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ABSTRACT

Opensourcesoftware(OSS)hasrecentlybecomeveryimportantduetotherapidexpansionofthe
softwareindustry.Inordertodeterminewhetherthequalityofthesoftwarecanachievetheintended
purposes,thecomponentsofOSSneedtobeassessedastheyareinclosedsource(conventional)
software.Severalqualityin-usemodelshavebeenintroducedtoevaluatesoftwarequalityinvarious
fields.Thebankingsectorisoneofthemostcriticalsectors,asitdealswithhighlysensitivedata;it
thereforerequiresanaccurateandeffectiveassessmentofsoftwarequality.Inthisarticle,twopieces
ofbankingsoftwarearecompared:oneopensourceandoneclosedsource.Anewqualityinuse
model,inspiredbyISO/IEC25010,isusedtoensureconciseresultsinthecomparison.Theresults
obtainedshowthegreatpotentialofOSS,especiallyinthebankingfield.

KEywORdS
Cyclos, E-pay Suite, ISO/IEC 25010, Open Source Software

INTROdUCTION

Theimpactofopensourceresourcesonbusinesshasbeennotedinmanysectors,especiallywithrecent
gainsinvariousopensourcetechnologiesfromOSStoopensourcelibraries(Hecht&Clark,2018,
OfficialStatisticsofFinland,2011).Bankingisoneofthesesectors.Bearinginmindthesensitivity
ofthedatamanagedbybanks,bankingsoftwarehastomeetstringentcriteriaintermsofsecurity
andefficiency(Popp,2015).Inordertoassessthesuitabilityofsoftwarefromthisperspective,some
qualitystandardsmustbedefined.

Computersoftwareisatermthatincludesallthepartsofacomputersystemthathandledata.
Softwarecanbeacomputerprogram,alibraryoranysetofinstructionsthatmanagedata.Open
SourceSoftware(OSS)issoftwarethatallowsuserstoaccessandmodifythesourcecode,while
closed source software provides users with functionality that can only be accessed through its
unalterableuserinterface.

OneadvantageofOSSisitslowcost.SinceOSSsourcecodeislicensedtobefreelyaccessible,
onlyimplementation,maintenanceandtrainingchargesarenecessarytostartusinganOSSproduct.
However,ifanysupportisneeded,OSSusersmustrelyononlinecommunities,whileclosedsource
productsgenerallyofferafter-salesupportservices.Anotherimportantadvantageistheflexibility
thatOSSproductsprovide.Indeed,asthesourcecodeofOSSisaccessible,userscanmakeany
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necessarychangesintheproduct.Ontheotherhand,closedsourceproductsrequireuserstoadapt
totheenvironmentprovided,withoutanypossibilityofmakingchanges.

Inallfields,thesoftwarecomponentsneedtobeassessedtodeterminewhetherthesoftware
quality is sufficient for the intendedpurposes.Recently, a largenumberof qualitymodels have
beenintroducedtohelporganizationsdetermineifagivensoftwarecanperformtherequiredtasks
adequatelyandeffectively.Thesequalitymodelsalsoensurethatthewidestrangeofpeoplecanuse
thesoftware,astheyimproveaccessibilityandacceptance,increaseefficiency,reduceerrorsand
trainingrequirements,andimproveproductivity(Bevan,2001).

Thequalityofa softwareproductplaysa significant role in the successofabusiness, as it
reflectsthelevelofcustomersatisfaction.Everyqualitymodelmeasuressoftwarequalitybasedona
numberofcharacteristics.Thefirstqualitymodel,introducedbyJimMcCall(1977),assessedquality
factorstoevaluateusersatisfactionandguidedeveloperpriorities.Thesecondqualitymodelwasa
hierarchicalmodelintroducedbyBoehm,Brown,Kaspar,Lipow,McLeod,andMerritt(1978).It
consistedofprimitivecharacteristics,intermediatelevelcharacteristicsandhigh-levelcharacteristics.
Finally,amorerecentqualitymodelproposedbyGeoff(1995)addressestherelationshipbetween
qualityattributesandsub-attributes.

