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Abstract

Literature indexing tools provide re-
searchers with a means to navigate
throughthenetwork of scholarlyscientific
articlesin a subjectdomain. We propose
thatmoreeffective indexing toolsmaybe
designedusingthe links betweenarticles
providedby citations.

With the explosion in the amountof sci-
entific literatureandwith theadventof ar-
tifactsrequiringmoresophisticatedindex-
ing, a meansto provide moreinformation
aboutthecitationrelationin orderto give
moreintelligent control to the navigation
processis warranted.In orderto navigate
a citationindex in this more-sophisticated
manner, the citation index must provide
not only thecitation-link information,but
alsomustindicatethefunctionof thecita-
tion. The designmethodologyof an in-
dexing tool for scholarlybiomedicallit-
eraturewhich usesthe rhetoricalcontext
surroundingthecitationto provide theci-
tationfunction is presented.In particular,
wediscusshow thescientificmethodis re-
flectedin scientific writing and how this
knowledgecanbeusedto decidethepur-
poseof acitation.

1 Intr oduction

1.1 The aim of citation indexing

Indexing tools,suchasCiteSeer(Bollacker et al., 1999),
play an important role in the scientific endeavour by
providing researcherswith a meansto navigatethrough
thenetwork of scholarlyscientificpapersusingthecon-
nectionsprovided by citations. Citationsrelatearticles

within a researchfield by linking togetherworks whose
methodsandresultsarein someway mutually relevant.
Customarily, authorsincludecitationsin their papersto
indicateworks that arefoundationalin their field, back-
groundfor their own work, or representative of comple-
mentaryor contradictoryresearch. Another researcher
may thenusethe presenceof citationsto locatearticles
sheneedsto know aboutwhenenteringa new field or to
readin orderto keeptrackof progressin afield whereshe
is alreadywell-established.But, with theexplosionin the
amountof scientificliterature,a meansto provide more
informationin ordertogivemoreintelligentcontrolto the
navigationprocessis warranted.A usernormally wants
to navigatemorepurposefullythan“Find all articlescit-
ing a sourcearticle”. Rather, theusermaywish to know
whetherotherexperimentshave usedsimilar techniques
to thoseusedin thesourcearticle,or whetherotherworks
havereportedconflictingexperimentalresults.In orderto
navigatea citationindex in this more-sophisticatedman-
ner, thecitationindex mustcontainnot only thecitation-
link information,but alsomust indicatethe function of
thecitationin theciting article.

Thegoalof our researchprojectis thedesignandim-
plementationof anindexing tool for scholarlybiomedical
literaturewhich usesthe text surroundingthe citation to
provideinformationaboutthebinaryrelationbetweenthe
two papersconnectedby a citation. In particular, we are
interestedin how thescientificmethodstructurestheway
in which ideas,results,theories,etc.arepresentedin sci-
entificwriting andhow thestyleof presentationindicates
the purposeof citations,that is, what the relationshipis
betweenthecitedandciting papers.

Our interestin the connectionbetweenscientific lit-
erature(our focus),ontologies,anddatabasesis that the
contentandstructureof eachof thesethreerepositories
of scientificknowledgehasits foundationsin themethod
of science.Ourpurposehereis twofold: to makeexplicit
our designmethodologyfor an indexing tool that uses
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therhetoricof scienceasits foundationto seewhetherthe
ideasthatunderlyourmethodologycancross-fertilizethe
enquiryinto the othertwo areas,andto discussthe tool
itself with thepurposeof makingknown thatthereexists
aworking tool whichcanassistthedevelopmentof other
projects.

A citation may be formally definedasa portion of a
sentencein a citing documentwhich referencesanother
documentor a setof otherdocumentscollectively. For
example, in sentence1 below, there are two citations:
thefirst citationis Althoughthe3-D structure. . .progress,
with thesetof references(Egeretal.,1994;Kelly, 1994);
thesecondcitationis it wasshown.. . submasseswith the
singlereference(Coughlanetal., 1986).

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

A citation index enablesefficient retrieval of docu-
mentsfrom a large collection—acitation index consists
of sourceitems and their correspondinglists of biblio-
graphicdescriptionsof citing works. Theuseof 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(ISI), whoseScienceCitation
Index (Garfield,no date)is now oneof the mostpopu-
lar citation indexes. Recently, with the advent of digi-
tal libraries,Web-basedindexing systemshave begun to
appear(e.g., ISI’s ‘Web of Knowledge’, CiteSeer(Bol-
lackeret al., 1999)).

