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ABSTRACT

Thereisadiscussiononthepotentialofaugmentedreality(AR),mobiletechnologiestoenhance
learning.Thisarticlepresents:1)theEduPARKproject’sfirstcycleofdesign-basedresearchfor
thedevelopmentofamobileARgame-likeappthataimstopromotelearninginanurbanpark,and
2)anexperienceofstudentsusingitinloco.Thefocusisthestudents’perceptionsregardingthe
usabilityand functionalityof theapp.Datacollection involved focusgroups,questionnairesand
appusage information.Datawassubmitted tocontentanalysisanddescriptivestatistics.Results
revealedanexcellentusabilityoftheEduPARKapp,withanaveragesystemusabilityscaleof85.6.
Overall,studentsreportedthattheappwasenjoyable,easytouseandpromotedlearning;however,
improvementsandmoreevaluationexperiencesareneededtobetterunderstandmobileARgame-
likelearninginurbanparks.
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INTROdUCTION

Mobiledevicesareownedbyanincreasingpercentageofstudents(Chen,Seilhamer,Bennett,&Bauer,
2015;Sozioetal.,2015),soeducatorscantakeadvantagefromtheirpervasiveness,astheycanbe
usedtopromotelearninganytime/anywhere.Oneoftheargumentsformobiledevices’educational
useisthattheiraffordanceshavebeenempiricallyestablished,bothforlearningachievementandfor
students’affectivelearningoutcomes,suchasattitude,motivationorengagement(Sung,Chang,&
Liu,2016).Moreover,mobiledevicescanalsosupportemergingtechnologies,suchasaugmented
reality(AR),and,whencombinedwitheducationalgames,theycanalsopromotestudentengagement
fordeeperandauthenticlearning(Huizenga,Admiraal,Akkerman,&Dam,2009).

The literature suggests there is no limit to the potential valuable educational uses of AR
applications(Chang,Morreale,&Medicherla,2010)thatarealignedwithsituated(FitzGeraldet
al.,2013)andconstructivistlearningtheories(Dunleavy&Dede,2014).Ontheonehand,situated
learninghighlightstherelevanceofsocialinteractionsamongpeople,forlearningwithinaspecific
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context.Ontheotherhand,constructivisttheoryemphasizestheimpactoftheindividuals’previous
knowledgeinthelearningprocesses(idem,ibidem).Forstudentstodevelopessential21stcentury
skills,suchasproblemsolving,collaboration,digitalandcommunicationproficiency,moreactive
andauthenticlearningmethods,bothinsideandoutsidetheclassroom,areneeded(Johnsonetal.,
2016).Thedevelopmentofthosecompetencesrequireslearnerstotaketheresponsibilityfortheir
learningandbecomeengagedparticipants,ratherthanpassiveobservers(Pomboetal.,2011).

TheEduPARKprojectintendstocombinemobileARtechnologywithoutdoorgamingstrategies,
basedongeocachingprinciples,toenhancestudentmotivationandallowlearningtomovebeyond
traditionalclassroomstonaturalspaces.Suchoutdoorsettingsallowstudentstoexplorenaturewhile
makingconnectionswithcurricularcontentinacollaborativeway.Withthataim,oneofthemain
outcomesof thisproject isauser-friendlymobileARgameapp,enablingstudents, teachersand
thepublictoexploreandaccessinterdisciplinaryinformationwhilevisitingagreenparkinAveiro
(Portugal), theInfanteD.PedroPark.Thisparkservesasthe“lungsofthecity”,presentsarich
botanicaldiversity andhistoricalpatrimonyand includes several curriculum-articulated learning
opportunities(Pomboetal.,2017).Theappcompriseseducationalguides,inaccordancewiththe
PortugueseNationalEducationCurriculum,withquestions,challenges,enigmas,andproblemsusing
pathwayorientation,sothatstudentsandparkvisitorscanenjoyapleasantwalkwhilelearning.

Urbangreenparksfrequentlyattractalargenumberofstudentsandteachers,aswellasregular
localvisitors andawide rangeof tourists (Ballantyne,Packer,&Hughes,2008).Suchpleasant
environmentshave thepotential toprovide learningexperiencesabout the importanceofplants,
habitatsand theirconservation,andmayalso influence thevalues,attitudesandactionsof their
visitors(Willison,1997).Theuseofnewinteractivetechnologiesinoutdoorsettingsmayprovidean
opportunityforstudentstobephysicallyengagedintasksolving(Bacca,Baldiris,Fabregat,Graf,&
Kinshuk,2014),participateinnon-sedentaryactivities,experiencebiodiversityinNatureandvalue
theprotectionofgreenspaces.Thispromotesanactiveparticipationofstudents,constructingtheir
knowledge,aswellasthedevelopmentofvaluesenhancinganauthenticlearning(Herrington&Parker,
2013).Severalauthors(Changetal.,2010;Lee,2012)emphasisethatARhasthepotentialtofoster
learners’motivationandengagementinapplyinganddiscoveringresourcesintherealworldfroma
varietyofperspectives.However,astheuseofmobileARtechnologyisrelativelynew,thereislittle
researchinthisarea,particularlywiththeaimofpromotinglearningintheoutdoors(FitzGeraldet
al.,2013).Theexplorationofthistechnologyforeducationalpurposesintheoutdoorsisnew;hence,
thenoveltyoftheEduPARKproject.

ThemainpurposeofthispaperistopresenttheEduPARKproject’sfirstcycleofdesign-based
researchtodevelopaprototypeofamobileARgameappthataimstopromotelearninginanurban
greenpark.Aftertheprototypedevelopment,74students(9/10years-oldand13-14years-old)used
itin locoandevaluatedit.Theevaluationsessionsaimedtocollectstudents’perceptionsregarding
theappusability,theiracceptanceoftheappandimprovementsuggestions,aswellassomedataof
students’performanceusingtheapptoanalyselearningpromotion.Theevaluationresultsareanalysed
with theaimof identifyingfeatures to improve in furtherversionsof theappduringsubsequent
cyclesofthisdesign-basedresearch,untilastable,user-friendlyandreliableappversionisreached.
Additionally,designguidelinesforthedevelopmentofmobileARgameappinterdisciplinaryoutdoor
learningareproposed.

