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ABSTRACT

“Seriousgames”refertogamesthatgobeyondpureentertainmentandpromotelearning.Theyare
utilizedwithinavarietyoflearningenvironmentsenablingstudentstoacquireknowledgeandskills,
while theyofferwidebenefits.Theauthors’ teammeasuredandanalyzedvariousfactorsrelated
to the gameplay and educational content when 2D and 3D serious games are introduced in the
educationalprocess.ThemainobjectivefocusedonthecorrelationoftheUniversitystudents’views
thatweresharingcommoncharacteristics,likegender,informationandcommunicationtechnology
skills,gameplayingexperience,andspecificscientificbackgroundwithfactorsthatrelatedtothe
gameplayaswellasthelearningeffectiveness.Theresultsrevealedthatgame-playingexperience
hadamorepositiveimpactinthecaseofmales,whileperceivedlearningeffectivenessof2Dwas
highercomparedtothe3Dseriousgameforbothgenders.Moreover,therearedifferentiationsamong
femalesconcerningthescientificbackground,InformationandCommunicationTechnologyskills
andgame-playingexperience.
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INTROdUCTION

SeriousGames(SGs)aredefinedas“gamesthatdonothaveentertainment,enjoymentorfunastheir
primarypurpose”whilethe“seriousness”ofthesegamesreferstocontentthatmayclearlybeused
aslearningmaterialbyteachers(Djaouti,Alvarez&Jessel,2011).Althoughthereisaperception
thatSGsarelackingfunortheirprimarypurposeisotherthanamusement,Abtwhowasthefirstthat
usedthistermsystematically,continued,arguingthat,“thisdoesnotmeanthatseriousgamesarenot,
orshouldnotbe,entertaining”(Abt,1970,p.9).Themainresearchaimofthisworkistoexamine
Universitystudents’viewstowardsSGsfeatures.Especially,wefocusedonavarietyoffactorssuch
asgender,InformationandCommunicationTechnologyskills,game-playingexperienceandspecific
scientificbackgroundi.e.naturalandsocial,andtheirpossibleimpactongamedesign(2Dor3D)
regardingperceivedlearningeffectiveness.

Well-designedSGscanboostlearningoutcomesandthiscanbeexpressedinameasurableway
(Erhel&Jamet,2019;Girard,Ecalle&Magnan,2013;Granic,Lobel&Engels,2014;deFreitas&
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Liarokapis,2011).SGslearningandgamingcomponentsareoughttobewellbalancedinorderto
provideanimmersiveeducationalexperience.Additionally,totheleaningandgamingbalance,funis
alsoaveryimportantfeatureofagoodSGbecauseitissupportivetoengagementandmotivational
processes (Franzwa, Tang, Johnson & Bielefeldt, 2014; Kaimara & Deliyannis, 2019; Westera,
2019). SGs promote conceptual understanding through direct interaction and feature immediate
feedbackgeneratedbythegameenvironment(Boyle,Connolly&Hainey,2011;Stapleton,2004).The
educationalexperiencewithinanSGcanbecontrastedtoactualgameexperiencewheretheplayer
assumestheroleofthekeycharacter.Game-basedenvironmentsaremoreimmersiveandengaging
intermsofbothtechnologyandgamedesign(Arnab,Berta,Earp,DeFreitas,Popescu,Romero,
Stanescu&Usart,2012;Deliyannis&Kaimara,2019).Thegameenvironmentisenhancedwith
narration,hiddenbackstoryandadventureorexploratoryfeatures(Faizan,Löffler,Heininger,Utesch,
&Krcmar,2019).Gameinteractionandfeedbackelementsallowplayerstoplayandprogressattheir
ownpace(Federoff,2002;Sweetser&Wyeth,2005).Ontheotherhand,SGsofferteachingtools
toeducatorsthatmotivatestudent’sinterestintheeducationalcontent.However,therearedifferent
challengeswhenSGsintroducedintotheclassroom.

Oneofthemajorresearchfieldsistounderstandhowstudentsinteractwithgamesandhow
learningoccurs(Freire,Serrano-Laguna,Iglesias,Martínez-Ortiz,Moreno-Ger&Fernández-Manjón,
2016).Moreover,attheback-officelevel,learninganalyticsallowinstructorstomonitorstudents’
activityandprovide insight into theirprogress.Activeuseof this typeofgames tocomplement
teachingcanincreaseinteractionandprovideinformationthatimprovesthecontacttimebetween
studentsandteachersthroughpersonalization(Arthars,Dollinger,Vigentini,Liu,Kondo&King,
2019;Illanas,Gallego,Satorre&Llorens,2008).HuandLiu(2010)notedthatusersperceivemobile
gamedifferentlywithregardtocomputergameexperienceandgenderdifferences.Moststudieshave
indicatedthatmalesenjoyplayingdigitalgamesmorethanfemalesdo.Moreover,theydifferintheir
gamingmotivationsandcontentpreferenceswhilefemalesdislikecompetitive,violent,or3Ddigital
games(Tsai,2017).Arecentreportshowedthatgenderdifferencesintermsofhowmuchtimeplayers
spendplayinggamestendtodisappear.However,thisreportdidnotprovideanyfurtherdetailson
thetypeofgamesthatplayersprefertoplayaccordingtotheirgender(Statista,2018).Takeninto
considerationthefactthatthedesignanddevelopmentofSGsarebasedontheadequateintegration
ofeducationalandgamedesignprinciples,aswellasseveralstudiesprovidedevidencethatstudents
performbetterwhiletheyareplayingSGs,however,farfewerexaminedtheireffectivenessinthe
educationalsettings(Bellotti,Ott,Arnab,Berta,deFreitas,Kiili&DeGloria,2011;deFreitas,2018;
Fokides,Kaimara,Deliyannis&Atsikpasi,2019).Foroveradecade,teachinginhighereducation
withtheuseofSGshasbeguntoconcernresearchers,althoughmanyoftheinstitutionshadnotyet
usedthisteachingmethod(Banks&McGinnis2008;Liarokapis,Anderson,&Oikonomou,2010;
Vlachopoulos,&Makri,2017).Withinthisframework,asurveywhichbasicobjectivewastocorrelate
university students’ characteristics such as gender, Information and Communication Technology
(ICT)skills,gameplayingexperienceandspecificscientificbackgroundwiththeirviewstowards
thevariousfactorsrelatedtothegameplayandeducationalcontentwasconductedviaclustering.
Forthepurposeofourresearch,twogameswereexamined,“ARTéMecenas”and“Variant:Limits”,
developedbyTriseum(https://triseum.com/),whicharesuitableforhighereducationtraining.Initially,
inthispaper,abriefliteraturereviewrelatedtoSGsispresented,methodsandmaterialsarefurther
describedandfinally,researchresultsareanalyzedanddiscussedaswell.

Themainresearchproblemexaminedrelatestodifferentstudents’characteristicsandhowthose
affectthewaytheyperceivethelearningeffectivenessinrelationtothetypeofthegameintermsof
itsdimensionality:2Dand3D.Otherresearchesthatexaminedtheeffectivenessof2Dand3Dgame
environments(Ak&Kutlu,2017;Koops,Verheul,Tiesma,deBoer&Koeweiden,2016;Zaharias,
Chatzeparaskevaidou&Karaoli,2019)forthesamecontentreportsimmilarfindings.Inthepresent
study,thedifferentiationwasthatweobservedthesamestudents’behaviorevenwhenthecontentof
thegamewasdifferent.Forthispurposeclusteranalysiswasutilized.Theresultswithinallclusters
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revealthatgamedesignwasanimportantfactor,while2Denvironmentsseemtobemoreeffective
than3D.Thisfindingcoulddirectresearcherstofurtherexamineifthisevidentwasrandomand
onlyconcernsthedesignofthetwospecificgamesselectedforthestudy,oritrelatestotheability
ofthehumanbraintoperceivedimensionsinaalternativewayregardingstudents’spatialcognition.
Therefore,gameenvironmentdimensionalitymaybeapotentialfactorthatmayaffecttheoverall
learningexperience.

