a t  leas t  2  sentence s fro m a t  leas t  2  differen t  paper s (t o limi t  idiosyncracie s 

due t o a  particula r  author )  an d (2 )  th e final  se t  o f  categorie s mus t  cove r  a t  leas t  9 0 % o f  th e citatio n 

sentences . 

First, we arbitrarily selected 208 sentences (the odd-numbered sentences) from our corpus and 

labelle d the m b y han d wit h th e objec t  bein g reference d b y th e citatio n -  it s  candidat e conceptua l 

referenc e type. ^  Second ,  w e compile d a  lis t  o f  thes e candidat e conceptua l  referenc e type s an d 

retaine d onl y thos e tha t  occurre d i n a t  leas t  2  sentence s fro m 2  differen t  paper s (satisfyin g th e first 

criterion) .  Finally ,  w e measure d th e coverag e o f  thi s final  se t  an d foun d tha t  i t  covere d 93.7 % o f  th e 

tes t  set .  Sinc e thi s exceede d ou r  9 0 % threshol d (satisfyin g th e secon d criterion) ,  thi s se t  becam e ou r 

18 conceptua l  referenc e categories . 

2.2 Conceptual Reference Structures 

The conceptual reference categories describe objects being pointed to in the referenced paper. Con-

ceptua l  referenc e structure s fit  o n to p o f  thes e categorie s t o describ e th e relationshi p betwee n th e 

reference d objec t  an d th e curren t  paper .  Th e structure s combin e conceptua l  referenc e categorie s t o 

explai n exactl y ho w a  reference d objec t  i s  bein g use d b y th e referencin g paper .  Fo r  example ,  th e 
autho r  migh t  referenc e a  metho d i n anothe r  pape r  t o sho w ho w hi s ow n metho d i s simila r  t o th e 

reference d method .  Ther e ar e currentl y thre e type s o f  conceptua l  referenc e structures :  similarity , 

difference ,  an d flagship  references : 

• SIMILARITY: an object in the current paper is similar to an object in the referenced paper; e.g. 
i n (EUma n 88) :  "Th e genera l  approac h .. .  i s  simila r  t o method s describe d i n [Kelle r  87 ]  an d [Mosto w 
and Fawcet t  87] " 

•  D I F F E R E N C E :  a n objec t  i n th e curren t  pape r  differ s fro m a n objec t  i n th e reference d paper ;  e.g . 
i n (Minto n 88) :  "Usin g a  differen t  approach ,  DeJon g an d Mooney' s GENESI S syste m [DeJon g 86b ] 

It 

• FLAGSHIP: the current paper is pigeonholed via a group of citations of the same type; e.g. in 
(Priediti s  88) :  "Se e [9,28,29,27,18,35,21 ]  fo r  example s o f  E B L systems. " 

Since these conceptual reference structures fit on top of many conceptual reference categories 

(e.g .  systems ,  methods ,  o r  model s ca n b e similar) ,  w e ca n visualiz e conceptua l  referenc e structure s 

as bein g o n a  highe r  plan e tha n conceptua l  referenc e categories .  A  citatio n sentenc e m a y therefor e 

be represente d a s a  conceptua l  referenc e categor y alon e (e.g .  i f  a  relate d syste m i s referenced )  o r  a s 

severa l  conceptua l  referenc e categorie s tha t  ar e embedde d i n a  conceptua l  referenc e structur e (e.g . 

i f  a  metho d i s compare d t o a  relate d method) .  I t  i s  als o possibl e fo r  a  sentenc e t o b e mappe d int o 

'  Al l  example s use d i n th e pape r  ar e take n fro m thi s corpus , 
^Ther e wer e actuall y 22 3 reference s becaus e som e o f  th e sentence s ha d multipl e citations . 
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mor e tha n on e conceptua l  referenc e i f  th e autho r  reference s a  pape r  fo r  severa l  reasons .  Th e nex t 

sectio n describe s ho w w e recogniz e conceptua l  referenc e categorie s an d buil d structure s o n to p o f 

them . 

3 Pars in g int o C o n c e p t u a l  Reference s 

As stated earlier, we cledm that understanding the relationships among research papers hinges on the 

abilit y t o extrac t  conceptua l  reference s fro m a  document .  Ou r  secon d clai m extend s t o th e parsin g 

mechanism s neede d t o understan d thes e conceptua l  references : 

1. The parser relies strictly on predictive parsing techniques. Predictive parsers are knowledge-

bcise d sentenc e analyzer s tha t  creat e conceptua l  representation s fo r  sentences .  The y hav e bee n 

use d extensivel y i n understandin g narrativ e text s (e.g .  [Lehner t  89] ,  [Riesbec k an d Schan k 76] , 

[Birnbau m an d Selfridg e 81] ,  [Dye r  83]) . 

