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ABSTRACT

Thedevelopmentofaugmentedreality(AR)isbecomingrobustandmaturedbythecombination
ofreal-timeperformancewithvirtualinformation.Withtheproliferatinggeriatricpopulation,the
benefits of AR systems can be suitably harnessed for supporting the elderly in home activities,
mobilityandentertainment,amongothers.Hence,thedevelopmentofARtoassistagingpopulation
isnowfeasible,butanoverviewoftheexistingresearchisnotyetattempted.Theobjectiveofthis
systematicliteraturereviewistoprovideadetailedtechnicalprogressonthecurrentsituationofAR
applicationandreviewthedifferentdomainsusingARforsupportingtheageingpopulation.Search
wasconductedonfivedatabasesincludingScopus,IEEEXplore,ScienceDirect,ACMDigitalLibrary,
andSpringerLink.350paperswereinitiallysearchedandafterdetailedstudy71wereselectedfor
thereview.Toconclude,thereviewproposedsixcomponentstobenotedwhendevelopingnewAR
applicationsfortheelderly.
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INTRodUCTIoN

Augmentedreality(AR)isbecomingaheartbeatfocusasARenabledplatformsaregainingimportance
inalldomainsoftechnology(Liarokapis&DeFreitas,2010).Theageingpopulacedoesnotmake
upahomogenousentity(Roseetal.,2012).It isinthiscontextthatthesuccessandintegrationof
theARsystemmustbedetermined.Thereisanincreasingtrendofmobileusageamongtheelderly
population.ItactsascredibleevidencethatthereisadequatescopeforusingARsysteminensuring
greaterindependenceandmobilityamongtheelderlypopulation(Arbeláez,Viganò,&Osorio-Gómez,
2019).However,thereisanapparentlacunainexistingsolutionsthatcanmeettheexperienceand
requirementsofsuchdemographic.Onaglobalscale,societyasawholefacesanewerchallengewith
therapidlygrowingelderlypopulation(WHO,2015).Thedemographicstatisticsrevealthatpopulation
isagingrapidlybothindevelopingcountries(Shetty,2012)andindevelopedcountries(Vaupel,2010).

Astheelderlyarenotahomogenousorstaticgroupofpeople,alsoservicesandup-do-date
solutionsmadefortheirwell-beingrequireunderstandingandskillsfromversatileareasofknowledge
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(Mäkimattila,Melkas&Uotila,2017).Themajorproblemsthatarefacedincludephysicalaswell
asmentaldeterioration,alongwithdegradationofsensesandlossofmemory,amongothers.The
combinedeffectofall thesefactorsendsupexertinganadverse impactontheoverallqualityof
life(Pandyaetal.,2020).ItisinthisaspectthatARandotherassociatedtechnologiescanaddress
thechallengesthattheelderlypopulationface(Pullietal.,2011;Azimietal.,2017).Itshouldbe
dulynotedthatthereisadearthofresearchwhichisnecessarytozeroinonasuitabletheoretical
frameworkorguidelinesabouthumanfactors.SuchaframeworkwouldhaveenabledARdesigners
tocreateappropriateapplicationsaddressingthespecificissuesfacedbytheparticularpopulation
(Ahiretal.,2020).Internetofthings(IoT)providesmeanstoofferservicesremotelyutilisingnovel
technologies(Azimietal.,2017).IoTenablessmartambientenvironmentthatisbasedonsensors,
continuous detection and efficient information transfer between applications and devices. Smart
ambientenvironmenthasincreasinglybeenseenvaluablewhendesigningfunctionalandsafeliving
environmentsforelderly,wheretheroleofARissignificantandcanbeappliedwithseveralevery-
dayactivitiesandfunctions(Yamamotoetal.,2010).

