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ABSTRACT AConceptmapisapedagogicaltooltohelpstudentsunderstandtheconceptsandidentify
theirmisconceptions.Gradingaconceptmapisatime-consumingmanualtaskcausingaseverebottleneck
touseconceptmapsinalargeclasseffectively.ThispaperpresentsCronusthatprovidesusefulfeedback
onastudentconceptmapsimilartomanualassessmentbycomparingitwithaninstructorconceptmap.
Thefeedbackincludesidentifyingmisconceptions,findingconcepts,links,andbranchesthatare(partially)
matchedormissedfromastudentconceptmap,generatingsummarystatisticsbasedonthefeedback,and
suggestingagradeofthemapusingpredefinedcriteria(bytheinstructor)onthesummarystats.Cronusis
evaluatedonadatasetof74studentconceptmapscollectedashomeworkassignmentsinanundergraduate
(senior-level)courseonintroductorycomputersecurity.TheevaluationresultsshowthatCronuscanprovide
accuratefeedbackonstudentconceptmapscomparedtothemanualevaluationofthemapsandautomatically
suggesttheircorrectgrades.

INDEXTERMSConceptmap,studentmisconception,automaticgrading,cybersecurityeducation.

I.INTRODUCTION

Conceptmapsareapedagogicaltoolforvisuallyorganiz-
ingandrepresentingknowledge.Figure1showsasimple
exampleofaconceptmaponthedataacquisitionofdigi-
talforensicevidence,alongwiththekeytermsinTable1.
Aconceptmapincludesconceptsrepresentedastextboxes
andrelationshipsbetweenpairsofconceptsindicatedbya
connectinglink(arrow)andaproposition,i.e.,awordora
phrasedescribingthelink.Themostabstractconceptsare
placedatthetopofthediagram,whileprogressivelymore
specificonesareplacedunderneaththem,creatingatree-like
hierarchicalstructure.Thissimpledesignallowsseamless
andeffectivelinkingandexplorationofconceptsatdifferent
levelsofdetail.
Conceptmappingisacognitivelyintensivetaskthatexam-

inesthelevelofastudent’sunderstandingofconcepts.Itis
beneficialforin-classactivitiesandhomeworkassignments
andoffersopportunitiestoimproveinstructionaleffective-
ness.Apoorlyconstructedmapbyastudenthasmissinglinks
andgapsinlogicorincorrectinformationthatcanallowthe
instructortocorrectmisconceptionsdevelopedbyastudent.
Conversely,instructorscanuseacorrectmapinclassasthe
basisforin-classdiscussion.Themaphelpsstudentsactively

Theassociateeditorcoordinatingthereviewofthismanuscriptand
approvingitforpublicationwasJamesHarland.

FIGURE1.Conceptmapexampleofforensicdataacquisition.

TABLE1.Terminologiesinconceptmap.

buildtheirunderstandingoffoundationalconceptsandreason
aboutthebiggerpictureandtheconnectionsamongconcepts.
Researchhasshownthatconceptmappingisbeneficialfor

studentlearningifitisusedasanintegral,on-goingfeature
ofthelearningprocessandnotasanisolatedactivityatthe
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beginningorendofasemester[1].Conceptmapsareuseful
forstudentstoclarifytheirknowledgestructures[2].The
studentswholearnthroughconceptmapshavebetterlearning
outcomesovertraditionalapproaches[3].
Currently,gradingandassessingstudentconceptmapsisa

manual,tedious,andtime-consumingtaskforaninstructor,
therebyposingaseriouschallengetoutilizeconceptmapsfor
alargeclasseffectivelythroughoutasemester.Furthermore,
theexistingautomatedgradingmethods(e.g.,[1],and[4])
arebased-ontopologicalscoringandutilizeonlystructural
featuresofaconceptmapsuchasaveragewordspercon-
cept,conceptcount,andlinking-phrasecount.Recently,
Deshpandeetal.[5]showthattheaccuracyofatopological
scoringisnotcomparabletoamanualrubricassessment.
Inthispaper,weproposeCronusthatcomparesastudent

concept-mapwithaninstructor(master)concept-mapona
topicautomaticallyandprovidesfeedbacksimilartoamanual
assessmentofaconceptmap.Specifically,Cronusiden-
tifiesmisconceptionsinthestudentconcept-mapandfinds
thenodes,linkingphrases,andbranchesmatchedorpar-
tiallymatchedintheinstructor’sandstudent’sconceptmap.
Itemploysnaturallanguageprocessingtohandlesynonyms
anddifferentlinguisticpatterns.
Intheend,Cronusgeneratesanequivalentofthemaster

concept-mapthatvisuallyhighlightsthefindingswithdiffer-
entcolorschemesandlinestyles.Aninstructorcanusethe
maptounderstandthequalityofthestudent’sconceptmapto
gradeitquicklyandprovidefeedbacktothestudentonmis-
conceptionseffectively.Furthermore,Cronusincludessum-
marystatisticsofthefindingsonmatchedbranches,partially
matched-branches,extra-branches,concepts-matched,links-
matched,etc.Itutilizespredefinedcriteria(configurableby
aninstructor)usingthesummarystatstosuggestafinalgrade
ofastudentconceptmapautomatically.
Weevaluated Cronuson74conceptmapsdeveloped

bystudentsofacomputersecurityclass.Ourevaluation
showsthatthegradingandfeedbackdonebyCronusare
significantlyclosertothemanualgradingwiththemaximum
averagedifferenceof5.30%.
CronusiswritteninPythonandisreleasedonGitHubat

https://github.com/Masrik-Dahir/Cronus.

A.CONTRIBUTIONS
•Wepresent Cronus,aconcept-mapfeedbacktoolto
assistinstructorsinscoringbasedonstatisticalandana-
lyticalcomparisonwithanygradingtemplates.

•CronusgeneratestwoPDFtodisplaycontextualand
topologicalanalyticaldataandgraph.

•Weevaluated Cronuswith78studentconceptmaps
against3instructorconceptmapsandfoundanaccuracy
rateof90%(R2=0.91,0.91,and0.88)

•Wereleasedourdatasetofover1000conceptmapcom-
parison(bothcontextualanalysisgraphandtopological
analysisgraph)andcodebaseatGitHub

Roadmap.Therestofthepaperisorganizedasfollows:
SectionIIprovidestherelatedwork.SectionIIIoutlines

the problem statement andthe proposed approach,
Cronusfollowedbyitsimplementationandevaluationin
SectionsIIIandIV.SectionVconcludesthepaper.

