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A Flipped Classroom:
Learning Experiences in Programming
Su Ting Yong, University of Nottingham Malaysia, Malaysia

Kung Ming Tiong, University of Nottingham Malaysia, Malaysia

Andy Chan, University of Nottingham Malaysia, Malaysia
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Poi Sim Khiew, University of Nottingham Malaysia, Malaysia

ABSTRACT

Thisstudyexploredstudents’perceptionsofaflippedclassroomforanintroductoryprogramming
class.Studentswererequiredtowatchvideolecturesandreadlecturenotesinadvance(pre-class
self-study)topreparethemselvesforthein-classlecturesandtutorials.Amix-methodsapproach
was employed: quantitative survey (n=204) and qualitative interview (n=7) were administered
simultaneously.Theresultssuggestedthatstudentsarenotfullyreadyforaflippedclassroom.Mostof
thestudentsstillpreferface-to-facein-classlecturesandtutorials.Thein-classactivitieshaveapositive
impactonstudents’testperformance,especiallythemalestudents.Peerlearninghoweverinduces
anegativeimpactonstudents’ testperformance,especiallyamongthefemalestudents.Pre-class
self-studyhasnoimpactonstudents’testperformance,exceptforthosewithoutpriorprogramming
experience.Femalesoutperformmaleseventhoughtheylackpriorprogrammingexperience.Students,
regardlessofprogrammingbackground,respondequallytoaflippedclassroomapproach.

KEywoRdS
Flipped Classroom, In-Class Lecture, In-Class Time, In-Class Tutorial, Learning Approaches, Pre-Class 
Preparation, Programming, Video Lectures

INTRodUCTIoN

Theflippedclassroomisapedagogicalmodel inwhichtheusual lectureandfollow-uplearning
activities are reversed. In a flipped classroom, the lecture materials are delivered online (e.g.
videolecturesandlecturenotes)priortotheface-to-faceclasstime.Thenduringthein-classtime,
studentswillinvolveintheactivelearningtasks,e.g.problem-solving,hands-onexercisesandgroup
discussions.Flippedclassroomsembodyasetoflearningtheoriessuchasactivelearning,peer-assisted
learningandcollaborativelearning(Akçayır&Akçayır,2018).Inthisstudy,theauthorshavereported
theevaluationofaflippedprogrammingclass.Computerprogrammingisoneofthefundamental
skillsinComputerScience(CS).Theflippedclassroommodelishopedtoimprovestudents’learning
experiencereplacingtheconventionalapproachtoprogrammingpedagogythatwasreportedtobe
boringandmonotonous(Jenkins,2002;Maragos&Grigoriadou,2007).
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Theauthorsfocusedonstudents’learningexperience,particularlytheeffectivenessofflipped
learning.TheflippedclassroomwasdesignedafterAwidiandPaynter(2019),inwhichtheflipped
sessionscomprisedpre-recordedlecturesandonlinequizzes,whileretainingthein-classlecturesand
activities.Theauthorsassumedthatdifferentflippedsessionsandflippedmaterials(independent
variables)wouldbethekeydriversforstudents’testperformance(dependentvariable).Thisstudy
employedtwodesignsembracedbyex post factoresearch:(1)thecorrelationalmodel;and(2)the
criteriongroupmodel.Theprimaryresearchmethodologyused in thisstudywasquantitative in
nature(e.g.surveyandprogrammingtest).Then,qualitativeinterviewwasusedtocomplementthe
quantitativeresults.Thispaperstartedwithareviewofrelevantliterature,followedbythedescription
oftheaimsandobjectives,methodology,resultsanddiscussions,andconclusion.

RELATEd woRK

The Flipped Classroom
The flippedclassroom is anewpedagogicalmodel, inwhich the typical in-class activities (e.g.
lecture)andout-of-classactivities(e.g.homework)arereversed(Akçayır&Akçayır,2018;Awidi&
Paynter,2019;Lacher&Lewis,2015).Aflippedclassroomisawaytoextendlearningbeyondthe
classroom,andthein-classtimeisreservedformeaningfulandpracticallearningactivitiessuchas
interactivediscussions,grouplearningactivities,hands-onexercisesandproblem-solvingactivities
(Giannakos,Krogstie,&Chrisochoides,2014;Lacher&Lewis,2015).Thecontentknowledgeis
givenout-of-classwithelectronicresourcessuchasvideolectures,onlinematerialsandinteractive
quizzes(Akçayır&Akçayır,2018).Ameta-analysisstudyhasreviewed71studiesrelatedtoflipped
classroomsandidentifiedfourmajoradvantagesofflippedlearning-improvedstudents’performance,
positivestudents’feedback,improvedstudents’satisfactionandenhancedlearningflexibility(Akçayır
&Akçayır,2018).Somemajordrawbacksincludetime-consuming(e.g.videorecordingorediting),
poorqualityofvideosandstudents’limitedpre-classpreparationtime(Akçayır&Akçayır,2018).
The researchershave furtherexplained that it isanextraburden for thestudents towatchvideo
lecturesbeforeeveryclassbecausetheyhavetoputinmoreeffortsandtime(Akçayır&Akçayır,
2018).Anothercontroversialargumentpointingtowardstheflexibilityofvideolectureshasreduced
theface-to-faceclassroominteractionbetweentheinstructorsandstudents,itwouldbemoretothe
disadvantageofweakstudents(Ng,2018).

