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Abstract

Literature indexing tools provide re-

searcherswith a means to navigate
throughthenetwork of scholarlyscientific
articlesin a subjectdomain. We propose
thatmoreeffective indexing tools may be

designedusingthe links betweenarticles
providedby citations.

With the explosionin the amountof sci-
entific literatureandwith theadventof ar
tifactsrequiringmoresophisticatedhdex-
ing, a meango provide moreinformation
aboutthe citationrelationin orderto give
moreintelligent control to the navigation
processs warranted.ln orderto navigate
acitationindex in this more-sophisticated
manney the citation index must provide
not only the citation-link information, but
alsomustindicatethefunctionof thecita-
tion. The designmethodologyof anin-
dexing tool for scholarly biomedicallit-
eraturewhich usesthe rhetorical context
surroundinghe citationto provide the ci-
tationfunctionis presentedIn particular
wediscusshow thescientificmethodis re-
flectedin scientific writing and how this
knowledgecanbe usedto decidethe pur-
poseof acitation.

1 Intr oduction

1.1 The aim of citation indexing

Indexing tools, suchasCiteSeer(Bollacker etal., 1999),
play an importantrole in the scientific ende&our by
providing researchersvith a meansto navigate through
the network of scholarlyscientificpapersusingthe con-
nectionsprovided by citations. Citationsrelate articles
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within a researcHield by linking togetherworks whose
methodsandresultsarein someway mutually relevant.
Customarily authorsinclude citationsin their papersto
indicateworks that arefoundationalin their field, back-
groundfor their own work, or representatie of comple-
mentaryor contradictoryresearch. Another researcher
may thenusethe presencef citationsto locatearticles
sheneedgo know aboutwhenenteringa new field or to
readin orderto keeptrackof progressn afield whereshe
is alreadywell-establishedBut, with theexplosionin the
amountof scientificliterature,a meansto provide more
informationin orderto give moreintelligentcontrolto the
navigation processs warranted.A usernormally wants
to navigate more purposefullythan“Find all articlescit-
ing a sourcearticle”. Rather the usermaywish to know
whetherotherexperimentshave usedsimilar techniques
to thoseusedn thesourcearticle,or whetherotherworks
havereportedconflictingexperimentatesults.In orderto
navigatea citationindex in this more-sophisticatethan-
ner, the citationindex mustcontainnot only the citation-
link information, but also mustindicatethe function of
thecitationin the citing article.

The goal of our researctprojectis the designandim-
plementatiorof anindexing tool for scholarlybiomedical
literaturewhich usesthe text surroundingthe citationto
provideinformationaboutthebinaryrelationbetweerthe
two papersconnectedy a citation. In particular we are
interestedn how thescientificmethodstructuregheway
in whichideasresults theoriesgetc.arepresentedn sci-
entificwriting andhow the style of presentatiorindicates
the purposeof citations,thatis, whatthe relationshipis
betweerthe citedandciting papers.

Our interestin the connectionbetweenscientific lit-
erature(our focus),ontologies,anddatabasess thatthe
contentand structureof eachof thesethreerepositories
of scientificknowledgehasits foundationsn the method
of science Our purposehereis twofold: to make explicit
our designmethodologyfor an indexing tool that uses



therhetoricof scienceasits foundationto seewhetherthe
ideagthatunderlyourmethodologycancross-fertilizethe
enquiryinto the othertwo areasandto discussthe tool
itself with the purposeof makingknown thatthereexists
aworking tool which canassisthe developmenibf other
projects.

A citation may be formally definedasa portion of a
sentencen a citing documentwhich referencesanother
documentor a setof otherdocumentsollectively. For
example, in sentencel belaw, there are two citations:
thefirst citationis Althoughthe 3-D structute. . . progress
with thesetof referencegEgeretal., 1994;Kelly, 1994);
theseconctitationis it wasshown. . submassewith the
singlereferencgCoughlaretal., 1986).

(1) Although the 3-D structure analysisby x-ray
crystallograply is still in progress(Eger et al.,
1994; Kelly, 1994), it was shovn by electron
microscopy that XO consistsof threesubmasses
(Coughlaretal., 1986).

A citation index enablesefficient retrieval of docu-
mentsfrom a large collection—acitation index consists
of sourceitems and their correspondindists of biblio-
graphicdescriptionf citing works. The useof citation
indexing of scientificarticleswasinventedby Dr. Eugene
Garfieldin the 1950sasa resultof studieson problems
of medicalinformationretrieval andindexing of biomed-
ical literature. Dr. Garfield later foundedthe Institute
for Scientific Information (1S1), whoseScienceCitation
Index (Garfield, no date)is now one of the most popu-
lar citation indexes. Recently with the adwent of digi-
tal libraries, Web-basedndexing systemshave begunto
appear(e.g., ISI's ‘Web of Knowledge’, CiteSeer(Bol-
lackeretal., 1999)).

