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ABSTRACT

Inthispaper,thedevelopmentoftheMAR(mobileaugmentedreality)remedialteachingprogramis
described.ItallowedstudentstomanipulateaugmentedobjectsthroughAURASMAappviainternet
andfindleadstosolvegeometryproblemsregardingcompound-cube-surfacearea.Inordertofoster
students’spatialabilities,theprogramprovidedspecificfunctionsincludedpartition,complementation,
recombination,andmulti-perspectivetopromotetheir“mentalimage”aswellas“visualization.”The
proposedprogramwasevaluatedwiththequasi-experimentalpre-test/post-testcontrolgroupdesign
toprobeintostudents’learningperformance.Moreover,students’errortypesofproblem-solving
wereanalyzedusingtheirsolvingtrackrecordedinthesheets.TheresultsshowedthattheMAR
remedialteachingprogramtrulybenefitstudentsonsolvinggeometryproblemsregardingcompound-
cube-surfacearea,andtherearestillsomequestionsneededtoinvestigateinthefuture,suchashow
studentswereaffectedbyvisual-obscurationtoinexactlycarryouttheircounts.
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INTRodUCTIoN

AfterthepublicationofHiebert’seditedbook(1986),Mathematicalknowledgehadbeenrecognized
mostlyintheformofconceptualandproceduralknowledge(Putnam,1986).Conceptualknowledge
is connectedwebofknowledgeand rich in relationships;proceduralknowledge is composedof
boththeknowledgeofmathematicalsymbolsandtheknowledgeofalgorithmsorproceduresthat
“step-by-stepinstructionsthatprescribehowtocompletetasks”(Putnam,1986).Abulkofresearch
andtheoryincognitivesciencesupportsthenotionsthatdeepunderstandingdependsonhowwell
alearnerrepresentsandconnectsbitsofknowledge(Kilparick,Swafford&Findell,2001).Success
inmathematics, furthermore, reliesmostlyonhow learners internalize themeaning related to a
proceduretheyarelearningoraconceptthatisbeingtaughtandconnectionsmadebetweenthem
(Gulcin&Meral,2015).

Several research studieshavepointedout thatmostof the teachersprefer to introduce
conceptsofmeasurementvia formulae insteadofusingstudents’conceptionsofspaceand
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measurement(Smith,2007;Thompson,Philipp,Thompson&Boyd,1994).AccordingtoGulcin
&Meral’sstudy(2015),thefindingsofthecurrentstudyclearlyIndicatedthatthestudents
couldnotbeabletomakesenseofthefoundationalprinciplebehindvolumemeasurementwhich
requiresmorecomplexreasoningabout thestructureofspace thanmeasuringtwo-orone-
dimensionalregions.Inaddition,lackofspatialvisualizationandofmeaningfulenumeration
ofarraysofcubesaswellaspoorunderstandinginlengthandareameasurementmightbethe
reasonsbehindtheseveralerrorsof thestudentsinvolumemeasurement(Gulcin&Meral,
2015). It is particularly significant in learning compound cube surface area. Accordingly,
it is essential to build a bridge which connected concepts of measurement and procedure
of measurement. Besides it, this bridge play multiple roles such as scaffolding for spatial
visualization and procedure meaning of measurement, and assistance of Inquiry Learning.
Further, traditional schoolbooks do not represent the source of actual knowledge whereas
creationof electronicmanuals oftenbecomes a “wrapping “ of old content in a new form
(Sergey,Fedor,Pavel,&Pavel,2015).Manipulatingphysicalcubesorblocksisconsidered
asthebestwayforstudentsonlearningspatialconceptsduetochildren’sdevelopmentstages,
but sometimes it appeared to form influence in comprehending relationship between lines
andsurfacesbecauseofthereal-objectphysicalproperty.Forexample,theactivityregarding
partitioning the compound-body to regular ones may be a loading task for students and it
would result in miscounting on following work regarding measuring the length of relative
lines. Augmented reality (abbreviated AR) is between real and virtual environment closer
toreal.Itcouldnotonlyprovidestudentsthevisualizationandinteractivityofreal-objects
byvirtualobjects,but also theconvenient access inanytimeandanywhere. It couldassist
studentsinreducingtheabove-mentionedloadingormiscounting.Besides,ARisatechnology
thataugmentsorsuperimposesareal timeimageof therealworldwitheither two(2D)or
three-dimension(3D)ComputerGenerated(CG)object,allowinguserstointeractwiththem
(Azuma et all., 2001). Moreover, AR is used more widely now not only because new AR
applicationsaresupportedbycomputersandmobiledevices(smartphone,tabletPC,etc.)(Wu,
Lee,Chang,&Liang,2013),butalsomobiledeviceswithimprovedhardwarepropertiesare
availableatlowerpricesaswellassotheuseofARtechnologyusenotasdifficultasitonce
was(Gervautz&Schmalstieg,2012;Squire&Klopfer,2007).