II.RELATEDWORK

Conceptmaphasproventobeanoutstandingtoolforedu-
cation(i.e.self-evaluation,measuringthelevelofstudents’
understanding).Ithasproventobenotonlyagoodrepre-
sentationtoolbutalsohelpsgraduatestudentstobecome
goodlearners[6].Anotherstudyshowsthatthereisapos-
itivecorrelationbetweenstudentunderstandingandconcept
mapping[7].TannerandDampier[8]demonstratedtheappli-
cationofconceptmapsinadigitalforensicinvestigation.
Gwo-Jen[9]showedthatcollaborativeu-learningactivities
viaconceptmapsareeffectiveinimprovingstudents’learn-
ingperformances.Anotherexperiment[10]showsthata
concept-map-orientedmobilelearningsystemwithaninstant
feedbacksystemcansignificantlyimprovestudent’slearn-
ingmechanisms.Thefindingestablishesthatanautomated
conceptmapevaluationsystemisacatalystforhigher-order
thinkingandunderstandingthehierarchicalcompositionof
atopic.However,comparingtwoconceptmapsandaquick
gradingmethodisnecessaryfortheinstructortogradethem
inareasonablefashion.Sofarseveralstudieshavebeen
completed,butNovakandGowin[11]proposedthefirst
evaluationrubricinthebookcalledLearningHowtoLearn.
Novak[11]firstproposedstructuralscoring;however

otherauthors[7],[12]–[15]proposedmoreaccuratescoring
methodslateron.Theweaknessinstructurescoringisits
incapabilityofidentifyingmisconceptions,showthehier-
archicaldifference,andprovidinganalyticaldataofactual
comparison.Yao[16]proposedascoringtechniquebased
ontheprepositionchain(concept-linkingphrase-con-
ceptrelation).Aprepositionrepresentsalogicalrelation
betweentwoconcepts.Thefallibleanalyzer[17],usedfor
conceptualmodeling,takestheprepositionmatchingfur-
therbyprovidingscoreswhichareobtainedbyastudent’s
conceptmapprepositionswithaninstructor’sconceptmap
prepositions.
Cmapanalysis[6]isanothertoolthatanalyzesthestudent

conceptmapandprovidesstatisticalinformationtoanalyze
aconceptmap.ThetoolgeneratesanExcelfilefroma
CXLformat,anXML-basedlanguage.Thepaperevaluates
conceptmapbasedonitsSize,Quality,andStructure.The
Sizeofaconceptmapisdefinedbythreequantities:Number
ofConcepts,NumberofLinkingphrases,andtheNumber
ofPreposition.Thequalityofaconceptmapismeasuredby
theNumberofCorrectPreposition(includingtheconcepts
andlinkingphrasesusedonthepreposition).Theinstruc-
torhastoinputthethreemostcentralconceptsforeach
conceptmap.Cmapanalysislooksforthoseconceptsina
preposition.Structureisanevaluationoffourquantities-
CentralityofConcepts,NumberofCrossLinks,Density,and
Inter-ClusteredPrepositionCount.Thesequantitiesestablish
thehierarchyofaconceptmapandthecentralizationof
coreconcepts.However,theactualcomparisonforinstructor
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andstudentconceptmap:synonyms,differentstructureof
phrasing,misconception,andvisualrepresentationremains
untouched.Also,theinstructorhastomanuallyinputthe
essentialcoreconceptstoevaluatethequalityofthestudent
conceptmap.Thesub-conceptsfromtheinstructorconcept
maparenotcomparedwiththestudentconceptmapwhich
leavesaloopholeforanaccurateanalyticalscore.
Compass[18],perhapsthebestconcept mapanalyz-

ingtool,providesmisconceptions,incompleterelationships,
missingconcepts,andliningphrases.Compasscanidentify
twotypesoferror-PrepositionPositionErrorandtheIllegal
RelationError.Also,thetooloffersapersonalizedassess-
mentprocessfortheinstructortogradeconceptmapswith
theirgradingcriterion.EventhoughCompasscanidentify
misconceptions(incompleterelations),itdoesnotisolateand
displaythemissedandincompleteprepositions.Lackofa
visualgraphmakesitharderfortheinstructortoisolatethe
criticalmisconceptionamongthestudents.Besides,Com-
passrequiresthestudenttouseconceptsandlinkingphrases
fromtwolistsofoptions:listofavailableconcepts,andlist
ofavailablelinkingphrases.Therefore,theconceptsfrom
theinstructorconceptmapareexposedtothestudent.This
techniquerulesouttheincident-likesynonymousdifference,
butdisregardsthefactthatastudentmightforgettomen-
tionahandfulofconceptsandlinkingphraseswithoutthe
exposure.So,itwouldresultinanadvantageforthestudent
wheretheonlyerrorastudentcouldmakeismisconception.
Additionally,theevaluatingofthetoolhadbeenconducted
onaconceptmapof24nodes.Theaccuracyofthetoolfor
largeandcomplexconceptmapsisamystery.
Francisco[19]proposedtoimplementOhlsson’stheory

toprovideJIT(JustInTime)feedbackwhilethestudent
constructingtheconceptmap.Thestudenthastoconstructthe
conceptmapinajigsawpuzzle[20]manner.JigsawPuzzle
invoketothinklogicallyandimprovestudents’problem-
solvingskills.Thistechniqueishelpfulforstudenttounder-
standwhereaconceptbelongashe/shemovedtocomplete
theconceptmap.However,thistechniquedoesnotevaluate
astudent’sunderstandingofatopic.Therefore,theinstructor
cannotusethisframeworktogradetheirstudent.Itisrather
astudytoolforstudents.
CohViz[21]isafeedbacktoolthatdemonstratescohe-

sionofwrittentexts.Ithasbeenapopulartooltoimprove
cohesionfromatextpassage,especiallyamongstudents.
Thetoolisolatessemanticinformationfromthetextand
createsaconceptmapstructure.However,thetoolisnot
capableofcomparison,impairinginstructorstousethetool
toassesstudents’conceptmaps.Ontheotherhand,CohViz
canconstructambiguousandunambiguousreferencesand
moderatelyconstructglobalandlocalcohesion.However,
theheightofthegeneratedconceptmapisshort.Thetool
isveryaccurateinconstructingprepositionforlowerheight
conceptmap.However,theresultwouldbedefectivewhenit
comestoestablishingahierarchyforalargerconceptmap.
Cronusconsidersbothpreposition(intermsofmisconcep-
tion)andhierarchyincomparison.