Authorsof scientificpapersnormallyincludecitations
in their papergo indicateworksthatareconnectedn an
importantway to their paper Thus, a citation connect-
ing the sourcedocumentand a citing documentsenes
oneof mary functions.For example,onefunctionis that
the citing work gives someform of credit to the work
reportedin the sourcearticle. Another function is to
criticize previous work. Otherfunctionsinclude: foun-
dationalworks in their field, backgroundfor their own
work, works which arerepresentatie of complementary
or contradictoryresearch.

The aim of citation analysisstudieshasbeento cate-
gorize and, ultimately, to classifythe function of scien-
tific citationsautomatically Many citation classification
schemedave beendeveloped,with greatvariancein the
numberand natureof categyoriesused. Garfield (1965)
was the first to define a classificationscheme,while
Finney (1979)wasthefirst to suggesthatacitationclas-
sifier could be automated.Other classificationschemes
include thoseby Cole (1975), Duncan,Anderson,and

McAleese(1981),Frost(1979),Lipetz (1965), Moravc-
sik andMurugesan(1975), Peritz (1983), Small (1978),
Spiegel-Rosing (1977), and Weinstock(1971). Within
this representatie group of classificationschemesthe
numberof categyoriesrangesfrom four to 26. Examples
of thesecatayoriesinclude a contrastive supportive or
corrective relationshipbetweenciting and cited works.
But, the authors purposefor including a citation is not
apparentn the citation per se. Determiningthe nature
of the exactrelationshipbetweenra citing andcited paper
oftenrequiressomelevel of understandingf the text in
whichthecitationis embedded.

1.2 Citation indexing in biomedicalliteratur e
analysis

In the biomedicalfield, we believe that the usefulness
of automateditation classificationn literatureindexing
canbefoundin boththelargercontet of managingentire
databasesf scientificarticlesor for specificinformation-
extractionproblems.On the larger scale, databaseura-
torsneedaccurateandefficientmethoddor building nen
collectionshy retrieving articleson the sametopic from
hugegeneraldatabasesSimple systemge.g., (Andrade
and Valencia, 1998), (Marcotte et al., 2001)) consider
only keyword frequenciesn measuringarticle similarity.
More-sophisticatedystemssuchastheNeighborautility
(Wilbur andCoffee,1994),maybeableto locatearticles
thatappeato berelatedn someway (e.g. findingrelated
Medlineabstractdor a setof proteinnamegBlaschie et
al., 1999)),but thelack of specificinformationaboutthe
natureand validity of the relationshipbetweenarticles
may still make the resultingcollection a less-than-ideal
resourcefor subsequenanalysis. Citation classification
to indicatethenatureof therelationshipdetweerarticles
in adatabasevould make thetaskof building collections
of relatedarticleshotheasieandmoreaccurate And, the
existenceof additionalknowledgeaboutthe natureof the
linkagesbetweenrarticleswould greatlyenhancenaviga-
tion amonga spaceof documentgo retrieve meaningful
informationabouttherelatedcontent.

A specificproblemin informationextractionthatmay
benefitfrom the useof citation cateyorizationinvolves
miningtheliteraturefor protein-proteinnteractionge.g.,
(Blaschle etal., 1999),(Marcotteet al., 2001),(Thomas
etal., 2000)).Currently eventhe most-sophisticateslys-
temsare not yet capableof dealingwith all the difficult
problemsof resolvingambiguitiesand detectinghidden
knowledge.For example,Blaschle etal’s system(1999)
is able to handlefairly complex problemsin detecting
protein-proteininteractions,including constructingthe
network of proteininteractionsin cell-cycle control, but
importantimplicit knowledgeis not recognized. In the
caseof cell-cycle analysisfor Drosophila their systemis
ableto determinethat relationshipsexist betweenCak,



Cdk7, CycH, and Cdk2: Cak inhibits/phosphorylates sults, or knowled@ claims becomeacceptedas part of

Cdk7, Cak activates/phosphorylategsdk2, Cdk7 phos-
phorylatesCdk2, CycH phosphorylate€ak andCycH
phosphorylate€dk2. However, the systemis not able
to detectthatCak is actuallya complex formedby Cdk7
and CycH, andthat the Cak complec regulatesCdk2.
While the earlier literature describesnter-relationships
amongtheseproteins,the recognitionof the generaliza-
tion in their structure,i.e., that theseproteinsare part
of a comple, is containedonly in more-recengrticles:
“There is an elementof generalizationmplicit in later
publications,embodyingprevious, more dispersedind-
ings. A clearimprovementherewould be the generation
of associatedveightsfor texts accordingto their level
of generality” (Blaschle et al., 1999). Citation catego-
rization could provide just thesekind of ‘ancestral’re-
lationshipsbetweenarticles—whethean article is foun-
dationalin thefield or builds directly on closelyrelated
work—and,if automatedgould be usedin forming col-
lections of articlesfor study that are labelledwith ex-
plicit semanticandrhetoricallinks to oneanother Such
collectionsof semanticallylinked articlesmight thenbe
usedas‘thematic’ documentlusters(cf. Wilbur (2002))
to elicit much more meaningfulinformationfrom docu-
mentsknown to be closelyrelated.