2. The memory m.odel underlying the parser contains only domain-independent knowledge. Be-

caus e w e dra w ou r  example s fro m researc h literatur e i n th e field  o f  machin e learning ,  w e dis -

tinguis h betwee n knowledg e abou t  researc h i n genera l  (domain-independen t  knowledge )  an d 

knowledg e abou t  machin e learnin g (domain-dependen t  knowledge) .  I n mappin g sentence s int o 

conceptua l  references ,  th e parse r  applie s onl y genera l  researc h knowledge . 

Relationships among research papers are usually maide explicit when one research paper refer-

ence s another .  Fo r  thi s reason ,  w e ca n recogniz e conceptua l  reference s withou t  parsin g th e entir e 

researc h documen t  an d restric t  ou r  attentio n t o onl y thos e sentence s tha t  cit e othe r  papers .  Cita -

tio n analysi s hci s bee n recognize d a s a n importan t  subfiel d o f  informatio n retrieva l  sinc e th e earl y 

1960' s (e.g. ,  [Garfiel d 55] ,  [Garfiel d 64] ,  [Garfiel d 79]) .  Fo r  th e mos t  part ,  however ,  researcher s i n 

informatio n retrieva l  hav e concentrate d o n statisticc d analyse s o f  citation s t o asses s th e valu e o f  a n 

individuc J pape r  o r  th e influenc e o f  a  particula r  autho r  (se e [Salto n an d McGil l  83] ,  [O'Conno r  83] , 

an d Hur t  87]) .  The y examin e citation s onl y t o find  th e existenc e o f  explici t  link s betwee n paper s 

an d mak e n o attemp t  t o attac h an y semantic s t o th e links . 

Because our work requires a deeper understanding of the relationships implied when one paper 
reference s another ,  w e analyz e citation s withi n th e contex t  o f  th e sentence s i n whic h the y occur . 

Thes e sentence s ar e easil y identifiabl e b y a  preprocesso r  tha t  recognize s th e peculia r  forma t  o f 

citations .  Occasionally ,  ther e ar e sentence s tha t  contai n conceptua l  reference s withou t  explicitl y 

citin g othe r  papers .  Ther e i s  nothin g abou t  ou r  parsin g approac h tha t  prohibit s mappin g thes e 

sentence s int o th e appropriat e conceptua l  referenc e types .  Identifyin g thes e sentences ,  however , 

woul d entai l  a  sca n o f  ever y sentenc e i n th e document .  B y limitin g ou r  attentio n t o explici t  citatio n 

sentences ,  w e los e littl e informatio n an d onl y nee d t o pars e a  small ,  easil y identifiabl e portio n o f  th e 

text . 

The goal of the parser is to represent a citation sentence as an instantiated form of one or more 

conceptua l  referenc e types .  Sometime s i t  i s  adequat e t o m a p a  sentenc e int o a  simpl e conceptua l 

referenc e category .  Often ,  however ,  a  sentenc e contain s mor e tha n on e conceptua l  referenc e o r 
contain s on e o f  th e mor e complicate d conceptuci l  referenc e structures .  I n thes e cases ,  th e parse r 

return s multipl e o r  embedde d representation s o f  th e input . 

Thus far, we have concentrated on recognizing 10 of the most common reference types described 

i n sectio n 2  — System ,  Method ,  Concept ,  Result ,  Criticism ,  Example ,  Mor e Details ,  Attribution , 

Similarity ,  an d Differenc e references .  I n th e nex t  section ,  w e discus s ou r  approac h fo r  parsin g citatio n 

sentence s int o on e o r  mor e o f  thes e types .  Sectio n 4  walk s throug h a  mor e detaile d pars e o f  a  sentenc e 

fro m th e machin e learnin g corpus . 
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Figur e 1 :  Cas e F ram e Definitio n fo r  a  Similarit y Referenc e 

3. 1 Th e C I R C U S Parse r 

We currently use the semantically-oriented CIRCUS parser [Lehnert 89] for understanding citation 

sentences .  A s a  conceptua l  sentenc e analyzer ,  C I R C U S represent s th e meanin g o f  sentence s i n 

term s o f  semanti c cas e frames .  Withi n C I R C U S ,  a  conceptua l  referenc e i s therefor e represente d a s 

a cas e fram e structure .  Befor e sentenc e analysi s begins ,  however ,  cas e fram e definition s fo r  eac h 

conceptua l  referenc e typ e mus t  b e hand-code d fo r  th e predictiv e semantic s modu l e tha t  perform s 

th e slot-fillin g task .  A  Similarit y reference ,  fo r  example ,  ha s a  cas e fram e definitio n iUustrate d b y 
Figur e 1 .  Similarit y reference s hav e thre e slots :  Object l  an d Object 2 hol d th e tw o object s bein g 

compared ;  th e Reference-lis t  slo t  contain s a  lis t  o f  citations .  I n addition ,  th e cas e fram e definitio n 

specifie s tha t  Object l  wil l  b e locate d i n th e subjec t  o f  th e sentence ,  Object 2 wil l  b e i n a  prepositiona l 

phrase ,  an d th e specia l  * R E F *  syntacti c constituent ^  wil l  contai n th e Reference-list . 