BACKGROUNd

Serious Games in Higher Education
Thescientificcommunityisawarethatthereisaneedforscientificandengineeringmethodsfor
developinggamesasmeansthatprovideeffectivelearningexperiences(Bellotietal.2011).This
evidence requires closer collaborationbetweendesigners anddevelopers involved in thegeneral
GameDevelopmentLifeCycle,puttingpedagogyinacentralrole,giventheeducationalgoalof
SGs.Oneofthefirstchoicesofthedesignerteamconcernsthedefinitionofthetargetusersand
theelicitationoftheirneeds.Thus,designingaSGneedstheknowledgeoflearners’characteristics,
learningobjective,pedagogyandgamedesigncomponents(Suttie,Louchart,Lim,Macvean,Westera,
Brown&Djaouti,2012).Therefore,itisimportanttogatherinformationaboutthewayofatarget
populationisplayingaconcretegameanditslearningstrategies.Inthisaspect,conductingqualitative
andquantitativeresearchascomplementarymethodsisanefficientwaytodeeperunderstandthe
preferences, interests, and skills of the target group (Freire et al., 2016). The use of SGs is not
widespread in several institutions, however, numerous researchers are taking into consideration
theirpotentialeffectivenessinthecaseofhighereducation(Banks&McGinnis2008;Liarokapis,
Anderson,&Oikonomou,2010).Despitethat,thisresearchfieldattractsasignificantamountof
interestfromthescientificandeducationalcommunity,asthereisevidencethatwell-balancedSGs
canpromotelearningwithcognitive,behavioralandaffectiveoutcomes(Boyle,Hainey,Connolly,
Gray,Earp,Ott,Lim,Ninaus,Ribeiro&Pereira,2016).Moreover,itisacknowledgedthatgames
haveapositiveimpactonlearninggoals,however,game-basedlearningenvironmentsarenotwidely
utilizedinthesyllabusofhighereducation(Vlachopoulos,&Makri,2017).

TheenvironmentoftheSGcanbeeither2D(two-dimensional)or3D(three-dimensional)or
acombinationof the two (Laamarti,Eid&Saddik,2014).Educationalgamedesigners face the
challengetomovefrom2Dto3Denvironments(Terzidou,Tsiatsos,Dae,Samaras&Chasanidou,
2012).Variousstudieswereexplainingthatthe3DVirtualWorlds(3DVWs)canprovideaunique
andflexibleenvironmentforteachingandlearningwithouttherestrictionsofdistanceandspace,with
awiderangeofonlineactivitiesandmassivemultiplayeronlinegamingplatforms(Ghanbarzadeh
&Ghapanchi,2018).Inseveralsurveys,althoughparticipantsmentionedthatboth2Dand3DSGs
haveapositiveimpactontheirlearning,the2Dversionhasagreaterimpactcomparingto3D(Ak&
Kutlu,2017;Koops,Verheul,Tiesma,deBoer&Koeweiden,2016;Zaharias,Chatzeparaskevaidou
&Karaoli,2019).

Nevertheless,educationalactivitiesbasedoncutting-edgetechnologyinhighereducationareless
wellunderstoodbytheeducationalsystems.AsystematicreviewconductedbySubhashandCudney
(2018)revealedthatgamifiedlearninginhighereducationstartedreceivingattentionfrom2013but
grewrapidlythereafter.Itisworthmentioningthatmostoftheuniversitiesthathaveincorporated
game-basedlearningintheircourses,infact,theyhaveintegratedgamificationtechniquesnamely
gameelementsandmechanics,butnottheuseofgamesthemselves.Inordertoexplainthereasons
whycoursesarenotonlyconductedusingSGs,itmustbetakenintoaccounttheculturaldifferences,
attitudes,andperceptionsofacademics,educatorsandstudentsaswellasthehighcostofgames.For
thepurposeofourresearch,asurveyconsideringtheviewsofstudentstowardsmultiplefactorsof
2Dand3DSGs,whichweredesignedanddevelopedforuniversitylevel,wascarriedout.
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MATERIALS ANd METHOdS

Themainobjectiveofthisresearchwastoanalyzeparticipants’viewstowardstheprovidedSGs.
Specifically,thisstudykeygoalwastoexaminewhetherstudentswithcommonfeatureshadsimilar
viewsandperceptionfortheprovidedSGs.Participants’viewswereevaluatedviaaquestionnaire.
Clusteringwasachievedbygroupingtheretrieveddataaccordingtoseveralcommoncharacteristicsand
thequestionnaire’sresponseswereanalyzedunderspecifiedclusteringthattestedthoseperceptions.
Inordertofollowtheclusteringprocedurewithinthedataset,thetwo-stepclusteranalysis(TSCA)
procedurewasselected.FortheTSCA,variableslikegender,scientificbackground(socialornatural
sciences),ICTskills,game-playingexperience,stateofmind,technicalfeatures,contentfeatures.
Moreover,duetothefactthatlearningimpactisessential,learningeffectivenesswasalsoevaluated.
Thedatawascollected inaccordancewith theethical rulesof theUniversities thatparticipated,
thegameswereplayed in theDepartments’Laboratoriesand thecompletedquestionnaireswere
anonymous.

Participants and duration of the Project
Under this study, a total of 542undergraduate students involved coming fromAudiovisualArts
DepartmentoftheIonianUniversityinCorfu,Greece,aswellasfromDepartmentofPrimarySchool
EducationoftheUniversityoftheAegeaninRhodes,Greece.Studentsthatparticipatedinthestudy
acceptedaFacebookinvitationwhichwaspostedonbothdepartmentsofficialsocialnetworkpage
oraninvitationduringacademiccourseswherestudentswerenotifiedaboutthisproject.Potential
participantswereinformedabouttheprerequisitesinordertobeabletoparticipateinthisproject,
namely,thatwasabouttoplayoneortwoSGs,aswellas,theyhadtocompleteashortquestionnaire.
Additionally, theywere informedabout thenatureof thisprocedurenamely that the surveywas
conductedonavoluntarybasis.

Research Questions
SGsaresuggestedtoempowerstudentstoacquireknowledgeandskills.Inthisstudy,theresearch
questionsraisedrefertothepotentialdifferencesofparticipants’viewsthatweresharingcommon
characteristics,incorrelationwithfactorsrelatedtothegameplayaccordingtothetypeofthegame
(2Dor3D)andperceivedlearningeffectiveness(Table1).

Materials
Forthisproject,twoSGsdevelopedbyTriseumwerechosen.Particularly,“ARTéMecenas”was
used,whichisa2DSGwhereplayersmakedecisionsonbehalfoftheMedicifamilythataffectthe
welfareoftheMediciBankandarthistory.Theplayersneededtoequilibraterelationshipsbetween
powerfulcity-states,merchantfactions,andtheCatholicChurchastheybuildtheirfinancialempire.
Specifically,playershadanessentialroleinordertocreateartworks,monuments,andinstitutions
oftheRenaissance.

ThesecondSGthatwasusedisa3Dgameanditisnamed“Variant:Limits”.Inthisgame,
studentswithinthisvirtualworldwereusingobjectsbasedoncalculusprinciplesandtheories.In
particular,thisSGisinvolvedwithcalculustopicsi.e.initiallyfinitelimitscalculationlikebasiclimit
calculation,one-sidedlimitcalculation,andcalculationofcomplexfunctionslimits.Moreover,this
gamedealswithfunctioncontinuity,i.e.defineafunctioncontinuityusinglimitsinaspecificpoint,
complexfunctioncontinuitycontrolaswellasintermediatevaluetheorem.Finally,infinitelimitsare
involvedlikecalculatinghorizontalandverticalasymptotesusingfunctionlimits.

Procedure
Fortheneedsofthisstudy,participantshadtoplayoneortwooftheSGsinDepartments’Laboratories.
Theywereaskedtoplaythechosengameforatleasttwohours.BothSGsincludedanintroductory,or
elsetutoringlevelsothatplayerscouldbefamiliarizedwiththegameinterfaceandthetimeneeded
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forthispartofthegamewasnotincludedinthegame(s)perse.Participantswereaskedtoaccess
andcompletetheprovidedquestionnaire,assoonastheyhadcompletedtheSGsplayingprocedure.
TheSGswereavailableforthestudentstoplayforaperiodoftwomonths,frommid-Januaryto
mid-March2018.Immediatelyafterplayingthegames,theycompletedthequestionnaire.

Questionnaire – Instrument
Inordertocollectadditionaldataforqualitativeandquantitativeanalysis,anonlinequestionnaire
wasprovided.Specifically,withtheuseofthequestionnaire-basedretrieveddata,theeducational
digital material could be evaluated taking into account twelve subjective factors. These factors
wereclusteredintothreelargergroupsnamely(a)stateofmind(enjoyment,motivation,perceived
relevancetopersonalinterests,andimmersion),(b)technicalfeatures(perceivedrealism,perceived
audiovisualadequacy,andperceivedeaseofuse),and(c)content features (perceivednarration’s
adequacy,perceivedgoals’clarity,perceivedfeedback’sadequacy,andperceivedadequacyofthe
learningmaterial).Therewereadditionallyseveralitemsexaminingperceivedlearningeffectiveness.
Inordertoconduct thesubsequentdataanalysis, theaverageofeachgroupwascalculated.This
questionnaire,apartfromdemographicinformationlikeage,gender,scientificbackground,ICTskills
andgame-playingepxerience,alsoincludedfifty-twoLikertscaleitemsstatements.Fortheseitems’
participantswereaskedtorespondwhethertheyagreedordisagreedwiththeprovidedstatement
inafive-pointLikert-typescale(fromstronglyagreetostronglydisagree).Thequestionnairewas
consideredtobereliableandproperlystructured(Fokides,Atsikpasi,Kaimara&Deliyannis,2019a,
2019b).ThevalidatedquestionnaireusedforthisstudyispresentedintheAppendix.

