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ABSTRACT

Asanovertexpressionofinternalmentalprocesses,discourseshavebecomeonemaindatasourcefor
theresearchofinteractivelearning.Todeeplyexplorebehavioralregularitiesamonginteractions,this
articlefirstlyadoptsthecontentanalysismethodtosummarizestudents’engagementpatternswithin
acourseforuminasmallprivateonlinecourse(SPOC)system.Secondly,throughsentimentword
matchingandsentimentdensitycalculation,theauthorscharacterizetheevolutiontrendsofcollective
positiveandnegativesentiments,andcomparesentimentstrengthsofdifferentachievingstudents.
Theanalyticalresultshowsthatthereisasignificantcorrelationbetweenmostengagementpatterns
andacademicachievements,andhigh-achievinggroupseemsmoreactivethanlow-achievinggroup
intermsofinteractive,register,question,viewpointandthematicpostings.Besides,bothofhighand
middle-achievingstudentsaresuperiortolow-achievingstudentsonpositivesentiment.But,thereis
nosignificantdifferenceamonghigh-,middle-andlow-achievingstudentsonnegativesentiments.
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INTRODUCTION

Asadata-drivenresearcharea,learninganalyticsaimstoobservestudents’learningbehaviorsand
interveneindividuallearningprocessthroughcollectingandanalyzinglearningdata(Brown,2011).
Withtheemergenceofavarietyofinteractivelearningenvironmentsinthelastdecade,learning
analytics isbeingwidelyadopted inquantifying learningexperiences, analyzing learning states,
predictinglearningeffectsandsupportingpersonalizedlearning,etc.(Chatti,Dyckhoff,&Schroeder,
2012;Ferguson,2012).MassiveOpenOnlineCourse(MOOC)platformslikeCoursera,Udacity,edX
andKhanAcademyhaveproducedmassivelearningbehavioraldata,whichoffergreatopportunities
forapplyinglearninganalyticstechniquestomeasureandpredictlearningperformance(Chiou,&
Shih,2015;Moissa,Gasparini,&Kemczinski,2015;Jiang,Williams,&Schenke,2014).However,
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fewstudiesonlearninganalyticsarecarriedouttoexplorelearningregularitiesinprivatelearning
environments(Fox,Patterson,&Ilson,2014).

Inrecentyears,manyhighereducationinstitutionshavejoinedSmallPrivateOnlineCourses
(SPOCs),whichuseMOOCmaterials to supplementclassroom teaching, includinghigh-quality
videoresourcesandrapidfeedback(Fox,2013).Forumisanimportantcomponentoftheinteractions
betweenteachersandstudentsinSPOCs,whichplaysacriticalroleinimprovingstudents’abilities
ofcomplex thinkingandsolvingproblems(Wen,Yang,&Rose,2014). Inorder topromote the
participation of students in collaborative learning, many teachers have incorporated students’
performancewithindiscussionsintogradingrulestoassesstheircomprehensivelearningabilities
(Romero,López,&Luna,2013).Moreover,students’opinionsandfeelingsinforumsarealsoquite
valuableforteachersandresearcherstounderstandtheirlearningmotivationandemotionalstates.
Inparticular,positiveemotionsarebeneficialforarousingstudents’learninginterests,andenable
studentstoactivelyachievelearningobjectivesunderthementalpleasure(Altrabsheh,Cocea,&
Fallahkhair,2015).Somerelevantstudiesconcludethatparticipationlevelsofdiscussionforums
couldindirectlycontributetostudents’finalacademicachievementinMOOCs(Ezen-Can,Boyer,
&Kellogg,2015;Dowelletal.,2015).

Undertheexperimentalcontextwithmassivediscoursedata,itisofgreatimportancetoinvestigate
therelationshipbetweendiscoursesbehavioralpatterns(e.g.,variousinteractivepatternsandsentiment
orientations)andacademicachievementsinSPOCstorevealrespectivecharacteristicsofdifferent
achievinggroups.InordertopromotetheefficientcollaborativelearninginSPOCs,engagement
patternsandsentimentstatesaswellastheirrelationshipswithstudents’academicachievementshave
becomethecriticalresearchsubjects,whichwillbeanalyzedanddiscussedinthisstudy.

Research on Discussion Forums
Aslearninganalyticstechniqueshaveprogressivelydrawnattentionfromtheacademia,anincreasing
numberofstudieshavebeguntofocusontheanalysesofdiscoursebehaviorsinasynchronousforums
(Wang,Yang,&Wen,2015).Ourresearchonbehavioralpatternsmainlyfocusesonengagement
patternsandsentimentstateswithinSPOCasynchronousforums.

Exploration of Engagement Patterns
Recentyearshavewitnessed that an increasingnumberof studieshave focusedonperformance
of students in interactive discussions. Ramesh, Goldwasser, and Huang (2014) adopted a latent
representationtoexplainstudents’engagementpatternsanddevelopedaframeworkforaprobabilistic
modeltocombineengagementpatternswiththeiracademicachievements.Theyverifiedthatthelatent
formulationforengagementpatternscouldpredictstudentretention.Tobarra,Robles-Gómez,and
Ros(2014)offeredanautomaticproceduretoanalyzestudents’engagementpatternsintheforumof
“NetworkServicesManagementinOperatingSystems”subjectatSpanishUniversityforDistance
Education.Theyconcludedstudentscouldbedividedintoproducers(postedmessagesperiodically)
andconsumers(onlyreadbutneverpostedmessages)intermsofengagementpatterns.

Detection of Sentiment States
Sentimentstateswithininteractiveforumsarecriticalindicatorsofstudents’learningmotivationand
feedback,whichcouldbeexploredbyrecognizingsentimentorientationsinstudent-generatedtexts.
BahrainianandDengel(2013)developedasentimentsummarizationsystemincludinganimproved
hybridpolaritydetectionmethodandanunsupervisedrecognitionmethodtosummarizeopinional
texts involving thecomparisonbetween twodifferent iPhonesamongTwitterposts.Wen,Yang,
andRose(2014)utilizedcollectivesentimentanalysistoobserveasignificantcorrelationbetween
sentimentratioinforumpostsandthenumberofstudentswhodroppedthecourseinMOOCs.Ramesh,
Kumar,andFoulds(2015)predictedaspect-sentimentpairsinonlinecoursethroughbuildingaweakly
supervised jointmodel (PSL-Joint),whichusedhinge-lossMarkovRandomFields tomodel the
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