An addedbenefitof having citation cateyoriesavail-
able in text corporausedfor studiessuch as extract-
ing protein-proteininteractionsis that more, and more-
meaningful,informationmay be obtained.In a potential
applicationfor ourresearchBlaschle etal. (1999)noted
thatthey wereableto discorer mary moreprotein-protein
interactionswhenincluding in the corpusthosearticles
foundto berelatedby the Neighborgfacility (Wilbur and
Coffee, 1994) (285 versusonly 28 whenrelevantprotein
namesalonewere usedin building the corpus). Lastly,
very difficult problemsn scientificandbiomedicalinfor-
mation extractionthatinvolve aspectof deep-linguistic
meaningmayberesohedthroughthe availability of cita-
tion catgyorizationin curatedtexts: synorym detection,
for example,may be enhancedf differentnamedor the
sameentity occurin articlesthat can be recognizedas
beingcloselyrelatedin the scientificresearchprocess.

2 Our Guiding Principles

2.1 Scientificwriting and the rhetoric of science

The automatedabelling of citationswith a specificci-
tation function requiresan analysisof the linguistic fea-
turesin the text surroundingthe citation, coupledwith
a knowledge of the authors pragmaticintentin placing
the citation at that point in the text. The authors pur
posefor including citationsin a researcharticle reflects
thefactthatresearchemwishto communicatéheirresults
to their scientificcommunityin sucha way thattheir re-

the body of scientific knowledge. This persuasie na-

tureof thescientificresearclarticle,how it contributesto

makingandjustifying a knowledgeclaim, is recognized
asthe defining propertyof scientificwriting by rhetori-

ciansof scienceg.g.,(Gross,1996),(Grossetal., 2002),

(Hyland,1998),(Myers,1991). Style (lexical andsyntac-
tic choice),presentatiorforganizationof thetext anddis-

play of thedata),andargumentatiorstructurearenotedas
therhetoricalmeansy which authorsouild a corvincing

casefor their results.

Our approachto automatedcitation classificationis
basedon the detectionof fine-grainedinguisticscuesin
scientificarticlesthathelpto communicateéheserhetori-
cal stancesandtherebymapto the pragmaticpurposeof
citations. As part of our overall researchmethodology
our goal is to map the varioustypesof pragmaticcues
in scientificarticlesto rhetoricalmeaning.Our previous
work hasdescribedhe importanceof discouse cuesin
enhancingnter-article cohesiorsignalledby citation us-
age(MercerandDi Marco,2003),(Di MarcoandMercer,
2003). We have alsobeeninvestigating anotherclassof
pragmaticcues,hedgingcues (Mercer Di Marco, and
Kroon, 2004), that are deeplyinvolved in creatingthe
pragmaticeffects that contritute to the authors knowl-
edgeclaim by linking togetherm mutuallysupportve net-
work of researcherwithin a scientificcommunity

2.2 Resultsof our previous studies

In our preliminary study (Mercerand Di Marco, 2003),
we analyzedthe frequeng of the cue phrasesfrom
(Marcu,1997)in a setof scholarlyscientificarticles.We
reportedstrongevidencethatthesecue phrasesare used
in the citation sentencesnd the surroundingtext with
the samefrequeng asin the article asa whole. In sub-
sequentvork (Di MarcoandMercer 2003),we analyzed
thesamedatasedf articlesto begin to cataloguehefine-
graineddiscourseuesthatexistin citationcontets. This
study confirmedthat authorsdo indeedhave a rich set
of linguistic andnon-linguisticmethodgo establishdis-
coursecuesin citationcontets.

Anothertype of linguistic cuethat we are studyingis
relatedto hedgingeffectsin scientific writing that are
usedby an authorto modify the affect of a ‘knowledge
claim’. Hedgingin scientific writing has beenexten-
sively studiedby Hyland(1998),includingcataloginghe
pragmatidunctionsof thevarioustypesof hedgingcues.
As Hyland (1998)explains,“[Hedging] hassubsequently
beenappliedto the linguistic devices usedto qualify a
spealer’sconfidencen thetruth of apropositionthekind
of caveatslike | think, perhaps might andmaybewhich
we routinely addto our statementso avoid commitment
to catgyoricalassertionsHedgeghereforeexpressenta-
tivenessand possibility in communicationandtheir ap-



propriateusein scientificdiscoursas critical (p. 1)”".

