
AssessingConceptualSimilarity to Support ConceptMapping
�

David B. Leake and Ana Maguitman
ComputerScienceDepartment

Lindley Hall, IndianaUniversity
150S.Woodlawn Avenue

Bloomington,IN 47405,U.S.A.�
leake,anmaguit� @cs.indiana.edu

Alberto Cañas
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Abstract
Conceptmapscaptureknowledgeabout the conceptsand
conceptrelationshipsin a domain,usinga two-dimensional
visually-basedrepresentation.Computertools for concept
mappingempower experts to directly construct,navigate,
share,andcriticize rich knowledgemodels.This paperde-
scribesongoingresearchon augmentingconceptmapping
tools with systemsto supportthe userby proactively sug-
gestingrelevantconceptsandassociatedresources(e.g.,im-
ages,video, and text pages)during conceptmapcreation.
Providing suchsupportrequiresefficientandeffectivealgo-
rithms for judging conceptsimilarity and the relevanceof
prior conceptsto new conceptmaps.We discusskey issues
for suchalgorithmsandpresentfour new approachesdevel-
opedfor assessingconceptualsimilarity for conceptsin con-
ceptmaps. Two useprecomputedsummariesof structural
andcorrelationalinformationto determinetherelevanceof
storedconceptsto selectedconceptsin a new conceptmap,
andtwo useinformationaboutthecontext in which these-
lectedconceptappears.We closeby discussingtheir trade-
offs andtheir relationshipsto researchin areassuchasin-
formationretrieval andanalogicalreasoning.

Intr oduction
Capturingexpert knowledgeis an essentialcomponentof
the knowledgemanagementprocess.Oncemodelsof ex-
perts’ domainknowledgeareavailable,they canprovide a
valuableresourcefor knowledgecomparison,refinement,
and reuse. However, a difficult questionis how to obtain
the requiredknowledgemodels. Hand-craftingis expen-
sive; machinelearningtechniquesmaynot beeffective. We
are investigatingan alternative approach:developingtools
to enableexperts themselves to constructmodelsof their
knowledge.Our approachbuilds on concept mapping (No-
vak & Gowin 1984), in which subjectsconstructa two-
dimensional,visually-basedrepresentationof conceptsand
their relationships.Conceptmappingwasfirst proposedin
educationalsettings,to helpassessstudents’understanding
and to aid their knowledge-building, comparison,and re-�
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finement. In the conceptmappingview, expertswho build
conceptmapsarenotsimplyexternalizingpre-existinginter-
nal knowledge,but arealsodoingknowledgeconstruction.
Thus tools to provide relevant knowledgeto considerand
compareduring conceptmappingcould facilitatenot only
knowledgecapture,but knowledgegeneration.

The Institute for Human and Machine Cognition has
developed a set of publicly-available tools for concept
mapping,availableat http://cmap.coginst.uwf.edu/.These
widely-usedsystemssupportgeneratingandmodifyingcon-
ceptmapsin electronicform, aswell asannotatingconcept
mapswith additionalmaterialsuchasimages,diagrams,and
videoclips. They provide thecapabilityto storeandaccess
conceptmapson multiple servers, to supportknowledge
sharingacrossgeographically-distantsites.We have devel-
opedaninitial implementationof asuggestersystemthatau-
tomaticallyextractsinformationfrom a conceptmapunder
constructionandusesthatinformationto retrieveprior con-
ceptmaps,associatedresources,and relatedconceptsthat
the usercan compareand possiblyinclude in the concept
mapbeingconstructed.Figure1 shows a screenshotof the
conceptmappingtoolsbeingusedfor knowledgemodeling
aboutMars, with the suggesterproposingnew conceptsto
link to the “spaceexploration” node(to fill in the not-yet-
specifiedconceptnodedesignatedby “????”).