Inthispaper,theauthorsapplyAlnanih’snewqualityinusemodel(Alnanih,2015),inspired
byISO/IEC25010(ISO/IEC25010:2011),toassesstwoonlinebankingsoftwareproducts:anopen
sourceproductcalledCyclos,(SocialTRadeOrganisation,1970),andaclosedsourceproductcalled
E-paySuite(CanopusInnovativeTechnologies,1992).Thequalitativeapproachhasfourphases:pre-
experiment,datagathering,dataanalysisandevaluation.Theaimofthisstudyistoassesswhether
ornottheopensourceproductiscapableofperformancesimilartothatoftheclosedsourceproduct.

Therestofthispaperisstructuredasfollows:first,wepresentacomprehensivesetofqualityin
usemodelsforassessingOSS,followedbyanexplanationofthemethodologyusedtoassessthetwo
bankingsoftwareproducts—oneopensourceandoneclosedsource.Wethenprovideadescription
oftheexperimentsconductedandadiscussionoftheresults.Finally,ourconclusionsareprovided,
alongwithsomepracticalapplicationsforthefuture.

BACKGROUNd

Overthepastyears,awiderangeofopensourceevaluationtoolshavebeenusedindifferentfields.
Inthissection, theauthorsgiveanoverviewofthequalitymodelsavailableintheliteratureand
discusstheirapplicabilitytoOSS.

Open Source Maturity Model (OSMM)
In2003,theopensourcematuritymodel(OSMM)wasdevelopedbyCapgemini(Duijnhouwer&
Widdows,2003).TheOSMMusesproductmaturityforthepurposeofcomparingvarioussoftware
products,withtheaimofselectingtheproduct thatbestfits theorganization’sobjectives.While
OSMMisanon-freesoftware,authorizeddistributionispermitted.Thismodelhastwocategoriesof
indicator:productandapplication.Theproductindicatorhasfoursub-categories:product,integration,
useandacceptance.Theapplicationindicatorconsidersseveralenvironmental,current,andfuture
userrequirements(Duijnhouwer&Widdows,2003).ThecategoriesandsubcategoriesofOSMM
areillustratedinFigure1.ItisclearfromthefigurethatOSMMconsidersofallthecharacteristics
ofproductqualityavailableinISO/IEC25010(ISO/IEC25010:2011),however,itonlyassessesthe
usabilityinthequalityinusecategory.

In2015,asurveyof200MoroccanSmallandMediumEnterprises(SMEs)wasconductedby
HouaichandBelaissaouiinordertoidentifytheirneeds,knowledgeandabilitytoadoptopensource
technology(Houaich&Belaissaoui,2015).TheauthorsmatchedtheSMEswithsuitableopensource
technologybydesigninganewassessmentmodel,E-OSSEM,usingtheOSMMproductcategory.
ThismodelallowedtheauthorstochoosethemostsuitableopensourcetechnologyforeachSME.
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AnotherresearchworkbyAkbariandPeikar(2014)analyzedFree/OpenSource(FOSS)GIStoolsin
webmappingandspatialdatabases.TheauthorscompareddifferentWebGISFOSStoolsanalytically
usingOSMM.ThesetoolsincludedUMNMapServer,MapGuideOSandFOSSspatialdatabases
suchasPostGIS.ThisworkconcludedthatUMNMapServerisacompletelymatureOSS,andthat
itsfunctionalityandqualityiscomparabletootherconventional(closedsource)softwareproducts.
Inaddition,itdemonstratesthatPostGISisahighlycompetitiveclosedsourcesoftware,especially
withregardtoits3Dfunctionality.

Open Business Readiness Rating (Open BRR)
In2007,theCarnegieMellonWestCentersponsoredtheOpenBusinessReadinessRating(Open
BRR)forSpikeSource,OpenSourceInvestigation,Intel,andCodeZoo(Wasserman,Pal&Chan,
2006).Theaimofthismodeldesignwastoenableinstitutionstochooseopensourcesoftwarethatbest
suitedtheirneeds.ItwasfoundtoimprovethetimerequiredtoevaluateanOSSbyusingasystematic
approachconsistingoffourphases.Inthefirstphase,aquickassessmentwasperformedtocreate
ashortlistofpotentialcandidates.Inthesecondphase,variousmetricswereorderedaccordingto
theirimportance.Inthethirdphase,datawasgatheredandanalyzed.Finally,inthefourthphase,the
datawastranslatedintoaBusinessReadinessRatingtoenhancethedecision-makingprocessand
increasepotentialuserconfidenceinOSS.Themodelemployedqualitativemetrics,andsetweights
foreachmetric.Usingtheseweights,anoverallscorewasassignedtoeachcategorybycalculating
individualmetricscores.ThemeasuresusedinOpenBRRareshowninFigure2.