Thefollowing examplesillustratesomeof thewaysin
whichhedgingmaybeusedo deliberatelycorvey anatti-
tudeof uncertaintyor qualifification.In thefirst example,
the useof the verb suggestedhints at the authors hesi-
tang to declarethe absolutecertaintyof the claim:

(2) The functional significanceof this modulation
is suggestedby the reportedinhibition of MeSo-
induceddifferentiationin mouseerythroleulemia
cellsconstitutively expressingc-myh

In the secondexample the syntacticstructureof the sen-
tence,a fronted adwerbial clause,emphasizeshe effect
of qualificationthroughtherhetoricalcueAlthough The
subsequenphrasea certaindegree is alexical modifier
thatalsosenesto limit the scopeof theresult:

(3) Although mary neuroblastomecell lines shov
acertaindegreeof heterogeneityn termsof neu-
rotransmitterexpressionand differentiatve po-
tential, eachcell hasa prevalentbehaior in re-
sponsdo differentiationinducers.

In Mercer(2004),we shoved thatthe hedgingcuespro-
posedby Hyland occurmorefrequentlyin citation con-
texts thanin the text asa whole. With this information
we conjecturethathedgingcuesareanimportantaspect
of the rhetoricalrelationsfoundin citation contexts and
that the pragmaticsof hedgesmay help in determining
the purposeof citations.

We investicgatedthis hypothesisby doing a frequeny
analysisof hedgingcuesin citation contets in a corpus
of 985 biology articles. We obtainedstatisticallysignifi-
cantresults(summarizedn Tablel indicatingthathedg-
ing is usedmorefrequentlyin citation contets thanthe
text asawhole. Giventhe presumptiorthatwritersmake
stylistic andrhetoricalchoicespurposefully we propose
that we have further evidencethat connectiondbetween
fine-grainedinguistic cuesandrhetoricalrelationsexist
in citationcontexts.

Table 1 shows the proportionsof the various types
of sentencethat containhedgingcues,broken down by
hedging-cuecategory (verb or norverb cues),according
to thedifferentsectionsn thearticles(backgroundmeth-
ods,resultsanddiscussiongconclusions) For all but one
combinationgitationsentencearemorelik ely to contain
hedgingcueshanwouldbeexpectedrom theoverallfre-
gueny of hedgesentencegp < .01). Citation ‘window’
sentencegi.e., sentencedn the text closeto a citation)
generallyarealsosignificantly (p < .01) morelikely to
containhedgingcuesthan expected,thoughfor certain
combinations(methods,verbs and nornverbs; res+disc,
verbs)thedifferencewasnot significant.

Tables2, 3, and4 summarizethe occurrenceof hedg-
ing cuesin citation‘contexts’ (a citationsentencandthe

surroundingeitationwindow). Table5 shows the propor
tion of hedgesentenceshat either containa citation, or
fall within a citation window; Table 5 suggestglast 3-
column column) that the proportionof hedgesentences
containingcitationsor beingpart of citationwindows is
at leastas greatas what would be expectedjust by the
distribution of citationsentenceandcitationwindows.

Tablel indicates(statisticallysignificant)thatin most
casesthe proportion of hedge sentencesn the cita-
tion contets is greaterthan what would be expected
by the distribution of hedgesentences.Taken together
theseconditionalprobabilitiessupporthe conjecturehat
hedgingcuesandcitationcontets correlatestrongly Hy-
land (1998)hascatalogued variety of pragmaticusesof
hedgingcues,soit is reasonabldo speculatehat these
usescanbe mappedo therhetoricalmeaningof thetext
surroundinga citation,andfrom thenceto thefunction of
thecitation.

3 Our DesignMethodology

3.1 The Tool

Theindexing tool thatwe aredesigningenhances stan-
dard citation index by labelling eachcitation with the
function of that citation. Thatis, given an agreed-upon
setof citation functions,our tool will cateyorize a cita-
tion automaticallyinto oneof thesefunctionalcategories.
To accomplishthis automaticcategorizationwe areusing
a decisiontree: given a setof featureswhich combina-
tionsof featureamapto which citationfunction. Our cur-
rentfocusis the biomedicalliterature,but we arecertain
that our tool canbe usedfor the experimentalsciences.
We are not certainwhetherthe tool can be generalized
beyondthis corpus(Frost,1979).

In thefollowing we describén moredetailthethreeas-
pectsof our designmethodology:the researctprogram,
the tool implementation,and its evaluation. Our basic
assumptionis that citationsform links to other articles
for muchthe samepurposeandin muchthe sameway as
links to otherpartsof thesamearticle. Thesantra-textual
andintertextual linkagesare madeto createa coherent
presentatiorio corvincethereadeithatthe contentof the
articleis of value. The presentatioris madecohesve by
useof linguistic andstylistic devicesthathave beencata-
loguedby rhetoriciansandwhich we believe may bede-
tectedby automatedneans.

