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ABSTRACT

Learningmaterialsofferstudentsandteachersvaluableassistanceinphysicslessons.Thisarticlewas
aimedatdevelopingandevaluatinginteractivemultimedialearningmaterialsthatareequippedwith
gamesinLinearMotionandNewton’sLawsforimprovingcriticalthinkingskills.Theevaluation
consistsofanexpertreview,basedongradesfromfourexperts,practicalitytestingby30students,
andeffectivenesstestingconcerningstudents’criticalthinkingskillsaftertheyhaveusedinteractive
multimedialearningmaterials.Thus,theresearchresultshowsthatinteractivemultimedialearning
materialsarevalid,practical,andeffective.Basedonthisresult,itappearsthatinteractivemultimedia
learningmaterialscanenhancestudents’criticalthinkingskills.
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1. INTRoDUCTIoN

Educationhasnotbeenabletodevelopatthesamepacethatcurrenttechnologydevelops.Today,
rapidtechnologicaldevelopmentshavecausedstudentstobecomeaddicted,makingthemunable
to separate from their gadgets for longperiodsof time. In addition,when students are addicted
totechnology,theycanhaveagreaterpreferencefortheirgadgetsthantheirtextbooks.Basedon
students’behavior,itbecomesclearwhofeelsmorecomfortablewhentheirbooksareleftbehind.
Incontrast,studentscanfeeluncomfortablewhentheirgadgetsareleftbehind.Forfurtherevidence
ofstudents’addictiontotechnology,onecanobservetheirlevelofinterestingames,whichisquite
high,asevidencedbythestudents’frequentgameplayingoutsideofclass.Basedonasurveyof
33students,43percentindicatedtheyoftenplaygamesoutsideofclass,whichsaysthat,insteadof
studying,studentsareusingmoreoftheirleisuretimetoplaygames.Therefore,physicslearning
objectiveswillbedifficulttoachieve.

Basedon Indonesia’s2013curriculum,oneof thephysics learningobjectives is todevelop
reasoning in inductive anddeductive analysis to solveproblems (Sunardi&Zenab, 2014).This
objectiveshowsthatthe2013curriculumemphasizesthedevelopmentofstudents’criticalthinking
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skills.Despitethis,inPadang,theresultofstudents’criticalthinkingskillsmeasurementusingthe
CCTST(CaliforniaCriticalThinkingSkillTest)showedthatstudents’scoresineachindicatoris
only20-30percentofanidealscore(Djamas,2016).

Toimprovestudents’criticalthinkingskills,oneeffortcanbemade:usinggamesinlearning
(Arifin,Akhdinirwanto,&Fatmaryanti,2013;Frasca,2001).Furthermore,Amory’s(1999)research
showedplayingandlearningarecloselyrelated.Studentsexperienceapleasantsensation that is
causedbyeducationalgamesthatcanenhancelearningeffectiveness.Gamescanincludethreefun
elements:fantasy,curiosity,andchallenge.Computergamesenhancedlearningthroughvisualization,
experimentation,andcreativitywhenplaying;andwhenproblem-solvingis included,gamescan
improvecriticalthinkingskills(Amory,Naicker,Vincent,&Adams,1999).

Inadditiontousinggamesinlearning,useofinteractivemultimediacanimprovecriticalthinking
skills.Interactivemultimediaisreader-centered,enablingstudentstoplayanactiveroleindeciding
thewaytheylearn(Bass,2014),whichcanimprovestudents’criticalthinkingskills(Ramanujam,
2010).Therefore,theaimofthisresearchwastodevelopandevaluateinteractivemultimedialearning
materialsthatareequippedwithgamesforimprovingcriticalthinkingskills.

2. LITERATURE REVIEw

2.1. Interactive Multimedia Learning Materials
Interactivemultimedialearningmaterialscombinevariousmedia, i.e., text, image,sound,video,
animation, and simulation, and students can control the way they use them (Prastowo, 2011).
Additionally,theycangivestudentsfeedback,makingstudentsactivelyinvolvedinlearning.Although
conceptsinphysicsareabstract,animationandsimulationofvariousphenomenaandcasesthatare
nearstudents’dailylivescanmakethemconcreteforstudentstounderstand.Inaddition,videosin
interactivemultimedialearningmaterialscanexplainphysicsconceptsthatarepoorlyunderstood
bystudents,enablingstudentstolearnindependently.

Theinteractivemultimedialearningmaterialsthatweredevelopedconsistofahandoutandstudent
worksheet.ThestructureofthehandoutconsistsofCoreCompetencies(CC),BasicCompetencies
(BC), adescriptionof lessonmaterials,questions, and references (Prastowo,2011).The student
worksheetconsistsofalessontopic,class,semester,lessonguide,CC,BC,lessonindicators,lesson
objectives,informationaboutlessonmaterials,tools/materialsthatareneededinthelesson,procedures,
andtasksordiscussionmaterials(Prastowo,2011).

Moreover,thediscoverylearningmodelwasusedaslearningstepsininteractivemultimedia
learningmaterials.Inthislearningmodel,studentsuseagivenproblemandworkindependentlyto
identifythephysicsconceptandunderstandtherelatedprinciple.Inaddition,sincetheproblem-solving
processrequirescriticalthinking,itcanimprovecriticalthinkingskills.Furthermore,thislearning
modelisstudent-centered,whichcanhelpstudentsbemoreactive,critical,creative,independent,
andresponsibleintheirlearning.

