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A Gaming Perspective on 
Mathematics Education
Su-Ting Yong, The University of Nottingham, Semenyih, Malaysia

Peter Gates, The University of Nottingham, UK

Andy Tak-Yee Chan, The University of Nottingham, Semenyih, Malaysia

ABSTRACT

This article explores how motivation in computer games could be integrated into mathematics
education.Thescopeofthestudywasconfinedtofourmotivationdimensions,namelychallenge,
control,complexityandcollaboration.Aphenomenologystudywasconductedwith thepurpose
toobtainacommonunderstandingofnineteachersand11studentsaboutmathematicseducation,
particularlyfocusingonteachingpracticesandlearningdifficultiesinmathematicalproblem-solving.
Qualitativeinterviewshaverevealedthattheexistingmathematicseducationisbuiltondrill-and-
practiceapproachwithPolya’sproblem-solvingtechnique,i.e.exam-oriented,rotememorizationand
theuseofpredefinedstrategies.Thisapproachtolearninghasfailedtomotivatestudentstolearn
(affective)andfailedtodevelopanunderstandingandcreativity(cognitive/metacognitive).Looking
fromagamingperspective,mathematicsproblemsshouldbechallengingandcomplex,andstudents
shouldbegivencontroltocarryoutaplan.Andfinally,collaborationshouldbeencouragedtoenable
reflectivelearning.

KEywoRdS
Challenge, Collaboration, Complexity, Computer Games, Control, Mathematics, Motivation, Problem-Solving

INTRodUCTIoN

InAsiancountries,mathematicshasbeentaughtusingadidacticmethod.Itisprimarilyintheformof
drill-and-practiceandrepetitionofinstructions(Li,2006).Mathematicsisexcitingandchallenging.
Yet,manychildren find itdullandboring.Children tend tobenegative, lessmotivated towards
mathematicsandnotconfidentinsolvingcomplexandchallengingmathematicalproblems(Awanta,
2009;Kislenko,2006).Despitethis,childrenaredrawntoandabletosolvesophisticatedproblemsin
computergames(Papert,1998;Prensky,2001).Itisreallyimpressivetoseechildrenasyoungasseven
toplaycomplicatedgames,e.g.Yu-Gi-Ohthatinvolvescomplexlanguage,vocabulary,andthinking
skills(Gee,2008).Computergamescouldmotivatechildrentolearnandgothroughconsecutively
morechallengingtasksinthegames,voluntarilyandsuccessfully.Itwouldbeinterestingtolookat
howthesegamesengagechildreninaddressingvariousproblems,andhowthesemotivationscould
beincorporatedintomathematicseducation.
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Theresearchquestionaddressedinthisstudywas:howmathematicseducationcouldbeimproved
byunderstandingthemotivationofgaming?Threeoperationalresearchquestionswerederivedto
governtheresearchprocess:

1. Whatwereteachers’perceptionsandteachingpracticesinmathematicseducation?
2. Whatwerestudents’perceptionsandlearningdifficultiesinmathematicseducation?
3. Howmathematicalproblem-solvingwasrelatedtothemotivationincomputergames?

Inthisstudy,dataaboutgamingwasdrawnfromtheliteraturesonoexperimentwasconducted
inthisarea.Firstly,areviewoftheliteraturewasconductedtounderstandmathematicalproblem-
solvingandmotivationincomputergames.Then,qualitativeinterviewswereconductedtounderstand
theexistingmathematicseducationinschools.Finally,theauthortriedtocompareandintegratethe
gamemotivationintoeverystageofmathematicalproblem-solving.

LITERATURE REVIEw

Mathematical Problem-solving
Problem-solvingisoneofthefundamentalhumancognitiveprocessesthatplaysasignificantrole
inmathematicseducation.Mathematicalproblem-solvingapproachisfundamentallybuiltonthe
Polya’s(1945)four-stagemodel:

1. Understand the Problem:Problem-solvingshouldbedrivenbyadeepinterestinunderstanding
whatisrequiredbytheproblem(Polya,1945).Theapproachtoproblem-solvingdependson
howpeopleunderstandtheproblem(Sternberg,Sternberg,&Mio,2012);

2. Devising a Plan: A problem solver has to plan at least in outline, which calculations or
constructionstobeperformedinordertoobtaintheunknowns(Polya,1945).Aplanishow
variousitemsareconnectedandhowtheunknownsarelinkedtothedatatoobtaintheidea
towardsasolution;

3. Carrying out the Plan:Aproblemsolvershouldcontrolandself-regulatetokeeptrackand
carryouttheplan;

4. Looking Back:Aproblemsolverhastoreexaminethecompletesolutiontoconsolidatehis/her
knowledge(Polya,1945).Mistakesareinevitablesometacognitiveskillssuchasreflectionand
evaluationarerequiredforeffectivelearning(Yimer&Ellerton,2006).