Theresearctprogramwill

e develop a catalogue of linguistic and non-
linguistic cuesthat capture both the linguistic
and stylistic techniquesas well asthe extensve
body of knowledge that has accumulatedabout
therhetoricof scienceandhow sciencds written
about;



Tablel1: Proportionof sentencesontaininghedgingcues by type of sentencendhedgingcuecateory.

VerbCues NornverbCues All Cues
Cite Wind All Cite Wind All Cite Wind All
background 0.15 0.11 0.13 0.13 0.13 0.12 0.25 0.22 0.24
methods 0.09 0.06 0.06 0.05 0.04 0.04 0.14 0.10 0.09
res+disc 0.22 0.16 0.16 0.15 0.14 0.14 0.32 0.27 0.27
conclusions 0.29 0.22 0.20 0.18 0.19 0.15 0.42 0.36 0.32

Table2: Numberandproportionof citationcontexts containinga hedgingcue,by sectionandlocationof hedgingcue.

Contets Sentences Windows

# % # % # %

background 3361 0.33 2575 0.25 2679 0.26
methods 1089 0.18 801 0.14 545 0.09
res+disc 7257 0.44 5366 0.32 4660 0.28
conclusions 338 0.58 245 042 221 0.38

e develop computationallyrealizable methodsto
detectthesecues;

e connecthesecuesto rhetoricalrelations;and

¢ organizetheknowledgethattheserhetoricalrela-
tionsrepresentasfeaturesin a decisiontreethat
producegheintendedfunctionof thecitation.

Our purposein using a decisiontree is three-fold.
Firstly, the decisiontree gives us ready accessto the
citation-functiondecisionrules. Secondly we aim to
have a working indexing tool whenerer we add more
knowledgeto the cateyorizationprocess. This goal ap-
pearsvery feasible given our design choice to use a
decisiontree: adding more knowledge only refinesthe
decision-makingprocedureof the previousversion. And
thirdly, aswe gain more experience(currently we are
building the decisiontreeby hand),we intendto usema-
chinelearningtechniques$o enhanceurtool by inducing
adecisiontree.

3.2 The Reseach Program

Our basicassumptions thatthe rhetoricalrelationsthat
will providetheinformationthatwill allow thetool to cat-
egorizethecitationsin abiomedicalarticleareevidentto
thereadetthroughthe useof surfacelinguistic cues,cues
which are linguistically-basedout require someknowl-
edgethatis notdirectly derivablefrom thetext, andsome
cueswhichareknown to the cultureof scientificreaders-
writers becauseof the practiceof scienceand how this
practiceinfluencescommunicatiorthroughthe writing.
We rely on the notion that rhetorical information is
realizedin linguistic ‘cues’ in the text, someof which,

althoughnot all, areevidentin surfacefeatures(cf. Hy-

land(1998)onsurfacehedgingcuesin scientificwriting).

Sincewe anticipatethatmary suchcueswill mapto the
samerhetoricalfeaturesthat give evidenceof the text’s
argumentatre andpragmatianeaningandthattheinter-

actionof thesecueswill likely influencethetext’s overall
rhetoricaleffect,theformalrhetoricalrelation(cf. (Mann
andThompson,1988))appeardo betheappropriatdea-
ture for the basisof the decisiontree. So, our long-term
goalis to mapbetweerthetextual cuesandrhetoricalre-
lations. Having notedthat mary of the cuewordsin the
prototypearediscoursecues,andwith two recentimpor-

tantworkslinking discoursecuesandrhetoricalrelations
((Knott, 1996;Marcu,1997)),we beganourinvestigation
of thismappingwith discoursecues.We have someearly
resultsthatshaw thatdiscoursecuesareusedextensiely
with citationsandthatsomecuesappeamuchmorefre-

guentlyin thecitationcontext thanin thefull text (Mercer
andDi Marco,2003).Anothertextual deviceis the hedg-
ing cue,whichwe arecurrentlyinvestigating (Mercet Di

Marco,andKroon, 2004).

Althoughour currentefforts focuson cuewordswhich
are connectedo organizationaleffects (discoursecues),
andwriter intent (hedgingcues),we are alsointerested
in othertypesof cuesthat are associatednore closely
to the purposeand methodof science.For example,the
scientific methodis, moreor less,to establisha link to
previous work, setup an experimentto testan hypothe-
sis, performthe experiment,make obsenations,thenfi-
nally compileanddiscusgheimportanceof theresultsof
the experiment. Scientificwriting reflectsthis scientific
methodandits purpose:one may find evidenceeven at
the coarsesgranularityof the IMRaD structurein scien-
tific articles.At afiner granularity we have mary target-



Table3: Proportionof citationcontets containinga verbalhedgingcue,by sectionandlocationof hedgingcue.

Contets
# %

background 1967 0.19
methods 726 0.12
res+disc 4858 0.29

conclusions 227 0.39

Sentences Windows
# % # %
1511 0.15 1479 0.15
541 0.09 369 0.06
3572 0.22 2881 0.17
168 0.29 139 0.24

Table4: Proportionof citation contexts containinga norverb hedgingcue,by sectionandlocationof hedgingcue.