2.2. Games
Agameisasysteminwhichaplayerisinvolvedinartificialconflict,governedbyrules,andprovided
countableresults.Inaddition,sinceenjoymentisafactorinplayinggames,aplayeriscompelledto
playanddesiretoplaythegames(Salen&Zimmerman,2004).Inlearning,ifstudentsonlyreceive
learningmaterialsthatarenotusedinotheractivities,thenlearningwillnotbemeaningfulforthem.
Furthermore,sincestudentscannotmeasuretheircomprehensionafteralesson,agameisneeded
tocomplementthelesson,directlyprovidingstudentswithlearningexperiencesinafunway.Thus,
gamesdevelopedforeducationmusthaveconflict,rulesandobjectives,theabilitytoprovidefeedback,
andattheendofagame,theplayermustseeasuccessgrade(Prensky,2001).
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2.3. Critical Thinking Skills
Studentsmustdevelopandapplycriticalthinkingskillswhensolvingaproblem(Oliver&Utermohlen,
1995). Indicatorsofcritical thinkingskills includeanalysis,evaluation, inference,deductiveand
inductivereasoning(Facione,2013).Theutilizationofinteractivemultimedialearningmaterialscan
improvestudents’criticalthinkingskillsthroughhighlevelproblemsthatrequirecriticalthinkingto
besolved.Asaresult,theycandirectlyhelpstudentspracticetheircriticalthinkingskillsandbecome
accustomedtothinkingcriticallywhensolvingaproblem.Inaddition,usinggamesintheformof
simulationcanbebeneficialbyhelpingstudentsunderstandtheproblemanalysis,whichrequiresa
higherlevelofreasoning.Throughsimulation,studentscanunderstandhowtosolveproblemsfaster,
becausetheycanseethedirectapplicationofwhattheyaredoing.

3. RESEARCH METHoD

Thetypeofresearchanddevelopmentthatwasadoptedinthisresearchusesa4Dmodelconsistingof
fourphases,define,design,develop,anddisseminate,aspresentedinFigure1(Thiagarajan,Semmel,
&Semmel,1974).Inthedefiningphase,basicproblemsinlearningweredetermined,whichprovides
basicknowledgefordesigningtheinteractivemultimedialearningmaterialsinthedesigningphase.
Thecriteriaforinteractivemultimedialearningmaterialscouldbeseenfromvalidity,practicality,and
effectiveness(Akker,Bannan,Kelly,Nieveen,&Plomp,2013)andweretestedinthedevelopment
phase.Thevalidityisratedbyanexpertreview;practicalityisbasedonapracticalityquestioner;and
effectivenesscanbeseenintheperformanceofcriticalthinkingskillsinthefieldtest.Afteracquiring
interactivemultimedialearningmaterialswithvalid,practice,andeffectivecriteria,development
proceededtothedisseminationphase.Inthisphase,thelearningmaterialsaresocializedthrough
distributiontoalimitednumberofteachersandstudents,withthegoalofreceivingresponsesand
feedbackaboutthedevelopedlearningmaterials.

Figure 1. 4D Model stages of development
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4. INITIAL DESIGN oF INTERACTIVE MULTIMEDIA LEARNING MATERIALS

Interactivemultimedialearningmaterialsthatareequippedwithgamesweredesignedtoconsistof
ahandout,studentworksheets,andgamesthatwereincorporatedintothestudentworksheet.The
developmentofinteractivemultimedialearningmaterialsandgamesusedMacromediaFlash8and
AdobePhotoshopCS3software.Foreaseofuse, interactivemultimedia learningmaterialswere
designedusingauserguideandnavigationbutton.Furthermore, interactivemultimedia learning
materialswerecreated inanexecutable file format (.exe), so it can runsmoothly inaWindows
operatingsystemwithouttheneedtoinstallanyspecificsoftware.Ontheotherhand,ifMacusers
mustusetheinteractivemultimedialearningmaterials,theycanrunthe.exefileonMacusingthe
WineBottlerapplication.

The structure of the handout consists of lesson guides, identity, CC, BC, lesson indicators,
lessonobjectives,discoverylearningprocedures(stimulationandproblemstatement),description
ofmaterials,examples,exercises,andreferences.Thestructureofthestudentworksheetconsists
oflessonguides,identity,CC,BC,lessonindicators,lessonobjectives,lessonmaterials,discovery
learningprocedures(datacollection,dataanalysis,verification,andgeneralization),andreferences.
Theinteractivemultimedialearningmaterialsconsistofvariousmedia,whichwereinterconnected
andcanbecontrolledbyeachstudentbasedontheirlearningneeds(Bass,2014).Figure2ashows
thecoveroftheinteractivemultimedialearningmaterials,andFigure2bshowsavideoasoneofthe
mediaintheinteractivemultimedialearningmaterials.Thevideoonlyappearswhenstudentsclicka
hyperlink.Withthiscondition,ifstudentsalreadyunderstandthephysicsconceptthatisdemonstrated
inthevideo,theycanproceedwiththeirlearningwithoutviewingthevideo.Therefore,thelearning
processcanoccurinaccordancewitheachstudent’slearningneedsandcomprehension.