The Flipped Classroom in Computer Science and Programming
Theflippedclassroomapproachhasbeenusedinmanydifferentdisciplines,includingCS(Dazo,
Stepanek, Fulkerson, & Dorn, 2016; Giannakos et al., 2014; Lacher & Lewis, 2015), computer
programming(Baldwin,2015;Isomöttönen&Tirronen,2016;Kim&Kim,2017;Lacher&Lewis,
2015),biology (Awidi&Paynter,2019),nursing (Barbour&Schuessler,2019;Njie-Carretal.,
2017;Tan,Yue,&Fu,2017),andmathematics(Lopes&Soares,2018).AccordingtoGiannakoset
al.(2014),morethan30studiesonflippedclassroomsinCShavepositivelyimpactedonstudents’
performance,attitudesandengagement.Students’performanceinaflippedclassroomisequivalent
orevenbetterthantheconventionalapproach(Giannakosetal.,2014).Forinstance,inLacherand
Lewis(2015),aflippedclassroomhashelpedthesurfacelearnerstoimprovetheirprogramming
grades. According to Giannakos et al. (2014), flipped learning engages CS students in active
learningandactivateshigher-orderthinking.Flippedlearningalsopromotescomputationalthinking
inprogrammingeducation(Kim&Kim,2017).Inaflippedclassroommodel,studentscanspend
morein-classtimeonhands-onactivities(e.g.programmingquestions)andconsulttheinstructorif
theyneedanyhelp(Lacher&Lewis,2015).Despitethemanyadvantagesofflippedlearning,the
successofaflippedclassroomdependsheavilyonstudents’pre-classpreparation(Dazoetal.,2016;
Lacher&Lewis,2015).



International Journal of Virtual and Personal Learning Environments
Volume 11 • Issue 1 • January-June 2021

25

AlthoughCSinstructorsareexpectedtobemorecompetentandconfidentinpreparingvideo
lectures,theydofacedifficultiesinflippedclassrooms.AccordingtoDazoetal.(2016)andGiannakos
etal.(2014),CSinstructorshavetospendahugeamountoftimerecordingvideolectures,butmany
studentsdonotwatchthevideos(whetherbeforeoraftertheclass).Onthecontrary,studentswho
watch thevideos tendtobeabsentfromtheclassmorefrequently(Giannakosetal.,2014).The
outcomeoftheflippedlearningisverymuchdependingonthenatureofthesubjecttaught.Inflipped
programmingclassrooms,mostofthestudentsclaimtobenefitmorefromthein-classactivitiessuch
aspracticalsessions,hands-onproblem-solvingandlaboratoryexercises(Baldwin,2015;Piteira&
Costa,2013).Althoughflippedmaterialssuchassampleprograms,onlinetutorialsandvideolectures
areuseful(Piteira&Costa,2013),manystudentsfindithardtolearnprogrammingindependently
withoutgoingtoclass(Baldwin,2015).

Gender and Programming Background differences
Aswithanypedagogicalstrategy,theoutcomeofaflippedclassroomisaffectedbythenatureofthe
subjecttaughtandstudents’background,e.g.genderandpriorprogrammingexperience.Inmostofthe
countriessurveyed,CSisadisciplinedominatedbymen(Köppe&Bartilla,2017).Inanotherstudy
conductedatUnitedKingdom,Wagner(2016)hasfoundthatfemalesareawardedsignificantlyfewer
first-classdegreesthanmales.Furthermore,femaleshavesignificantlylesspre-collegeprogramming
experiencethantheirmalecounterparts(Murphyetal.,2006).Studieshaveshownthatthereare
significantgenderdifferencesinprogrammingself-efficacy,confidence,enthusiasm,usageoffeatures
andtechnicalproblem-solvingabilities(Burnettetal.,2010;Marsh,2010).Despitethedifferences,
thisdoesnotsuggestthatfemalesarelessproficientinprogramming(Burnettetal.,2010).There
isnocorrelationbetweenstudents’priorprogrammingexperienceandtheirgradesintheuniversity
(Murphyetal.,2006).Furthermore,femalescanwritecomputerprogramsasgoodasmales(Murphy
etal.,2006).Althoughgenderdoesnotshowanysignificanteffectonflippedlearningreadiness
(Hao,2016),theaboveindividualdifferencesdeserveinvestigation.

AIMS ANd oBJECTIVES

Thisstudyaimedtoexplorestudents’learningexperienceinaflippedprogrammingclassroom.The
studyassessedbothperceptions(howthestudentsfeltaboutflippedlearning?)andperformance(how
wellthestudentscouldprogram?).Theresearchquestions(RQs)ofthisstudyare:

RQ1:Howstudentsperceivetheeffectivenessofvariousflippedsessions?
RQ2:Whatistherelationshipbetweenvariousflippedsessionsandstudents’testperformance?
RQ3:Whataretheflippedmaterialsusedtolearnprogramming?
RQ4:Whatistherelationshipbetweenvariousflippedmaterialsandstudents’testperformance?
RQ5:Dogenderdifferencesaffectstudents’testperformance?
RQ6:Doprogrammingbackgrounddifferencesaffectstudents’testperformance?