Consequently,mobile-augmentedrealitywillbetheappropriatetechnologyasthekey
ofbridgewhichwasindicatedabovetosolvethetaskmentionedabove.Researchersutilized
freemobile-augmentedrealityapptocreatethepresentationofcompoundcubevolumeby
virtualobjects,whichgivechildrenclosertorealobjects.Ontopofthat,thepresentation
could be rotated, separated, and recombined by repeatedly touching tablet which could
fosterobservationofrelationsbetweenlengthsandareastocompletethespatialconceptof
compound-cube-surfacearea.Hence,thecharacterizationplayedessentialrolesinscaffolding
students’ spatial visualization and procedure meaning of measurement, and assistance
of Inquiry Learning. Thereby, we designed a remedial instruction in which students was
learnedandrealizedtheconceptualandproceduralknowledgeofcompoundcubesurface
area through the operation of paper hollow cubes, interaction of augmented compound
bodies,observationofinteractedwithaugmentedcompoundbodies,recordingoftheside
lengthsinneed,countingoftheeachcompound-cube-surfacearea,andpresentationofthe
compound-cube-surfaceareascountingbyeachgroup.

Thepurposeofthisstudywastodesignaremedialteachingprogramregardingcompound-cube-
surfaceareasmeasurementviamobile-augmentedreality(MAR)technologytoimprovestudents’
learningperformanceandtoanalyzetheinfluenceoftheirs’learningchange.
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THEoRETICAL BACKGRoUNd

Spatial Ability in 3-dimensional Geometry – Mental Image and Visualization
Plane representations are the most frequent type of representation mode used to represent 3D
geometricalobjectsinschoolmathematicsandsometimesareconsideredintheteachingprocessas
iftheywererealobjects(Berthelot&Salin,1998).However,Parzysz(1998)andDuval(1998)who
pointedoutthattherepresentationofa3Dobjectbymeansofa2Dfiguredemandsconsiderable
conventionalizingwhichisnottrivialandnottaughtinschool.Inspiteofthe3-dimensionalaspectof
theobjectspresentedonthescreen,they,likepictures,areplanerepresentationsofspatialobjects,so
someofthewell-knowndifficultiesstudentshavewheninterpretingtraditionalplanerepresentations
of solidsappear incomputerenvironment too (Gutiérrez,1996).Aswe informalobserved from
educationalfield,wefoundthemajorityofstudentshavedifficultiesinsolvingtheproblemsinvolving
3Dcubesandmeasuringthecompoundcubevolumeandtheirsurfaceareainparticular.Wesuspect
thatstudentsdidnothavewell-donespatialabilitiesresultingintriggeringthesedifficulties.Brown
andWheatly(1997)indicatedthattherepresentationof3Dobjectsby2Dnetsisdirectlyrelated
tostudents’abilitytocombineandanalyzevisualimages,forinstance,toanalyzeavisualimage
toitscomponentpartsandthentorecombinethesepartstonewimages.Inconsequence,tosolve
theproblemsregarding3Dcubesormeasurementofthecompoundcubevolumeandtheirsurface
areaweredifficultytasksforstudents,becauseofthematerialsintextbookwhichcomposedof3D
objectbymeansofa2Dfigureaswellasitneedstudentshaveefficiencyabilitiestocombineand
analyzevisualimage.