AframebyframeanimationtechniqueandActionScript2.0wereusedwhendevelopingthe
games.Studentscouldinteractdirectlywiththegamesusingfeedbackthatwasbasedontheiranswers
andotherchoicesduringgameplay.Inaddition,gameswereequippedwithinstructionstohelpstudents
understandthegameinterfaceandhowtoplay.Attheendofthegame,eachstudent’sperformance
duringgameplaywasconvertedtoascoreandstarrating.GamedisplayscanbeseeninFigure3.

5. EVALUATIoN oF INTERACTIVE MULTIMEDIA LEARNING MATERIALS

5.1. Expert Review
5.1.1. Participant, Instrument, and Analysis
Fourexpertsparticipatedinanexpertreviewoftheinteractivemultimedialearningmaterials,including
onelecturerofeducationtechnology,onelecturerofphysics,onelecturerofphysicseducation,and

Figure 2. Interactive multimedia learning materials display: (a) Cover and (b) Media
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onelectureroflanguageeducation.Theexpertreviewinstrumentwasavalidationquestionnairethat
useda4-pointLikertscale(1=stronglydisagree,2=disagree,3=agree,4=stronglyagree).In
addition,theconclusionofthequestionnaireincludedanopen-endedquestionthatrequestedeach
expertprovidesuggestionsforrevision.

The handout and student worksheet were validated separately because they have different
structures and functions. Three handout validity criteria were assessed: content (10 indicators),
construct (12 indicators), and language (7 indicators). First, the appropriateness of the physics
concept,media,andquestionsinthehandoutwereassessedforcontentvalidation.Next,presentation
methodsofthehandout,includingstructure,design,layout,mediacompleteness,andinteractivity,
wereassessedforconstructvalidity.Finally,languageconsistencyandcompatibilitywithgrammatical
ruleswereassessedforlanguagevalidity.

The student worksheets were assessed based on the following validity criteria: content (14
indicators),construct(12indicators),andlanguage(7indicators).First,theappropriatenessofthe
physicsconcept,media,proceduresinthestudentworksheets,andgamescompatibilitybasedon
sixgamecriteriainaccordancewithPrensky(2001)wereassessedforcontentvalidation.Second,
studentworksheetpresentationmethods,includingstructure,design,layout,mediacompleteness,
andinteractivity,wereassessedforconstructvalidity.Finally,languageconsistencyandcompatibility
withgrammaticalruleswereassessedforlanguagevalidity.

ExpertsA,B,andCvalidatedallthecriteriaofthehandoutandstudentworksheets.Expert
D,alanguageeducationlecturer,onlyvalidateduseoflanguage.Afterthat,responsesfromeach
expertwereanalyzedusingAiken’sVequation.Astheresult,thehandoutandstudentworksheets
weredeterminedtobevalidifvaliditywasgreaterthan0.60,andnotvalidifvaliditywaslessthan
0.60(Azwar,2015).

Figure 3. Games in interactive multimedia learning materials: (a) Initial display, (b) Game instruction, (c) Game display, and (d) 
Score display
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5.1.2. Expert Review Results
Theresultsofthehandoutandstudentworksheetvalidationwerenotsignificantlydifferent.The
averageofhandoutvaliditywas0.91andstudentworksheet0.90.Thus,itcouldbeconcludedthat
interactivemultimedialearningmaterialswerevalidandcouldbeusedinafieldtest.Theresults
ofhandoutvalidityarepresentedinTable1,andstudentworksheetvalidityresultsarepresented
inTable2.Inaddition,therewereseveralsuggestionsgivenbyexpertsforinteractivemultimedia
learningmaterialsduringvalidation.

Table 1. Handout validity

Criteria Indicator
Expert Responses

∑s Validity
A B C D

1.Contentvalidity

Indicator1.1 4 4 4 9 1.00

Indicator1.2 4 4 4 9 1.00

Indicator1.3 4 4 4 9 1.00

Indicator1.4 4 4 4 9 1.00

Indicator1.5 3 4 4 8 0.89

Indicator1.6 4 4 4 9 1.00

Indicator1.7 4 4 3 8 0.89

Indicator1.8 4 4 4 9 1.00

Indicator1.9 3 3 4 7 0.78

Indicator1.10 4 3 4 8 0.89

2.Constructvalidity

Indicator2.1 4 4 4 9 1.00

Indicator2.2 4 4 4 9 1.00

Indicator2.3 3 4 3 7 0.78

Indicator2.4 4 4 4 9 1.00

Indicator2.5 4 4 4 9 1.00

Indicator2.6 4 4 4 9 1.00

Indicator2.7 3 4 4 8 0.89

Indicator2.8 4 4 4 9 1.00

Indicator2.9 3 4 4 8 0.89

Indicator2.10 3 4 3 7 0.78

Indicator2.11 4 3 4 8 0.89

Indicator2.12 4 3 4 8 0.89

3.Languagevalidity

Indicator3.1 4 4 4 4 12 1.00

Indicator3.2 3 4 4 3 10 0.83

Indicator3.3 4 4 4 3 11 0.92

Indicator3.4 4 3 4 3 10 0.83

Indicator3.5 4 3 4 3 10 0.83

Indicator3.6 4 3 4 3 10 0.83

Indicator3.7 4 3 4 3 10 0.83

Mean:0.91
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5.1.3. Revision of Interactive Multimedia Learning Materials
Basedontheexpertreviews,theexpertsmadeseveralsuggestionsforrevisionsoftheinteractive
multimedia learning materials. Expert A suggested language consistency for the exercise in the
handout.Inaddition,regardinglayout,expertAsuggestedaddingmorespacingbetweenparagraphs,
thusmakingwritingdispositionmoreorganized.AsimpliedbyexpertA,thebackgroundcolorwasalso