TheuseofPolya’s(1945)four-stagemodelalonecouldnotautomaticallyleadtoasolutionof
amathematicsproblem(Orton,2004).Thereisadebateofwhethermathematicsshouldbetaught
usingdrill-and-practiceorwithanunderstandingorcreativity(Davis,1990).Thedrill-and-practice
approachisadeeplyrootedtraditionalwayofteachingmathematics.Studentsaretoldwhattodo
andhowtodo,andthenfollowedbysubstantialamountofdrill-and-practice(Davis,1990).This
approachisgroundedontheassumptionthatpeoplecanbecomeexpertsthroughimitationandpractice
repeatedly(Li,2006).Theprimaryfocusofdrill-and-practiceistomemorizearoutinealgorithm
(Davis,1990).Inthiscase,studentsdolearnmathematics,buttheylearntomemorizeacollection
ofproceduresthatareusefulforcertainpurposes(Romberg&Kaput,1999).Itissimilartolearning
tomatchtherightcollectionofprocedurestoaspecificproblemwithoutlookingatthereasoning
behindtheprocedures.Routinepracticeinvolvesthedeploymentofasetofroutinethatdoesnot
requirecreativity,guessworkordiscovery(Romberg&Kaput,1999).Itisaneffectivewaytofoster
retentioninthememory(Orton,2004).Here,mathematicsisperceivedasafixedandstaticbody
ofknowledgebecauseitinvolvesonlythemechanisticmanipulationofnumbers,algebraicsymbols
andprovingofgeometricdeductions(Romberg&Kaput,1999).Thisapproachmightbeusefulto



International Journal of Information and Communication Technology Education
Volume 14 • Issue 4 • October-December 2018

87

solveroutineproblems,butnotnon-routineproblems.Thedrill-and-practiceapproachtomathematics
learningisacontroversialissue.

Mathematicsisnotsimplyabodyofknowledge,itisalsoacreativeactivitythatinvolvesboth
processandproduct(Orton,2004).Acreativeapproachisnecessarybecausemathematicsistoo
complextobelearnedmerelythroughroteorroutineproceduresthataredull,demotivatingandnot
helpingstudentstodeveloptheiranalyticalthinkingskills(Davis,1990).Problem-solvingisnota
routineprocessbecauseeachproblemshouldhaveacertainlevelofnoveltythatrequireslearners
tobecreative(Orton,2004).Iflearnerscaneasilysolveamathematicsquestionusingrote,thenthe
problemdoesnotexistortheproblemisroutine.Polya’s(1945)four-stagemodelprovidesageneral
guidelineonhowtoproceedinproblem-solving,butifstudentsdonotunderstandaparticularlesson,
theywilllearntheroutineproblem-solvingasanisolationskillthatcannotbeappliedorextendedto
newandunfamiliarproblems(Polya,1945).Thus,oneofthemajordifficultiesfacedbythestudents
istotransferknowledgelearnedtosolveanewproblem.Knowledgetransferishardwhenstudents
couldnotrelatewhattheyhavelearnedtoabiggerpicture.

Motivation in Gaming
Incomputergames,playerscantransferthepriorknowledgetomixwithaninnovationtoenable
problem-solving of new challenges (Hamari et al., 2016; Hou & Li, 2014). They are mastery-
achievementorientedinwhichtheyareinterestedinlearningforitssakeandunderstanding.Intrinsic
motivationisbuiltoninnerpsychologicalneedsthatcanprolongthepassionforlearningeffectively.
Thethreeinnatepsychologicalneedsforcompetence,relatedness,andautonomyareusedtounderstand
whatandwhysomeonepursuesagoal(Deci&Ryan,2000).Goodcomputergamesarebuiltonthe
psychologyneeds:(1)competence-givepowertoplayerstotestandexperience;(2)autonomy-
providealternativesthatallowcreativity,audacityandexploration;(3)relatedness-fostersocialization
andcommunication(Denis&Jouvelot,2005).Tosatisfyplayers’innatepsychologyneeds,intrinsic
motivations can be fostered through challenge (Hou & Li, 2014; Liu, Cheng, & Huang, 2011),
complexity(Akcaoglu&Koehler,2014;Yang&Chang,2013),control(Hou&Li,2014;Qian&
Clark,2016;Yang&Chang,2013)andcollaboration(Girvan&Savage,2010;Hamalainen,2008;
Sung&Hwang,2013;Vos,vanderMeijden,&Denessen,2011).Thefourmotivationdimensions
aregamedesignelements(Qian&Clark,2016).