Thepaperisstructuredinthefollowingsections:(1)literaturereviewonmobileARandits
relevance in education contexts; (2) research approach, explaining the first cycle of the design-
basedmethodology,includingadescriptionoftheapp,datacollection(withaquestionnaire,focus
groups,andtheappusagedata),anddataanalysis(descriptivestatistics,computingoftheSystem
UsabilityScale(SUS)scoreandcontentanalysis);(3)mainresultspresentationanddiscussion;and
(4)conclusion,withthefinalremarks,designguidelinesandrecommendationsforfuturework.



International Journal of Mobile and Blended Learning
Volume 11 • Issue 4 • October-December 2019

61

AUGMENTEd REALITy MOBILE APPLICATIONS FOR EdUCATION

ARisatechnologythatallowsoverlyingvirtualobjectsinareal-worldenvironmentinrealtime,
producinganewexperience.AccordingtoAzumaetal.(2001,p.34):

An AR system supplements the real world with virtual (computer-generated) objects that appear to 
coexist in the same space as the real world. While many researchers broaden the definition of AR 
beyond this vision, we define an AR system to have the following properties: combines real and 
virtual objects in a real environment; runs interactively, and in real time; and registers (aligns) real 
and virtual objects with each other.

Mobiledevicesarecost-effective,easytouseandthepreferredwaytodeliverARtechnology
(Akçayır&Akçayır, 2017).Their increasinglyproliferationmakesAR technology accessible to
supportlearning,thoughonlyinrecentyearshaveresearchersbeenstartingtodefinemoreclearlythe
advantagesandchallengesimposedbytheuseofARforeducationalpurposes(Akçayır&Akçayır,
2017;Baccaetal.,2014;Radu,2014)andpointingouttherelevanceoftheseexperiencesarticulated
withthecurriculum(Laine,2018).

Mobile devices are frequently equipped with on-board sensors, such as a digital compass,
gyroscope,accelerometerandGPS,makingitpossibletocreatelocation-basedARexperiencesthat
immersestudentsinthelearningprocess.Forexample,Chiang,Yang,&Hwang(2014)usedGPS,
digitalcompassandgyroscopetoguidestudentstowardslearningobjects,strategicallylocatedin
theoutdoorenvironment.Additionally,theportabilityofsmartphoneandtabletdevicesfacilitates
outdoorlearningactivitiesby:(1)promotingstudentengagement(Dunleavy,Dede,&Mitchell,2009;
Kamarainenetal.,2013);(2)accessing,in loco,complementaryinformationindifferentformats,
suchastext,sound,video(Srisuphabetal.,2014)or3Dmodels(Tarng&Ou,2012);(3)allowing
studentstorecorddataandobservations,e.g.,withannotatedphotographs(Chiangetal.,2014);(4)
providingquestionsandchallengesrelatedtotheoutdoorsettingandgivingimmediateformative
feedback(Akçayır&Akçayır,2017;Hwang,Wu,Chen,&Tu,2015);andeven(5)allowingthe
teachertomonitorthestudents’learningprocessandproposingadjustmentstoit(Chiangetal.,2014).
Thesetechnologiescanbecomplementedwithothermobiledevicesthatallowdatacollection,such
asenvironmentalprobes(Kamarainenetal.,2013).

Severalstudies(Akçayır&Akçayır,2017;Pérez-Sanagustín,Hernández-Leo,Santos,Kloos,
&Blat,2014;Radu,2012)suggestthatARenhancesastudent’senjoyment,motivationandinterest
tolearn.Akçayır&Akçayır(2017)highlightthatthistypeoftechnologycanmakeboringcontent
more enjoyable and support autonomous learning with a positive effect on student motivation.
Additionally, there seems tobeaconsensualagreement (Akçayır&Akçayır,2017;Kamarainen
etal.,2013;Radu,2012)regardingthepotentialofARtoincreaselearningperformance.AsAR
allows3Dvisualizationofphenomenaorconcepts,whichisnotpossiblewithtraditionaltextbooks,
thistechnologycansupportstudentunderstandingofthelearningcontent(Shelton&Hedley,2002;
Wu,Lee,Chang,&Liang,2013).However, themultimediamaterial shouldhavecurricularand
educationalrelevance(Radu,2014).

Game-basedARexperiencescanalsosupportin-fieldlearningactivitieseffectively,particularly
incomplexscenarios(Hwangetal.,2015),andmakelearningmoreenjoyable;asFreitas(2008)
suggested,goodgamescanbeagreatstimulatorineducationalenvironments.Games’competitive
factorcanmakestudentsmorewillingtoengageinmorechallenginglearningsituationsandimprove
theoverallsenseofenjoyment(Hwangetal.,2015).Thistechnologycanalsopromotebettergroup
collaboration(Baccaetal.,2014;Phon,Ali,&Halim,2014).Collaborativelearningallowsstudents
toactivelyexchangeknowledgeandtheuseofARstimulatesbettercollaborativebehaviours(Phonet
al.,2014).OneofthemostreportedchallengesassociatedwiththeeducationaluseofARaretechnical
problems(Akçayır&Akçayır,2017;Cheng&Tsai,2013;Dunleavyetal.,2009;FitzGeraldetal.,



International Journal of Mobile and Blended Learning
Volume 11 • Issue 4 • October-December 2019

62

2013).FrequentlymentionedtechnicalissuesaretheprecisionerrorsinGPSthathappeninlocation-
basedARandcausefrustrationtousers.AnalternativetoGPS,especiallyinindoorscenariosor
wheretheGPSsignalisnotreliable,istousetag-basedtechnologies,suchasQRcodes,near-field
communicationorARmarkers(Pérez-Sanagustínetal.,2014).Otherissueshavebeenhighlighted,
suchastheInternetbroadbandcoverage,theneedtohavechargedbatteriesforthedurationofthe
wholeactivityandscreenvisibilityundersunnyweatherconditions(FitzGeraldetal.,2013).

Another highly reported challenge of AR is its usability (Akçayır & Akçayır, 2017). This
technology allows a high degree of user interaction; therefore, AR experiences need to be well
designedtoguidethestudentsduringtheprocess.Ifthisisnottakenintoconsideration,students
mayexperiencedifficultiesandlearningtaskscanbeexcessivelylong.

Pedagogicalchallenges,suchasplanningexperiencesnotdrivenbypedagogy,excessivefocus
onthetechnology,ratherthanonthelearningopportunitiesoftheoutdoorenvironment,andfocuson
thetechnicalrequirementsoftheexperience(batterycharge,etc.),ratherthanonthelearning,have
alsobeenpointedout(FitzGeraldetal.,2013).Teachers’additionaleffortthatneedstobemadeto
planandimplementmobileARlearningexperiences(Dunleavyetal.,2009)andteachers’lackof
confidenceinmanagingtherequiredtechnologyontheirown(Kamarainenetal.,2013)areamong
otherissuesofconcern.

