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ABSTRACT

Thisresearchproposesamodelofarecommendationsystem(RS)fortouristitineraries.TheRS
suggeststipsofwhattovisitinacity,basedontheavailabletime,personalpreferences,currentgeo-
location,andtheuser’scontextawareness.Thesesuggestionsarecalculatedbasedonthetreatmentof
collecteddatainrealtimebyexternalapplicationprogramminginterfaces,throughalistofpointsof
interestlocatedwithinaradiusthatcanbereachedbytheuser.Preliminarytestsvalidatedthemodel’s
goalsanditspotentialinthetourismsector.TheRSfortouristitinerariesproposedisbasedonfour
essentialpoints,inordertomaketheexperiencedifferentandwellaspossible:end-user’spersonal
tastes,thetimeavailable,end-user’scurrentlocation,andcontextawareness.Theperformancetests
thatwerecarriedoutbroughtverypositiveresultsandshowedthattheRSpresentedanumberof
requisitionsproportionaltotheserverresponsetimesandalgorithm.Thefunctionalitytestswere
quitepositive,withpercentagesofexperienceofusingtheRSbetween62.5%and100%.
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INTRoDUCTIoN

Nowadays,theeverincreasingimportanceroleofthetourismintheglobaleconomyisevident.From
2020,itisexpectedthatthissectorwillincreaseanaverageannualrateofabout4,3%(Holjevac,
2003).Internationaltourismrepresents7%oftheworld’sexportsingoodsandservices.Tourism
hasgrownfasterthanworldtradeforthepastfiveyears(Vanhove,2017).

Howevernoteverythingisperfectinthissector.Oneofthebiggestissuesthattouristsarefacing
whenvisitingnewplacesistodecidewhattodo,visitandhowtogetageographicpoint,according
tohispreferences.Theworkinghoursoftheestablishmentsaroundisalsoanimportantinformation,
thereisnoreasontogiveasuggestionaboutvisitingacertainplacethatiscurrentlyclosed.This
conceptiscalledcontextawareness(CA)thatbasicallymeansthedetectionofenvironmentchanges
thatmayariseduringthesystemusage(Pascoe,Ryan&Morse,2000).

Thispaperproposesarecommendationsystemmodeltohelpthetouriststocreatetheirtouristic
itinerarywithinacertaintimeframeandaccordingtheirpreferences,presentgeo-locationanduser’s
contextawareness.Section2presentsanoverviewofthearea,referringthemostup-to-dateprojects
similarinthearea.Section3introducestheconceptualmodeloftherecommendationsystem,showing
itsproposedarchitectureandalgorithmstocalculateandproducethetouritinerary.Section4presents
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theprototypethatwasimplementedandtheteststhatwereconducted.Section5discusseshowthe
modelwasevaluated.Finally,section6pointsoutthemainresultsandpotentialfuturework.

BACKGRoUND

PAT-Plannerisaprojectthataimstopersonalizearoutebasedonpointsofinterest(POI)nearby,
availabletimeandbudgetoftheuser(Luetal.2016).Itsconceptaimstoaddresstheplanningofatrip
combiningexistingtouristpackagesandcreatedbytravelagencies,withtouristattractionsincluded.
ItdemonstratesthecreationofanewRSthatallowstogenerateatouristitineraryinazonebased
ontheuser’spersonalinterest,availabletimeandmaximumbudget.Severalusers’testshavebeen
conductedandpresentedprovingtheconsistencyandfunctioningofthePAT-Planner.

MultiRequestRoutePlanning(MRRP)isbasedontheDijkstraalgorithm(Dijkstra1959).The
authorsofthisarticlewanttosuggesttotheusersawalkingroutethroughadifferenttypesofplaces
inurbansenvironments(Luetal.2016).CAisnotaconceptmentionedbytheauthors,butthisRS
endsupusingitsessence(figureI).Theproblemisthatisnottakenadvantageof,forexample:The
userknowswhichdirectionshouldtakeandwhichstorescangoto,butatnopointisitmentionedin
thestudythattheRStakesintoaccountstoresthatarecurrentlyopenorclosed.

Tripplanningroutemaingoalistosuggesttouristroutesaccordingtotheworkinghoursand
thepopulartimeateachplacetovisit(Chiaetal.2016).Accordingtothecoordinatesofacertain
pointtovisit(latitudeandlongitude),hoursofoperationandrecommendedtimeofthesesamesites,
thisRSfortouristitinerariessuggeststotheuserwhattovisitontheislandofPenang,Malaysia.

XeniaisthenameoftherecommendationsystemfortouristitinerariescreatedbyKorakakis,
Mylonas&Spyrou(2016).ItaimstoreceivethedatathatcomefromthesocialnetworkFlickr,which
informthesystemaboutPOIinthevicinity,alsotakingintoaccountthecontext-of-awareness(CA)
concept.Informationontheactivityoftheuserinthissocialnetworkisconsideredasthepointof
theoriginoftheinformation.

