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ABSTRACT

This article explores the potential use metacognitive skills learned in computer games to teach
mathematics.Thisstudyexploredthesimilaritiesanddifferencesinthelearningofmetacognitive
skillsbetweencomputergamesandmathematicseducation.Amixed-methodsapproachwasemployed
in which a quantitative survey (students, n=174) and a qualitative interview (six mathematics
teachers,eightstudents)wereadministeredtoconcurrentlyattwosecondaryschoolsinMalaysia.
Datacollectedhasshownthatthereisnodirectandexplicitconnectionbetweenthetwolearning
contexts.Incomputergames,pupilscouldlearn:(a)multitasking,(b)landnavigation,(c)teamwork,
(d)bottom-upapproachtoproblemsolving,and(e)concentrationskills.However,itisunderstandable
thatamathematicseducation(a)issingle-tasking,e.g.solvesproblemsstep-by-step,(b)usesgraphic
representation,(c)involvescollaborativelearning,(d)followstop-downapproachtoproblem-solving,
and(e)couldusemultiplesensorymodalitiestoamelioratelearning.
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INTRoDUCTIoN

Moderncomputergamesarebecomingmoreadvancedandsophisticated.Thegamesrequirenotonly
physicalskillsbutalsostrongmetacognitiveskills,flexibilityandadaptability.“Modernvideogames
haveevolvedintosophisticatedexperiencesthatinstantiatemanyprinciplesknownbypsychologists,
neuroscientists, and educators to be fundamental to altering behaviour, producing learning, and
promotingbrainplasticity”(Green&Seitz,2015,p.102).Theevolutionofcomputergameshas
changed the mental abilities needed to play the games. Apparently, gamers have sophisticated
knowledgeandthinkingskills.

Similarly,solvingmathematicsproblemsrequiressophisticatedandstrongmentalabilitiesto
thinkcritically,logically,andcreatively.Mathematicsproblem-solvingisnotsimplytheapplication
offormulaandmodelanswer.Itrequiresassociatedthinking,strategiesandmotivation.Problem-
solvingplaysasignificantroleinmathematicseducationsinceitrequiresaproperunderstanding
andmanipulationofvariouscomplexthinkingskills.Thereareafewapproachestomathematics
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problem-solvingandalltheapproachesarefundamentallybuiltonthefour-stagemodelofPolya
(1945).Otherthanthefour-stagemodel,non-routineproblem-solvingrequireshigher-orderthinking
andmetacognitiveskills.

The purpose of this study was to explore the similarities and differences in learning of
metacognitive skills between computer games and mathematics education. Firstly, the authors
identifiedthekeymetacognitiveskillslearnedincomputergames.Then,themetacognitiveskills
wereanalyzedfromthecontextofmathematicseducation.Finally,amathematicspedagogywas
proposedintheconclusion.

LITERATURE REVIEw

Metacognition
Metacognitionisthesecond-levelmentaloperation.Metacognitiveisdefinedas“knowledgeand
cognitionaboutcognitivephenomena”(Flavell,1979,p.906).Followingtheoriginaldefinitiongiven
byFlavell(1979),multipledefinitionsaregivenintheliterature.Anoverviewofthesedefinitions
clearlydemonstratesthatmetacognitiveistheawarenessofone’sthinking,andassessmentofone’s
ownabilitytothinkandcontrolone’scognitiveprocesses.Metacognitionisthinkingaboutthinking.
Metacognitiveskillisoneofthemetacognitivecomponents.Metacognitiveskillisknowingwhat
onecando(Biryukov,2004)or“knowledgeofwhentouse,howtocoordinate,andhowtomonitor
variousskillsinproblem-solving”(Mayer,1998,p.53).Metacognitiveskillincludesacontrolaspect
oflearning(Kleitman&Stankov,2007)andregulationofcognition(Ozsoy&Ataman,2009).The
regulationofcognitioninvolves:(1)planningandprediction:selectionofappropriatestrategiesand
allocationofcognitiveresourcesbeforethetask;(2)monitoring:awarenessofone’sunderstanding
andperformanceduringthetask;(3)evaluating:appraisingtheperformanceandefficiencyaftertask
completion(Ozsoy&Ataman,2009;Schraw,1998).Metacognitiveskillenablesaproblemsolverto
analyzetheproblem,selectanappropriatestrategytoaddresstheproblemfromanarrayofpossible
alternatives,andmonitortheproblem-solvingprocesstoensurethatitiscarriedoutcorrectly.

Metacognition in Mathematics Learning
Masteringeachcomponentofcognitiveskillisnotsufficienttopromotenon-routinemathematical
problem-solvingbecausetheproblemsolverneedstoknowwhenandhowtoapplyspecificlearning
strategies and monitors these cognitive processes (Mayer, 1998). Efficient use of the cognitive
contentispossibleonlythroughmetacognitiveskills(Mayer,1998;Ozsoy&Ataman,2009;Yimer
&Ellerton,2006).Problemsolversmaymasterthebasiccognitiveskills,butfailtoapplywhatthey
havelearnedtoanewsituationastheymaynothavetheabilitytoorganizeandcontrolthebasic
skillsinsolvingahigher-leveltask(Mayer,1998).Alearnerwithpoormetacognitiveskillsisnotable
toprovideaccuratemonitoring,reflection,evaluation,andadjustmentofeffectivelearning(Yimer
&Ellerton,2006).Failureinmetacognitiveskillsmayleadtofailureinmathematicalthinkingand
problem-solving.Cognitiveandmetacognitivestrategiesworkwelltogetherinattainingthesolution
ofmathematicalproblems.

Metacognition in Computer Games
Duringtheearlydevelopmentofvideogamesinthe1980s,thegameplaymainlyfocusedonthe
speedandcapabilitytooperatethegamecontrollersandnotmuchinthewayofmentalabilities
wereinvolved.Nowadays,achildren’sgamelikePokemon GOinvolveslandnavigationskill,spatial
ability,vocabulary,andthinkingskills.Inaddition,metacognitiveskillscanbedevelopedorimproved
byplayingdifferenttypesofcomputergames.Themetacognitiveskilllearnedinastrategygenreis
problem-solving(Cherenkova&Alexandrov,2013)becausestrategygamesinvolveplanning,decision-
making,andexecutionandadjustmentofactions(Martinovicetal.,2014).Gameswithinasimulation
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