Contets
# %

background 1862 0.18
methods 432 0.07
res+disc 3751 0.23

conclusions 186 0.32

Sentences Windows
# % # %
1302 0.13 1486 0.15
295 0.05 198 0.03
2484 0.15 2353 0.14
107 0.18 111 0.19

ted wordsto corvey the notionsof procedureobsenra-
tion, reporting, supporting,explaining, refining, contra-
dicting, etc. More specifically sciencecateyorizesinto
taxonomiesor creategolarities. Scientificwriting then
tendsto compareand contrastor refine. Not surpris-
ingly, the morphologyof scientificterminologyexhibits
comparisonand contrastingfeatures,for example, exo-
andendo- Scienceneedsto measureso scientificwrit-
ing containsmeasuremertuesby referringto scaleq0—
100), or usingcomparaties (larger, brighter, etc.). Ex-
perimentsaredescribedasa sequencef stepssothisis
animplicit methodcue.

Sincethe inceptionof the formal scientific article in
the seventeenticentury the procesf scientificdiscor-
ery hasbeeninextricably linked with the actionsof writ-
ing and publishingthe resultsof research.Rhetoricians
of sciencehave graduallymoved from a purely descrip-
tive characterizatiorof the sciencegenreto full-fledged
field studiesdetailingthe evolution of the scientificarti-
cle. During thefirst generatiorof rhetoriciansof science,
e.g.,(Myers, 1991), (Gross,1996), (Fahnestock1999),
the persuasie natureof the scientificarticle, how it con-
tributesto makingandjustifying a knowledgeclaim, was
recognizedasthe definingpropertyof scientificwriting.
Style (Iexical and syntacticchoice), presentatior(orga-
nization of the text and display of the data), and argu-
mentationstructurewere noted as the rhetoricalmeans
by whichauthorsbuild acorvincing caseor theirresults.
Recently second-generatiametoricianf sciencge.g.,
(Hyland, 1998), (Grosset al., 2002)) have begunto me-
thodically analyzelarge corporaof scientific texts with
the purposeof cataloguingspecificstylisticandrhetorical
featureghatareusedto createthe pragmaticeffectsthat
contribute to the authors knowledgeclaim. Oneparticu-

lar type of pragmaticeffect, hedging is especiallycom-
mon in scientificwriting and can be realizedthrougha
wide variety of linguistic choices.

To catalogughesecuesandto proposeamappingfrom
thesecuesto rhetoricalrelations,we suggest research
programthatconsistf two phasesOnephasds theory-
based: we are applying our knowledge from computa-
tional linguisticsandtherhetoricof scienceto developa
setof principlesthatguidethe developmentf rules. An-
otherphaseis data-drven. This phasewill usemachine-
learningtechniquedo inducea decisiontree.

Ourtwo approacheareguidedby anumberof factors.
Firstly, the initial setof 35 categories((Garzone 1996),
(GarzoneandMercet 2000))weredevelopedby combin-
ing andaddingto the previouswork from theinformation
sciencecommunitywith a preliminary manualstudy of
citationsin biochemistryandphysicsarticles. Secondly
our next stagesgataloguinginguistic cues,will require
manualwork by rhetoricians.Thirdly, andperhapsmost
importantly one group of cuesis not foundin the text,
but is rathera setof culturalguidelinesthatareaccepted
by the scientificcommunityfor whichthearticleis being
written. Lastly, we areinterestednot in the connection
betweerthe citation functionsandthesecuesper se,but
ratherthe citation functionsand the rhetoricalrelations
thataresignalledby the cues.

3.3 The Tool Implementation

Concerninghefeatureonwhichthedecisiontreemakes
its decisions,we have startedwith a simple, yet fully
automaticprototype(Garzone,1996) which takes jour-
nal articlesas input and classifiesevery citation found
therein. Its decisiontreeis very shallow, usingonly sets
of cue-wordsandpolarity switchingwords(not, however,



Table5: Proportionof hedgesentencethatcontaincitationsor arepartof a citationwindow, by sectionandhedging

cuecateagory.
VerbCues NorverbCues All Cues
Cite Wind None Cite Wind None Cite Wind None
background 0.52 0.23 0.25 0.47 0.28 0.25 0.49 0.26 0.26
methods 0.25 0.16 0.59 0.20 0.15 0.65 0.23 0.16 0.61
res+disc 0.26 0.19 0.55 0.21 0.19 0.60 0.23 0.19 0.58
conclusions 0.16 0.14 0.70 0.14 0.16 0.70 0.15 0.14 0.71

etc.), somesimple knowledge aboutthe IMRaD struc-
ture! of the article togetherwith somesimple syntactic
structureof the citation-containingsentence The proto-
type uses35 citation categories. In additionto having
a designwhich allows for easyincorporationof more-
sophisticatecknowledge, it also gives flexibility to the
tool: categoriescanbe easily coalescedo give usersa
tool thatcanbetailoredto a variety of uses.