Authorsof scientificpapersnormallyincludecitations
in their papersto indicateworksthatareconnectedin an
importantway to their paper. Thus,a citation connect-
ing the sourcedocumentand a citing documentserves
oneof many 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. Other functionsinclude: foun-
dationalworks in their field, backgroundfor their own
work, workswhich arerepresentative of complementary
or contradictoryresearch.

The aim of citation analysisstudieshasbeento cate-
gorizeand,ultimately, to classify the function of scien-
tific citationsautomatically. Many citationclassification
schemeshave beendeveloped,with greatvariancein the
numberand natureof categoriesused. Garfield (1965)
was the first to define a classificationscheme,while
Finney (1979)wasthefirst to suggestthatacitationclas-
sifier could be automated.Otherclassificationschemes
include thoseby Cole (1975), Duncan,Anderson,and

McAleese(1981),Frost(1979),Lipetz (1965),Moravc-
sik andMurugesan(1975),Peritz(1983),Small (1978),
Spiegel-Rösing (1977), and Weinstock(1971). Within
this representative group of classificationschemes,the
numberof categoriesrangesfrom four to 26. Examples
of thesecategoriesincludea contrastive, supportive, or
corrective relationshipbetweenciting and cited works.
But, the author’s purposefor including a citation is not
apparentin the citation per se. Determiningthe nature
of theexactrelationshipbetweenaciting andcitedpaper
oftenrequiressomelevel of understandingof the text in
which thecitationis embedded.

1.2 Citation indexing in biomedical literatur e
analysis

In the biomedicalfield, we believe that the usefulness
of automatedcitationclassificationin literatureindexing
canbefoundin boththelargercontext of managingentire
databasesof scientificarticlesor for specificinformation-
extractionproblems.On the largerscale,databasecura-
torsneedaccurateandefficientmethodsfor building new
collectionsby retrieving articleson the sametopic from
hugegeneraldatabases.Simplesystems(e.g.,(Andrade
and Valencia,1998), (Marcotte et al., 2001)) consider
only keyword frequenciesin measuringarticlesimilarity.
More-sophisticatedsystems,suchastheNeighborsutility
(Wilbur andCoffee,1994),maybeableto locatearticles
thatappearto berelatedin someway(e.g.,findingrelated
Medlineabstractsfor a setof proteinnames(Blaschkeet
al., 1999)),but thelack of specificinformationaboutthe
natureand validity of the relationshipbetweenarticles
may still make the resultingcollectiona less-than-ideal
resourcefor subsequentanalysis.Citation classification
to indicatethenatureof therelationshipsbetweenarticles
in adatabasewouldmake thetaskof building collections
of relatedarticlesbotheasierandmoreaccurate.And, the
existenceof additionalknowledgeaboutthenatureof the
linkagesbetweenarticleswould greatlyenhancenaviga-
tion amonga spaceof documentsto retrieve meaningful
informationabouttherelatedcontent.

A specificproblemin informationextractionthatmay
benefit from the useof citation categorization involves
miningtheliteraturefor protein-proteininteractions(e.g.,
(Blaschke et al., 1999),(Marcotteet al., 2001),(Thomas
etal., 2000)).Currently, eventhemost-sophisticatedsys-
temsarenot yet capableof dealingwith all the difficult
problemsof resolvingambiguitiesanddetectinghidden
knowledge.For example,Blaschkeetal.’ssystem(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-cycleanalysisfor Drosophila, theirsystemis
able to determinethat relationshipsexist betweenCak,