AuthorsDasandWasserman(2007)introducedaweb-basedapplicationprototype,whichhelps
userssearchforsuitableOSSusingOpenBRR.Theychangedtheuserinterfaceslightlytobetter
complywiththeBRRframework.TheauthorsfoundthatOpenBRRshouldbeseenasacollection
ofrepositoriesthatgathersdatafrommultipleresourcesandsynthesizesresults.Theratingmust
beabletoreflectthecontinuedemergenceofnewrepositories,aswellaschangesinexistingones.

Figure 1. Open Source Maturity Model (OSMM) (Duijnhouwer & Widdows, 2003)
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AuthorsGroven,Haaland,GlottandTannenberg(2010)assessedthesecuritylevelofAsterisk
by applying Open BRR security measures. Asterisk is a FLOSS framework that aims to build
communicationsapplications.

Software Quality Observatory for OSS (SQO-OSS)
SoftwareQualityObservatoryforOSS(SQO-OSS)wasdevelopedbySamoladas,Gousios,Spinellis
andStamelosin2008.ThismodelperformsdetailedautomatedOSSqualityassessments—including
sourcecodeevaluations—tohelpusersdecidewhetherthetargetsoftwaremeetstheirneeds.This
modelhierarchicallyassessesbothcommunityprocessesandsourcecode.ThemetricsusedinSQO-
OSSareillustratedinFigure3.

AuthorsGroot,Kügler,Adams,andGousios(2006)presentedaqualityassessmentoftheKDE
project,whichaimedtoenableengineerstoidentifymodificationsneededtoenhancetheoriginal
product.ThestudyfoundthattheSQO-OSSmodelhelpsOSSdeveloperswritebettersoftware,while
simultaneouslyhelpingpotentialusersmakebetter-informedchoices.

Quality of OSS (QualOSS)
In2009,SotoandCiolkowskidevelopedtheQualityofOSS(QualOSS)model,whichfocuseson
OSS robustness and evolvability. Thismodel has twomain categories of quality characteristics:
product-relatedandcommunity-related(showninFigure4).However,QualOSSdoesnotinclude
characteristicsfromanyofthequalityinusecategories.Sotoetal.(2009)appliedQualOSStotwenty
FLOSSprograms,takingintoaccountsuccessfulandunsuccessfulsoftwareproducts.Theaimofthe
studywastoassesswhetherQualOSScoulddistinguishbetweensuccessfulandunsuccessfulsoftware
products.TheauthorsintendedtomodifyandenhanceQualOSSaccordingtotheirevaluationofthe
resultsobtained.Introducingtheirownassessmentprocedures,theauthorsprovidedsuggestionsand
conclusionsbasedontheiranalysisofthemodel’sassessmentofdifferentOSSprojects.Researchers
Grovenetal.(2010)conductedanexperimenttoassessthesecuritylevelofFLOSSimplementation
(Asterisk).Theyusedninesecurityindicators,aswellasthe30-40pre-existingQualOSSsecurity
measures.

Figure 2. Open Business Readiness Rating (Open BRR) (Wasserman et al., 2006)
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Evaluation Framework for Free/Open Source Projects (EFFORT)
In2010,aframeworkcalledEvaluationFrameworkforFree/Opensourceprojects(EFFORT)was
designedtoevaluatethequalityandfunctionalityofthetargetOSS.Theframeworkassessesproduct
quality,productattractivenessandcommunitytrustworthiness.Toassessproductquality,EFFORT
usesISO9126qualitycharacteristics.TheEFFORTmetricsareshowninFigure5.Inanotherresearch
work, the authors provided a customized model from EFFORT to evaluate Enterprise Resource
Planning(ERP)OSSsystems(Aversano&Tortorella,2013).Theyappliedthecustomizedmodel
toevaluateandcomparefiveERPOSSsystems.TheauthorsconcludedthatEFFORTwasauseful
modelforassessingandselectingasuitableOSSsystem,whichcanleadtoasignificantreduction
intheamountofnegotiationbetweenenterprisemembers.Italsoreducesthetimeandcostneeded
tocollectand interpretdata.Furthermore, theEFFORTmodel takesuseropinions intoaccount,
providingrelevancemarkerslinkedtometricsandquestionsduringtheprocessofdatacollection.In
theirresearch,AversanoandTortorella(2011)usedthesameapproachandcustomizedEFFORTto
designFreeOSS(FOSS)forCustomerRelationshipManagement(CRM)systems.Theyappliedthe
customizedmodeltofourofthemostcommonCRMsystems.Thisledtogoodresultsforproduct
qualityandattractiveness;however,theresultswerelessviableforcommunitytrustworthiness.

