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Abstract

We reporton an ongoingprojectaimedat providing an exemplaryarchitecturefor an elec-
tronic disseminationenvironmentfor scientifichandbooks.We focuson ourwayof facilitat-
ing navigationthroughandaccessto electronichandbooksby usinga WordNet-like concept
hierarchyconsistingof synsetsthat areconnectedto eachotherandto externalsourcesby
semanticrelationsfor navigationalpurposes.

1 Intr oduction

Electronicpublishingoffersmany opportunities,for readers,authors,andpublishersalike. While tech-
nical reports,conferenceproceedings,andjournalsareincreasinglybeingmadeavailablein an elec-
tronic form, sometimesevenexclusively, otherkindsof scientificpublicationshave, by andlarge,not
beenrecastfor electronicdisseminationyet. In particular, for scientificknowledgeof a unifying kind,
astraditionally found in a handbook,severalproposalsfor a suitablearchitectureareonly now being
triedoutor explored.

Therearemany reasonsthatjustify electronicversionsof scientifichandbookssuchastheHandbook
of Logic andLanguage (vanBenthemandter Meulen,1997)or theHandbookof AutomatedReason-
ing (RobinsonandVoronkov, 2001).It makesdistribution easierandquicker, andreaderscanbehelped
considerablywhensearchingfor information:evensimplekeywordsearchesaremoreusefulthanscan-
ningtablesof contentsor indexes,especiallyfor largehandbooks,andtrackingdown areferencecanbe
assimpleasamouseclick. Also, electronicpublicationsarelessrigid thantheirpapercounterparts:the
publicationcanbeadaptableto thereader, thusbettersatisfyingherinformationneeds.Electronicavail-
ability alsofacilitatesintegrationwith othermediatypes:e.g.,computersimulationsandvisualizations,
movies,andtools.

Electronicbooksfacilitateamoremodularwayof readingthantraditionalpaperbooks.Indeed,many
websitesconsistof many relatively smallmodulesconnectedby hyperlinks.(Harmsze,2000)proposes
amodularstructurefor articlesin experimentalsciences,but it is notclearwhetherthisapproachcanbe
adaptedto handbooksthatcontainmoreabstractcontent.A potentialproblemwith the‘small modules
– many links’ structuringof informationis disorientationof thereader(Conklin,1987).A readershould
know wheresheis in thehypertext network, andhow to getto otherlocations:high quality navigation
toolsareessential.

In our approachto thedevelopmentof anelectronicdisseminationenvironmentfor scientifichand-
books, we intend to facilitate navigation through and accessto electronichandbooksby using a
WordNet-like concepthierarchy. It consistsof synsetsthatareconnectedto eachotherandto external
sourcesby semanticrelations.

2 Strategy

Topic or concepthierarchiesare often usedfor the purposeof navigating throughlarge collections
of documents.They are very useful for the organization,display and exploration of large amounts
of information. Well-known examplesincludeYahoo!’s topic hierarchyfor exploring the Web, and
Google’s directories(basedon theDMOZ opendirectoriesinitiative).



Oneof the advantagesof usingconcepthierarchiesis that usersdo not have to know exactly what
informationthey arelookingfor. Withouthaving to phrasetheir informationneedin preciseterms,they
canbrowsefrom generalto morespecificcategories,or from exampleto counterexample,andthusgeta
clearerideaof theinformationbeingsought.This is especiallyhelpful for readersthatarelessfamiliar
with thetopic for which they consultthehandbook.

It hasbeenshown that usersin a hypertext searchtask who had hierarchicalbrowsing patterns
throughthe hypertext performedbetterthan userswho had sequentialbrowsing paths(McEneaney,
1999).Therefore,it is very importantthatarchitecturesfor electronichandbookallow, or evenenforce,
suchhierarchicalpatterns,andaconcepthierarchyis agoodway of doingthis.

Basedon theseconsiderations,it wasdecidedto investigatetheuseof fine-grainedconcepthierar-
chiesfor navigation throughandaccessto scientifichandbookswithin the Logic & Language Links
project. To make mattersconcrete,theprojectaimsto developanelectronicversionof theHandbook
of Logic andLanguage (vanBenthemandter Meulen,1997). However, theenvisagedresultsandour
discussionbelow areapplicableto many otherdomains.

3 Organizationof the Hierar chy

The building blocksof the concepthierarchyarethe concepts,andits cementconsistsof several se-
manticrelationships.In line with WordNet(Fellbaum,1998),we make a distinctionbetweenwords
or termson theonehand,andconceptson the otherhand: a conceptis denotedby a synset, a setof
synonymouswords. Wordsaresynonymousif they have (moreor less)the samemeaningin some
setting.Thesemanticrelationshipscomein two kinds: internal to concepthierarchy, andonesthatlink
theconceptsto externalresources.

