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Abstractȱ ȱ Theȱgeneralȱproblemȱofȱtailoringȱsoftwareȱtoȱindividualȱdifferencesȱisȱanȱ importantȱissueȱwithȱbroadȱramificationsȱinȱsoftwareȱengineeringȱandȱinterfaceȱ design.ȱInȱorderȱtoȱbetterȱunderstandȱthisȱproblemȱwithinȱaȱspecificȱcontext,ȱIȱ conductedȱanȱethnographicȱstudyȱofȱaȱgroupȱofȱusersȱwhoȱareȱinvolvedȱasȱartistsȱ inȱmakingȱelectronicȱmusicȱwithȱsoftware.ȱTheȱstudyȱwasȱmotivatedȱbyȱtheȱdesireȱ toȱdevelopȱaȱmoreȱextensibleȱsystemȱthatȱcouldȱbeȱcustomizedȱthroughȱaȱGUI.ȱ WhileȱIȱwasȱunsuccessfulȱatȱfindingȱaȱgeneralȱdesignȱthatȱsatisfiedȱmostȱofȱtheȱ users,ȱIȱfoundȱaȱnumberȱofȱinterestingȱresults.ȱTheȱfindingsȱpresentedȱinȱthisȱ thesisȱareȱusefulȱforȱinterfaceȱdesignersȱandȱthoseȱinȱtheȱHCIȱfieldȱandȱareȱ summarizedȱasȱfollows:ȱ1)ȱtheȱstudyȱshowsȱaȱchasmȱbetweenȱwhatȱusersȱthinkȱ theyȱwantȱandȱwhatȱtheyȱactually want; 2) theȱcategorizationȱofȱusersȱintoȱrolesȱ withȱassociatedȱusageȱhabitsȱdoesȱnotȱholdȱasȱaȱpredictorȱforȱusageȱpreferences;ȱ 3)ȱtheȱwellȬestablishedȱParetoȱprinciple,ȱorȱ80/20ȱrule,ȱdidȱnotȱseemȱtoȱapplyȱinȱȱ thisȱstudy:ȱnoȱsolutionȱthatȱrequiredȱ20%ȱofȱtheȱpopulationȱtoȱshareȱaȱconsensusȱ cameȱcloseȱtoȱprovidingȱaȱcompleteȱsolutionȱforȱ80%ȱofȱtheȱusersȱinȱtheȱgroup.ȱInȱ addition,ȱIȱfoundȱthatȱtheȱuseȱofȱactivityȱtheoryȱasȱaȱmethodȱforȱdataȱanalysisȱinȱ theȱethnographicȱstudyȱprovidesȱaccessȱtoȱvitalȱinformationȱthatȱotherȱmethodsȱ mayȱnotȱcapture.ȱ
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1 Introductionȱ ȱ ȱ



1.1 AȱGeneralȱProblemȱ ȱ Regardlessȱofȱhowȱmanyȱfeaturesȱaȱsoftwareȱapplicationȱprovides,ȱthereȱ eventuallyȱcomesȱaȱmomentȱwhereȱtheȱuserȱofȱthatȱprogramȱtriesȱtoȱdoȱ somethingȱthatȱeitherȱtheȱprogramȱwillȱnotȱdo,ȱor,ȱwhichȱtheyȱcanȱnotȱfigureȱoutȱ howȱtoȱdoȱevenȱthoughȱtheȱsoftwareȱisȱcompletelyȱcapableȱofȱdoingȱwhatȱtheȱuserȱ wants.ȱIȱreferȱtoȱthisȱproblemȱasȱtheȱboundaryȱofȱusability.ȱȱ Peopleȱandȱorganizationsȱdevelopȱsoftwareȱforȱaȱvarietyȱofȱreasons.ȱ Motivatorsȱincludeȱpersonalȱinterest,ȱcompanyȱdirectives,ȱmarketȱresearch,ȱandȱ resultsȱcomingȱfromȱscientificȱtesting.ȱSomeȱeffortsȱresultȱinȱsoftwareȱthatȱbetterȱ servesȱtheȱneedsȱofȱtheȱusersȱforȱwhomȱitȱisȱdesignedȱthanȱothers.ȱ Yet,ȱanyȱsoftware,ȱregardlessȱofȱhowȱwellȱitȱmeetsȱtheȱneedsȱofȱtheȱsetȱofȱ usersȱforȱwhomȱitȱwasȱdesigned,ȱwillȱeventuallyȱbeȱencounteredȱbyȱsomeȱuserȱinȱ thatȱsetȱwhoȱfindsȱitȱdoesȱnotȱmeetȱherȱneeds.ȱMinimizingȱtheȱnumberȱofȱtheseȱ disempoweredȱusersȱisȱanȱimportantȱgoalȱinȱsystemȱdesign.ȱ Theȱgeneralȱproblemȱofȱdesigningȱandȱimplementingȱaȱsoftwareȱpackageȱ whichȱmeetsȱtheȱneedsȱofȱtheȱlargestȱpossibleȱnumberȱofȱitsȱusersȱisȱaȱcontinuallyȱ ȱ



1



presentȱgoalȱfacedȱbyȱanyȱentityȱthatȱdevelopsȱsoftware.ȱItȱisȱanȱextremelyȱ importantȱissueȱwithȱveryȱpracticalȱimplications.ȱȱIȱreferȱtoȱthisȱissueȱasȱoneȱofȱ generalȱadaptabilityȱthroughoutȱthisȱthesis.ȱȱ



1.2 Scopeȱ ȱ Aȱfewȱspecializedȱsolutionsȱforȱdesigningȱsoftwareȱbasedȱonȱuserȱ differencesȱexist.ȱForȱexample,ȱmethodsȱtoȱlocalizeȱsoftwareȱforȱvariousȱ languagesȱareȱwellȬestablishedȱsuchȱthatȱtheȱcreatorsȱofȱapplicationsȱcanȱ systematicallyȱ“plugȬin”ȱdifferentȱlanguagesȱtoȱanȱapplicationȱwithoutȱhavingȱtoȱ reȬwriteȱtheȱentireȱapplicationȱfromȱscratchȱforȱeachȱlanguage.ȱȱ Ifȱlanguagesȱwereȱtheȱonlyȱdifferencesȱbetweenȱusers,ȱtheȱscopeȱofȱtheȱ problemȱwouldȱbeȱsmallȱindeed.ȱButȱpeopleȱareȱdiverseȱandȱtheirȱdifferencesȱ great,ȱresultingȱinȱaȱproblemȱwhoseȱscopeȱisȱexceptionallyȱbroad.ȱ Theȱproblemȱisȱsoȱwidespreadȱthatȱmanyȱfeelȱcomputersȱcauseȱmoreȱ problemsȱthanȱtheyȱsolve.ȱUponȱreceivingȱtheȱTuringȱAward,ȱtheȱhighestȱawardȱ grantedȱinȱtheȱfieldȱofȱcomputerȱscienceȱfromȱtheȱAssociationȱofȱComputingȱ Machineryȱ(ACM),ȱEdsgerȱDijkstra,ȱinȱhisȱ1972ȱrecipientȱlecture,ȱclaimedȱthat:ȱ ȱ“...theȱelectronicȱindustryȱhasȱnotȱsolvedȱaȱsingleȱproblem,ȱitȱhasȱ onlyȱcreatedȱthemȱ–ȱitȱhasȱcreatedȱtheȱproblemȱofȱusingȱitsȱproducts.ȱToȱ putȱitȱanotherȱway:ȱasȱtheȱpowerȱofȱavailableȱmachinesȱgrewȱbyȱaȱfactorȱofȱ moreȱthanȱaȱthousand,ȱsociety’sȱambitionȱtoȱapplyȱtheseȱmachinesȱgrewȱinȱ