Finnaly,socialchallengesneedtobeaddressedaswell,suchastheinappropriateinformation
sharing(e.g.,abouttheusers’location)ortheexpensivedevicesrequiredforthelearningexperiences
(FitzGeraldetal.,2013).

SomemobileARexperiencesforeducationalpurposeshavebeenmade.Dunleavyetal.(2009)
developedAlien contact!,acurriculumrelevant,narrative-driven,inquiry-basedARsimulation.It
presentsmiddleandhighschoolstudentsthescenarioofalienshavinglandedonEarthandgivesthem
thetaskofdiscoveringwhy.Intheprocessteamsofstudentsarepromptedtomovearoundaphysical
locationtogetclosertodigitalartefactsdisplayedinavirtualmap–triggeringvideo,audio,and
textfiles–andsolveinterdisciplinaryacademicchallenges.Theauthorsreportedhighengagement
andmotivationtolearn,authenticlearning,developmentofphysicalspaceorientationskills,and
distributedknowledge.ThemaindifficultiespointedoutweretheGPSerrors,screenvisualization
andaudiolisteningintheoutdoors,thehighmanagementrequirementsforteacherstomaintainthe
activityflowingandstrongcompetitionbetweenteams.

TheARbutterflyecologicallearningsystem(Tarng&Ou,2012)allowsfourthgradestudentsto
feedcaterpillarsandobservebutterfliestolearnaboutbutterflyspecies,lifecycleandconservation,
inaGPStriggeringsysteminabutterflygarden,inacampusenvironment.Theauthorsclaimthat
usingthissystemcaneffectivelyhelpstudentsimprovetheirlearning.

TheEcoMOBILE(Kamarainenetal.,2013)allowsteamsofmiddleschoolstudentstonavigate
a pond environment to collect water quality measurements with probeware and to observe AR
information,GPStriggered,thatsupportstheirunderstandingandinterpretation.Theauthorsclaim
thatthesetechnologieskeepthestudentsmotivatedandallowsthemtoexplorethefieldattheirown
pace,freeingtheteacherstoactasfacilitatorsandmovearoundtochecktheprogressofdifferent
groups.Amongthestudentgainsareaffectiveandcognitivemeasurements;although,someeducational
issueswereidentified,particularlystudents’tendencytospeedthroughtheARactivityandteachers’
doubtsregardingtheirownabilitytomanagethetechnologyneeded.

NatureAR(Alakärppä,Jaakkola,Väyrynen,&Häkkilä,2017)isaquizgamethatusesprinted
imagesandnatureobjectsasARmarkers,toprovidecontextualandlocation-specificinformation
onthoseobjectstopre-elementaryandprimaryschoolchildren.Thegamewastestedinayardand
forestsettingby11children,whodiscussedintheirgroupstheARcontentandrecognisedtheapp
aseducational.However,theywereexcitedwiththetechnologyandwerenotabletoconcentrateon
theexplorationofthephysicalnatureitems.
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RESEARCH APPROACH

Oneof themainoutcomesof theEduPARKproject is auser-friendlymobileARgameapp for
interdisciplinarylearninginanurbangreenpark.Itisbeingcreatedthroughmultipleiterationscycles
forrefinementandevolutionofaprototype;hence,theproject’smethodologicalapproachfitsthe
design-basedresearch,asitprovidesausefulframeworkfordevelopingtechnologyenhancedlearning
environmentsandimprovespedagogicaltheory(Reevees,2006),through,e.g.,establishingdesign
guidelines.AccordingtoParker(2011),thestrengthofdesign-basedresearchisitscapacitytoserve
asaframeworkforcombiningandintegratingresearchmethodsatdifferentphasesofresearch.The
sameauthorincludesthefollowingphasesinthedesign-basedresearch(Figure1):1-analysethe
problemandreviewrelevantliterature,aswellaspractitioners’experiences;2-designanddevelop
potentialsolutionstotheproblem;3-implementandevaluatethedesignedsolution;and4-reflect
onthesolutionandontheevaluation’sresultsandreportthemtothebroadereducationcommunity.

ThispaperpresentsthefirstcycleoftheEduPARKproject’sdesign-basedresearchtodevelop
andrefineamobileARgameappthataimstopromotelearninginanurbangreenparkTheapp
prototypeisevaluatedthrough(1)theusersperceptions–aboutitsusability,acceptanceandhow
toimproveitafterusingtheappintheInfanteD.PedroPark(Aveiro,Portugal);and(2)theusers’
performanceusingtheappin loco.Theresultswillbeusedtoimprove/refinetheprototypeinthe
nextdesign-basedresearchcyclesandtoproposedesignguidelines.Furtherappversionswillbe
resubmittedtonewuserevaluationexperiences,untilastable,user-friendlyandreliableversionis
achieved.Inthiscycle,userswerebasiceducationstudents(9/10years-oldand13-14years-old)in
aschoolvisittotheselectedpark.Datawerecollectedanonymouslyandresearchethicsprinciples
wererespected.Thephasesofthefirstdesign-basedresearchcyclearedetailedbelow.

Figure 1. Main phases of the design-based research approach, from Parker (2011)
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Phase 1: Analyse the Problem
Asstatedbefore,theprimaryresearchfocusisthedesignoftheEduPARKmobileARgameappand
itsevaluationregardingusability,acceptance,howtoimproveitandabilitytosupportuserlearningin
aparticularoutdoorsetting.Hence,theappshouldhaveeducationalrelevance,anditwasimportant
tocarefullyanalysetheNationalCurriculum(DGE,n.d.-a,n.d.-b)toidentifymultidisciplinaryissues
(e.g.,integratingBiologyandHistory)thatmightbeexploredintheselectedpark.Theidentifiedissues
shouldbeusedtocreatefourinterdisciplinaryeducationalguides,orquizgames,fortheapp.From
these,threequizzesareintendedfordifferentlevelsofthePortugueseEducationSystem:(1)the1st
Cycle(for6to9years-oldstudents);(2)the2nd(for10and11years-oldstudents)and3rdCycles(for
12to14years-oldstudents)ofBasicEducation;(3)theSecondary(for15to18years-oldstudents)and
HigherEducation;and(4)onequizisintendedforanyordinarycitizenvisitingthepark.Fortheapp
prototypedevelopment,theprojectteamdecidedtodevelopjusttwoquiz-basededucationalguides:
forthe1standthe3rdCyclesofBasicEducation.Thesetwoeducationalguidesshouldberefinedin
furthercyclesandtheothertwoguidesshouldbecreatedinfurthercyclesoftheappdevelopment.