3.1 Inter nal Ar chitecture

Conceptsin thehierarchyareannotatedwith a gloss:for instance,Thestudyof language meaningis a
glossfor semantics. Moreover, they comewith multiple, increasinglymoretechnicaldescriptions,only
oneof whichwill beservedto anindividual reader, dependingon herlevel of expertise.

Themainsemanticrelationshipthat structuresour concepthierarchyis relatedsubtopic, or simply
subtopic. While it coverstheusual‘is-a-kind-of’ relation(e.g.,epistemiclogic is a relatedsubtopicof
modal logic in this sense),thesubtopicrelationextendsit in anumberof ways.For instance,weallow
thesubtopicrelationto covermeronymic casesaswell: therelationshipbetweencompactnessandlogic
(in thesenseof ‘a systemof reasoning’)is of this kind.

We don’t requirethat theconcepthierarchybe a strict tree. Exceptthe root, every nodemay have
multiple parents.We do not allow cyclesin thesubtopichierarchy, sincecyclesdisorientatereaders.
Moreover, we don’t allow any conceptto beunconnectedto therestof thehierarchy. At present,every
conceptis below oneof four ‘beginners’(computerscience, mathematics, linguistics, philosophy).

As to additional(non-hierarchical)navigationalrelations,theseincludethefollowing:
Similarity : conceptsaresimilar if they sharesomepropertiesor aresomehow analogousto each

other. For instance,finitestatemachine is similar in thissenseto regular language.
Antonymy: learningtheantonym of a conceptnot only teachesus moreaboutthemeaningof the

antonym, but alsoabouttheconceptitself (Muehleisen,1997).
Sibling: informalexperimentshaveconvincedusthatreadersfind it usefulto know whatthesiblings

of agivenconceptare;it helpspreventthe‘lost in space’problem.
Other meanings: for everynamein thesynsetof agivenconcept,weprovide links to otherconcepts

in whosesynsetthenamestringoccurs.

3.2 External Connections

In addition to the internal links, our concepthierarchyhasexternal links in the sensethat they are
betweenconceptsandtargetsoutsidethehierarchy. We distinguishbetweenhandbooklinks (to infor-



mationin thehandbookbut outsidetheconcepthierarchy),andweblinks (to informationsourcesonthe
web). Again, we make this distinctionfor thebenefitof thereader;we have foundthat it is important
for a readerto know whethera link target is outsidethespacecontrolledby us.

Thetargetof ahandbooklink canbeof differentlevelsof granularity(apart,achapter, asubsection,
a definition,etc.). Ideally, conceptshigherin thehierarchyrefer to larger fragmentsin thehandbook,
while lowerconceptsreferto smallerparts.However, asthehandbookchaptersarewrittenby different
authors,resultingin adifferentstructuringandwriting stylefor every chapter, this is hardto achieve.

Internalandexternallinks in theconcepthierarchytake advantageof a setof metadatathat is auto-
matically generated.Internallinks areestablishedusingthe referencesgiven by theuniqueidentifier
associatedto eachnode.

Handbooklinks comewith metadatadescribingcrucial information about the publication linked
(e.g.,author, editor, publisher),enrichedwith an indicationof the link type (e.g.,definition, theorem,
discussed-in,example/counterexample). As to web links, they too comein a small numberof types,
including researchgroup, homepages,tools (links to software relatedto the concept;for example,
information retrieval hasa link to themg system),andpublications.

We mostly adhereto the Dublin Core, even thoughin our approacha large part of the metadata
suggestedby theDublin Coreplaystherole of actualdata.Evendataaboutauthorsandeditorsof the
concepthierarchyis meantto beavailableasuseruser. Dataaboutcreation/modificationof conceptsin
theconcepthierarchyhasasomehow differentrole. At presentit is metadata,but in a futurescenarioit
will beuserdataaswell.

4 Building the Hierar chy

The Logic & Language concepthierarchyis currentlybeingbuilt, by hand. Our efforts arebasedon
TheBluffer’s Guideto ComputationalSemantics(Fracas,1996),andtheglossaryof theHandbookof
Logic andLanguage (Groeneveld,1997).

At presentthe focusof our work on constructingthehierarchyis on creatingthehierarchicalrela-
tionships,completewith glossesandinternalrelations;extensive descriptionsandexternallinks have
mostlybeenleft outat thisstage.Domainexpertsat theauthors’homeinstituteareaboutto beinvolved
in theprocessof building thehierarchyaslarge-scalecommunitybuilding effort.