ThecoreobjectiveofthetechnologyofARistoimpartsuchartificialstimulithatwouldmake
anyoccurrenceinthevirtualworldtoseemrealtotheuser(Craig,2013).Agoodexampleisthe
TescostorefinderbyJunaioARbrowser.Thegoaloftheapplicationistoletusersknowopeningtime,
location,website,andotherrelevantinformationaboutstoresofTesco(Madden,2011).Naturally,
usershaveacontributiontomakeinframingthearchitectureofAR.Intheusualcourseofthings,
thearchitectureisframedinasingleuser’smind(DeSa.&Churchill,2012;Olsson&Salo,2011).
However,asrecentdevelopmentsuggests,thesamemayhappeninthemindoftwoormultipleusers.
ThemobilecollaborativeARsystem“Studierstube”(Kaufmann&Schmalstieg,2013)isinherentlya
geometricconstructionforthepromotionofspatialcapability.Itisbecausethatthesamegeometric
entitiescanbedeterminedfrommultiplesides.Allgeometricentitiescanbemodifiedbymultiple
usersbymerelyusinganelectricpen.Ithelpstodeterminetheexistinggeometricalrelationship,and
subsequentlyusesuchinputforfurtherconstruction.Theaccommodationofmultipleusersisthe
cornerstoneofcollaborativeARsystem.ThisiselucidatedinagameofsenorARtennis(Henrysson,
Billinghurst&Ollila,2006).Inthiscase,theapplicationengagestwoplayerswhocansitacross
thetablefacingeachother.Thevirtualcourtisseenthroughthephone.Thereisacommonpractice
whichisseeninvariousstudieswhenthosenormalusersaretakenintoconsiderationasopposed
toagroup(Woodwardetal.,2004).SomeoftheexamplesofARapplicationdesignareforspecial
needs’childrenhavingcognitivedisabilityandautism(Bai,Blackwell,&Coulouris,2012;Richard
etal.,2007),butonlyafewforelderlyusers(Kim&Dey,2009;Wood&Mccrindle,2012).Inthe
presentstudy,‘user’isreferredtoastheimmediatebeneficiaryhavingtheoptionformanipulation
andcontrolofthesystem.Forinstance,ARsystemscanbeutilisedbydoctorsasavisualisation
aid. Ithelps in thecollectionof3-Ddatasetofpatientsundergoingsurgery,onareal timebasis
(Azuma,1997).Theapplicationbecomesbeneficialforbothpatientanddoctor.However,itisthe
doctorwhoshouldbewatchingandcontrollingthesystem.Theconceptofinteractionincludestwo
dimensions,i.e.,(1)inter,and(2)action.Theaspectof‘Inter’relatestotheexistenceofaparticular
stateamongdifferentthings.Ontheotherhand,‘Action’pertainstooccurrences.Withintheambit
ofinteraction,oneentityundertakesanactivity,andtheotherprovidesaspecificresponsetoit.In
thecontextofuser-basedARsystem,researchinthisparticularaspectfocusesonthecausalfactors
ofatrigger,andtheresultantresponseelicited.AllthosetakeplacebetweenARdeviceanduseror
virtualcontentanduser.ThispointcanagainbeelucidatedwiththeTescostoreexample.Whiletrying
tousetheTescostorefinder,first,theappwillhavetobedownloaded.Itisfollowedbyadjusting
thedevice’spositiontoaccessthevirtualbubble.Thisadjustmentofdevicevis-à-visthephysical
positionconstitutesinteractionbetweendeviceanduser.Theresultofsuchactionistheidentification
ofvirtualtargetstorethroughthedevice.Forobtainingfurtherinformation,say,distance,opening,
orphonenumber–allthosewillbeshownonclickingavirtualicon.Furthermore,apop-upslide
impartsotherinformation.TheinteractionwithvirtualcontenttakesplacethroughavirtualTesco
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bubble.Thereare,however,certaincontraryinstancesaswell.InsomeARscenario,theinteraction
thattakesplacebetweenARdeviceanduserorvirtualcontentanduserceasestotakeplace.Such
anexampleiselucidatedinNationalGeographic.Insuchacase,visitorscanparticipatewiththe
augmentationsonalargescreenwithouthavingtointeractwiththedevice.Device,insuchcontext,
denotesanobjectorcarrierthathasthedimensionsofbeingarepositoryofphysicalworldinformation.
Itcreatesafavourablesituationforinitiatingcompellingaugmentation.