Figure 3. Software Quality Observatory for OSS (SQO-OSS) (Samoladas et al., 2008)

Figure 4. Quality of OSS (QualOSS) (Soto et al., 2009)
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ISO/IEC 25010
In2011,theISO/IEC25010modelwasdevelopedtodeterminethequalitycharacteristicsthatshould
beconsideredwhenassessingasoftwareproduct(ISO/IEC25010:2011).Systemqualityisthedegree
towhichthesystemmeetsthestatedandimplicitneedsofdifferentstakeholders,thereforeproviding
value.Theneedsofthesestakeholdersarefairlyrepresentativeofthequalitymodel,whichdefines
thequalityinusemodelandtheproductqualitymodel.Thequalityinusemodelconsistsoffive
characteristics,illustratedinTable1,relatedtotheconsequenceoftheinteractionwhenthesoftware
product isused inaparticularway.Thissystemmodelapplies to thecompletehuman-computer
system,whichincludesthecomputersystemsandsoftwareproductsinuse.Theproductqualitymodel
consistsofeightcharacteristics,illustratedinTable1,relatedtothesoftware’sstaticpropertiesandthe
dynamicpropertiesofthecomputersystem.Themodelappliestobothsoftwareproductsandcomputer
systems.Thecharacteristicsspecifiedinbothmodelsrelatetoallsoftwareproductsandcomputer
systems. The characteristics and sub-characteristics provide consistent terminology to identify,
measureandevaluatethequalityofthesystemandthesoftwareproduct.Theyalsoofferarangeof
qualitycharacteristicstowhichdeclaredqualityrequirementscanbecomparedforcompleteness.
Althoughtheproductqualitymodelisdesignedtoassesssoftwareandcomputersystems,manyof
thecharacteristicscanalsobeappliedtobroadersystemsandservices.

Thefollowingtablepresentsthemodelcharacteristicsdiscussedinthissectionascomparedto
theISO/IEC25010(ISO/IEC25010:2011)features.Thereisclearlyalackofqualityinuseevaluation
forthistypeofsoftwareintheliterature.

Figure 5. Evaluation Framework for Free/Open Source Projects (EFFORT) (Aversano & Tortorella, 2010)
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METHOdOLOGy

AccordingtoCreswell,therearefivequalitativemethods:narrativeresearch,groundedtheoryresearch,
phenomenologicalresearch,ethnographicresearchandcasestudyresearch.Thispaperusescasestudy
research,whichisconcernedwithusingreal-liferesearchmethodsaswellasobservations,interviews
andreports.Itissimilartosocialsciencesresearchmethodsusedinpsychology,medicineandlaw.
Casestudyresearchcanfallintothreecategories:singleinstrumental,collectiveandintrinsiccase
study.Caseselectioncanbechallenging(Creswell,2013).

Inthispaper,theauthorsapplyAlnanih’snewqualityinusemodel(Alnanih,2015),inspiredby
ISO/IEC25010(ISO/IEC25010:2011),toassesstwoonlinebankingsoftwareproducts:oneopen
sourceandoneclosedsource.First,thetwosoftwareapplicationstobecomparedwereselected:the
OSSchosenwasCyclosandtheclosedsourcesoftwarewasE-paySuite.Thegoalofthisworkisto
assesswhethertheopensourceproductiscapableofasimilarqualityofperformanceasthatofthe
closedsourceproduct.ISO/25010isanextensionoftheISO/9126standard,whichformsthebasis
formostoftheabovemodels(Figure6).

Thequalitativeapproachwillhavefourphasestobedescribedindetaillaterinthissection:pre-
experiment,datagathering,dataanalysisandevaluation.Weidentifythetasksandtheparticipants,
preparethespreadsheetsandquestionnairesandsetthehypothesisinPhaseOne.InPhaseTwo,we
gatherdatabyrecordingtheperformanceofeachuserandrequiringthemtocompletethequestionnaire.
WeanalyzethedatainPhaseThree,calculatingthequalityinusemetricsandtestingthehypothesis.
Finally,weevaluatetheresultsofthecomputedmetricsandevaluateusersatisfactioninPhaseFour.