RESULTS

Amongthe542participants,303participantsplayedthe2DSGwhile239participantsplayedthe3D
game.343wereundergraduatestudentsenrolledatthePrimaryEducationDepartmentoftheUniversity
oftheAegeanand199wereundergraduatestudentsenrolledattheAudiovisualArtsDepartmentof
theIonianUniversity.Itisworthmentioningthatfemaleparticipantsweremorecomparedtomale:
66%and33%respectively.Inaddition,morethan50%oftheparticipantswereagedbetween19and
23yearsold,whileonlyafewweremorethan28years.Mostoftheparticipantshadasocialscience
backgroundnamely64%while36%ofthemhadaninclinationtowardsnaturalsciences.Additionally,
participantsICT-relatedskills,weremeasuredtobeabovemidpoint(M=3.58,SD=0.80),whereas
theirgame-playingabilitiesalmostreachedmidpoint(M=3.11,SD=1.10).

Table 1. Research questions

RQ1: Doesgenderhaveanimpactonperceivedlearningeffectivenessconsideringthe2DSG?

RQ2: Doesgenderhaveanimpactonperceivedlearningeffectivenessconsideringthe3DSG?

RQ3: Doesthescientificbackgroundhaveanimpactonperceivedlearningeffectivenessconsideringthe2DSG?

RQ4: Doesthescientificbackgroundhaveanimpactonperceivedlearningeffectivenessconsideringthe3DSG?

RQ5: DotheICTskillshaveanimpactonperceivedlearningeffectivenessconsideringthe2DSG?

RQ6: DooestheICTskillshaveanimpactonnperceivedlearningeffectivenessconsideringthe3DSG?

RQ7: Doesthegame-playingexperiencehaveanimpactonperceivedlearningeffectivenessconsideringthe2D
SG?

RQ8: Doesthegame-playingexperiencehaveanimpactonperceivedlearningeffectivenessconsideringthe3D
SG?
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Thestudy’smainobjectivewas toexaminewhetherparticipantswhosharedsomecommon
characteristicshadsimilarviewsfortheSGsand,consequently,theirrepliestothequestionnaire’s
itemsandfactorswerealsosimilar.Inordertorevealthesenaturalgroupings(orclusters)withinthe
dataset,thetwo-stepclusteranalysis(TSCA)procedurewasselected.TSCAispreferablecompared
tootherclusteringprocedures(e.g.,HierarchicalorK-means),because(a)itcananalyzelargedata
filesefficiently,(b)itcancreateclustersbasedonbothcategoricalandcontinuousvariables,and(c)
thenumberofclusterscanbedeterminedautomatically(Norušis,2008).Groupanalysiscontains
onlydescriptiveinformation;itdoesnotincludestatisticalhypothesistestingandcalculationofthe
levelofsignificanceofthefindings.Therefore,itisacceptabletocreateclustersofdatathatmaynot
satisfytheassumptionsforbetterperformance.Itisattheresearchers’discretiontodetermineifthe
solutionsatisfiestheirneeds(Bacher,Wenzig,&Vogler,2004).

ThedatasetwassplitintwosothatthetwoSGscouldbeseparatelyanalyzed.FortheTSCA,
seven essential variables were included (a) gender, (b) scientific background (social or natural
sciences),(c)ICTskills,(d)game-playingexperience,(e)stateofmind,(f)technicalfeatures,(g)
contentfeatures.Also,sincetheimpactonlearningisakeyfactorinSGs,itwasdecidedtoinclude
theperceivedlearningeffectivenessasanevaluationfield.

Fordeterminingtheidealnumberofclusters,theliteraturesuggeststhatagoodsolutionshould
have(a)areasonablysmallSchwarz’sBayesianCriterion(BIC)andalargeRatioofDistanceMeasures
(Mooi&Sarstedt,2010),(b)thesilhouettemeasureofcohesionandseparationtobemorefairor
greater(Rousseeuw,1987),and(c)theratioofthesizesofthelargestclustertothesmallestclusterto
bebelowthe3.00threshold.Also,onehastoberemindedthatclusteringdoesnotnecessarilyindicate
statisticallysignificantdifferencesbetweenclusters.Thus,theresearchershaveacertaindegreeof
freedomtocheckdifferentsolutionsandselectamoremeaningfulnumberofclusters,eveniftheir
decisionviolatessomeoftheaboveguidelines.

Results of the Cluster Analysis for the 2d SG
Theclusteranalysisforthe2DSGrevealedthatthesmallestBICvaluewasforfiveclusters,whereasthe
highestvalueoftheRatioofDistanceMeasuresalsosuggestedfiveclusters(Table2).Consequently,
afive-clustersolutionwasconsideredasthemostappropriate,aswellasthemoremeaningfulmodel.
Theresultingclustershad45(14.9%),59(19.5%),71(23.4%),70(23.1%),and58(19.1%)cases.
Thesilhouettemeasureofcohesionandseparationwas.4,whichwasconsideredfair.Moreover,the
ratioofthesizesofthelargestclustertothesmallestclusterwas1.58.

Theclusterswiththecharacteristicsdifferentiatingeachsegmentfromtheotherareoutlined
below,whileTable3summarizestheresults.

Table 2. Auto-clustering, 2D SG

Number of Clusters Schwarz’s Bayesian 
Criterion (BIC) BIC Change Ratio of BIC 

Changes
Ratio of Distance 
Measures

1 1894.38

2 1538.57 -355.80 1.000 1.64

3 1349.01 -189.56 .533 1.77

4 1271.357 -77.654 .218 1.17

5 1215.094 -56.263 .158 2.04

6 1222.504 7.410 -.021 1.34
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• Cluster3,71cases(23.4%).Thisclusterconsistedoffemaleshavingasocialsciencesbackground.
Their ICT skills were the lowest among all groups (M = 3.08), while their game-playing
experiencewerealsothelowest(M=2.04).Thisgroupgavethelowestratingstoallofthe2D
SG’sfeatures(M=2.04-3.07).Moreover,participantsinthisclustergavethelowestscorein
theperceivedlearningeffectivenessfactor(M=2.63),meaningthat,accordingtothem,theSG
hadalowimpactontheirlearning.

• Cluster4,70cases(23.1%).Thesecondclusterincludedfemalesalsohavingasocialsciences
background.Their ICTskillswereabove theaverage (M=3.51),while theirgame-playing
experiencewereveryclosetothemidpoint(M=3.04).Thisgroupgavethehighestratingsto
allofthe2DSG’sfeatures(M=3.89-4.10)andthisalsoholdstrueforhowtheyratedperceived
learningeffectiveness(M=3.83).

• Cluster2,59cases(19.5%).Maleswithasocialsciencesbackgroundwereincludedinthethird
cluster.TheirICT-relatedskillswereabovetheaverage(M=3.71),whiletheirgame-playing
experiencewerewellbelowtheaverage(M=2.97).AlthoughtheyratedalltheSG’sfeatures
wellabovetheaverage,(M=3.49-3.63),atthesametime,theyconsideredthattheSGhadan
averageimpactontheirknowledge,asthescoretheygavetoperceivedlearningeffectiveness
wasthesecondlowestamongallclusters(M=3.16).

• Cluster5,58cases(19.1%).Thefourthclusterconsistedoffemaleshavinganaturalsciences
background.TheirICT-relatedskillswerewellabovethemidpoint(M=3.71),althoughtheir
game-playingexperiencewerebelowthemidpoint(M=2.97).Aswiththepreviouscluster,they
ratedalltheSG’sfeatureswellabovetheaverage(M=3.54-3.79).Whatismore,theirscorein
perceivedlearningeffectivenesswasthesecondhighest(M=3.55).

• Cluster 1, 45 cases (14.9%). The fifth cluster consisted of males having a natural sciences
background.TheirICTandgame-playingexperiencewerethehighest(M=4.09andM=3.93
respectively).Aswithclusters3and4,theyratedalltheSG’sfeatureswellabovetheaverage(M
=3.58-3.72).Theirscoreinperceivedlearningeffectivenesswasclosetothatofthe4thcluster
(M=3.41).

