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Learning of Metacognitive Skills:
Computer Games Versus Mathematics Education
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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.

KEywoRDS
Computer Games, Concentration, Land Navigation, Mathematics, Metacognitive Skills, Multitasking, Problem-
Solving, Teamwork

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



International Journal of Game-Based Learning
Volume 9 • Issue 1 • January-March 2019

3

genrerequirespecificdomainknowledgeaboutthesysteminthegame(Martinovicetal.,2014)and
themetacognitiveskillsthatcouldbelearnedincludelandnavigationandproblem-solvingskills
(Cherenkova&Alexandrov,2013).Role-playgamesallowplayerstobecomeconnectedtothegame
characters(Martinovicetal.,2014)andthemetacognitiveskilllearnedisteamwork(Cherenkova&
Alexandrov,2013).Inadventuregames,aplayerhastoovercomeaseriesofobstacles(Martinovicet
al.,2014)andthemetacognitiveskillslearnedarelandnavigation,visualizationandproblem-solving
skills(Cherenkova&Alexandrov,2013).Actiongamesrequireeye-handcoordinationandfastreaction
time(Martinovicetal.,2014)andthemetacognitiveskillacquiredislandnavigation(Cherenkova
&Alexandrov,2013).Asfordrivinggames,playerscanlearnproblem-solving,concentrationand
landnavigationskills(Cherenkova&Alexandrov,2013).PuzzlegamessuchasTetriscouldhelpto
improvespatialability.InTetris,playersmustimaginehowatwoorthree-dimensionalblockwould
appearafterithasbeenrotatedwithagivennumberofdegrees.Insummary,thekeymetacognitive
skillsarelistedasfollows:

1. Multitasking:Multitaskingisthecapabilityofattendingtomultipletasksatthesametime.
Multitaskinggamescanimprovementalcognitionandbroadenmentalfunctioning(Zelinski
&Reyes,2009).Memorycontaminationandtimepressurearetwoofthemultiplefactorsthat
canaffecttimeestimationinmultitaskingsituations(Moon&Anderson,2013).Inrole-playing
games,aplayerhastoperformmultitaskingwithamemoryloadbymanagingmultiplecharacters
simultaneously(Zelinski&Reyes,2009).Inreal-timegames,theactioncontinueswhilethe
playerismakingadecisionandthiscreatesatimepressuredmultitasking(Zelinski&Reyes,
2009);

2. Land navigation/spatial:Thegameworldistransparent,solandnavigationskillsareessential
toidentifythedirectionsofotherplayers,enemies,resourcesandgoals(Beck&Wade,2006).
Landnavigationrequiresspatialaptitudewhichenablesplayers tousetheir imaginationand
creativitytodealwithchallenges,threatsandpredators(Corbeil,1999).Malesgenerallyhave
betterspatialabilitythanfemales(Paul,2013);

3. Teamwork:Teamwork is the capabilityofworking collaborativelywith agroupofpeople.
Childrenliketoplaycomputergamesbecausetheycancollaboratewithothersandinsodoing
goontodevelopsocialskills(Prensky,2001b).Inateamworksetting,allplayersareencouraged
tothinkandreflectontheirmetacognitiveknowledge(Gee,2007);

4. Problem-solving:Computergamesprovideameaningfulproblem-basedlearningenvironment
that enables players to set personal goals, gather information, make decision, plan strategy,
monitorandevaluateproblem-solvingprocesses(Prensky,2001b).Problem-solvingskillcould
helpplayerstothinkdifferentlyandfastertosolvecomplextaskswithgreateraccuracy;

5. Concentration: Playing computer games involves the integration of touch, audio-visual,
animation,andtext(Martinovicetal.,2014).Expertgamersaremorecapableoffocusingtheir
attentiononrelevant informationanddisregardingwhat is irrelevant.Gaminghasapositive
effectonattentionalskill(Cherenkova&Alexandrov,2013;Martinovicetal.,2014).

AIM AND RESEARCH QUESTIoNS

Thisstudyaimstoexplorethepotentialuseofmetacognitiveskillslearnedincomputergamesto
teachmathematics.Theresearchquestionsaddressedinthisstudyarestatedasfollows:

1. Whatare thesimilaritiesanddifferences in learningofmultitaskingskillbetweencomputer
gamesandmathematicseducation?

2. Whatarethesimilaritiesanddifferencesinlearningoflandnavigationskillbetweencomputer
gamesandmathematicseducation?
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3. Whatarethesimilaritiesanddifferencesinlearningofproblem-solvingskillbetweencomputer
gamesandmathematicseducation?