ȱ
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proportion,ȱandȱitȱwasȱtheȱpoorȱprogrammerȱwhoȱfoundȱhisȱjobȱinȱthisȱ explodedȱfieldȱofȱtensionȱbetweenȱendsȱandȱmeans.”ȱ[8]ȱ ȱ SpectorȱandȱWang,ȱtwoȱresearchersȱwhoȱhaveȱexploredȱissuesȱrelatingȱtoȱ integratingȱtechnologyȱintoȱlearningȱenvironments,ȱsupportȱandȱexpandȱtheȱ scopeȱofȱDijkstra’sȱclaim:ȱ “…theȱproblemȱraisedȱbyȱDijkstraȱinȱ1972ȱinȱtheȱcontextȱofȱsoftwareȱ engineeringȱremainsȱoneȱofȱtheȱcentralȱproblemsȱwithȱregardȱtoȱlearningȱ environmentsȱandȱperformanceȱtechnologies.”ȱ[40]ȱ ȱ ArtistȱandȱScientistȱRichȱGold,ȱaȱformerȱȱmemberȱofȱtheȱXeroxȱPARCȱ researchȱprojectȱonȱubiquitousȱcomputingȱ[45,ȱ46],ȱalsoȱspentȱaȱgreatȱdealȱofȱtimeȱ andȱeffortȱlookingȱatȱtheȱissueȱDijkstraȱraised.ȱInȱGold’sȱbook,ȱTheȱPlenitude,ȱheȱ generalizedȱtheȱproblemȱevenȱfurther,ȱapplyingȱitȱnotȱspecificallyȱtoȱcomputerȱ technology,ȱbutȱtoȱtheȱprocessȱofȱproblemȬsolvingȱinȱgeneral.ȱGoldȱframedȱtheȱ problemȱasȱDesireȱinȱContextȱ[14],ȱwhereȱproposedȱsolutionsȱcanȱbeȱseenȱasȱtheȱ pathsȱfromȱaȱparticularȱcontextȱtoȱaȱparticularȱdesire.ȱUnderȱthisȱview,ȱuponȱ implementationȱofȱaȱsolution,ȱtheȱcontextȱchanges,ȱspawningȱmanyȱnewȱdesires.ȱ Goldȱprovidesȱanȱexample:ȱ “TheȱRamificationsȱofȱtheȱSolutionȱcalledȱtheȱGoldenȱGateȱBridgeȱareȱ many.ȱForȱinstance,ȱthereȱisȱSmog,ȱwhichȱisȱcausedȱwhenȱlargeȱnumbersȱofȱ carsȱactȱtoȱsatisfyȱtheȱDesiresȱofȱtheirȱowners.ȱLargeȱnumbersȱofȱvehiclesȱ
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alsoȱcreatesȱTrafficȱJamsȱwhich,ȱatȱtimes,ȱcanȱmakeȱitȱsoȱslowȱtoȱgoȱoverȱ theȱBridgeȱthatȱdesireȱonceȱagainȱbecomesȱDesire.ȱEngineersȱallȱoverȱtheȱ worldȱareȱtryingȱtoȱfindȱSolutionsȱtoȱSmogȱandȱTraffic.”ȱ[15]ȱȱ ȱ ForȱGold,ȱtheȱproblemȱisȱnotȱoneȱofȱtechnology,ȱbutȱliesȱinsteadȱinȱtheȱ natureȱofȱproblemȬsolvingȱinȱgeneral;ȱallȱsolutionsȱcreateȱnewȱdesiresȱandȱ problems,ȱmanyȱofȱwhichȱcannotȱbeȱidentifiedȱuntilȱtheȱ“solution”ȱhasȱbeenȱ implemented.ȱ Entireȱdisciplines,ȱsuchȱasȱhumanȬcomputerȱinteractionȱ(HCI)ȱhaveȱbeenȱ formalizedȱtoȱaddressȱtheȱproblemȱofȱgeneralȱadaptabilityȱwithinȱaȱveryȱspecificȱ context:ȱhowȱtoȱoptimizeȱinteractionȱbetweenȱhumansȱandȱcomputers.ȱȱ Inȱthisȱthesis,ȱIȱamȱfocusingȱonȱtheȱHCIȱcontextȱofȱusabilityȱratherȱthanȱ Gold’sȱmoreȱgeneralȱview.ȱItȱisȱimportant,ȱhowever,ȱtoȱnoteȱthatȱtheȱHCIȱproblemȱ isȱnotȱsimplyȱoneȱofȱusability;ȱasȱusability,ȱinȱturn,ȱaffectsȱotherȱareasȱsuchȱasȱ learningȱandȱperformance.ȱ Usersȱwhoȱemployȱsoftwareȱinȱoneȱfashionȱatȱaȱparticularȱpointȱinȱtimeȱ mayȱatȱsomeȱfutureȱpointȱgainȱsomeȱexperience,ȱunderstanding,ȱorȱinsightȱthatȱ mayȱcauseȱthemȱtoȱmoveȱfromȱoneȱmodeȱofȱusageȱtoȱanother.ȱIfȱtheȱsoftwareȱdoesȱ notȱworkȱtheyȱwayȱtheyȱwantȱorȱexpectȱatȱthatȱfutureȱtime,ȱtheȱuserȱmayȱdecideȱ thatȱtheȱsoftwareȱnoȱlongerȱmeetsȱtheirȱneeds.ȱ