Challenge
Challengeisdefinedas“thedegreetowhichindividualsfindsitdifficulttocopewithspecifictasks
involved”(Shin,2006,p.3).Thechallengeofeffectivegamesshouldmatchwithplayers’growing
abilitiestofacilitatecontinuedlearningingame-basedlearningenvironments(Hamarietal.,2016;
Hou&Li,2014).Ifthechallengeiseasilyachievable,playersmaygetbored;ifthechallengeistoo
toughandunachievable,playersmaygiveupandworry(Hou&Li,2014).Thechallengeincomputer
gamesworksontheprincipleofhardfun,inwhichfunandlife-enhancingbecauseitishardand
challenging(Gee,2007;Papert,1998).Computergamesarefunbecausetheyarechallenging.

Complexity
Highqualitygamespossess complexproblems.Cognitively complexproblemsareused to
engageplayersmoredeeply,andhopefullytofacilitatethelearningofcomplexstrategiesand
significantproblem-solving skills (Hamariet al.,2016).Populargames suchasFIFA, The 
SimsandCandy Crushrequirenotonlycomplexproblem-solvingskillsbutalsoconcentration,
logicalthinkingandmultitaskingskills.Thecomplexityofgamesgeneratesperceptualcuriosity
andmotivatesplayerstoexplorethegames(Hamarietal.,2016).Paststudieshaveshownthat
engagingstudentsingames-designfacilitatescomplexknowledgeconstruction(Akcaoglu&
Koehler,2014;Yang&Chang,2013).
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Control
AccordingtoDeCharms(ascitedinWishart,1990,p.141),“manismotivatedprimarilybyadesireto
producechangesinhisenvironment,thatistosaytocontrolit.”Controlisafactorofflowexperience
ingame-basedlearning,i.e.whenplayersenjoyplayinggames,theycancontrolthequalityoftheir
experience(Hou&Li,2014).Peoplewillfeelmotivatedandempowerediftheyfeelthattheyare
incontrolbecauseitsatisfiestheinnatepsychologicalneedforautonomy.Ingaming,playersare
motivatedtoplaybecausetheyhavecontroloverthegamecharactersanddecisionmaking.Players
whoexperiencedagreatersenseofcontrolwouldperceivehigherlevelsoftheeaseofuse(Hou&
Li,2014).Engagingstudentsingames-designpromotesself-controloflearningandthinking(Yang
&Chang,2013).Themotivationingamescomesfrombeingabletolearneffectivelyandexertsome
controloverthegames’outcome.

Collaboration
Collaborationsatisfiestheinnatepsychologicalneedforrelatedness.Relatednesscanbefosteredin
collaborativegroupsandteamwork(Hamalainen,2008;Sung&Hwang,2013;Yang&Chang,2013).
Gamesbuiltonsituatedlearningplaceastrongemphasisonthesocialcontext,andknowledgeis
constructedthroughparticipationinthelearningcommunities(Girvan&Savage,2010;Hamalainen,
2008;Sung&Hwang,2013).For instance, inrole-playinggames,aplayercanfeel thesenseof
belonginginvirtualworldcommunitiesandrelatednesstootherplayers.Theplayermayalsofeel
deeplyconnectedtothegamecharactersforadoringandrespectingtheirpowersandcapabilities.

METHod ANd dATA CoLLECTIoN

This is a phenomenology study of a sample of 20 participants from five secondary schools in
Malaysia.Thesamplewasrecruitedthroughpurposiveandsnowballsampling.Theauthorspecified
thecharacteristicsofthepopulationofinterestandlocateskeyinformantsshefeltwillyieldthebest
understandingofwhatshewasstudying,i.e.seniormathematicsteachersandmale/femalestudents.
Though the decision could be wrong, almost all qualitative researchers use purposive sampling
becauserandomsamplingnormallyisnotfeasible(Fraenkel&Wallen,2006).Afterthat,thekey
informants(i.e.theseniormathematicsteachersandstudents)recommendedandledtheauthorto
otherteachersandstudentsbasedontheirknowledgeofwhowouldbethebesttohelpintheresearch
area.Ninemathematicsteachersand11studentswererecruited.Therecommendedsamplesizefor
phenomenologystudiesisapproximatelysixparticipants(Mertens,2010),whichissmallerthanother
qualitativeresearchmethods.Inqualitativeresearch,thereisnoexactsamplesizethatisconsidered
asappropriate,butitdependsonthepurposeofastudy(Cohen,Manion,&Morrison,2007;Patton,
1987).Thisstudyaimedtoexploretheperspectivesofafewindividualsingreaterdepthtoobtain
richinformationabouttheirworldviewsinmathematicseducation.Theauthordidnotattemptto
generalizetheresultsbeyondthepopulationpool.AccordingtoCreswellandPlanoClark(2011),the
useofasmallsamplesizeinqualitativeresearchisnotaproblembecausetheintentionofcollecting
thedataistoseekanin-depthunderstandingofafewpeople.Teachers’andstudents’perceptions
wereexploredthroughstandardizedopen-endedinterviewsstructuredaroundthreemajorthemes
-demographicinformation,teachingmethods,andstudents’performanceandattitudesinlearning
mathematics.Theinterviewswereusefultounderstandwhattheparticipantswerethinkingandwhy
theythoughtwhattheydid.

