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Abstract

Conceptmapscaptureknowledge aboutthe conceptsand
conceptrelationshipsn a domain,usinga two-dimensional
visually-basedepresentation Computertools for concept
mappingempaver expertsto directly construct,navigate,
shareandcriticize rich knonledgemodels. This paperde-
scribesongoingresearchon augmentingconceptmapping
tools with systemgo supportthe userby proactively sug-
gestingrelevantconceptandassociatedesourcege.g.,im-
ages,video, andtext pages)during conceptmap creation.
Providing suchsupportrequiresefficient andeffective algo-
rithms for judging conceptsimilarity and the relevanceof
prior conceptgo nenv conceptmaps.We discusskey issues
for suchalgorithmsandpresenfour new approachedevel-
opedfor assessingonceptuasimilarity for conceptsn con-
ceptmaps. Two useprecomputecdsummarieof structural
andcorrelationalinformationto determinethe relevanceof
storedconceptdo selectecconceptsn a new conceptmap,
andtwo useinformationaboutthe context in which the se-
lectedconceptappearsWe closeby discussingheir trade-
offs andtheir relationshipgo researctin areassuchasin-
formationretrieval andanalogicakreasoning.

Intr oduction

Capturingexpert knowledgeis an essentiaicomponentof
the knowledgemanagemenprocess. Once modelsof ex-
perts’ domainknowledgeare available, they can provide a
valuableresourcefor knowledge comparison,refinement,
andreuse. However, a difficult questionis how to obtain
the requiredknowledge models. Hand-craftingis expen-
sive; machindearningtechniquesnay not be effective. We
are investigatingan alternatve approach:developingtools
to enableexpertsthemselesto constructmodelsof their
knowledge. Our approachbuilds on concept mapping (No-
vak & Gowin 1984), in which subjectsconstructa two-
dimensionalyisually-basedepresentationf conceptsand
their relationships.Conceptmappingwasfirst proposedn
educationakettingsto help assesstudentsunderstanding
andto aid their knowledge-tiilding, comparison,andre-
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finement. In the conceptmappingview, expertswho build
concepmapsarenotsimply externalizingpre-eistinginter-
nal knowledge,but arealsodoing knowledgeconstruction.
Thustools to provide relevant knowledgeto considerand
compareduring conceptmappingcould facilitate not only
knowledgecapture pbut knowledgegeneration.

The Institute for Human and Machine Cognition has
developed a set of publicly-available tools for concept
mapping,available at http://cmap.coginst.uwf.edu/These
widely-usedsystemsupporigeneratinggndmodifying con-
ceptmapsin electronicform, aswell asannotatingconcept
mapswith additionalmaterialsuchasimagesdiagramsand
videoclips. They provide the capabilityto storeandaccess
conceptmapson multiple seners, to supportknowledge
sharingacrossgeographically-distargites. We have devel-
opedaninitial implementatiorof asuggestesystenthatau-
tomaticallyextractsinformationfrom a conceptmapunder
constructiorandusesthatinformationto retrieve prior con-
ceptmaps,associatedesourcesand relatedconceptghat
the usercan compareand possiblyincludein the concept
mapbeingconstructedFigurel shavs a screershotof the
conceptmappingtools beingusedfor knowledgemodeling
aboutMars, with the suggesteproposingnen conceptgo
link to the “spaceexploration” node(to fill in the not-yet-
specifiedconcepinodedesignatedby “???7?").

The effectivenessof a suggestesystemdependson ef-
ficient algorithmsfor judging similarity and relevance of
storedconceptgo the conceptscurrently underconsidera-
tion. This paperdescribedfour approacheshat we have
implementedand are now testing,two of which focuson
determiningthe relevanceof a prior conceptto a new con-
cept,basedon summarie®f structuralandcorrelationaln-
formationpreviously generatedor the conceptmaplibrary,
andtwo of which directly comparethe contet in which the
conceptappears—itgonceptmap—toconceptmapsin the
conceptmaplibrary. We comparethe compleity of these
approachegjiscusspilot studiesof their effectivenessand
therelationshipof this work to previousapproaches.

ConceptMaps for KnowledgeModeling

Conceptmappingwas designedboth to enablethe exam-
ination of humanconceptualizationsandto further human
knowledgeconstruction As shovnin the centerof Figurel,
conceptmapsare a two-dimensionavlisual representations



Figurel: A screershotof the suggesteproposingresourceselevantto a currentconceptjn the contet of aconceptmap.

containingnodesfor conceptsconnectedvith namedinks
expressingconceptelationshipge.g., thatEarthis aneigh-
bor of Jupiter). Conceptmapsappearsimilar to semantic
netsbut have no fixed semanticandvocalulary—they sim-
ply make explicit any setof conceptsand relationshipsn
ary vocalulary thatthe expertchooses.

In electronicconceptmaps,nodescanbe associatedvith
resourcessuch as photographsand textual passagegas
shavn in the backgroundof Figure 1), diagrams,or even
pointersto additionalconceptmapsto definea hierarchi-
cal conceptstructure. Theresultis a rich andflexible con-
ceptrepresentatioto helphumansunderstandlomainsand
revise their domainknowledge. Conceptmappinghasre-
ceived widespreaduse for knowledge modeling, sharing,
andrefinemenby expertsandnovices(e.g.,in the Quorum
project,involving over a thousandschoolsin SouthAmer-
ica (Cahaset al. 1995)). As increasinghumbersof concept
mapsare capturedn electronicform, they provide a grow-
ing sourceof datafor studyinghumanconceptsfor enabling
knowledgesharingandfor helpingto refinetoolsto support
humanconcept-mapping.

SomecCentral Issues

Developing methodsfor assessingonceptmap similarity
requiresaddressingssuedor bothcognitive scienceandAl:

The rolesof contentand structur ein similarity assess-
ment; Modelsof conceptuakimilarity in conceptmaps
must considerboth conceptlabels,and how the labeled
conceptsarerelatedto otherconcepts.

Assessing similarity and relevance for non-
standardized representations: Labels on concept
map nodes provide namesfor the conceptsthat they

represent,but not in the more formal, standardized
representationassumedn muchAl researchNodeand

link labels may be ambiguousor inconsistentwith the

namesusedin other conceptmaps. Thus determining
related conceptsrequires more than simple keyword

matching,and similarity assessmemhustbe sufficiently

robustto dealwith representationalifferences.

Efficient use of structural information: If link labels
cannotbe matchedeliably, matchingconceptmapstruc-
turereducedo graphmatching.Becausghisis expensve,
methodsare neededo summarizestructuralinformation
andusethosesummarieso guidematching.

Exploiting contextual information: Contet may be
crucialin determiningherelevanceof conceptith dif-

ferentlabels,becauséhe meaningof eachconceptin a
conceptmapis partially capturedby its connectiongo

other concepts. Context may be crucial even for deter

mining relevanceof identicalconcepts:A rocket engine
designemwho entersa nodelabeled‘hydrogenperoxide,

linkedto conceptdor fuel and propulsion,would not be
interestedn retrieving aconcepmaponfirst-aidthathap-
pensto includehydrogernperoxideaswell.

Facilitating representational standardization: The
usefulnesof conceptuainformationfor reasoningsys-
temsincreaseswith standardization. To increasestan-
dardizatiorwithoutincreasingheburdenon usersmeth-
odsareneededo helpidentify to reuseexisting labels.

Methodsfor Computing
Relevance,Similarity , and Usefulness

We are studyingtechniquedor assessinghe relevanceof
a new conceptas a candidaté‘conceptextension” (related