ȱ



4



1.3 Consequencesȱ ȱ Theȱconsequencesȱofȱnotȱhavingȱmoreȱsolutionsȱtoȱtheȱproblemȱofȱgeneralȱ usabilityȱareȱsignificant.ȱWithoutȱmoreȱsolutions,ȱsoftwareȱwillȱcontinueȱtoȱbeȱ producedȱwhoseȱfeaturesȱgoȱuntouchedȱbecauseȱusersȱdoȱnotȱknowȱwhereȱtoȱfindȱ themȱorȱhowȱtoȱuseȱthem.ȱUsersȱofȱsoftwareȱ“A”ȱmayȱbecomeȱsoȱfrustratedȱwithȱ itȱthatȱtheyȱmayȱswitchȱtoȱsoftwareȱ“B”ȱtoȱaccomplishȱtheȱsameȱtask.ȱTheseȱusersȱ mayȱfeelȱthatȱsoftwareȱ“B”ȱworksȱbetterȱforȱtheirȱneedsȱthanȱsoftwareȱ“A”.ȱȱ Whileȱthereȱareȱclearlyȱmonetaryȱissuesȱatȱstakeȱforȱcommercialȱentitiesȱ whoseȱsoftwareȱdoesȱnotȱmeetȱtheȱneedsȱofȱitsȱusers,ȱanotherȱkeyȱconsequenceȱisȱ lossȱofȱproductivityȱforȱtheȱindividual.ȱConsiderȱsoftwareȱthatȱisȱdesignedȱtoȱhelpȱ peopleȱlearn.ȱIfȱitȱdoesȱnotȱhelpȱsomeȱofȱtheȱpeople,ȱforȱwhomȱitȱwasȱdesigned,ȱtoȱ achieveȱtheirȱgoals,ȱthisȱrepresentsȱaȱlossȱinȱhumanȱgrowth,ȱwhichȱmayȱorȱmayȱ notȱbeȱmonetized.ȱ TheȱconsequencesȱofȱthisȱproblemȱareȱindeedȱwidespreadȱandȱfarȬ reaching.ȱ ȱ ȱ ȱ ȱ
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1.4 ResearchȱApproachȱ ȱ “Anyȱmodelȱofȱtheȱworldȱprovidesȱaȱframeȱofȱreference,ȱaȱperspective,ȱaȱ lensȱthroughȱwhichȱtoȱviewȱevents.ȱAppliedȱtoȱtheȱ‘same’ȱsetȱofȱobservations,ȱ differingȱmodelsȱpredisposeȱoneȱtowardȱdifferingȱconclusionsȱandȱconsequences.ȱ Marxism,ȱFeminism,ȱChristianity,ȱ‘Science’,ȱZenȱBuddhism;ȱeachȱprovidesȱsuchȱaȱ model.”ȱȱ CarolȱWilderȬMottȱRigorȱ&ȱImaginationȱ ȱ Iȱemployedȱanȱinterdisciplinaryȱresearchȱapproachȱexploreȱsolutionsȱtoȱtheȱ problemȱIȱhaveȱbeenȱdescribing.ȱIȱdecidedȱtoȱfocusȱonȱoneȱparticularȱsoftwareȱ packageȱandȱoneȱsetȱofȱusersȱusingȱthatȱsoftwareȱasȱaȱbasisȱtoȱresearchȱpossibleȱ solutions.ȱȱ Aȱqualitativeȱresearchȱapproach,ȱtheȱethnographicȱstudyȱ[11Ȭ13]ȱfromȱtheȱ socialȱsciences,ȱwasȱappliedȱtoȱcollectȱdata.ȱIȱchoseȱtoȱemployȱactivityȱtheoryȱ[23,ȱ 33,ȱ44]ȱasȱaȱframeworkȱtoȱanalyzeȱtheȱdataȱcollectedȱinȱtheȱethnographicȱstudy.ȱ Activityȱtheoryȱisȱaȱgeneralȱconceptualȱapproachȱusedȱtoȱunderstandȱhumanȱ activity,ȱderivedȱfromȱtheȱdisciplineȱofȱhumanȱpsychology,ȱandȱhasȱbeenȱ successfullyȱemployedȱinȱrecentȱHCIȱresearchȱ[5,ȱ7,ȱ10,ȱ17,ȱ19,ȱ20,ȱ29,ȱ32,ȱ33,ȱ36,ȱ39,ȱ 50].ȱ TheȱselectedȱsoftwareȱwasȱSuperCollider3ȱ(SC3)ȱ[28].ȱSC3ȱisȱanȱopenȱ sourceȱaudioȱsignalȱprocessingȱsystemȱwrittenȱbyȱMcCartneyȱetȱal.ȱInteractionȱ
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withȱSC3ȱisȱprimarilyȱviaȱaȱcommandȬlineȱinterfaceȱalongȱwithȱtheȱuseȱofȱitsȱ SmalltalkȬderivedȱ[18]ȱprogrammingȱlanguageȱsclang.ȱLikeȱtheȱprogrammingȱ languagesȱLISPȱ[27]ȱandȱSchemeȱ[1],ȱSC3ȱfeaturesȱaȱruntimeȱenvironmentȱwhereȱ statementsȱareȱinterpretedȱasȱsoonȱasȱtheȱuserȱpressesȱtheȱenterȱkey,ȱallowingȱforȱ aȱflexibleȱandȱdynamicȱprogrammingȱenvironmentȱwhereȱtheȱuserȱcanȱmakeȱ changesȱtoȱtheȱsystemȱwhileȱitȱisȱrunningȱbyȱexecutingȱadditionalȱcode.ȱ SC3ȱisȱusedȱatȱMillsȱCollegeȱasȱwellȱasȱmanyȱotherȱacademicȱ environments.ȱAtȱMills,ȱitȱisȱemployedȱasȱpartȱofȱaȱcurriculumȱdesignedȱtoȱ supportȱstudentsȱinȱlearningȱhowȱtoȱcreateȱmusicalȱinstrumentsȱusingȱsoftware.ȱ Creatingȱandȱperformingȱmusicȱmayȱfollowȱfromȱthis,ȱbutȱtheȱcreationȱofȱ softwareȱinstrumentsȱbyȱthemselvesȱisȱtheȱprimaryȱgoal.ȱ IȱstudiedȱelectronicȱmusicȱstudentsȱenrolledȱinȱMillsȱCollege’sȱFallȱ2004ȱorȱ Springȱ2006ȱGraduateȱSeminarȱinȱElectronicȱMusicȱclass,ȱfacultyȱmembersȱfromȱ theȱMillsȱCenterȱforȱContemporaryȱMusicȱ(CCM),ȱandȱmusiciansȱfromȱoutsideȱofȱ MillsȱwhoȱuseȱSC3ȱinȱtheirȱwork.ȱȱ UnderȱtheȱapproachȱIȱchose,ȱtheȱparticipantsȱareȱreferredȱtoȱasȱinformantsȱ becauseȱtheirȱroleȱisȱtoȱactivelyȱinformȱtheȱresearcher.ȱThisȱisȱinȱcontrastȱtoȱtheȱuseȱ ofȱtheȱtermȱsubjectsȱforȱexperimentalȱstudies,ȱwhereȱsubjectsȱareȱsubjectedȱtoȱ certainȱexperimentalȱconditionsȱandȱobservedȱ[34,ȱ35].ȱ
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UsingȱanȱactivityȱchecklistȱdevelopedȱbyȱKaptelinin,ȱNardi,ȱandȱMacaulayȱ [17],ȱIȱdevelopedȱaȱsetȱofȱdomainȬspecificȱtopicȱareasȱandȱquestionsȱȱ(seeȱ AppendixȱA)ȱthatȱIȱposedȱtoȱeachȱinformant.ȱInterviewsȱwereȱconductedȱinȱtwoȱ phases,ȱseparatedȱbyȱanȱimplementationȱphaseȱwhereȱaȱtestȱinterfaceȱwasȱ assembledȱbeforeȱproceedingȱwithȱfurtherȱresearch.ȱȱ Theȱfirstȱphaseȱofȱinterviewsȱwasȱdesignedȱtoȱgatherȱdetailsȱaboutȱtheȱ informants,ȱasȱwellȱasȱtheirȱmusicalȱbackgrounds,ȱtechnicalȱexperiences,ȱ preferences,ȱandȱinterests.ȱQuestionsȱaboutȱsoundȱcreation,ȱcomposition,ȱ arrangementȱandȱperformance,ȱasȱwellȱasȱtheirȱideasȱforȱtheȱ“ideal”ȱSC3ȱinterfaceȱ wereȱalsoȱposed.ȱȱ Theȱphaseȱ1ȱinterviewsȱwereȱthenȱanalyzedȱandȱusedȱasȱaȱbasisȱtoȱattemptȱ toȱgeneralizeȱtheȱrequestsȱofȱtheȱinformantsȱandȱassembleȱaȱuserȱinterfaceȱthatȱ containedȱmanyȱofȱtheȱcommonȱfeaturesȱthatȱwereȱrequested.ȱThisȱinterfaceȱwasȱ thenȱpresentedȱtoȱtheȱinformantsȱandȱtestedȱasȱpartȱofȱaȱsecondȱphaseȱofȱ interviews,ȱwhere,ȱinȱadditionȱtoȱgatheringȱinformationȱsimilarȱtoȱwhatȱwasȱ gatheredȱinȱtheȱphaseȱ1,ȱtheȱinformantsȱwereȱpresentedȱwithȱseveralȱtasksȱtoȱ performȱusingȱbothȱaȱtestȱuserȱinterfaceȱandȱtheȱstandardȱcommandȬlineȱinterfaceȱ inȱSC3.ȱTheseȱtasksȱwereȱtimedȱandȱobservationsȱwereȱmadeȱaboutȱtheȱ informantsȱasȱwellȱasȱfeedbackȱsolicitedȱfromȱthemȱaboutȱtheirȱexperiencesȱinȱ workingȱwithȱtheseȱtwoȱveryȱdifferentȱapproachesȱtoȱinteraction.ȱȱ
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Someȱofȱtheȱinformantsȱwhoȱparticipatedȱinȱtheȱphaseȱ2ȱinterviewsȱhadȱ alsoȱparticipatedȱinȱphaseȱ1.ȱThisȱprovidedȱanȱopportunityȱtoȱcheckȬinȱwithȱtheseȱ informantsȱregardingȱwhatȱworkȱhadȱbeenȱaccomplishedȱinȱtheȱinterim,ȱandȱ whatȱgoalsȱhadȱbeenȱachieved.ȱPhaseȱ2ȱalsoȱprovidedȱanȱadditionalȱchanceȱtoȱ gainȱaȱbroaderȱperspectiveȱaboutȱtheȱinformantȱbyȱexploringȱwhatȱhadȱchangedȱ betweenȱtheȱfirstȱandȱsecondȱinterview.ȱȱ Theȱstyleȱofȱtheȱinterviewȱwasȱconversational;ȱifȱanȱinterestingȱ conversationalȱthreadȱaroseȱinȱtheȱinterview,ȱitȱwasȱopportunisticallyȱfollowed.ȱ Wheneverȱpossible,ȱinterviewsȱwereȱconductedȱatȱtheȱinformant’sȱstudioȱorȱ workspace,ȱsoȱthatȱtheȱtoolsȱusedȱtoȱmakeȱtheirȱmusicȱwereȱatȱhandȱ[43].ȱ Electronicȱaudioȱrecordingsȱwereȱmadeȱofȱallȱinterviews.ȱ Duringȱaȱtypicalȱinterview,ȱIȱexplainedȱthatȱtheȱpurposeȱofȱtheȱstudyȱwasȱ toȱlookȱatȱwaysȱtoȱimproveȱtheȱusabilityȱofȱtheȱSC3ȱsystemȱandȱtoȱlearnȱwhatȱwasȱ involvedȱinȱmakingȱelectronicȱmusic,ȱwhatȱsortsȱofȱsoftwareȱtheȱinformantȱusedȱ forȱthisȱtask,ȱandȱwhatȱreasonsȱtheȱinformantȱhadȱforȱusingȱorȱnotȱusingȱcertainȱ software.ȱRatherȱthanȱstrictlyȱfollowingȱtheȱlistȱofȱquestions,ȱIȱallowedȱ conversationȱtoȱflowȱnaturallyȱbutȱmadeȱsureȱallȱtopicȱareasȱwereȱcovered.ȱ Interviewsȱrangedȱfromȱ1Ȭ3ȱhoursȱperȱinformant.ȱInȱtotal,ȱ23ȱinformantsȱwereȱ interviewedȱoverȱaȱ13ȱmonthȱperiod.ȱȱ
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1.4.1 EthnographyȱandȱGroundedȱTheoryȱ ȱ “Inȱanthropology,ȱorȱanywayȱsocialȱanthropology,ȱwhatȱtheȱpractitionersȱ doȱisȱethnography.ȱAndȱitȱisȱinȱunderstandingȱwhatȱethnographyȱis,ȱorȱmoreȱ exactlyȱwhatȱdoingȱethnographyȱis,ȱthatȱaȱstartȱcanȱbeȱmadeȱtowardȱgraspingȱ whatȱanthropologicalȱanalysisȱamountsȱtoȱasȱaȱformȱofȱknowledge.ȱȱThis,ȱitȱmustȱ immediatelyȱbeȱsaid,ȱisȱnotȱaȱmatterȱofȱmethods.ȱȱFromȱoneȱpointȱofȱview,ȱthatȱofȱ theȱtextbook,ȱdoingȱethnographyȱisȱestablishingȱrapport,ȱselectingȱinformants,ȱ transcribingȱtexts,ȱtakingȱgenealogies,ȱmappingȱfields,ȱkeepingȱaȱdiary,ȱandȱsoȱon.ȱȱ Butȱitȱisȱnotȱtheseȱthings,ȱtechniquesȱandȱreceivedȱprocedures,ȱthatȱdefineȱtheȱ enterprise.ȱWhatȱdefinesȱitȱisȱtheȱkindȱofȱintellectualȱeffortȱis:ȱanȱelaborateȱventureȱ in,ȱtoȱborrowȱaȱnotionȱfromȱGilbertȱRyle,ȱ‘thickȱdescription.’”ȱ CliffordȱGeertzȱ—ȱTheȱInterpretationȱofȱCulturesȱ ȱ Ethnographyȱisȱaȱqualitativeȱapproachȱtoȱresearch,ȱnormallyȱappliedȱtoȱtheȱ disciplinesȱofȱculturalȱorȱsocialȱanthropology,ȱusedȱtoȱexplainȱhumanȱsocialȱ phenomena.ȱManyȱcanonicalȱtextsȱwrittenȱbyȱluminariesȱofȱanthropologyȱsuchȱasȱ LéviȬStrauss,ȱMargaretȱMead,ȱBateson,ȱandȱMalinowskiȱemployȱanȱethnographicȱ approachȱ[47].ȱȱ Anȱextensionȱofȱthisȱapproach,ȱgroundedȱtheoryȱ[42],ȱwasȱconceivedȱbyȱ GlaserȱandȱStraussȱasȱaȱmodelȱforȱresearchȱthatȱwouldȱresolveȱoneȱofȱtheȱkeyȱ problemsȱinȱsocialȱscience:ȱhowȱtoȱresearchȱtheȱpersonal,ȱor,ȱusingȱtheȱtermȱ introducedȱbyȱSuchman,ȱsituatedȱ[43],ȱviewsȱofȱothersȱwithoutȱsuperimposingȱtheȱ
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nonȬsituatedȱpersonalȱviewȱofȱtheȱresearcher.ȱAddressingȱthisȱparticularȱproblemȱ involvesȱtwoȱseparateȱgoals:ȱavoidingȱtheȱtestingȱofȱaȱhypothesisȱandȱremainingȱ atȱaȱdescriptiveȱlevel.ȱ AccordingȱtoȱGlaserȱandȱStraus,ȱtheȱdangerȱofȱhypothesisȱtestingȱthroughȱ aȱscientificȱmodelȱisȱthatȱtheȱviewȱeitherȱfailsȱtoȱincludeȱwhatȱisȱrelevantȱorȱ removesȱessentialȱdifferencesȱthroughȱtheȱuseȱofȱstatistics.ȱConversely,ȱtheyȱstateȱ thatȱtheȱdangerȱofȱdescriptionȱisȱthatȱitȱisȱambiguous,ȱtooȱlocalized,ȱorȱproducesȱaȱ descriptionȱofȱvalueȱonlyȱtoȱsubjects.ȱGroundedȱtheoryȱproposesȱaȱresearchȱ methodologyȱthatȱremainsȱgroundedȱinȱtheȱconceptualȱstructuresȱheldȱbyȱtheȱ subjectsȱbutȱstillȱproducesȱaȱdescriptiveȱtheoryȱthatȱcanȱbeȱusedȱtoȱunderstandȱ andȱsometimesȱpredictȱtheȱreactionȱofȱtheseȱandȱsimilarȱsubjectsȱtoȱfutureȱchange.ȱȱ Severalȱresearchersȱwithinȱtheȱfieldȱofȱhumanȱcomputerȱinteraction,ȱ includingȱareasȱsuchȱasȱuserȬcenteredȱdesign,ȱhumanȱfactorsȱinȱcomputingȱ systems,ȱandȱcomputerȱsupportedȱcooperativeȱworkȱ(CSCW),ȱasȱwellȱasȱtheȱfieldȱ ofȱbioinformatics,ȱhaveȱsuccessfullyȱappliedȱtheȱprinciplesȱofȱgroundedȱtheoryȱinȱ theirȱworkȱ[2,ȱ3,ȱ25,ȱ34,ȱ35,ȱ37,ȱ38].ȱTheȱmajorityȱofȱtheseȱresearchersȱreferȱinȱtheirȱ workȱtoȱaȱresearchȱapproachȱbasedȱonȱtheȱprinciplesȱofȱgroundedȱtheoryȱ synonymouslyȱwithȱtheȱtermȱethnographicȱstudy.ȱ Anȱimportantȱaspectȱofȱthisȱtypeȱofȱresearchȱisȱthatȱtheȱinformantȱisȱ providingȱaȱdescriptionȱofȱtheirȱperceptionȱaboutȱtheirȱexperience.ȱThisȱisȱ
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especiallyȱimportantȱtoȱtakeȱintoȱaccountȱwhenȱundertakingȱthisȱtypeȱofȱresearchȱ whereȱanyȱtypeȱofȱselfȬappraisalȱtakesȱplace.ȱAnȱinformant’sȱperceptionȱisȱnotȱ necessarilyȱanȱaccurateȱmeasureȱofȱthatȱinformant’sȱtrueȱabilitiesȱbutȱinsteadȱtheirȱ idea.ȱToȱobtainȱaccurateȱperformanceȱmeasures,ȱotherȱmethodsȱmustȱbeȱemployedȱ [49].ȱ TheȱresearchȱinȱthisȱthesisȱwasȱcarriedȱoutȱunderȱtheȱaboveȬmentionedȱ principlesȱforȱaȱnumberȱofȱreasons.ȱForemostȱamongȱtheseȱwasȱtheȱdesireȱtoȱ developȱaȱdeeperȱunderstandingȱofȱtheȱusageȱscenariosȱandȱpatternsȱofȱtheȱusersȱ thatȱwereȱstudied.ȱȱAdditionally,ȱaȱfundamentalȱnotionȱofȱgroundedȱtheoryȱstatesȱ thatȱtheȱ“theoryȱshouldȱemergeȱfromȱtheȱdata”ȱ[42],ȱwhichȱprovidesȱaȱfoundationȱ fromȱwhichȱaȱmuchȱbroaderȱtheoreticalȱnetȱcanȱbeȱcast.ȱWithoutȱpresupposingȱaȱ theory,ȱtheȱresearcherȱisȱlessȱpredisposedȱtoȱfocusȱonȱaspectsȱofȱtheȱdataȱthatȱ matchȱwhatȱisȱinȱalignmentȱwithȱtheȱhypothesis,ȱincorporatingȱdataȱthatȱmayȱnotȱ haveȱcaughtȱhisȱorȱherȱattentionȱotherwise.ȱFinally,ȱinȱseekingȱoutsideȱadvicesȱ fromȱexpertsȱinȱtheȱfield,ȱsuchȱasȱVictoriaȱBellottiȱandȱBonnieȱNardi,ȱthisȱ approachȱtoȱdataȱcollectionȱcameȱhighlyȱrecommended.ȱ