METHodoLoGy

Research Method
There are a few quantitative methodologies that can be used in educational research such as
experimental,ex post facto,survey,andcorrelational(Johnson&Christensen,2008).Thisstudy
employed the correlational and criterion group models embraced by ex post facto research.
Experimentalresearchwasnotappropriateduetoethicalconsiderations.Itwasethicallyundesirable
toisolateonegroupofstudents(controlgroup)andtreatedthemdifferentlyfromothers,e.g.attended
conventionalclassroomsandhadnoaccesstoflippedmaterials.Beingeducators,itwasethically
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wrongtocontrolormanipulatethedependentvariable(testperformance)bycausingthecontrolgroup
tobecomefailuresordropouts.Inthiscase,ex post factoresearchwasparticularlymoreappropriate.
Ex post factoresearchisanexploratorytoolthatyieldsusefulinformationconcerningthenature
ofphenomena(Cohen,Manion,&Morrison,2007).Thisapproach isappropriate ineducational
contextswheretheindependentvariables(e.g.genderandprogrammingbackground)lieoutsideof
theresearchers’control(Cohenetal.,2007).

Inthisstudy,theauthorstooktheeffectordependentvariable(testperformance)andexamined
thedataretrospectivelytoestablishcausesandindependentvariables.Twoapproachesembracedby
ex post factoresearchwereused:

1. Thecorrelationalmodel–identifiedtheassociationofaflippedclassroom(independentvariable)
andtestperformance(dependentvariable).

2. The criterion group model – examined the test performance (independent variable) of two
differentgroupsandtriedtoaccountforthedifferencesbyinvestigatingpossibleantecedents.
Twocategoricaldatawereused,i.e.genderandprogrammingbackground.

The Flipped Programming Classroom
MATLABwasthefirstprogrammingmoduletakenbyagroupoffoundationstudents(age18)ata
privateuniversityinMalaysia.Themoduleaimedtoprovidestudentswiththebasicunderstanding
ofcomputerprogramming.Inthemodule,studentswereexpectedtowritecomputerprogramsusing
functionsandscriptfilestosolveengineeringandmathematicalproblems.Themoduleconsistedof
aweeklytwohoursin-classlectureandaweeklyonehourin-classtutorialinalaboratorysetting.
Studentstookthemoduleoveraperiodof10weeks.Themodulewastaughtusingaflippedclassroom
approach.Afullsetoflecture notesandvideo lectures,doneasscreencastswerepostedonMoodle.
Studentswererequiredtoreadthelecturenotesandwatchthevideosinadvance(pre-class self-study),
topreparethemselvesforthein-classlecturesandtutorials.Eachvideolecturewasapproximately
30-45minuteslong.Thevideolecturesaimedtoprovidestudentswiththebasicandfundamental
programmingconcepts.Duringthe in-class lecture, theinstructorexplainedandsummarizedthe
programmingconcepts.Thein-classlecturewasconductedintheformofahands-onworkshop.
Studentslearnedhowtodesign,writeanddebugcomputerprograms.Theycouldexaminesample
programs,testalternativeprogramsolutions,anddiscussordebatethenewprogrammingconcepts.
Duringthein-class tutorial,studentsattemptedthehands-ontutorial questionsavailableinMoodle.
Studentscouldlearntogetherwiththeirpeers(peer learning)orasktheinstructorforanyproblemsand
enquiries.Inboththein-classlectureandtutorialsessions,thelecturertookontheroleoffacilitator
toencouragestudentstoengageindeepandactivelearning.Afterthein-classlectureandtutorial,
studentscouldreviseandtesttheirknowledgeandunderstandingthroughonline quizzesavailablein
Moodle.Theonlinequizzescomprisedmultiple-choiceandshortprogrammingquestions.

data Collection
Twotypesofdatawerecollected:testperformanceandstudents’perceptionsdata.Uponcompletion
ofthe10-weekcourse,studentsweregivena2.5-hourtestonMATLAB(dependentvariable).The
testconsistedof50multiplechoicequestions(50%)and25shortprogrammingquestions(50%).
Thetestperformanceoutof100%wasrecorded.Then,surveysandinterviewswereadministered
to explore students’ learning experience in a flipped classroom. A mix-methods approach was
employed,inwhichquantitativesurveyandqualitativeinterviewwereadministeredsimultaneously.
Thequantitativesurvey(5-pointLikertscalefrom1-stronglydisagreeto5-stronglyagree)wasused
toprovideageneralunderstandingofstudents’samplebyinvestigatingtheresponsestoaflipped
classroom(independentvariables).Thesurveywasadministeredonline,andtheresponseratewas
approximately89%inwhich204studentsresponded.Thesurveytookapproximately10-15minutes
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tocomplete.Qualitativeinterviewswereconductedtoobtainthedetailedunderstandingofindividual
students.The issuescovered inbothsurveysand interviewsweresimilar,but theconversational
natureoftheinterviewsallowedflexibleresponsesfromthestudentstoelaborateontheissues.A
sub-sampleofstudentswhoparticipatedinthesurveywasselected(n=7)foraninterviewbasedon
voluntarybasis.Eachinterviewtookapproximately30-45minutestocompleteandwasadministered
face-to-face.Alltheinterviewswerevoicerecordedandtranscribedintotextdata.Threemajorareas
wereexploredinthesurveysandinterviews.

1.Background:genderandpriorprogrammingexperience

2. Flippedsessions:Thefollowingsessionsareusefulinhelpingmetolearnprogrammingeffectively
-(a)pre-classself-study,(b)in-classlecture,(c)in-classtutorialand(d)peerlearning.