Results of the Cluster Analysis for the 3d SG
Comingtothe3DSG,thesmallestBICvaluewasforfiveclusters,whereasthehighestvalueofthe
RatioofDistanceMeasuressuggestedthreeclusters(Table4).Afive-clustersolutionwasconsidered
asthemostmeaningfulmodel,afterexaminingsolutionswiththreeuptosixclusters.Theresulting

Table 3. 2D SG, clustering details

Clusters

3 
N = 71

4 
N = 70

2 
N = 59

5 
N = 58

1 
N = 45

Gender females females males females males

Scientificbackground social social social natural natural

ICTskills 3.08 3.57 3.58 3.71 4.09

Game-playingexperience 2.04 3.04 3.75 2.97 3.93

Stateofmind 2.71 3.86 3.49 3.54 3.58

Contentfeatures 3.07 3.95 3.63 3.67 3.72

Technicalfeatures 3.13 4.10 3.50 3.79 3.69

Perceivedlearningeffectiveness 2.63 3.83 3.16 3.55 3.41
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clustersforthe3DSGhad53(22.2%),68(28.5%),36(15.1%),45(18.8%),and37(15.5%)cases.
Thesilhouettemeasureofcohesionandseparationwas.4,whichwasconsideredfair.Moreover,the
ratioofthesizesofthelargestclustertothesmallestclusterwas1.89.

Theclusterswiththecharacteristicsdifferentiatingeachsegmentfromtheotherareoutlined
below,whileTable5summarizestheresults.

• Cluster2,68cases(28.5%).Thisclusterconsistedoffemaleshavingasocialsciencesbackground.
TheirICTskillswerethelowestamongallgroups(M=3.14)andthesameappliedfortheir
game-playingexperience(M=2.54).Thiscluster’sparticipantsgavethelowestscorestoallof
the3DSG’sfeatures(M=2.72-3.14).Also,participantsinthisclustergavethelowestscorein
theperceivedlearningeffectivenessfactor(M=2.56).

• Cluster 1, 53 cases (22.2%). The second cluster included females having a natural sciences
background.TheirICT-relatedskillswerehigh(M=3.81),whiletheirgame-playingexperience
wereveryclose to themidpoint(M=3.15).Althoughthiscluster’sparticipantsratedallof
the3DSG’sfeaturesslightlyaboveuptowellabovethemidpoint(M=3.15-3.57),theyrated
perceivedlearningeffectivenessslightlybelowthemidpoint(M=2.97).

• Cluster4,45cases(18.8%).Maleshavinganaturalsciencesbackgroundwereincludedinthe
thirdcluster.TheirICTrelatedskillswerewellabovethemidpoint(M=3.69),whiletheirgame-
playingexperiencewerethehighestamongallclusters(M=3.73).Aswiththepreviouscluster,
theyratedallofthe3DSG’sfeaturesslightlyaboveuptowellabovethemidpoint(M=3.04-
3.46).Also,theyratedperceivedlearningeffectivenessveryclosetothemidpoint(M=3.04).

• Cluster5,37cases(15.5%).Thefourthclusterconsistedoffemaleshavingasocialsciences
background.TheirICT-relatedskillswerehigh(M=3.78),whiletheirgame-playingexperience
wereslightlyabovethemidpoint(M=3.19).Thiscluster’sparticipantsgavethehighestratings
toalloftheSG’sfeatures(M=3.68-4.15).Moreover,theygavethehighestscoretoperceived
learningeffectiveness(M=3.47)

• Cluster 3, 36 cases (15.1%). The fifth cluster consisted of males having a natural sciences
background.TheirICTrelatedskillswerethehighestamongallclusters(M=3.86),whiletheir
game-playingexperiencewerethesecondhighest(M=3.61).Althoughthiscluster’sparticipants
ratedallofthe3DSG’sfeaturesslightlyaboveuptowellabovethemidpoint(M=3.14-3.50),
atthesametime,theyratedperceivedlearningeffectivenessbelowthemidpoint(M=2.83).

Table 4. Auto-clustering, 3D SG

Number of Clusters Schwarz’s Bayesian 
Criterion (BIC) BIC Change Ratio of BIC 

Changes
Ratio of Distance 

Measures

1 1513.18

2 1250.00 -263.18 1.000 1.63

3 1114.23 -135.78 .516 1.77

4 1065.92 -48.31 .184 1.51

5 1055.98 -9.93 .038 1.23

6 1060.29 4.30 -.016 1.55
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dISCUSSION

Theresultsofthecurrentstudyaresummarizedbelow.Eachfindingiscontrastedtothetrendsand
researchevidencetracedintheliteraturefollowedbyashortdiscussion.Severalresearcherssuggest
thatSGsgamesneedtobeimmersiveandhighlymotivating,inordertoempowerstudentsandto
promotetheirengagementunderthelearningprocedure.Inordertoinvestigatetheeffectivenessof
SGsinlearning,itisnecessarytoinquirethestudentstowhomthesegamesareaddressed.Therefore
extended research, numerous of testing and data are required considering the various variables
correlatedtobothstudents/gamersandthetypeandcontentofgamesthemselves(Alsawaier,2018;
Falcão,ePeres,deMorais&daSilvaOliveira,2018;Hamari,Shernoff,Rowe,Coller,Asbell-Clarke
&Edwards,2016). Importantvariablesrelated tostudents/gamersare theirage,gender,skills in
usingtechnologyanddevices,previousexperiencewithdigitallearninggamesandtheirscientific
background.Variablesrelatedtothetypeandcontentofgamesthemselvescouldbethedimension,
i.e.2D/3Dgamesandthesyllabus,respectively.

Inthiscasestudy,datasuggestthatthegame-playingexperienceofmaleswerebetterthanthose
offemales.Ontheotherhand,theICTskillsofbothmalesandfemaleswerequitegoodandnotthat
different.Previousstudieshaveshownthatthetimedevotedtoplayingvideogameswassignificantly
higher in males than females (Romrell, 2015). In 2018, however, it was estimated that women
accountedforalmost45%ofallplayersintheUnitedStates(Statista,2018).Nowadays,videogames
havebecomeincreasinglypopularamongpeopleofallagesandgenders(EntertainmentSoftware
Association, 2018).These reports show that progressivelymales and femalesdedicate the same
timetoplaygames,buttheydonotprovidemoreinformationaboutwhatkindofgamestheyprefer.

InbothSGstherewasaclusterconsistingoffemaleshavingasocialsciencesbackground,low
ICTskills,andlowgame-playingexperience.Themembersofthisclustergavethelowestratingsto
theSGsandtheyalsoconsideredthemnoteffectiveintermsoflearningbygivingthelowestscore
inthisfactor,comparedtotheotherclusters.Contrarytotheabove,inbothSGstherewasacluster
alsoconsistingoffemaleshavingasocialsciencesbackground,butwithhighICTskills,andclose
tothemidpointgame-playingexperience.Themembersofthisclustergavethehighestratingstothe
SGsandtheyalsoconsideredthemeffectiveintermsoflearningbygivingthehighestscoreinthis
factor,comparedtotheotherclusters.Finally,inbothSGstherewasaclusterconsistingofmales
havingasocialsciencesbackground,highICTandgame-playingexperience.Themembersofthis
clusterratedtheSGsabovethemidpoint,buttheyratedperceivedlearningeffectivenessclosetothe
midpoint.Playingavideogameisahighlyself-regulatedactivityandmobilizesmultiplesetsofself-

Table 5. 3D SG, clustering details

Clusters

2 
N = 68

1 
N = 53

4 
N = 45

5 
N = 37

3 
N = 36

Gender females females males females males

Scientificbackground social natural social social natural

ICTskills 3.16 3.81 3.69 3.78 3.86

Game-playingexperience 2.54 3.15 3.73 3.19 3.61

Stateofmind 2.72 3.21 3.04 3.68 3.19

Contentfeatures 2.93 3.25 3.33 3.70 3.14

Technicalfeatures 3.14 3.57 3.46 4.15 3.50

Perceivedlearningeffectiveness 2.56 2.97 3.04 3.47 2.83
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regulationrelatedskillsandprocesses(YilmazSoylu&Bruning,2016).Self-regulatinglearningis
referredtothelearningprocessinwhichlearnersuseself-regulatoryskillssuchasself-assessment,
self-directing,controlandadaptationtoacquireknowledge(Zimmerman1989).Zimmerman,Bonner,
andKovach(1996)proposedacyclicalmodelofself-regulatedlearning,namelytheFour-PhaseSelf-
RegulatedLearningmodeltodemonstratehowlearnersactivelyusespecificstrategiestoachievethe
objectivesofthecourse,basedontheirownwillingness,motivationandmetacognition.According
tothismodel,therearefourcorrelatedprocesses:self-evaluationandmonitoring,goalsettingand
strategic planning, strategy implementation and monitoring, and strategic-outcome monitoring.
Whenmorehighlyself-regulatedlearnersfacealearningtask,planhowtoachieveitslearninggoals
consideringtheirpriorknowledge,beliefs,environmentalstructuring,time,andrepertoireofstudy
tactics.Inourcase,theSelf-RegulatedLearningModelunderlineseachplayer’sself-efficacyaccording
toitscluster.Expertgameplayersusedprocessesofself-regulationconsiderablymorethanlessor
non-expertplayers(YilmazSoylu&Bruning,2016).Self-regulationisassociatedwithself-efficacy.