Table 2. Student worksheet validity

Criteria Indicator
Expert Responses

∑s Validity
A B C D

1.Contentvalidity

Indicator1.1 4 4 4 9 1.00

Indicator1.2 4 3 4 8 0.89

Indicator1.3 4 4 4 9 1.00

Indicator1.4 4 4 4 9 1.00

Indicator1.5 4 3 4 8 0.89

Indicator1.6 4 4 4 9 1.00

Indicator1.7 3 4 4 8 0.89

Indicator1.8 3 4 4 8 0.89

Indicator1.9 4 3 4 8 0.89

Indicator1.10 4 3 4 8 0.89

Indicator1.11 4 3 4 8 0.89

Indicator1.12 4 4 4 9 1.00

Indicator1.13 4 3 4 8 0.89

Indicator1.14 3 3 4 7 0.78

2.Constructvalidity

Indicator2.1 4 4 4 9 1.00

Indicator2.2 4 4 4 9 1.00

Indicator2.3 3 3 3 6 0.67

Indicator2.4 3 4 4 8 0.89

Indicator2.5 4 3 4 8 0.89

Indicator2.6 4 4 4 9 1.00

Indicator2.7 4 4 4 9 1.00

Indicator2.8 4 4 4 9 1.00

Indicator2.9 3 4 4 8 0.89

Indicator2.10 4 4 3 8 0.89

Indicator2.11 3 4 4 8 0.89

Indicator2.12 4 3 4 8 0.89

3.Languagevalidity

Indicator3.1 4 4 4 3 11 0.92

Indicator3.2 3 3 4 4 10 0.83

Indicator3.3 4 3 4 3 10 0.83

Indicator3.4 4 3 4 3 10 0.83

Indicator3.5 4 3 4 3 10 0.83

Indicator3.6 4 3 4 3 10 0.83

Indicator3.7 3 3 4 3 9 0.75

Mean:0.90
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revised.TheserevisionscanbeseeninFigure4.Further,expertAstatedtheinteractivemultimedia
learningmaterialsdesignwasnotyetattractive,andthebluecolorthatwasusedforsubtitleswasnot
sufficientlycontrastedfromthebackgroundcolor,whichwaswhite.Consequently,thesubtitlecolor
waschangedtoorange,and,toemphasizethesentences,thetextcolorinthehandoutandstudent
worksheetswasconvertedtofourcolors.Greenwasusedforadditionalinformationaboutusingthe
interactivemultimedialearningmaterials,pinkforquestions,andorangeandboldtextforhyperlink
text.Othersentenceswerewritteninblack,asindicatedinFigure5.

Inaddition,forthehandout,thestimulantinthedescriptionsofmaterialswasmodifiedtobe
discoverylearningoriented,assuggestedbyexpertA.Asaresult,aquestionwasaddedattheend
tohelpstudentsdiscoveraphysicsconceptfromthestimulant(Figure6).Anothersuggestiongiven
byexpertAwastohidetheanswersandonlyprovidetheanswerkeyinexamplesinthehandout.
Hence,studentswouldattempttoanswerthequestionindependentlyinaccordancewiththediscovery
learningconcept.Theanswersprovidedintheexamplesweremeanttoenablestudentstochecktheir
answers(Figure7).

Thecoverdesignofthehandoutandstudentworksheetsweremodified,assuggestedbyexpert
A(Figure8).Inaddition,expertAmadesuggestionsforthestudentworksheetintheconclusion
stage,recommendingthatstudentsobtaintheconclusionfromthelearningprocessinthestudent
worksheet.Consequently,theconclusionconsistsofseveralquestionstohelpstudentsdiscoverthe
appropriateconclusionbasedonthephysicsmaterialtheylearned(Figure9).

Figure 4. Revision of space between paragraphs and background color: (a) Before and (b) After

Figure 5. Revision of text color: (a) Before and (b) After
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ExpertBsuggestedenhancingtheinteractivityintheinteractivemultimedialearningmaterials.
Therefore,ananswerboxwasaddedto theexercise tohelpstudentschecktheiranswers,witha
dialogboxappearingtonotifystudents’whethertheiransweriscorrectorincorrect(Figure10).
Finally, expert D suggested paying attention to punctuation marks and foreign language writing
formats(Figure11).TherevisionlistforthehandoutandstudentworksheetscanbeseeninTable3
andTable4,respectively.