ThepresentationofdigitalinformationwiththehelpofARdeviceleadstothecreationofvirtual
content.ThiscontentplaysacrucialroleinARarchitecture.Suchapresentationcouldbeintheform
of2Dimage,3Danimation,website,text,vibrations,andaudioinformation.Itisthisvirtualcontent
thatpullstheattentionandattractionofARusers.Ithasbeenfoundoutthatparticipantsaremore
likelytoharbourastrongcuriosityaboutthecontentgeneratedfromthedeviceasopposedtotheAR
deviceitself(Odom&Pierce,2009).Thedynamicchangeofvirtualinformationmakesforacrucial
featureofvirtualcontent.Again,takingrecoursetotheTescoexample,whilemovingifcustomers
usetheapp,automaticallythevirtualcontentpopsup.However,therealcontentintheARdevice
maynotbeimmediatelyapparent(Liang&Roast,2014).Anotherwayofthegenerationofvirtual
contentinvolvestracking.Inthiscase,therearethreefeatureswhichareatplay–(1)synchronicity,
(2)antecedent,(3)partialonetoone(Liang&Roast,2014).Anychangeontherealcontentleadsto
synchronouschangeontheARvirtualcounterpart.AnexampleisWordlenswhichisanARtranslation
applicationthatdisplaystranslatedforeigntextonareal-timebasis.OncetheARdeviceisprojected
toanotherword,thedisplayaltersaccordingly.However,ifthisprocessisnotsynchronizedortakes
alongertime,thenitdeprivestheviewertomakeuseoftherequiredinformation.Incaseofthe
aspectofantecedent,thephysicaltext(realcontent)precedesthetranslatedword(virtualcontent).
Virtualelementintheabsenceanyreal-worldcontentbecomesmeaningless.Itbecomesdevoidof
anyreal-worldinterpretation.Ontheotherhand,trackingfeatureofARisreflectedinapartialone
toone.Anyvirtualcontentcorrespondstoonlyasolitaryrealcontent.However,therepresentation
ofvirtualinformationcanbethroughmorethanonecomponent.Effectively,itindicatesthatthere
canbesuperimpositionofrealcontentonvaryingmodalitiesofvirtualcontent.

TheARarchitectureisbetterreflectedthroughsixmajorelementsinsometypicalexamples.
Figure 1 shows the interplay among various elements. Users could be anyone engaged in the
interactionofvirtualcontentbymerelyclickingoradjustingthedevice.Forthecomputer-generated
virtualcontenttobeshownontheARdevice,trackinghastobeundertaken.Therelevantbitsof

Figure 1. Interactive relationship between different elements of AR framework
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informationcorrespond toa real-worldcounterpart.The frameworkofARmeans thatdesigners
havethebenefitofamoredetailedbasistoarticulatethecriteriaofAR,alongwithitsclassification
andfunction.However,tomakethepotentialbenefitARsolutionstoreachelderlypopulation,the
existingARapplicationshavetobereviewedtoidentifythelacunaethatexistinmakingthesystem
moreamenabletothetargetedpopulace.

Presently,themainfocusofresearchinthedomainofARhasmovedtowardsputtingfortheasy
andeffectiveframeworkstobeadoptedforimplementation(Shahetal.,2020).Thefinalgoalof
theresearchistodesignanappropriateARapplicationthatwouldbebeneficialforelderlypeople
intheirregularfunctionsoflife.Sofar,suchattemptsarequitelimited(Maliketal.,2013).There
havebeenprototypesandpilotstostudyhowelderlycanbenefitfromARsupportedguidancewhen
gettingoutdoors.Forexample,amobileaugmentedteleguidance-basedsafetynavigationconcept
wasintroducedtoincreaseawarenessoftheelderlyandtheircaretakerssuchasfamilymembersor
otherinformalcaretakers(Pullietal.,2012).Similarly,therehasbeenattemptstosupportvisually
impairedpeopletohelpthemnavigatewiththehelpofsmartambientenvironmentthatallowsvoice
orvideotobetransmittedbetweendevices(Chaudaryetal.,2017).

ThisstudycontinueswithreportingtheresearchmethodsandapplicationinSection2.Next,
the classification schemesusingAR technology, assistingolderpeople is discussed.Thedesign
challengesaredescribedafterthat(Section4).ThefindingsofthestudyarediscussedinSection5,
andthepaperendswithconclusions,alsointroducingproposalsforfuturework.

ReSeARCH APPRoACH

Theresearchgoalwastofindscientificstudiesabouthowstate-of-the-arttechnologyintheformof
ARcanbeusedwhenprovidingcareforelderlypeople.Tofindinformation,atheoreticalstudywas
carriedoutbyapplyingasystematicmappingstudy(Evans-Lackoetal.,2014;Petersenetal.,2008).
TheobjectiveofliteraturereviewistopresentanoverviewofexistingresearchinARapplicationfor
elderlypeople.Theobjectiveofreviewisdefinedinthefollowingresearchquestions.