Recentapproachestoevaluateastudent’sconceptmaps
becomefutilewhenthestudentusessynonymsanddifferent
stylesoflanguage.Also,quantifyingthehierarchicalsimi-
laritiesbetweentheinstructorandstudentconceptmaphas
nevertakenintoaccount,anessentialfortheunderstanding
ofatopicsincenoteveryconceptofaconceptmapbearsthe
sameweight.Cronushasversatileuses-theinstructorcan
usethestudentconceptmaptoevaluatehis/herunderstanding
andretrieveanalyticaldatatogradetheconceptmap.Alsothe
studentcanimprovehisconceptualunderstandingbybuild-
ingtheconceptmapandcomparingitwithastandardversion.
Sincethecomparisonisverytimeefficientforsmallernum-
berofnodes,theinstantresultswouldnotifythestudentof
missingconcepts,linkingphrases,andmisconceptions.
Instructorspreferconceptmapsbecauseitrepresentsthe

relatedconceptsincohesion.However,whenitcomesto
grading,theaccuracybecomeadominantfactoronassessing
thecohesiononstudentconceptmap.Andreas[22]sought
tocorrelatetheaccuracyofconceptmapfeedbacktoolswith
student’simprovementsoncohesion.Thestudyfoundthat
studentsbecamefrustratedwithinaccuratefeedbackfrom
anytool,disruptingstudents’preparationandimpairingthe
instructortogradeproperly.Theresearchersconcludedthat
ifthestudentsreceiveanygraphicalorvisualfeedback,
ithelpthemthemosttowritecohesiveexplanatorytexts.
CronusiscapableofgeneratingtwovisualPDFinresponse
toeachcomparison.ThefirstgeneratedPDFisthecom-
parisonbetweentheinstructorandstudentconceptmapand
thesecondPDFisthetopologicalanalysisofthestudent
conceptmap.SubsectionIV-CexploresCronus’saccuracy
with78conceptmapsinthreegroupsfromthreeseparate
modules.Ithasproventobeveryaccurate.Table2compares
existingConceptmapfeedbacktoolswithCronus.
Cronusdoesnothaveanintegratedconceptmapeditor.

Itexpectsthattheconceptmapisconstructedonadifferent
conceptmapeditorandexportedasaCXL,anXML-based
language,file.TheCXLformatisnecessaryforbuildinga
dictionaryofeverypossiblebranchofaconceptmap.Thestu-
dentandinstructorsampleweusedtoevaluatetheaccuracy
ofCronusisgeneratedbyCmapTools[23].Itisdeveloped
bytheFloridaInstituteforHumanandMachineCognition,
isanadvancedconceptmappingtoolthatisintendedfor
modulararchitectureandconstructingknowledgemodels.
TheCronuscanrepresenttheconceptmapoftheinstructor
inacolor-codeddiagramvisualizingwhichconceptsand
linkingphrasesaremissingfromthestudentconceptmapand
analyticaldetailsincludingmisconception.

A.PROBLEMSTATEMENT

Giventwoconceptmapsonatopic,onedevelopedbya
studentwhiletheotherbyaninstructor,ourgoalistocompare
bothconceptmapsandprovidevisualfeedbackonthestudent
conceptmaptotheinstructor.Thefeedbackisaconcept
mapthatpresentsanymisconceptionsinthestudentconcept
mapandhighlightsthenodes,linkingphrases,andbranches
matchedorpartiallymatchedbetweentheinstructor’sand
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TABLE2.Comparingexistingfeedbacktoolswithcronus.

FIGURE2.Cronusframework.

student’sconceptmap.Furthermore,weaimtoquantify
thefeedbackinsummarystatisticstosuggestagradefor
thestudentconceptmapbased-onpredefinedcriteriabythe
instructor.

B.PROPOSEDAPPROACH-CRONUS

Cronusgeneratestwographs-contextualanalysisgraph
andtopologicalanalysisgraph.Thecontextualanalysisgraph
isbuiltoninstructorconceptmapandthetopologicalanalysis
graphisbuiltonstudentconceptmap.Contextualanalysis
graphprovidesnode(conceptandinkingphrase)compari-
soninformationinthegeneratedPDF,includingavisualof
theconceptmapproperlystructuredandcolor-coded.The
Gradedependsonthreeaspects:Hierarchy Match,Con-
ceptMatch,andCorrectConception.TocalculateHierar-
chyMatch,Cronusweighttheconceptsexistingnearthe
rootconcepthigherandgraduallydegradethevalueasit
proceedstowardstheleafnode.TheConceptMatchcom-
paresthepercentageofmatchedconceptswiththeinstruc-
torconceptmap;Thecomparingmechanismtakesaccount
ofsynonymsanddifferentformatsofasentence,clause,
andphrasestructure.TheCorrectConceptionistheproper

relationshipbetweentwoconceptsintheconcept map.
CorrectConceptionportraystheproperuseofconceptsand
highlightsthemisconceptionsfromthestudentconceptmap.
Bydefault,theweightofHierarchyMatch,ConceptMatch,
andCorrectConceptionaredistributedevenly,eachworth
one-thirdofahundredpercent.However,theinstructorcan
inputauniqueweightdistributionwhencallingthefunction,
includingagradecurvingmechanism(setto0bydefault).
Thelettergradewouldaddthegradecurvebeforedisplaying
itbesidethegrade.
Figure2presentsanoverviewoftheCronuscontextual

framework.Cronustakestwoconceptmapsasinputin
XMLformatdevelopedbyaninstructorandastudentona
topic.ItparsestheXMLfiles,performsaseriesofanalogies
toidentifymisconceptions,andfindstheconcepts,links,
andbranchesmatchedandmissedbythestudentconcept
map.Intheend,Cronusgeneratesasortedcolor-coded
concept-mapdiagramandprovidessummarystatisticsand
asuggestedgradeforthestudentconceptmap.Figure3
showsanexamplediagrampresentingasortedgraphwiththe
instructorhierarchy.Thered-colorboxesshowtheunmatched
conceptsandlinkingphrases,whilethematchedconceptsand
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FIGURE3.Cronus-generatedcontextualanalysisgraph.