Battista (2003) suggested that students should develop two necessary skills to calculate
conceptuallythevolumeandsurfaceareaofsolid:(a)theconceptualizationofthenumericaloperations
andthelinkoftheformulaswiththestructureofthesolid;(b)theunderstandingandvisualizationof
theinternalstructureofthesolid.Kosslyn(1980)broughtuptwoterminologiesas“mentalimage”
and“visualization”todepictstudents’developmentwithrespecttospatialabilities.A“mentalimage”
isamentalrepresentationofamathematicalconceptorpropertycontaininginformationbasedon
pictorial,graphicalordiagrammaticelements.“Visualization” is thekindof reasoningbasedon
theuseofmental images. Inopposition to the approachof cognitivepsychologist,mathematics
educators consider thatmental images andexternal representationshave to interact to achievea
betterunderstandingandtosolveproblems.Visualizationisthecontextwherethisinteractiontakes
place(Zimmermann&Cunningham,1991).Astovisualization,Bishop(1980;1983)recognizestwo
abilitiesinvisualization:(a)the“visualprocessing”ofinformation(abbreviatedVP),includingthe
manipulationandtransformationofvisualrepresentationsandvisualimageryandthevisualizationof
abstractrelationshipsintovisualterms;(b)the“interpretationofthefiguralinformation”(abbreviated
IFI),involvingunderstandingthevisualrepresentationsandspatialvocabularyusedingeometric
work,graphs,charts,anddiagramsofalltypes.

Kosslyn (1980) identifies four processes applicable to visualization and mental images: (a)
Generatingamentalimagefromsomegiveninformation;(b)Inspectingamentalimagetoobserveits
positionorthepresenceofpartsofelements;(c)Transformingamentalimagebyrotating,translating,
scaling,ordecomposingit;(d)Usingamentalimagetoanswerquestions.

McGee(1979)describestendifferentspatialabilities,distributedintotwoclasses:

• Abilities of spatial visualization:(a)Abilitytoimaginetherotationofadepictedobject,the
(un)foldingofasolid,andtherelativechangesofpositionofobjectsinspace;(b)Abilityto
visualizeaconfigurationinwhichthereismovementamongitsparts;(c)Abilitytocomprehend
imaginarymovementsinthreedimensions,andtomanipulateobjectsintheimagination;(d)
Abilitytomanipulateortransformtheimageofaspatialpatternintootherarrangement;

• Abilities of spatial orientation:(a)Abilitytodeterminerelationshipsbetweendifferentspatial
objects;(b)Abilitytorecognizetheidentityofanobjectwhenitisseenfromdifferentangles,
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orwhentheobjectismove;(c)Abilitytoconsiderspatialrelationswherethebodyorientation
oftheobserverisessential;(d)Abilitytoperceivespatialpatternsandtocomparethemwith
eachother;(e)Abilitytoremainunconfusedbythevaryingorientationsinwhichaspatialobject
maybepresented;(f)Abilitytoperceivespatialpatternsortomaintainorientationwithrespect
toobjectsinspace.

Insummary,spatialabilitiesareimportantforcomprehendingabstractspatialre-presentationsin
mathematicalproblemsolving(Waller,2005).Furthermore,mentalimageandvisualizationarebeing
consideredthekeyfactorsbothforfosteringstudents’spatialabilitiesandinstructionaldesign.In
addition,VPandIFIbothareessentialprocessesforvisualization.Givenabove,wewillrefertothose
aspectswhichwerementionedabovewithregardtospatialabilitiessoastodesignappropriateremedial
teachingofcompound-cube-surfaceareasforimprovingstudents’performanceinsuchunitfield.