Figure 6. Revision of description of materials in handout: (a) Before and (b) After

Figure 7. Revision of examples in handout: (a) Before and (b) After

Figure 8. Revision of student worksheet design cover: (a) Before and (b) After
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5.2. Practicality Testing
5.2.1. Participant, Procedures, Materials, and Instrument
Theinteractivemultimedialearningmaterialspracticalitytestinginvolved30studentsinfirstgrade
atDonBoscoSeniorHighSchool.Therewerefivestepsinthisphase:1)theobjectiveanduser
guidewereexplainedtoteachersandstudents;2)aftertheinteractivemultimedialearningmaterials
were introduced,studentswere requested tocollaborate in theirdiscussiongroups;3) ingroups,

Figure 10. Revision of interactivity: (a) Before and (b) After

Figure 11. Revision of writing format: (a) Before and (b) After

Figure 9. Revision of student worksheet conclusion: (a) Before and (b) After
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studentslearnedwiththediscussionmethod,usinginteractivemultimedialearningmaterialsthat
wereequippedwithgamesandfacilitatedbytheteacher;4)theteacherobservedthestudentstosee
theirdifficulties;and5)studentswererequestedtocompletethepracticalityquestionnaire.Thus,the
interactivemultimedialearningmaterialswererevisedaccordingtopracticalityresults.

Thelearningprocessinpracticalitytestingwasstudent-centered.Hence,studentsattemptedto
discoverphysicsconceptsusingdiscoverylearningprocedureswithinteractivemultimedialearning
materialsastheirguidance.Inaddition,agamewasincorporatedintotheinteractivemultimedialearning
materialsasatooltoassiststudentsinutilizingthephysicsconceptthattheyalreadylearned.When
studentsplayedthegame,theyappliedboththephysicsconceptandcriticalthinkingskills.Consequently,
thegamecouldenhancetheirunderstandingofthephysicsconceptandcriticalthinkingskills.During
theperiod,theteachercontributedasafacilitator.Hence,theteacherassistedstudentsonlybyasking
severalquestionstogiveideasaboutdiscoveringphysicsconceptsthroughoutthelearningprocess.At
theendofthelesson,theteacherwouldchecktheprogressandoutcomeofthestudents’learningprocess
andhelpedthemaddressdeficienciesintheirconceptsorelaboratetheirlearning.

Thepracticalitytestingwascompletedintheclassroomduringfourphysicslessons,usingthe
Windowsoperatingsystem.Duringpracticalitytesting,lessonmaterialsweretwicerelatedtostraight
motionwithconstantacceleration,andtwicerelatedtoNewton’sLaw.Inaddition,thepracticality
testing of the handout and student worksheets used a different questionnaire sheet. Initially, the
indicatorsforpracticalitytestingweredevelopedbasedonthreeaspects:learnability,effectiveness,
andsatisfaction(Kim&Jin,2015).Theseaspectswereexpandedintoseveralindicators:learnability(7

Table 3. Revision of handout validity

Criteria Revision

1.Contentvalidity

Indicator1.7Adjuststimulantinlearningmaterialswiththediscoverylearningconcept.

Indicator1.8Adjustimageinthehandoutcoverwithlearningmaterial.

Indicator1.9Hidetheanswerintheexamples.

2.Constructvalidity

Indicator2.3Changethebackgroundcolor.

Indicator2.9Givevariationinspacebetweenparagraphs.

Indicator2.10Changesubtitlecolorandaddcolorintextforemphasisthesentences.

Indicator2.11Addcheckanswerboxintheexercise.

3.Languagevalidity
Indicator3.4Adjustforeignlanguagewritingformatandcompletethepunctuationmark.

Indicator3.7Changetheinconsistentterminexercise.

Table 4. Revision of student worksheet validity

Criteria Revision

1.Contentvalidity
Indicator1.6Adjustimageinthestudentworksheetcoverwithlearningmaterial.

Indicator1.9Giveseveralquestionstohelpstudentsinmakingconclusions.

2.Constructvalidity

Indicator2.3Changethebackgroundcolor.

Indicator2.9Givevariationinspacebetweenparagraphs.

Indicator2.10Changesubtitlecolorandaddcolorintextforemphasisthesentences.

Indicator2.11Addcheckanswerboxinthedatatable.

3.Languagevalidity Indicator3.4Adjustforeignlanguagewritingformatandcompletethepunctuationmark.
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indicators),effectiveness(5indicators),andsatisfaction(2indicators).Theparticipantswererequested
togiveresponsesusinga4-pointsLikertscale,fromstronglydisagreetostronglyagree.Attheend
of thepracticalityquestionnaire,anopen-endedquestionwasaddedtorequestrecommendations
forrevising the interactivemultimedia learningmaterials.Theanalysisresultsofpracticalityare
explainedinthenextsection.

5.2.2. The Result of Practicality Testing
Basedonthepracticalitytesting,itcanbeconcludedthatthepracticalityofinteractivemultimedia
learningmaterialswasaboveaverageforthreeaspects:learnability,effectiveness,andsatisfaction.
Theaverageresponsesof30studentsforthehandoutandstudentworksheetsarepresentedinTable
5andTable6,respectively.Furthermore,inaninterviewwiththeteacher,theteacherrecommended
usingpagenumberstomaketheinteractivemultimedialearningmaterialseasiertouse.Inaddition,
accordingtothepracticalityquestionnaire,severalstudentsstatedtheywereuncomfortablesharing
alaptopwiththeirfriendsduringthelessonbecausetheycouldnotusetheinteractivemultimedia
learningmaterialstotheirliking.

