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ABSTRACT

Augmented reality tools and applications have been shown to have powerfully impelled the
development of the field of education. In this article, the authors designed and developed an
augmentedrealitytechnology-basedcourseware“StarrySkyExploration—EightPlanetsintheSolar
System”andexploredhowARcanbringanimmersivelearningexperiencetostudentsandimprove
students’learningeffectiveness.ThisarticlepresentsandevaluatesARcoursewareapplicablefor
thegeographycurriculuminsecondaryschoolsinChina.Inthisstudy,36studentsfromShanghai
secondaryvocationalschoolwereinvitedtoparticipateintheexperiment,theauthorsusereliability
analysis,regressionanalysisandbrainwaveanalysistoevaluatetheeffectivenessoftheARcourse.The
authorsfoundthatstudentshavehigherlearningsatisfactionandbehavioralwillingnessinAR-based
experientiallearningactivities.ItcanbeseenthatARhelpstostimulatestudents’interestinlearning.
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INTRoDUCTIoN

Experientiallearningisanimportantwayoflearning.Theessenceofexperientiallearningisthat
learnersacquirenewknowledgeandskillsintheprocessofcognition,experienceandperception
throughhands-on,proactivepractice,methods,attitudesandquality(Kolb&Kolb,2017).Inthe
eraofintelligentinformationtechnology,therapiddevelopmentofvariousemergingtechnologies
provides conditions and assistance for the application and promotion of experiential learning in
practice(Ouyang&Stanley,2014).

ARcanbeusedasakeymeansbywhichtoincreasethelearningeffectandimprovethelearning
experience.Itcanhelppromotetheoptimalintegrationbetweenlearnersandtechnology,andtoprompt
thetransformationoftheexistinglearningparadigm,soastoimprovethelearningeffect.Johnsonet
al.(2010)positedthat“ARhasstrongpotentialtoprovidebothpowerfulcontextual,on-sitelearning
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experiencesandserendipitousexplorationanddiscoveryoftheconnectednatureofinformationinthe
realworld.”Forinstance,KaufmannandSchmalstieg(2003)appliedARtechnologytodevelopa3D
constructintheteachingofspacegeometryinmathematics,andtheirexperimentsshowedthatlearners
couldefficientlyacquiretheknowledgeofthespacegeometrythroughtheviewandinteractionwith
3Dgraphicstereoimages.Enyedyetal.(2012)hadtriedtoutilizeARtechnologytocreateavirtual
learningscenariotofacilitatestudents’understandingofobjectmovementandNewtonianmechanics
inphysics.InthecontextofastronomicallearninginsecondaryschoolinChina,Li(2015a)andLi
(2015b)foundthatstudentshavebothinterestandcuriosity,andarewillingtoexplorefurther,but
abstractknowledgecontentsareconstrainedbythetraditionaltextualpresentationformsandplain
teachingmethodsinmiddleschoolsinChina.Earlyin2002,SheltonandHedley(2002)adopted
ARtechnologytosimulatetheenvironmentofthegalaxyandcarriedoutexperimentsonteaching
abouttheplanetstohelplearnersmastertheknowledgecontent.However,intheirresearch,theAR
systemwasfixedinoneroomanduserswererequiredtowearahead-mounteddisplay(HMD)with
avideocameraconnectedtoacomputer.

Theresearchinthispaperwasbasedontheapplicationperspectiveofaugmentedrealityfor
experientiallearningactivities.ThisstudytestedthepositiveeffectsofARtechnologyonattracting
learners’ attention and factors that affect the learning effect. In this article, an AR technology-
basedcourseware“StarrySkyExploration—EightPlanetsintheSolarSystem,”wasdesignedand
developed,and36computermajorsstudentsfromShanghaisecondaryvocationalschoolwereinvited
toexperiencethiscourseware,andtheirfeedbackquestionnairedatawascollectedfortheeffectiveness
assessmentoftheARcourseware.Collectingdatathroughquestionnairesandanalyzingthefactors
thatinfluencelearners’learningoutcomesatdifferentmodulesofthecurriculum.Inordertoanalyze
thelearner’slearningeffectatdifferentstagesofthelearningactivity,thelearner’sbrainwavedata
analysiswasaddedtothestudy.

LITERATURE REVIEw

AnARsystemcombinesrealworldobjectswithvirtualobjectsorsuperimposedinformation(Pappa&
Papaopoulos,2018).ARisnotrestrictedonlytothesenseofsight;itcanbeappliedtoallsensessuch
ashearing,touchandsmell.ARallowsforcombiningvirtualcontentwiththerealworldseamlessly
(Azuma,Billinghurst,&Klinker,2011).ManystudentsspendlongperiodsoftimewatchingTV,
surfingpersonalizedcontentontheinternetorplayingengaginggamesusingtheirdesktopcomputers
ormobilephones.Thisfactnecessitatedachangeinteachingmethodsor,moreaccurately,inlearning
methods(Prensky,2001).

Today’s students found it harder tobecomeabsorbed in classroom lectures (Sue,Maton,&
Kervin,2008).Asanexampleof the currentARapplications in education, Ibanezet al. (2014)
createdanARapplicationforteachingthebasicconceptsofelectromagnetism.Inthisapplication,
studentscouldexploretheeffectsofamagneticfield.Forthatpurpose,thecomponentsusedinthe
experiment(cable,magnets,battery,etc.)couldberecognizedusingthecameraofamobiledevice
likeatablet.Asaresult,studentscouldseesuperimposedinformationsuchastheelectromagnetic
forcesorthecircuitbehaviorusingthetablet.TheresultsofthisresearchshowedthatARimproved
academicachievementandprovidedinstantfeedback.

Augmentedrealitytechnologywasusedtoaidteaching.Augmentedrealitytechnologycould
createsimulatedlearningsituationsandwasappliedtospecificteachingpracticesinsomedisciplines
(Fernandez,2017).SheltonandHedley(2002)appliedaugmentedrealitytechnologytogeography
teaching,usedaugmentedrealitytechnologytosimulatethegalaxyenvironment,carriedoutteaching
experimentsonthenineplanetstohelplearnersmastertheknowledgecontent.Noel(2012)applied
augmentedrealitytechnologytophysicsteachingbyselectingoneclassfromthefirstgradeand
onefromthesecondgradetoconductexperiments.Heusedaugmentedrealitytechnologytocreate
virtuallearningsituationsandsimulatedgroundconditionswithdifferentfriction,suchasice,grass,
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