Mobile Augmented Reality
Abulkofstudieshavefoundthatmobiledevicesplayamajorroleineducationnow-daysandsee
theimpactandadvantagesofthesedeviceinregardtothepotentialforpedagogicalperspective
(Chen,Kao,&Sheu,2003;Denk,Weber,&Belfin,2007;FitzGerald,Adams,Ferguson,Gaved,
Mor&Thomas,2012;Hwang,Yang,Tsai,&Yang,2009;Uzunboylu,Cavus,&Ercag,2009;
Zurita&Nussbaum,2004).Ontheotherhand,thewidespreaduseofARonmobiledevicesuch
assmartphoneandtabletshasbecomeagrowingphenomenonduetotherisingpopularityof
mobiledevicesglobally (Danakorn,Mohamad,Noor,&Mohd,2013).Thus,moreandmore
instructorswereengaged in integratingMARtechnologywithrelevantsubjectunit learning.
Arvanitis(etal.,2007)utilizedMARtechnologybasedsystemwhichwascalled“CONNECT”
viaaheadmounteddisplay(HMD)andrelatedcomputer-mediatedlearningplatformtovisualize
andinteractphysicallyandintellectuallywithlearningenvironmentthatdealwithinstructional
materials, through “hands on” experimentation and “minds on” reflection. Schmalstieg and
Wagner(2007)integratedhandheldAugmentedRealityandtwomobilegamesthatweredeveloped
byresearcherstoevaluatestudents’motivationandsatisfaction.Researchersnamedtwogames
are“medien.welten”and“ExpeditionSchatzsuche”.TarngandOu(2012)usedARandmobile
technologiesasanassistanttoolforlearningbutterflyecologyinwhichstudentscanbreedtheir
ownvirtualcaterpillarsonhostplantsusingtheprogramsontheirsmartphones,andbecome
familiarwithbutterfly’slifecyclebyobservingtheirgrowth.Santoso,YanandGook(2012)
developedtheapplicationtoenhancestudentspatialcognitiveabilitythatwascomposedofa
DigitalEdutainmentContentbasedonTangramtoyandipadversionwherethebuilt-incamera
will be activated automatically once the user choose an AR session. Martín, Díaz, Cáceres,
Gago,&Gibert,(2012)utilizedmobiledevicebasedongeolocalisationandARtechnologyto
buildaneducationalapplicationcalled“EnredaMadrid”toteachthehistoryofthecityinthe
17thcentury to students in theactivity throughpreviousonline traininganda laterphysical
technological gymkhana. Sommerauer & Müller (2014) conducted a field experiment in a
mathematicsexhibitionbasedonAR.Theempiricalresultsrevealedmuseumvisitorsperformed
significantlybetteronknowledgeacquisitionandretentiontestsrelatedtoaugmentedexhibits
thantonon-augmentedexhibits.

Insum,wecanconcludethatMARisbenefittomotivatestudents’leaningbehaviorsandto
improvestudentlearningperformance.Particularly,themaincharacteristicsofMARarevisualization
andinteractionandthatmotivatestudentstolearnmoreclearlyandprovidethemoptimumexploring
route.Inthispaper,wewillutilizethesecharacteristicstodevelopseveralaugmentedcompound-
cube-surfaceareaprototypestoassiststudentsonlearningandtoinvestigatetheinfluenceoftheirs’
learningperformanceandprocesses.



International Journal of Information and Communication Technology Education
Volume 16 • Issue 2 • April-June 2020

22

METHodS

Research Methods
Aquasi-experimentalpre-test/post-testcontrolgroupdesign(Campbell&Stanley,1996)wasused
inthisstudy.Whiletheexperimentalgroupusedaugmentedcompoundcubesurfaceareamaterials,
thecontrolgroupusedatraditionaltextbook.

Participants
Theparticipantswere6thgradestudentsinelementaryschoolduring2016-2017academicyear.There
aretwoclassesof6thgradestudentsinthedepartment(AandB).Randomly,ClassAwasdesigned
astheexperimentalgroup,andClassBwasassignedasthecontrolgroup.Intotal,60studentsage
11-12participatedinthestudy(seeTable1).

Experimental Procedure
ThisstudywasconductedwithinthecontextofthecourseMathematicatelementaryschool.The
courseistaughtforfortyminutesforeachclass,5-classper-week.Thesameinstructorisresponsible
forbothoftheclasses.Heoffersguidanceandassistancewhenneeded.

Theaugmentedcompound-cube-surfaceareamaterialswasinitiatedbeforemid-termexamweek
oftheSpringterminthe2017academicyearandwasconductedforsixweeks.Beforeexperimenting,
alloftheparticipantstakethepre-testregardingthesubjectofcompound-cube-surfacearea.The
statisticofthepre-testreveals(Table2),themeanpretestscoreoftheexperimentalgroupislowerthan
thecontrolone,butthatisnotreachthesignificantdifferenceonstatistic(F=.060,P=0.808>.01).In
theotherwords,thetwogroupsbothareinthesameinitialabilitiesregardingcompound-cube-surface
area.Besides,theresearchersfoundthatthetypesofmistakesregardingpretestincludefivemajor
types,suchasconfusingbetweenvolumeandsurfacearea,countingmissing,repeatedlycounting,
measuring thesurfaceareabydevelopmentdrawing is incomplete,andothers.Soas to improve
these mistakes, the researchers developed the interactive MAR objects which scaffold students’
operatingandobservationonthetransformationofobjects,suchaspartition,complementation,and
recombination.StudentscaneasilyengagethemselvesinactivitiesanywhereandanytimeifInternet
accessisavailable.Allparticipantsperformed3assignments(seeTable3)within5weeks.During
the five-weekperiod, thecontrolgroupstudentsconducted their experimentsusinga traditional
textbookonlyintheMathematicclass.Theexperimentalgroupstudentsconductedtheirexperiment