4. Whatarethesimilaritiesanddifferencesinlearningofteamworkskillbetweencomputergames
andmathematicseducation?

5. Whatarethesimilaritiesanddifferencesinlearningofconcentrationskillbetweencomputer
gamesandmathematicseducation?

METHoDoLoGy

Data Collection
Amixedmethodsapproachwasemployedinwhichaquantitativesurvey[Students,n=174]anda
qualitativeinterview[sixmathematicsteachers,eightstudents]wereadministeredconcurrentlyattwo
secondaryschoolsinMalaysia.Giventhepermissiveaccesstoschools,onlytheForm4studentswere
recruitedinthisstudy.Thestudentswere16yearsoldandhadequivalentacademicqualifications
tothoseattheGeneralCertificateofEducationOrdinaryLevel(GCEO-level).Datacollectionwas
administeredbythefirstauthor.Thesurveyquestionnairesweredistributedthroughtheirrespective
schoolteachers.Thesurveytookapproximately10-15minutestocomplete.Overall,174outof196
ofthestudentsrespondedtothissurvey,withanaverageresponserateof89%(seeTable1).

For the qualitative interview, multilevel and nested samplings were employed. The student
interviewdatawascollectedfromasub-sampleofthesamegroupofstudentsparticipatedinthe
quantitativesurvey(nestedsampling).Then,theteacherinterviewdatawasgatheredfromthestudents’
mathematics teachers (multilevel sampling). The respondents participated in the interviews are
depictedinTable2andTable3.Thenamesofthestudentsandteacherswouldbekeptanonymous
duetoethicalconsideration.Instead,pseudonymsareusedtorepresenttheirnames.Allinterviews
wereconductedface-to-faceandeachconductedinterviewlasted30-45minutes.Allinterviewswere
voicerecorded.

Instruments
Survey
Section 1 (Computer Games): A questionnaire was developed based on the classifications of
metacognitiondefinedintheliterature.Theinstrumentwasspecificallyfocusedonmultitasking,
landnavigation/spatialskill,teamwork,problem-solvingandconcentration.Studentswereaskedto
indicatethedegreeoftheiragreementordisagreementonafive-pointLikert-typescale:1(Strongly
Disagree);2(Disagree);3(NeitherAgreenorDisagree);4(Agree);5(StronglyAgree).Students
wereaskedtoratewhethercomputergameshadhelpedthemtodevelopthefollowingknowledge/
experience,e.g.multitaskingskill,thinkingskill,understandingofcomplextasks,etc.Thedetailed
variablesareshownintheresultssection.

Section 2 (mathematics Education): Five questions were adopted from mathematics and
TechnologyAttitudesScore(Pierce,Stacey,&Barkatsas,2007)tomeasurestudents’attitudestowards
mathematics.Studentswereaskedtoindicatethedegreeoftheiragreementordisagreementontwo

Table 1. Students participated in the survey

Gender School 1 School 2 Total

Male 44(38%) 23(40%) 67(39%)

Female 72(62%) 35(60%) 107(61%)

Total 116(100%) 58(100%) 174(100%)
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five-pointLikert-typescales:1(StronglyDisagree);2(Disagree);3(NeitherAgreenorDisagree);
4(Agree);5(StronglyAgree)and1(HardlyEver);2(Occasionally);3(Abouthalf the time);4
(Usually);5(NearlyAlways).Thefivequestionsareshownintheresultssection.

Interview
Astandardizedopen-endedinterviewwasemployedwherebytheexactwordingandsequenceof
questionsweredeterminedinadvance.Allparticipantswereaskedidenticalresearchissuesinthe
sameorder.Someofthemajorinterviewquestionsareshownasfollows:

Section1:ComputerGames(Students/Teachers)
(a) Haveyoueverplayedcomputergames?
(b) Whatareyourfavouritecomputergames?
(c) Incomputergame,doyouthinkyoucouldlearn(1)multitaskingskill?(2)landnavigation

skill?(3)teamworkskill?(4)problem-solvingskill?(5)concentrationskill?
Section2:MathematicsEducation(Students)

(a) Whatdoyouthinkofmathematics?
(b) Whatareyourstrengths/weaknessesinmathematics?
(c) Howdoesyourmathematicsteacherteachintheclassroom?

Section3:MathematicsEducation(Teachers)
(a) Howdoyoudescribeyourstudents’attitudestowardsmathematics?
(b) Tellmeabouttheapproachesyouusedtoteachmathematics?
(c) Whatarethestrategiesusedbyyourstudentstosolvemathematicsproblem?
(d) Howwouldyoudescribeyourstudents’abilityinsolvingmathematicsproblems?

