
DOI: 10.4018/IJCICG.2018010103

International Journal of Creative Interfaces and Computer Graphics
Volume 9 • Issue 1 • January-June 2018


Copyright©2018,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



32

Visualizing Historical Patterns in 
Large Educational Datasets
Tiago Martins, Instituto Superior Técnico / University of Lisbon, Lisbon, Portugal

Daniel Gonçalves, INESC-ID / Instituto Superior Técnico / University of Lisbon, Lisbon, Portugal

Sandra Gama, INESC-ID / Instituto Superior Técnico / University of Lisbon, Lisbon, Portugal

ABSTRACT

Withtheincreaseinthenumberofstudentsworldwide,ithasbecomedifficultforteacherstotrack
theirstudentsorevenforinstitutionsthemselvestoidentifyanomaliesindegreesandcourses.The
sheeramountofdatamakessuchananalysisadauntingtask.Apossiblesolutiontoovercomethis
problemistheuseofinteractiveinformationvisualization.Inthisarticle,theauthorsdevelopeda
visualizationthatallowsuserstoexploreandanalyzelargedatasetsofacademicperformancedata
allowingtheanalysisanddiscoveryoftemporalevolutionpatternsforcourses,degreesandprofessors.
Theauthorsappliedthetechniquestofourteenyearsofdataforallstudents,courses,anddegreesof
aPortugueseengineeringcollege.Thesystem’susabilityandusefulnessweretested,confirmingits
abilitytoallowanalyststoefficientlyandeffectivelyunderstandpatternsinthedata.
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INTRoDUCTIoN

Educationlevelshavebeenincreasingacrosstheworld.Thisistruefortraditionallearninginbrick-
and-mortarschoolsandcolleges,andevenmoresogiventheriseofnewtechnologiesindistance
education such as Massive Online Open Courses (MOOC), supported by learning management
systems(LMS)andcoursemanagementsystems(CMS).Thenumberofstudentshas,thusincreased
throughouttheyearsandwithit, theneedfornewtoolstobeabletounderstandofeffectivethe
learningexperienceis.

PlatformssuchasCMSandLMSallowtheeasystorageofrecordsrelatedtostudentgrades,
attendanceinclassesandapprovalsinacourse.Analyzingthisdatamayallowthedetectionofstudents
withproblemsorevenissueswiththecontentandstructureofthecoursesthemselves(Baepler,2010).
Theanalysisofthisdatacannotonlyallowadeeperunderstandingofeventualproblems,butalso
helpsalleviatetheproblemsofarealitywherestudentsandprofessorsarelessknowledgeableofone
another,eitherduetoin-presenceteachingmassificationorinon-line,distancelearningsettings,
whichmakeitdifficulttoperceivetheirproblemsandtotrackdowntheircauses(May,2011).This
canleadtodeeperreflectionsaboutthecontentsbeingtaughtandthedevelopmentofstrategiesto
minimizefailureandlowerdropoutrates

Giventheamountofdatathatthesesystemscollectovermultipleyears,analyzingitmaybea
verydifficulttaskandrequirehighcognitiveeffort.Apossiblesolutionthatallowstheunderstanding
andidentificationofrelevantpatternsindataisInformationVisualization(Desai,2014).Byusing



International Journal of Creative Interfaces and Computer Graphics
Volume 9 • Issue 1 • January-June 2018

33

interactiveInformationVisualization(InfoVis),onecanexploredifferentfacetsofthedataandcope
withthehighcomplexityofverylargedatasetsbyusingfilteringandselectionmechanisms.The
useofderivedmeasuresthatembodyhigher-leveltrendscanprovidepreciousdifferentperspectives
fromtheoriginalinformation(Mazza,2009).

WeproposeasolutionwhereInfoVisisusedtorepresentlargedatasetsofacademicperformance
data.Amajorchallengeinthisregardisscalability.Whilemostpreviousapproaches,asdescribed
intheRelatedWorksection,dealwithdatafromasinglecourseordegree,wewanttobeableto
addresstheproblemattheschoollevel.Assuch,wedevisedasetofminimalisticviewswhich,while
sacrificingsomemoreadvancedanalysis,makeupforthatshortcomingwiththepossibilityforlong-
termanalysisofalldegreesandcoursesofanentireuniversity-levelschool.Anadditionalhurdle,
theheterogeneityofcurriculabetweendegreesandeveninsidethesamedegreethroughtime(as
curricularrestructuringtakesplace)alsocontributetomakethisachallengingdomain.

Asaproofofconcept,weusedthedatafromInstitutoSuperiorTécnico(IST),theengineering
schooloftheUniversityofLisbon,encompassingfourteenyearsandallundergraduateandMSc
leveldegrees.Tothatend,weusedofficialinformationsourcesmadeavailablethroughtheschool’s
informationsystem,basedon theFenixEduplatformthatprovidesanAPI forcertaindata tobe
extracted.

Giventhelargedataset,studyingtheevolutionofadegreeorcourseovertheyearsordiscovering
patterns and trends in the data could still become a time-consuming process without prior data
processing(Ali,2012).Thus,tomakethisdataamenabletovisualization,theentiredatasetwaspre-
processed,cleanedandre-structured,aswillbedescribedbelow.Theresultingdataset,withseveral
thousandentries,wasthensuccessfullyvisualizedbyoursolution,allowinginterestingpatternsto
befound,asshownbyusabilityandusefulnesstests,performedwiththehelpofIST’sStatisticsand
ProspectiveUnit.

We,thus,developedasystemthatallowstheanalysisoftheacademicpathofstudentsandthe
evolutionofdegreesandcoursesovertheyears.Thissystemmayhelpprofessors,coursecoordinators
andtheSchoolitselfwithassessingrelevantissuesthatcanbetimelysolvedandimprovetheteaching-
learningprocess.

Insectiontwoweexplainthedifferentworksdevelopedinthearea,eachexploringdifferent
mechanismsandacademicdata.Theproblemsand strengths related to theseworkswill alsobe
discussed. In section three is presented the earlier phase of the implementation of our solution,
whichconsistsintheconceptionofthepossiblequestionstowhichthevisualizationwillanswer
andthedescriptionoftheentireextractionprocessofthedata.Inthenextsection,wedescribeall
theimplementationphase,includingthedesignofnon-functionalprototypes,thestructureofthe
applicationandbackendandfrontenddevelopment.Inthefifthsection,themethodusedtoevaluate
thetoolwillbedescribed.Insectionsixtheconclusionoftheworkispresented.

RELATED woRK

Theincreaseinthenumberofstudentsintraditionalandonlineeducationhasprovidedalargeamount
ofeducationaldatawiththeintroductionoflearningsystems.Analyzingstudentbehaviorandthe
evolutionofcoursesanddegreeshasbecomepossible,eveninthefaceofadelugeofinformation.

Considering theanalysisof theacademicdata,suchas theacademicpathand theevolution
of thecoursesanddegrees, therewasaneed todevelopapplications thatallowthe teachersand
thecoordinatorstokeepimprovingthestudents’performanceandovercometheacademicfailure.
However,duetotheincreasingnumberofstudentsinonlineteachingandtheamountofdatagenerated
bythem,itishardtokeeptrackofthestudents’difficultiesandtohelpthemovercometheseissues,
basedonunprocesseddata.

ConsideringthisscenarioMOOCViz(Dernoncourt,2013)wascreated,whichprovidesvisual
techniques that may help the teachers to evaluate the performance of their students. The visual
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