RESULT ANd dISCUSSIoN

Thefindingsofthisstudyarediscussedintwomajorsections(1)theexistingmathematicseducation,
and(2)thecomparisonofproblem-solvingmethodsinmathematicsandcomputergames.
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Mathematics Education
Toteachproblem-solvingskills,mostofthemathematicsteacherspresentsomekindofstrategy,
modeledafterPolya’s(1945)four-stepprocess.TheimpactofPolya’sworksinmathematicseducation
isremarkable.Threeteacherssaid:

Understand the problem, do proper sketching; we need to draw a simple diagram to understand yes, 
they do. Then write down your equation and then solve it and check your answer.

We ask them to read question at least more than 3 times. And then try to identify what are the 
information given. Then try to plan out the strategy. What formula to be used. What have to find. 
Step-by-step.

They have to understand the question, and then they have to identify what is required by the question. 
I will ask them to underline the important points. Identify the formula and solve it. Finally, check 
using a calculator.

Inthefirstphaseofunderstandingtheproblem,studentsareadvisedtoreadthequestionforat
leastthreetimes.Inthisstage,studentsneedtounderstandwhatisrequiredbythequestionbasedon
theinformationgivenandhighlighttheimportantpoints.Duringthesecondphaseofdevisingaplan,
studentsshouldplantheirstrategy(e.g.dopropersketchingordiagram)andidentifytheformulatobe
used.Thethirdphaseistoimplementtheplan.Finally,thefourthstageislookingback,andstudents
areadvisedtochecktheiranswers,e.g.usingacalculator.ThefourprocessesarelinkedtoBloom’s
Taxonomy(Krathwohl,2002)–remembering(recallaformula),understanding(comprehendthe
question),applying(solvetheproblem),analyzing(drawadiagram),evaluating(checkthevalidity
oftheanswer)andcreating(constructastrategy).Despitethis,students’interviewshaverevealed
somechallengesanddifficultiesinlearningmathematicalproblem-solving(seeTable1).

ThefindingsinTable1haveshownthatteachingPolya’sproblem-solvingtechniquealoneis
inadequatetodevelopinterest(affective),andunderstandingandcreativity(cognitive/metacognitive)

Table 1. Theme – students’ learning difficulties

Code Students’ Participants

Cognitive/
Metacognitive

•Whenitcomestoallthosehigherorderthinkingkindsofquestions…Soittakesmequitesome
timestounderstand.So,it’sastruggle.
•Yesstrugglequitealot…onethingInoticeaboutMaths…Allarepatterns…AslongasI
understandthepattern,Icancatchup.
•Iamnotverygoodwithdiagrams(visual-spatial).
•Drawinggraph…Iamnotgoodatfindinghowtododrawit(visual-spatial).
•Confusingbecauseitinvolvesmanyunknownssomyheadisveryconfuseseeingthequestion
(analysis).
•Ifindithard…carelessness…Thatcanleadtoanswerwrong(evaluation).
•Exposeustothequestionsthatstudentscommonlycannotanswerorthemistakesthatstudents
usuallydo(evaluation).

Affective

•Mathsisinterestingandfunandchallenging…Isjustthat,itisnotshowntomeinafunway.
Mostlyistoobored.
•Boring…whenIcannotunderstandthemethod.ButIfinditinterestingwhenIunderstandfully
thewholemethod.
•Whenitcomestoexercises,ithastobeachallenging.
•IpreferAddMathstoModernMathsbecauseAddMathsismorechallengingandrequiresmore
thinking.Thinkingalot.
•WhenIdon’tfindsomethingfun,Ilosefocus.ThenIwon’tbeabletounderstanditthateasy.
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inmathematics.Manymathematicsnon-routineproblemsdonotautomaticallyleadtoasolutionby
applyingthetechnique.Tosolvenon-routineproblems,metacognitiveskillsandhigherorderthinking
skills (HOTS) are important to develop mathematical thinking skills (Mayer, 1998). HOTS and
metacognitiveskillscouldhelpstudentstoapplywhattheyhavelearnedtoanewunfamiliarproblem.