Self-efficacyisthetheoreticalframeworkconsideringthestudents’confidenceandbeliefswith
respect to theircapabilities toperformspecific tasksoractivities (Bandura,1986).Self-efficacy
canbeimportantfordevelopingdigitalcompetenceandforusingtechnologyinlearning(Hatlevik,
Throndsen,Loi&Gudmundsdottir,2018).Inthisframework,whenaplayerhasmoreICTskills
andmoregamingexperience,bothhis/herself-efficacyandself-confidenceareincreasing.The
caseofcluster5isnoteworthy(femaleshavingasocialsciencesbackground,butwithhighICT
skills,andclosetothemidpointgame-playingexperiencegavethehighestratingstotheSGsand
theyalsoconsideredthemeffectiveintermsoflearning).Thisfindingisincontradictionwiththe
currentliterature,wherebymalesseemtohavegreaterself-efficacyinICTthanfemales(Hatlevik,
Throndsen,Loi&Gudmundsdottir,2018).Therearemanyinterpretations,mainlybasedonsocial
stereotypes.However,thereisatendencyformalestooverestimatetheircompetenciesandfemales
tounderestimatethem.TheInternationalComputerandInformationLiteracyStudy2013(ICILS
2013)presentedthewaysinwhichyoungpeopledevelopComputerandInformationLiteracy(CIL)to
supporttheircapacitytoparticipateinthedigitalage(Fraillon,Ainley,Schulz,Friedman&Gebhardt,
2014).CILreferstotheindividual’sabilitytousecomputerstoinvestigate,create,andcommunicate
inordertoparticipateeffectivelyathome,atschool,intheworkplace,andinthecommunity.Intheir
recentresearch,Hatlevik,Throndsen,Loi&Gudmundsdottir,G.B.(2018)foundthatgirlsobtained
higherCILscoresthanboys,alsogilrsreportedsignificantlyhigherlevelsofICTself-efficacythan
theboysandthisresultmayindicateachangeinpreviousgenderstereotypes.

Concerningthegametype,theperceivedlearningeffectivenessofthe2DSGreceivedhigher
ratingscompared to the3Din thecaseof the threegroupsoffactors: thestateofmind,content
features,technicalfeaturesclusteringandinbothgendersaswell.Nevertheless,inthecaseofthe
femaleparticipantshavingasocialsciencesbackground,highICTskills,andmidpointgame-playing
experienceconsideredbothSGs’perceivedlearningeffectivess.InbothSGstherewasalsoathird
clusterhavingfemalememberswithhighICTskills,andclosetothemidpointgame-playingexperience
asinthepreviouscluster,but,thistime,havinganaturalsciencesbackground.Themembersofthethird
clustergaveabovethemidpointscorestobothSGs,theyratedhighthe2DSGintermsofperceived
learningeffectiveness,whiletheirratingsfellbelowthemidpointinthe3DSG.Quiteinterestingly,
aclusterwiththesamecharacteristicsastheabovebutwithmalememberswasalsopresenttoboth
SGs.Theresearchonperceivedlearningefficacyinrelationtothetypeofgames(2D/3D)hasshown
thatthe2Dgameisconsideredmoreeffectivethan3D.Zaharias,ChatzeparaskevaidouandKaraoli
(2019)havecometosimilarconclusionsintheirresearch.Theynotedthatboth2Dand3DSGshad
apositiveimpactonlearning,however,2Dversionhadagreaterimpactcomparingto3D,regarding
learning,while3Dversionhadagreaterimpactonmotivationtolearnanduserexperience.Ak&
Kutlu(2017)alsonotedthattheparticipantsintheirresearchvalued2Dgame‐basedenvironments
morethan3Dgame‐basedandtraditionalclassroomenvironments.Onepossibleexplanationisthat
three-dimensionalmodelsrequiregreaterworkingmemoryresources.Thus,thegamerhastoprocess
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moreinformationina3Dgameincomparisontoa2Dgameandhencemorecognitiveresources
areneededforthegameplay(theprimarytask),leavinglesscognitiveresourcesforsecondarytasks
(Roettl&Terlutter,2018).Accordingtothisevidence,itissuggestedwheneducatorsaredesigning
learningactivitiesusing3Dmodels,activitiesmayhavetobesimplifiedtopromotegermaneloadas
acompensatorystrategytoensuresuccessfullearning(Anderson,Jamniczky,Williams,Krigolson,
Coderre&Hecker,2019).

IMPLICATIONS FOR RESEARCH ANd PRACTICE

PreviousresearchhasshowntheimportantrolethatSGsineducation.Withtheevolutionoftechnology,
increasinglyattractivegamesaredesignedanddeveloped,whicharedeeplyimmersive,representthe
realitywithgreatfidelity,andmoreandmoredimensionsareutilizedbeyond3.However,whenwe
refertotheSGsthattheirbasicpurposeislearning,necessaryelementsarenotonlytechnicalparts
suchasthegameplayandmechanicsbutalsothestructuringoftherelevantcontentwhichwillbe
basedonthecombinationofmoderntheories.SGsareessentialtobeunderstoodbytheeducational
communityasaneducational tool inabroaderframework.AccordingtoPrensky(2003),atfirst
glance,itseemsthatstudents/gamerslearntoflyplanes,drivefastcars,tobethemeparkoperators,
warfighters,civilizationbuildersorveterinarians,etc.Ifhowever,wedeepen,wearelikelytofind
thatstudentsarelearningsignificantlymore:receiveinformationfrommanysources,makedecisions
quickly,accepttherulesofagame,designstrategiestoovercomeobstacles,understandcomplicated
systemsthroughexperimentation,and,increasingly,theylearntocollaborate.Game-basedlearning
istakingshapeatcollegesanduniversitiesaseducatorsconsiderandusegamesinordertorecreate
experiences.Yetdespitemoreadvancedcurriculumandseveraleducationaltechniquesandthefinding
thatSGscontributeinsubstantialwaystothelearningprocess,fosteringengagementandboosting
outcomes,theydonotworkautonomouslybutcomplementarytothecourse.Theresearchfindings
suggestthat2Dor3DSGscouldbeutilizedbytheeducationalsystem.

LIMITATIONS ANd FUTURE wORK

Inthissurvey,participantswerenotaskedtodirectlyevaluatethetypeofthegamesothatwecould
havedefiniteanswersfromthegamersthemselves.Thegamesthathadbeenplayeddonotsharethe
samecontent.2Disrelatedtoarthistoryand3Dtomathematics.Thisisalimitationofthestudy
because,inordertomeasuretheperceivedlearningeffectivenessconsideringthegametype,the
contentshouldbestableandtheonlydifferentiationwouldberelatedtotheconstructionofthegame
as2Dor3D.Inthisway,wewouldbesurethatwhatmattersisthefactor2Dor3Dratherthanthe
contentthatrelateseithertothecourseofthearthistoryortomathematics.Anotherlimitationcould
betheavailabletimethatthestudentshadtoplaythegames,thatwasapproximatelytwohours.Again,
thestudentswereaskedtoplaythegamesintheDepartments’Laboratories,sothesharedthesame
roomandmaybethiswasadisruptivefactor.

Theresultsofthisresearchwerebasedonplayers’answerstoaquestionnairedesignedtoevaluate
seriousgames.AsFreireetal.(2016)pointedoutthatthemajorityofstudiesexaminedtheinfluence
ofgenderintheeffectivenessofSGswithin-gameassessmentsorinpaper-basedquestionnaires.
TheyproposedGameLearningAnalytics,i.e.datacollectedinlearningmanagementsystems,asan
assessmentthatcaneffectivelyenrichtheknowledgeaboutwhyaparticulargameworksbetterfor
malesorfemales.