1.4.2 ActivityȱTheoryȱ ȱ Ethnographyȱprovidesȱanȱapproachȱtoȱcollectȱdata;ȱhowever,ȱasȱanȱ approachȱitȱdoesȱnotȱprovideȱtheȱclearestȱdirectionȱwithȱrespectȱtoȱtheȱissueȱofȱ howȱtoȱviewȱorȱinterpretȱdataȱthatȱhasȱbeenȱcollected.ȱActivityȱtheoryȱisȱ ȱ
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championedȱasȱaȱframeworkȱforȱtheȱanalysisȱofȱethnographicȱdataȱinȱHCIȱ researchȱbyȱKariȱKuuttiȱ[20],ȱBonnieȱNardiȱ[33]ȱandȱothers.ȱȱ AlexeiȱLeontiev,ȱbasedȱonȱearlierȱworkȱbyȱLevȱVytgosky,ȱoriginallyȱ developedȱformalȱactivityȱtheoryȱinȱtheȱdomainȱofȱPsychology.ȱȱItȱwasȱVytgosky,ȱ however,ȱwhoȱproposedȱitsȱseminalȱresearchȱdirectionȱinȱ1934.ȱVytgosky’sȱkeyȱ insightȱwasȱbasedȱonȱtheȱpremiseȱthatȱdespiteȱtheȱexistenceȱofȱvariousȱmethodsȱofȱ researchȱtoȱstudyȱdistinctȱfunctionsȱofȱconsciousness,ȱconsciousnessȱisȱaȱunifiedȱ constructȱandȱthatȱthe:ȱ ȱ“…singleȱfunctionsȱwereȱassumedȱtoȱoperateȱinseparably,ȱinȱanȱ uninterruptedȱconnectionȱwithȱeachȱother.ȱȱButȱthisȱunityȱofȱconsciousnessȱ wasȱtakenȱusuallyȱasȱaȱpostulate,ȱratherȱthanȱasȱaȱfieldȱofȱstudy.”ȱȱ[44]ȱ ȱ AsȱNardiȱputsȱit:ȱ “Theȱobjectȱofȱactivityȱtheoryȱisȱtoȱunderstandȱtheȱunityȱofȱ consciousnessȱandȱactivity.ȱȱActivityȱtheoryȱincorporatesȱstrongȱnotionsȱofȱ intentionality,ȱhistory,ȱmediation,ȱcollaborationȱandȱdevelopmentȱinȱ constructingȱconsciousness…activityȱtheoristsȱargueȱthatȱconsciousnessȱisȱ notȱaȱsetȱofȱdiscreteȱdisembodiedȱcognitiveȱactsȱ(decisionȱmaking,ȱ classification,ȱremembering),ȱandȱcertainlyȱitȱisȱnotȱinȱtheȱbrain;ȱrather,ȱ consciousnessȱisȱlocatedȱinȱeverydayȱpractice:ȱyouȱareȱwhatȱyouȱdo.ȱAndȱ whatȱyouȱdoȱisȱfirmlyȱandȱinextricablyȱembeddedȱinȱtheȱsocialȱmatrixȱofȱ whichȱeveryȱpersonȱisȱanȱorganicȱpart.ȱThisȱsocialȱmatrixȱisȱcomposedȱofȱ peopleȱandȱartifacts.ȱArtifactsȱmayȱbeȱphysicalȱtoolsȱorȱsignȱsystemsȱsuchȱ
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asȱhumanȱlanguage.ȱUnderstandingȱtheȱinterpenetrationȱofȱtheȱindividual,ȱ otherȱpeople,ȱandȱartifactsȱinȱeverydayȱactivityȱisȱtheȱchallengeȱactivityȱ theoryȱhasȱsetȱforȱitself.”ȱ[33]ȱ ȱ