Trip-Minewants(Luetal.2011)toimprovetherecommendationsinthetourismsectoraccording
totheuser’slocation.Thebiggestchallengeistodealwiththeuser’savailabletime.Theauthors

Figure 1. Multi request route planning (Source: Lu et al. 2016)
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studiedanddepartedfromtheTravellingSalesmanProblem(TSP)algorithm.Thisisapositivepoint
becausethisalgorithmisfullysuitedtoperformanceproblemsinthesearchforthequickestwaytogo.

TouchMap(Yingetal.2013)isaframeworkdevelopedwithtwomodules:1)Acloudsystem
dedicatedtosearchforpointsofinterest.2)Acloudsystemtocreateatouristicroutebasedonuser
inputs,likeavailabletimeandbudgetlimit.TheultimategoalofTouchMapistocustomizeatour
itinerarybasedonthetwomodulesindicated,takingintoaccounttheperformanceoftheRS.The
problemstobesolvedwerewellspecifiedbytheauthorsofthearticle.Thefactthatrecommendinga
well-designednewtooldemonstratesthepreparationthatexistedbeforetheystartedthedevelopment.
TheauthorsstartedfromTrip-Mine,asystemtheyhadpreviouslymade,anduseditasthebasis
ofthesecondmodule.Thissystemalsobelongstothepresentstateoftheartandispresentinthe
previouspoint.Usagetestswereperformedatverydifferentlocations,bothgeographicallyassocial,
NorthAmericaandAsia.

PersonalizedSightseeingPlanningSystem(PSiS) isarecommendationsystemtocreateand
suggesttouristicroutesbasedonuserparameterssuchaspreferences,budgetlimitandavailabletime
(Anacletoetal.2014).ThisRShasasitsstartingpointtheproblemofalgorithmsTSP,whichtriesto
findtheshortestpathinagivenrouteifalistofcitiestovisitareconsidered,withtheconditioning
ofvisitingeachofthesecitiesonlyoncethroughouttheroute.

GoogleTrips(GoogleTrips,2019)is(figure2)amobileapplicationthathasalotoffeaturesfor
itsusers.Oneofthemainfeaturesisthepossibilitytocreatecustomtouristicwalkingroutesaround
theworld,accordingtotheuserpreferences.Despitebeingaverycompleteandwidelyusedmobile
application,itcontainsmanyfeaturesandconfusesauserwhoisinterestedinjustone.Takinginto
accountthefunctionalityofthetouristitineraries,itcanonlybecompletedafterahighnumberof
clicksandactions,whichmakestheprocesstakelonger.

Table1summarizesthestrengthsandweaknessesofeachanalyzedsimilarresearch.
AccordingtoCohenetal(2014),consumersusetechnologyformanyconsumption-relatedtasks

suchassearchingforinformation,buying,sharingopinionsandexperiencesandforentertainment
purposes.Socialmedia,forexample,hasdevelopedintooneofthemostimportantinfluenceson
tourism.Touristorganizationscanbenefitfromagreaterunderstanding.Fromamethodologicalpoint
ofview,tourists’growinguseof(mobile)technologiescanexpandourknowledgeontravelbehavior
byprovidingresearcherstheopportunitytousedifferentmethodologies(e.g.mobileethnography)
anddatacollectionmethods.

Ukpabi&Karjaluoto(2017)saythatthedeploymentofmobiletechnologyhasfundamentally
transformedtourismofferings.Mobiletechnologyenhancestransactionsthroughmobiledevicesand
providesguides,evenwhenthetouristisatthedestination.Mobileappsarereportedlythe7thmost
downloadedapps,with60%ofglobalsmartphoneusersdownloadingtravelappsontotheirdevices
and45%inthisgroupusingtheseappsregularlytoplantravel.Informationandcommunications
technology(ICT)haspermeatedvirtuallyeverysector.However,consumersadopttheseemerging
technologiesindifferentways.

Touristindependent(Tripathyetal2018)mobilityinmanycountriesisaparadigmaticexample
forasmartcity.Independentmobilityoftouristsislimitedinmanycountries.Someofthemajor
reasonsinclude:(1)lackoftrustintheongoingtourismservices,(2)lackofsecuritysupport,and(3)
fraudpronetouristplaces.Smarttourismisanexampleoftheimportantcomponentsofsmartcities.