3. Flippedmaterials:Ihaveusedthefollowingmaterialstolearnprogrammingeffectively-(a)
videolectures,(b)lecturenotes,(c)tutorialquestionsand(d)onlinequizzes.

data Analyses
ThequantitativedatawasanalyzedusingSPSSversion25.Descriptivestatistics,correlationanalysis
andMann-Whitneytestwereperformed.Descriptivestatisticswasusedtosummarizeandpresent
thequantitativedatainatabularform,e.g.percentagesofagreementordisagreement.Spearman
correlationanalysiswasusedtomeasurethestrengthanddirectionofamonotonicrelationshipbetween
thetestperformanceandothervariablesmeasuredonordinalscales(e.g.pre-classself-study,in-class
lecture,hands-on tutorialexercises,peer learning,etc.).Theanalysiswasperformed toestablish
iftherewerepossibleconnectionsbetweentestperformanceandflippedsessionsormaterials.A
strongcorrelationindicatedthatthevariablehadanimportantinfluenceonthetestperformance.The
Mann-WhitneyUtestwasusedtocomparedifferencesbetweentwocategorialgroups(e.g.malesor
females,withorwithoutpriorprogrammingexperience)whenthedependentvariablewasanordinal
dataoracontinuousdatathatwasnotdistributednormally.

Thequalitativedatawasanalyzedmanuallyusingthecontentanalysisapproach.Twotypesof
codingsystemswereusedduringtheprocessofsegmentingandcoding,a priori codesandinductive
codes.A priori codesweredevelopedbasedon theresearchquestions(e.g. flippedsessionsand
materials).Then,inductivecodesweregeneratedfromthedata.Finally,acompositedescriptionof
theessenceoftheexperienceforallthestudentswasdeveloped,e.g.Student1-7.Intheresultsand
discussionssection,onlythesignificantandselectedverbatimswereincluded.

RESULTS ANd dISCUSSIoNS

RQ1: How Students Perceive the Effectiveness of Various Flipped Sessions?
InTable1,studentsratedtheeffectivenessofvariousflippedsessions.About94%ofthestudents
claimed that in-class activities (lecture and tutorial)were themost effective approaches.During
theinterview,sixoutofsevenstudentsagreedonthis.Therewerethreemainreasonswhyin-class

Table 1. Students’ responses to the effectiveness of various flipped sessions

Flipped Sessions Disagree % Neutral % Agree %

Pre-classself-study 19 25 56

In-classlecture 2 4 94

In-classtutorial 1 5 94

Peerlearning 11 11 78
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lecturewasbeneficialforthestudents.(1)Thelecturergaveathoroughexplanation.Student1said,
“Lectureisuseful.Becausethelecturerwillexplainthestepone-by-one.Inthelecturenote,thereis
someskipsintheinformation.Duringthelecture,thelecturerwillteachstep-by-stepandbychanging
thebasicprogramtotheadvanceone.So,itwillmakeuseasiertounderstand”.(2)Studentslearned
troubleshootingwiththehelpofthelecturer.Student2said,“IfIgotanyproblemsandtheprograms
cannotrunproperly,Icanaskthelecturer”.(3)Thelectureransweredalltheirqueries.Student3said,
“Lectureisimportantbecauseyouneedtoknowwhyyouwanttodothis?Whyyouwanttodothat?”
Fromtheinterviews,itcouldbeseenthatstudentsvaluedthepresenceofalecturer,e.g.toguide
themandtofacilitatelearning.In-classlecturescouldnotbeentirelyreplacedbyvideolectures.A
lecturerwasmuchmorethangivinglectures;alecturercouldmentor,motivateandinspirestudents.

Thereweretwomainreasonswhyin-classtutorialwasbeneficialforthestudents.(1)Hands-on
computertrainingwasimportant.Student4said,“Domoreexercisesismoreeffectivewaytostudy
programs.Ineedtodoexercisetounderstand…Ifyoudonotdoenoughexercise,youmightforget”.
(2)Promotedcreativethinking.Student1said,“Thequestionswillmakemethinkhowtosolvethe
problemsbecausetherearemanywaystosolveonequestion…Socanlearndifferentwaystosolve
onequestion”.ThisfindingconcurswithPiteiraandCosta(2013).Studentslearnedprogramming
by writing programs – planning, analyzing, designing, coding and debugging. They devised a
programmingstrategy,reflectedonthefeedback(e.g.syntaxorlogicerrors),regeneratedabetter
strategy,andtestedandre-evaluatedthestrategyagain.Programmingknowledgewasconstructed
bysolvinghands-onprogrammingquestions.

Peerlearning(78%)wasratedtobeeffectivetoo.Nevertheless,thereweretwosidesofthefence.
(1)Pros:studentslearnedfromeachother.Student3said,“Theconceptthatyoufeellikeveryweird
orsomething,thenthisyoucanaskyourfriendandseehowyourfriendsthinkaboutit.So,youcan
understandfromtheirperspectivesandmaybeyoucanlearnfromthat”.(2)Cons:studentsconfused
eachother.Student5said,“Myfriendsmighthavedifferenttypeofthinkinganddifferenttypeof
approach.Theymightconfuseyou…thewaytheyaskthequestionsmayalsoconfuseyou”.From
theinterviews,itcouldbeseenthatpeerlearningshouldbeusedwithcaution,especiallyamongthe
novicelearners.

Pre-classself-study(56%)wasratedastheleasteffectivesession.Studentsrevealedthatthey
wouldpreferpost-classrevision(self-study)ratherthanpre-classpreparation(self-study).Student
2said,“Ifthelecturershaveansweredallmydoubtsduringtheclass,itisbetterformetostudy
alone”.Itseemedthatstudentswerenotfullyengagedwithflippedlearning(i.e.preparedforclass).