Data Analysis
ThesurveydatawasanalysedusingSPSSStatistics.Descriptivestatisticswascalculatedinterms
ofpercentagesandtheresultsweredepictedintabularforms.Theinterviewdatahoweverrequired
addressingtheissuesofvalidityandreliabilityofresultsobtainedfromtheprocessoftranscription
andtranslation.Duringtranscription,thequalitativeresearchdata(audiorecordings)wastransformed

Table 2. Students participated in the qualitative interview

Student Student1 Student2 Student3 Student4 Student5 Student6 Student7 Student8

Gender Female Female Female Male Male Male Female Male

Age 16 16 16 16 16 16 16 16

School School2 School2 School1 School1 School2 School2 School1 School1

Language English English English English English Malay English English

Table 3. Teachers participated in the qualitative interview

Teachers Teacher1 Teacher2 Teacher3 Teacher4 Techer5 Teacher6

Gender Female Male Male Female Female Female

Age 39 29 42 40 56 42

School School1 School1 School1 School2 School2 School2

Language English English English English+
Malay

English English+
Mandarin
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intotypedtext.Thereisnosingleandcorrectwaytodotranscriptions,butthemostsignificantconcern
ishowandtowhatextentthetranscriptionisbeneficialandusefulfortheresearchertoachievethe
researchobjectives(Cohen,Manion,&Morrison,2007).Aftertheprocessoftranscribing,thenext
phasewastodealwiththeissueoftranslation.Intotal,therewere14interviewsconducted–11in
English;oneinMalay;oneinEnglishandMalay;oneinMandarinandEnglish.Thus,threeinterviews
requiredtranslation.Theinterviewdatawastranslatedusingtheback-translationmodel.

Theinterviewsdatawasanalyzedusingcontentanalysisproceduretoachievequalitativedata
reduction.TheprocedureabidedbytheprincipleoffitnessforapurposeandguidedbyCohenet
al. (2007).Thereweretwocategoricalsamplingunits,studentsandteachers.Then, twotypesof
codingsystemswereusedtoinitializetheprocessofsegmenting.Beforetheprocessofsegmenting,
aprioricodeswereestablishedtoanswertheresearchquestions,i.e.multitasking,landnavigation,
problem-solving,teamworkandconcentration.Then,aprioricodeswereappliedtofitthesegments
ofdata.However,ifthedatacouldnotbefittedintoanyoftheaprioricodes,aninductivecode
wouldbegenerated.Forinstance,inductivecodesderivedweresingle-tasking,graphicrepresentation,
spatialskill,collaborativelearning,top-downapproach,bottom-upapproachandmultiplesensory
modalities.Finally,acompositedescriptionoftheessenceoftheexperienceforstudentsandteachers
wasdeveloped.

Both survey and interview data were analyzed independently and combined in the final
interpretation and discussion. The survey data provided a general understanding and statistical
generalizationfromasampleof174students.Then,theinterviewdatawasusedtoprovidedetailed
understandingof14 individuals (six teachersandeight students).This is aqualitativedominant
mixedresearchdesignbecausemetacognitionisthestudyofhowhumansthinkandcontroltheir
owncognitiveprocesses.Qualitativeinterviewsareusefultoobtaindetailedinformationaboutwhat
isintheparticipants’mind,i.e.opinions,views,knowledge,reasoningandfeelingsaboutsomething
(Fraenkel&Wallen,2006).Thereisalackofqualitativeresearchininstructionalgamesliterature
(Ke,2009).Hence,theresultsofthisstudywillprovidenewinsightintotherelationshipbetween
metacognitionincomputergamesandMathematicseducation.

RESULTS

Survey Data
Datacollectedhasindicatedthatmostofthestudentsacknowledgethemanybenefitsofcomputer
games(seeTable4).Morethan50%ofthestudentshaveagreedthattheycanlearnvariousmultitasking
skills in computer games such asmultitasking, landnavigation, teamwork, problem-solving and
concentrationskills.However,Table5hasshownthatstudents’mathematicalabilities(M1,M2and
M3)arenotevident,i.e.about50%ofthestudentsareneitherpositivenornegative.Despitethat,
morethan50%ofthestudentshaveclaimedthattheyareputtingeffortstolearnmathematics(M4
andM5).Thefindingswillbefurtherdiscussedinthenext(discussion)section.

Interview Data
Forinterviewdata,onlythesignificantfindingsarereported.Verbatimorthetranslatedverbatim
quotationswouldbeincludedtopresentthespokenwordsoftheresearchparticipants(seeTable6).
Studentinterviewdatashowsthattheyareawareoflearningvarioustypesofmetacognitiveskillsin
computergames,namelymultitasking,landnavigation,teamwork,problem-solvingandconcentration
skills.Eachofthemetacognitiveskillsiscomparedwiththemathematicslearningcontextdescribed
bytheteachersandstudentsduringtheinterviews.Theinterviewdatawillbediscussedfurtherin
thenext(discussion)section.
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Table 4. Gaming experience and knowledge learned in computer games (in percentage)