The Comparison of Problem-Solving Methods in 
Mathematics and Computer Games
Inthissection,theauthorhasattemptedtoconnectthePolya’sfourstageplanforproblem-solving
withcomputergames.Insomecases, theproblem-solvingapproachthat isofferedbygamingis
differentfromthePolya’sfourstageplan.Thediscussioncomparesthelearningcontextinaregular
mathematicsclassroomandgamingenvironment,anddrawsout thesimilaritiesanddifferences.
Thiswillallowtheidentificationofgoodpracticesingamingthatcouldbeusedinthemathematics
classroomforimprovement(seeFigure1).

Understand the Problem
Beforesolvingaproblem,studentsneedtohaveagenuineinterest(affective)inthem,andthecapability
tounderstand(metacognitive)thecontextoftheproblem.Teachers’interviewshaverevealedthat
studentslackofinterestinlearningmathematicsandareweakincertainmathematicalskills.

Table 2 has shown that teachers’ major concerns are circled around learning interest and
assessment.Theteachershaveassertedthatstudentsaretrainedtobeexam-oriented,andtheycould
perform well through drill-and-practice. The teachers have characterised their students as field
dependentorperformanceachievementorientedlearnersbecausetheydowhatisaskedandonly
learnwhatisneededtoachievetheperformance.Thefindinghasimpliedthattheexistingformal
educationinschoolshasfailedtosupporttransferofknowledgeandlearningofHOTS.Mathematics
requiresunderstandingandapplicationofmathematicalprocessestoenabletransferofknowledge.
Gaming Perspective
Incomputergameshowever,learningistransferable.Gamesusuallyprovideproperguidanceand
practicetoensurethattheknowledgelearnedistransferable.Inasinglegame,playersarerequiredto
usetheskillsandstrategiesgainedfromthepreviouslevel,andtheknowledgeisoftenapplicableto

Figure 1. Integration of motivation in computer games and mathematical problem-solving steps
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othergamesortheentiregenre.Thechallengesingamesarenewandunpredictable(i.e.non-routine),
yettheplayersseetheunderlyingsimilaritiesanddifferencesbetweenpreviousgamingexperience
andthecurrentproblemsinthegames.HOTSarerequiredtoplaycomputergames,e.g.strategyand
simulationgames(Hung&VanEck,2010).Incomputergames,playersarelearningHOTSnaturally
withoutexternalforce.Moreover,computergamesaremotivatingandenjoyable.Computergames
usuallydrawplayers’interestandcuriositybygivingnovelsurprises.Theuncertaintiesingames
stimulateplayerstoplayanddiscovermore(masteryachievementorientedlearners).Curiosityand
playfulnessarehumannaturebecausepeoplelovetoknowtheanswertoeverything(Stafford,2012).
Thecuriositywilldrivethedesiretoplayandthiswillcreateafunandinterestingexperience(Denis
&Jouvelot,2005).Whentheplayers’curiosityhasbeensatisfiedbyovercomingchallengesinthe
games,itcreatesapositiveandpleasantexperience.

Devising a Plan
Duringplanning,aproblemsolverhastostrategizewhichcomputationstobeperformedinorderto
obtainasolution.Teachers’interviewshaverevealedthatpredefinedstrategiesaretaughtbygiving
step-by-stepexamples.

Table3hasshownthatdirectinstructionofpredefinedstrategiesisadeeplyrootedtraditional
wayofteachingmathematics.Teacherswillexplainaconceptbygivingafewstep-by-stepexamples,
andstudentsareexpectedtopracticethepredefinedproceduresuntiltheyhavemasteredtheconcept.
Mathematicsinthissenseisportrayedastedious,monotonousroutetofollowandalotofproblemsto
clear(Romberg&Kaput,1999).Inparticularly,ateacherwillbeginalessonbygivingsomeexamples
and then followed by more exercises. Students are expected to follow a step-by-step predefined
strategylaiddownbytheteachers.

Table 2. Theme – affective and metacognitive

Code Teachers’ Participants

Affective(Interest)

•Theydonotlikemathematicsbecausetheydonotlikenumbers.
•Somecansayalittlephobiaaboutnumbers.
•Theyseealongstory,theproblem-solvingquestion…theywilljustgiveup.
•Someofthemarenotreallyinterestedinmaths.
•Mostofthemhavenointerest.
•Theyeasilygiveup,nopatienceinsolving.
•Forthosewhoarenotinterested,theyonlydowhatisrequired.