Table 1. Subjects statistics

Gender Experimental Group Control Group

Female 15 15

Male 14 15

Total 30 30

Table 2. The statistic of the pre-test

N
Pretest Scores

Mean Standard Deviation

Augmentedinstrument 30 32.67 22.427

Non-Augmentedinstrument 30 40.17 19.230
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usingatraditionaltextbookwithaugmentedcompound-cube-volumematerials.Theonlydifference
inthetechnologyassistanceusedbytheexperimentalgroupwastheaugmentedcompound-cube-
volumematerials.Throughoutthesix-weekperiod,nodifferencelearningcontent,learninghours,
andinstructorapartfromtheexperimentalgroup.

Inthefirstweek,theinstructorprovidedalearningpacketaboutAurasmaAppandtheirusage
totheexperimentalgroupstudents.Thelearningpackets(seeFigure1)includingInstructionsfor
Aurasma, operation sheets, seatwork sheets, and compound-cube-surface area triggers for each
student.Then,theinstructorguideexperimentalgroupstudentsfollowtheoperationsheetstooperate
theAurasmarunningontabletstepbystep.Duringthefive-weekperiod,thestudentswereaskedto
finishthesub-tasksofsequenceassignmentregardingcompound-cube-surfaceareasmeasurement

Table 3. Three assignments in the experiment
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byAurasma(seeFigure2).Thecontentoftheaugmentationsincludingpushingwithcomplement
facesaswellascuttingmodestepbystepofcompound-cube-surfaceareasforeachassignment.
Studentsfinishedtheassignmentsthroughoperation,observation,recording,problemsolving,and
group discussion via seatwork sheet and augmentations. Aspect of operation, students used the
AurasmamobileapprunningoniPads(1thgeneration)tointeractwithaugmentationsbypushingsome
surfacewithcomplementorcuttingcompoundcubeduringtheyarecarryingouttheassignments.
Aspectofobservation, theyexploredthecompoundcubeandcomprehendrelationshipsbetween
originationandtransformation(pushingsomesurfacewithcomplementorcuttingcompoundcube)
ofcompound-cubesurfacebyobservation.Aspectofrecording,theyrecordingtheserelationshipson
seatworksheetsstepbystepaccordingtoobservation.Aspectofproblemsolving,theyweretryingto
countthecompound-cube-surfaceareasintermsofpreviousrecording.Aspectofgroupdiscussion,
finally,somestudentdepictedtheprocessesofhiseachcountingstepinpublicforotherstudents
inclassandothersrespondtohimtoassisthimtoreflectonthoseprocessesnomatterwhatheis
inrightroadorwrong.TheexperimentalgroupstudentsconnectedtotheInternetoverthewireless
networkusedbytheschool.Particularly,thestudentsusedtheaugmentedcompoundcubevolume

Figure 1. A learning packet

Figure 2. Operating the Aurasma
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materials(seeFigure3)tocomprehendtheelementsofcompoundcubevolume,whereasthespeed
oftheirsolvingtheassignmentswasdecidedbytheirdegreeofindividualcomprehensioninthis
experimentalenvironment.