Table 5. Handout practicality results

Aspect Statement
Average Responses at Field 

Testing

1st 2nd 3rd 4th

Learnability

Interactivemultimediahandoutiseasytouse. 2.40 2.67 2.93 3.07

Imagesintheinteractivemultimediahandoutareclearandeasy
tounderstand. 2.73 3.30 3.23 3.40

Graphsintheinteractivemultimediahandoutareclearandeasy
tounderstand. 2.70 3.17 3.13 3.23

Videosintheinteractivemultimediahandoutareclearandeasy
tounderstand. 2.67 3.30 3.20 3.47

Animationsintheinteractivemultimediahandoutareclearand
easytounderstand. 2.60 3.37 3.30 3.60

Languageintheinteractivemultimediahandoutisclearandeasy
tounderstand. 2.93 3.17 3.20 3.40

Icanunderstandthelearningstepsininteractivemultimedia
handouteasily. 2.70 2.90 3.10 3.27

Effectiveness

Icaneasilyunderstandthephysicsmaterialusingtheinteractive
multimediahandout. 2.60 3.20 3.07 3.47

Icanquicklyunderstandthephysicsmaterialusingthe
interactivemultimediahandout. 2.63 3.17 3.07 3.47

Interactivemultimediahandoutmakesmeaccustominsolving
problems. 2.73 3.00 3.20 3.33

Questionsininteractivemultimediahandouthelpmeunderstand
thephysicsmaterial. 2.67 2.83 3.13 3.27

Userguideprovidedhelpmeinoperateinteractivemultimedia
handout. 2.63 3.17 3.27 3.53

Satisfaction
Iamsatisfiedusingtheinteractivemultimediahandout. 2.67 3.10 3.23 3.47

Ifeelinterestedinlearningusinginteractivemultimediahandout. 3.03 3.43 3.33 3.57
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5.3. Effectiveness Testing
5.3.1. Participants, Instrument, and Analysis
ThirtystudentsinfirstgradeofDonBoscoSeniorHighSchoolwhowereinvolvedinpracticality
testingfortheinteractivemultimedialearningmaterialswerealsoinvolvedineffectivenesstesting.
In addition, effectiveness testing was completed at the same time as practicality testing, using
the samematerials thatwere straightmotionwithconstant accelerationandNewton’sLaw.The
instrumentthatwasusedduringeffectivenesstestingwasanessaytest,anditwasconductedafter
studentscompletedtheirlessonusinginteractivemultimedialearningmaterials.Afterthat,students’
answerswereanalyzedusingacriticalthinkingskillsrubric.Thisrubricwasdevelopedbasedonfive
criticalthinkingskillsindicators:1)analysis(5indicators),2)evaluation(3indicators),3)inference
(3indicators),4)deductive(4indicators),and5)inductive(3indicators).Examplesofthecritical
thinkingskillsrubricarepresentedinFigure12.Afterthestudents’scoreswereobtainedforeach
indicatorbasedonthecriticalthinkingskillsrubric,thescoreswereconvertedintopercentages.These
percentagesrepresentedthestudents’criticalthinkingskillsachievementforeachlearningprocess.
Theresultsareexplainedinthenextsection.

Table 6. Student worksheet practicality results

Aspect Statement
Average Responses at Field 

Testing

1st 2nd 3rd 4th

Learnability

Interactivemultimediastudentworksheetiseasytouse. 2.57 2.70 2.97 3.13

Imagesintheinteractivemultimediastudentworksheetareclear
andeasytounderstand. 2.70 3.33 3.07 3.43

Animationsintheinteractivemultimediastudentworksheetare
clearandeasytounderstand. 2.83 3.30 3.13 3.57

Simulationintheinteractivemultimediastudentworksheetis
clearandeasytounderstand. 2.77 3.20 3.17 3.60

Gameintheinteractivemultimediastudentworksheetisclear
andeasytounderstand. 2.67 3.07 3.13 3.43

Languageintheinteractivemultimediastudentworksheetis
clearandeasytounderstand. 2.80 2.97 3.20 3.23

Icanunderstandthelearningstepsininteractivemultimedia
studentworksheeteasily. 2.77 3.00 3.10 3.33

Effectiveness

Icaneasilyunderstandthephysicsmaterialusingtheinteractive
multimediastudentworksheet. 2.63 2.97 3.10 3.33

Icanquicklyunderstandthephysicsmaterialusingthe
interactivemultimediastudentworksheet. 2.53 2.80 3.23 3.20

Interactivemultimediastudentworksheetmakesmeaccustomin
solvingproblems. 2.70 2.90 3.07 3.37

Questionsininteractivemultimediastudentworksheethelpme
understandthephysicsmaterial. 2.77 2.90 3.20 3.37

Userguideprovidedhelpmeinoperateinteractivemultimedia
studentworksheet. 2.83 3.17 3.23 3.33

Satisfaction

Iamsatisfiedusingtheinteractivemultimediastudent
worksheet. 2.67 3.00 3.10 3.27

Ifeelinterestedinlearningusinginteractivemultimediastudent
worksheet. 2.97 3.27 3.23 3.70
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Inadditiontocritical thinkingskills, thestudents’achievementinlearningphysicsconcepts
wasalsomeasured.However,thismeasurementwasbasedonlearningoutcomesinphysics.Three
learningoutcomesforbothmaterialswere:1)studentscancalculatetheunitsthatareinvolvedwith
lessonmaterial;2)studentscanapplythephysicsconceptthattheylearnedtofindasolutionfor
aproblem;and3)studentscanapplythephysicsconceptintheirdailyactivities.Criticalthinking
skillsandlearningoutcomesinphysicswereassessedsimultaneously.Thus,students’answerswere
analyzedintwodifferentways,eachforcriticalthinkingskillsandlearningoutcomesinphysics.
However,theassessmentandtheresultforstudents’achievementinlearningphysicsconceptswere
notexplainedinthispaperbecausetheywerenotinlinewiththepurposeofthispaper.