RQ2: what is the Relationship Between Various Flipped 
Sessions and Students’ Test Performance?
Thereweresignificantcorrelationsbetweencertainflippedsessionsandtestperformance(seeTable2).
In-classactivities(lectureandtutorial)wereweaklypositivecorrelatedwithtestperformance(lecture:
rs=.189;tutorial:rs=.184,p<.01).Thefindingindicatedthatstudentswholearnedprogramming
throughin-classactivitiesweremorelikelytoperformbetterinthetest.Onthecontrary,peerlearning
wasweaklynegativecorrelatedwithtestperformance(rs=-.161,p<.05).Thefindingimpliedthat

Table 2. Correlations of various flipped sessions and test performance

Pre-class self-Study In-class lecture In-class tutorial Peer Learning

CorrelationCoefficient 0.094 .189** .184** -.161*

Sig.(2-tailed) .176 .006 .008 .020

*.Correlationissignificantatthe0.05level(2-tailed).
**.Correlationissignificantatthe0.01level(2-tailed).
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studentswholearnedtogetherwithpeerstendedtoperformworseinthetest.Andfinally,therewas
nosignificantcorrelationbetweenpre-classself-studyandtestperformance.Thisfindingcontradicted
withDazoetal. (2016). In thisstudy,correlationanalysissuggestedthatstudents’programming
knowledgecouldbeimprovedbyattendinglecturesandtutorials.Ontheotherhand,peerlearning
shouldbeminimizedtoavoidpossibleadverseeffectsontestperformance.

RQ3: what are the Flipped Materials Used to Learn Programming?
InTable3,studentsratedtheusefulnessofflippedmaterials.About99%ofthestudentsrevealed
thattheyusedlecturenotestolearn.Lecturenoteswerethemainsourcesofreference.Student1
said,“lecturenoteisthemostusefulforlearning”,Student2said“Lecturenotesgivesmethemost
information”,Student5said,“Lecturenoteislikeadictionary.Ifyoudon’tunderstand,justsearch
thelecturenotes”andStudent7said,“Imostlyunderstandthroughthelecturenotes”.

The sample programs (86%) and diagrams (87%) (in the lecture notes) were claimed to be
usefultoo.(1)Sampleprogramshelpedstudentstolearnbyexamples.Student1said,“Thesample
programisusefulbecausewhenItypingthesampleprogram,Iwillalsounderstandtheuseofthe
functions”,Student3said,“Thesampleprogramislikeletmeknowhowcomplexitcouldbe…So
Icanusetheconcepttoturnintomyownorsomethinglikethat”andStudent6said,“Lecturenotes
shouldnothavemuchtheorybutmoreapplicationsothatstudentswillkeepquestioningthesample
programs”.(2)Flowchartsillustratedthesequenceoflogicaloperations.Student1said,“Flowchart
isuseful.Itwillletustounderstandtheprocedureofhowtheprogramworks”,Student5said,“Like
flowchart,ithelpsmebecauseyouknowhowthecomputerthinksinthatway”andStudent7said,
“Theflowchartcanenhancetheclarificationofsomecomplicatedtheories”.(3)Animationsvisualized
programmingconcepts.Otherthanflowcharts,twostudentsexplainedhowananimatedappletree
(inthelecturenotes)helpedthemtolearn(seeFigure1).Student3said,“Yes,theapplething.Ifelt
useful…Easiertounderstandwhentheconceptthatyoufeelcomplicated”andStudent6said,“It’s
bettertousesomethinglikeappletreebecauseeveryoneshouldknowwhatisanappletree,butthey
donotknowwhatisaforlooporwhileloop.Ithinkthatisaverygooddiagram”.Accordingtothe

Table 3. Students’ responses to the usefulness of flipped materials

Learning Materials Disagree % Neutral % Agree %

Videolectures 16 34 50

Lecturenotes 1 0 99

-Sampleprogramsinthelecturenotes 3 11 86

-Diagramsinthelecturenotes 2 11 87

Tutorialquestions 1 3 96

Onlinequizzes 2 7 91

Figure 1. An animated apple tree to demonstrate a “for” loop structure
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students,flowchartsandanimateddiagramsshouldbeusedtoillustratetheabstractandcomplicated
programmingconceptssuchastherepetitionstructures.

Morethan90%ofthestudentsusedtutorialquestionsandonlinequizzestolearn.Thestudents
believedinpracticemadeperfect.Student1said,“Iwilldothetutorialmyselfforexampurpose”,
Student3said,“TutorialallowsmetrainandIwillmoreawarethatwhatisthecommonmistakethat
Iwillmakeduringtheexam”andStudent7said“Istudythetutorialandonlinequizwhileseeingthe
answersbeforetests”.Accordingtothestudents,tutorialquestionsandonlinequizzeswerehelpful
inpreparingthemforexams.