The Structure of an Activity under Activity Theory Artifacts / Instruments / Tools
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Figure 1 - Basic Structure of an activity (Based on diagram by Kuutti)



ȱ WhenȱNardiȱtellsȱusȱthatȱactivityȱtheoryȱproposesȱaȱ“…strongȱnotionȱofȱ mediation”ȱ[33],ȱsheȱmeansȱthatȱtheȱvariousȱcomponentsȱofȱanȱactivityȱ(Figureȱ1)ȱ areȱshapedȱthroughȱtheȱinteractionsȱofȱtheȱvariousȱcomponentsȱofȱthatȱactivity,ȱ suchȱasȱaȱsubject,ȱitsȱobject,ȱtheȱtools,ȱtheȱrules,ȱaȱcommunity,ȱorȱaȱdivisionȱofȱ labor.ȱActivityȱtheoryȱthusȱprovidesȱaȱmultidimensionalȱapproachȱtoȱinterpretingȱ dataȱbyȱallowingȱtheȱresearcherȱtoȱviewȱtheȱinformantȱdataȱthroughȱanyȱofȱtheȱ componentsȱofȱactivityȱtheory.ȱAsȱaȱmethodȱforȱinterpretingȱqualitativeȱ ȱ
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ethnographicȱdata,ȱactivityȱtheoryȱallowsȱforȱaȱwideȱsetȱofȱinterpretationsȱofȱtheȱ dataȱthatȱinclude,ȱforȱexample,ȱtheȱrelationshipȱaȱsubjectȱhasȱtoȱaȱcommunityȱandȱ itsȱrulesȱthatȱotherȱdataȱanalysisȱapproachesȱcouldȱeasilyȱoverlook.ȱForȱtheseȱ reasons,ȱactivityȱtheoryȱwasȱselectedȱasȱtheȱmethodȱforȱinterpretationȱofȱtheȱ ethnographicȱdataȱcollectedȱasȱpartȱofȱthisȱresearch.ȱ



1.5 MotivationȱforȱtheȱStudyȱ ȱ Theȱmotivationsȱforȱthisȱthesisȱareȱborneȱoutȱofȱmyȱpersonalȱexperiencesȱ andȱperceptions.ȱTheseȱcanȱbeȱtracedȱfromȱtwoȱprimaryȱsources.ȱTheȱfirstȱisȱanȱ abstractȱnotionȱofȱtheȱrolesȱpeopleȱplayȱwhenȱengagingȱinȱparticularȱdisciplinesȱandȱ theȱboundariesȱbetweenȱtheseȱroles.ȱIȱamȱcontinuallyȱfascinatedȱwithȱtheȱfactȱthatȱ whileȱpeopleȱcomeȱfromȱdiverseȱbackgrounds,ȱsomeȱpeopleȱinvolveȱthemselvesȱ inȱmultipleȱdisciplinesȱwhileȱothersȱchooseȱtoȱfocusȱonȱaȱparticularȱarea.ȱMyȱ interestȱisȱinȱhowȱtheseȱchoicesȱaffectȱtheȱstructureȱofȱaȱpersonalȱidentityȱandȱ accompanyingȱpreferences.ȱIȱargueȱthatȱpersonalȱidentityȱandȱpreferencesȱhaveȱaȱ greatȱdealȱtoȱdoȱwithȱwhetherȱpeopleȱuseȱcomputersȱatȱall,ȱand,ȱifȱso,ȱwhatȱkindsȱ ofȱsoftwareȱtheyȱpreferȱtoȱuseȱtoȱdoȱtheirȱwork,ȱandȱhowȱflexibleȱorȱinterestedȱ theyȱareȱinȱlearningȱnewȱtools.ȱTheȱsecondȱmotivationȱcomesȱfromȱmyȱexperienceȱ asȱaȱstudentȱatȱMillsȱCollegeȱwhereȱIȱobservedȱaȱrangeȱofȱstudentsȱwithȱ
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seeminglyȱsimilarȱabilities,ȱsomeȱofȱwhomȱdidȱquiteȱwell,ȱwhileȱothersȱstruggledȱ withȱtheȱmaterial.ȱIȱdescribeȱtheseȱdifferencesȱinȱdetailȱbelow.ȱ