Cdk7, CycH, and Cdk2: Cak inhibits/phosphorylates
Cdk7, Cak activates/phosphorylatesCdk2, Cdk7 phos-
phorylatesCdk2, CycH phosphorylatesCak andCycH
phosphorylatesCdk2. However, the systemis not able
to detectthatCak is actuallyacomplex formedby Cdk7
and CycH, and that the Cak complex regulatesCdk2.
While the earlier literaturedescribesinter-relationships
amongtheseproteins,the recognitionof the generaliza-
tion in their structure,i.e., that theseproteinsare part
of a complex, is containedonly in more-recentarticles:
“There is an elementof generalizationimplicit in later
publications,embodyingprevious, moredispersedfind-
ings. A clearimprovementherewould bethegeneration
of associatedweights for texts accordingto their level
of generality” (Blaschke et al., 1999). Citation catego-
rization could provide just thesekind of ‘ancestral’ re-
lationshipsbetweenarticles—whetheranarticle is foun-
dationalin the field or builds directly on closelyrelated
work—and,if automated,couldbeusedin forming col-
lectionsof articles for study that are labelledwith ex-
plicit semanticandrhetoricallinks to oneanother. Such
collectionsof semanticallylinked articlesmight thenbe
usedas‘thematic’ documentclusters(cf. Wilbur (2002))
to elicit muchmoremeaningfulinformationfrom docu-
mentsknown to becloselyrelated.

An addedbenefitof having citation categoriesavail-
able in text corpora used for studiessuch as extract-
ing protein-proteininteractionsis that more,andmore-
meaningful,informationmaybeobtained.In a potential
applicationfor our research,Blaschkeet al. (1999)noted
thatthey wereabletodiscovermany moreprotein-protein
interactionswhen including in the corpusthosearticles
foundto berelatedby theNeighborsfacility (Wilbur and
Coffee,1994)(285versusonly 28 whenrelevantprotein
namesalonewereusedin building the corpus). Lastly,
verydifficult problemsin scientificandbiomedicalinfor-
mationextractionthat involve aspectsof deep-linguistic
meaningmayberesolvedthroughtheavailability of cita-
tion categorizationin curatedtexts: synonym detection,
for example,maybeenhancedif differentnamesfor the
sameentity occur in articlesthat can be recognizedas
beingcloselyrelatedin thescientificresearchprocess.

2 Our Guiding Principles

2.1 Scientificwriting and the rhetoric of science

The automatedlabelling of citationswith a specificci-
tation function requiresananalysisof the linguistic fea-
turesin the text surroundingthe citation, coupledwith
a knowledgeof the author’s pragmaticintent in placing
the citation at that point in the text. The author’s pur-
posefor including citationsin a researcharticle reflects
thefactthatresearcherswishto communicatetheirresults
to their scientificcommunityin sucha way that their re-

sults,or knowledge claims, becomeacceptedaspart of
the body of scientific knowledge. This persuasive na-
tureof thescientificresearcharticle,how it contributesto
makingandjustifying a knowledgeclaim, is recognized
asthe definingpropertyof scientificwriting by rhetori-
ciansof science,e.g.,(Gross,1996),(Grosset al., 2002),
(Hyland,1998),(Myers,1991).Style(lexical andsyntac-
tic choice),presentation(organizationof thetext anddis-
playof thedata),andargumentationstructurearenotedas
therhetoricalmeansby whichauthorsbuild aconvincing
casefor their results.

Our approachto automatedcitation classificationis
basedon thedetectionof fine-grainedlinguisticscuesin
scientificarticlesthathelpto communicatetheserhetori-
cal stancesandtherebymapto thepragmaticpurposeof
citations. As part of our overall researchmethodology,
our goal is to map the varioustypesof pragmaticcues
in scientificarticlesto rhetoricalmeaning.Our previous
work hasdescribedthe importanceof discoursecuesin
enhancinginter-articlecohesionsignalledby citationus-
age(MercerandDi Marco,2003),(Di MarcoandMercer,
2003). We have alsobeeninvestigatinganotherclassof
pragmaticcues,hedgingcues, (Mercer, Di Marco, and
Kroon, 2004), that are deeply involved in creatingthe
pragmaticeffects that contribute to the author’s knowl-
edgeclaimby linking togetheramutuallysupportivenet-
work of researcherswithin ascientificcommunity.

2.2 Resultsof our previousstudies

In our preliminarystudy(MercerandDi Marco, 2003),
we analyzedthe frequency of the cue phrasesfrom
(Marcu,1997)in a setof scholarlyscientificarticles.We
reportedstrongevidencethat thesecuephrasesareused
in the citation sentencesand the surroundingtext with
the samefrequency asin the article asa whole. In sub-
sequentwork (Di MarcoandMercer, 2003),weanalyzed
thesamedatasetof articlesto begin to cataloguethefine-
graineddiscoursecuesthatexist in citationcontexts. This
study confirmedthat authorsdo indeedhave a rich set
of linguistic andnon-linguisticmethodsto establishdis-
coursecuesin citationcontexts.