50%ofthestudentsusedvideolecturestolearn.Thereweretwogroupsofstudents.(1)Watched
thevideolectures.Student4said,“Whenwedon’tknowhowtodo,wealwaysreferbacktothe
videos…Youcancheckbackwherethemistakesareandcanavoidit.”andStudent5said,“Video
isbestbecauseyoucanalwayslookbackhowthelecturerdidit.Comparedtopictures,videois
stillthebest…youcanlistenandnotlike2-Dinpictures.Likefromthissteptoanotherstep,there
areminorchanges,youcanalwayslookbackatthevideos.But,inpictures,youmaynotnoticeit”.
Apparently,videolectureswereusefulinexplainingcertainprogrammingconceptsthatcouldnotbe
fullyexplainedinthelecturenotes.Videolecturescouldhelpstudentstounderstandbetter,especially
theslowlearnersandstudentswithlearningdifficulties.(2)Didnotwatchthevideolectures.Student
1said,“Inormallywon’tusevideoexcepttheconceptisreallycomplicated,Iwillwatchit”and
Student3said,“Ididn’twatchanybecauseIunderstand”.Despiteknowingthebenefitsofvideo
lectures,somestudentswouldonlywatchthevideolecturesifneeded.

RQ4: what is the Relationship Between Various Flipped 
Materials and Students’ Test Performance?
Thereweresignificantcorrelationsbetweencertainflippedmaterialsandtestperformance(seeTable
4).Lecturenotesandtutorialquestionswereweaklypositivecorrelatedwithtestperformance(rs
=.225;rs=.223,p<.01).Thefindingindicatedthatstudentswhousedlecturenotesandtutorial
questionstolearnweremorelikelytoperformbetterinthetest.Therewerenosignificantcorrelations
betweentestperformance,andvideolecturesoronlinequizzes,respectively.Correlationanalysis
suggestedthatstudentsshoulduselecturenotesandtutorialquestionstolearnprogramming.

RQ5: do Gender differences Affect Students’ Test Performance?
Inthestudysample,84%weremalesand16%werefemales.TheShapiro-Wilktestshowedthatthe
dependentvariable(testperformance)significantlydeviatedfromanormaldistribution(p<.05).Thus,
aMann-Whitneytestwasperformed(seeTable5).Basedonthemeasuresofcentraltendency,females
performedbetterthanmalesinthetest(F: x =83.36, x =84.98;M: x =76.93, x =77.97).The
Mann-Whitneytestfurtherconfirmedtheresult(U=2251.5,p<.05,r=.155).Thep-value(.025)indicated
therejectionofthenullhypothesisofequalmediansat5%significancelevel.Itwasasurprisingfinding
giventhatmoremales(26%)hadpriorprogrammingexperiencecomparedtofemales(17%).Thisimplied
thatthelateexposureoffemalestocomputerprogrammingdidnotresultinlowertestperformance.The
findingsweresupportedbytwopaststudies(Burnettetal.,2010;Murphyetal.,2006).

Table 4. Correlations of various flipped materials and test performance

Video Lectures Lecture Notes Tutorial Questions Online Quizzes

CorrelationCoefficient -0.122 .225** .223** 0.023

Sig.(2-tailed) 0.079 0.001 0.001 0.741

*.Correlationissignificantatthe0.05level(2-tailed).
**.Correlationissignificantatthe0.01level(2-tailed).
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Inaflippedprogrammingclassroom,femalesusedvideolecturesmorefrequentlythantheirmale
counterparts(U=2364.5,p<.05,r=.136).Thep-valueof.049indicatedthattheMann-Whitney
testrejectedthenullhypothesisofequalmediansatthe5%significancelevel.However,therewere

Table 5. Results of the Mann Whitney U-test for gender differences

Males (M) Females (F) Mann-Whitney U Z Asymp. Sig. 
(2-tailed)

TESTPERFORMANCE 2251.500 -2.242 .025*

MeanRank 100.87 126.28

SumofRanks 17651.50 4293.50

Mean( x ) 76.93 83.36

Median( x ) 77.97 84.98

FLIPPEDSESSIONS

Pre-class self-study 2415.500 -1.804 .071

MeanRank 101.50 121.46

SumofRanks 17815.50 4129.50

In-class lecture 2796.500 -.623 .534

MeanRank 103.98 110.25

SumofRanks 18196.50 3748.50

In-class tutorial 2869.500 -0367 .714

MeanRank 104.40 108.10

SumofRanks 18269.50 3675.50

Peer learning 2713.500 -.890 .373

MeanRank 103.51 112.69

SumofRanks 18113.50 3831.50

FLIPPEDMATERIALS

Video lectures 2364.500 -1.966 .049*

MeanRank 101.51 122.96

SumofRanks 17764.50 4180.50

Lecture notes 2568.500 -1.468 .142

MeanRank 102.68 116.96

SumofRanks 17968.50 3976.50

Tutorial questions 2564.500 -1.446 .148

MeanRank 102.65 117.07

SumofRanks 17964.50 3980.50

Online quizzes 2495.00 -1.655 .098

MeanRank 102.26 119.12

SumofRanks 17895.00 4050.00

*significantat0.05level(2-tailed)
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nosignificantdifferencesbetweenmalesandfemalesinvariousflippedsessionsandotherflipped
materialssuchaslecturenotes,tutorialquestionsandonlinequizzes.Thep-valuesof.071(pre-class
self-study),.534(in-classlecture),.714(in-classtutorial),.373(peerlearning),.142(lecturenotes),
.148 (tutorialquestions)and .098 (onlinequizzes) indicated that therewas insufficient evidence
torejectthenullhypothesesatthe5%significancelevel.AccordingtoHao(2016),therewereno
significantgenderdifferencesinflippedlearningreadiness.However,thepresentstudyindicated
thatfemalestudentsvaluedmorethebenefitsoflearningwithvideolectures.