FIGURE4.Cronus-generatedtopologicalanalysisgraph.

linkingphrasesarehighlightedingreen.Themisconceptions
aretheincorrectconnectionsbetweentwoconceptsshownin
dottedlinks.
Topologicalanalysisgraphincludesthestatisticalcom-

parisonoftheinstructor’sandstudent’sconceptmap.The
topologicalgraphdisplaythestudentconceptmapalongwith
twoinformationboxes.Thefirstboxincludesthetopological
aspectoftwoconceptmapsuchasthenumberofbranches,
concepts,linkingphrases,orphans,leafnodes,prepositions,
submaps,andaveragewordperconcept.Thesecondbox
displayinformationaboutthecreationandthemodification
ofthestudentconceptmap.Thetopologicalgraphalsoserve

thepurposeofdepictingthestudentconceptmap.Instructor
mightwanttoexaminethestudentconceptmapforthebetter
understatingofthestudents’cohesion.Therefore,boththe
contextualandtopologicalgraphsdisplayuniquecomparison
dataofthosetwoconceptmaps.Thetwographsalsoservethe
purposeofshowingstructuraldifferencesoftheinstructor’s
andstudent’sconceptmaps.
Figure4presentsanoverviewoftheCronustopological

framework.Cronusdisplaysthedifferenceintopological
identitiesinstudent:teacherformat.Byconsideringthedif-
ferencesintopologicalattributes,wecanquantifythestruc-
turaldifferencesbetweenstudentandinstructorconceptmap.
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Thetopologicalframeworkalsogenerateagraph,structured
fromthestudentconceptmap.Ithelpsustoidentifygraphical
differencesbetweentwoconceptmap(thecontextualgraph
whichisbuiltoninstructorconceptmapandthetopological
graphwhichisbuiltonstudentconceptmap).Besidethe
topologicalanalysis,theframeworkprovidestheconcept
mapinformationsuchastitle,whencreated,lastmodified,
language,format,publisher,width,andheight.Whilethese
informationareunnecessaryinthegradingprocess,theycan
bebeneficialinrecordingthenameandversionofconcept
mapeditor,andthelastmodificationdate.

1)XMLPARSING

Extractingdatafromtheconceptmapsisthefirststepofthe
process.AnXMLfilecanbeextractedfromaconceptmap
file.Itcontainseverynode,liningphrase,andconnection
informationwhichhasauniqueid.Thestrings(conceptsand
linkingphrase)fromtheXMLfileisparsedandstoredasa
dictionarywhereeachlistrepresentabranchoftheconcept
mapandthekeysforthoselistsareconsecutivenumbers
startingfrom1.

2)ROOT

Whencomparingtwoconceptsorlinkingphrasesfromdictio-
naries,thewordsonstringsareconvertedintorootwords,and
thestopwordsareremoved.Awidelistofsynonymsislisted
foranindividualconceptorlinkingphraseoftheinstructor
dictionary.Toavoidwordstructuraldifferences,everysyn-
onymofstringsofinstructordictionaryandstringsofthe
studentdictionarywentthroughstemmingandlemmatization
toapointwhereallthenon-stopwordsareinrootformat.
Thentheyarecomparedwitheachotherandcheckwhether
twostringsareequivalentorsynonymous.

3)ANALYTICS

Aftertwodictionaryiscreatedfrominstructorandstudent
conceptmap,andasystemtocomparetwostringsisestab-
lished,Cronuswouldmoveforwardtocomparepreposi-
tions,branched,nodeandlinkingphrase.

a:COMPARE

Allthebranchedoftheinstructordictionaryiscompared
withthestudentdictionarytofindhowmany-branchedare
fully,partially,ordidnotmatchwiththeinstructordic-
tionaryincludinghowmany-branchedarewrittenextrain
thestudentdictionary.Indexingthematchedconceptsand
linkingphrases,eachbranchcanbegradehierarchically-the
elementsneartherootconceptweighhigherandtheelement
neartheleafnodesweighlower.Themismatchedbranched
wouldbegraded0whilethebranchedmatchedcompletely
wouldbegraded100.Theaveragehierarchicalgradingforall
thebranchedoftheinstructorconceptmapwouldgiveascore
thatrepresentsthehierarchymatchofthestudentconcept
mapwiththeinstructorconceptmap.

b:REFORM

Themisconceptionisacriticalerror.Toidentifythoseerrors
thedictionaryneedstobereformedtoaconcept-concept
relation,aprepositionwithoutalinkingphrase,dictionary.
Thevaluesofthelistsofthedictionaryaretwonodesthat
areconnectedhierarchicallyintheconceptmap-thefirst
conceptofalisthasahigherrankthanthesecondconcept.
Thelengthofthedictionaryisthenumberofthepreposition
intheconceptmap.Thereformedinstructordictionaryand
reformedstudentdictionaryarecomparedtofindthepercent-
ageofcorrectconcept-conceptrelationoutofalltheconcept-
conceptrelationinthereformedinstructordictionary.

c:DICTIONARYKEY

Thetotalmatch,conceptmatch,andlinkingphrasematch
quantifythepercentageforalltheelements,concepts,and
linkingphrasesrespectively.DictionaryfromXMLPursing
isutilizedtoisolatetheconceptsandlinkingphrasesinto
twodictionary-onedictionarypreservetheconceptsinvalues
andconcepts’idinkeys,andanotherdictionarypreservesthe
linkingphrasesinvaluesanditsidinkeys.Theconceptand
linkingphrasedictionaryfortheinstructorandstudentcon-
ceptmaparecompared.Theunmatchedinstructorconcepts
andlinkingphrasesarerecordedintoanotherdictionary.

4)DIAGRAM

Thedictionarykeyfromtheunmatchedconceptandlinking
phrasedictionaryissavedintoalist.FromtheXMLparsed
data,anotherdictionaryisformedfromtheinstructorconcept
mapthatrecordsthenodeandlinkingphraseconnectionids
onthelistandaconsecutivenumberinthekeystartingfrom
1.Adiagramiscreatedcopyingtheconnectioniddictionary.
Ifanyidmatchesfromthelistofunmatchedconceptsand
linkingphrases,thenthebackgroundofthenodewouldbe
coloredred.Otherwise,thebackgroundoftherestofthe
conceptswouldbegreenbecausethoseconceptswereboth
presentintheinstructorandstudentdictionary.Ifalinking
phrasepresentonthelistonthemismatchedconceptand
linkingphrases,thefont-colorwouldbeturnedred;other-
wisethefont-colorwouldbegreenbecausetheyarepresent
inbothinstructor’sandstudent’sconceptmap.Thecorrect
conception(concept-conceptconnection)isdepictedonthe
diagramwithadashedbluearrow.Asummaryboxincludes
thesummarystatistics,includingasuggestedgrade.