5.3.2. The Result of Effectiveness Testing
Students’criticalthinkingskillsachievementforeachlearningprocessispresentedinFigure13.
AccordingtoFigure13,thecriticalthinkingskillsindicatorsfromthefirsttolastlessonincreased
gradually.Basedontheseresults,itcanbestatedthatstudents’criticalthinkingskillswereimproving.
Therefore,itcanbeconcludedthattheutilizationofinteractivemultimedialearningmaterialsequipped
withgamescanenhancestudents’criticalthinkingskills,anditwaseffectiveinlearningphysics
conceptsrelatedtostraightmotionandNewton’sLawmaterials.

6. DISCUSSIoN

Basedonthehandoutandstudentworksheetvalidation,thevalueofcontentandconstructvaliditywere
almostthesame,althoughthelanguageaspectisslightlylow.Thishappenedbecauseoftheauthor’s
negligencewhendevelopinginteractivemultimedialearningmaterials.Writingerrorshappenedoften,
includingmissingpunctuationmarksandseveralincompleteforeignlanguagetranslations.Inthese

Figure 12. Critical thinking skills rubric
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cases,whencompletingthefinalversionofinteractivemultimedialearningmaterials,theauthor
performedself-evaluationandpeerreadingtopreventareoccurrenceofthesamewritingerrors.

In field tests, students were not satisfied when using the interactive multimedia learning
materials.Thiswasduetoseveralconditions.First,notallstudentscouldbringalaptoptoschool,
sotheyhadtosharealaptopwiththeirfriends.Consequently,severalstudentsfeltuncomfortable
withthissituation,statingtheywishedtolearnwithinteractivemultimedialearningmaterialsusing
theirownlaptopsandaccordingtotheiruniquelearningstyles.Studentshavethreelearningstyles:
visual,aural,andkinesthetic(Deporter&Sarah,2000).Whentwostudentswithdifferentlearning
styleslearnedwiththesamelaptop,theycouldnotlearninaccordancewiththeirlearningstyles,
whichgenerateddiscomfortandreducedtheirmotivationtolearn.Second,therewasalsoatime
limitationduringtheresearch.Astheresult,notallofthemedia(especiallyvideo)couldbelearned
bystudentsinclass,eventhoughtherewereexplanationsofmaterialandexamplestohelpstudents
learnfromvideo.Thisreducedthefunctionofthemedia,whichwasmeanttoclarifyinformation
toacceleratethestudents’achievementoflearningobjectives(Arsyad,2007).Thesetwoconditions
madepracticalityofinteractivemultimedialearningmaterialslow.

Severaladditionalconditionswereobservedinthegroupactivities.Atthebeginningofeach
lesson,studentsalwayscheckedthegamefirst.Theycheckeditthoroughlyuntiltheyknewwhat
thegamewasaboutandwhatresponsesthegamewouldpresentfortheirrightandwronganswers.
Aftertheyweresatisfiedwiththeirreviewofthegame,theywouldstarttheirlearningprocess.In
thelearningprocess,whenstudentswererequestedtoanswersomequestionsandtheyobtainedthe
rightanswer,theywouldcheerwithexcitementwhentheyencounteredthecheerfulanimationand
congratulatoryresponsefromtheinteractivemultimedialearningmaterials.Whentheysubmitted
awronganswerandencounteredthedejectedanimation,theywereeagertofindtherightanswer.

During the learning process, several students wished to have their own laptops in order to
learnalone.However,whenplayingthegame,studentstendedtoplayinagroupwiththeirfriends,
especiallyinthegamewithatimelimitation.Bycollaboratingwithgroups,studentscouldsolvethe
gamemoreeasily.Inaddition,whenstudentsplayedthegame,theywouldsolvetheproblemseriously
toobtaintherightanswer.Forexample,inthesnakeandladdergame,studentsobtained1000coins
inthebeginning.Afterfillingintherightanswer,theyobtainedseveralcoins;butwhentheyfillin

Figure 13. Indicator achievement of critical thinking skills
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thewronganswer,theylostseveralcoinsbecausetheywerechasedbythesnake.Thefollowingisa
conversationbetweentwostudentswhiletheywereansweringaquestioninthisgame:

A:Areyousurethatistherightanswer?(withadoubtfulface)
B:Yes,Ialreadycalculatedit.

(After that, theyclicked thecheckanswerbutton.Thesnakeanimationappearedand they lost
theircoins.)