Correlationanalysisrevealedthatflippedlearningaffectedmales’andfemales’testperformance
differently(seeTable6).Formales,testperformancewasweaklypositivecorrelatedwithin-class
lecture(rs=.181,p<.05),in-classtutorial(rs=.196,p<.01),lecturenotes(rs=.173,p<.05)
andtutorialquestions(rs=.209,p<.01).Onthecontrary,testperformancewasweaklynegative
correlatedwithvideolectures(rs=-.166,p<.05).Asforfemales,therewasamoderatelypositive
correlationbetweentestperformanceandlecturenotes(rs=.477,p<.01)andamoderatelynegative
correlationbetweentestperformanceandpeerlearning(rs=-.456,p<.01).Theresultsindicated
thatmalescouldimprovetheirprogrammingproficiencythroughin-classlectureandtutorialsessions
(usingthelecturenotesandtutorialquestions).However,videolectureshadanegativeimpacton
males’testperformance.Asforfemales,lecturenotescouldhelpthemtoimproveprogrammingskills.
However,peerlearningshouldbeminimizedasithasanadverseeffectonfemales’testperformance.

RQ6: do Programming Background differences Affect Students’ Test Performance?
Inthesampleofstudy,mostofthestudents(80%)hadnopriorprogrammingexperience.AMann-
Whitney test was used to compare the differences of students with (prog.) and without prior
programmingexperience(noprog.)(seeTable7).Basedonthemeasuresofcentraltendency,students
withoutpriorprogrammingexperienceseemedtoperformbetterinthetest(noprog: x =78.34, x 
=79.01;prog: x =76.02, x =77.97).However,theMann-Whitneytesthadnegatedthisargument
(U=2922.5,p>.05,r=.104).Thep-value(.133)indicatedthattherewasnotenoughevidenceto
rejectthenullhypothesisatthe5%significancelevel.ThisfindingwassupportedbyMurphyetal.

Table 6. Correlations of various flipped sessions/materials and test performance (gender differences)

Males Females

rs Sig. (2-tailed) rs Sig. (2-tailed)

FLIPPEDSESSIONS

Pre-classself-study .058 .443 .113 .526

In-classlecture .181* .017 .252 .150

In-classtutorial .196** .009 .143 .419

PeerLearning -.139 .066 -.456** .007

FLIPPEDMATERIALS

Videolectures -.166* .028 .018 .920

Lecturenotes .173* .022 .477** .004

Tutorialquestions .209** .006 .256 .144

Onlinequizzes -.030 .691 .280 .109

rs–correlationcoefficient
*.Correlationissignificantatthe0.05level(2-tailed).
**.Correlationissignificantatthe0.01level(2-tailed).
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Table 7. Results of the Mann Whitney U-test for programming background differences

Prog. No Prog. Mann-Whitney U Z Asymp. Sig. 
(2-tailed)

TESTPERFORMANCE 2922.500 -1.502 .133

MeanRank 92.28 108.10

SumofRanks 3783.50 18161.50

Mean( x ) 76.02 78.34

Median( x ) 77.97 79.01

FLIPPEDSESSIONS

Pre-class self-study 3329.000 -.345 .730

MeanRank 102.20 105.68

SumofRanks 4190.00 17755.00

In-class lecture 3414.000 -.097 .923

MeanRank 105.73 104.82

SumofRanks 4335.00 17610.00

In-class tutorial 3122.500 -1.040 .298

MeanRank 112.84 103.09

SumofRanks 4626.50 17318.50

Peer learning 2823.500 -1.963 .050

MeanRank 89.97 108.69

SumofRanks 3684.50 18260.50

FLIPPEDMATERIALS

Video lectures 3177.500 -.798 .425

MeanRank 98.50 106.59

SumofRanks 4038.50 17906.50

Lecture notes 3205.500 -.801 .423

MeanRank 110.82 103.58

SumofRanks 4543.50 17401.50

Tutorial questions 3433.000 -.036 .971

MeanRank 105.27 104.93

SumofRanks 4316.00 17629.00

Online quizzes 3386.000 -.186 .853

MeanRank 103.59 105.35

SumofRanks 4247.00 17698.00

Prog.-withpriorprogrammingexperience
NoProg.-withoutpriorprogrammingexperience
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(2006),whoreportednocorrelationbetweenpreviousprogrammingexperienceandprogramming
achievement.

Furtheranalysisrevealedthattherewerenosignificantdifferencesbetweenstudentswithand
withoutpriorprogrammingexperienceinvariousflippedsessionsandtheusageofflippedmaterials.
Thep-valuesof.730(pre-classself-study),.923(in-classlecture),.298(in-classtutorial),.050(peer
learning),.425(videolectures,.423(lecturenotes),.971(tutorialquestions)and.853(onlinequizzes)
indicatedthattherewasinsufficientevidencetorejectthenullhypothesesatthe5%significance
level.Thissuggestedthatallstudentsregardlessofprogrammingbackground,respondedequallyto
aflippedclassroomapproach.