Disagreement Neutral Agreement

Multitaskingskill 3 22 75

Thinkingskill 2 5 93

Understandingofcomplex
tasks

2 16 82

Landnavigationskill 3 23 74

Learninginrealistic
contexts

5 26 69

Observationofthe
phenomena

1 27 72

Teamwork 6 12 82

Socialinteractionand
collaboration

5 32 63

Socialskill 9 31 60

Problem-solvingskill 1 9 90

Solveproblemswith
authenticactivities

5 34 61

Experientiallearning 2 21 77

Efficientproblem-solving 3 27 70

Concentration 3 6 91

Gamesaddiction 41 26 33

Neglectingstudyandsocial
activities

58 20 22

Table 5. Mathematics learning experience (in percentage)

Disagreement Neutral Agreement

IknowIcanhandledifficultiesin
mathematics.[M1]

13 53 34

Ihaveamathematicalmind.[M2] 12 51 37

Iamconfidentwithmathematics.
[M3]

15 42 43

Hardly Ever/ 
Occasionally

About Half the Time Usually/ Nearly 
Always

IfIcan’tdoaproblem,Ikeeptrying
differentideas.[M4]

11 26 63

Iconcentratehardinmathematics.
[M5]

12 26 62
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DISCUSSIoN

Multitasking
Computer Games
Surveyandinterviewdatahaveshownthatstudentsreport theylike toplaymultitaskinggames.
Thesurveydatahasrevealedthat75%ofthestudentsareawaretheycanlearnmultitaskingskillin
computergames.Theyhaveclaimedtounderstandcomplextasks(82%)andimprovethinkingskills
(93%)ingaming.Theinterviewdatahasfurtherrevealedthattherearetwofactorsthatinfluencetime
estimationinmultitaskinggames.Student2,Student3andStudent5havementionedthattheycan
handlemultipletaskssimultaneouslyandmakeadecisionundertimepressure,e.g.manageseveral
requestsatonetime,decideonhowtodriftaballwhileotherplayerscontinuetomovearound,and
decideonhowtoprioritizethecookingtasks.Theyseemtoloadtheirmemorieswithmultipletasks
(multitaskingwithamemoryload)andthiscreatesmemorycontaminationfromashortertimeinterval
inthetask.Moreover,theyhavetotakeappropriateactionsintime(time-pressuredmultitasking).

Mathematics Education
Inschools,however,studentsarenotencouragedtomultitask.Fromtheinterviewdata, itseems
thatteachersencouragethestudentstofollowastep-by-stepproblem-solvingprocess,specifically
thePolya’s(1945)four-stepmethod.Teacher2hasmentionedthatstudentsaretryingtomultitask
whensolvingmathematicalproblems,whichunfortunately,isunsuccessful.Thiscouldbeareason
whysurveydatahasshownthatonly34%ofthestudentsagreethattheyareconfidentinhandling
difficultiesinmathematics[M1].Students’intentionstoperformmultitaskinghavebeenlabelledby
theteachersasimpatientandlazy;thestudentswantittobefastandeasy.Studentscouldbeboredin
schoolsbecausetheirmultitaskingabilitiesareunderused.AccordingtoPrensky(2001a),thedigital
nativestudentshavetopowerdowninschools.Whichmayresultinthembeingunchallengedandbored.

Land Navigation
Computer Games
Surveydatahasindicatedthat74%ofthestudentsareawaretheycanlearnlandnavigationskillin
computergames.Theyhaveclaimedthattheycouldlearninrealisticcontexts(69%)andobservea
phenomenon(72%)inthegameworld.Follow-upinterviewshaverevealedthatthestudentsareaware
theycouldlearnhowtousemap,compassandglobalpositioningsystem(GPS)incomputergames.
Forinstance,Student3,Student5andStudent7havementionedthatlandnavigationskillcouldbe
learnedinPersona4,GrandTheftAuto,ResistanceandHakunaMatata.AccordingtoStudent3,the
landnavigationskilllearnedingamescouldenrichhergeographicalknowledge.Superficially,land
navigationskillisnotrelatedtomathematicalknowledgeexceptforcertaintopicssuchasbearings,
earthasasphere,angleofelevationandangleofdepression.Lookingindepth,spatialknowledgeis
acquiredthroughlandnavigation(Self&Golledge,2000).