5)CRONUSOUTPUT

Cronusoutputcomprisesofthreecomponents:
1)Cronusprovidesvisualfeedbackasawell-marked

conceptmapaftercomparingtheconceptmapsofastudent
andaninstructoronatopic.Figure3providesanexample
ofaCronusgeneratedconceptmaphighlightingdifferent
typesofconceptsandlinksincolors,i.e.,redandgreenfor
theunmatchedandmatchedconceptsandlinkingphrases
respectively.Themisconceptionsaremarkedbydottedlinks
betweentwoconcepts.
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Algorithm1Find_Branch(orphan)

1:Clearthebranchlist
2:Setnexttoorphannode
3:whilenext!=Nonedo
4: Appendthenextnodetobranch
5:endwhile
6:Reversethebranchlist
7:Returnthebranchlist

Algorithm2Process(orphans)

1:Clearthebranch_dictdictionary
2:Setorderequalsto0
3:whileeveryelementinaorphanslistdo
4: Savefind_branch(element)tobranch
5: Setbranch_dict[n]equaltobranch
6: Incrementnby1
7: Clearbranch
8:endwhile
9:Returnthebranch_dictdictionary

Algorithm3id_dict(directory)

1:DeclareanemptyidConnectiondictionary
2:Declare and set doc object to
xml.dom.minidom.parse(directory)

3:DeclareandsetidConnectionListlisttodoc·getEle-
mentsByTagName(‘connection’)

4:foreveryelementinaidConnectionListlistdo
5: Set idConnection[element·attributes[‘id’]·value)]
to [element·attributes[‘from-id’]·value, element·
attributes[‘to-id’]·value]

6:endfor
7:returnidConnectiondictionary

Algorithm4Clean(phrase)

1:Declareano_stop_wordlist
2:Declareandsetstopwordsobjecttostopwordsfromnltk
corpus

3:Declareandsettokenslisttoallthewordsfromphrase
4:foreveryelementinatokensdo
5: ifelementnotinstopwordsthen
6: Appendittono_stop_word
7: else
8: Nothing
9: endif
10:endfor
11:returnno_stop_word

2)Cronusgeneratessummarystatisticsbasedonthe
comparison.ThestatsparametersaredescribedinTable3.
3)Cronusutilizespredefinedcriteria(bytheinstructor)

based-onthesummarystatstosuggestagradeforastudent
conceptmap,discussedfurtherinSectionIV-B.

TABLE3.Parametersofsummarystatisticsbycronus.

Algorithm5Synonyms(word)

1:Declareanemptysynonymslist
2:foreveryelement_of_synsetsinsynsets(word)ofword-
netdo

3: foreveryelement_of_lemmasinlemmas()ofele-
ment_of_synsetsdo

4: Appendthename()oftheelement_of_lemmas
5: endfor
6:endfor
7:Removeduplicatesinsynonymslist
8:returnthesynonymslist

III.IMPLEMENTATION

Weprovidesufficientimplementationdetailsandalgorithms
forreproducibilityandreusability.Cronusisreleasedon
GitHubathttps://github.com/Masrik-Dahir/Cronus.
ThemainmoduleoftheCronusisdiagram.py.The

toolcananalyzetheCXLfileonly.Atthebeginningof
theprocess,theconceptmapfilesneedtobeextractedinto
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Algorithm6isSame(instructor_phrase,student_phrase)

1:Setn=0
2:ifinstructor_phraseisequlstostudent_phrasethen
3: returntrue
4:else
5: forstudent_elementinstudent_phrasedo
6: forinstructor_elementiniinstructor_phrasedo
7: Declareandsetinstructor_synonyms_listlist
toallsynonymssetoftheinstructor_phrase

8: forelementsininstructor_synonyms_listdo
9: if any elements matches with
student_elementthen

10: incrementnby1
11: else
12: Nothing
13: endif
14: endfor
15: endfor
16: endfor
17: if(nisgreaterthanorequaltothelengthofthe
instructor_phrase)and(2*lengthofinstructor_phrase
greaterthanorequaltothelengthofstudent_phrase
and(2*lengthofstudent_phrasegreaterthanorequalto
lengthoftheinstructor_phrase)))then

18: true
19: endif
20:endif
21:returnfalse

Algorithm7matched_value_advanced(instructor_list,stu-
dent_list)

1:Declareanemptymatchedlist
2:foreveryelement_of_studentinthesetofstudent_list
do

3: foreveryelement_of_instructorinthesetofinstruc-
tor_listdo

4: ifBooleanresultoftwophrasesareequalusing
justify()functionofrootmodulethen

5: Append element_of_instructortomatched
list

6: endif
7: endfor
8:endfor
9:returnthematchedlist

theCXLfile. Whenthediagram.dia()functioniscalled,
theuserhastoinputtwodirectoriesontheparameter:thefirst
parameteristhedirectoryoftheinstructor,andthesecond
isforthestudent.Thefunctioncallsotherfunctionsfrom
concurrentmodulesandgeneratestwoPDFtodisplayresults.
Thedirectorystartsfromthelocationofthe/Cronus/library.
Thediagram.dia()functiontakestwotypesofparameters-
stringandlist.Incasetheinstructorneedstoinputtwosingle,
orlistedconceptmapfiledirectories,he/shecanwritethose

Algorithm 8 find_match (instructor_dictionary,
student_list)

1:Declarethreehigh,h_key,h_pointintegervariables
2:foreveryinstructor_keyandinstructor_valueinthe
instructor_dictionarydo

3: Declare four variables point, val, instruc-
tor_list, student_list, matched_list and set the
values 0, 0, instructor_value, student_list, and
matched_value_advanced(instructor_list, student_list)
respectively

4: foreveryindex,valueintheenumeratorofinstruc-
tor_listdo

5: Incrementpointbythedifferenceofthelengthof
instructor_listandthevalueinindexofinstructor_list

6: ifpointisgreaterthanh_pointthen
7: h_pointisequalstopoint
8: endif
9: endfor
10: Declareavariableqandsetitequalto0
11:endfor
12:forelementinintherangeoflengthofinstructor_list-
1,stoppingat-1,andstepping-1atatimedo

13: iflengthofinstructor_listisequalstothelengthof
student_listthen

14: Incrementqby1
15: ifqisequaltothelengthofinstructor_listthen
16: Seth_keyequalskey
17: else
18: valequalstothelengthofmatched_list
19: ifvalisgreaterthanhighand
20: h_pointisgreaterthanpointthen
21: Sethightoval
22: Seth_keytokey
23: endif
24: endif
25: endif
26:endfor
27:Setvalequalstolengthofthematched_list
28:ifvalisgreaterthanhighand
29: h_pointisgreaterthanpointthen
30: Sethightoval
31: Seth_keytokey
32: ifvalisgreaterthanhighthen
33: Sethightoval
34: Seth_keytokeyvalisgreaterthanhigh
35: Sethightoval
36: Seth_keytokey
37: endif
38:endif
39:returnh_key

directoriesasalistonthefirstparameterandthesameistrue
forthesecondparameterwhichisdedicatedtothestudent
directory.