In our approach, we focus on “How mapping studies contribute to the development of AR
applicationsforagingpeople?”.Forthepurposewefurthersubdivideourresearchfocusontwo
subquestions,

(Q1)WhataretheadvantagesanddisadvantagesofusingARapplicationsonelderlybasedonthe
previousliterature?

(Q2)Howdoweconsiderthemappingstudysuitableforsupportingfutureresearchactivities?

Thefirstsub-questionaddressestheimportanceoftheresearchapproach.Itsupportsourmain
researchquestionpointingoutthattheremaybepossibledisadvantagesofusingARapplications
fortheelderlypopulation.Thesecondsubquestionfindsoutanyissuesinthemappingstudywhich
willbehelpfultootherresearchersinthisdomaintopursuetheirfutureresearchinthisdirection.

InordertogetanoverviewoftheresearchonARapplicationsforagingpeople,asystematic
mapping study is carried through.Themapping study consists of three stages (1) searching the
relatedpublications(2)designofaclassificationschemewithresearchfocus(3)mappingofrelated
publications.

INFoRMATIoN CoLLeCTIoN STRATeGy

ScientificpapersfromdatabaseScopus,IEEEXplore,ScienceDirect,ACMDigitalLibraryand
Springer Link were collected based on the above research questionnaires to conduct systematic
literaturereview.
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Thesearch enginesthatweusedandassignedtotheinformationresourcesareasfollows:

Scopus(http://www.scopus.com),
ScienceDirect(http://www.sciencedirect.com),
Springerlink(http://www.springerlink.com),
PortalACM(http://portal.acm.org),
andIEEEXplore(http://ieeexplore.ieee.org).

Thekeywordsusedforsearchinclude,‘AR’,‘elderlydisabledphysicalmental’,‘olderadults
independentliving,‘technologiestosupporthealthyaging’,‘systematicreviews’,‘mappingstudies.

Initially350scientificpaperswerefromthedatabasesearchand150recordsthroughreferences
weredownloaded.Furtherafterremovingduplicatepaperstotal250recordswereconsideredfor
titlescreeningprocess.Intitlescreeningrecord’stitlethatwerenotfocusingonsystematicreviews,
mappingstudiesandevaluationframeworkwereremoved.Aftertitlescreeningtotal200recordswere
selectedforfurtherabstractscreening.Inabstractscreeningpapersthatwerefocusingonubiquitous
servicesystem,gameengine,livingprocessdetectionandmiddlewarebuildingwereremovedhence
afterabstractscreening140paperswereselectedforfull-paperreview.Finally,afterfull-textreview
70paperswereselectedforreview.Theprocessofinformationcollectionandexclusionisshown
inFigure2.

ThedatabasesandstringsearchesusedinthisstudyareshowninthisTable1.

Figure 2. Process of search with exclusion reason
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INCLUSIoN ANd eXCLUSIoN CRITeRIA

Inclusion Criteria
Scientificpapersthatwerepeer-reviewarticlesinjournals,conferencesandworkshops,publishedfrom
2011to2020wereconsidered.Thescientificpaperswhichfocusedonreal-timeARbasedapplications,
virtualexperiences,ARdevicesandinteractionmethodologieswereconsideredforreview.

exclusion Criteria
Scientificpapersthatwerecasesfocusingononlytechnicalaspectstorealizevirtualexperienceswith
ARorcasesappliedunderprofessionalsupervisionasinhospitalswereexcluded.

ReSULTS

Recordsusedforourstudywerecollectedfrompublicationyear2011to2021.TheFigure3shows
thenumberofpublicationsselectedovertheyearofpublicationconsideredforsystematicliterature
reviewandFigure4presentsthedistributionofarticlesbypublicationtype.Thepercentagevalues(%)
indicatethedistributionofallrelatedarticlesperpublicationcategory.42papersweredatedbetween
2011and2015and28papersweredatedbetween2016and2021.Thestudythoroughlyreviewed
70papersfromvarioustypesofpublicationamongwhich42paperswerepublishedinjournaland
20wereinternationalconferenceproceedingpapersasshownintheTable2.Mostofthepapers(40)
wereonguidelinesfordevelopingARapplicationsfollowedbythepapersontheoreticalframeworks
andprocessofdesignandusabilityevaluation,asshowninTable3alsorevealsthatresearchinterest
inprocessofdesignandusabilityevaluationhadincreasedoveryears.Thisissignificantespecially
whenconsideringtheelderlypeopleandtheircaretakers,whichconsistofpeoplehavingversatile
skillsandabilities.