1.5.1 TheȱFourȱHatsȱofȱCreativityȱ ȱ AȱprimaryȱmotivatingȱfactorȱforȱthisȱworkȱcomesȱfromȱaȱlectureȱthatȱIȱ attendedȱonȱOctoberȱ11,ȱ2002,ȱandȱwhichȱtookȱplaceȱatȱtheȱongoingȱStanfordȱ SeminarȱonȱPeople,ȱComputers,ȱandȱDesignȱentitledȱDesireȱinȱContextȱ[14].ȱAtȱthisȱ lecture,ȱRichȱGoldȱdiscussedȱhisȱnotionȱofȱtheȱ“4ȱhatsȱofȱcreativity”ȱ(Figureȱ2)ȱtoȱ representȱrolesȱheȱplayedȱduringȱhisȱlife.ȱTheȱfourȱhatsȱareȱalsoȱintroducedȱinȱhisȱ bookȱTheȱPlenitudeȱasȱfollows:ȱ “DuringȱmyȱlifeȱIȱputȱonȱandȱtookȱoffȱfourȱhatsȱofȱcreativity:ȱartist,ȱ scientist,ȱdesignerȱandȱengineer.ȱIȱthinkȱofȱeachȱoneȱasȱquiteȱdistinctȱwithȱ itsȱownȱmethods,ȱworldȱviews,ȱprecedents,ȱpredecessors,ȱstyleȱofȱdress,ȱ interiorȱdecorations,ȱhistories,ȱvocabularies,ȱalliances,ȱlikes,ȱdislikes,ȱ prejudices,ȱtools,ȱtechniquesȱandȱdemeanors.ȱIȱcanȱwalkȱintoȱanȱofficeȱandȱ knowȱimmediatelyȱifȱitȱisȱaȱdesigner’sȱofficeȱorȱanȱengineer’sȱoffice.ȱIȱ instantaneouslyȱknowȱifȱitȱisȱanȱartist’sȱloftȱorȱaȱscientist’sȱlabȱevenȱifȱtheyȱ areȱfilledȱwithȱtheȱsameȱdigitalȱtools.ȱActuallyȱitȱisȱonlyȱwithȱgreatȱeffortȱ thatȱIȱhaveȱbegunȱthinkingȱaboutȱthemȱasȱhats;ȱinȱsomeȱrealȱway,ȱforȱme,ȱ theyȱareȱstatesȱofȱbeingȱasȱdifferentȱasȱalligatorsȱandȱelephants.”ȱ[15]ȱ
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ȱ Figureȱ2ȱ—ȱTheȱFourȱCreativeȱHatsȱ(Artist:ȱRichȱGold)ȱ