Theabovelimitationsserveasguidelinesforfuturesurveysbytheresearchersinrelationtothe
typeandcontentofthegames.Authors’futureworkleanstowardstheadditionalimplementationof
theseriousgamesinthelearningprocessinprimary,secondary,specialeducationandininclusive
educationalsettingsregardingvariousvariablesamongwhichgenderdifferences.
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CONCLUSION

It has been argued that games are a very powerful way for people to learn. Additionally, SGs
are regarded as an extremely functional and important component of the learning process. The
development of 2Dand3Dgaming environments providesdevelopers and educatorswithhigh-
qualityapplicationsthatcan,beyondarichgraphicalexperience,behighlysophisticatedandsupport
contentcustomizationandpersonalizationduring the learningprocess.Thegame-based learning
processisintegratedintolife,whichallowsapproachingcontentinamodernandlesstraditional
way.InordertoprovewhethertheuseofSGshaspositivelearningoutcomes,thestudents’pointof
viewisessential.Thus,animportantprocessofevaluatinggamesisanassessmentbythestudents
themselves.Students’responses,dependingontheirscientificbackground,genderandexperience
withtheuseofgamesandtechnologyingeneral,leadtheentiredesignteamtotaketheirpreferences
andinterestsintoconsideration.Researchresultswillbeappropriatelyexploitedastechnologycan
adaptthecontenttothefunctionalneedsandskillsofeachuser-studentindividually.Withthisinmind,
ourresearchteamdesignedaquestionnairemeasuringtwelvefactorsthatarethekeytoidentifying
theuserexperienceasawhole.Alargesampleofstudentsfromtwodifferentscientificbackgrounds
completedthequestionnairewithseveralsignificantresultsregardingthetypeofgames.Moreover,
malesandfemaleswithhighICTskills,midpointgame-playingexperience,butwithanaturalsciences
backgroundconsidered2DSGhighly learningeffective,while the3DSGkindof lowefficient.
Thisworkhasindependentlyverifiedwhatotherresearchershavealreadyfoundregardingtherole
ofgenderanduserabilities.Inaddition,twokeyfactswererevealed:2Dgameseemstobemore
effectiveinlearningfrom3Dandidentifiedthefactorsthatareimportanttotheplayerexperience.



International Journal of Smart Education and Urban Society
Volume 11 • Issue 1 • January-March 2020

87

REFERENCES

Abt,C.(1970).Serious games.NewYork,NY:VikingPress;doi:10.1177/000276427001400113

Ak,O.,&Kutlu,B.(2017).Comparing2Dand3Dgame‐basedlearningenvironmentsintermsoflearninggains
andstudentperceptions.British Journal of Educational Technology,48(1),129–144.doi:10.1111/bjet.12346

Alsawaier,R.S.(2018).Theeffectofgamificationonmotivationandengagement.The International Journal 
of Information and Learning Technology,35(1),56–79.doi:10.1108/IJILT-02-2017-0009

Anderson,S.J.,Jamniczky,H.,Williams,C.,Krigolson,O.,Coderre,S.,&Hecker,K.(2019).LearningfromTwo-
Dimensional(2D)versusThree-DimensionalAnatomicalModels:AssessingWorkingMemoryRequirements
UsingElectroencephalography(EEG).FASEB J., 33(1_supplement).

Arnab,S.,Berta,R.,Earp,J.,DeFreitas,S.,Popescu,M.,Romero,M., . . .Usart,M.(2012).Framingthe
adoptionofseriousgamesinformaleducation.Electronic Journal of e-Learning, 10(2),159-171.Retrieved
fromhttp://sci-hub.tw/https://eric.ed.gov/?id=EJ985419

Arthars,N.,Dollinger,M.,Vigentini,L.,Liu,D.Y.-T.,Kondo,E.,&King,D.M.(2019).EmpoweringTeachers
toPersonalizeLearningSupport.InUtilizingLearningAnalyticstoSupportStudySuccess.AcademicPress.
doi:10.1007/978-3-319-64792-0_13

Bacher, J.,Wenzig,K.,&Vogler,M. (2004).SPSS twostep cluster-a first evaluation.Nürnberg,Germany:
LehrstuhlfürSoziologie.

Bandura,A.(1986).Social foundations of thought and action.EnglewoodCliffs,NJ.

Banks,C.M.,&McGinnis,M.L.(2008,April).Compellingchallengesandrecommendedsolutions:developing
acontinuityofM&Seducation frompublic school tograduate studies. InProceedings of the 2008 Spring 
simulation multiconference(pp.773-780).SocietyforComputerSimulationInternational.

Bellotti,F.,Ott,M.,Arnab,S.,Berta,R.,deFreitas,S.,Kiili,K.,&DeGloria,A.(2011,October).Designing
serious games for education: from pedagogical principles to game mechanisms. In Proceedings of the 5th 
European Conference on Games Based Learning(pp.26–34).Greece:UniversityofAthens.Retrievedfrom
https://hal.archives-ouvertes.fr/hal-00985800/document

Boyle,E.,Connolly,T.M.,&Hainey,T.(2011).Theroleofpsychologyinunderstandingtheimpactofcomputer
games.Entertainment Computing,2(2),69–74.doi:10.1016/j.entcom.2010.12.002

Boyle,E.A.,Hainey,T.,Connolly,T.M.,Gray,G.,Earp,J.,Ott,M.,&Pereira,J.et al.(2016).Anupdatetothe
systematicliteraturereviewofempiricalevidenceoftheimpactsandoutcomesofcomputergamesandserious
games.Computers & Education,94,178–192.doi:10.1016/j.compedu.2015.11.003

deFreitas,S.(2018).Aregameseffectivelearningtools?Areviewofeducationalgames.Journal of Educational 
Technology & Society,21(2),74–84.Retrievedfromhttps://psycnet.apa.org/record/2018-18436-006

deFreitas,S.,&Liarokapis,F.(2011).Seriousgames:anewparadigmforeducation?InSerious games and 
edutainment applications(pp.9–23).London:Springer.doi:10.1007/978-1-4471-2161-9_2

Deliyannis, I., & Kaimara, P. (2019). Developing Smart Learning Environments Using Gamification
TechniquesandVideoGameTechnologies.InL.Daniela(Ed.),Didactics of Smart Pedagogy.Cham:Springer;
doi:10.1007/978-3-030-01551-0_15

Djaouti,D.,Alvarez,J.,&Jessel,J.P.(2011).Classifyingseriousgames:theG/P/Smodel.InHandbookof
researchonimprovinglearningandmotivationthrougheducationalgames:Multidisciplinaryapproaches(pp.
118–136).Hershey,PA:IGIGlobal.doi:10.4018/978-1-60960-495-0.ch006

EntertainmentSoftwareAssociation.(2018).Sales,DemographicandUsageData-essentialFactsaboutthe
Computer and Video Game Industry. Retrieved from https://www.theesa.com/wp-content/uploads/2019/03/
ESA_EssentialFacts_2018.pdf

Erhel,S.,&Jamet,E.(2019).Improvinginstructionsineducationalcomputergames:Exploringtherelations
betweengoalspecificity,flowexperienceandlearningoutcomes.Computers in Human Behavior,91,106–114.
doi:10.1016/j.chb.2018.09.020

http://dx.doi.org/10.1177/000276427001400113
http://dx.doi.org/10.1111/bjet.12346
http://dx.doi.org/10.1108/IJILT-02-2017-0009
http://sci-hub.tw/https://eric.ed.gov/?id=EJ985419
http://dx.doi.org/10.1007/978-3-319-64792-0_13
https://hal.archives-ouvertes.fr/hal-00985800/document
http://dx.doi.org/10.1016/j.entcom.2010.12.002
http://dx.doi.org/10.1016/j.compedu.2015.11.003
https://psycnet.apa.org/record/2018-18436-006
http://dx.doi.org/10.1007/978-1-4471-2161-9_2
http://dx.doi.org/10.1007/978-3-030-01551-0_15
http://dx.doi.org/10.4018/978-1-60960-495-0.ch006
https://www.theesa.com/wp-content/uploads/2019/03/ESA_EssentialFacts_2018.pdf
https://www.theesa.com/wp-content/uploads/2019/03/ESA_EssentialFacts_2018.pdf
http://dx.doi.org/10.1016/j.chb.2018.09.020


International Journal of Smart Education and Urban Society
Volume 11 • Issue 1 • January-March 2020

88

Faizan,N.,Löffler,A.,Heininger,R.,Utesch,M.,&Krcmar,H.(2019).ClassificationofEvaluationMethods
fortheEffectiveAssessmentofSimulationGames:ResultsfromaLiteratureReview.International Journal of 
Engineering Pedagogy,9(1),19–33.doi:10.3991/ijep.v9i1.9948

Falcão,T.P.,Peres,F.M.D.A.,deMorais,D.C.S.,&daSilvaOliveira,G.(2018).Participatorymethodologies
topromotestudentengagementinthedevelopmentofeducationaldigitalgames.Computers & Education,116,
161–175.doi:10.1016/j.compedu.2017.09.006

Federoff,M.A.(2002).Heuristics and usability guidelines for the creation and evaluation of fun in video games
[Doctoraldissertation].IndianaUniversity.Retrievedfromhttp://citeseerx.ist.psu.edu/viewdoc/download?doi
=10.1.1.89.8294&rep=rep1&type=pdf

Fokides,E.,Atsikpasi,P.,Kaimara,P.,&Deliyannis,I.(2019).Let players evaluate serious games. Design 
and validation of the Serious Games Evaluation Scale.InternationalComputerGamesAssociation–ICGA.