The“InfanteD.Pedro”Park,locatedintheurbanareaofthecityofAveiro(Portugal),wasthe
selectedoutdoorsettingfor thedevelopmentof theEduPARKapp.Createdin1862, thisparkis
currentlyalargegreenarea,withalakewithreasonabledimensions,andintegratesharmoniously
biologicalandhistoricalpointsofinterest.Additionally,thepark’soriginshadimplicationsonits
faunaandflorabiodiversity,whichincludesabout70nativeandexoticspeciesoftreesandbushes
(Pinho&Lopes,2007),diversebirdsandinvertebratespeciesandevenfishandturtles.Thepark
has an important educationalpotential, notonly for academiceducation in several subject areas
(frombasictohighereducation),butalsoforthegeneralpublicandtourists.Fromananalysisofthe
park’spatrimony,severalteachingandlearningopportunitieshaveemergedandwereexploredinthe
educationalguides.Additionally,theparkspaces,whichhavephysicalbarriersaroundmostoftheir
perimeters,arewelldefinedsafeenvironmentsforchildrentohavemobileARgamingexperiences.
Thisisanexampleofatrulyauthenticcontextforsituatedlearning,wherethelocationisessentialfor
thelearning(Laine,2018).TheinspirationfortheEduPARKmascot(seescreensbandcinFigure
2)wasthepark’sinformalname:“Monkey’spark”.Thatname’soriginislinkedtoafemalemonkey
thatlivedinacageinthepark,forseveraldecades.Themascotisbeingusedintheapptoguidethe
playersandgivethemimmediateformativefeedbackafteranswering;e.g.,whenanincorrectanswer
isgiven,themascotexplainstherightanswer.

Fromtheaboveanalysis,afewmainguidelinesemergedfortheEduPARKapp:(1)itshould
promote learning contextualized in thepark, e.g., related with thebotanical species or with the
historicalmonumentsinthepark;(2)itshouldpromoteinterdisciplinarylearning,e.g.,usingflowers
to teachaboutsymmetryaxis; (3) it shouldbeused ingroupsofusers,so theapp’seducational
challengescanpromotecollaborativediscussionofideas;(4)itshouldbesuccessfullyusedeitherin
formal(schoolvisitstothepark),non-formal(e.g.,inenvironmentaleducationsessionsofappuse
promotedbythelocalCityCouncil)orinformallearningcontexts(e.g.,afamilyvisitingthepark
exploresitthroughoneofitsgames/educationalguides);(5)itshouldbeuser-friendly,sousers,even
childreninthe1stcycleofeducation,canuseitwithoutsupportoftheEduPARKteam.

AstheparkdoesnothavefreeinternetcoverageandnotallPortuguesemobiledeviceowners
haveastronginternetcoverageservice,theteamdecidedtodeveloptheappforofflineuse.The
onlyrequirementforhavingamobiledevicewithafullyfunctionalEduPARKapp,inanoffline
mode,shouldbetodownloadtheappanditseducationalguidesbeforegoingtotheparktouseit.
Moreover,astheprojectplannedtopromoteschoolvisitsandotheractivitiesintheparkforapptest
andexploration,theprojectacquiredasetofsmartphonestolendtotheproject’sactivityparticipants.

Phase 2: design and develop a Potential Solution
ThisphasewasdevotedtothedesignofthefirsteducationalguidesaswellastheEduPARKapp.
Amultidisciplinaryteamcreatedthefirstprototypeandtheguides:twobiologists,threeScience
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Educationresearchers,threetechnologyresearchersandonepractitioner.Theaimwastointegrate
multidisciplinarycontent,educationalissuesandthetechnologicalfeaturesoftheapp.Theguides
forthe1stand3rdCyclesweredesignedasagamecombininggeocachingprinciples(thesearchfor
andlocationofthreephysicalcachesinthePark),collaborativestrategiescombinedwithafriendly
competitionapproach.

Themobileapplication,forAndroiddevices,wasdevelopedusingUnity5,apopularcross-
platformgameengine (UnityTechnologies,2017).As for theARmarkerdetectionweused the
VuforiaSDKforUnity,sinceVuforiaiscurrentlythemostwidelyadoptedplatformforARtechnology
(PTC,2016).

TheEduPARKappprototypeallowsuserstoplayaquiz.Theprototype’sbasicstructureand
functionalitiesaredescribedbelowandsummarizedfromFigure2toFigure7.

Initially,theplayersarewelcomedwithashortexplanationoftheapp:itincludescollaborative
gamequizzeswithchallengesofsearchingforcachesinthepark(screensaandbinFigure2).Treasure
huntsandquizzesseemtobeapopularARgametypereportedintheliterature(Laine,2018).In
thisprototype,playersarealsopromptedtonametheirteamandselectaneducationalguide:1stor3rd
Cycle(screencinFigure2).Overall,thegamepromptsthegroupsofstudentstogotospecificpark
locationsandfindanARmarkeroracachewithamarkerinside.ExamplesareshowninFigure3.Each
markerconsistsofasquareimagewiththemascotandafloweredframeforeachlocationpoint.The
optionofusingcameradetectedmarkersforARrenderingisfrequentintheliterature(Laine,2018).

Aninitialmandatorytutorialexplainstotheplayershowtousethecameratooltorecognizean
ARmarker.Playerswillfindadifferentmarkerineachlocationofinterest,e.g.,aspecificbotanical
specieswithinformationaboutitsusesinmedicine.Eachmarkerunlockstheaccesstoinformation
relevanttoansweringaseriesofquestionsrelatedtothatspecificlocation.Thegameisorganizedin
thefollowingloop(Figure4):(1)theappgivesplayersinstructionstofindaspecificmarker(screen
e);(2)theplayerspointthecameratoolatthemarkerandallowittorecognizethepromptedmarker
(screenf);(3)theapppresentsasetofmultiple-choicequestions,withassociatedcontent-text,audio
orimage(screensgandh)–thatplayersneedtoanswer;and(4)theappgivesfeedbacktoanswers
andawardspoints,foreachcorrectanswer(screeni).