The effectivenessof a suggestersystemdependson ef-
ficient algorithmsfor judging similarity and relevanceof
storedconceptsto the conceptscurrentlyunderconsidera-
tion. This paperdescribesfour approachesthat we have
implementedand are now testing, two of which focus on
determiningthe relevanceof a prior conceptto a new con-
cept,basedon summariesof structuralandcorrelationalin-
formationpreviouslygeneratedfor theconceptmaplibrary,
andtwo of which directlycomparethecontext in which the
conceptappears—itsconceptmap—toconceptmapsin the
conceptmaplibrary. We comparethe complexity of these
approaches,discusspilot studiesof their effectiveness,and
therelationshipof thiswork to previousapproaches.

ConceptMaps for KnowledgeModeling
Conceptmappingwas designedboth to enablethe exam-
inationof humanconceptualizations,andto furtherhuman
knowledgeconstruction.As shown in thecenterof Figure1,
conceptmapsarea two-dimensionalvisual representations



Figure1: A screenshotof thesuggesterproposingresourcesrelevantto a currentconcept,in thecontext of aconceptmap.

containingnodesfor concepts,connectedwith namedlinks
expressingconceptrelationships(e.g.,thatEarthis a neigh-
bor of Jupiter). Conceptmapsappearsimilar to semantic
netsbut havenofixedsemanticsandvocabulary—they sim-
ply make explicit any set of conceptsand relationshipsin
any vocabulary thattheexpertchooses.

In electronicconceptmaps,nodescanbeassociatedwith
resourcessuch as photographsand textual passages(as
shown in the backgroundof Figure 1), diagrams,or even
pointersto additionalconceptmapsto definea hierarchi-
cal conceptstructure.The resultis a rich andflexible con-
ceptrepresentationto helphumansunderstanddomainsand
revise their domainknowledge. Conceptmappinghasre-
ceived widespreaduse for knowledge modeling, sharing,
andrefinementby expertsandnovices(e.g.,in theQuorum
project,involving over a thousandschoolsin SouthAmer-
ica (Cãnaset al. 1995)).As increasingnumbersof concept
mapsarecapturedin electronicform, they provide a grow-
ing sourceof datafor studyinghumanconcepts,for enabling
knowledgesharing,andfor helpingto refinetoolsto support
humanconcept-mapping.

SomeCentral Issues
Developing methodsfor assessingconceptmap similarity
requiresaddressingissuesfor bothcognitivescienceandAI:� The rolesof contentand structur e in similarity assess-

ment: Modelsof conceptualsimilarity in conceptmaps
mustconsiderboth conceptlabels,andhow the labeled
conceptsarerelatedto otherconcepts.� Assessing similarity and relevance for non-
standardized representations: Labels on concept
map nodesprovide namesfor the conceptsthat they

represent,but not in the more formal, standardized
representationsassumedin muchAI research.Nodeand
link labelsmay be ambiguousor inconsistentwith the
namesusedin other conceptmaps. Thus determining
related conceptsrequires more than simple keyword
matching,andsimilarity assessmentmustbesufficiently
robustto dealwith representationaldifferences.� Efficient use of structural information: If link labels
cannotbematchedreliably, matchingconceptmapstruc-
turereducestographmatching.Becausethisis expensive,
methodsareneededto summarizestructuralinformation
andusethosesummariesto guidematching.� Exploiting contextual information: Context may be
crucialin determiningtherelevanceof conceptswith dif-
ferent labels,becausethe meaningof eachconceptin a
conceptmap is partially capturedby its connectionsto
otherconcepts.Context may be crucial even for deter-
mining relevanceof identicalconcepts:A rocket engine
designerwho entersa nodelabeled“hydrogenperoxide,”
linked to conceptsfor fuel andpropulsion,would not be
interestedin retrievingaconceptmaponfirst-aidthathap-
pensto includehydrogenperoxideaswell.� Facilitating representational standardization: The
usefulnessof conceptualinformation for reasoningsys-
tems increaseswith standardization.To increasestan-
dardizationwithout increasingtheburdenonusers,meth-
odsareneededto helpidentify to reuseexisting labels.

Methodsfor Computing
Relevance,Similarity , and Usefulness

We arestudyingtechniquesfor assessingthe relevanceof
a new conceptasa candidate“conceptextension”(related