Fokides,E.,Kaimara,P.,Deliyannis, I.,&Atsikpasi,P. (2019).Developmentof a scale formeasuring the
learningexperienceinseriousgames.InProceeding of the 1st international Conference Digital Culture and 
AudioVisual Challenges, Interdisciplinary Creativity in Arts and Technology,Corfu,Greece.IonianUniversity.

Fraillon,J.,Ainley,J.,Schulz,W.,Friedman,T.,&Gebhardt,E.(2014).Preparing for life in a digital age: The IEA 
International Computer and Information Literacy Study international report.SpringerOpen.doi:10.1007/978-
3-319-14222-7

Franzwa,C.,Tang,Y.,Johnson,A.,&Bielefeldt,T.(2014).Balancingfunandlearninginaseriousgamedesign.
International Journal of Game-Based Learning,4(4),37–57.doi:10.4018/ijgbl.2014100103

Freire,M.,Serrano-Laguna,Á.,Iglesias,B.M.,Martínez-Ortiz,I.,Moreno-Ger,P.,&Fernández-Manjón,B.
(2016).Gamelearninganalytics:learninganalyticsforseriousgames.Learning, Design, and Technology: An 
International Compendium of Theory, Research, Practice, and Policy,1-29.doi:10.1007/978-3-319-17727-4_21-1

Ghanbarzadeh,R.,&Ghapanchi,A.H.(2018).Investigatingvariousapplicationareasofthree‐dimensionalvirtual
worldsforhighereducation.British Journal of Educational Technology,49(3),370–384.doi:10.1111/bjet.12538

Girard,C.,Ecalle,J.,&Magnan,A.(2013).Seriousgamesasneweducationaltools:Howeffectivearethey?A
meta‐analysisofrecentstudies.Journal of Computer Assisted Learning,29(3),207–219.doi:10.1111/j.1365-
2729.2012.00489.x

Granic,I.,Lobel,A.,&Engels,R.C.(2014).Thebenefitsofplayingvideogames.The American Psychologist,
69(1),66–78.doi:10.1037/a0034857PMID:24295515

Hamari,J.,Shernoff,D.J.,Rowe,E.,Coller,B.,Asbell-Clarke,J.,&Edwards,T.(2016).Challenginggames
helpstudentslearn:Anempiricalstudyonengagement,flowandimmersioningame-basedlearning.Computers 
in Human Behavior,54,170–179.doi:10.1016/j.chb.2015.07.045

Hatlevik, O. E., Throndsen, I., Loi, M., & Gudmundsdottir, G. B. (2018). Students’ ICT self-efficacy and
computerandinformationliteracy:Determinantsandrelationships.Computers & Education,118,107–119.
doi:10.1016/j.compedu.2017.11.011

Hu,F.,&Liu,Y.(2010,October).Impactofexperienceandgenderdifferencesonusers’perceptionsonmobile
game. In2010 International Conference onMultimedia Technology (ICMT) (pp. 1-2). IEEE.Doi:10.1109/
icmult.2010.5629762

Illanas,A.I.,Gallego,F.,Satorre,R.,&Llorens,F.(2008,March).Conceptualmini-gamesforlearning.In
Proceedings of the International Technology, Education and Development Conference (INTED).Academic
Press.Retrievedfromhttps://core.ac.uk/download/pdf/16361636.pdf

Kaimara,P.,&Deliyannis,I.(2019).WhyShouldIPlayThisGame?TheRoleofMotivationinSmartPedagogy.
InDidactics of Smart Pedagogy(pp.113–137).Cham:Springer.doi:10.1007/978-3-030-01551-0_6

Koops, M. C., Verheul, I., Tiesma, R., de Boer, C. W., & Koeweiden, R. T. (2016). Learning differences
between 3D vs. 2D entertainment and educational games. Simulation & Gaming, 47(2), 159–178.
doi:10.1177/1046878116632871

Laamarti,F.,Eid,M.,&Saddik,A.E.(2014).Anoverviewofseriousgames.International Journal of Computer 
Games Technology,11.doi:10.1155/2014/358152

http://dx.doi.org/10.3991/ijep.v9i1.9948
http://dx.doi.org/10.1016/j.compedu.2017.09.006
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.89.8294&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.89.8294&rep=rep1&type=pdf
http://dx.doi.org/10.1007/978-3-319-14222-7
http://dx.doi.org/10.1007/978-3-319-14222-7
http://dx.doi.org/10.4018/ijgbl.2014100103
http://dx.doi.org/10.1111/bjet.12538
http://dx.doi.org/10.1111/j.1365-2729.2012.00489.x
http://dx.doi.org/10.1111/j.1365-2729.2012.00489.x
http://dx.doi.org/10.1037/a0034857
http://www.ncbi.nlm.nih.gov/pubmed/24295515
http://dx.doi.org/10.1016/j.chb.2015.07.045
http://dx.doi.org/10.1016/j.compedu.2017.11.011
http://dx.doi.org/10.1109/icmult.2010.5629762
http://dx.doi.org/10.1109/icmult.2010.5629762
https://core.ac.uk/download/pdf/16361636.pdf
http://dx.doi.org/10.1007/978-3-030-01551-0_6
http://dx.doi.org/10.1177/1046878116632871
http://dx.doi.org/10.1155/2014/358152


International Journal of Smart Education and Urban Society
Volume 11 • Issue 1 • January-March 2020

89

Liarokapis,F.,Anderson,E.F.,&Oikonomou,A.(2010).Seriousgamesforuseinahighereducationenvironment.
InProceedings of the Emerging Games Platforms, Technologies and Applications Workshop (EGPTA’10), 15th 
International Conference on Computer Games: AI, Interactive Multimedia, Virtual Worlds and Serious Games,
Louisville,KT(pp.28-31).AcademicPress.Retrievedfromhttp://eprints.bournemouth.ac.uk/24320/

Mooi,E.,&Sarstedt,M.(2010).Cluster analysis.Berlin:Springer.doi:10.1007/978-3-642-12541-6_9

Norušis,M.(2008).SPSS 16.0 statistical procedures companion.PrenticeHallPress.

Prensky, M. (2003, October). Digital Game-Based Learning. ACM Computers in Entertainment, 1(1), 21.
doi:10.1145/950566.950596

Roettl, J.,&Terlutter,R. (2018).Thesamevideogame in2D,3Dorvirtual reality–Howdoes technology
impactgameevaluationandbrandplacements?PLoS One,13(7),e0200724.doi:10.1371/journal.pone.0200724
PMID:30028839

Romrell,D.(2015).GenderandGaming:ALiteratureReview.InProceedings of the annual meeting of the 
AECT International Convention, Hyatt Regency Orange County,Anaheim,CA(pp.11–22).AcademicPress.
Retrievedfromhttps://pdfs.semanticscholar.org/a08e/5b5a94fe9669470f52ab021217b8273516e3.pdf

Rousseeuw,P.J.(1987).Silhouettes:Agraphicalaidtotheinterpretationandvalidationofclusteranalysis.
Computational & Applied Mathematics,20,53–65.doi:10.1016/0377-0427(87)90125-7

Stapleton,A.J.(2004,September).Seriousgames:Seriousopportunities.InProceedingsoftheAustralianGame
DevelopersConference,AcademicSummit,Melbourne,Australia.AcademicPress.Retrievedfromhttp://www.
agdc.com.au/04presentations/acad_andrew_stapleton2.pdf

Statista. (2018). Gender split of US computer and video gamers. Retrieved from https://www.statista.com/
statistics/232383/gender-split-of-us-computer-and-video-gamers

Subhash,S.,&Cudney,E.A.(2018).Gamifiedlearninginhighereducation:Asystematicreviewoftheliterature.
Computers in Human Behavior,87,192–206.doi:10.1016/j.chb.2018.05.028

Suttie,N.,Louchart,S.,Lim,T.,Macvean,A.,Westera,W.,Brown,D.,&Djaouti,D.(2012).Introducingthe
“seriousgamesmechanics”atheoreticalframeworktoanalyserelationshipsbetween“game”and“pedagogical
aspects”ofseriousgames.Procedia Computer Science,15,314–315.doi:10.1016/j.procs.2012.10.091