Theappalsoprovidesadditionalinformationtotheplayersonthemainscreen(seescreene).
Besidestheinstructionstolocatethenextmarker,thetopofthatscreendisplaysrelevantinformation
abouttheteam’scurrentprogress:thenumberofansweredquestions,accumulatedpoints,visited
locations,andreachedcaches(Figure5).Thisinformationisupdatedthroughoutthegameandthus
offerstheplayersasenseoftheirprogress.

Theappintegratesseveraltools(Figure6):(1)backpack(screenj),aplacetostoreandvisualize
photographstakenduringthegame;(2)camera(screenk),atooltorecognisetheARmarkersandto

Figure 2. EduPARK app’s initial set of screens
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Figure 3. Example of an AR marker (left) and a cache (right)

Figure 4. EduPARK game loop
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takephotographs;(3)compass(screenm),atoolthatsupportsorientationintheparkbasedonthe
displayofthedirectionofmagneticnorth;and(4)parkmap(screenn)thatalsosupportsorientation
inthepark,asitshowstheplayers’location(ayellowdot)aswellasthenextgamelocation(flag
icon)orcache(treasureicon).Themaptoolusesthedevice’sGPSdata;however,asreportedby
someauthors(Akçayır&Akçayır,2017;Cheng&Tsai,2013),GPSaccuracydoesnotallowforan
efficientnavigationthroughtheparkusingonlythistooland,thus,writteninstructionsforreaching
thenextlocationareprovided.

Atanytime,theplayerscanaccesshelpscreensbypressingthebluehelpbutton(seescreenso
andpinFigure7)andnavigatethroughalltheotherhelpscreens,withthetwobluelateralnavigation
arrows.

Finally,thelastscreenofthegameshowstheoverallperformanceoftheteam:thetotalnumber
ofpoints,thenumberofcorrectandwronganswers,aswellasthetimetakentocompletethegame.

Figure 5. EduPARK app’s feedback on progression along the game

Figure 6. EduPARK app’s tools
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Ifseveral teamsareplayingsimultaneously(as,e.g.,anentireclassroom),andeach teamusesa
smartphone,thisinformationcanbeusedtodefinethewinnerteamastheonewiththehighernumber
ofpoints.Timeisusedasatie-breakerfactor.Figure8showsanexampleofgamescreen.

Phase 3: Implement and Evaluate
ThedevelopedEduPARKappprototypewastestedduringtheOpenWeekofScienceandTechnology
of theUniversityofAveiro, and itsmaingoalwas to evaluate the appprototype’s (1)usability,
accordinglytoaPortugueseversionofBrooke’sSystemUsabilityScale(SUS);(2)acceptance,in
termsofstudents’self-reportoftheirenjoymentwiththeapp,itseaseofuse,andlearningpromotion;
and3)abilitytosupportlearningintheoutdoors,ashintedbytheplayers’performance(appusage
data)whenusingit.

DuringtheOpenWeektheUniversityorganizesdiverseoutreachactivitiesforthecommunity.The
EduPARKteamproposedtorunthreesessionsofactivitiesintheselectedparkforBasicEducation
(BE)students(seeTable1).Theappwasusedbythreegroups:twoofthe1stCycleofBE,eachwith
26studentswithanaverageageof9andonewith22studentswithanaverageofalmost13years.
Theywereaccompaniedbytheirteachersandcamefromtwoschoolsneighbouringtheselectedpark.
Thisformaleducationcontextoftechnologyevaluationtheoutdoorsetting,insteadofinclassroom
environment,isnotfrequentintheliterature(Laine,2018).

Atthebeginningofeachsession,thestudentswerebriefedregardingtheaimofthesession,
evaluatingtheEduPARKapp,andhowtheappfunctioned.Theyweregroupedbytheirteachersin
teamsofthreeorfourstudents.Eachteamwasassignedtoanadultmonitor,forsafetyreasons.Teams
ofstudentsusedoneoftheproject’ssmartphones,whichhadtheEduPARKappwiththeeducational

Figure 7. Examples of EduPARK app’s help screens
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guides.Havingjustonesmartphoneperteampromotedcollaborativework,asstudentswereprompted
todecidetogetherwheretogoandwhattodoandthedevicesrotatedamongststudentsinagroup.

Thestudentsusedtheappandeducationalguidesuitedfortheirschoollevelduring30minutes
to1hour,approximately.Attheendofeachsessionstudentswereaskedtofillinaquestionnairewith
closedquestions:multi-choice,itemselectionand1to5Likertscale.Allstudentsbuttworeturnedthe
questionnaire;so,thetotalnumberofanalysedquestionnaireswas72.Thequestionnairecomprisedtwo
parts.Thefirstonewasaboutthestudents’profiletocollectbasicdemographicdata(suchasageand
gender,usedtoproduceTable1,presentedabove),aswellasinformationaboutthestudents’profile
asmobiledevicesusers.Thesecondpartofthequestionnairewasabouttheperceivedusabilityofthe
appanditwasbasedonthe“EuropeanPortugueseValidationoftheSystemUsabilityScale(SUS)”by
Martins,Rosa,Queirós,SilvaandRocha(2015),whichwasaworkthattranslatedandvalidatedthe
originalinstrument(Brooke,1996)forthePortugueselanguage.TheSUSisarobust,effectiveand
inexpensivetoolthathasbeenwidelyusedforassessingtheusabilityofasystem,suchaswebsitesor
mobilephones(Bangor,Kortum,&Miller,2009).Sauro(2011)reviewed500studiesandfoundout
thataSUSscoreof68couldbeconsideredaverage.Furthermore,Bangoretal.(2009)empirically
definedaqualitativeclassificationvaluesbasedontheSUSvalues.Theinformationcollectedwith

Figure 8. An example of the EduPARK app last game screen

Table 1. Characterization of the classes involved in the experience

Group Cycle of Education N. of Students Average Age % of Female

G1 1st 26 9.0 69.2

G2 1st 26 9.0 50.0

G3 3rd 22 12.9 31.8
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thesecondpartofthequestionnairewasusedtocomputeSUSscores,between0and100,according
toBrooke(1996).Bangoretal.(2009)’squalitativeclassificationwasusedtointerprettheresults.