CLASSIFICATIoN SCHeMeS FoR ASSISTING oLdeR 
PeoPLe USING AR TeCHNoLoGy

ToimprovethefocusonthelatentpotentialofARforimprovingthelivesofelderlypopulation,such
articleshavebeenissuedinwhichtheunderlyingthemeconflateARapplicationandtheissuesfaced
byanageingpopulation.Itisseenthatthereareveryfewstudiesthatinvestigateboththementioned

Table 1. Sources and search engines used in the study

Sources Url Search String

Scopus http://www.scopus.com (“AugmentedReality“AND“elderlydisabled
physicalmental“)

ScienceDirect http://www.sciencedirect.com (“AugmentedReality“AND“elderlydisabled
physicalmental“AND“technologiestosupport
healthyaging’)

Springerlink http://www.springerlink.com (“AugmentedReality“AND“elderlydisabled
physicalmental“)

PortalACM http://portal.acm.org (“AugmentedReality“AND“elderlydisabled
physicalmental“AND“technologiestosupport
healthyaging”)

IEEEXplore http://ieeexplore.ieee.org (“Abstract”:”AugmentedReality”)AND
“Abstract”:”elderlydisabledphysicalmental“)
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Figure 3. Number of publications selected over publication years (2011-2021)

Figure 4. Distribution of articles by publication type.

Table 2. Distribution over publication types

Publication type 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total

BookChapter 1 1         1 1       4

ConferencePaper 1 3 3 2 2 2 2 2 1   2 20

Symposium 2       2             4

JournalPaper 1 8 10 5 1 4 1 3 1 4 3 42

Total 5 12 13 7 5 6 5 6 2 4   70

Table 3. Distribution over research focus

Research focus 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total

Theoretical
frameworks

1 2 3 1 1 1 1 2 1 1 1 15

Guidelinesfor
developingAR
applications

2 8 10 5 4 4 1 2 1 1 2 40

Processofdesign
andusability
evaluation

2 2 - 1 - 1 3 2 - 2 2 15

Total 5 12 13 7 5 6 5 6 2 4 5 70
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domains.Inthepresentinstance,themethodforliteraturereviewincludesaselectionofkeywords,
filtering,andtheprocessofclassification.

TheprimarydomainsofclassificationinARapplicationforageriatricpopulationare–(1)
transportation, (2) ageing-in-place, (3) entertainment, and (4) trainingas shown inTable4This
classificationisdonebasedonhumanfactorbooksforageingpopulation(Craig,2013;Czaja,1990;
Fisketal.,2009).ThissectionalsoincludestheexpositionofvariouskindsofARapplicationfor
theelderlypeople,andthefindingsarrivedatineacharticle.

Transportation,inthiscontext,encompassesanymeanofconveyance.Itcanbeinclusiveof
walking,usingpublictransport,orself-driving(Fisketal.,2009).Fourstudiesarerelevantinthe
applicationofARinsupportingelderdriversondualparametersofnavigationaswellasperceptionof
hazard.OneofthemostpioneerresearchworkshasbeenthatofKimandDeywhichhavebeencited
by62otherstudies(Kim,&Dey,2009).ItexpoundedthedevelopmentofaprototypewhichusesAR
navigationdisplaysystem.Thisdisplaysystemistobeincorporatedwithinthevehiclewindshieldfor
elderlydrivers.Theresultsobtainedexhibitedtheefficacyoftheentiresystem.Thefindingsshowed
thatcomparedtoregularnavigationdisplay,theARnavigationsystemhassuccessfullyreducederrors
andincidencesofdistraction.Thenameofthefollowingstreetanddirectioncanbeseenthroughthe
navigationdisplaysysteminstalledinfrontofacar.

Inrestoftheresearchstudies,variousdevelopmentsofARindicatorsareexplainedthatgenerate
virtualcontentfortheuseofelderlydrivers(Schalletal.,2012;Gasper,&Kim,2013;Ruschet
al.,2014).TheworkbySchalletal.(2012)aboutthevirtualcontentonbrokenyellowlineswhich
takes theformofelongatedrhombus.Itdecreases theriskofpotentialaccidentduetocognitive
impairments.Inanotherresearch,theARsystemmergedthetime-to-collisiondisplayofthelead
vehicleforelderlydriversforfurthersafetyimprovement(Fu,Gasper,&Kim,2013).Intheworkof
Ruschetal.(2014)anARcuesystemiscreatedinwhichpotentialroadsidehazardsareconverted
intovirtualno-turn-leftsign.Itenablestheelderlydriversinestimatingthegapincaseofleft-turns.
Alltheseresearchstudyincludedpassivefeedbackofusers(Kim,&Dey,2009;Schalletal.,2012;
Fu,Gasper,&Kim,2013;Ruschetal.,2014).Thefindings,moreorless,harponthesamethemeof