Anothertype of linguistic cuethat we arestudyingis
relatedto hedgingeffects in scientific writing that are
usedby an authorto modify the affect of a ‘knowledge
claim’. Hedging in scientific writing has beenexten-
sively studiedby Hyland(1998),includingcatalogingthe
pragmaticfunctionsof thevarioustypesof hedgingcues.
As Hyland(1998)explains,“[Hedging] hassubsequently
beenappliedto the linguistic devices usedto qualify a
speaker’sconfidencein thetruthof aproposition,thekind
of caveatslike I think, perhaps, might, andmaybewhich
we routinelyaddto our statementsto avoid commitment
to categoricalassertions.Hedgesthereforeexpresstenta-
tivenessandpossibility in communication,andtheir ap-



propriateusein scientificdiscourseis critical (p. 1)”.
Thefollowing examplesillustratesomeof thewaysin

whichhedgingmaybeusedtodeliberatelyconvey anatti-
tudeof uncertaintyor qualifification.In thefirst example,
the useof the verb suggestedhints at the author’s hesi-
tancy to declaretheabsolutecertaintyof theclaim:

(2) The functional significanceof this modulation
is suggestedby the reportedinhibition of MeSo-
induceddifferentiationin mouseerythroleukemia
cellsconstitutively expressingc-myb.

In thesecondexample,thesyntacticstructureof thesen-
tence,a frontedadverbial clause,emphasizesthe effect
of qualificationthroughtherhetoricalcueAlthough. The
subsequentphrase,a certaindegree, is a lexical modifier
thatalsoservesto limit thescopeof theresult:

(3) Although many neuroblastomacell lines show
acertaindegreeof heterogeneityin termsof neu-
rotransmitterexpressionand differentiative po-
tential, eachcell hasa prevalentbehavior in re-
sponseto differentiationinducers.

In Mercer(2004),we showedthat thehedgingcuespro-
posedby Hyland occurmorefrequentlyin citation con-
texts than in the text asa whole. With this information
we conjecturethathedgingcuesarean importantaspect
of the rhetoricalrelationsfound in citation contexts and
that the pragmaticsof hedgesmay help in determining
thepurposeof citations.

We investigatedthis hypothesisby doing a frequency
analysisof hedgingcuesin citationcontexts in a corpus
of 985biology articles.We obtainedstatisticallysignifi-
cantresults(summarizedin Table1 indicatingthathedg-
ing is usedmorefrequentlyin citation contexts thanthe
text asawhole.Giventhepresumptionthatwritersmake
stylistic andrhetoricalchoicespurposefully, we propose
that we have further evidencethat connectionsbetween
fine-grainedlinguistic cuesandrhetoricalrelationsexist
in citationcontexts.

Table 1 shows the proportionsof the various types
of sentencesthat containhedgingcues,broken down by
hedging-cuecategory (verb or nonverb cues),according
to thedifferentsectionsin thearticles(background,meth-
ods,resultsanddiscussion,conclusions).For all but one
combination,citationsentencesaremorelikely to contain
hedgingcuesthanwouldbeexpectedfromtheoverallfre-
quency of hedgesentences(��������� ). Citation‘window’
sentences(i.e., sentencesin the text closeto a citation)
generallyarealsosignificantly(�	�
� ��� ) morelikely to
containhedgingcuesthan expected,thoughfor certain
combinations(methods,verbs and nonverbs; res+disc,
verbs)thedifferencewasnotsignificant.

Tables2, 3, and4 summarizetheoccurrenceof hedg-
ing cuesin citation‘contexts’ (acitationsentenceandthe

surroundingcitationwindow). Table5 shows thepropor-
tion of hedgesentencesthat eithercontaina citation, or
fall within a citation window; Table 5 suggests(last 3-
columncolumn) that the proportionof hedgesentences
containingcitationsor beingpart of citationwindows is
at leastasgreataswhat would be expectedjust by the
distributionof citationsentencesandcitationwindows.

Table1 indicates(statisticallysignificant)that in most
casesthe proportion of hedge sentencesin the cita-
tion contexts is greaterthan what would be expected
by the distribution of hedgesentences.Taken together,
theseconditionalprobabilitiessupporttheconjecturethat
hedgingcuesandcitationcontextscorrelatestrongly. Hy-
land(1998)hascataloguedavarietyof pragmaticusesof
hedgingcues,so it is reasonableto speculatethat these
usescanbemappedto therhetoricalmeaningof thetext
surroundingacitation,andfrom thenceto thefunctionof
thecitation.