Todate(Gretzeletal2016)theconceptofsmartness,whichcharacterizeseverythingthatis
embeddedorenhancedbyInformationandCommunicationTechnologies(ICT),mainlyemphasizes
howinteroperablesystemscanintegratefunctionsthathavetheabilitytomanagebigdataandgenerate
valueforallstakeholders.Therelevanceoftechnologyindiscussingsmartcitiesandsmarttourism
destinationsshouldnotbeunderestimated.
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CoNCePTUAL MoDeL

Theproposedmodelworkasarecommendationsystemforsightseeingtours,accordingtouser’s
current location, available time, personal preferences and availability in real time of touristic

Figure 2. Google Trips main menu (Source: Google Trips, 2019)
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attractions(contextawareness).ItretrievespointsofinterestfromexternalAPI’sthatholdsthiskind
ofinformation.

Todevelopit,theauthorsranasurveywith12questionsinordertoproperlyunderstandwhich
tasksarebeingdonecurrentlybytheusers.Onewaytogetthisinformationisaskthemwhattasks
theypreferoravoidtodowhileusingsimilarrecommendationsystemsandalso,whattasksthey
wanttoseeavailableinthenearfuture.

Table 1. Strengths and weaknesses of similar researches

Project Strengths Weaknesses Author

PAT-Planner Severaluserevaluationsweremade.
Maingoalswereachievedandalsothe
intentionofimplementgeolocationfor
usertracking.
TheproofofconceptofPAT-Planner
isdirectlyrelatedofwhatiswantedto
developinthiswork

Lackofinformationaboutthe
failedtestsduringtheevaluation
withusers.

Lu,E.H.C.,Fang,
S.H.,&Tseng,V.
S.(2016)

MultiRequestRoutePlanning Architecturepresentedbyperceptible
diagrams.
Webservicesculturethatcanbeusefulto
thisproject.
UsageofGooglePlacesAPItogetplaces
accordingtouser’slocation.

TheContextawarenesstermis
notmentionedbytheauthors
ofthisarticleanditisavery
importantareatoexplore.

Lu,E.H.C.,
Chen,H.S.,
&Tseng,V.S.
(2016)

Tripplanningroute Thetimefactoristhebiggestchallengeof
thisarticle.
Theresultsoftheroutegeneratoristhe
combinationoftwomethods:distance
betweentwopointsandanotheroneusing
GoogleMapsAPILUT.

Notestswereappliedtoproof
thismodelofconcept.

Chia,W.C.,
Yeong,L.S.,Lee,
F.J.X.,&Ch’ng,
S.I.(2016)

Xenia Contextawarenessitisthebiggest
challengeofthisarticle.
Project’sarchitecturepresentedby
perceptiblediagrams.
Webservicesculturethatcanbeusefulto
thisproject.

Notestswereappliedtoproof
thismodelofconcept.

Korakakis,
Mylonas&
Spyrou(2016)

Trip-Mine Theauthorsdevelopedoptimization
mechanismstoimprovetheefficiencyof
theplacesearch.
TheyanalyzedandadoptedtheTravelling
SalesmanProblemAlgorithmtostartthe
logicoftheirownalgorithm.

Duetothegreattheoryaround
thisarticle,theauthorsforgot
aboutgivingexamplesoftheir
conceptinreallife.

Lu,E.H.C.,Lin,
C.Y.,&Tseng,V.
S.(2011)

Touch-map Problemswerewelldefined.Theauthors
alsodevelopedaverywelldefined
frameworktosolvetheirproblems.
Thisprojectwasdevelopedbasedon
Trip-Minethatwasalsoanalyzedinthis
stateoftheart.
Theevaluationsweremadeinseveral
placesaroundtheworld,likeUSAand
Asia.

Ying,J.C.,Lu,
E.H.C.,Huang,
C.M.,Kuo,K.
C.,Hsiao,Y.H.,
&Tseng,V.S.
(2013)

PersonalizedSightseeingPlanningSystem Theauthorsanalyzedandadoptedthe
TravellingSalesmanProblemAlgorithm
tostartthelogicoftheirownalgorithm.
Theysaveuserdatathatcanbeusefulin
thefuture,

Thereisnofutureworkvision
thatcanexplaintowherethey
wanttogrow.

Anacleto,R.,
Figueiredo,L.,
Almeida,A.,&
Novais,P.(2014)

GoogleTrips GoogleTripsusesGooglePlacesAPI.
Thebiggestadvantageistousethisin-
houseAPI.
Thismobileapplicationismuchknown
aroundtheworldandhasmillionsof
activeusers.Thisisapositivepoint
becauseitturnsinformationmore
trustable.

Thequantityoftheavailable
featurescanmaketheuser
experienceworst.
Theprocesstocreateanew
touristicwalkingrouteisvery
longandtheuserhastoselecta
lotofoptionstofinish.

