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ABSTRACT

Digitalgamescanbeusedasaproductiveandengagingmediumtofosterscientificexpertiseandhave
shownpromiseinsupportingtheco-developmentofscientificconceptsandrepresentationalpractices.
This study focuses on the integration of a disciplinarily-integrated game, SURGE NextG, with
complementarymodel-basedactivitiestosupportthedevelopmentofscientificmodelinginNewtonian
mechanics.Twopedagogicalapproachesweredesigned.Studentsinbothapproachesmodeledthe
motionofanobjectinsideandoutsidethegameenvironment.Oneapproachinvolvedthematerial
integrationofvirtualgameplaythroughaphysicalmodelingactivityintheclassroom.Thesecond
approachinvolvedacomplementarymodelingtoolusinganagent-basedcomputationalprogramming
platform.Whilebothmodelingactivitiesdemonstratedaffordancestosupportproductivestudent
learning,thisstudyhighlightsthesignificanceofdesigningmultiplecomplementaryrepresentations
ofthesamephenomenonasacoreelementofgameplayandrelatedmodelingactivities.
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INTRodUCTIoN

ThisstudyfocusesonthedesignandclassroomintegrationofdigitalgamesforK-12scienceeducation
withthegoaloffosteringthedevelopmentofconceptualandrepresentationalpracticesthatarecentral
tounderstandingNewtonianmotionbyengagingstudentsinscientificmodeling.Specifically,we
focusontheintegrationofdisciplinarily-integratedgames(DIGs)(SenguptaandClark,2016;Clark,
Sengupta,Brady,Martinez-Garza,&Killingsworth,2015)withcomplementarymodelingactivities
to support science learning. Essentially, all DIGs have the following characteristics: (a) formal
representationsforcontrollingthegame,(b)formalrepresentationsforcommunicatingchallengesand
opportunities,(c)aphenomenologicalrepresentationpresentingthephenomenonbeingmodeled,(d)
intermediateaggregatingrepresentations,and(e)gamemechanicsandgoalsfocusedonengagingthe
playerininterpreting,creating,modifying,andtranslatingacrosstheseformalandphenomenological
representations(Clark,etal.,2015;Sengupta&Clark,2016).
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Attheircore,gamesaremulti-representationalenvironments(Virk,Clark&Sengupta,2016).
Researchonuseofmicroworldsandsimulationsinscienceeducationshowsthatthedesignofmultiple
andcomplementaryrepresentationsof thesamephenomenoncancreateopportunities formodel
evaluationthroughcomparisonofmultipleandcompetingmodelsofthephenomenon(Parnafes,2007;
Sengupta&Farris,2012;Sengupta,Dickes&Farris,2018).Similartosimulationsandmicroworlds,
DIGsleveragemultipleformalrepresentationsasbothcoreelementsofgameplayandastoolsto
controlthegameenvironment(Clark,Sengupta,&Virk,2016;Virk,Clark,&Sengupta,2015,2017).
However,reasoningacrossmultiplerepresentationsandcomparingmultiplemodelsofaphenomenon
canbedifficultforstudentswithoutappropriatescaffolding(Lehrer&Schauble,2006).Thisstudy
illustratestwotypesofmodelingactivitiesthatcouldbeaugmentedwithdisciplinarily-integrated
gamesinordertosupportteachersandstudentsindevelopingmodelingpracticesintheclassroom:
physicalmodelingandcomputationalprogrammingandmodeling.Specifically,weidentifysome
keyaffordancesandchallengesofeachmodelingapproachintwomiddleschoolclassroomsthat
weretaughtbythesameteacher.Overall,thisworkshowsthatcreatingmultiplebutcomplementary
representationsofthesamephenomenonandthentranslatingacrosstheserepresentationsaspart
ofcoregameactivitiescanmeaningfullysupporttheintegrationofDIGswithinthecurriculumin
ascienceclassroom.Furthermore,out-of-gamemodelingactivitiesinvolvingrepresentationalwork
thatiscomplementarytothegamecanpositivelyshapestudentengagementwiththegame.

BACKGRoUNd

Modeling and digital Games
Thisworkisgroundedinthe“ScienceasPractice”perspective,whichviewsdevelopmentofscientific
conceptsasdeeplyinterwovenwiththedevelopmentofrepresentationalpractices(e.g.modeling)
(Duschletal.,2007;Lehrer&Schauble,2006;Pickering,1995).Fromthisperspective,modeling
is a core epistemic and representational practice in the development of scientific expertise and
arguablythecentralactivityofscience(Giere,1999;Lehrer&Schauble,2006;Nersessian,1999).
Thepracticeofmodelinginvolvesusingamodeltomakepredictionsandgeneratingexplanations
aboutaphenomenon,testingthoseideasagainstdatafromtherealworld,evaluatinghowwellthe
modelfitsthedataandrevisingthemodelifnecessary.Inthisway,modelshavecommunicative
andexplanatorypower,andthepracticeofmodelingisoneofthekeyendeavorsofscientificwork
(Lehrer&Schauble,2006).

Digitalgamescanbeaproductiveandengagingmedium to support thedevelopmentof
modelingintheK-12scienceclassroom(Clark,etal.,2009;Gee,2008;Hilton&Honey,2011;
NationalResearchCouncil,2009).FollowingGee(2008),asSenguptaandClark(2016)pointed
out,atitsheart,adigitalgamecanbeconsideredasamodel,andusersmakechoicesthatalter
thestatesofthemodel.Whenmodelsandmodelingareusedaskeyinteractivefeatureswithinthe
game,studentscanbuildtheirownmodelsbymodifyingorconstructingcentralgameelements
todesigngamesolutions.Inthisview,gameplayisaniterativeprocessofmodelexplorationand
modeling,withusersmakingpredictionsabouttheirgameplaychoices,observingtheresults
andthenrevisingtheirpredictionsbasedoncontinuingexperimentation(Holland,Jenkins,&
Squire,2003).Digitalgamesforlearningsciencecansupportthesemodelingcomponentsby
engaginglearnersingeneratingmodelsduringgameplayandthenusingthemodelstoexplain
underlying causal relationships within the phenomenon. As levels within the game become
morecomplex,playersmustbuildprogressivelymorenuancedmodels,iterativelyrefiningtheir
representationswithinthegame.Thisiterativeprocessofcreatingandrefiningrepresentations
canleadtoanincreasinglysophisticatedunderstandingofthecontentbeingrepresentedasthe
refinementofexternalrepresentationsco-evolveswiththerefinementofone’sideas(Lehrer&
Pritchard,2002;Lehrer,Strom,&Confrey,2002).
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