VOLUME9,2021 119571



M.A.Dahiretal.:Cronus:AutomatedFeedbackToolforConceptMaps

Algorithm9Concept(instructor_dictionary,student_list)

1:Declarethreeemptydictionaryins_c,con,extra_con
2:Declare two empty list variable con_values,
con_values_extra

3:Declaretwointegervariablem,nandsetthosevariables
to1,and1.

4:foreveryinstructor_keyandinstructor_valueofinstruc-
tor_dictionarydo

5: Declareaemptylistdict_c_list
6: foreveryindexininstructor_valuedo
7: DefineandSetidtotheindexofinstructor_value
8: ifthemodulusofidisequalsto0then
9: Appendindextodict_c_list
10: endif
11: endfor
12: Setthe dict_c_list totheindexof instruc-
tor_dictionary

13:endfor
14:foreverykeyandvalueofcondo
15: ifvaluenotincon_valuethen
16: Appendvaluetocon_value
17: endif
18:endfor
19:foreverykeyandvalueofextra_condo
20: ifvaluenotincon_value_extrathen
21: ifvaluenotincon_valuethen
22: Appendvaluetocon_value_extra
23: endif
24: endif
25:endfor
26:Appendtheelementsofcon_value_extratocon_value
27:returncon_value

Algorithm 10 Comp (instructor_dictionary,
student_dictionary)

1:Declaretwotuplesins_conceptandstu_conceptandset
thevaluefromtheconcept(instructor_dictionary,stu-
dent_dictionary)

2:Create four empty list variables result,
result_no_duplicates

3:foreveryinstructor_elementinins_conceptdo
4: foreverystudent_elementinstu_conceptdo
5: iftheinstructor_elementandstudent_elementare
similarthen

6: Appendinstructor_elementtoresult
7: endif
8: endfor
9:endfor
10:foreveryresult_elementinresultdo
11: ifresult_elementnotinresult_no_duplicatesthen
12: Appendresulttoresult_no_duplicates
13: endif
14:endfor

A.XMLPARSING

Oncethedirectoryisproperlygiven,theprogramrunsthe
xmlPursing.pymodule.TheXMLpurringlibrariesareused
toparsetheinformationfromtheCXLfileinthexmlPurs-
ing.py.ThexmlPursing.find_branch()functionfindacom-
pletebranchforanorphan.ThexmlPursing.process()turns
theCXLfilesintodictionarieswherethekeysareaunique
number(variabletype:int)ofbranchesandvaluesarean
entirebranchoftheconceptmap.Thekeysareconsecu-
tivenumbersthatstartat1;thenumberofelementsofa
dictionaryisthelengthoftheconceptmap.ThexmlPurs-
ing.pymodulehasafunctioncalledxmlPursing.id_dict()
whichreturnsadictionarythatlistsconnectionsofconcept-
linkingphrasesorlinkingphrase-conceptobtainedfrom
theCXLfile.ThexmlPursing.pyusesxml.dom.minidom,
xml.etree.ElementTree,andremodules.

B.ROOT

Whilecomparingtheconceptsofstudentandinstructor,sev-
erallinguisticorsynonymicdifferencesareobserved.Natural
languageprocessing(thenltklibrary)isusedtocompare
possiblesynonyms.Theroot.pymoduleisdedicatedtocom-
paringtwostringsandreturnsabooleanvalueindicating
whetherstringsaresimilarornot.Therootmoduleuses
string,word2number,nltk.corpus,andnltklibraries.The
root.clean()functionremovesstopwordsfromthestrings
afterseparatingeverywordbyspaceorspecialcharac-
ters.Thefunctionalsoremovespunctuations,specialchar-
acters,extraspace,andemptyspacefromthestring.The
root.synonyms()returnalistofsynonymsforaword.The
root.isSame()comparestheinstructorconceptandstudent
conceptaftertheconcepts(string)arepassedthroughthe
root.isSame().Everynon-stopwordontheinstructorstring
goesthroughtheroot.synonyms()foranypossiblesyn-
onymsthatmatchwiththestudentnon-stopwords.The
root.isSame()takestwostrings(conceptorlinkingphrase)
andreturnswhethertheyareequalornotinBoolean.

C.COMPARE

Thecompare.pymodulecomparestwodictionariesandpro-
videsmostoftheanalyticalinformation.Itdoesthemost
crucialtaskofcalculatinghierarchymatchscoreforthe
studentconceptmapandfindsmatched,partially-matched,
mismatched,andextrabranches.Thecompare.find_match()
functionfindsthestudentbranchthatmatchesclosetothe
instructorbranch.Thecompare.matched_value_advanced()
findsthematchedvaluesofabranchthatmatchespartially
orfullytoaninstructorbranch,obtainedfromthecom-
pare.find_match()branch.Thecompare.engine()coordinates
thosematchedstrings(nodesorlinkingphrases)andfollows
ahierarchyequationtofindahierarchymatchscoreforthe
studentconceptmap.
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Algorithm11Mismatched_key_list(instructor_directory,
student_directory)

1:Declarethreeemptylistlist_i,list_s,rt
2:Declareeightemptydictionary dict_key_i,dict_lf_i,
dict_concept_i, dict_node_linking_i, dict_key_s,
dict_lf_s,dict_concept_s,dict_node_linking_s

3:SetthevalueofkeysfromxmlParsingmoduleto
dict_key_s

4:SetthevalueofnodefromxmlParsingmoduleto
dict_concept_s

5:SetthevalueoflffromxmlParsingmoduletodict_lf_s
6:Updatethedict_node_linking_swiththedict_concept_s
list

7:Updatethedict_node_linking_swiththedict_lf_slist
8:foreverykeyandvalueindict_node_linking_ido
9: ifvaluenotinlist_ithen
10: Appendvaluetolist_i
11: endif
12:endfor
13:foreverykeyandvalueindict_node_linking_sdo
14: ifvaluenotinlist_sthen
15: Appendvaluetolist_s
16: endif
17:endfor
18:foreveryvalue_iinlist_ido
19: foreveryvalue_sinlist_sdo
20: ifvalue_iandvalue_saresimilarthen
21: Appendvalue_itortlist
22: endif
23: endfor
24:endfor
25:Declaretwointegervariablenum_nodeandnum_lfand
setthemto0

26:Declaretwoemptylistvariable num_node_listand
num_lf_list

27:foreveryrt_elementinrtdo
28: if the keys of instructor_directory is in
dict_concept_ithen

29: ifthe keys ofinstructor_directoryisin
num_node_listthen

30: Appendthekeyofinstructor_directoryto
num_node_list

31: Incrementnum_nodeby1
32: endif
33: endif
34:endfor
35:Removeduplicatesfromdict_concept_ianddict_lf_i
36:Declareafloatvariableper_nodeandsetittothe
num_nodedividedbythelengthofdict_concept_iand
multipliedby100