GoogleTrips
(2019)
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Firstly, the questionnaire presented in this study was structured to obtain an answer to “11
QuestionsofTaskAnalysis”,becausegettingtheseanswersgivesamoreclearinsightofwhatusers
reallyneedtosolvetheirmodelproblemsofcurrentsystems(LewisandRieman1993).

Thesurveywaspreparedandsenttopotentialend-usersofthistypeofsystems.Itallowedusto
knowsomepersonalinformationaboutthestandardprofileofthepotentialend-users,suchastheir
age,gender,currentandfuturewishedtaskstobesupportedbytherecommendationsystem.With
regardtoitsdissemination,thesocialnetworkFacebookwaschosenwhere,throughcontactsandpublic
publicationsinspecificgroupsoftouristitineraries,itwaspossibletoreachataconsiderablenumber
ofpeoplewhowerereallyinterestedinansweringandknowingmoreaboutthethemeinquestion.

As a result of the survey, the following list represents the most suggested end-user’s needs
duringtheinterviewprocess,whiletable2showstherelationshipbetweentheintervenersandthe
requirements:

1. Listonlysightseeingtourswithtouristicattractionsopennow(contextawareness);
2. Listonlysightseeingtoursbasedonuser’spreferences;
3. Listonlysightseeingtoursbasedonuser’savailabletime.

Startingwiththeanalysisoftheresultsofthequestionnaire,regardingage,13.5%ofrespondents
werebetween35and44yearsold,17.3%werebetween18and24yearsoldand42.3%werebetween
25and34yearsold,whichmakesthesethreeagegroupscombinedhavearepresentationof73.1%
inthesample.BecausetheInternethasbeenusedastheprimarymeansofcollectingresponses,it
mayjustifythegreaterprevalenceofyoungeragegroups.

Architecture
TherecommendationsystemmodelisbasedonanonlineArchitecture,whichmeansthatallincluded
featuresmustbeaccessedthroughadeviceconnectedtotheInternet.Thisisanimportantrequirement
sinceitisnecessarytoknow,inrealtime,informationaboutplacesaroundtheuser.Figure3illustrates
thearchitectureproposedtosolvetheproblem.

IntheinternalAPIlayeriswherealldataishandled.Asitcanbeseen,thebasisoftheBusiness
LogicdataandSourceCodeareinthislayerandcommunicatewitheachother.Tocomplementthe
informationstoredlocallybythisdatabase,thesourceofinformationaboutthetouristitineraries

Table 2. Interveners and their requirements (Source: Authors)

Interveners     Requirements

End-user      Thesystemusermust:
     Beabletoselectthecategoryofthetourtobesuggested.
     Beabletoselecttheavailabletimetoperformatour.
     Re-generateanewtourifthecurrentoneisnottoyourliking.
     Followthetourdirectionsthroughaguidedvieworientedto
georeferencing.

RS      TheRSshould:
     Showtouristitinerariesaccordingtotheentranceparametersof
theend-userandCA.
     Requestend-userpermissiontoaccessyourglobalcurrent
position(GPS).
     AssisttheuserinfollowingthedifferentPOIsthatmakeupthe
selectedroadmap.



International Journal of Tourism and Hospitality Management in the Digital Age
Volume 4 • Issue 2 • July-December 2020

40

tocreate,comefromexternalAPIs,thelastlayerinthediagram.Itshouldalsobenotedthatall
communicationsbetweenalllayersaremadethroughHyperTextTransferProtocolSecure(HTTPS),
toensuremoreefficiencyonthesecurityandprotectionofthedatacirculatingbetweenlayersand
which,withouttheapplicabilityofthisprotocol,wouldbeeasilycapturedbythirdparties.

The Tour Itinerary
Afteranalyzingthemodelarchitectureshowedinfigure3,itispossibletounderstandthatthemost
criticalandchallengingpartistheconnectionbetweeninternalandexternalAPI’s.Oneoftheend-
user’sinputsishisavailabletimeatthemomentofthesightseeingtourcreatingprocess,soit is

Figure 3. General RS architecture (Source: Authors)
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importanttogetplacesfromtheexternalAPIaccordingtothisinput.Thegreatertheavailabletime
is,thehighestisthenumberofplacesthatshouldbereturned.

RegardingthelayerofexternalAPIs,althoughtheyhaveonlyoneactionduringtheprocess,this
actionisthemostimportantandcritical.Ifforsomereasonthecommunicationfails,thecreationof
thetouristitineraryiscompromisedbecausetheinformationaboutthePOIsthatwillconstitutethese
itinerariesdonotreachtheapplication.

However,theproblemmentionedinthepreviousparagraphisnottheonlyonethatneedstobe
solved.Withintherepetitivecycle,whichallowstoobtainthePOIsthatwillconstituteacertaintour
itinerary,whenthePOIisreceivedfromtheexternalAPIandbeforeitissavedinalistPOIs[]array,
itshouldbecheckedwhetheritwasalreadyinthelisttobereturnedattheendornot.