Tocomplementthequestionnaire,andforconvenience,twofacilitatorsconductedsimultaneously
twofocusgroupsperclass.Thefocusgroupswererecordedin locoandtheirdurationvariedfrom
about8to21minutes,withanaverageof15minutes.Twofocusgroupshad11students(3rdcycle)
andfourhad13students(1stcycle).Focusgroupshavelongbeenrecognizedasusefultoolsforpilot
testsineducationalresearch,astheyallowparticipantstoexplaintheirexperienceindepth(Williams
&Katz,2001).Thefocusgroupcomprisedtwoparts:thefirstpartwasabouttheappandthesecond
partwasabouttheactivityofusingthisappintheparktolearn.Thispaperwillfocusonlyonthe
firstpartofthefocusgroup.Questionspromptedstudentstoexpress:(1)theiropinionconcerning
enjoymentandeaseoftheappuse,and(2)improvementsuggestionsregardingtheappinterface
andnavigation,amongotheraspects.Althoughitwasnotaskeddirectly,theapp’sabilitytopromote
learningemergedinfocusgroupdata.Asrecommendedintheliterature(Williams&Katz,2001),the
facilitatorspaidattentiontothenumberofquestionsandusedlanguagesuitedtoparticipants’young
age.Therecordedfocusgroupsweretranscribedandweresubmittedtocontentanalysis(Williams
&Katz,2001).Inthisprocess,thecategoriesemergedfromtheempiricaldatatomakeaninventory
ofrelevanttopicsregardingstudents’perceptionsoftheapp.

Todeterminetheapp’sabilitytosupportlearning,thestudents’performanceusingitin locowas
analysed,sogameresults(scores,numberofcorrectandwronganswers,andtime)werealsocollected
directlybytheapp,inananonymousway.Datafromtheappandotherdata(notSUSrelated)from
thequestionnaireswereanalysedthroughdescriptivestatistics.

Thosethreesetsofcollecteddataweretriangulatedinordertoprovideacomprehensiveknowledge
ofthestudents’perceptionsregardingtheapp.Thisanalysiswillbepresentedinthenextsection.
Theoveralllessonslearnedwillbeusedtoimprovethedevelopmentofthefutureappversionand
guides,infurthercyclesofthisdesign-basedresearchandtoproposedesignguidelines.

Phase 4: Reflect and Report
Thefinalphaseaimstoidentifyanddiscusspositiveandnegativeaspects,aswellasenhancement
suggestionsemergingfromtheempiricaldata.Thedatatriangulationwillbepresentedanddiscussed
inthefollowingsection.

RESULTS ANd dISCUSSION

Thecollecteddataallowedprofilingtheusers’regardingtheirmobiledeviceproficiency.Fromthe
totalnumberofquestionnaires(72),68%ofstudentsclaimedtoownapersonalmobilephone,half
of thosearesmartphones,anduseitforabout35minutesperday.Theseresults indicatemobile
devicesare indeedfamiliar to thiscohortofyoungstudentsandsupport the literature, regarding
theproliferationofthesetechnologies(Johnsonetal.,2013;Johnson,Adams,&Cummins,2012;
Johnson,Adams,&Haywood,2011;Johnson,Becker,Estrada,&Freeman,2014),especiallyinwhat
concernstheyoungpopulation.

Additionally,studentsindicatedthattheyusemobilephonesmainlyforgaming(41students),
watchingvideos(39students),andlisteningtomusic(36students),butnotforlearningpurposes.
TheseresultsseemtobesimilartothefindingsofSozioetal’s.(2015)study,reportingthatPortuguese
studentsusemobilesforvisitingsocialnetworkingsites,watchingvideoclips,andinstantmessaging,
but,again,notforlearningpurposes.

Figure9showsstudents’overallperceptionoftheEDUPARKapp’susability.Moststudents
stronglyagreed(option5ofthescale)withthepositivestatements(odd-numbereditems)oftheSUS
scaleandstronglydisagreedwiththenegativeones(even-numbereditems),indicatinganoverall
positiveperceptionregardingtheprototype’susability.
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Toconfirmthatperception,theSUSscorewascomputedforeachstudentand,then,anaverage
valuewascomputedforthe72questionnaires.Valuesrangedfrom55to100,withanaverageof
85.6,whichisconsiderablyhigherthanSauro’s(2011)averagevalueof68.Moreover,accordingto
Bangoretal.’s(2009)classification,theEduPARKapp’susabilityisconsideredexcellent.

Regardingstudents’acceptanceoftheapp,overall,theyreportedfeelingenjoymentafterusingit,
asrevealedinfollowingquotation:“Ilikedit[theEduPARKapp]becauseIgottoknowthingsabout
theparkthatIdidnotknow”(G2student).Thismaybelinkedtothefactthatstudentsfoundtheapp
simpleandeasytouse:“Itwasveryclearwhatwehadtodoandtheoptionswehadtoselectwere
veryvisible;itwaseasytouse!”(G3student).Itispossiblethattheexcellentusabilityoftheapp,
thusbeinguserfriendly,contributesforthesepositiveperceptions.Theseresultsareinlinewiththe
literaturethatclaimsthatstudentengagementandmotivationtolearncanbepromotedbytheuseof
games(Freitas,2008),supportedbymobile(Kamarainenetal.,2013)andARtechnologies(Akçayır
&Akçayır,2017;Dunleavyetal.,2009;Pérez-Sanagustínetal.,2014;Radu,2014).

Additionally, students considered the app a resource that promotes learning in outdoor
environments,asshownbythefollowingquotation:“Ithinkthatwhatisfunisthefactthattheapp
useinvolvesnatureandwalkinginthepark.”(G3student).Thisactivitymoveslearningtocontexts
outsidetheclassroom,whichisappreciatedbystudents:“Ilikedtheactivitybecausewewereoutside
andnotclosedinaclassroom”.Moreover,occurringinagreenarea,itmaypromotetheestablishment
ofrelationshipsbetweensomeschoolconceptsandreal-lifesituations,asaG3studentpointedout:
“…thetopicswelearntsofar[intheschool]fitinthequestions[oftheapp].”Hence,theeducational
guidesintheappfitproperlythenationalcurriculum,asadvisedbyRadu(2014)and(Laine,2018).

Anotheraspectvaluedbythestudentswasthecollaborationamongteammembers,andsupports
theEduPARKprojectoptionofgivingonemobiledeviceperteam.ThisisinlinewithBaccaet
al. (2014) andPhonet al. (2014),whoclaimed thatdigitalgamesbasedonAR technologycan
promotegroupcollaboration.Groupcollaborationmayenhanceinteractionamongstudentsregarding
informationandchallenges(Marques,Loureiro,&Marques,2015).

