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ABSTRACT

Mapshavebeenusedbyteachersforcenturiestomanipulateinformationrelatedtogeographical
locations.Thispaperpresentsanovelwaytointeractwithmapsthroughthecombinationofmobile
devicesandtheNearFieldCommunication(NFC)technology.Thisproposalprovidesteachersand
studentswiththeabilitytoretrieveandstoreinformationrelatedtogeographicallocationsdefined
ina traditionalpapermap.Consequently, the information that isexchangedamong teachersand
learnersiscontextuallyenrichedwithareferencetoageographicallocationinaphysicalmap.This
interactionmechanismisaninterestingwaytoencouragein-situlearningscenarios,suchasteaching
Geography lessons inmuseums, art galleries, historicbuildingsoroutdoor scenarios, etc.Thus,
thisarticledescribesanapplication thatemploysaNFC-based interactionmechanismtobrowse
geographicalinformationinphysicalmaps.Italsopresentsthehardwareandsoftwareinfrastructure
requiredsupportthisapplication.Finally,itanalyzestheresultofapreliminaryusabilityevaluation
oftheapplication.
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INTRODUCTION

“Free-choice”learningisdefinedasthekindsofapproachestolearningthatoccurinmuseumsand
elsewhereoutsidetheschoolandthecollegesystem(Kadyte&Akademi,2004).AccordingtoBloom’s
(1956)viewpoint,learningoccursinthreedifferentdomains:cognitive,psycho-motorandaffective.
Hawkey(2004)statesthattheformalsectortraditionallyemphasizestheformer,whilemuseumsand
gallerieshavesignificantpotentialforthelatter.Therefore,the“free-choice”explorationofexhibitsis
classifiedasaninformalactivityperformedbylearnersformallyaffiliatedtoaschoolorinstitution.

Teachersandstudentshavebeenusingmapstorelateinformationtogeographicallocationsfor
centuries.Themostpopularmaterialemployedtobuildtraditionalmapsispaper.Althoughtraditional
mapsareusefultoexposestaticinformation;theyarenotgoodenoughtoshowdynamicinformation
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(i.e.theweatherevolutiononageographicalregionwithinatimespan,ortheurbanevolutionofa
cityinatimespan).Aworkaroundtorepresentdynamicinformationintraditionalmapsisachieved
usingsequencesofmapsthatrepresentthestaticinformationofaregionatdifferenttimes.Themain
drawbackofthisalternativeisthesubstantialamountofpaperrequiredtobuildthesemaps.The
physicaldimensionsoftraditionalmapsareanotherconstraint.Forinstance,itisdifficulttohave
annotationsinmorethan2languagesatthesametimeinthesametraditionalmapsduetothespace
requiredtodisplaythem.Digitalmapsprovidethesolutiontothisproblem.

TheViaMichelinMaps&RoutePlanner(https://www.viamichelin.com/),GoogleMaps(https://
maps.google.com)andMicrosoftBingMaps(https://www.bing.com/maps/)areWebapplicationsthat
exposedynamicinformationusingmaps.Thesemapsenableuserstostoreandretrieveinformation
relatedtogeographiclocationssuchasbars,airports,trainstations,publicbuildings,andmuseums.
Andtheamountofinformationmanagedbytheseapplicationshasalmostnolimits.

Theuseofdigitalmapsrunningonstationarydevices,suchasdesktopcomputersconnected
toprojectorsorsmartTVs,issuitableforlargeclasseswherethefocusofthematteristhesamefor
allstudents.Althoughthisapproachisstillwidelyused,itisnotsuitablefor“free-choice”informal
learningscenariosrequiringadirectinteractionwithlearningartifacts.Theuseofmobiledevicesto
interactwithphysicalobjects,suchastraditionalmapsorslidesprojectedonthewall,encourages
the“free-choice”learningimprovingstudentsexperience.

Converselytoprojectionsonthewall,oneofthelimitationsofmobiledevicesisthescreensize
whichshrinkstheviewofthelearningobjectfromlearners’perspective.Asmobiledevicesusually
employvirtuallearningobjects,insteadofphysicalobjects,theexperienceisreducedtothedevice
displayonly.Toexpand learners’view, thisproposalemploysahybridapproachwhere learning
artifactsarenotconfinedtovirtualorphysicalmedia,exclusively.

Thecombinationofphysicalandvirtuallearningobjectstocreatehybridlearningartifactsenables
studentstogetinformationfromdifferenttypesofinteractionsurfacesatthesametime:avirtual
interactionsurfaceprovidedbyatmobiledeviceandaphysicalinteractionsurfacerepresentedbya
mapmadeofpaper.ThiscombinationresultsintheimplementationofaDistributedUserInterface
(DUI)thatusedifferenttechnologiestoenhancethelearningexperience.

Villanuevaetal.(2013)definetheDistributedUserInterfaceconceptasastateofuserinterfaces
wheretheirinteractioncomponentsaredistributedacrossdifferentinteractionsurfacesrunningin
theirownexecutionenvironment.Thegoalofthissystemisthedefinitionofahybridsystemthat
enablesuserstoexplorephysicalmapsusingmobiledevicesprovidinguserswithextrainformation.
TheNearFieldCommunication(NFC)technologyisemployedtosupportthesymbiosisbetween
thephysicalandvirtualinteractionsurfaces.BasedonGarcíaetal.’s(2016)study,thistechnology
offersareliablemechanismtoimplementnovelinteractiontechniques.

Thisarticleisorganizedasfollows.Itstartsdescribingthe“approachandremove”interaction
metaphorto“grab”informationfromphysicalobjects.Then,itdescribestheUserInterface(UI)of
theNFCMapExplorerApplicationaswellastheinfrastructurerequiredtosupportthemetaphor
and theapplication functionality.Afterwards, it summarizes thepreliminaryusabilityevaluation
performedonaprototypeofthesystemtoevaluatetheviabilityofthisproposal.Thebenefitsof
usingthe“approachandremove”metaphortointeractwithphysicalobjectsaswellasthecomparison
betweenthissolutiontootheralternatives,arealsodiscussedinthistext.Finally,conclusionsand
futureworksarepresentedinthispaper.

THE “APPROACH AND REMOVE” INTERACTION METAPHOR

The NFC technology enables high frequency short-range wireless communication to exchange
information among devices. This technology is integrated into several mobile devices, and it is
supportedbyApplicationProgrammingInterfaces(APIs)availableonmostpopularoperatingsystems
suchas,iOS,AndroidandWindowsPhone7.
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