Proposed Quality in Use Approach
ISO/IEC25010(ISO/IEC25010:2011)addressestwotypesofOSSproductqualitycharacteristics;
namely,qualityinuseandproductquality.Thissectiondiscussesqualityinusecharacteristics,as
theevaluationofthesecharacteristicsinOSSislackingintheliterature.

Qualityinuseisdefinedasthedegreetowhichaproductorsystemcanbeusedbyspecificusers
tomeettheirneedstoachievespecificgoalswithefficiency,effectiveness,freedomfromrisk,and
satisfactioninspecificcontextsofuse(ISO/IEC25010:2011)

Inthiswork,Alnanih’snewqualityinusemodelisused(Alnanih,2015).Thismodelconsists
ofthefollowingqualityinusecharacteristics(Figure7):

Table 1. Comparison between ISO/IEC 25010 and OSMM, Open BRR, QualOSS, SQO-OSS, and EFFORT
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• Effectiveness: Completeness and accuracy for users in terms of achieving specified goals.
Effectivenessiscalculatedasfollows:

Min correctactions

correctactions incorrectactions

�# �

# � # �+


• Productivity:Theratioofthefunctionalvalueofthesoftwareproducedtothelaborandexpense
ofproducingit.Productivityiscalculatedasfollows:

Min correctactions

TimePeriod

�# �

�


• Efficiency:Measurestheresourcesconsumedwithrespect tocompletenessandaccuracyof
achievementofuserobjectives.Efficiencyiscalculatedasfollows:

Effectiveness

TimePeriod 


• Error safety:Thedegreetowhichthesystempreventsitsusersfrommakingmistakes.Error
safetyiscalculatedasfollows:

Figure 6. ISO/IEC 25010 (ISO/IEC 25010:2011)
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• Cognitive load:Theinherentcomplexityofthetaskathand.Cognitiveloadiscalculatedas
follows:

#

# #

views

correctactions incorrectactions+


Quality in Use Application
ThiscasestudyaimstoassesswhethertheOSSCyclos(SocialTRadeOrganisation,1970)canbeas
effectiveastheclosedsourcesoftwareE-paySuite(CanopusInnovativeTechnologies,1992).The
authorsthereforeconductedanexperimentalassessmenttocomparethetwosoftwareproductson
thebasisofthestagesshowninFigure8.

Phase One:Pre-Experiment
In thisphase, theauthorsorganized thevariouspartsof theexperiment toachieveaccurate

results.Fortheaimofthiswork,theauthorsselected10tasksofdifferenttypesthatwereavailable
inbothsoftwareproducts.Sometaskswerepurelyrelatedtobanking,whileothersallowedusersto
customizetheiraccounts.Inaddition,sometasksweredesignedtoprovidetheuserwithasenseof
security.Theselectedtaskswerethefollowing:
Step1: Accesspersonalinformation.
Step2: Checkprevioustransactions.
Step3: Searchfortransactionsoccurringduringthelastmonth.
Step4: Transfer$100toanyuser.
Step5: Changethelanguage.
Step6: Checktheaccountbalance.
Step7: Saveanaccountstatement.
Step8: Printanaccountstatement.
Step9: Checkthedetailsofthelastlogin.
Step10:Checkmessages.

Thesetaskswereperformedbytenprofessionalparticipantswhowereexpertusers,whichmeans
thattheywerealreadyfamiliarwithonlinebankingtasks(thegroupwasmainlycomposedofPhD
holders).Atestonusabilityconductedbytheauthorsin1993(seealsoNielsen,2012)obtainedan
averageofp=0.31foranumberofstudiedprojects.Therefore,5participantswouldbeenoughto
detect85%oftheusabilityproblemsavailableatthattestfrequency.Virzi(1992)alsodesigneda
modelonthebasisofotherprojects,wherepwasfoundtofallbetween0.32and0.42.Thus,80%of
theusabilityproblemsinatestcanbedetectedwithonly4or5users.Intheexperiment,ourexpert
usersshowedaveragetolittleresistancetousingnewtechnologyandapplicationsontheirsmartphones
andcomputerplatforms.Eachonehadusedonlinebankingforatleast10years.Spreadsheetswere
preparedtoorganizethedatagathered.Atablewascreatedforeachuseraswellasforeachsoftware
product.