Sweetser,P.,&Wyeth,P.(2005).GameFlow:Amodelforevaluatingplayerenjoymentingames.Computers 
in Entertainment,3(3),3–3.doi:10.1145/1077246.1077253

Terzidou,T.,Tsiatsos,T.,Dae,A.,Samaras,O.,&Chasanidou,A.(2012,July).Utilizingvirtualworldsfor
gamebasedlearning:Grafica,a3Deducationalgameinsecondlife.InProceedings of the 2012 IEEE 12th 
International Conference on Advanced Learning Technologies(pp.624-628).IEEE.doi:10.1109/icalt.2012.55

Tsai,F.(2017).AnInvestigationofGenderDifferencesinaGame-basedLearningEnvironmentwithDifferent
Game Modes. EURASIA Journal Of Mathematics. Science And Technology Education, 13. doi:10.12973/
eurasia.2017.00713a

Vlachopoulos,D.,&Makri,A.(2017).Theeffectofgamesandsimulationsonhighereducation:Asystematic
literaturereview.International Journal of Educational Technology in Higher Education,14(1),22.doi:10.1186/
s41239-017-0062-1

Westera,W.(2019).WhyandHowSeriousGamescanBecomeFarMoreEffective:AccommodatingProductive
Learning Experiences, Learner Motivation and the Monitoring of Learning Gains. Journal of Educational 
Technology & Society,22(1),59–69.Retrievedfromhttps://www.j-ets.net/ets/journals/22_1/5.pdf

YilmazSoylu,M.,&Bruning,R.H.(2016).ExploringSelf-regulationofMoreorLessExpertCollege-Age
Video Game Players: A Sequential Explanatory Design. Frontiers in Psychology, 7, 1441. doi:10.3389/
fpsyg.2016.01441PMID:27729881

Zaharias,P.,Chatzeparaskevaidou,I.,&Karaoli,F.(2019).LearningGeographyThroughSeriousGames:The
Effectsof2-Dimensionaland3-DimensionalGamesonLearningEffectiveness,MotivationtoLearnandUser
Experience.InVirtualRealityinEducation:BreakthroughsinResearchandPractice(pp.413-431).Hershey,
PA:IGIGlobal.doi:10.4018/ijgcms.2017010102

http://eprints.bournemouth.ac.uk/24320/
http://dx.doi.org/10.1007/978-3-642-12541-6_9
http://dx.doi.org/10.1145/950566.950596
http://dx.doi.org/10.1371/journal.pone.0200724
http://www.ncbi.nlm.nih.gov/pubmed/30028839
https://pdfs.semanticscholar.org/a08e/5b5a94fe9669470f52ab021217b8273516e3.pdf
http://dx.doi.org/10.1016/0377-0427(87)90125-7
http://www.agdc.com.au/04presentations/acad_andrew_stapleton2.pdf
http://www.agdc.com.au/04presentations/acad_andrew_stapleton2.pdf
https://www.statista.com/statistics/232383/gender-split-of-us-computer-and-video-gamers
https://www.statista.com/statistics/232383/gender-split-of-us-computer-and-video-gamers
http://dx.doi.org/10.1016/j.chb.2018.05.028
http://dx.doi.org/10.1016/j.procs.2012.10.091
http://dx.doi.org/10.1145/1077246.1077253
http://dx.doi.org/10.1109/icalt.2012.55
http://dx.doi.org/10.12973/eurasia.2017.00713a
http://dx.doi.org/10.12973/eurasia.2017.00713a
http://dx.doi.org/10.1186/s41239-017-0062-1
http://dx.doi.org/10.1186/s41239-017-0062-1
https://www.j-ets.net/ets/journals/22_1/5.pdf
http://dx.doi.org/10.3389/fpsyg.2016.01441
http://dx.doi.org/10.3389/fpsyg.2016.01441
http://www.ncbi.nlm.nih.gov/pubmed/27729881
http://dx.doi.org/10.4018/ijgcms.2017010102


International Journal of Smart Education and Urban Society
Volume 11 • Issue 1 • January-March 2020

90

Zimmerman,B.J.(1989).Asocialcognitiveviewofself-regulatedacademiclearning.Journal of Educational 
Psychology,81(3),329–339.doi:10.1037/0022-0663.81.3.329

Zimmerman,B.J.,Bonner,S.,&Kovach,R.(1996).Developing Self-Regulated Learners: beyond Achievement 
to Self-Efficacy.Washington,DC:AmericanPsychologicalAssociation.doi:10.1037/10213-000

http://dx.doi.org/10.1037/0022-0663.81.3.329
http://dx.doi.org/10.1037/10213-000


International Journal of Smart Education and Urban Society
Volume 11 • Issue 1 • January-March 2020

91

APPENdIX

Table 6. The questionnaire’s items

Factor Item

Immersion Iwasdeeplyconcentratedintheapplication
Ifsomeonewastalkingtome,Icouldn’thearhim
Iforgotabouttimepassingwhileusingtheapplication
Ifeltdetachedfromtheoutsideworldwhileusingtheapplication

Enjoyment Ithinktheapplicationwasfun
Ifeltboredwhileusingtheapplication*
Ienjoyedusingtheapplication
Ireallyenjoyedstudyingwiththisapplication
Itfeltgoodtosuccessfullycompletethetasksinthisapplication
Ifeltfrustrated*

Perceived
usefulness
-knowledge
improvement

IfeltthatthisapplicationcaneasethewayIlearn
Thisapplicationwasamucheasierwaytolearncomparedtotheusualteaching
Thisapplicationmadelearningmoreinteresting
Ifeltthattheapplicationincreasedmyknowledge
IfeltthatIcaughtthebasicideasofwhatIwastaughtwiththisapplication
IwilldefinitelytrytoapplytheknowledgeIlearnedwiththisapplication

Perceived
narratives’
adequacy

Iwascaptivatedbytheapplication’sstoryfromthebeginning
Ienjoyedthefantasyorstoryprovidedbytheapplication
Icouldclearlyunderstandtheapplication’sstory
Iwasveryinterestedinseeinghowtheeventsintheapplicationwillunfold

Perceivedrealism Wheninteractingwiththevirtualobjects,theseinteractionsseemedlikerealones
Thereweretimeswhenthevirtualobjectsseemedtobeasrealastherealones
Thevirtualobjectsseemedlikerealobjectstome
WhenIusedtheapplication,thevirtualworldwasmorerealthantherealworld

Perceived
feedback’s
adequacy

Ireceivedimmediatefeedbackonmyactions
Iwasnotifiedofnewtasksimmediately
Ireceivedinformationonmysuccess(orfailure)ontheintermediategoalsimmediately

Perceived
audiovisual
adequacy

Ienjoyedthesoundeffectsintheapplication
Ithinktheapplication’saudiofitsthemoodorstyleoftheapplication
Ifelttheapplication’saudio(e.g.,soundeffects,music)enhancedmy(gaming)experience
Ienjoyedthemusicintheapplication
Ienjoyedtheapplication’sgraphics
Ithinktheapplicationwasvisuallyappealing
Ithinkthegraphicsoftheapplicationfitthemoodorstyleoftheapplication

Perceived
relevanceto
personalinterests

Thecontentofthisapplicationwasrelevanttomyinterests
IcouldrelatethecontentofthisapplicationtothingsIhaveseen,done,orthoughtaboutinmyownlife
ItiscleartomehowthecontentoftheapplicationisrelatedtothingsIalreadyknow

Perceivedgoal’s
clarity

Theapplication’sgoalswerepresentedatthebeginningoftheapplication
Theapplication’sgoalswerepresentedclearly
Theintermediategoalswerepresentedatthebeginningofeachscene

Perceivedease
ofuse

Ithinkitwaseasytolearnhowtousetheapplication
Ifoundtheapplicationunnecessarilycomplex*
Iimaginethatmostpeoplewilllearntousethisapplicationveryquickly
IneededtolearnalotofthingsbeforeIcouldgetgoingwiththisapplication*
IfeltthatIneededhelpfromsomeoneelseinordertousetheapplicationbecauseitwasnoteasyformetounderstandhowto
useit*
Itwaseasyformetobecomeskillfulatusingtheapplication

Adequacyofthe
learningmaterial

Insomecases,therewassomuchinformationthatitwashardtoremembertheimportantpoints*
Theexercisesinthisapplicationweretoodifficult*
Icouldnotreallyunderstandquiteabitofthematerialinthisapplication*

Motivation Thisapplicationdidnotholdmyattention*
Whenusingtheapplication,Ididnothavetheimpulsetolearnmoreaboutthelearningsubject*
Theapplicationdidnotmotivatemetolearn*

Note. * = Item for which its scoring was reversed