Studentsseemtovaluetheapp’simmediatefeedback,asshownbythefollowingstatement:“The
feedbackwasgoodforustolearnbetter.”(G2student).Thisfeatureisalsopointedoutaspertinentby
theliterature,asitprovidestimelyandrelevantinformationthatcanguidestudentsintheirlearning
tasks(Hwangetal.,2015)andmayincreasetheirmotivationtolearn(Akçayır&Akçayır,2017).The

Figure 9. Questionnaire data: Part 2 - usability of the EduPARK app
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informationprovidedthroughtheimmediatefeedbacksupportsautonomouslearning.Intheabsence
ofsuchfeedback,thiscohortofstudentswouldprobablyfocusonendingthegamefastertoreach
thefirstplaceandgettingthebestscore,ignoringnewlearninginformationprovidedbytheapp.

Theresultsalsopointedoutthatthisappmaysupportstudents’motivationforlearning:“Iliked
[thisapp]becausewelearnwhilewearehavingfun.”(G3student).Huizengaetal.(2009)indicate
thatsevenfactorstriggerintrinsicmotivationforlearningintheuseofdigitalgames:challenges,
curiosity,competition,cooperation,recognition,controlandfantasy.Someofthosefactorswerefound
intheresults,asillustratedbythefollowingstatements:“Forrankingthetimewasalsoconsidered,
whichpromotedmorecompetition”(G2student)–forcompetition;“Themonkeycouldspeak”(G3
student)and“…hasclothes”(G2student)–forfantasy;“Morepeopleintheteamwouldbebetter
…maybefour”(G2student)–forcooperation;“Ilikedifmorecacheswerelikethelastone,which
wasreallydifficulttofind”(G1student)–forchallenges.

Tostimulatediscussionabouthowto improve theprototype,studentswereasked if theapp
hadmanyinconsistenciesandmostofthemdisagreed(16)orstronglydisagreed(34)(seeFigure9,
statement6).Nevertheless,theywereabletopointoutsomenegativeaspectsoftheapp.Forexample,
aG1studentclaimed:“Itwasn’teasytounderstandhowtoexplorethemap”.Infact,asthemaptool
wasprogrammedtorevealtheplayers’locationintheparkinrealtimeusingGPSsignal;however,
thisfeaturewasproblematicduetoweakGPSsignalintheparkandtoGPSprecisionerrors.From
theliterature(Akçayır&Akçayır,2017;Cheng&Tsai,2013),GPSprecisionerrorsinlocation-
basedARtechnologyarecommon.Analternative,inparticularwhereGPSsignalisnotreliable,is
theuseofARmarkers(Pérez-Sanagustínetal.,2014),whichwastheEduPARKteamoption.Inthe
literature,Akçayır&Akçayır(2017)advocatedtheuseofsuchmarkerstoguidethestudentslearning.

Finally,studentswereaskedtoactuallyproposesuggestionsforappimprovement,asstated:(1)
“…Itwouldbebetteriftheapphadvideoswithpeoplespeaking,insteadofhavingtexttoread.”
(G3student),whichisinlinewithSrisuphabetal.(2014),whomentionedthatinformationinAR
mobileappsshouldbepresentedindifferentformats,suchastext,sound,andvideo;(2)“Themonkey
mascotshouldmove,asinananimation.”(G3student);asstatedbyKamarainenetal.(2013),this
kindofanimationseemstopromotestudents’engagement;(3)“Ithinktheappshouldbeavailable
inGooglePlay.”(G3student), indicatingthat thiseducationalresourcemightbesorelevantthat
everyoneshouldhaveaccesstoit.Thementionedsuggestionswillbeconsideredinfuturecyclesof
theEduPARKdesign-basedresearch.

Toanalysetheapplearningsupportintheselectedpark,andalsotoenableimprovements,the
appautomaticallyloggedinananonymouswaythegameresultsofeachteam.

Table2and3showstudents’performanceusingtheappthroughthefinalgameresultsofthe
teamsfromGroups1and2(1stcycleofBasicEducation)andfromGroup3(3rdcycleofBasic
Education),respectively.

Allteamscompletedthegamefairlyeasily,withanaverageof23correctanswersoutof27,for
Groups1and2,and30correctanswersoutof34,forGroup3.Theseresultsindicatestudentshad
agoodperformancewiththeappandpointoutthattheappsupportslearningtool,asintendedand
recognizedbythestudentsthatusedtheapp,butfurtherstudiesneedtobecarriedouttoempirically
studythisfeatureindepth.Inbothcases,Groups1and2,somequestionswereansweredincorrectly
byabouthalfof the teams.Infutureversionsof theguides, thosequestionswillberevisedand,
eventually,linkedtoadditionalmultimediacontent,suchasvideosor3Dvisualizations.

Although,studentsfromGroups1and2hadfewerquestionstoanswer(27),whencomparedto
studentsfromGroup3(34),theytookmoretimetocompletethegame,withanaverageof51minutes
versus34minutes.Theseresultsmaybeexplainedbythefactthatstudentsfromlowergradesneed
moretimetoreadandcomprehendtextualcontent.Furtherversionsoftheappguidesshouldrely
lessontexttopresentinformationandusemorevisual,audioandinteractivecontents,especiallyfor
studentsfromthatagerange.

Inthefollowingsectionfinalconsiderationswillbepointedout,aswellasfuturework.
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CONCLUSION

Thisworkallowedtheauthorstoreflectontheresultsofanevaluationofthefirstprototypeofthe
EduPARKmobileARgameappwithstudentsusing it for learning inanurbangreenpark.The
methodological option revealed to be adequate for the purpose of developing and improving an
innovativelearningproduct,asthestudents’perspectivesallowedtoidentifyasetofissuestorevise
infurtherappversionsandarecrucialinthisprocess.However,theauthorsareconsidering,infuture
work,thetriangulationofotherstakeholders,suchasteachersandmonitors(peoplewhoaccompanied
thegroupsintheactivities),aswellasexternalconsultants.