Correlationanalysis revealed that flipped learningaffected the testperformanceofdifferent
groupsofstudents(withorwithoutprogrammingbackground)(seeTable8).Forstudentswithprior
programmingexperience,therewasamoderatelypositivecorrelationbetweentestperformanceand
in-classtutorial(rs=.396,p<.05),lecturenotes(rs=.484,p<.01)andtutorialquestions(rs=.503,
p<.05),respectively.Forstudentswithoutpriorprogrammingexperience,testperformancewas
weaklypositivecorrelatedwithpre-classself-study(rs=.164,p<.05),in-classlecture(rs=.171,p<
.05)andlecturenotes(rs=.172,p<.05).However,testperformancewasweaklynegativecorrelated
withpeerlearning(rs=-.155,p<.05).Theresultsindicatedthatlecturenoteswereimportantfor
bothgroupsofstudents.However,studentswithpriorprogrammingexperienceshouldattendmore
tutorialsessions.Asforthosewithoutpriorprogrammingexperience,theyshoulddoself-preparation
beforeattendingaclassandattendallthelecturesessions.Sincetheyarenovicelearners,peerlearning
shouldbeminimizedtoavoidconfusionandmisunderstandingofconceptslearned.

CoNCLUSIoN

Theresultspresentedthisstudysuggestthatstudentsarenotfullyreadyforaflippedclassroom.
Mostofthestudentswouldstillprefertheface-to-facelecturesandtutorials(in-classactivities).The
findingcoincideswithBaldwin(2015)andPiteiraandCosta(2013).Duringthein-classlecture,
studentscouldgetabetterlectureexplanation,troubleshootingknowledgeandanswerstovarious

Table 8. Correlations of various flipped sessions/materials and test performance (programming background differences)

Prog. No Prog.

rs Sig. (2-tailed) rs Sig. (2-tailed)

FLIPPEDSESSIONS

Pre-classself-study -.197 .217 .164* .034

In-classlecture .257 .105 .171* .027

In-classtutorial .396* .010 .138 .074

PeerLearning -.286 .069 -.155* .046

FLIPPEDMATERIALS

Videolectures -.100 .534 -.139 .073

Lecturenotes .484** .001 .172* .026

Tutorialquestions .503* .001 .151 .050

Onlinequizzes .214 .180 -.036 .645

rs–correlationcoefficient
*.Correlationissignificantatthe0.05level(2-tailed).
**.Correlationissignificantatthe0.01level(2-tailed).
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queries.Duringthein-classtutorial,studentscanusetheirknowledgeandcreativitytosolvehands-
onprogrammingproblems.ThefindingconcurswithPiteiraandCosta(2013),inwhichtheyhave
reportedthatstudentspreferin-classpracticeandexercisesessions.In-classactivitiesareimportant
becausetheyhaveapositiveimpactonstudents’testperformance,especiallyforthemalestudents.
Studentswithoutpriorprogrammingexperiencewillbenefitmorefromlectureswhilestudentswith
priorprogrammingexperiencewillbenefitmorefromtutorialsessions.Morethanthree-quartersof
thestudentsliketolearnfrompeers.However,thisapproachinducesanegativeimpactonstudents’
testperformance,especiallyamongthefemalestudents.Apparently,thedisadvantages(confuseeach
other)overtaketheadvantages(learnfromeachother).Abouthalfofthestudentsdoingself-studyand
arepreparedbeforegoingtoclass.Unfortunately,pre-classself-studyhasnoimpactonstudents’test
performance,exceptforthosewithoutpriorprogrammingexperience.Thismeans,novicelearners
shouldbestpreparethemselvesbeforeclasses.ThisfindingcontradictswithDazoetal.(2016).The
contradictioncouldbeexplainedbystudents’preferringpost-classself-study(revisionpurposes)
ratherthanpre-classself-study(studypreparation).

Students generally find all flipped materials useful except the video lectures. This finding
coincideswithPiteiraandCosta(2013).Lecturenotesarethemainsourcesofreference.Students
wholearnfromlecturenotescouldperformbetterinthetests,regardlessofgenderandprogramming
background.Tutorialquestionsareimportanttoo.Thequestionsallowstudentstopracticeandprepare
themselvesforthetest.Studentswholearnfromthetutorialquestionscouldperformbetterinthe
tests,especiallythemalestudentsandthosewithpriorprogrammingexperience.Studentsfindonline
quizzesuseful,butthematerialshavenoimpactonstudents’testperformance.Theleastpopular
flippedmaterialsarevideolectures.Femalesliketolearnfromvideolectures.However,videolectures
havenoimpactonstudents’testperformance,exceptformalestudents(negativeimpact).Generally,
slowlearnerscanbenefitmorefromthevideolectures.

Despitetheunpopularityofpre-classself-studysessionandvideolectures,thefindingsofthis
studyhaverevealedthedirectionoffuturestudies–variabilityofflippedlearninganddifferencesin
genderandprogrammingbackground.Forinstance,studentsregardlessofprogrammingbackground,
respondequallytoaflippedclassroomapproach.Therefore,flippedlearningcouldbeanappropriate
classroommodelforstudentscomingfromdiverseeducationalbackground.Additionally,thelate
exposureoffemalestocomputerprogrammingdoesnotresultinlowertestperformance.Infact,
femalesmayoutperformmalesgiventherightlearningenvironment.
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has been involved intensively in many scientific and technology based research projects that are sponsored by 
a number of reputable funding agencies, such as MOSTI, MOHE, MOA and CRADLE. He has published more 
than 100 papers in international peer-reviewed journals and conference proceedings. His inventions have been 
recognized by a series of innovation awards for the outstanding accomplishments in the advanced materials 
research. His current research work focuses on nanoscience and nanotechnology advancement, especially on 
utilizing the nanostructures (semiconductor, ceramic and polymer composite) for photocatalysis, biosensing, organic 
photovoltaic and electrochemical energy storage applications.
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