Table 4. The classification of using AR technology for older people

Domain    Literature    AR application

Transportation (Kim,&Dey,2009),(Schall
etal.,2012),(Fu,Gasper,&
Kim,2013),(Ruschetal.,
2014)

ARnavigationsystem;ARcues;ARindicator

Ageing-in-place (Wood,&Mccrindle,2012),
(Leraetal.,2014),(Quintana,
&Favela,2013),(Mirelman
etal.,2013),(Hyryetal.,
2017),(Metsoetal.,2009)

   Spokenreminder;ARpillbox;ARdiscoveryand
informationsystem

Training (Yoo,Chung,&Lee,
2013),(Schega,Hamacher&
Wagenaar,2011),(McCallum
&Boletsis,2013)

   Augmentedtreadmill;AR-basedgaittrainingprogram;
movementguide

Entertainment (Lin,Fei,&Chan,2013),
(Kurzetal.,2014),
(Yamamotoetal.,2015)

   3DAngryBirds-likegame;ARtablecardgame
Augmentedradio

Others (Maliketal.,2013),
(Bernardonietal.,2019),
(Metsoetal.,2009),
(Panchiwala,&Shah2020)

   Augmentedhaptic,smartenvironment
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reductionofdistractionsandnavigationserrors,improvementofsafetyofelderlydriversbyenhancing
hazarddetection.Thereis,however,certaininherentchallengeofretainingfocusontransportation
domain.SuchsimulatorofARrequiressupportofbothsoftwareandhardware.Anotherissueinthis
regardisthemannerofrecruitmentofelderlydrivers.

Theconceptofageing-in-placeisfocusedonmakingregularlivesofelderlypeopleeasierwhere
theycanretainadegreeofindependenceandautonomyintheenvironmentoftheirhomeitself(Fisk
etal.,2009).FourresearchpapersdealwithARreminderapplicationforhometasksandthevarious
issuesfacedbyelderlypeople in that regard(Mirelmanetal.,2013;Leraetal.,2014;Wood,&
Mccrindle,2012;Quintana,&Favela,2013).ItwasfoundinLawsonetal.thatARreminderhaving
thevoicecomponentismosteffective,especiallywhentheuserisengagedinsomeotheractivity
(Mirelmanetal.,2013).Inanotherstudy,pillboxsystemisdeveloped,whichwasinvolvedinthe
augmentationofvirtualgraphics.Itisbasedontheimagecapturedwiththehelpofaroboticcamera
(Leraetal.,2014).Forelderlypeoplesufferingfrommemoryloss,3Dcontentprovedtobeeffective.
Forinstance,theARsystemofremindercansuccessfullydetecttheQRcodeofakettle.Afterthat,it
displaysthecontextualmenuofadrink(Wood,&Mccrindle,2012).ThestudyconductedbyQuintana
andFavelaputforwardsuchARsystemthatcanassistAlzheimer’sdiseasepatientaswellastheir
caregiver.Thefunctionofthesystemistoenablesuchpatientinrecognisingthetagsinrealphysical
environmentthroughamobilephone.Thedevicesendsfeedbackthroughtext,audio,vibrationor
images.Whencompared,audionotificationsshowahigherefficacythanvibrationnotifications.The
commonfindingsfromthisresearcharethatARsystemscanbeeffectivelyharnessedinensuring
thatelderlypeopleandAlzheimer’spatientscanlivewithindependenceintheirhomes,anddonot
needtomoveintoanelderlycarefacility.