Affective(Exam-
oriented)

•Ithinkmostofthemstudyforthesakeofexam.
•Theyareexam-oriented.
•Weneedtotrainthestudents,preparestudentsfortheexam.
•One(exam)paper…theydon’temphasisetheworking,theyemphasisetheanswer.
•Weneedtodrillthestudentstodopassyearquestions.
•Theystudyforthesakeofachievingagoodresult.

Metacognitive
(Application/Transferof
knowledge)

•Studentsarelackofexposureinproblem-solvingorapplicationquestions.
•Theyknowwhatitmeans,butapplicationwisetheyhavealittlebittrouble.
•Transfertheinformation-thatiswhattheycan’t.
•Oursyllabusmoreofjustmathsonly…Veryfewtopicsgotapplicationdailylife.

Metacognitive(HOTS)

•Wehavenotreallytrainthestudents…Beforethatwearenottalkingabouthigherorder
thinkingskill.
•Theywon’tbeabletothinkindeep.
•VeryfewHOTS…certaintopicsnoneoftheHOTSquestion,justusingformula.
•Ithinkonly20%ofthemusetheirbraintodoanalyticalthinking…Theydonothave
analyticalandlogicthinking.
•Theyareusingcalculator…indirectlytheirlogicalthinkingwillbeveryverylow.
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Gaming Perspective
Incomputergameshowever,therearenopredefinedstep-by-stepstrategiestowinthegames.Players
arefreetoadoptanystrategiesthattheythinkwillworkthroughtrial-and-error.Theplayerscan
learnandprogressbytestingahypothesis,takingariskandreflectingonthemistakes(Gee,2007).
Eachplayerhasauniquestrategy,andtheyarelearningbymakingmistakes.Gamestrategiesare
complex,informal,naturalandflexible.AccordingtoMartinovicetal.(2014),thereare23cognitive
elementsfoundincomputergames,e.g.mentalmathematics,problem-solving,planningandselective
attention.Challengingandinterestinggamesdonotrepeatthesamepatternofproblemagainand
again(asinroutelearning).

Carrying Out the Plan
Duringimplementation,aproblemsolverhastocontrolandself-regulatetokeeptrackoftheplan.
Teachers’interviewshavereviewedthatroutinepracticeisthemainapproachused.

Referring toTable4, teachers stronglybelieve that routinepractice is thebestway to learn
mathematicsbecausetheybelieveinpracticemakesperfect.Here,thepracticeisaformofbehaviorist
learningtheory.Givenaparticulartypeofmathematicsquestion(stimuli),onethenusesthepredefined
methodorformulathatmatchesthequestion(response).Thestudentsonlyhavetomemorisethe
appropriateresponsetotheobservedstimuli.Routinepracticedoesnotsupportunderstandingand

Table 3. Theme – predefined strategies

Code Teachers’ Participants

Example

•Istillprefershowingmoreexamplesontheboard.
•Oursyllabusismorerigid.Studentslearnwhatevertaughtbytheteachers.
•Theywon’tusetheirownstrategy…waitforteacher’sanswer.
•Givethebasicfirstthenexample…Thendrillthemthroughexercise.
•AfterIteach,Igiveafewexamples.Iletmystudentstodoexercise.

Step-by-step/
straightforward

•Iammorestraightforward…Explainthestepbystep.
•Iwillencouragethemtodoitstepbystep.
•Ourquestionsaremorestraightforwardtothepoint…whentheyareasked,theycananswer.
•Whenyouaretalkingaboutsomethingdifferentsituation(notstraightforward)…definitelytheycannot.
•Studentsarequitestraight.Theydon’tseecanmodifythequestiontogetthefinalanswer.
•Somestudentsareovercomplicating.Forsimple(straightforward)questions,theyarethinkingtoomuch.

Table 4. Theme – routine practice

Code Teachers’ Participants

Practice

•Theyaredrilledrepeatedly…theyhavetokeeponpractisingwithmanyexercises.
•Definitelymathematicsthereisalotdrillforthat.
•Morepracticeandmoreactualpractice.Sotheydomorequestionsperday.
•Youhavetodoalotofexercises.
•Firsttheyneedmorepracticeandsecond,understandtheconcept.
•Verysimple…Theyjusthavetodoexercisethat’sall.
•Succeedinmathmeantheyjusthavetolearnhowtosolveproblemanddomorepractice.
•Theysupposedtobeexposedwithmorereallifeproblem-solvingexercises.