Before filUng a ccise frame slot, a syntactic constituent must satisfy the slot's semantic constraints.* 
For  a  Similarit y reference ,  th e prepositiona l  phras e filling  Object 2 shoul d begi n wit h th e prepositio n 

"to"^ ,  th e hea d noun s i n th e subjec t  an d prepositiona l  phras e constituent s shoul d b e conceptua l 
reference s tha t  addres s researc h a t  th e sam e leve l  o f  generality ,  an d th e content s o f  * R E F *  shoul d 

be a  lis t  o f  citations. ® Belo w w e presen t  a n exampl e t o illustrat e h o w C I R C U S m a p s a  sentenc e int o 

a Similarit y referenc e usin g th e cas e fram e definitio n describe d above . 

4 A n E x a m p l e 

Consider the following citation sentence: 

^The sole purpose of the 'REF" syntactic buffer is to hold citations. 
*  C IRCU S allow s bot h har d an d sof t  constraints .  A  har d slo t  constrain t  i s a  predicat e tha t  mus t  b e satisfied .  I n 

contrast ,  a  sof t  constrain t  define s a  preferenc e fo r  a  slo t  fille r  rathe r  tha n a  predicat e tha t  block s slot-fillin g whe n i t 
i s  no t  satisfied . 

*Th e Similarit y referenc e cas e fram e i n Figur e 1  recognize s citatio n sentence s o f  th e for m ".. .  {objectl}... {  "t o be " 
vert}...{an y synony m fo r  "stmtlaT"}...t o {objectZ}..." . 

^Becaus e w e emplo y onl y domain-independen t  knowledg e i n mappin g citatio n sentence s int o conceptua l  references , 
th e semanti c constraint s acces s knowledg e abou t  researc h i n general ,  bu t  d o no t  us e an y knowledg e abou t  th e machin e 
learnin g domain . 
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Slmllarlty-rg f 

Objec t  I  :  Method-re f 

0bject2 :  Method-re f 

Reference-list ;  ((Kelle r  87][Mosto w an d Fawcet t  871 ) 

Figur e 2 :  Desire d Cas e Fram e 

Tii e jer.erj l  approac h throug h theor y spac e 1 3 ?lrnll3 r  .. . 

^Tomi 

l"PP » I 

no 

comparable-conceptual-ref s 7 

no no 
(oDjectl j  (0D)ect2 J 

I S I M I L R R I T V - R E F I  O ^ -EreE U 

Figur e 3 :  Cas e F r a m e Statu s Afte r  th e W o r d "similar " 

"The general approach of using examples to guide search through an approximate theory 
spac e i s simila r  t o method s describe d i n [Kelle r  87 ]  an d [Mosto w an d Fawcet t  87] "  (Ellma n 

88) . 

CIRCUS should parse this sentence into the instantiated Similarity reference case frame shown in 

Figur e 2 .  T h e parse r  scan s a  sentenc e fro m lef t  t o right ,  usin g it s stack-oriente d contro l  t o assig n 
words/phrase s t o syntacti c constituent s unti l  i t  notice s a  trigge r  fo r  on e o f  th e predefine d cas e 

frames.'' ^  O n c e a  cas e fram e i s active ,  C I R C U S '  predictiv e semantic s modul e use s a  marke r  passin g 

algorith m t o fill  slot s i n th e frame . 

In our example, the presence of a "to be" verb followed by the adjective "similar" activates the 

Similarit y referenc e cas e frame .  I n addition ,  th e word s "approach "  an d "methods "  ar e a  subse t  o f 

th e phrase s tha t  trigge r  Me tho d references .  Figur e 3  illustrate s th e Similarit y referenc e cas e fram e 

jus t  afte r  C I R C U S ha s scanne d th e wor d "similar" .  T h e subjec t  contain s a  Me tho d referenc e fo r 

"approach "  an d th e mos t  recen t  prepositiona l  phras e i s "throug h theor y space" .  Althoug h C I R C U S 

place s thes e constituent s i n th e Objec t  slot s (a s specifie d b y th e cas e fram e definition) ,  th e Reference -

lis t  slo t  remain s empty .  I n addition ,  th e semanti c constraint s associate d wit h Objec t  1  an d Object 2 

hav e no t  ye t  bee n satisfied .  T h e prepositiona l  phras e filling  Object 2 shoul d begi n wit h "to "  an d 

hoi k Objec t  slot s shoul d poin t  t o conceptua l  references . 