37:Roundper_nodewith2decimalposition
38:Declareafloatvariableper_lfandsetittothenum_lf
dividedbythelengthofdict_lf_iandmultipliedby100

39:Roundper_lfwith2decimalposition

Algorithm11(Continued.)mismatched_key_list(instruc-
tor_directory,student_directory)

40:foreveryelementinlist_ido
41: ifelementnotinrtandelementnotinresultthen
42: Appendelementtoresult
43: endif
44:endfor
45:foreveryelementinresultdo
46: Appendthevalueofelementininstructor_dictionary
toresult_final

47:endfor
48:Return result_final, per_node, per_lf, per_avg,
num_i_node

Algorithm 12 Dia (instructor_file_directory,
student_file_directory)

1:ConverttheCXLfiletodictionaryusingxmlPursing
module

2:Usecomparemoduletocalculatehierarchical_score
3:FindthemisconceptionsfromthedictKeymodule
4:Retrievetheconcept_match,total_matchfromreform
module

5:foreveryelementinthedictionarydo
6: Createanodeandconnectittothenextnode
7: HighlightmissedconceptswithRedbackground
8: Changethefrontcolorforthemissedlinkingphrases
9: Dotthearrowsthatareflaggedasmisconceptions
10: createanodetoprovidesummerystatistics
11: createanothertoshowsuggestedgradeandconnect
ittothesummerynode

12: SavethegraphtoaPDFanddisplayit
13:endfor

D.REFORM

Thereform.pymoduleisdedicatedtofindingmisconcep-
tions.Sincenode-relationisauniquerelation,auniquedic-
tionaryneedstobeformed.Thereform.concept()function
createsadictionaryofasingleconcept-relation-thekey
preservestheidnumbersofthenodesandthevaluecontains
twoconceptsthatareconnectedintheconceptmap.The
reform.comp()functiontakestwoconcept-relationdictionar-
iesandreturnswhichconceptrelationsarepresentinthe
studentdictionary.

E.DICTIONARYKEY

ThedictKey.find_match()functiontakesalistoftheinstructor
dictionaryandrunsitthroughthestudentdictionaryand
findstheclosedlistthealgorithmcanfind.Thealgorithm
firstlooksforthelistfromthestudentdictionarywiththe
highestnumberofmatchedconceptsforaparticularlist
fromtheinstructordictionary.Incaseofatie,thealgo-
rithmlooksforthelistwiththeforemostconceptsinthe
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hierarchy(closestconcepttotheroot node). Every
list(branch)oftheinstructordictionaryisrunthrougha
loopindictKey.unmatched_key_list()function.Theprimary
functionofthedictKey.mismatched_key_list()functionis
tofindthematchedconceptsandunmatchedconceptsand
appendthemtotwoseparatelistsandreturnthosevalues.

F.DIAGRAM

Thediagram.pymoduledrawsadiagramusingtheGraphviz
librarythatdemonstratesthehierarchyandavisualrepre-
sentationofthestudent’sunderstandingandananalytical
summary.Thecorrectconcertsareindicatedwiththeback-
groundcolorgreen,andthewrongconceptsareindicated
withthebackgroundcolorred.Thelinkingphrases,when
representedinred,characterizesthatthestudentmisseditand
ifitisrepresentedingreen,itcharacterizesthatthestudent
gotitcorrect.Thediagram.dia()generatesaPDFfileinthe
resultsfolderwiththesamenameastheconceptmapfileof
thestudent.

IV.EVALUATION

A.CONCEPTMAPDATASET

WeevaluatedCronuson74conceptmapsonthreemodules,
i.e.,computersecurityintroduction,userauthentication,and
cryptographictools.Themapswerecreatedbytheunder-
graduate(senior-level)studentsashomeworkassignments
inanintroductorycomputersecuritycourse.Therewere
30studentsenrolledintheclassandeverystudentwas
requiredtodeveloponeconceptmapforeachmodule.Table4
presentsthesummaryofthedataset.

TABLE4.Conceptmapdatasetforcomputersecuritycourse.

B.COMPARISON&DISCUSSION

Unlikeothertools,oneofthemainadvantagesofCronus
isthatitperformsathoroughcomparisonofstudent’sand
instructor’sconceptmapsandprovidesfeedbacksimilarto
manualassessment.Cronusperformsathoroughanaly-
sisandevaluatesdifferentparametersdescribedintable3.
Theseparameterscoveralltheaspectsofastudent’sconcept
mapincludingstatistics,quality,andhierarchicalfeatures.
Figure3showtheoutputofCronusforevaluatingstudent
conceptmap.Theconceptsandlinkingphrasesarecolor-
codedinredandgreen.Thegreencolorindicatesthatthe
studentcorrectlyidentifiedtheconceptorlinkingphrase
anditspresenceinbothstudent’sandinstructor’sconcept
mapwhiletheredcolorindicatesthatthestudentmissed
theconceptorlinkingphrasepresentintheinstructor’s

conceptmap.Thisstatisticalinformationhelpsincalculating
theconceptmatch,linkingphrasematch,totalmatch,and
hierarchymatchparameters.
Cronusalsocomparesthebranchesofaninstructor’s

conceptmapwiththestudent’sconceptmaptocheckthatthe
studentfullyunderstoodthelogicalrelationsbetweencon-
cepts.Wheneveryconceptandlinkingphraseofthestudent
branchismatchedwiththeinstructorbranch,thebranchis
consideredasmatched;Fornomatchesandlessthancom-
pletematches,itisconsideredasrespectivelymismatched
andpartialmatched.Thisinformationisusedincalculating
thebranchparametersintable3
Themisconceptionisanothercommonerrorstudentsdo

whiledevelopingaconceptmap.Amisconceptionmeans
linkingtwoconceptsthatarelogicallynotrelatedtoeach
other.Duetotheimportanceofmisconceptionsingrading,
Cronushighlightsthecorrectconceptrelations(shownwith
blue-dotedarrows)andprovidesamisconceptionpercentage
asshowninfigure3.

1)GRADING

Afterevaluatingdifferentparametersmentionedintable3,
Cronusalsosuggestsagrade.Inordertocalculatethis
grade,itfocusesonthreeimportantaspectsofaconceptmap:

•Organization:Logicalformat,properhierarchyetc
•Concepts&Terminology:Theconceptmapinclude
appropriateconceptsandlinkingphrases.

•ConnectionandKnowledgeoftherelationshipsamong
Concepts:Nomisconceptionsandconceptsareaccu-
ratelyconnected.