Itisextremelyimportanttopayattentiontotheexecutiontimeandcomplexitythatthisproblem
involves.Figures4and5showtwoproposedalgorithmstosolvethiscomplexity.

AsFigure4shows,therepetitionstatementisonlyexecutedwhiletotaltimeislessthanthe
limittime.Afterthatcondition,thefillingofthePOIsListshouldbefinishedandwillrepresentevery
suggestedstopduringthesightseeingtour.

Figure 4. Get POIs based on location and category (Source: Authors)

Figure 5. Calculate limit time of the tour (Source: Authors)
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SometimesaduplicatedPOIshouldbereturnedbytheexternalAPI.Toavoidthissituation,
thisalgorithmdemonstrationhasalsoaconditiontodonotletPOIsListbefilledbyduplicateddata.

Finally,figure5thatdemonstrateshowtoendwiththerepetitionstatement.Thetotaltimemust
bealwaysincrementedbythetimebetweencurrentandPOI’slocations.

PRoToTyPe IMPLeMeNTATIoN

Inordertovalidateandtestourmodelaprototypewasimplemented.Itisamobileapplicationto
allowtheend-userinserthisinputsandobtainsuggestionsinrealtime,supportedbyaconvenient
graphicaltool.

Internal API
Symfony3.4framework(Symfony,2019)wasthechosentechnologytoimplementtheInternalAPI.
Themainreasonsforthisdecisionwereexistingprofessionalandacademicexperiencealreadygained
intheuseofthesetechnologiesandexcellentofficialdocumentationofSymfonyavailableonline.
Symfony3.4versionismoreminimalistthanpreviousversions,whichmeansthatbecomesacleaner
solution,besidesusingDoctrineORM(DoctrineORM,2019)fordatalayerabstractionwhichis
easier.TheselecteddatabasemanagementsystemwasMySQL.ItiseasiertomapwithDoctrine
ORMandgrantsreliabilityanddatasecurity.

Figure6representstheSymfonyframeworkarchitectureassumedtothiswork.Thisframework
is based on the Model View Controller (MVC) architecture standard and the code organization
encouragesthedevelopertoadoptgoodpracticeswhencomparedtowiththeotherPHPframeworks.
Figure7illustrateshowDoctrineORMdealswiththedatabaselayer.Inthiscasethetablecontains
datathatwillbetransformedtoaJSONObject.

InordertostructuretheinternalAPI,theimplementationprocessbeganbysettinguptheSymfony
toreturnJSONresponseswheneveranewrequestreachesthecontrollersoftheapplication.Todo
this,itwasinstalledviaComposerFOSRestBundle,whichisacomponentthathasasastrongpoint
bringingmanybasicconfigurationstoAPI’sRepresentationalStateTransfer(REST).

InordertostructuretheinternalAPI,theimplementationprocessbeganbysettinguptheSymfony
toreturnJSONresponseswheneveranewrequestreachesthecontrollersoftheapplication.Todo
this,itwasinstalledviaComposerFOSRestBundle,whichisacomponentthathasasastrongpoint
bringingmanybasicconfigurationstoAPI’sRepresentationalStateTransfer(REST).

external API
For the external API it was decided to use Google API’s because one of the most important
requirementswastogetupdateddatafromPOI’sinrealtimeandwithnogeographicalrestrictions.It
wasnecessarytoobtainqualityandtrusteddata,sincethemaingoalofthisrecommendationsystem
forsightseeingtoursistoturntheuserexperienceasbestaspossible.

Themostprojectslistedinsection2,usedGoogleexternalAPI’swhenneedingtoaccessdata
aboutlocationandPOI’s.GooglehasseveralAPI’swithdifferentproposes.Inthiscasetheauthors
optedforthefollowingones:GooglePlacesAPIandGoogleDistanceMatrixAPI.

GooglePlacesAPI(GooglePlaces,2019)isaservicewithinformationaboutplaces,beingthose
establishments,geographiclocationsorpointsofinterest.WiththisAPIitispossibletogetplacesin
theneighborhood,byspecificcoordinates,types(categories)andaccordingtoaBooleanparameter
–indicatesiftheyareopennowornot(contextawareness).These3parametersaredirectlyrelated
withthegoalsofthiswork,whichmeansthatitwillbepossibletogetallPOIsaccordingtothem.