RESEARCH TooL: MAR ANd ITS’ IMPLEMENTATIoN

TheMARremedialteachingprogramincludesoperationsheets,seatworksheetsandinteractively
virtualobjectswhichareinsertedintriggersandoperatedbytriggering(seeFigure4).Theresearchers
designthisprogrambasedonworkintheliteratureabove.TheMARremedialteachingprogram
provided virtual 3D geometric objects as a form of concreate representation and students could

Figure 3. Using the augmented compound cube

Figure 4. Virtual objects
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solvecompound-cube-surfaceareaproblemsbymanipulatingthem.Theoperationsofpartition,
complementation,andrecombinationareexplainedasfollowing:

1. Partition:Thepartitionoperationinvolvedbreakoflargecompoundcubeintodifferentsmall
piecessoastosimplifyproblem.Figure5showthestudenthowtousethepartitionoperation
tobreakthecompoundcubeintosmallpiecesinneeded;

2. Complementation:Sometimesitwasnecessarytoseparatesomesurfacestofullycomplement
theothercube(seeFigure6).Itisusefultosimplifytheprocessofsolvingproblemsregarding
compound-cube-surface areameasurement and to avoidhappeningof countingmissing and
repeatedlycounting;

3. Recombination:Therecombinationmechanismwasmadeitpossibletoseparatesomesurfacesat
timeintoconfigurationswithothersurfaces.InFigure7,wecanseetherecombinationoperation
pushedthegoalsurfaceforwardandcombinewithanothersurfacetoformthenewone.

Tomodelthe3DgeometriccubesanditsoperationsintheMARremedialteachingprogram,
theGoogleSketchUp3Dmodelingcomputerprogramwasemployed,whichprovidedcreationof3D
modelsofbuildings,furniture,interiors,landscapes,andmore.Itcomesinmultipleeditionsinclude
make,pro,andfreeareexplainedasfollowing:

Figure 5. Partition

Figure 6. Complementation
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1. Make(formerlySketchUpforHomeandPersonalUse),introducedinMay2013,isafree-of-
chargeversionforhome,personalandeducationaluse;

2. ProincludesthefunctionalityofSketchUpMakeplusimportersandexporterstocommon2D
and3Dformats,accesstoLayout(2Ddocumentationsoftware)andStyleBuilder(createcustom
edgestylesforSketchUpmodels);

3. Freewasreleasedasaweb-basedapplicationwhichreplacesSketchUpMake.

Inthisstudy,weutilizedthemakeversiontodescribethevirtual3Dcubesaswellasitsoperation
intheMARremedialteachingprogram.

TheMARremedialteachingprogramprovidedstudentseasyaccesstooperatethevirtual3D
cubesbytheseproceduresincludingpartition,complementation,andrecombinationandtoobserve
thecubesaswellastherelationbetweenitssidesandsurfaceswhentheoperationswereoccurring.

To build scaffolding for the MAR remedial teaching program, operation sheets were
employed.Inthebeginning,theteachersposethefirstgeometryproblemofcompound-cube-
surfaceareameasurementwiththeMARremedialteachingprogram,inwhich3Dvirtualcubes
andits’operationalmodelwerebuilt(seeFigure8),withthesequentiallyoperateddescription
givenintheworksheets.Allstudentsfollowtheteachers’instructiontomanipulate3Dvirtual
cubes inclassstepbystep,utilize Ipad(Version1)deviceswithAURASMAappaswellas
interactwiththetriggercard(seeFigure8)toobservetherelationbetweenitssidesandsurfaces
whentheoperationswereoccurring.Second,allstudentssequentiallyrecordedtheobservation
valuesontheworksheetsbythemselves.Third,allstudentstrytosolveitandwritetheprocesses
ontheworksheets.Finally,theresearcherspurposivelysampledthestudentstoexplaintheir
solvingprocessesinpublicandguidedallstudentstocarryoutdiscussioninregardingtothose
processes.Studentscouldimmediatelyrevisetheirsolutionsaccordingtothecommentsgiven
byothers.Afterclass,theywereassignedseatworksheetswithouttheMARremedialteaching
programtoconfirmtheeffectoftheirs’learningretention.

RESULTS ANd dISCUSSIoN

Achievement
Duetoourexperimentdesignincludestwotypesofindependentvariablesareindependentsamples
andpaired-samplerespectively,two-wayANOVAwithmixeddesignwasconductedonstudents’
pretest scoresandposttest scoresby researchers. Independent samples include twovariablesare
experimentalgroup(Exp.)andcontrolgroup(Con.).Whereaspaired-sampleincludestwovariables
arepretestandposttest.Theresearchersobtainedsomeresultsfromdifferentgroupswithrespectto
pretestandposttestrespectivelyasfollowsandsummarizedfurtherinTable4:

