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ABSTRACT

The number of users of smart mobile devices is growing every day. Because of the popularity
ofusingmobiledevices, it is importantforbusinessstakeholders todevelopmobileapplications
targetingallmobileplatformsinordertoensurethatthenumberofusersisaslargeaspossible.One
possiblesolutionisthecreationofhybridmobileapplications.Theseareapplicationsthatcombine
thepropertiesofwebandnativemobileapplications,andtheirmainadvantageiscompatibilitywith
multiplemobileoperatingsystems.Thispaperpresentstheresultsofverycomprehensiveexperiments
thatinvolvedtheuseofvarioushybridmobiledevelopmentframeworksthatweretestedunderdifferent
scenarios.Experimentsrevealedthattheperformanceofhybridapplicationsindifferentscenarios
variesconsiderably,althoughtheresultsoftheseapplicationswerecomparabletothosethatwere
achievedintheexperimentwiththenativeapplication.
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INTRoDUCTIoN

Nowadays,thenumberofusersofsmartmobiledevicesworldwideexceeds3billion,andthegrowth
trendoftheirusewillcontinueinthecomingyears.Thisindicatesthenumberofnewmobilephone
users,whichincreasedfrom2018to2019by300million.Mobiledevicesstillhavegreatmarket
potentialinthemarketsofthemostpopulatedcountries,suchasChinaandIndia(Statista,2019a).In
India,theshareofsmartmobiledeviceusein2018wasonly24%(Statista,2019b).Mobileoperating
systemsareadaptedtothecapabilitiesofthedevices,socompaniesanddevelopersneedtochoose
therightapproachforbuildingapplicationstoensureasmanypotentialusersaspossible(FisterJr.
etal.,2018;Martinez&Lecomte,2017).Themarketiscurrentlydominatedbymobiledeviceswith
twooperatingsystems-AndroidandiOS,which,together,covermorethan98%ofmarketshare
(StatCounter,2020).TheprogramcodesofnativemobileapplicationsrunningontheAndroidand
iOSplatformsareincompatiblewitheachother,duetotheuseofdifferenttoolsandprogramming
languageswhencreatinganapplication(Majchrzaketal.,2017).Theconsequencesofthisareseparate
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projectsanddifferentdevelopmentenvironmentsfordeveloperswhocreatethesameapplicationsfor
bothoperatingsystems(Biørn-Hansenetal.,2017).Onepossiblesolutionistocreatehybridmobile
applications.Theseareapplicationsthatcombinethefeaturesofwebandnativemobileapplications,
andtheirmainadvantageiscompatibilitywithmultiplemobileoperatingsystems.Theseapplications
usededicatedframeworksandinterfacesthatallowtheuseofnativefunctionalitiesofmobiledevices
whilesimplifyingthedevelopmentofapplicationsusingmodernwebtechnologies(Vilcek&Jakopec,
2017).Theirmaindrawbacksarelowerresponsivenessandpossiblepooreruserexperience,dueto
thenon-useofnativecomponents(Deliaetal.,2017).Therefore,itisimportantforcompaniesand
developerstochoosetheappropriatetechnologyorframeworkwiththeleastnumberofshortcomings
whendevelopinghybridmobileapplications.

Thecontributionofthispaperistwofold.Firstly,ourmissionistopresentthecomparisonof
thedevelopmentofhybridmobileapplications,aswellasthetheoreticalfoundationsoftheselected
hybridframeworksfortheirdevelopment.Secondly,theselectedhybridframeworksareusedforthe
developmentofsimplemobileapplicationsandtheirevaluationunderdifferentscenarios.

Thestructureofthispaperisasfollows:Section2presentsatheoreticalinsightintohybridmobile
applications.ThisSectionisfollowedbyapresentationofselectedframeworksforthedevelopment
ofhybridmobileapplications(Sec.3).InSection4,wepresenttheselectedcriteriaforperforming
theexperiment,theapplicationdevelopmentplan,anddescribethedevelopmentofanindividual
application.InSection5,wepresenttheresultsobtainedduringtheexperiment,andinthefinalSection
6,wesummarizebrieflyourfindingsinthedevelopmentofapplicationsandtheimplementationof
theexperiment,withwhichwecomparedtheirperformance.

HyBRID MoBILe APPLICATIoNS

Hybridapplicationscombinethefeaturesofnativeandwebtechnologies,andenablecompatibility
withmultiplemobileoperatingsystems(Vilcek&Jakopec,2017).Themostimportantfeaturesof
hybridapplicationsarethecommonprogramcodeandthedevelopmentenvironment,whichdifferin
thecaseofthedevelopmentofnativeapplications(Deliaetal.,2017).Suchanapplicationdevelopment
conceptiscalled“writeoncerunanywhere”,andreferstotheabilityofanapplicationtorunon
differentoperatingsystems(Huynhetal.,2017).Thedevelopmentofhybridmobileapplications
iscarriedoutusingmoderntechnologiesthatdifferdependingontheselectedframeworkinwhich
wecreatetheapplication(Maetal.,2018).Forexample,thosebuiltintheIonicframeworkusethe
ApacheCordovainterfaceandrunwithinthewebview,whileapplicationsbuiltintheReactNative
framework use an interface that allows the application code to be mapped to native application
components(Griffith,2017;Eisenman,2017).

Most frameworks fordevelopinghybridmobile applications arebasedonweb technologies
suchasHTML5,CSS,JavaScript,andwebframeworks.Despitetheuseofwebtechnologies,these
applicationscanalsoworkofflineand storedata in localdatabases suchasSQLiteandRealM,
whichareinstalledonmobiledevicesaspartoftheapplication(Huynhetal.,2017;Parihar,2020).
Like native applications, hybrid applications can also access many functionalities (data storage,
notifications,contacts,gallery,etc.)andhardware(motionandvibrationsensor,camera,navigation,
gyroscope,etc.)builtintomodernmobiledevices.Hybridmobileapplicationscanalsobepublished
intheonlinestoresofindividualmobileoperatingsystems,fromwhichusersinstallthemontheir
mobiledevices(Griffith,2017).

FRAMewoRKS FoR MoBILe APPLICATIoN DeVeLoPMeNT

In the following subsections, we present the four selected frameworks for mobile application
development.
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