Toassessusersatisfactionafterworkingwithbothsoftwareproducts,userswereaskedtofill
outaquestionnairecontainingtwotypesofquestions:generalquestions(e.g.gender),andspecific
questionsthatmeasuredtheirsatisfactionwithbothsoftwareproducts(e.g.recoveryfromerror).
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Intheexperiment,theauthorsreliedondatatoeitherrefuteorsupporttwohypothesesdefined
forthepurposeofcomparingthetwosoftwareapplications.Thefirsthypothesiswasanullhypothesis
(ageneralstatementtoberefutedorsupported),whiletheotherwasanalternativehypothesisthat
wouldbeautomaticallysupportedifthenullhypothesiswasrefuted.

a. Nullhypothesis:Thereisnorelationshipbetweenthetwomeasuredphenomena.
b. Alternativehypothesis:Theoppositeofthenullhypothesis.

Figure 7. Alnanih New Quality-in-Use Model (Alnanih, 2015)

Figure 8. Proposed quality in use methodology
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Belowisanexampleofeachofourhypotheses:

Effectiveness of Null-HYP:“ThereisnosignificantdifferencebetweentheeffectivenessofCyclos
andtheeffectivenessofE-paySuite.”

Effectiveness of Alt-HYP:“ThereisasignificantdifferencebetweentheeffectivenessofCyclos
andtheeffectivenessofE-paySuite.”

Phase Two:DataGathering
Thisphaseconstitutesthefirsttransferphaseoftheactualexperiment,inwhichwegatheredthe

datausedtocomparethetwosoftware.Toensurethatwewerereadytoconducttheexperiment,we
firstcarriedoutsomepilottestsinwhichweperformedtheexactstepsthattheparticipantswould
beconductingintheactualexperiment.Wevariedtheorderinwhichthesoftwarewasusedbythe
participantsinordertominimizethedegreetowhichthataffectedtheirsoftwarelearningexperience,
andtookalaptopscreenshotaseachparticipantperformedeachofthetentasksoneachofthetwo
softwareproducts.Then,foreachtask,wecalculatedthenumberofcorrectandincorrectactionsthat
theuserperformedtocompletethetask.Also,wecalculatedtheexecutiontimeforeachtaskand
countedthenumberofscreenshots.Wereportedallthisdatainthespreadsheets.Havingcompleted
allthetasks,eachparticipantwasaskedtofilloutthequestionnairementionedabove.

Phase Three:DataAnalysis
Inthisphase,thegathereddatawasanalyzedtocomparethevaluesobtainedforeachsoftware

product.Themetricswerecomputedusingtheabove-mentionedformulasaswellasthespreadsheet
data.WeusedanExceltooltocalculatethevalueofthet-Test,whichwouldbeusefulforcomparing
twogroupsofmeanvalues.Theaverageofalltaskswascomputedforeachuser,metricandsoftware
product.Then,thet-Testvaluewascalculatedusingtheaveragecalculatedforeachsoftwareproduct.
Tointerprettheresultsobtainedfromthequestionnaires,adifferenttypeofanalysiswasusedforeach
ofthetwotypesofquestions.Forthegeneralassessmentquestions,theauthorscountedtheanswers,
whileforthequestionsrelatedtoeaseofuse,theysetanobjectivescoringmethodthatwouldnot
favoreithersoftwareproduct.ThetwoscoringscalesareshowninFigure9.

Phase Four:Evaluation
Accordingtohypothesistestingconvention,if thep-valueobtainedfromthet-Testresultsis

greaterthanalpha(i.e.0.05),thenthenullhypothesiscannotberefutedforthatfactor.Ifthep-value
islessthanalpha,thenthealternativehypothesisissupported,andthemeanvalueshouldbeused
forthecomparisonbetweenthetwosoftwareproducts.

Toevaluatetheparticipants’answers,theauthorscomparedthevaluesobtainedintheresults.
Inthiscomparison,thefocuswasonnoticeabledifferences(greaterthan2).

EXPERIMENT RESULTS

Torepresentthefindings,theauthorscomputedthemeanvalueofallaveragesineachmetricfor
bothsoftwareproducts.TheresultsareshowninFigure10.