OntheotherhandthereistheGoogleDistanceMatrixAPI(GoogleDistanceMatrix,2019).
ThankstothisserviceispossibletocalculatehowlongwilltaketogetfromPointAtoPointBwhen
hiking.Thedistancebetweenthesetwopointsisalsopossibletogetinthesameserviceresponseobject.
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Within the context of this external API, there are several services with different types of
information,theonethatwasmostinterestingtoimplementwasthePlaceSearch.ThePlaceSearch
hasalsoseveralsublevelsofrequeststhatcanbeexecutedandwithdifferenttypesofinformation.
Althoughalltypesofrequestscanbeused,adecisionhasbeentakentousetheNearBySearchonly.
WithNearBySearchyoucanget:

Figure 6. Symphony architecture considering the API development (Source: Authors)
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1. Alistofplaceswithsummaryinformationaboutthem.
2. Withinaspecificallydefinedgeographicalarea.

Figure 7. Doctrine ORM (Source: Authors)
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Database
Asdefinedabove,thedatabasethatissupportingtheinternalAPIwasdevelopedusingthedatabase
managementsystemMySQL.Consideringallfeaturestobeimplementedintheprototypeofthis
work,itwasonlyneededtocreate4tablesrepresentedinFigure8.

ThefirstdecisionmadewastocreateamappingbetweenCategoryandGoogleTypeentities.
Thefirstoneholdsinformationaboutthethreecategorytypestobeselectedbytheend-userandit
isonlyusedinternally,whilethesecondonehasseveralsubtypesdefinedbyGooglePlacesAPI.
Figures9and10toshowthecontentofeachdescribedtable:

1. ForCategoryentity“Cultura”,thethreesubtypesaremappedinGoogleTypeentity:“art_gallery”,
“church”and“museum”.

2. For Category entity “Diversão”, the three sub types are mapped in GoogleType entity:
“amusement_park”,“night_club”and“park”.

3. ForCategoryentity“Sabores”,thethreesubtypesaremappedinGoogleTypeentity:“bakery”,
“cafe”and“restaurant”.

Thankstothismapping,itispossibletosuggestamorevariedtourtotheuser.

Mobile Application
ThedevelopmentofthemobileapplicationconsideredtheuseoftheNativeScriptframeworkbecause
ofthealreadyexistingprofessionalexperienceandinaddition,thisframeworkturnsthedevelopment
fasterandeasytoconnectwiththeinternalAPI.

Thedesignoftheinterfacehastakenintoconsiderationitssimplicityandminimalistlook.This
wasdonetakingintoaccountthatanappinterfacemustbeeasyandfasttouse,besidesintuitive(Lu
etal,2012).Specialcarewasconsideredinitsdesignasitwasactuallythe“face”ofthetestobject
tobeusedbytheendusers.Theapphasonlyfourscreens,allmanagedbytheappuser,listedinthe
followingpointsinsequentialorder:choiceofcategory(tourtheme),choiceofthetimeavailablefor
thetour,acceptanceofthesharingoftheaccessofthecurrentlocationoftheend-user,andamap
withtheentireroutecalculatedandreadytobeperformed.

Figures11and12illustratethemobileapplicationrunning.
Aftertheend-userinputsthecategoryandavailabletime,themobileapplicationaskshimtoallow

itaccesshislocationinformationandfinallygeneratesthesightseeingtour,ascanbeseeninfigure11.
UserlocationisupdatedinrealtimetohelphimfoundthenextPOI.Also,thesePOIsareordered

byproximityandnumberedwhenuserclicksonanyofthem.
RequeststoGoogle’sexternalAPIstoobtainwithin-featurelocationsselectedbytheuserare

performedrightafterclickingthe“Ok”buttontothequestion“Allowstheappaccessesyourlocation?
“.Soiftheend-userwantstocancelandnotacceptthisrequest,requeststoexternalAPIsareavoided,
savingruntimeandnumberofordersplaced,which,asalreadymentioned,hasadailylimittobemet.

evaluation
Twotypesoftestswereperformed:performanceandfunctionality.Withthefirstoneitwasexpectedto
obtainresultsabouttheperformanceoftheAPIandtheServerwhereitwashosted.Thefunctionality
testswantedtovalidatewhatusersthinkabouttheproposedrecommendationsystem.

Performance Tests
AboutthetestenvironmentisimportanttoreferthattheinternalAPIislocatedatDigitalOcean,a
hostingprovider,withthefollowingtechnicalcharacteristics:512MBofRAM,20GBofdiskspace,
operatingsystemLinuxUbuntu16.04locatedatAmsterdam,TheNetherlands.
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Toruntheperformancetests,itwasusedatoolcalledJMeter(JMeter,2019).Thisworktoolallows
runtestssimulatingdifferentnumberofsimultaneousend-usersusingdifferentendpointsoftheAPI.

TotestmanyrequeststotheGETcategoryendpointitwasfirstdefined5simultaneousend-users.
Afterthat,thesameendpointwasrequestedby10end-users.Thisisanoperationwithaverylow
levelofcomplexityaswhereasatthistimethereareonlythreemaincategoriestolistinthemobile
app.Whatthisperformancetesttellsusisthat,giventheseconditions,therewillbenoperformance
issuestoreport.Figure13representsachartwiththefinalresultsofthistest.