Although we anticipate some small changesto the
numberof catgoriesdueto cateyory refinementthe ma-
jor modificationsto the decisiontree will be driven by
amore-sophisticatedetof featuresassociatedavith each
citation. Wheninvesticatingafinergranularityof theIM-
RaD structure,we cameto realizethat the structureof
scientificwriting atall levels of granularitywasfounded
onrhetoric, which involvesbothargumentatiorstructure
aswell asstylistic choicesof wordsandsyntax.Thiswas
themotivationfor choosingtherhetoricof scienceasour
guidingprinciple.

3.4 Evaluation of the Tool

Finally, asfor our prototypesystem at eachstageof de-
velopmenthetool will beevaluated:

e A test set of citations will be developed and
will beinitially manuallycategorizedby humans
knowledgeabldan the scientificfield thatthe arti-
clesrepresent.

e Of mostessentialnterest the classificatioraccu-
ragy of the citation-indeing tool will be evalu-
ated:we proposeto usea combinationof statisti-
caltestingandvalidationby humanexperts.

¢ In addition,wewouldliketo assesthetool’s util-
ity in real-world applicationssuchasdatabaseu-
ration for studiesin biomedicalliteratureanaly-
sis. We have suggestecarlierthattheremay be
mary usesof this tool, so a significantaspectof
thevalueof ourtool will beits ability to enhance
otherresearcliprojects.

The corpusof biomedicalpapersall have the standardn-
troduction,Methods ResultsandDiscussioror aslightly mod-
ified versionin which ResultsandDiscussioraremeged.

4 Conclusionsand Futur e Work

The purposefulnatureof citationfunctionis a featureof
scientificwriting which canbe exploited in a variety of
ways. We anticipatemore-informatie citationindexesas
well asmore-intelligentdatabaseuration. Additionally,
sophisticatednformation extraction may be enhanced
when betterselectionof the datasets enabled. For ex-
ample,synorym detectionin a corpusof papersmay be
mademoretractablewhenthe corpusis comprisedf re-
lated papersderived from navigating a spaceof linked
citations.

In this papemwe have motivatedour approacho devel-
oping a literature-ind&ing tool that computesthe func-
tionsof citations.We have proposedhatthefunctionof a
citationmaybedeterminedy analyzingtherhetoricalin-
tentof thetext thatsurroundst. Thisanalysids founded
on the guiding principle that the scientific methodis in-
trinsic to scientificwriting.

Our early investigationshave determinedhatlinguis-
tic cuesandcitationsarerelatedin importantways. Our
futurework will beto maptheseinguistic cuesto rhetor
ical relationsand other pragmaticfunctionsso that this
informationcanthenbeusedto determinehe purposeof
citations.

Acknowledgements

We thank Mark Garzoneand Fred Kroon for their par

ticipation in this project. Our researchhasbeenfinan-
cially supportedy theNaturalScienceandEngineering
ResearchCouncil of Canadaand by the Universitiesof

WesternOntarioandWaterloo.

References

Miguel A. Andradeand Alfonso Valencia. 1998. Au-
tomatic Extractionof Keywordsfrom Scientific Text:
Applicationto theKnowledgeDomainof ProteinFam-
ilies. Bioinformatics 14(7):600-607.

ChristianBlaschle, Miguel A. Andrade ChristosOuzou-
nis, and Alfonso Valencia. 1999. Automatic Extrac-
tion of Biological Information from Scientific Text:
Protein-Proteirinteractions.InternationalConfeence



on Intelligent Systemdor Molecular Biology (ISMB
1999) 60-67.

B. Bollacker, S.Lawrence andC.L. Giles. 1999. A Sys-
temfor AutomaticPersonalizedrackingof Scientific
Literatureon the Weh In Digital Libraries 99—The
Fourth ACM Confeenceon Digital Libraries 105—
113. ACM PressNew York.

S. Cole. 1975. The Growth of Scientific Knowledge:
Theoriesof Devianceasa CaseStudy In Theldeaof
Social Structue: Papers in Honor of RobertK. Mer-
ton, 175-220.HarcourtBraceJovanovich, New York.

ChrysannéDi Marco andRobertE. Mercer 2003. To-
ward a Catalogueof Citation-relatedRhetoricalCues
in Scientific Texts. In Proceedingsof the Pacific
Associationfor Computational inguistics(PACLING
2003)Confeence Halifax, CanadaAugust2003.

E.B. Duncan,F.D. Anderson,and R. McAleese. 1981.
Qualified Citation Indexing: Its Relevanceto Educa-
tional Technology In Information Retrieval in Edu-
cational Technolagy: Proceeding®f the First Sympo-
siumon InformationRetrieval in EducationalTechnol-
ogy, 70-79.University of Aberdeen.