Below,theobtainedresultsareexplainedtoindicatewhetherthehypothesesaresupportedornot.

• Effectiveness: The obtained p-value is greater than the alpha value, which means that
EffectivenessNull-HYPisnotrefuted.Inotherwords,thereisnosignificantdifferencebetween
theeffectivenessofCyclosandthatofE-paySuite.Theeffectivenessresultsofthet-Testare
showninFigure11.
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• Productivity:Theobtainedp-valueissmallerthanthealphavalue,whichmeansthatProductivity
Null-HYPisrefutedandthemeanvalueisusedtocomparethetwosoftwareproducts.Themean
valueoftheproductivityofCyclosisgreaterthanthemeanvalueoftheproductivityofE-pay
Suite,asshowninFigure12.Inotherwords,theproductivityofCyclosissignificantlysuperior
tothatofE-paySuite.Theproductivityresultsofthet-TestareshowninFigure12.

• Efficiency:Theobtainedp-valueisgreaterthanthealphavalue,whichmeansthatEfficiency
Null-HYPisnotrefuted.Inotherwords,thereisnosignificantdifferencebetweentheefficiency
ofCyclosandthatofE-paySuite.Theefficiencyresultsofthet-TestareshowninFigure13.

• Error Safety:Theobtainedp-valueisgreaterthanthealphavalue,whichmeansthatErrorSafety
Null-HYPisnotrefuted.Inotherwords,thereisnosignificantdifferencebetweentheerrorsafety
ofCyclosandthatofE-paySuite.Theerrorsafetyresultsofthet-TestareshowninFigure14.

Figure 9. Scoring method

Figure 10. Overall comparison of Cyclos and E-pay Suite
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• Cognitive Load: The recorded p-value is smaller than the alpha value, which means that
CognitiveLoadNull-HYPisnot refutedand themean isused tocompare the twosoftware
products.ThemeanvalueofthecognitiveloadofCyclosisgreaterthanthatofE-paySuite,as
showninFigure15.Inotherwords,CycloshasasignificantlyhighercognitiveloadthanE-pay
Suite.Thecognitiveloadresultsofthet-TestareshowninFigure15.

The results clearly show thatCyclos andE-paySuitehave similarperformance in termsof
efficiency,effectivenessanderrorsafety.However,CyclosoutperformsE-paySuiteslightlywhenit
comestoproductivityandcognitiveload.

Thequestionnaireresults revealed that themajorityofparticipantsweremaleand thatmost
ofthemwereeducatedataPhDlevel.Mostofthemhadexperiencewithonlinebanking,having
usedonlinebankingservicesfrequentlyformorethantwoyears.Intermsofusersatisfaction,the
questionnaireresultsshowedthat,ingeneral,theparticipantswereequallysatisfiedwithbothsoftware

Figure 11. t-Test results for Effectiveness

Figure 12. t-Test results for Productivity

Figure 13. t-Test results for Efficiency
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products.However,theyfounditeasiertonavigatethroughE-paySuite’sinterface.Nevertheless,the
overwhelmingmajorityoftheparticipantswouldprefertouseCyclosoverE-paySuite.

dISCUSSION

During the experiment, the authors observed that the participants faced some difficulties while
performingtasksinbothCyclosandE-paySuite.Inthissection,thesedifficultiesarediscussedin
ordertohighlightweaknessesinthetwosoftwareproducts.Inaddition,positivefeedbackfromthe
participantsaboutbothproductsisnoted.

TheuserinterfaceofE-paySuitedisplaysmenusandsubmenusontheleftsideofthewindow.
Atthecenterofthewindow,thecontentofeachsubmenuispresented.Figure16showstheE-pay
Suiteinterfacelayout.

Someparticipantsnotedthatpersonalinformationisnotorganizedlogically,andsomefoundit
challengingtounderstandthemeaningofthelanguageiconsinE-paySuite,whichtheyfeltshould
be accompanied by suitable abbreviations. In addition, participants were confused about which
buttontoclickontocompleteamoneytransfer:“Save”or“Sign”.Theterms“Submit”,“Confirm’’,
or“Transfer”seemedtothemtobemoreappropriatethan“Sign”todescribethistask.Inaddition,
alistoffrequentrecipientsisnotprovidedfortheuserwhenenteringtherecipient’sname.Whileit
iseasytoreachanaccountstatementbyclickingonabuttonintheaccountmenuinE-paySuite,the
listoftransactionsisdisplayedinascendingorder,whereassomeoftheparticipantswouldprefer
tohavethemlistedindescendingorder.Finally,inordertoaccessthefunctionsavailableinE-pay
Suite,theuserisrequiredtoclickonthetextdescribingasidemenuitem(i.e.theitem’sname),
insteadofclickinganywhereintheregionoftheitem.Participantsfoundthisfrustratingsincethis
steprequirespreciseclicking.