Then,themostcomplexoperationoftheRSmodelwastested,thecreationofanewtouristic
itinerary.This is theoperation that,afterknowingall the inputparameters that theend-userhas
chosen,willcreateanewtouralsotakingintoaccountthevariouscallstoGoogle’sexternalAPIs.
Fivesimultaneousrequestswerefirsttakenintoaccountconsideringthattheavailabletimeofthe
end-userwas7200seconds(2hours).

Asacommenttotheresults,consideringthatthisisanoperationsensitivetodatabasewriting
andexternalAPIcalls,thetestseventuallyranabovetheexpectationsinitiallyestimated.Thenext
objectivewastoincreasetothedoublethenumberofrequestsandanalyzetheresultsandthen,to
increasetheavailabletimevaluefrom2hoursto8hours(28800seconds).

Figure 8. E-R (Entity-Relationship) Diagram (Source: Authors)
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Bothresultsoutputwereverypositive,althoughitwasconclusivethattheincreaseinthetime
availableforthetourbytheend-usernaturallyimpactedinthefinalcalculationofthecreationofnew
tours.Figure14representsthefinalresultsconsideringrequeststoPOSTcreatetour.

Thelastperformancetest,POSTItinerarywith10requeststo8hoursofend-user’savailable
time,consideredtheincreaseinthenumberofrequeststodouble,comparedtotheprevioustests.A
loadwasexpectedproportionallydirectandinawaythat’swhathappenedagain.Theserverfailed
forthefirsttime,oneofthetenrequestswasnotmadesuccessfullyduetoanerror500(internalerror
intheserver).Thisexplainstheoverload,whichwasnotasurpriseontheotherhand.Itwasavery
heavytestandwroteinseveraltablesofthedatabase.

FUNCTIoNALITy TeSTS

Theprotocolfollowedinthetestswasbasedonempiricalorend-userevaluationasitisamethodof
evaluatingarecommendationsystemtestedwithrealusers.Inthisway,itwaspossibletocollectthe
datainacontrolledenvironmentonhowanend-userinteractswiththesystemandwhatproblems
hefaces,whicharetypicallyunpredictable.Duringtheevaluationprocesstheauthorshadtoensure
thattherewerenofactorsoutsidethesystemthatcouldcauseerrorsorinducetheend-userthatthe
problemwasoriginatedfromtheapplication,suchasnointernetorserverissues.

Figure 9. Static data from Category table (Source: Authors)

Figure 10. Static data from GoogleType table (Source: Authors)
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Inordertoensurethesuccessandtransparencyofthefunctionalitytests,theend-users’objectives
werefurtherexplainedwiththefollowingguidelines:

1. Thepurposeofthistestwastoevaluatethesystem,nottheuser.
2. Theusercouldtalkfreely.
3. Theresultsobtainedhavethesolepurposeofimprovingtheinterface.

ThetestswerecarriedoutinthegreaterLisbonarea.Alltestsweretriedoutdoors,asthisisthe
essenceofanyRSoftouristitineraries,becausetogettoknowandvisitthesites,theyhavetobe
reached,inthiscase,walking.Inaddition,thisisasystemthatreliesontheproperfunctioningof
GPSinordertoobtainmoreaccuracy,sophysicalobstaclesthatmayreducethesignalstrengthof
thisfrequency,suchasceilingsorbuildingwalls,shouldbeavoided.Thisisacommonpracticethat
usersaccustomedtousethesekindofsystems,haveinmind.

Figure 11. Tour category selector (Source: authors)
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Tovalidatetheprototypefunctionality,thetestswereperformedwith16end-users:10males
and6females.Theywerebetween18and40yearsold.Thesubjectswerechosenconsideringpeople
livingwithinLisbonandwhereitismoreprobabletogetrelevantPOI’sresults.

Figure 12. Sightseeing tour created (Source: authors)
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Totestallfunctionalities,itwasinstalledthemobileapplicationoneveryend-user’scellphones.
Theyfollowedatestscripttoknowwhattododuringit,withthefollowingsteps:

1. Gototherecommendationsystemapplication;
2. Createasightseeingtouransweringallquestions;
3. If you are satisfied with the suggest tour, start the journey using the help provided by the

application;

Figure 13. GET Category (requisitions x milliseconds) (Source: authors)

Figure 14. POST Create tour for 2 hours (requisitions x milliseconds) (Source: authors)
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4. Attheend,beforeturningofftheapplication,callthesupervisorofthetest;
5. Turnofftheapplication.