Themainresultsofourworkarethepositiveperceptionofthiscohortofstudentsregardingthe
EduPARKappusability,morespecifically,itcanbeclassifiedasanexcellentusability,accordingto

Table 2. Game results of Groups 1 and 2 (1st cycle of basic education)

Group Team Time Score Correct 
Answers

Wrong Answers

G1 1 00:51:22 250 25 2

2 00:49:38 210 21 6

3 00:44:28 250 25 2

4 00:50:05 210 21 6

5 00:48:37 220 22 5

6 00:59:03 260 26 1

7 00:54:21 180 18 9

G2 1 01:09:34 190 19 8

2 00:54:52 250 25 2

3 00:39:33 250 25 2

4 00:48:28 240 24 3

5 00:50:34 240 24 3

6 00:39:59 250 25 2

7 00:57:18 210 21 6

8 01:06:14 230 23 4

Table 3. Game results of Group 3 (3rd cycle of basic education)

Group Team Time Score Correct 
Answers Wrong Answers

G3

1 00:35:48 290 29 5

2 00:33:45 280 28 6

3 00:33:16 320 32 2

4 00:37:17 330 33 1

5 00:34:39 320 32 2

6 00:34:32 270 27 7

7 00:32:55 310 31 3
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Bangoretal.(2009),withanaverageSUSof85.6.Moreover,students’acceptanceofthisappwas
clear,astheyreportedfeelingenjoymentwithitsuse,founditeasytouseandrecognizeditasan
outdoorlearningresourcethatiscurriculumarticulated,promotescollaboration,providesimmediate
feedbackandenhancestheirmotivationforlearning.

ThepositiveperceptionoftheEduPARKappcomesfromacohortofstudentsthatreported
beingfamiliarwithmobilephonetechnologies.Lowerusabilityresultswouldprobablybefoundif
studentswerenotfamiliarwithmobiletechnologies,and,inthatcase,morescaffoldingregardingthe
useofthesedeviceswouldbeneeded.Nevertheless,mobilestechnologies’pervasivenessinmodern
societies(Sozioetal.,2015)makesthisscaffoldingunnecessary.Moreover,thisgroupofstudents
seemstobeaccustomedtousemobilephonesforleisurepurposes,suchasgaming,butnotforlearning.
Therefore,andconsideringthisworkresults,linkinglearningwithpleasantactivitiesseemscarry
motivationaladvantages.Appsliketheonepresentedinthispapermaypromotementalitieschange
regardingtheuseofmobiledevicestolearn,theuseofgamestolearnandtheuseofacombination
ofbothtolearn.Inwhatconcernsimprovingtheappprototypeinfurtherdesign-basedcyclesof
thisresearchapproach,studentsreportedinconsistenciesregardingthreemainaspects:(1)lackof
clearnessregardingthepurposeofthemap;(2)theGPSweaksignalandprecisionerrors;and(3)
difficultiesintheuseofsomeARmarkers.Allthoseaspectsarerelatedwithgeo-orientation.Such
technicalproblems,inparticularwithGPSforlocation-basedARapplications,arewidelyreportedin
otherstudies(Akçayır&Akçayır,2017;Cheng&Tsai,2013).Geo-orientationmustbesubmittedto
carefulconsiderationinoutdoorlearningactivities,soitwillnothindertheprogressioninthegame
and,consequently,createfrustrationinplayers.

Thisworkresultssustaintheproposalofasetofempiricallyvalidateddesignguidelinesfor
mobileARgamesaimingoutdoorlearning,thuscontributingtothespecialisedliterature.Thesegames
shouldbesustainedbysimpleandeasytousetechnologies.Ourresults–highSUSscore,reported
enjoymentandacknowledgementoftheappaseasytouse–revealeditisimportanttocarefully
considerthisissue,soweakusabilitydoesnotdemotivateusersfromplayingthegame.TheAR
usabilitychallengehasbeenpointedbeforeintheliterature(Akçayır&Akçayır,2017).Thegames
shouldbeeducationallyrelevant.Asrecommendedbytheliterature(Laine,2018;Radu,2014)and
pointedbytheparticipantsstudents,itisimportanttheapphelpsthemlearnorrecallcontentthey
arestudyingintheirregularclassrooms.Also,gamesshouldincludefeaturesthatliteraturepointsout
aseffectivelysustaininglearning.Forinstance,theimmediateformativefeedbackisacrucialaspect
forlearningpurposes(Akçayır&Akçayır,2017),andshouldbeincludedinthiskindofeducational
resource.Moreover,despitemobiledevicesbeingperceivedasindividualtools,collaborativelearning
tasksarepossibleandrecommended(Baccaetal.,2014;Dunleavyetal.,2009;Kamarainenetal.,
2013;Phonetal.,2014).Inthiswork,thefactthatstudentsplayedinteamsallowedthemtodiscuss
ideas, collaborate andnegotiate to overcome theproposed challenges. Another recommendation
emergent from this work is to involve app end users in its evaluation, as they provide valuable
informationforfurtherrefinement.

In summary, the participant students collected perceptions revealed that the EduPARK app
prototypeisaninnovativelearningtoolthat(1)iseasytoexplorebyyoungstudents,(2)integrates
interdisciplinaryandcurriculumarticulatededucationalmaterials–theguidesorquizgames,(3)is
interactiveandenjoyable,(4)includesgeocaching-basedlearninginoutdoorenvironments,and(5)
promotescontextualizedlearninginanurbangreenpark,theInfanteD.PedroPark.Thislastquality
oftheapptakesadvantageofaspecificphysicalcontextasafacilitatoroflearning,asrecommended
byLaine(2018).Moreover,anotheroftheapp’suniquefeatures,consideringtheanalysedliterature,
isitsflexibilitytointegrateseveraleducationalguidesfordifferentschoollevels.Inthefuture,new
educationalguideswillbedeveloped,fordifferentlevels,frombasictohighereducation,andfor
lifelonglearningaswell.ThisisnewinthemobileARgamesliterature,asmostreportedcasesin
Educationhavebeencreatedforyoungchildren(idem,ibiden).
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ItisimportanttohighlightthatthiswasapreliminaryexperienceinthefirststageoftheEduPARK
project.However,itallowedcollectingrichdata,notonlyfromthestudents’perceptions,butalso
fromtheauthors’reflection,andfutureworkwilltakeintoaccountbothaspects.Futureworkwill
involveovercomingsomechallenges,suchastheusabilityoftheEduPARKappinawidetypology
ofmobiledevices,asthedescribedactivitiesweresupportedbytheproject’ssmartphones.Another
challengeisrelatedwiththeadaptationofdatacollectiontoolstothedifferenttypesofusersofthe
app,asyoungerusersmightfeelsomedifficultiesintheirinterpretation.

Asfinalremarks,thereportedworkisrelevantnotonlyforeducators,whomaytakeadvantage
of thedevelopedresources topromotelearning,butalsotoappdesigners,as thispaperpresents
valuablecontributionsforthosewhoareinchargeofcreatingthiskindofeducationalresources.
Therearealsousefulcontributionsforresearchersinterestedinstudyingtheuseofgamestopromote
learninginoutdoorsettings.
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