Mathematics Education
Spatialskillsarecrucialformathematicsperformance.Fromtheinterviewdata,itisevidentthat
Teacher 3, Teacher 5 and Teacher 6 have used different types of software to visualize abstract
concepts,suchastherotationofobjectsinthree-dimensionalspaceandthechangesofagraphin
realtime.Thisisparticularlyusefulforstudentswithweakspatialvisualizationskills.Surveydata
hasindicatedthatonly37%ofthestudentsagreethattheyhavemathematicalmind[M2].Teacher1
andTeacher4havementionedthatfemalestudentstendtobeweakerinspatialvisualizationskills.
ThishasbeenadmittedbybothStudent2andStudent7.Althoughfemaleswithpoorspatialskills
arewelldocumentedintheliterature,theyarepoorlyunderstood.Inthisstudyhowever,afemale
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Table 6. Comparison of metacognitive skills learned in computer games and mathematics education

Computer Games Mathematics Education

Multitasking
InSims,wecanplayalotofsims.ThenifthisSimwantsthiskindof
thing,thenwehavetodoitwhilehandlingothersims.(Student2)
Forexample,Iwanttoharvesteverythingby5O’clock.Toinitialtime,
twohoursbeforeneedtostartthepiemakingprocess.Forharvestingof
themilkmaybeittakes30minutes,soIneedtodoit30minutesbefore
5.(Student3)
Whileplayingfootball,whilesayIdrifteraround,Ihavetocheckfor
offsideline,checkfornearbyplayers.(Student5)

Single-tasking (step-by-step)
Dependingwhethertheyarelazyornot,i.e.followthestep-by-step
problem-solvingstrategies.Somearelazy.(Teacher1)
Theythinkthattheycancombineeverythingintoone.Theywanttobe
fast.Andtheydon’twantalotofworking.Theywanttobeeasy.They
wanttofindthesimplest.ActuallyIwantthemtostepbystep.(Teacher
2)
Isaidreadslowly,readonebyone,andthentransfer.Theywanttobe
fast.Ifittakestimetoreadandtransfer,theyareimpatient.(Teacher4,
translatedfromMalaylanguage)

Land Navigation (Spatial Skill)
YesinResistanceandinHakunaMatatatoo…Iamnotreallygoodat
walkingcompassmyself,butinthegameIfeelI’mexpertatit.Ican
understandmap…iftheyhappentoaskanythingaboutAfrica,thenI
cananswerit...ActuallyIplaychessandstrategygamesalso.(Student
3)
Inshootinggames.Whereyouhavetofindtheenemybaseorthe
directionyouareheadingtousinggamecompass.(Student4)
LikewhendrivingacarinGTA,therewillbeaGPStoleadtotheplace
ordirectionwhereI’mheading.(Student5)
It’scalledPersona4,weneedtofindawayoutfromtheplace.Sowe
justusethemaptogoout.(Student7)

Graphic Representation (Spatial Skill)
Idousegamesandcourseware.LetsayIteachthequadraticfunctionor
equation.IcanshowthemhowdoestheeffectofA,howthegraphlook
like.(Teacher3)
ImightusePowerPointlikegraph,curve,thechangeofthegraphof
sineandcosine,trigonometrygraphs.Howthesolidisformed.Then
theyrotatingabouttheaxis,especiallythe3Done.(Teacher5)
Ijustusecoursewaretoshow3Dobjects.Howitrotatestoformasolid.
Itisveryeffectiveforstudentswhocouldnotvisualize.(Teacher6,
translatedfromMandarinlanguage).

Mathematicsrequiresspatialskillright?Boyscangetit,theycan
imagine.Forexampleimaginetheearthandsphere,howtheearth
rotates?Girlscan’tdoit.(Teacher4,translatedfromMalaylanguage)
Whentheycometoabstract,locus,geometryconstruction,girlsdon’t
reallylike.(Teacher1)
Whenitcomestograph,drawinggraph,Iamnotreallygoodatthat.
Yes,Ithinkso(weakspatialskill).(Student7)
Iamnotverygoodwithdiagrams(Student2).
(Strength)Easiestwillbeindicesandalsogeometricalconstructionand
graph.Yes,it’sveryfun(Student3).

Teamwork
ForexampleGameResistance,therearethischimaera,sayhalfzombie
butthereareintelligentzombieright?Somybrotherwillambushthem
intwowayslike,mefromthefrontandmybrotherfromthebackdoor,
thenlikeshootingla…InLittleBigPlanet,thereisaminigamewhere
twoplayersneedtopushtwobuttonsatthesametime.Andthethird
needstoclimbthestairs…Twoplayerstopushandtwoplayerstopull.
(Student3).
Likeplayingsportgame,shouldn’tbeasoloplayer.Weneedtomake
fulluseofallplayersinthefield.(Student5).