4.1 The Curr ent Prototype

The currentversionof our hierarchyis populatedwith closeto 1000concepts,provided by us. For
every conceptwe maintaina singleXML file. FromtheseXML files a Logic & Language website is
generatedat regularintervals,to incorporatechangesto theunderlyingXML files.

We arecurrently settingup a web-basedinterfaceto enabledomainexpertsto easilyadd further
conceptsor modify existing ones.Editorsarebeingapproachedto take responsibilityfor subpartsof
thehierarchy(suchascomputationallogic or dynamicsemantics). We planto launcha versionof the
Logic & Language concepthierarchyona publicly accessiblewebserver in early2002.

4.2 Support Tools: Hierarchy Development

In our approachit is essentialthat the concepthierarchybe constructedby a teamof humaneditors
to guaranteehigh quality. Nevertheless,this activity is time consumingand error prone. For this
purpose,in constructingthe hierarchyandin linking it, we intendto provide authorswith tools that
make suggestionsandcheckfor coherenceof theinserteddata.

Completenessandcorrectnessaretwo importantcriteria in our hierarchydevelopmentefforts: the
conceptsin the hierarchyshouldcover the informationin the domaincoveredby the handbook,and
they shouldonly cover information in that domain. We have carriedout two kinds of experiments
to help us ensurethesecriteria. First, we have usedideasbasedon inversedocumentfrequenciesof
termsin collectionsof arbitraryscientificpapersversuscollectionsof papersin logic andlanguagearea.



Second,we have exploredmethodsfor automaticallygeneratingconcepthierarchies.Researchon the
latter comesin threeflavors: patternmatching,basedon partial parsing,andbasedon statisticsand
cooccurrence.Well-known work on usingmethodsbasedon pattern-matchingfor extendingWordNet
were describedby (Hearst,1998), while (Manning, 1993) is an exampleof work basedon partial
parsing.(SandersonandCroft, 1999)aim to generatea hierarchywith thesamesubtopicrelationwe
employ in our concepthierarchy, a mixtureof hypernymic andmeronymic relationships.In response
to a suitablequery, they considerthesetof 500top-rankeddocuments.Fromthesea termcollectionis
built basedon similarity to thequery, which is thenusedto build thehierarchy.

Wehave carriedout small-scaleexperimentswith theSandersonandCroft algorithm.To beapplied
to theconstructionof a concepthierarchyfor theLogic & Languagearea,someadaptationshadto be
made.First,weneededasufficiently largecorpusof papersin thearea.Second,wedonothaveaquery
whosetermscanbeusedaspotentialconceptsin thehierarchy;we simply usehierarchytermsthatare
alreadypresent.

Having automaticallygenerateda hierarchy, we may be facedwith the needto merge (partsof) it
with the existing handbuilt one. Recentwork on ontology developmentand enlargement,suchas
Chimaera(McGuinnesset al., 2000)andPrompt(Noy andMusen,2000),is particularlyrelevant to us
for thispurpose.

4.3 Support Tools: Linking the Hierarchy

Finally, let’s turn to the taskof generatinglinks from the concepthierarchy, which is anothernatural
taskbegging for automation.So far, we have experimentedwith automaticallygeneratinghypertext
links from conceptsin thehierarchyto (electronicversionsof) thechapterin thehandbook.We used
the vector spacemodel, exploring a variety of options. As the documentsto be retrieved, we have
takenpagesof theoriginal handbook;while arbitrary, this choicewasforceduponusby thediversity
of thewriting stylesof thecontributing authors.Somepreliminaryexperimentsindicatedthat cosine
similarity providesthebestweightingschemefor this setting,with normalizationfor thequeries,but
not for thedocuments.For thequerieswe exploredseveral possibilities(term, term plusdescription,
termanddescriptionplusadditionalweightingson theterm). We have foundthatbestretrieval results
wereobtainedby factoringthekey terms(takenfrom theconcepthierarchy)with ahigherconstantthan
thedescriptionsof theterms(Monzetal., 2000).

5 Conclusion

We have reportedon ongoingwork aimedat providing an exemplaryarchitecturefor an electronic
disseminationenvironmentfor scientifichandbooks.Wefocusedonfacilitatingnavigationthroughand
accessto electronichandbooksby meansof a WordNet-like concepthierarchyconsistingof synsets
connectedto eachotherandto externalsourcesby varioussemanticrelations.
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