'Som e Similarit y referenc e trigger s are :  "Similarly ,  ..."."I n th e sam e way ,  ..." ,  "A'-like "  wher e A '  ca n b e an y noun , 
"...i s  th e sam e as..." ,  "...i s  similar..." . 
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C I R C US continue s scannin g th e sentenc e unti l  al l  slot s o f  th e activ e frame(s )  ar e filled  withou t 

any semanti c fciilure s o r  unti l  i t  reache s th e en d o f  th e sentence .  Afte r  pickin g u p th e references ,  th e 

parse r  successfull y return s th e instantiate d Similarit y referenc e cas e fram e o f  Figure  2  becaus e eac h 

slo t  i s filled  wit h a n objec t  tha t  satisfie s th e slot' s  semanti c constraints :  * R E F *  contain s legitimat e 

references ,  th e prepositio n i n th e prepositiona l  phras e constituen t  i s "to" ,  an d Objec t  1  an d Object 2 

poin t  t o conceptua l  reference s tha t  addres s researc h a t  th e sam e leve l  o f  generalit y  (i.e. ,  bot h ar e 

methods) . 

5 Evaluatio n 

Our system currently recognizes 10 conceptual reference types — 8 conceptual reference categories 

(System ,  Method ,  Concept ,  Result ,  Criticism ,  Example ,  Mor e Details ,  Attribution )  an d 2  o f  th e 

highe r  leve l  conceptua l  referenc e structure s (Similarit y an d Difference) .  I t  correctl y parse s 6 9 sen -

tence s fro m paper s i n ou r  machin e learnin g corpu s an d contain s ove r  45 0 lexico n entries . 

To evaluate our progress, we ran an informal experiment. The goal of the experiment was to 

tes t  th e generalit y o f  ou r  curren t  se t  o f  conceptua l  referenc e cas e fram e definitions .  W e selecte d tw o 

paper s fro m th e field  o f  machin e learnin g tha t  wer e no t  par t  o f  th e origina l  corpus ^  an d parse d th e 2 8 

citatio n sentence s fro m thos e papers .  W e allowe d th e additio n o f  lexico n entrie s fo r  an y ne w word s 

occurrin g i n th e citatio n sentences ,  bu t  di d no t  defin e an y ne w conceptua l  referenc e cas e frame s o r 

cas e fram e triggers . 

The system correctly parsed 75% of all citation sentences in the two papers. However, two of 
th e sentence s (7% )  containe d conceptua l  reference s whos e cas e frame s ha d no t  bee n predefine d fo r 

C I R C U S.  (The y wer e no t  on e o f  th e 1 0 referenc e type s liste d above. )  Modifyin g existin g conceptua l 

referenc e fram e definition s an d addin g ne w trigger s allowe d 3  mor e o f  th e remainin g sentence s t o b e 

parsed .  Wit h mino r  modification s t o ou r  parse r  definitions ,  w e coul d therefor e cove r  8 6 % o f  th e tes t 

sentences .  Discountin g th e 7 % covere d b y undefine d cas e frames ,  ou r  succes s rat e wa s the n 9 3 % . 

6 Conclusio n 

This paper introduces an original strategy for parsing research documents using conceptual refer-

ences .  Th e wor k bega n i n conjunctio n wit h th e R A documen t  summarizatio n projec t  whic h aim s t o 

summariz e scientifi c  researc h paper s i n term s o f  underlyin g researc h trend s [Swaminatha n 90] .  R A 
model s domain-independen t  structura l  relation s i n a  researc h field  i n term s o f  researc h schema s an d 

conceptua l  references .  Th e R A syste m ca n us e th e conceptua l  reference s produce d b y ou r  syste m t o 

construc t  a  summar y o f  a  corpu s o f  researc h papers . 

In closing, we emphasize that our approach to processing expository text is unique in two distinct 

ways .  First ,  w e mode l  domain-independen t  structura l  relation s betwee n researc h paper s i n term s o f 
conceptua l  references .  Thi s i s a  fundamenta l  departur e fro m othe r  knowledge-base d system s tha t 

emphasiz e th e semanti c conten t  o f  thei r  domains .  Second ,  w e demonstrat e tha t  expositor y tex t 

ca n b e processe d a t  th e paradigmati c leve l  usin g strongl y predictiv e techniques .  Ou r  result s hav e 

demonstrate d tha t  thes e tw o aspect s o f  ou r  syste m m a k e i t  a  promisin g ne w approac h fo r  processin g 

expositor y texts . 

*I n orde r  t o remov e an y bia s i n th e selectio n o f  papers ,  someon e outsid e th e parsin g developmen t  grou p chos e th e 
paper s fo r  th e experiment ,  [Kelle r  87 ]  an d [Kedar-CabeU i  87] . 
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