Collaborative Learning
MostlyIusedgroupdiscussion.MostofthetimeIwilldividethe
questionsandgivethemtimetothink.Thencallthemouttoshowtheir
working.So,theysharetheiranswerwiththeothers.(Teacher1)
Ialwaysusegroupdiscussion.Igivethequestionstowholeclass.Then
Iwillseekvolunteer.Whocansolveit,theycomeandpresentandteach.
Theylikeactivelyinvolvethem…LittleprojectIaskedthemtodo.
Maybelikestatistics.(Teacher5)
Groupproject.Theydonotwanttositintheclassbecausetheyhave
alotofenergy.Letthemgoout.Theylearnstatisticsusingfield
data.Thatmeanstheygoandfindthedataintheschool.(Teacher4,
translatedfromMalaylanguage)

Problem-solving (Bottom-up Approach)
Mostoftheproblem-solvingingamesisveryexaggerated…theydon’t
applyphysicsorknowledgeofphysics.Likethecharactersjumpfroma
highbuildingandtheydon’tbreaktheirlegs.(Student8)
SometimesIplaytheCSIgames,somethingthatrelatedtoforensicand
investigation.Usuallyweneedtofindtheclue.Maybeweneedtomake
averyaccuratedecision…Wehavethesolution.(Student1)
ForexampleinLittleBigPlanettheygiveusalotofsquarecushion
stuff,weneedtoreachthekeyatthetop.Weneedtoassembleitlike
maybeastairofthing.Sometimeswedon’thaveenoughblocks,soone
ofusneedstohelpupforoneoftheblock.(Student3)
MygameisSherlockHolmes…Therewillbemurdercases,murder
investigation.Youhavetofindthekillerbeforeitistoolate….Itwill
teachustobemorecreative.(Student4)

Problem-solving (Top-down Approach)
(Predefinedapproach)Firstly,understandtheproblem.Secondly,find
outwhatisrequiredbythequestion.Then,lookforanappropriate
formulathatcanbeusedtosolvetheproblem.Finally,checkingthe
answerorlookingback.(Teacher6,translatedfromMandarinlanguage)
(Predefinedapproach)Followtherulesofmathematics,whichone
shouldtheydofirst,whichonesecondandthird…Iwillnormallytell
themtofindthesimplestwayfirst.Breakitintosmallpartstofindthe
answerthenfollowthesequence.(Teacher2)
(Predefinedapproach)Thestudentswillfollowwhatevertaughtby
theteacherwithoutanyquestion…Whateverproblem-solvingmethod
Iteachthem,thatiswhattheywillstudy.Theywon’tgobeyondor
exploreothermethodss.(Teacher4,translatedfromMalaylanguage)

Concentration
IthinkthatIshouldkeepmyeyesopenespeciallyinResistance.The
badguyscancomeanywhereandIshouldregularlycheckhowmany
bulletsIstillhave.(Student3)
IfIdon’tconcentrateinthegame,Iwilllosethegame…Italsoimproves
myreaction.(Student4)
Yes(concentrate).Likeaimingforpreyandaimingforenemies…It
helpsmetothinkfast,helpsmyeyescoordination,suchasIcanlearnto
spotthingfast.(Student5)

Multiple Sensory Modalities
Icanlearnwhilelisteningtosong.Iamfeelingrefresh.Itmakesme
muchmorefocus.Maybeitcanlightenupmymood.ThenIammuch
morecontentedindoingit.(Student1)
WhenIwasdoingmyhomework,Icanplaymygames.Itcanhelpus
dotheworklonger.(Student2)
I’mlisteningtomusicwhiletypingschoolwork,sothatIdon’teasily
getbored.Idon’twastetime.(Student5)
Sometimes,watchingTVwhiledoinghomework.Simplehomework
likemathematics.(Student7)
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student(Student3)wholikestoplaystrategyandchessgameshasclaimedtohavestrongspatialskills
inmathematics.Thefindingopensupthepossibilityoffutureresearchtoexplorefemalestudents’
spatialabilitiesinrelationtothegamestheyplayed,specificallystrategyandchessgames.

Teamwork
Computer Games
Surveydatahasindicatedthat82%ofthestudentsareawaretheycanlearnteamworkincomputer
games.Furthermore,theyhaveclaimedthattheycouldlearnsocialskill(60%),andknowledgeis
constructedthroughsocialinteractionandcollaboration(63%).Theyounggenerationseemsaware
theyworkbetterasateam.Fromthestudentinterviewdata,itisevidentthatteamworkhasfostered
positivelearningexperiencesandbondingamongtheplayers.Everyplayercanofferandreceive
helpandsupporteachother tosucceed.Forinstance,Student3hasmentionedthat inLittleBig
PlanetandResistance,eachplayerhasadifferentroletoplay,e.g.pushesthebuttons,climbsthe
staircases,ambushesfromthefrontorambushesfromtheback.Theseuniquerolesmakethemfeel
specialandimportant.Theyounggenerationdoliketofeelimportant(Beck&Wade,2006).Inthis
case,teamworkcouldsatisfytheirinnerneedsforrelatedness.