A:Ohno,youseethat,theansweriswrong.Nowwelostourcoins.(feelingdisappointed)
B:Howcanthatanswerbewrong,theformulaandthecalculationisright.(withcuriousface)

Teacher:Nowlet’sanalyzetheproblemagain……(guidingthestudentstorealizetheerrorintheir
analysis)

According to this conversation, the game generated a condition in which the students were
confrontedby thegapbetween their analysis and the right answer.Consequently, this condition
enhanced their curiosity, responsibility, andcritical thinking skills.When the teachergave them
severalquestions toguide theminrealizing theerror in theiranalysis, theyapplied theircritical
thinkingskillstoprocesstheproblem,teacher’squestion,physicsconcept,andformulatheyused
untiltheydiscoveredtherightsolutionfortheproblem.However,inagameinwhichtheanswers
wereinmultiplechoiceformat,studentstendedtousetrialanderrortoobtaintherightanswers.
Thus,theyfelteagertofindtherightanswersbyrandomclickingandwouldavoidanalyzingthe
problemtoobtaintherightanswer.

Forthenextproject,severalchangescanbemadetopreventtheconditionsthatloweredthe
practicality of interactive multimedia learning materials. For laptop deficiency, the interactive
multimedialearningmaterialscanbeutilizedinacomputerlaboratory,enablingstudentstolearn
individuallyonthecomputer.Fortimedeficiency,theteachercanencouragestudentstofurthertheir
learningathome,allowingthemtolearnthematerialthoroughlyandindependentlyassistedbythe
media.Topreventtheproblemofthestudents’randomclickinginthegame,themethodofanswering
questionscanbechanged.Inparticular,multiplechoicequestionsshouldbeavoided(Ke,2008).One
methodthatcanbeutilizedtoreplacemultiplechoiceisfillintheblank.Withthismethod,students
mustanalyzetheproblemuntiltheyobtaintherightanswer,andtheycannotusetrialanderroror
randomclickingtoobtaintherightanswer.

Inthefirstfieldtest,theachievementofcriticalthinkingskillswaslow.Thishappeneddueto
thestudents’hesitationandconfusionabouthowtousetheinteractivemultimedialearningmaterials
forthefirsttime.Therefore,habituationisneededwhenusinginteractivemultimedia(Hayumuti,
Susilo,&Manahal,2016).Inaddition,studentswerenotfamiliarwithdiscoverylearningprocedures;
hence,theystillneededtheteacher’sassistanceinthelearningprocess.Further,studentswerenot
accustomedtoanalyzingaproblemwhenansweringanessayquestion.

In the second field test, several studentswereable to learn independently,whileothers still
requiredtheteacher’sassistance.Thecriticalthinkingskillsachievementwasenhancedinthisfield
test.Inthethirdandfourthfieldtests,studentswereabletolearnindependentlyusingdiscovery
learningprocedures,andtheywereabletoanalyzetheproblems.Thus,inthirdandfourthfieldtests,
achievementofcriticalthinkingskillswasenhancedgradually.

Accordingto thestudents’critical thinkingskillsachievementgraph, itcanbeseenthat the
analysisindicatorwasenhancedsharplyfromthefirsttothethirdfieldtest;butinthefourthfield
test,theenhancementwasnotsharpenough.Thishappenedbecauseofseveralstudents’negligence
inwriting theunitswhencollecting informationfromtheproblem,whileaccuracy isoneof the
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standardsofcriticalthinkingskills(Paul&Elder,2012).Inthefourthfieldtests,studentswereable
tocollectinformation,understandthequestions,andobtainconclusions.Therefore,theinferencein
thisfieldtestwassharplyenhanced.

Theleastdeductiveimprovementwasinthethirdfieldtest.Thisconditionoccurredduetothe
students’deficiencyinunderstandingthedifferencebetweenthecoefficientofstaticfrictionand
kineticfriction.Inaddition,studentscouldnotentirelyapplytheconceptofNewton’sLawinagiven
problem.Inthefirstproblemonthethirdfieldtest,studentswereaskedtodefineNewton’sLaw
conceptthatisinvolvedwhenamanpushesacupboard.Onlyseveralstudentswereabletoassociate
thethreeofNewton’sLawinthisoccasion,whileotherscouldonlyassociateoneortwoofNewton’s
Law.Consequently,theenhancementofinductiveachievementwasthelowestinthethirdfieldtest.

7. CoNCLUSIoN

Thispaperhaspresentedthedevelopmentofinteractivemultimedialearningmaterialsequippedwith
gamestoimprovestudents’criticalthinkingskills.Ingeneral,thedevelopedinteractivemultimedia
learningmaterialsequippedwithgameshavebeenvalidbasedoncontent,construct,andlanguage
aspects.Furthermore,thematerialshavebeenpracticaltouse,basedonlearnability,effectiveness,and
satisfactionaspects.Inaddition,theyhavebeeneffectiveforimprovingstudents’criticalthinkingskills.

Thenextstepofthisprojectisdisseminationinseveralschoolstoobtainresponsesandfeedback
for the interactivemultimedia learningmaterials.After that, furtherquasi-experimental research
isneededtomeasuretheimpactofinteractivemultimedialearningmaterialsinimprovingcritical
thinkingskillsinonegroupcomparedtoacontrolgroupthatdoesnotuseinteractivemultimedia
learningmaterials.
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