ȱ SinceȱIȱattendedȱthatȱlecture,ȱsomethingȱaboutȱtheȱrelationshipsȱandȱ boundariesȱbetweenȱtheȱrolesȱGoldȱdescribedȱhaveȱremainedȱdominantȱinȱmyȱ thinking.ȱIȱhaveȱbeenȱinterestedȱinȱexploringȱwhetherȱitȱwasȱpossibleȱtoȱrecastȱȱ andȱbroadenȱGold’sȱstrictȱoccupationalȱclassificationsȱwhileȱmaintainingȱtheȱ essentialȱnotionȱthatȱpeople’sȱabilitiesȱdoȱfallȱintoȱcategoriesȱmarkedȱbyȱparticularȱ stylesȱofȱthinking,ȱand,ȱasȱaȱresult,ȱparticularȱpatternsȱofȱcomputerȱusageȱwithinȱaȱ category.ȱIȱwasȱtoȱfindȱinȱtheȱresearchȱundertakenȱforȱthisȱthesisȱthatȱtheȱtruthȱisȱ farȱmoreȱcomplexȱthanȱIȱhadȱimagined.ȱ
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1.5.2 CommandȬlineȱvs.ȱGUIȱmodesȱofȱcomputerȱuseȱ ȱ Whileȱitȱwasȱnotȱalwaysȱtheȱcase,ȱpersonalȱcomputerȱsystemsȱthatȱpresentȱ andȱallowȱmanipulationȱofȱinformationȱvisuallyȱthroughȱaȱgraphicȱuserȱinterfaceȱ (GUI)ȱareȱcurrentlyȱdominant.ȱMuchȱhasȱbeenȱwrittenȱwithȱrespectȱtoȱtheȱroleȱofȱ visualȱinformationȱandȱtheȱwaysȱinȱwhichȱtheseȱgraphicalȱinterfacesȱcanȱbeȱ leveragedȱasȱpartȱofȱtheȱlearningȱprocessȱ[6,ȱ7,ȱ16,ȱ48].ȱStill,ȱdebateȱcontinuesȱasȱtoȱ whetherȱcommandȬlineȱinterfacesȱareȱmoreȱ“userȬfriendly”,ȱandȱthereforeȱ superiorȱtoȱtheirȱgraphicalȱcounterpartsȱ[20Ȭ22,ȱ41].ȱMyȱfindingsȱquestionȱthisȱ assumption,ȱpointingȱinsteadȱtoȱtheȱusefulnessȱofȱtheȱtoolȱasȱaȱmoreȱsignificantȱ measureȱofȱsuperiorityȱforȱaȱgivenȱtask.ȱ InȱmyȱobservationsȱasȱaȱstudentȱinȱtheȱFallȱ2005ȱGraduateȱSeminarȱinȱ ElectronicȱMusicȱclassȱinȱelectronicȱmusicȱatȱMills,ȱthereȱwereȱseveralȱinterestingȱ challengesȱIȱobservedȱstudentsȱfacingȱinȱthisȱenvironmentȱthatȱappearedȱtoȱrelateȱ directlyȱtoȱtheȱissueȱofȱcommandȬlineȱvs.ȱGUIȱusage.ȱForȱexample,ȱtheȱmajorityȱofȱ theȱstudentsȱenrolledȱinȱthatȱclassȱhadȱnoȱformalȱprogrammingȱbackground,ȱyetȱ SC3’sȱprimaryȱmodeȱofȱinteractionȱisȱthroughȱaȱcommandȬlineȱandȱitsȱformalȱ programmingȱlanguage,ȱsclang.ȱ ThereȱareȱmanyȱGUIȬbasedȱsoftwareȱsynthesisȱsystemsȱavailable,ȱ includingȱMAX/MSPȱandȱReaktor,ȱwhichȱenableȱpeopleȱtoȱmanipulateȱgraphicȱ objectsȱtoȱprogramȱsoftwareȬbasedȱsynthesis.ȱȱOneȱofȱtheȱaspectsȱthatȱmakesȱSC3ȱ
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particularlyȱuniqueȱamongȱsoftwareȬbasedȱsynthesisȱsystemsȱisȱtheȱfactȱthatȱisȱ exposesȱaȱpowerfulȱprogrammingȱlanguage.ȱAsȱwillȱbeȱshown,ȱsomeȱstudentsȱ findȱthisȱtoȱbeȱaȱpotentȱtool,ȱenablingȱtheȱexpressionȱofȱfunctionsȱthatȱcanȱnotȱbeȱ expressedȱasȱclearlyȱinȱaȱvisualȱenvironment.ȱHowever,ȱitȱmayȱbeȱthatȱonlyȱaȱ subsetȱofȱstudentsȱareȱcapableȱofȱfullyȱgraspingȱtheseȱconceptsȱifȱthisȱisȱtheirȱfirstȱ exposureȱtoȱaȱprogrammingȱlanguage.ȱ Iȱobservedȱthatȱforȱmanyȱofȱtheȱstudents,ȱthisȱwasȱapparentlyȱtheirȱfirstȱ introductionȱtoȱtheȱdisciplineȱofȱcomputerȱscience,ȱbyȱwayȱofȱelectronicȱmusic.ȱ Thisȱappearedȱtoȱaddȱaȱsignificantȱdegreeȱofȱcomplexityȱtoȱtheȱtaskȱofȱlearningȱ theȱextensiveȱcapabilitiesȱfoundȱwithinȱSC3.ȱTheseȱstudentsȱalsoȱfacedȱtheȱ additionalȱtasksȱinvolvedȱwithȱlearningȱandȱapplyingȱtheȱbasicsȱofȱprogrammingȱ constructsȱsuchȱasȱassignment,ȱarrays,ȱhashȱtables,ȱandȱconditionalȱlogic.ȱItȱwasȱ notedȱthatȱstudentsȱwhoȱcameȱintoȱtheȱclassȱwithȱpreviousȱknowledgeȱofȱtheseȱ conceptsȱwillȱbeȱpositionedȱbetterȱtoȱapplyȱtheseȱconceptsȱtowardsȱtheȱ constructionȱofȱmusicalȱinstrumentsȱinȱsoftware.ȱ Anȱadditionalȱhurdleȱforȱmanyȱstudentsȱinȱtheȱclassȱhadȱtoȱdoȱwithȱ graspingȱaȱconceptualȱmodelȱofȱsignalȱflowȱtheoryȱandȱsynthesisȱthatȱSC3ȱ abstractsȱthroughȱsclang.ȱManyȱstudents,ȱinȱadditionȱtoȱneverȱworkingȱwithȱaȱ programmingȱlanguageȱbefore,ȱhadȱalsoȱneverȱstudiedȱanyȱformȱofȱsignalȱflowȱorȱ
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synthesisȱtheory.ȱTheseȱstudentsȱappearedȱespeciallyȱhandicappedȱinȱtheirȱabilityȱ toȱassimilateȱtheȱcourseȱmaterial.ȱ Iȱobservedȱthatȱifȱaȱstudentȱisȱnotȱableȱtoȱovercomeȱtheȱhurdlesȱofȱlearningȱ howȱtoȱprogramȱasȱwellȱasȱfullyȱgraspingȱtheȱessentialsȱofȱsignalȱflowȱandȱ synthesisȱtheory,ȱtheyȱmayȱwellȱmissȱoutȱonȱaȱrichȱsetȱofȱlearningȱopportunitiesȱ availableȱwithinȱtheȱSC3ȱenvironment.ȱOneȱsimpleȱsolutionȱtoȱthisȱproblemȱcouldȱ beȱtoȱrequireȱthatȱallȱstudentsȱtakeȱaȱbasicȱprogrammingȱclassȱasȱaȱprerequisiteȱ beforeȱtheȱclassȱwhereȱSC3ȱisȱtaught.ȱThisȱwould,ȱatȱtheȱveryȱleast,ȱensureȱthatȱ studentsȱenrollingȱinȱthisȱclassȱdoȱnotȱspendȱaȱsignificantȱamountȱofȱtheirȱ preciousȱtimeȱlearningȱbasicȱprogrammingȱtechniques.ȱThisȱapproachȱcarriesȱtheȱ disadvantageȱofȱexcludingȱstudentsȱwhoȱhaveȱnotȱtakenȱsuchȱaȱprerequisite.ȱ Anotherȱapproach,ȱthatȱthisȱthesisȱexplores,ȱcouldȱbeȱtoȱprovideȱsomeȱ higherȬlevelȱconstructsȱsuchȱasȱaȱGUIȱwhichȱprovidesȱvisualȱprogrammingȱ functionalityȱforȱthoseȱstudentsȱforȱwhomȱprogrammingȱisȱstillȱaȱnewȱorȱ especiallyȱchallengingȱdomain.ȱȱ ȱ ȱ ȱ ȱ ȱ
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1.5.3 WorkingȱAssumptionsȱ ȱ Theseȱandȱotherȱexperiencesȱledȱmeȱtoȱaȱsetȱofȱworkingȱassumptionsȱthatȱ canȱbeȱsummarizedȱasȱfollows:ȱ 1.



Usersȱcanȱbeȱcategorizedȱaccordingȱtoȱcertainȱbehavioralȱtraits,ȱ whichȱmayȱbeȱaȱpredictorȱforȱcertainȱkindsȱofȱcomputerȱusageȱ patterns;ȱ



2.



Featureȱsetsȱinȱsoftwareȱapplicationsȱcanȱalsoȱbeȱcategorizedȱandȱ mappedȱtoȱtheȱsameȱcategoriesȱthatȱdescribeȱtheȱsetȱofȱusers;ȱ



3.



Itȱmayȱbeȱpossibleȱtoȱemployȱassumptionsȱ1ȱandȱ2ȱtoȱgenerateȱanȱ approachȱforȱsolvingȱgeneralȱadaptability.ȱ



4.



ProgramsȱthatȱemployȱGUIsȱasȱtheirȱprimaryȱinterfaceȱareȱeasierȱ forȱpeopleȱtoȱlearn,ȱespeciallyȱthoseȱwhoȱdoȱnotȱhaveȱaȱ backgroundȱinȱcomputerȱscience;ȱ



5.



StudentsȱwhoȱhaveȱchallengesȱlearningȱorȱmasteringȱaȱcommandȬ lineȱenvironmentȱmayȱhaveȱanȱimprovedȱlearningȱexperienceȱbyȱ dealingȱwithȱaȱGUIȱtoȱlearnȱtheȱfundamentalsȱofȱelectronicȱmusic.ȱ



ȱ Basedȱonȱtheseȱassumptionsȱandȱtheȱinitialȱresultsȱfromȱtheȱphaseȱ1ȱ interviews,ȱIȱassembledȱaȱtestȱinterfaceȱbyȱslightlyȱmodifyingȱPaulȱMiller’sȱopenȱ
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sourceȱGUIȱframeworkȱforȱSC3,ȱTXModularȱ[30],ȱinȱorderȱtoȱtestȱtheseȱ assumptions.ȱ AsȱIȱwasȱtoȱdiscover,ȱmyȱinitialȱassumptionsȱwereȱtooȱsimplistic.ȱIȱwasȱ hoping,ȱbyȱstartingȱfromȱGold’sȱfourȱhats,ȱtoȱdevelopȱaȱmoreȱabstractȱandȱgeneralȱ formulationȱthatȱcouldȱbeȱappliedȱtoȱsolveȱproblemsȱofȱusability.ȱȱ Forȱexample,ȱsomeȱsoftwareȱfeaturesȱorȱcapabilitiesȱmayȱexistȱinȱtheȱsameȱ formȱacrossȱallȱcategories.ȱSuchȱaȱfeatureȱwouldȱbeȱconsideredȱglobalȱtoȱtheȱ application.ȱForȱexample,ȱitȱmayȱbeȱthatȱtheȱoperationȱtoȱsaveȱaȱdocumentȱmayȱbeȱ identicalȱforȱallȱusers.ȱOtherȱfeaturesȱmayȱexistȱinȱseveralȱcategoriesȱbutȱareȱ implementedȱoneȱwayȱforȱtheȱ“artist”ȱcategoryȱandȱanotherȱwayȱforȱtheȱ “engineer”ȱcategory.ȱAȱgeneralizedȱexampleȱhereȱisȱthatȱtheȱapplicationȱmayȱ exposeȱaȱcommandȬlineȱinterfaceȱforȱengineeringȱtypesȱwhileȱexposingȱaȱ graphicalȱuserȱinterfaceȱthatȱhasȱpleasingȱæstheticȱqualitiesȱforȱartisticȱtypes.ȱStillȱ otherȱfeaturesȱmayȱexistȱonlyȱinȱoneȱcategoryȱforȱoneȱgroupȱofȱusers.ȱAȱpossibleȱ exampleȱhereȱwouldȱbeȱaȱfunctionȱavailableȱonlyȱatȱtheȱcommandȬlineȱforȱ engineeringȱtypes.ȱ Myȱhopeȱwasȱthatȱsuchȱanȱapproachȱtoȱdesignȱwouldȱprovideȱaȱmodularȱ andȱextensibleȱapproachȱtoȱsoftwareȱrequirementsȱanalysis,ȱenablingȱfeatureȱsetsȱ toȱbeȱmappedȱtoȱdiverseȱgroupsȱofȱusersȱinȱaȱmethodicalȱfashion,ȱand,ȱinȱ addition,ȱsupportingȱdiscreteȱstagingȱofȱfeatureȱsetsȱduringȱimplementation.ȱ
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Suchȱanȱapproach,ȱifȱitȱwereȱpossible,ȱwouldȱhaveȱtheȱadvantageȱofȱbeingȱ scalable,ȱasȱmoreȱdimensionsȱofȱdifferencesȱcouldȱbeȱadded,ȱcreatingȱaȱ multidimensionalȱmodelȱthatȱcanȱbeȱscaledȱtoȱanȱarbitrarilyȱhighȱnumberȱofȱ dimensions,ȱthusȱcreatingȱhigherȱdegreesȱofȱgranularityȱbetweenȱuserȱsegments,ȱ features,ȱandȱuniqueȱimplementationȱsteps.ȱȱ