1. Therewasareciprocaleffect(F=4.451,P=.039<.05)ontestandgroupandthateffectrelation
couldbeseenclearlyinFigure10;

Figure 7. Recombination
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2. Therewasnosignificantdifference(F=1.933,P=0.170>.05)onpretestbetweenexperimental
groupandcontrolgroup;

3. Therewasnosignificantdifference(F=.422,P=0.518>.05)onposttestbetweenexperimental
groupandcontrolgroup;

4. Therewassignificantdifference(F=37.177,P=.000<.01)inexperimentalgroupbetweenpretest
andposttest;

5. Therewassignificantdifference(F=4.653,P=.039<.05)incontrolgroupbetweenpretest
andposttest.

Content Analysis
Theresearchersposedninegeometryproblemsregardingcompound-cube-surfacemeasurementin
thisstudy.Allproblem-solvingoperationsdividedintothreecategories,partition,complementation
andrecombination.Sincethesecubeswerenotregular,itcouldn’tbestraightforwardtofigureout
themathrulesneedtogettheanswers.Hence,studentsneedtoseparate,complement,orrecombine
cubesintoregularshapetofindanefficientwaytogetanswerviaMARremedialteachingprogram.

Figure 8. 3D virtual cubes and its’ operational model

Table 4. Analysis of paired-sample respectively, two-way ANOVA

Source SS df MS F

Group 83.333 1 83.333 .101

test 6900.833 1 6900.833 30.086***

test*Group 1020.833 1 1020.833 4.451**

Error(Group) 47771.667 58 823.649

Error(test) 13303.333 58 229.368

Group

Pretest 843.750 1 843.750 1.933

Postest 260.417 1 260.417 .422

Test

Exp. 6615.000 1 6615.000 37.177***

Con. 1306.667 1 1306.667 4.653**

**P<.05 ***P<.001
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Thestudents’problem-solvingsheetswereanalyzedtofindtheerrortypesgeneratedformthe
processofsolvingquestionsduetotheiruncompletespatialabilities.Toshowerrortypesclearly,
thedescriptionofandthestatisticaldistributionofitweregivenasfollowsandsummarizedfurther
inTable5:

1. Theresearcherssummarizedfiveerrortypes,suchas“confusedwiththevolumeandthesurface
area”,“loss”,“repeatedcalculation”,“thesolutionsthroughexpandedviewisn’tcompleted”,
and“others”;

2. Theothersincludedcalculationerror,incomplete,correspondtotheerrorsideandblank;
3. Comparewithpretestandposttest,theTable5revealsthedecreasedtreadoferrortypes;
4. Accordingtothetrendofstudents’decreasederrorrateataspectof“confusedwiththevolume

andthesurfacearea”,theresearchersfoundthemajorityofstudentsgainedtheassistancein
distinguishingtheconceptsofvolumeandthesurfaceareaexceptV1andV7;

5. Accordingtothetrendofstudents’decreasederrorrateataspectof“loss”,theresearchersfoundthe
majorityofstudentsgainedtheassistanceinavoidinglossduringproblemsolvingexceptV6andV8;

6. Accordingtothetrendofstudents’decreasederrorrateataspectof“repeatedcalculation”,the
researchersfoundthemajorityofstudentsgainedtheassistanceinexactcalculationregarding
surfaceareaexceptV2andV7;

7. According to the trend of students’ decreased error rate at aspect of “the solutions through
expanded view isn’t completed”, the researchers found the majority of students gained the
assistanceindevelopingthemselves’spatialabilitiesinsteadofrememberingtheformulathrough
expandedviewexceptV5andV8;

8. AccordingtoTable5,theresearchersfoundthetrendofstudents’decreasederrorrateataspect
of“others”.

Figure 9. Estimated marginal means of measure
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CoNCLUSIoN