3 Our DesignMethodology

3.1 The Tool

Theindexing tool thatwe aredesigningenhancesa stan-
dard citation index by labelling eachcitation with the
function of that citation. That is, given an agreed-upon
setof citation functions,our tool will categorizea cita-
tion automaticallyinto oneof thesefunctionalcategories.
To accomplishthisautomaticcategorizationweareusing
a decisiontree: given a setof features,which combina-
tionsof featuresmapto whichcitationfunction.Ourcur-
rent focusis thebiomedicalliterature,but we arecertain
that our tool canbe usedfor the experimentalsciences.
We are not certainwhetherthe tool can be generalized
beyondthiscorpus(Frost,1979).

In thefollowingwedescribein moredetailthethreeas-
pectsof our designmethodology:the researchprogram,
the tool implementation,and its evaluation. Our basic
assumptionis that citationsform links to other articles
for muchthesamepurposeandin muchthesamewayas
links to otherpartsof thesamearticle.Theseintra-textual
and inter-textual linkagesaremadeto createa coherent
presentationto convincethereaderthatthecontentof the
article is of value. Thepresentationis madecohesive by
useof linguisticandstylisticdevicesthathavebeencata-
loguedby rhetoriciansandwhich we believe maybede-
tectedby automatedmeans.

Theresearchprogramwill

� develop a catalogue of linguistic and non-
linguistic cues that captureboth the linguistic
and stylistic techniquesas well as the extensive
body of knowledge that hasaccumulatedabout
therhetoricof scienceandhow scienceis written
about;



Table1: Proportionof sentencescontaininghedgingcues,by typeof sentenceandhedgingcuecategory.

VerbCues NonverbCues 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 citationcontextscontainingahedgingcue,by sectionandlocationof hedgingcue.

Contexts 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 0.42 221 0.38

� develop computationallyrealizablemethodsto
detectthesecues;

� connectthesecuesto rhetoricalrelations;and

� organizetheknowledgethattheserhetoricalrela-
tions representasfeaturesin a decisiontreethat
producestheintendedfunctionof thecitation.

Our purposein using a decision tree is three-fold.
Firstly, the decision tree gives us ready accessto the
citation-functiondecisionrules. Secondly, we aim to
have a working indexing tool whenever we add more
knowledgeto the categorizationprocess.This goal ap-
pearsvery feasible given our design choice to use a
decisiontree: addingmore knowledgeonly refinesthe
decision-makingprocedureof thepreviousversion.And
thirdly, as we gain more experience(currently, we are
building thedecisiontreeby hand),we intendto usema-
chinelearningtechniquesto enhanceourtool by inducing
adecisiontree.

3.2 The Research Program

Our basicassumptionis that the rhetoricalrelationsthat
will providetheinformationthatwill allow thetool tocat-
egorizethecitationsin abiomedicalarticleareevidentto
thereaderthroughtheuseof surfacelinguisticcues,cues
which are linguistically-basedbut requiresomeknowl-
edgethatis notdirectlyderivablefrom thetext, andsome
cueswhichareknown to thecultureof scientificreaders-
writers becauseof the practiceof scienceandhow this
practiceinfluencescommunicationthroughthewriting.

We rely on the notion that rhetorical information is
realizedin linguistic ‘cues’ in the text, someof which,

althoughnot all, areevident in surfacefeatures(cf. Hy-
land(1998)onsurfacehedgingcuesin scientificwriting).
Sincewe anticipatethatmany suchcueswill mapto the
samerhetoricalfeaturesthat give evidenceof the text’s
argumentativeandpragmaticmeaning,andthattheinter-
actionof thesecueswill likely influencethetext’soverall
rhetoricaleffect,theformalrhetoricalrelation(cf. (Mann
andThompson,1988))appearsto betheappropriatefea-
ture for thebasisof thedecisiontree. So,our long-term
goalis to mapbetweenthetextualcuesandrhetoricalre-
lations. Having notedthatmany of thecuewordsin the
prototypearediscoursecues,andwith two recentimpor-
tantworkslinking discoursecuesandrhetoricalrelations
((Knott, 1996;Marcu,1997)),webeganour investigation
of thismappingwith discoursecues.Wehavesomeearly
resultsthatshow thatdiscoursecuesareusedextensively
with citationsandthatsomecuesappearmuchmorefre-
quentlyin thecitationcontext thanin thefull text (Mercer
andDi Marco,2003).Anothertextualdevice is thehedg-
ing cue,whichwearecurrentlyinvestigating(Mercer, Di
Marco,andKroon,2004).