Memorization

•Somanythingstoremember,somanyconceptstoapply,sotheycannotcope.
•Ifstudentswanttoexcelinexams,theyjusthavetomemorize.
•Now,theForm1studentscan’tevenmemorizethemultiplicationtable.
•Sotheymemorizeevennumber,oddnumber,evennumber,likethat.
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creativethinking.Evenso,theteachershavetospendmostofthetimere-teachingandproviding
routinepracticebecausetheschoolisexam-oriented.
Gaming Perspective
In computer games however, the nature of practice is different. Practice in games is a form of
experientiallearning.Knowledgeisconstructedfromuser-centeredpracticeandreflectionofconcrete
experience(Fenwick,2001).Ingames,knowledgeisusuallynotconveyedexplicitly.Forinstance,
inshootinggames,thereisnomanualgivenonhowtobeagoodshooter.Theplayerhastolearnby
exploringthegames.Ifaplayercanfigureouttheopponent’spatternofmovement,theplayercan
anticipatewherehe(opponent)willgosothattheplayerhasabettershotathim(opponent).The
playerhastodiscovertheknowledgethroughpracticeandcontrolofthegamecharacters.Ingames,
knowledgeandunderstandingareinternalizedthroughcontinuouspractices.Thelearningisacyclic
process inwhichcognitive structures are constructed throughpractice in thegameworld (Kiili,
2005).Playersareincontrolofthegamecharacters,andhavefullgraspofthestrategiescontained
inthegames.

Looking Back
Inthefinalstage,aproblemsolverhastore-examinethecompletesolutions.Teachers’interviews
haverevealedthatstudentsarefacingdifficultiesincheckingtheirownworks.

ReferringtoTable5,teachershavementionedthatstudentscouldnotreflectonwhattheyhave
calculatedorlearnt.Itisinterestingtoseethedifferenceinperspectivesbetweeneducatorsandlearners.
Theteachersexpectstudentstodoself-reflectionwhilethestudentsexpectteacherstoprovidethem
withindividualfeedbacksandguidance(seeTable1).Fortheteachers,theymaynothavesufficient
timetopayattentiontoindividualstudentduetotimeconstrainttocompletethesyllabusandheavy
workloadinschools.Itisdifficulttoachievesuchapersonalizedattentioninaconventionalclassroom
teachingthatnormallyhasalargenumberofstudentsinoneclass.
Gaming Perspective
Computergameshoweverareresponsivetoplayers’needs.Theresponsivenessingamesenables
players to learnfromfeedbacks.Theplayerssubconsciouslyreflectonwhat theyhavedoneand
observethefeedbackaboutthesuccessorfailureoftheaction(Gee,2007).Theplayersaretaking
anactiveroletoreflectonlivesexperiencesconstructedthroughactivityinthegameworldorvirtual
socialinteraction.Consequently,thegamingexperiencesrelyonplayers’interactionswiththegaming
environmentandtheresponsesofotherplayers(Feinstein,Mann,&Corsun,2002).Otherplayers
couldhelpthemtoreflectonwhattheyhavedone,andevenofferthemwithhelps.Forinstance,in
massivelymultiplayeronlinerole-playinggames(MMORPG),socialinteractionisimportantbecause

Table 5. Theme – reflection

Code Teachers’ Participants

Reflection

•Checkyouranswer.Idoemphasizethat.Somewillfollow,somewillnotfollow.
Dependingwhethertheyarelazyornot.
•Theyhavenocommonsense…Xislength.Theycalculate,calculate,calculate.They
got-8sothatistheanswer.Isitlogical(negativelength)?Theycannotreflectwhetherthe
answerislogicalornot.
•That’sitisveryhardforustomakethemtodoourexercise,theyendupcopying.They
don’tknowwhattheycopyalso(noreflection).
•Foreasyquestion,theyfeelitistooeasy.So,theyarenotcertainwhetheritisrightor
wrong(poorreflection).
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theplayersarehelpingeachothertosucceedbyofferingandreceivingassistance.Computergames
supportrelatednessthroughcooperation,friendshipandsocialreinforcement.Playersareconnected
andrelatedtootherplayerswhosharethesameinterestandthisformsasenseofbelonging.