Inthispaper,theMARremedialteachingprogramwasproposedtopromoteavisualizedandoperable
systemtoassiststudentsinsolvinggeometryproblemsregardingcompound-cube-surfaceareaas
wellasfostertheirs’spatialabilities.Theproposedsystemwasevaluatedwithusinganexamination
andtheresultsshowedtwogroups’posttestscoresbotharebetterthanpretestones,butprogress
ofexperimentalonebetweenpretestandposttestisobviouslybetterthancontrolone.Intheother
words, theexperimentalonewhichutilized theMARremedial teachingprogramgained thebig
assistancethancontrolone.AsthesameasWu,Jia,Yueh,&Jian(2009)stated,studentscanstudy
theproblembymanipulatingvirtual3Dobjectsandtheycanfindoutthesolutionsviaobservation
ofthemanipulated3Dtheme.Angel(1996)alsostressedthatvisualizationisabasiccomponentin
learningandteaching3Dgeometryandcomputerscanplayaveryrelevantpartinhelpingstudents
toacquireanddevelopabilitiesofvisualizationinthecontextofspacegeometry.WhereastheMAR
remedialteachingprograminvolvedmanipulatedvirtual3Dobjectsandvisualization,theresearchers
infertheMARremedialteachingprogramisbenefitstudentsonsolvinggeometryproblemsregarding
compound-cube-surfacearea.Consideringtheuser-interface(UI)willbeamajorimprovementin
thenextgenerationiftheprogram.

The students’ problem-solving sheets were analyzed to find the error types generated form
theprocessofsolvingquestions,andtoawareandanalyzeexperimentaleffect.Theresultrevealed
manifestlydecreasedquantityoferrortypesanddecreasedrateoferroronbasicquestions(V1,V2,
V3,V4,V5)regardingconvexcubes.Nevertheless,thesimilareffectcouldn’tbefoundonadvanced
questions (V6, V7, V8, V9) regarding concave cube. According to researchers’ further analysis
found,thetreadofstudents’errorrateataspectof“confusedwiththevolumeandthesurfacearea”
and“loss”occupiedmostoferrorratesonadvancedquestions(V6,V7,V8,V9).Thephenomena
revealedthatstudentswereaffectedbyvisual-obscurationtoinexactlycarryouttheircountaswell
aswerecontrolledovertheshapesofcubes(concave)toexecutewrongarithmetic(minus).

Asaresultofourstudy,theresearchersconcludethattheMARremedialteachingprogramtruly
playedascaffoldingroleonsolvingcompound-cube-surfaceareas.Itprovidedvirtualobjects,nearly
realones,tostudentstoconstructanfriendlyenvironmentinvolvesmentalimageandvisualization.
Yet,theresearchersalsofoundtherearestillsomequestionsneededtoprobeinthefuture,suchas

Table 5. The statistical distribution of error types

Confused With 
the Volume and 

the Surface Area
Loss Repeated 

Calculation

The Solutions 
Through 

Expanded View 
Isn’t Completed

Others

Pretest Postest Pretest Postest Pretest Postest Pretest Postest Pretest Postest

V1 7.5% 12%* 11.5% 0% 0% 0% 0% 0% 0% 0%

V2 15.9% 0% 3.8% 3.8% 0% 3.85%* 3.8% 0% 11.5% 7.3%

V3 13% 0% 13% 3.85% 30% 3.85% 16% 0% 5% 7.3%*

V4 13% 0% 33% 19% 18% 0% 10% 0% 18% 4%

V5 12% 4% 12% 0% 26.5% 0% 0% 4%* 11.5% 7%

V6 27% 0% 23% 42%* 23% 0% 0% 0% 12% 35%*

V7 12% 31%* 31% 4% 4% 8%* 0% 0% 38% 26%

V8 36% 31% 12% 19%* 8% 0% 0% 4%* 29% 15%

V9 38% 35% 15% 15% 0% 0% 0% 0% 24% 12%

* Pretest<Posttest
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studentswereaffectedbyvisual-obscurationtoinexactlycarryouttheircounts.Evenso,theMAR
remedialteachingprogramindeedbenefitsstudentsinsolvingcompound-cube-surfaceareasbetter
thantraditionalone,whichcouldbecertifiedfrompretestsandposttests.

The present findings contribute to the field’s understanding of utilizing AR-technology for
learningmathematiccompound-cube-surfaceareaatelementaryschool.Besidesit,theycouldbe
appliedtoimprovestudents’spatialabilitiestofurtherenhancetheirlearningperformanceonsubject
ofmathematiccompound-cube-surfacearea.Ingeneral,theywillbevaluabletobetterthelearning
methodology incomprehending thecompound-cube-surfaceareaandparticularprovidestudents
easilyaccesstothesubject.
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APPENdIX

Table 6. 
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