Mathematics Education
Teacherinterviewdatahasindicatedcollaborativelearning(e.g.groupdiscussionandproject)has
beenactivelyadoptedintheclassrooms.Ingroupdiscussion,everystudentissolvingacommon
problem.Thestudentshavenospecialoruniquerolestoberecognizedasimportant.Thus,students
areneithermotivatednorexcited;noneofthemhavementionedanygroupdiscussionduringthe
interview.Furthermore,teamworkinschoolsisdifferentfromthegamingcontext.Homeworkusually
mustbecompletedindividually.Sometimesofferinghelporaskingforhelpmayconstitutecheating.
Therearenogroupexamsinschoolsandteamworkisnotallowedduringexams.Theymustbelieve
inthemselvesbecausetheycannothelpeachothertosucceed.Surveydatahasindicatedthatonly
43%ofthestudentsagreethattheyareconfidentinmathematics[M3].Apparently,teachersmust
worktobuildself-confidenceintheirstudents.

Problem-Solving
Computer Games
Surveydatahasshownthat90%ofthestudentsareawaretheycanlearnproblem-solvingskillin
computergames.Furthermore, 61%of the studentshave reported theycan solveproblemswith
authenticactivities.However,duringafollow-upinterview,Student8hasmentionedthatproblems
ingamesaresometimesnotreal.Everythingingamesispseudo-reality,buttherearecertaingaming
economicsthatcanbelearned.Forinstance,inWorldofWarcraftaplayercanlearnthegaming
economics,which isbasedon supply-and-demand. If fewerpeople areplaying thegameduring
weekdays,thepriceofthingswilldrop.Theplayercanbuythosethingsonweekdaysandputthem
forsaleduringtheweekendtoearnprofit.Fromthesurveydata,studentsalsoagreethatcomputer
gameshavetrainedthemtosolveproblemsefficiently(70%)andhelpedthemtodevelopexperiential
learning(77%).Inthefollow-upinterviews,Student1,Student3andStudent4haverevealedthat
theyhavelearnedhowtoachievetheirgoals(accuratedecision,reachthekeyorsolveamurdercase)
byconsideringtheresourcesavailable(clues,blocksorevidences).Ingames,everydecisionmade
woulddeterminethesuccessorfailureofthegameplay.However,therearenofatalconsequences
offailingbecauseplayerscanalwaystryagaininanotherlife.Playersareactiveproblemsolvers
thatpersistinexploring,testinghypothesis,takingariskandseeingmistakesasopportunitiesfor
reflection,learningandprogress(Gee,2007).Thelearningprocessemploysabottom-upapproach.
Playersarefreetousevariousstrategiestoexplorethegames,andknowledgeisdevelopedthrough
trialanderror(experientiallearning).
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Mathematics Education
Inschools,problem-solving followsa top-downapproachas thepredefinedstrategiesare taught
explicitly.Duringtheinterview,Teacher6hassharedherproblem-solvingstrategiesinfourphases:
(1)understandtheproblem,(2)deviseaplan,(3)carryouttheplanand(4)reflection.InAsian
culture,itisanormthatstudentsshouldfollowthepathoutlinedbytheteachers(Hofstede,1986).
Studentsarenotencouraged torisk theirexamperformancesbyusingalternateproblem-solving
strategiesotherthantheonethatistaughtbytheteachers.Studentshavenoopportunitytotestdifferent
problem-solvingstrategiestoenableactivelearning.Surveydatahasalsoindicatedthatonly63%
ofthestudentshaveclaimedthattheywilltrydifferentideasiftheycannotsolveaproblem[M4].
Apparently,thereisalackofexperientiallearningintheschools.

Concentration
Computer Games
Surveydata has shown that 91%of the students are aware they can learn concentration skill in
computergames.Although theyhave topay full attentionduringgameplay,only some students
reporttheyareaddictedtogames(33%)andneglectingtheirstudyandsocialactivities(22%).The
studentsseemtobelievethatthebenefitsofcomputergamesoutnumberedthedrawbacks.During
theinterviews,Student4andStudent5revealedthatconcentrationskillingameshashelpedthemto
learnvisuospatialattention.Thisfindingisalignedwithliteraturehighlightingtheenhancementsin
visuospatialattentionamongcomputergameplayers(BBC,2015).Ingames,informationisavailable
innumerousmodalitiesincludinganimatedtwoorthree-dimensionalgraphics,texts,andvarioussound
effects.Playersmustlearntofocusordiverttheirattentiontomultiplestimuliwithincomplicated
visualenvironments.Thisissimilartomultitaskingwithamemoryload.Therefore,onesshouldnot
presumethatchildrenwhoarecapableofmultitaskingcannotconcentrate.