Jeannd-ahnestock1999. RhetoricalFiguresin Science
Oxford University Press.

B. Finngy. 1979. The ReferenceCharacteristic®f Sci-
entific Texts. Masters thesis,The City University of
London.

C. Frost. 1979. The Use of Citationsin Literary Re-
search:A PreliminaryClassificatiorof Citation Func-
tions. Library Quarterly, 49:399-414.

EugeneGarfield. 1965. Can Citation Indexing Be au-
tomated? In M.E. Stevenset al., editors, Statistical
AssociationMethodsfor Mechanical Documentation
(NBSMisc. Puh 269). NationalBureauof Standards,
WashingtonPC.

EugeneGarfield. Information, Pover, andthe Science
Citation Index. In Essaysof an Information Scientist
Volume 1, 1962-1973, Institute for Scientific Infor-
mation.

Mark Garzone. 1996. AutomatedClassificationof Ci-
tations using Linguistic SemanticGrammas. M.Sc.
Thesis, The University of WesternOntario.

Mark Garzoneand Robert E. Mercer 2000. To-
wards an AutomatedCitation Classifier In AI’2000,
Proceedingsof the 13th Biennial Confeence of the
CSCSI/SCEIQLectureNotesin Artificial Intelligence,
1822:337-346H.J. Hamilton (ed.). SpringerVerlag.

A.G. Gross. 1996. The Rhetoricof Science Harvard
University Press.

A.G. Gross,J.E.Harmon,andM. Reidy 2002. Commu-
nicating Science:The ScientificArticle fromthe 17th
Centuryto the Present.Oxford University Press.

M.A.K. Halliday andRugaiyaHasan.1976.Cohesiorin
English. LongmanGroupLimited.

KenHyland. 1998. Hedgingin ScientificReseath Arti-
cles. JohnBenjaminsPublishingCompayy.

Alistair Knott. 1996. A Data-driven Methodolay for
Motivatinga Setof CoheenceRelations.Ph.D.thesis,
University of Edinturgh.

B.A. Lipetz. 1965. Problemof Citation Analysis: Criti-
cal Review. AmericanDocumentation16:381—-390.

William C. Mann and SandraA. Thompson. 1988.
Rhetorical Structure Theory: Toward a Functional
Theoryof Text Organization.Text, 8(3):243-281.

EdwardM. Marcotte loannisXenariosandDavid Eisen-
berg. 2001. Mining Literaturefor Protein-Proteirin-
teractions Bioinformatics 17(4):359-363.

Daniel Marcu. 1997. The RhetoricalParsing Summa-
rization, and Geneation of Natural Languaje Texts.
Ph.D.thesis,University of Toronto.

RobertE. Mercerand ChrysanneDi Marco. 2003. The
Importanceof Fine-grainedCue Phrasesn Scientific
Citations.In Al'’2003, Proceeding®f the 16thConfer
enceof the CSCSI/SCEID550-556. Edmonton,Al-
berta,11-13June2003.

RobertE. Mercer ChrysanneDi Marco, and Frederick
Kroon. 2004. TheFrequeng of HedgingCuesin Cita-
tion Contetsin ScientificWriting. Submittedto Con-
ferenceof the CanadianSocietyfor the Computational
Studiesof Intelligence(CSCS2004)

M.J. Moravscik andP. Murugesan.1975. SomeResults
onthe FunctionandQuality of Citations. SocialStud-
iesof Science5:86-92.

Greg Myers. 1991. Writing Biology. University of Wis-
consinPress.

B.C. Peritz. 1983. A Classificationof Citation Rolesfor
the Social Sciencesand RelatedFields. Scientomet-
rics, 5:303-312.

H. Small. 1978. Cited DocumentsasConceptSymbols.
SocialStudiesof Science8(3):327-340.

I. Spiegel-Rosing. 1977. ScienceStudies:Bibliometric
andContentAnalysis. SocialStudiesf Science7:97—
113.

James Thomas, David Milward, Christos Ouzounis,
StepherPulman,andMark Carroll. 2000. Automatic
Extractionof Proteininteractionsfrom Scientific Ab-
stracts. In Proceedingsf the 5th Pacific Symposium
on Biocomputing PSB2000) 538-549.

M. Weinstock. 1971. Citation Indexes. In Encyclopae-
diaof Library andInformationScience5:16—40.Mar-
celDekkar New York.

W. JohnWilbur. 2002. A ThematicAnalysisof the AIDS
Literature. In Proceedingsof the 7th Pacific Sympo-
siumon BiocomputingPSB2004) 386-397.

W.J. Wilbur andL. Coffee. 1994. The Effectivenessof
DocumentNeighboringin SearchEnhancement.In-
formationProcessingManagement 30:253—-266.