Althoughourcurrentefforts focusoncuewordswhich
areconnectedto organizationaleffects(discoursecues),
andwriter intent (hedgingcues),we arealso interested
in other typesof cuesthat are associatedmore closely
to thepurposeandmethodof science.For example,the
scientificmethodis, moreor less,to establisha link to
previous work, setup an experimentto testan hypothe-
sis,performthe experiment,make observations,thenfi-
nally compileanddiscusstheimportanceof theresultsof
the experiment. Scientificwriting reflectsthis scientific
methodandits purpose:onemay find evidenceeven at
thecoarsestgranularityof theIMRaD structurein scien-
tific articles.At a finer granularity, we havemany target-



Table3: Proportionof citationcontextscontainingaverbalhedgingcue,by sectionandlocationof hedgingcue.

Contexts Sentences Windows
# % # % # %

background 1967 0.19 1511 0.15 1479 0.15
methods 726 0.12 541 0.09 369 0.06
res+disc 4858 0.29 3572 0.22 2881 0.17

conclusions 227 0.39 168 0.29 139 0.24

Table4: Proportionof citationcontextscontaininganonverbhedgingcue,by sectionandlocationof hedgingcue.

Contexts Sentences Windows
# % # % # %

background 1862 0.18 1302 0.13 1486 0.15
methods 432 0.07 295 0.05 198 0.03
res+disc 3751 0.23 2484 0.15 2353 0.14

conclusions 186 0.32 107 0.18 111 0.19

ted words to convey the notionsof procedure,observa-
tion, reporting,supporting,explaining, refining, contra-
dicting, etc. More specifically, sciencecategorizesinto
taxonomiesor createspolarities. Scientificwriting then
tendsto compareand contrastor refine. Not surpris-
ingly, the morphologyof scientificterminologyexhibits
comparisonand contrastingfeatures,for example,exo-
andendo-. Scienceneedsto measure,soscientificwrit-
ing containsmeasurementcuesby referringto scales(0–
100), or usingcomparatives(larger, brighter, etc.). Ex-
perimentsaredescribedasa sequenceof steps,sothis is
animplicit methodcue.

Sincethe inceptionof the formal scientific article in
theseventeenthcentury, theprocessof scientificdiscov-
ery hasbeeninextricably linkedwith theactionsof writ-
ing andpublishingthe resultsof research.Rhetoricians
of sciencehave graduallymoved from a purely descrip-
tive characterizationof the sciencegenreto full-fledged
field studiesdetailingthe evolution of the scientificarti-
cle. During thefirst generationof rhetoriciansof science,
e.g., (Myers, 1991),(Gross,1996),(Fahnestock,1999),
thepersuasive natureof thescientificarticle,how it con-
tributesto makingandjustifying aknowledgeclaim,was
recognizedasthedefiningpropertyof scientificwriting.
Style (lexical and syntacticchoice),presentation(orga-
nization of the text and display of the data),and argu-
mentationstructurewere notedas the rhetoricalmeans
by whichauthorsbuild aconvincingcasefor their results.
Recently, second-generationrhetoriciansof science(e.g.,
(Hyland,1998),(Grosset al., 2002))have begun to me-
thodically analyzelarge corporaof scientific texts with
thepurposeof cataloguingspecificstylisticandrhetorical
featuresthatareusedto createthepragmaticeffectsthat
contributeto theauthor’s knowledgeclaim. Oneparticu-

lar typeof pragmaticeffect, hedging, is especiallycom-
mon in scientificwriting andcanbe realizedthrougha
widevarietyof linguisticchoices.

To cataloguethesecuesandto proposeamappingfrom
thesecuesto rhetoricalrelations,we suggesta research
programthatconsistsof two phases.Onephaseis theory-
based:we are applying our knowledgefrom computa-
tional linguisticsandtherhetoricof scienceto developa
setof principlesthatguidethedevelopmentof rules.An-
otherphaseis data-driven. This phasewill usemachine-
learningtechniquesto induceadecisiontree.