Mathematics Education
Surveydatahasshownthat62%ofthestudentsreporthavingtoconcentratehardinmathematics.
Mathematicsisusuallylearnedthroughnumbers,texts,diagramsandgraphs.Onemayassumethat
havinglessmultimediaelements(e.g.sound,animation,andvideo)wouldallowstudentstopaymore
attentionintheclass.However,interviewdatahasshownthatmostofthestudentsdoenjoylisteningto
songorwatchingmoviewhiledoingtheirhomework.Apaststudyhasreportedthatstudentsnormally
useinformationandcommunicationstechnologies(ICTs)whiledoingschoolwork(Junco&Cotten,
2012).Thishasimpliedthatstudentspreferlearningwithmultiplesensorymodalities.Accordingto
Student1,Student2andStudent5,multitaskingcouldhelpandmotivatethemtoconcentrateintheir
study.Sincehomeworkisanunpleasantexperienceandisboring,studentsneedanentertainmentto
motivateandlightentheirmoodsothattheycancontinuepayingattentiontotheirstudy.Thestudents
havemadeuseofthemetacognitiveskillconcentrationbykeepingtheirgeneralattentionandarousal
highwhiledoingboringhomework.Despitethat,multitaskingwhilestudyingwilloverloadtheir
abilitytoprocessinformationandpreventthemtoengageindeeperlearning(Junco&Cotten,2012).
Itisaninterestingargumentofwhethermultitaskingcanhelptoimproveordecreasethequalityof
learning.Whiledistractionisgenerallydetrimentalforlearning,itcanraisearousalwhichispositive
forlearning.Thestudentsmighthitaspotwherethepositiveeffectonarousaloutweighsthenegative
effectofdistraction.Here,theexcitation-transfertheorymayapply.Excitationtransfertheoryposits
thattheresidualexcitationfromaninitialstimulus(e.g.music)willamplifytheexcitatoryresponse
toanotherstimulus(e.g.homework).
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CoNCLUSIoN

Inthispaper,theauthorshavediscussedthemetacognitiveskillsthatcanbelearnedthroughcomputer
gamesandhowtheseskillscouldbeappliedintomathematicslearningcontext–yetappeartobe
currentlyabsent.Thereisnodirectandexplicitconnectionbetweenthetwolearningcontexts.In
computergames,pupilscouldlearn(a)multitasking,(b)landnavigation,(c)teamwork,(d)bottom-up
approachtoproblemsolving,(e)concentrationskills.However,itisunderstandablethatmathematics
education(a)issingle-tasking,e.g.solveproblemsstep-by-step,(b)isusinggraphicrepresentation,
(c) involvescollaborative learning, (d) follows top-downapproach toproblem-solving, (e)could
usemultiplesensorymodalitiestoamelioratelearning.Althoughthefindingsaregeneratedbased
on the teachers’ and students’ self-reporteddata, theirviewsandperceptions are important as a
waytoaddresswhattheyexperience,recognize,likeandwhattheydonotlike;theirpredilections
wouldgoontoinfluencetheirpracticesandengagementinteachingandlearning.Thenatureof
metacognitioninbothlearningcontextstendtobedissimilar.Metacognitiveskillsinmathematics
educationare taughtexplicitly through top-downapproach,butmetacognitiveskills incomputer
gamesareacquiredthroughbottom-upapproach.Inatop-downassimilation(mathematicseducation),
explicitmetacognitiveskillsaretaughtandlearned,andtheprocessesaregraduallyassimilatedinto
implicit skills (Sun&Mathews,2003).The top-downapproach is adeliberate learningbecause
explicitmetacognitiveskillsarelearnedconsciouslyandplanned.Forinstance,studentsaretaughtor
verballytoldtolearnmetacognitiveskills.Inabottom-updirection(asincomputergames),implicit
metacognitiveskillsarelearnedthroughtrialanderror,andthenexplicitrulesandstrategiesare
acquired(Sun&Mathews,2003).Implicitmetacognitionislearnedwithoutawarenesssoonemay
notknowofitsexistence.Therefore,bottom-upapproachisanimplicitlearninginwhichimplicit
metacognitive skills are learnedunconsciouslyandunplanned.For instance, continuouspractice
situatedwithinthegamingcontextisrequiredtoconstructthemeaningoftheknowledge.Learning
fromthegamingcontext,certainteachingapproachescouldbeconsideredinmathematicseducation.
Firstly,theexcitation-transfertheorycouldbeexploredfurther.Forinstance,whatisthebeststimulus
(e.g.music)thatcanhelpstudentstoconcentrateorfocusintheirstudy,particularlymathematics.
Secondly,collaborative learningcouldbedonedifferently.Studentscouldbeaskedtoworkasa
teamtoexperimentachallengingproblem(bottom-upapproach)andeachstudentisgivenaunique
orspecialrole.Thirdly,certaintopicscouldbetaughtusingcomputergames,simulationsorvirtual
realitytovisualizeabstractconcepts.Overall,theresourcesandassociatedpedagogycurrentlyadopted
inmathematicsclassroomscouldbeenhancedandmodernized.
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