Sotocalculatethegrade,CronususesTotalmatch,hierar-
chymatch,andcorrectconceptions(thelogicalconnection
betweentwoconcepts,theoppositeofmisconception).The
gradeiscalculatedaccordingtotheformulaineq1.The
instructorcanalsochangethegradingformulaaccordingto
need.

Grade=
1

3
(TotalMatch)+

1

3
(HierarchyMatch)

+
1

3
(100−Misconception) (1)

Timeisacrucialfactorinanyautomatedgradingtool.
Cronusistime-efficient.Theoccupiedtimecorrelateswith
thetotalnumberofnodes(conceptsandlinkingphrases)of
instructor’sandstudent’sconceptmap.
Sinceeveryconceptinthestudentconceptmaplooksfor

amatchfromtheentireinstructorconceptmapwhilecon-
sideringeverypossiblesynonym,thenodeandtimerelation
becomesapowerrelation.Theapproximatetimecanbe
calculatedwithapowerequation.Sincetimecanimpede
lengthyconceptmapstobegradedquickly,werecommend
calculatingtheestimatedtimeforcomparingconceptmaps
above500nodes.

Time=0.0035∗(node)1.98 (2)
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FIGURE5.Nodeandtimecorrelation.

TABLE5.Differencebetweenmanualgradingandcronusgrading.

C.ACCURACY

TomeasuretheaccuracyoftheCronus,wemanuallygraded
all74conceptmapsdevelopedbystudentsoftheComputer
securitycourse.Foreachconceptmap,wecalculatedvalues
ofdifferentparameterspresentedintheCronusoutput.For
mostoftheparameters,Cronusproducedexactlythesame
valueascalculatedbymanualgradingexceptfor‘‘Total
Match’’and‘‘ConceptMatch.’’
Asshownintable5,in‘‘Total Match(%),’’wefound

anaveragedifferenceof2.56betweenthemanualgrading
andCronusgradingforthefirstmodule,2.54forthesec-
ondmodule,and5.6forthethirdmodule.Similarly,in
‘‘ConceptMatch(%),’’theaveragedifferencebetweenthe
manualgradingandCronusgradingforthefirstmodule
was3.85,3.80forthesecondmodule,and11.2forthethird
module.ThissmalldifferenceinthemanualandCronus
gradingfortheabovetwoparameterscanbeisolatedintofive
categories.

1)PLEONASMANDMULTI-CONCEPT

Whenastudentincludesaconceptintoadetaileddescrip-
tion,therepresentationoftheconceptchanges.Cronusmis-
matchesastudentconceptifoverhalfofthewordsofa
studentconceptdonotmatchwithasingleinstructorconcept.
Thealgorithmiswritteninarestrictivefashiontodiscour-
agepleonasmandincludingmultipleconceptsinasentence
inhopeofamatch.Thephrasesinaconceptshouldbe
shortandprecise.Toavoidthismistake,studentsaredis-
couragedfromwritingwordyphrasesandincludingmultiple
concepts.

FIGURE6.Gradingcomparisonfor‘‘introductiontocomputersecurity’’
module.

2)ABBREVIATIONOFCONCEPTS

Ifastudentusesanunusualabbreviationthatisnotastan-
dardsynonym,theresultwouldbeafalsenegative.Miss-
ingNonstopwordsdoesnotimpacttheresultbecausethey
areeliminatedbyCronusduringnaturallanguagepro-
cessing.However,Somestudentsinappropriatelyabbreviate
nonstop(essential)wordsinaconcept.Sincetheyarenota
standardreplacement,Cronuscountsitasamismatch.

3) MISSPELL

Misspellingaconceptkeywordisacriticalerror.However,
thegrammaticalerrordoesnotcauseafalsenegativebecause
everywordontheconceptisconvertedintoarootword.The
acceptanceofamisspelledconceptisamatteroftheinstruc-
tor’sjudgment.ThealgorithmofCronuscanbeperfected
toflagmisspelledconceptsinthefuture.

4)VAGUESYNONYM

While Cronustakesaccountofrelevantsynonyms,inap-
plicablesynonymsarenotaccepted.Averythinmargin
ofstudentsusedvagueandpoorsynonymstorepresenta
concept.Bydefinition,theycannotbecountedasasynonym,
butwecountedthemasamatchformanualgrading.

5)IRRELEVANTORPHAN

Acoupleoforphannodesintheinstructor’sconceptmaps
includedthenameofthemodule,instructorname,class
name,ordate.Theseorphannodesareignoredinmanual
gradingbecausetheyarenotrelatedtotheactualtopic
andonlyserveasmetadata.However,Cronusconsiders
themrelevanttotheconceptmap,andtrytofindthemin
thestudent’sconceptmapandendupreportingthemas
missingnodes.Thisfalsenegativeisaresultofirrelevant
orphansintheinstructorconceptmap;therearenoissueswith
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FIGURE7.Gradingcomparisonfor‘‘userauthentication’’module.

FIGURE8.ConceptMatchcomparisonfor‘‘userauthentication’’module.

FIGURE9.Gradingcomparisonfor‘‘userauthentication’’module.

relevantorphans.Sotogettheperfectresult,wesuggestthat
theuserremovessuchirrelevantnodesfromtheinstructor’s
conceptmap(master-conceptmap).

6)GRADINGACCURACY

Sincethereisminimaldifferenceinthevaluesofparameter
evaluatedmanually,andbyCronus,thesuggestedgrades
arealsosimilar.Figure10,9and11showthecomparison

FIGURE10.Conceptmatchcomparisonfor‘‘cryptographictools’’module.

FIGURE11.Gradingcomparisonfor‘‘cryptographictools’’module.

betweenmanualgradeandCronusgradeforthethree-
coursemodules.Theaveragedifferencebetweenmanual
andCronusassignedgradesforthefirstmoduleis3.85%,
3.80%forthesecond module,and6.72%forthethird
module.

V.CONCLUSION

Inthispaper,wepresentedCronus,anautomatedtool
forevaluatingconceptmaps.Unlikeothertools,Cronus
providedacomparisonofstudent’sconceptmapswiththe
instructor’sconceptmapsandgeneratedvisualfeedbackfor
quickassessmentofstudentconceptmaps.Itfurtherquanti-
fiedthefeedbackintousefulsummarystatisticsofevaluation
parametersandsuggestedgradesbasedonthegradesandpre-
definedinstructorcriteriaforthemaps.OurResultsshowed
thatthegradingdonebyCronuswassignificantlycloserto
themanualgradingandcanbeusedbyinstructorstoevaluate
conceptmapsforlargerclasses.
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