The use of AR in rehabilitation training is explained in three works. The development of
augmentedtreadmillinproposedinMirelmanetal.(2013).Itconductsthestudyonthepotential
riskoffallduetomotorandcognitivedeficits(Yoo,Chung,&Lee,2013).ThefindingsinSchega
etal.(2011)specificallyshowsthatARbasedtrainingprogramforgaittrainingofelderlywoman
afterhipreplacementsurgeryiseffective.Thetrainingprogramengagesreal-timevisualisationof
certainkinematicvariables.Thisentireprocessisdonethroughahead-mounteddevice(McCallum
&Boletsis,2013).Moreover,thestudyinYooetal.(2013)showedhowARcouldhelpinincreasing
muscle,andmaintenanceofbalancewiththehapofexercise.Externalprojectionequipmentusesboth
realityandvirtualcomponenttomakemovements(Schegaetal.,2011).Itbecomesquiteobviousthat
inthisdomain,thereisanadditionalneedforknowledgeaboutneurologyaswellassportsscience.
ItwillenabletodeterminetheextentofsuitabilityandfeasibilityinAR-basedtrainingregimen.

Furthermore,tworesearchstudieshaveconsideredtheimplementationofgamedesigninAR
forelderlypeople.Aspecificarchitecturewasmergedwithgesture-baseddevice.Theobjectiveis
toextendatheoreticaljustificationcreationofsimulationslike3DAngryBirdsgame(Lin,Fei,&
Chang,2013).Ontheotherhand,Linetal.tookintoconsiderationtheexistinggapbetweendigital
informationproductandelderlyusers.AnAR-basedtablecardgamewasdevelopedthatincludedthe
combinationofconventionalculturalassetsandadvanceddigitaltechnology(Kurzetal.,2014).There
wasnocategorisationofthetwoarticles(Maliketal.,2013;Bernardonietal.,2019),astheobjective
ofthesestudieswastoconductaliteraturereviewthanzeroingontheappropriateapplicationfor
ageing.TheoppositespectrumoftheutilityofARapplicationisalsopresent.Theadversefeedbackof
ARhandheldapplicationforelderlypeopleismentionedinKurzetal.(2014).Thedesignissueswere
reviewedinARapplicationssuchasvoiceaugmentationandtransportsystem(Maliketal.,2013).

dISTRIBUTIoN oVeR deSIGN CHALLeNGeS oF AR SySTeMS

HavingdescribedtheARsystem’scomponents,theimpetusisonthedevelopmentofsuchapplication
whichcombinesalltheseelements(Bressler,&Bodzin,2013;Cieutatetal.,2012).However,such
designtechniques,guidelines,andevaluationmethodsaresparseinexistingresearch(Huangetal.,
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2012).Forinstance,ARdesigners(Quintana,&Favela,2013)hadanewchallengewhereininformationhadtobe
associated,organisedandpresentedinadynamicallychangingrealenvironment.Theobjectiveis,however,tosafeguard
usersfromexperiencingcognitiveoverloadsduetothemassiveamountofinformation.Thechallengesmentioned
inTable5,motivateandjustifythesubsequentresearchwithaspecificfocusupondesignprinciplesofARsystems.

Someofexistingpapersdiscussdifferentsuggestionsforcapturingandsharingdesignorevaluationknowledge
forARindifferentformats,suchasdesignapproach(Leraetal.,2014),designguidelines(Friedmanetal.,2000),
(Billinghurstetal.,2009;Santosetal.,2015;Chastineetal.,2007;Nilsen,&Trond2006;Ortmanetal.,2012),
designpatterns(Schmitz,Specht,&lemke,2012;MacWilliamsetal.,2004;Xu,etal.,2011)andusabilityprinciples
(Kalalahti,&Joanna2015;Koetal.,2013).

All thisresearchpertainstoaccumulationofdesignknowledge.Itmustbenotedinthisregardthatdesign
principleshaveadistinctnaturefromthatofotherformats.Itisduetothefactthatprinciplesareusuallygenerative
concepts.Theobjectiveofalltheprincipleslaiddowninthepaperisnottosubstituteexistingguidelines,buttoenrich
those.Suchdesignprinciplescanemanatefromtechnologyorpsychology.

TherearetworepresentativeworksdirectlydiscussingaboutthedesignprinciplesforAR(Dunseretal.,2007;
Metsoetal.,2009).Motivatedfromthepreviousliteratures,wehaveidentifiedcertaindesignprinciplesfordesigning
ARsystemsareshowninFigure5.