Afterthe16testswereaccomplished,4requirementswereidentifiedtobeevaluate:

1. R1:Userwasabletoselectthetourcategory;
2. R2:Userwasabletoselecttheavailabletimewanted;
3. R3(optional):Userdoesnotlikethesightseeingtoursuggestedandwasabletoreturnbackto

createanewone;
4. R4:Userwasabletofollowthetourindicationssupportedbyarealtimemap.

Table3detailsthefunctionalitytestsresults.
Ingeneralterms,thefollowingstrengthswerenoticed:

1. Thevastmajorityofend-usersdidnotneedhelpcompletingthetasktotheend.
2. 100%ofuserscompletedthetask.

Figure 15. POST Create tour for 8 hours (requisitions x milliseconds) (Source: authors)

Table 3. Evaluation results (Source: Authors)

Requirement Success (%) Failure (%)
Not 

done 
(%)

Usage experience

Positive (%) Negative (%)

R1 100 0 0 100 0

R2 100 0 0 100 0

R3 50 18,75 31,25 62,5 37,5

R4 93,75 6,25 0 87,5 12,5
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3. Therewerenoproblemsthatdidnothaveasolution.
4. Mostusershaveshownfocusonthetesting.

Asanegativepoint,therewereaconsiderablenumberofwrongactions,performedbytheend-
users.

CoNCLUSIoN AND FUTURe woRK

Inthispapertheauthorsproposedarecommendationsystemforsightseeingtoursbasedon4essentials
requirements:personalpreferences,availabletime,currentlocationandcontextawarenessvariables.

Performanceandfunctionalitytestsrevealedpositiveresults.Intermsofperformance,itwas
concludedthat,themorecomplexityisrequestedtothedifferentendpoints,themoretimetheserver
needstotakeprocessingthedata,whichisanormalbehavior,butthefactthatitisaproportional
result,provesthattheserverandtheinternalAPIrespondedwithsuccess.

Infunctionalitytestsitisimportanttoreferthatthesuccessrateforallrequirementswasexpressly
positive,consideringpercentagesofusageexperiencebetween62,5%and100%,whichmeansthat
thismodelcanbeveryusefulinthisscientificarea.R3istherequirementthatmusthaveimproved
inthefuture,becausehasaconsiderablepercentageof“Notdone”and“Negative”usageexperience.

Asfutureworktherearesomeinterestingfeaturesthatcanimprovethisrecommendationsystem
model,suchastheaveragevisittimestospendineachPOI:Withthisfeatureitispossibletogiveto
end-usersamoreaccurateestimatedtimeofasightseeingtour.Thisfeaturecanofferaconsiderable
algorithmiccomplexitythatmustbestudiedbeforethedevelopmentphase.

Anotherpotentialitytoexploreistoincludethepossibilityofaddingsocialmedianetworksto
theRS.Inthisway,theend-userwouldhaveasuggestedtouralsocomplementedbyotherstips,if
heallows.LikeTripAdvisorandsimilarwebsitesthatusethecommentsgivenbytheuserstotune
thequotationaboutahotel, theappwouldalsousethisinformationtodesignamoreinteresting
tour,forinstance.

Anotherinterestingaspectsaremeteorologyandthesightseeingtourslist.Atotalof21,2%of
thesurvey’srespondentsindicatedthattheappshouldincludesomemeteorologyinformationalso.
Withthisfeaturethecontextawarenesswillbeimprovedinthisrecommendationsystem.Intermsof
sightseeingtourslist,atthismomenttheonlygraphicvisualizationmethodistoshowthesuggested
tourinamap.Butthereisnooptiontoselectatourfromalistofseveraltours.Someend-usersthat
performedthefunctionalitytestsreferredaboutthelackofthisfeature.

One major limitation faced by the architecture of this prototype is the connection between
internalandexternalAPI’sduetotheneedofknowingtheend-user’savailabletimeforthetourin
ordertogetplacesfromtheexternalAPI.Thismayimpactintermsofoverallperformance.Aminor
limitationwasthetotalnumberofsubjectswhoparticipatedintheprototypetests.Agreaternumber
andmorevariedprofilewouldbericherintermsofevaluationresults,butduetotimeandsubjects
availability,itwasnotpossible.

Finally,intermsofmanagerialimplications,thisworkintroducesamobileappthatcanbesimply
downloadedandused.Anytouristarrivinginacityandhavingashortorlongertimeavailableto
visitit,cancreateafast,personalizedandeffortlesslytour,withintheavailabletime.Thistourwill
bepresentedinaninteractivemapvisualapproach,andleadthetouristtotheinterestingpointsofthe
city,accordinghispreferences,andmostly,theavailabletimetoperformsuccessfullytheproposed
sightseeing.Thisisgreatlypossibleduetoitsinnovativemethodsofcalculationandevaluationof
thetour.
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