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ABSTRACT

ThisarticleaimstoexploretheimpactofARonthelearningoutcomesofcollegefreshmenandtheir
knowledgeaboutthebiologylabcourse.Inastudy,abasicbiologylabcourseappwasdeveloped
usingARtechnology.Thestudentsusedthisapptoprepareforabasicbiologylabcourse,andcarry
onself-learningwithoutthehelpofinstructors.TheresultsshowedthatbyintegratingARtechnology
intotheinstruction,thestudentstookonamorepositiveautonomouslearningattitude;theywere
abletogainabettergraspofthebasicbiologylabknowledgethroughtheinteractiveoperationas
wellascooperativelearning.Inaddition,thestudentswerefoundtohavelearnedtheimportanceof
scientificknowledgewiththisinteractivetechnology.Thebasicbiologylabcourseappdevelopedin
thestudyofferedthebenefitsofautonomouslearning,situationalsimulationandinteractiveexperience.
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1. INTRoDUCTIoN

Alearningenvironmentcreatedbyinformationtechnologycanencouragestudents’learninginterest
andeffectivelyimprovetheirmotivation(Amory,2010;Hsu,Chen,Su,Huang,&Huang,2012).
Theuseofinformationtechnologyineducationfacilitatesthelearningprocessofstudentsbyadding
simulationandimpartingattractivenessandsignificance to thecontents, therebyenhancingtheir
enthusiasmforlearning.Thiseducationalmodelhaschangedtheconventionoflearningthrough
transforming learning into something more attractive and creative (Sumadio & Rambli, 2010).
Technology-assistedlearningismainlypresentedintheformofmultimedia,withtheuseofkeyboard
andmousetomanipulatetextsorimagesonauserinterfacetointeractwiththelearningmaterials.
Compared tokeyboardandmousecontrol, theuseofa somatosensorycontrol interface ismore
intuitive.Studentscanusesomatosensorycontrolsinalearningenvironmenttogainamoreintimate
experiencethatisclosertoreality,whichisconduciveinenhancingtheirinterestandmotivation.

Inrecentyears, technology-assistededucation ispresentedwithamorenaturalisticmodeof
operation,wherevoicerecognitionandgestureinteractionarerisinginpopularity.Theuseofvirtual
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reality(VR),for instance,allowsstudents tousedifferentmobiledevicesto interactwithvirtual
learningmaterials,showingpromisingpotentialforintegratinginformationtechnologyineducational
development(Yang,Chen,&Jeng,2010).ARisavariantofVR(Arusoaieetal.,2010).Bycombining
virtualsystemsandphysicaltools,amixedrealityplatformiscreatedtoprovideamoreimmersive
experienceforlearners.Human-machineinteractioninthemixedrealityenhanceslearners’interest
andlearningoutcomes(Hsieh&Lee,2008).

Anumberofstudieshaveshownthattheapplicationofmix-realityusinghand-helddevicescan
createamorerealisticscenario-basedlearningandaubiquitouslearningenvironment(Chiang,Yang
&Hwang,2014;Wu,Lee,Chang,&Liang,2013).Themobilityofhand-helddevicesincreasesthe
interactionbetweenstudentsandthelearningenvironment.Throughthebuilt-inwirelessconnectivity,
GPSfunctions,andsensorslike3-axisaccelerometerandelectroniccompass,ARtechnologyallows
variousinformation,intheformoftexts,pictures,images,soundor3Dmodels,tobesuperimposedin
realenvironments.Studentsengageinavarietyofsituationalsimulations,gamesorvisualactivitiesto
immersethemselvesinlearning.ManystudiesactuallyrecommendtheintegrationofARintraining
andlearningsettings(Wu,Lee,Chang&Liang,2013).

ARapplicationsarecharacterizedbythreefeatures:combinationofrealityandvirtualworlds,
real-time interaction, and 3D objects and virtual objects (Azuma, 1997). AR offers a learning
experience that supports real-world interaction with virtual elements, operation of objects via a
virtual interface,aswellas thesmoothtransitionbetweenrealityandvirtualworlds(Park,Jung,
&You,2015).Unlikeothercomputerinteractivetechnologiesthattakestheuseroutofrealityand
focusonlyonascreen,ARletslearnersgainaheightenedimmersiveawarenessoftheirsurrounding
environment.Asaresult,ARisregardedasapromisingtechnologyineducationthatsupportsand
helpsimprovestudents’learningmotivationandinterestineducationalsettings(Alcañiz,Contero,
Pérez-López,&Ortega,2010).

Therapidadvancesintechnologyproducts,e.g.,VR,AR,andmobiledevices,havegivenriseto
differentexperiencesfromtheuserend,makinginformationtechnologyapplicationsineducationan
importanttopicworthyofdiscussion.Thechangesinhuman-machineinteraction,shiftingfromthe
traditionalkeyboardandmousemanipulationtotheimage-basedinterfacecoupledwithsomatosensory
manipulation,haveattractedexpertsandresearcherstopayconsiderableattentiontotheissueofuser
experience(Su,Hsu,Chen,Huang&Huang,2014).Theproduct,system,orservicedevelopedbythe
designermustimprovetheinterface’scontentandusersatisfactionbylookingintotheaffectiveand
experiencefeedbackfromusers’interactionwiththeproduct(Hsu,Chen,Huang&Huang,2012).
Theapplicationofthisemergingtechnologyineducationparticularlycallsfortheunderstandingof
userexperiencetogaugethepracticalityandusefulnessofthetechnologyandsystem.

Inthisstudy,alearningappforbasicbiologyexperiments—ArBioLab—wasdevelopedusing
ARtechnology.Thisappcanbeusedinbasicbiologylabcourses,enablingstudentstoestablishthe
correctbasicskillsandknowledgeonbiologyexperimentsthroughinteractiveexperiences.Students
candownloadandinstalltheArBioLabappforclassroomlearningorafter-classpractice.

Thisstudyoffersanapproachtomobilemultimedialearningthatgivesstudentstheopportunity
to acquire knowledge through fun interactive processes. In exploring the effectiveness of using
theArBioLabappbystudentsinbiologyexperimentlearningunits,aquasi-experimentalresearch
designwasconstructedandArBioLabwasintroducedintheclassroomsetting.Withapre-testand
post-testonlearningachievementinplace,aswellasaquestionnairesurvey,thechangesinlearning
outcomesandlearningattitudesoftheparticipatingstudentswereexamined.Lastly,theusabilityof
ARtechnologywasanalyzedandtheresultsdiscussed.

2. RELATED woRKS

3Dsimulation,aninnovativedigitalapplication,presentsthree-dimensionalizedobjectsinavisual
spaceforuserstoactuallyobserveandoperate.Thevirtualobjectcanbedesignedtobecontrolledby
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