Table 5. Distribution over design challenges

Design Challenge 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total

Affordance     1 1 1 1   1       5

ReducingCognitive
Overhead

    1             1 1 3

LowPhysicalEffort 1 1 1 2 1 2   2   1 2 13

Learnability   1               1   2

UserSatisfaction 2 6 4 3 1 1 2 1 1   2 23

FlexibilityinUse 1 2 2   1 1 2   1 1 1 12

Responsivenessand
Feedback

1 2 3 1 1             8

ErrorTolerance     1       1 2       4

Total 5 12 13 7 5 6 5 6 2 4 5 70

Figure 5. Overview of design principles for designing AR systems
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FINdINGS ANd dISCUSSIoN oF STUdy 

Inthissection,welookbackattheaimsofthestudyanddiscusshowthelessonswehavelearned
help in addressing the research questions. In order to overcome the challenges, most reported
technologychallengesthathadtobeovercomeforARapplicationstocometomainstream.Among
thosechallenges,thepriceofmanufacturingARdevicesandlimitationsofARspecificandconsumer
devicesledtheway.

Inall,theliteraturereviewdidnotrevealpopularuseofARamongpeople,andonecansuggest
thatvirtualrealityandARhasnotyetbecomecommonplace.Itislargelyrestrictedtoearlyadopters,
gamers,andtechnologyenthusiastsatlarge.ThemajorreasonisduetothesteeppriceofARdevices.
Foranaverageconsumer,thereisnovaluetopurchaseabasicARdevice.

Furthermore, to create an immersive experience in virtual and AR, combination of diverse
disciplinesisrequired.Thecapitalrequiredfortheintegrationofsuchdisciplinesisevenhigher.As
suchtechnologiesbecomemorecommon;recoveryofcostsisexpectedtobecomeeasier.

OneofthemajorlimitationsofvirtualrealityorARdevicesisrelatedtoitsfieldofviewor
FOV.Presently,FOVextendsto90degrees.Ontheotherhand,innormalhumanvision,thereare
120degreesinverticaland190degreesinhorizontal.Tomakesuchtechnologiesmorelucrative,the
projectedimagethroughARdevicesmusthavealargeFOV.Asitstandstoday,withgreaterFOV,the
devicealsobecomesbulky.Hence,theparametersthathavetobeimprovedincludebrightness,weight,
FOV,displayquality,andlatency,apartfromadvanceduserexperience.Thepowerconsumption
issuesarealsosomethingthathavetobetakenintoconsideration.ForatrueARexperience,thereis
aneedforhigherprocessingpower.Thedevicesthatarereadilyavailableinthemarketaremostly
tethereddevices.Itmeansthattheheadsetmustnecessarilybeconnectedtoaconsoleorpersonal
computer.Sucharrangementautomatically restrictsusers’movement.Fornavigatingour regular
lives,connectivitybecomescrucial.WithrespecttovirtualrealityandAR,5Gmaybeabletobring
morestability.Thepotentialbenefitscouldbehigheraccessibilityandmuchbetter-qualitycontent.
TheapplicationofARwillbecomeadvancediftherequiredinfrastructureisinplace.ARdevices
shouldbeabletorunsuccessfullyacrossdifferentecosystems.Also,itshouldbeeasytowearthose
devicesandhavehigherprocessingpower.

Inall,keepinginmindthechosenfocusgroupofusers–elderlypeopleandtheircaretakers,
whooftenareelderlyaswell– the limitationsandrequirementspointedoutshouldbecarefully
considered.TheassistanceenabledbyARshouldbeeasyandcomfortableforitsusersinsteadof
causingmorechallengesandtechnicaldevicesaroundtheelderly.Inthisrespect,thecurrentstudy
revealedvaluablenewknowledgetobeappliedbythedesignersandserviceproviders.

CoNCLUSIoN ANd FUTURe woRK

TheliteraturereviewindicatesthebasicstepsinARapplications.Certainmodificationsinsoftware
engineeringbecomeimperativefortheimprovementoftheresearchtool.Itequipsthedevelopersin
designingbetterARapplicationsforelderlypeople.

TheARframeworkincludessixcomponents–(1)user,(2)interaction,(3)device,(4)realcontent,
(5)virtualcontent,and(6)tracking.

ThesesixcomponentswouldhelpintheinnovationanddevelopmentofactualARapplications.
TheseelementshavetobepresentforthepurposeofcreatingthefoundationofanyARapplications.
The literature review indicates that the domain analysis should provide more focus on training,
transportation,entertainmentandageing-in-place.Giventhat,researchinthisareahasconsistently
increasedsince2012,andthereisascopeforgreaterdiscourseforthedesignofARapplicationfor
elderlypeople.Moreresearchisrequiredfortheshortcomingsthatbecameevidentintheempirical
studiesoftheresearchpapers.
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