Our two approachesareguidedby anumberof factors.
Firstly, the initial setof 35 categories((Garzone,1996),
(GarzoneandMercer, 2000))weredevelopedby combin-
ing andaddingto thepreviouswork from theinformation
sciencecommunitywith a preliminarymanualstudyof
citationsin biochemistryandphysicsarticles.Secondly,
our next stages,cataloguinglinguistic cues,will require
manualwork by rhetoricians.Thirdly, andperhapsmost
importantly, onegroupof cuesis not found in the text,
but is rathera setof culturalguidelinesthatareaccepted
by thescientificcommunityfor which thearticleis being
written. Lastly, we are interestednot in the connection
betweenthecitationfunctionsandthesecuesperse,but
ratherthe citation functionsand the rhetoricalrelations
thataresignalledby thecues.

3.3 The Tool Implementation

Concerningthefeaturesonwhichthedecisiontreemakes
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-wordsandpolarityswitchingwords(not, however,



Table5: Proportionof hedgesentencesthatcontaincitationsor arepartof a citationwindow, by sectionandhedging
cuecategory.

VerbCues NonverbCues 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 knowledgeabout the IMRaD struc-
ture1 of the article togetherwith somesimple syntactic
structureof thecitation-containingsentence.Theproto-
type uses35 citation categories. In addition to having
a designwhich allows for easyincorporationof more-
sophisticatedknowledge, it also gives flexibility to the
tool: categoriescanbe easily coalescedto give usersa
tool thatcanbetailoredto avarietyof uses.

Although we anticipatesome small changesto the
numberof categoriesdueto category refinement,thema-
jor modificationsto the decisiontree will be driven by
a more-sophisticatedsetof featuresassociatedwith each
citation.Wheninvestigatingafinergranularityof theIM-
RaD structure,we cameto realizethat the structureof
scientificwriting at all levelsof granularitywasfounded
on rhetoric, which involvesbothargumentationstructure
aswell asstylisticchoicesof wordsandsyntax.Thiswas
themotivationfor choosingtherhetoricof scienceasour
guidingprinciple.

3.4 Evaluation of the Tool

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

� A test set of citations will be developed and
will be initially manuallycategorizedby humans
knowledgeablein thescientificfield that thearti-
clesrepresent.

� Of mostessentialinterest,theclassificationaccu-
racy of the citation-indexing tool will be evalu-
ated:we proposeto usea combinationof statisti-
cal testingandvalidationby humanexperts.

� In addition,wewouldliketo assessthetool’sutil-
ity in real-world applicationssuchasdatabasecu-
ration for studiesin biomedicalliteratureanaly-
sis. We have suggestedearlierthat theremay be
many usesof this tool, so a significantaspectof
thevalueof our tool will beits ability to enhance
otherresearchprojects.

1Thecorpusof biomedicalpapersall have the standardIn-
troduction,Methods,Results,andDiscussionor aslightly mod-
ified versionin whichResultsandDiscussionaremerged.

4 Conclusionsand Futur e Work

Thepurposefulnatureof citationfunction is a featureof
scientificwriting which canbe exploited in a variety of
ways.Weanticipatemore-informativecitationindexesas
well asmore-intelligentdatabasecuration.Additionally,
sophisticatedinformation extraction may be enhanced
whenbetterselectionof the datasetis enabled.For ex-
ample,synonym detectionin a corpusof papersmaybe
mademoretractablewhenthecorpusis comprisedof re-
lated papersderived from navigating a spaceof linked
citations.

In thispaperwehavemotivatedourapproachto devel-
oping a literature-indexing tool that computesthe func-
tionsof citations.Wehaveproposedthatthefunctionof a
citationmaybedeterminedbyanalyzingtherhetoricalin-
tentof thetext thatsurroundsit. Thisanalysisis founded
on the guiding principle that the scientificmethodis in-
trinsic to scientificwriting.

Our early investigationshave determinedthat linguis-
tic cuesandcitationsarerelatedin importantways. Our
futurework will beto maptheselinguisticcuesto rhetor-
ical relationsandotherpragmaticfunctionsso that this
informationcanthenbeusedto determinethepurposeof
citations.
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