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ABSTRACT

Programming education has recently received increased attention due to growing demand for
programmingandinformationtechnologyskills.However,alackofteachingmaterialsandhuman
resourcespresentsamajorchallengetomeetingthisdemand.Onewaytocompensateforashortage
oftrainedteachersistousemachinelearningtechniquestoassistlearners.Thisarticleproposesa
learningpathrecommendationsystemthatappliesarecurrentneuralnetworktoalearner’sability
chart,whichdisplaysthelearner’sscores.Inbrief,alearningpathisconstructedfromalearner’s
submissionhistoryusingatrial-and-errorprocess,andthelearner’sabilitychartisusedasanindicator
oftheircurrentknowledge.Anapproachforconstructingalearningpathrecommendationsystemusing
abilitychartsanditsimplementationbasedonasequentialpredictionmodelandarecurrentneural
network,arepresented.Experimentalevaluationisconductedwithdatafromane-learningsystem.
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INTRoDUCTIoN

Computerscienceskills,onceonlyrequiredforpeoplewhospecializeininformationandtechnology
fields,arenowincorporatedinschoolcurriculasometimeseveninelementaryschool(JointTask
ForceonComputingCurricula,AssociationforComputingMachinery(ACM)andIEEEComputer
Society,2013).Inprogrammingeducation,itisimportanttolearnnotonlylanguageconstructsbut
alsoalgorithmsanddatastructures,becausetheyarebasisofmodernapplications,includingthose
relatedtoartificialintelligence,dataanalysis,combinatorics,geometrics,andnumericalanalysis.The
classificationofteachingmaterialsishighlydesirablebecauseitwouldallowprogramminglearners
todeterminewhattheywanttolearnandwhattheyshouldavoid.Somee-learningsystemsallow
problemsandmaterialstobetaggedtocategorizethemforacomputersciencecurriculum.Thereis
alargeamountoflearningmaterialsrelatedtothisfield,sopeopleshouldbeabletoeffectivelystudy
towardtheirindividualgoals.Itisalsoimportanttoconsiderthelearningprocesstomakelearning
moremeaningfulforstudents.However,inthecomputerscienceeducation,fewideasandservices
focusonteachingalgorithmsanddatastructures.Learningordercouldbecriticalforself-learners,
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especiallyforprogrammingeducation,becausesyntax,datastructures,andprogrammingtechniques,
suchasrecursivealgorithms,shouldbelearnedintheappropriateorder.

Manyonlinejudge(OJ)systems,whichareonlineenvironmentsthattestthevalidityofcomputer
programs,havebeenestablished.Theyareusedbystudentsandengineerstolearnprogrammingskills
(Wasik,Antczak,Badura,Laskowski,andSternal,2016).Akeypointwhenstudyingprogrammingwith
OJsystemsistheselectionofsuitableproblems.Byconsideringtheuser’spastactions,currentskills,
andobjectivesinaspecificfield,awarenesscomputingcanhelpusersavoidwastingtimeonproblems
thataretoodifficultandthusfrustrating.Usersdonotneedtobeexpertsinallfieldsofprogramming.
Theyshouldstudyprogrammingaccordingtotheirsoftwaredevelopmentneedsorinterestsinaspecific
field.Forthistask,OJsystemscansupportlearnersaccordingtotheirneedsandprovideguidelines.

ForAizuOnlineJudge(AOJ)system1(AizuOnlineJudge,2004-2018;Watanobe,2015),which
isthemainfocusofthisresearch,around2,000problemshavebeenregisteredsofar,andthereisa
functiontotagproblemswithagenre.Theusercanthusfindspecificproblemsusingtag.Inaddition,
forUVaOnlineJudge(UVaOJ)system2(Valladolid,1995-2018),about4,300problemshavebeen
registered.Theyarecategorizedwithspecificproblemclassificationintovariousproblemtypes.For
example,AOAPCI:BeginningAlgorithmContests,acourseonUVaOJ,containsover300problems,
eachofwhichisinaspecificcategory.Ingeneral,itisdifficulttofindspecificproblemsonanOJif
thereisnoindexofcategoriesbecausetypicalOJsystemshaveahugenumberofproblemsetsfrom
pastprogrammingcontests.

Thispaperproposesarecommendationsystemthatidentifiesproblemsbasednotonlyontheuser’s
pastactionsrecordedbytheOJsystembutalsoontheuser’sobjectivesanddesiredlearningpath.

Specifically,currentabilitiesandobjectivesofusersinOJsystemforeachfieldareconsidered
intherecommendation.Byconsideringthecurrentabilitiesofboththetargetuserandotherusers,
amorepersonalizedrecommendationsystemcanberealized.However,duetothecomplexityofthe
relationshipbetweenusersandproblems,therecommendationscenarioinanOJsystemisdifferent
fromthatfortypicale-commercerecommendation(Toledo,Mota,andMartinez,2018).

Thispaperproposesanabilitychart,whichdisplaysthelearner’sscoresandtheuser’sobjective
scoreforconstructingapersonalizedrecommendationsystem.Afterauserinputstheirobjectivescores
foreachfieldinthechart,thesystemwillsuggestoneormoreproblemstobesolvednexttoachieve
thetargetscore.Thelearningpath,whichisasequenceconstructedfromtheuser’ssubmissionhistory
usingatrial-and-errorprocessplaystheroleofateacherinourexperiment.Accordingtothesequence
oftheuser’ssubmissions,thenextsuitableproblem,whichisunlikelytomakethelearnerfrustrated,
isselectedforachievingtheirobjective.Theobjectiveofthisresearchistopredictandrecommend
problemsthatshouldbesolvednextbyusersbyanalyzingtheirlearningpath.Ingeneral,alearning
object(e.g.,aproblem)hasseveralcategoriesthatindicatetopicsorfields.Theproposedsystem
canbepracticallyappliednotonlytotheprogrammingfield,butalsotootherkindsofe-learning
fields.Inthispaper,theproposedsystemisappliedtoalearningobjectinanonlinejudgesystem.

The recommendation is performed bypredicting the learning path. After cluster analysis is
appliedtodetectgroupsofsimilarusers,alongshort-termmemory(LSTM)networkisused.A
LSTMisaspecialkindofrecurrentneuralnetwork(RNN)usedtopreventthevanishing/exploding
gradientproblemforpredictionwithsequentialdata.AnRNNisa typeofneuralnetwork(NN)
thatisespeciallysuitableforsequentialdata,suchassoundsignals.AnRNNusesmemorytostore
previouslyprocesseddata.Thisarchitectureissuperiorforsequentialpredictioncomparedtoother
kindsofneuralnetworks.Inthispaper,severalkindsofLSTMnetworks,whosecharacteristicsare
suitableforsequenceprediction,areusedasamodelinneuralnetworktraining.InadditiontoLSTM
networks,gatedrecurrentunit(GRU)(Choetal.,2014)networkisapplied.LikeLSTMs,GRUswere
designedtocombattheexploding/vanishinggradientproblemthatvanillaRNNssufferfrom,aswell
asprovidelonger-termmemory.Modelswithseveralparametersandsufficientuserinformationfrom
theOJsystemareevaluatedintermsofexecutiontimeandsequentialpredictionofthelearningpath.
TheimplementationandevaluationareconductedwithdatafromAOJ.
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