CoNCLUSIoN

Looking from a gaming perspective, drill-and-practice approach to learning is analogous to
edutainment.Edutainmentisbuiltonbehavioristlearningtheoryandthegameencourageslearners
todrill-and-practicemoretoresponsecorrectlytoasequenceofstimuli(Egenfeldt-Nielsen,2007).In
thecarrotandstickapproach,learningisachievedthroughtrainingandrotememorization(Charsky,
2010;Egenfeldt-Nielsen,2007).Edutainmentusuallystartswiththedeliveryofcontentknowledge
andfollowsbysomeexercisestoreinforcetheknowledgelearned.Thegameforceslearnerstogo
throughalinearprogression(Denis&Jouvelot,2005).Edutainmentisclaimedtobetheworsttype
ofeducation(Charsky,2010;VanEck,2006)becauseitdrills-and-killslearning(VanEck,2006).
Educationisseenasasufferingthatiscompensatedforwithsugar-coatedentertainment(Resnick,
2004).Obviously,edutainmentthatisbuiltonexternalmotivationisneithereducatingnorentertaining.
Incontrasttoedutainment,understandingorcreativeapproachtolearningisanalogoustocommercial
off-the-shelf(COTS)games.Toplaythegames,oneneedstohavecomplexlanguage,vocabulary,
andmentalabilities,e.g.cognitiveandmetacognitiveskills.“Modernvideogameshaveevolvedinto
sophisticatedexperiencesthatinstantiatemanyprinciplesknownbypsychologists,neuroscientists,and
educatorstobefundamentaltoalteringbehavior,producinglearning,andpromotingbrainplasticity”
(Green&Seitz,2015).Childrennowadaysareverykeenandexcitedtosolvethesesophisticated
problems inCOTSgames (Papert,1998;Prensky,2001).COTSgames thatarecharacterizedas
challenging,complex,controllableandcollaborativetofosterproblem-solvingskillsanddevelop
bothanunderstandingandcreativity.

LearningfromCOTSgames,mathematicsshouldbetaughtwithanunderstandingorcreativity.
Firstly,tomotivatestudentstounderstandtheproblem,itiscrucialtoengagestudents’interestrather
thanusingextrinsicmotivation,e.g.exams.LikeCOTSgames,theproblemsshouldbechallenging
andnon-routine.Thedifficultyoftheproblemsshouldbewithinthestudents’regimeofcompetence,
wherebytheyfeelthechallengebutachievablewithintheirmentalcapabilities;orelsethestudents
wouldbefrustratedandgiveupbecausethechallengesarebeyondtheirgrasp.Likewiseifstudents
solveonlyroutineproblems,theywouldfailtodevelopcreativityandnewcognitiveormetacognitive
skills.Secondly,tomotivatestudentstodeviseaplan,itiscrucialtostimulatestudents’curiosity.Like
COTSgames,theproblemsshouldbecomplex,i.e.notsimplyrequirestep-by-stepandpredefined
strategies,butcomplexandcreativestrategies.Thecomplexityoftheproblemsstimulatescuriosity
instudentsandthismotivationcanberelievedbyspecificexplorationofthestimulus.Tosupport
students’cognitiveprocesses,thecomplexityoftheproblemshouldbeincreasedgraduallyandthis
requiresprogressiveconstructionofcomplexstrategies.Todrawstudents’curiosity,noveltyand
innovationshouldbeincludedintheproblem.Thirdly,tomotivatestudentstocarryouttheplan,
itiscrucialtogiveautonomytothestudents.LikeCOTSgame,controlshouldbegiventoenable
self-regulationinkeepingtrackandcarryingouttheplan,i.e.notfollowstrictlyandmemorizethe
appropriateresponsesforagivenstimulithroughroutinepractice.Thestudentshavingtheneedto
feelincontrolofthestrategiesthatcouldleadtoasolution.Thecapacityoftheproblemshould
beappropriatetosupportoptimalcognitiveprocessessothatthestudentsareabletomonitorthe
feasibilityandaccuracyofthesolution.Andfinally,tomotivatestudentstolookback,itiscrucialto
providefeedbackstothestudents.LikeCOTSgame,collaborationshouldbeencouragedinlearning.
Forinstance,peersinteractioncouldhelpstudentstoreflectonwhattheyhavedone,andobserve
thefeedbackaboutthesuccessorfailureoftheplan(action-and-reflection).Studentsshouldtakean
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activeroletodiscoverandreflectontheirproblem-solvingexperiences,theninterpretandgeneralize
theseexperiencestoformmentalstructures.Inthisstudy,theauthorhastriedtodrawanewteaching
strategyoutofCOTSgamesinsteadofedutainments.Eventhoughedutainmentsfitwellintothe
teachers’currentteachingpractices,thegamesmerelyreplicatingtheexistingdrill-and-practicein
schools.Incontrasttoedutainments,COTSgamesprovideanewperspectivetolookatmathematics
education.Thisstudyhaslaiddownageneralprincipleonhowtoteachmathematicalproblem-solving
skillseffectively.Theprinciplehowevershouldbefurthertestedintheactualclassroomsettings.
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