Figure 14. t-Test results For Error Safety

Figure 15. t-Test results for Cognitive Load
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Incontrast,theuserinterfaceofCyclosofferstwowaystoaccessthefunctionsprovided,either
fromthemenubarorviadashboardicons.Eachmenuitemoriconhasasidemenu(submenu)that
providesrelatedfunctions.ThelayoutoftheCyclosuserinterfaceisshowninFigure17.

OntheCyclosuserinterface,displayingtheiconsonthedashboardsimplifiesaccesstovarious
functions;however,participantsfoundthat thismadethehomepageappearcrowded.Moreover,
theyfounditdifficulttorememberhowtoaccessspecificfunctions,giventhattherearetwoways
toaccessthem.ThisisnotanissueinE-paySuitesinceallfunctionsaredisplayedonthesideof
thewindow.InCyclos,thenamesofmenuitemsarenotalwaysclear(e.g.theterms“Personal”and
“Information”wereeasilyconfusedbyparticipantswhen theyrequestedaccess to theirpersonal
information).Theparticipantsstruggledtosaveorprintanaccountstatementsincethecombined
Save/Printbuttonisquitesmall.ThesebuttonsareseparateinE-paySuiteandeasytofind.The
Cyclosinterfaceallowstheusertochangethelanguageofthepageviaiconswiththenameofthe
languagedisplayed,afeaturethatisnotprovidedontheE-paySuiteinterface.Evenso,mostofthe
participantswereunabletofindthelanguagesettingseasilyinCyclos,sincetheyareoutsidethe
windowrange.AnotherissuewithCyclos—akeyone—wasthatthesoftwaredoesnotallowthe
usertotransferaparticularamount($100istheminimumamountthatcanbetransferred).However,
Cyclosdisplayssearchresultsforspecifictransactionsimmediately,asexpectedbytheparticipants,
whileE-paySuitedoesnot.

CONCLUSION ANd FUTURE wORK

The banking sector is a critical sector that deals with highly sensitive data. The accuracy and
effectiveness of the software used in the sector are therefore critical issues. In this paper, a
comprehensive set of available quality models and their application to OSS was proposed. The
authorsappliedanewqualityinusemodel(Alnanih,2015),inspiredbyISO/IEC25010(ISO/IEC

Figure 16. Graphical User Interface of E-pay Suite
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25010:2011),throughaseriesofphasesthatweredesignedtoassesstwoonlinebankingsoftware
applications:Cyclos (open source) andE-paySuite (closed source).Thesephases includeddata
gathering,dataanalysisandinterpretation/evaluationofresults.Theresultsprovethattheperformance
ofCyclosiscomparabletothatofE-paySuite,basedonarecentqualityinusemodel.Attheendof
theexperiment,theauthorswereabletoconcludethatCyclosisnotonlyasefficientandeffectiveas
E-paySuite,butthatitismoreproductive.Moreover,theresultsofthequestionnairesfilledoutbythe
participantsshowedthat,fromauserstandpoint,Cyclosworkswell,althoughtheparticipantsfavored
E-paySuiteforeaseofnavigationofitsuserinterface.However,Cyclosisopensourcesoftware,
whichmeansthatitsuserinterfaceisfullycustomizableandcaneasilybeimproved.

ProvingthatOSSproductshavethecapabilitiestoperformaswellasifnotbetterthanclosed
sourcesoftwarecompetitorsindicatesthatthereisgreatpotentialinopensourcetechnology.Inthe
future,theauthorsplantoevaluateOSSfromdifferentfieldsandcomparetheresultswiththose
obtainedfromthebankingsector.Thiswillbringtolightthereliabilityofopensourcetechnology.
Anotherpossibledirectionistodesignanewqualityinusemodelthatfitsthecharacteristicsofboth
closedandopensourcesoftware.

Figure 17. Graphical User Interface of Cyclos
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