1.6 Goalsȱ ȱ ThisȱthesisȱseeksȱtoȱexplainȱwhatȱIȱhaveȱlearnedȱregardingȱtheȱinitialȱ beliefsȱandȱassumptionsȱIȱheldȱatȱtheȱoutsetȱofȱtheȱstudy.ȱItȱalsoȱattemptsȱtoȱ explainȱwhatȱIȱlearnedȱfromȱtheȱgroupȱofȱinformantsȱIȱfollowedȱthroughȱthisȱ study.ȱThisȱincludesȱobservationsȱthatȱcanȱinformȱtheȱdesignȱofȱsystemsȱmeantȱtoȱ adaptȱtoȱdifferencesȱinȱusers.ȱIȱhope,ȱinȱparticular,ȱtoȱshedȱlightȱonȱtheȱcomplexȱ relationshipȱbetweenȱtheȱinformants’ȱselfȬdefinedȱgoalsȱandȱtheirȱownȱconceptionȱ ofȱtheirȱidentity.ȱItȱisȱthisȱrelationship,ȱbetweenȱselfȬdefinedȱgoalsȱandȱselfȬ identification,ȱratherȱthanȱcultureȬdefinedȱroleȱthatȱIȱfoundȱtoȱbeȱtheȱbestȱ predictorȱasȱtoȱwhatȱcategoryȱofȱusageȱaȱpersonȱwillȱtendȱtoȱchoose.ȱȱ Additionally,ȱIȱhopeȱtoȱshowȱthatȱtheȱparticularȱgroupȱIȱresearchedȱ demonstratesȱthatȱthereȱareȱcasesȱwhereȱitȱisȱimpossibleȱtoȱprovideȱaȱsingleȱ computationalȱplatformȱtoȱmeetsȱtheȱneedsȱofȱallȱusers.ȱ ȱ
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2 DataȱAnalysis:ȱPhaseȱ1ȱ ȱ Theȱfirstȱphaseȱofȱinterviewsȱwasȱdesignedȱtoȱgatherȱdetailsȱaboutȱtheȱ informant,ȱtheirȱmusicalȱandȱtechnicalȱbackground,ȱpreferences,ȱandȱinterests.ȱ MostȱofȱtheseȱinformantsȱhadȱcompletedȱaȱseminarȱinȱcomputerȱmusicȱatȱMillsȱ whereȱSC3ȱwasȱtheȱprimaryȱtool.ȱQuestionsȱaboutȱsoundȱcreation,ȱcomposition,ȱ arrangementȱandȱperformance,ȱasȱwellȱasȱtheirȱideasȱforȱtheȱ“ideal”ȱSC3ȱinterfaceȱ wereȱalsoȱposed.ȱȱBelowȱareȱsomeȱofȱtheȱkeyȱquantitativeȱdataȱregardingȱtheȱ population.ȱ ȱ



2.1 BasicȱPopulationȱStatisticsȱ ȱ Theȱfollowingȱareȱsomeȱbasicȱcharacteristicsȱofȱtheȱpopulationȱofȱ23ȱ informants:ȱ Informantȱ Typeȱ Facultyȱ Professionalȱ Studentȱ



%ȱ 13%ȱ 22%ȱ 65%ȱ



ȱ Musicalȱ Parentsȱ Yesȱ Noȱ



%ȱ 61%ȱ 39%ȱ



ȱ ȱ ȱ
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BackgroundȱinȱMusicȱ Theoryȱ Yesȱ Noȱ



%ȱ 63%ȱ 37%ȱ



ȱ Hadȱcomputerȱhasȱaȱchildȱ %ȱ Yesȱ 52%ȱ Noȱ 48%ȱ



ȱ Backgroundȱinȱprogrammingȱ %ȱ Yesȱ 30%ȱ Noȱ 70%ȱ



ȱ Backgroundȱinȱsignalȱ flowȱ Yesȱ Noȱ



%ȱ 57%ȱ 43%ȱ



ȱ StrongȱinȱMathematicsȱ Yesȱ Noȱ



%ȱ 43%ȱ 57%ȱ



ȱ Allȱofȱtheseȱmeasurementsȱwereȱbasedȱonȱtheȱinformants’ȱselfȬassessmentȱ ofȱtheirȱownȱbackgroundȱandȱabilities,ȱnotȱonȱanyȱobjectiveȱtest.ȱȱ



2.2 InitialȱImpressionsȱofȱSuperColliderȱ3.0ȱ ȱ OneȱofȱtheȱmostȱconsistentȱtrendsȱinȱdataȱIȱfoundȱwasȱanȱinitialȱimpressionȱ ofȱtheȱsystemȱrangingȱfromȱintimidationȱandȱfearȱtoȱunbridledȱhatred.ȱHereȱareȱ someȱexamplesȱofȱtheȱanswersȱinformantsȱprovidedȱwhenȱIȱaskedȱthemȱaboutȱtheȱ firstȱexperiencesȱwithȱSC3:ȱ



ȱ
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ȱ“Iȱdon’tȱknowȱwhatȱtoȱdoȱwithȱitȱ–ȱveryȱconfusing.”ȱ “…veryȱfrustrating.”ȱ “…justȱaȱbigȱmess.”ȱ “…horribleȱandȱpainful.”ȱ “…disconnectȱbetweenȱmusicalȱmindȱandȱmyȱprogrammaticȱmind.”ȱ “…prettyȱroughȱ–ȱresultsȱwereȱnotȱupȱtoȱmyȱexpectations.”ȱ “…gaveȱupȱ–ȱitȱturnedȱmeȱoff.”ȱ “…howȱtoȱharnessȱtheȱpossibilities…”ȱ ȱ“…[the]ȱbeautyȱofȱSCȱisȱthatȱitȱisȱsoȱopenȱȱ—ȱbutȱthat’sȱaȱdoubleȬedgedȱ sword.”ȱ “…frustratingȱ–ȱlimitationsȱinȱmyȱunderstandingȱofȱtheȱarchitectureȱ–ȱnotȱ theȱmostȱintuitiveȱthing.”ȱ “I’llȱhaveȱanȱideaȱandȱnotȱhaveȱanyȱideaȱhowȱtoȱimplementȱit.”ȱ ȱ“IȱwishȱIȱwasȱspendingȱmoreȱtimeȱmakingȱmusicȱthanȱprogramming.”ȱ “IȱfoundȱtheȱtransitionȱbetweenȱgraphicalȱandȱcommandȬlineȱjarring.”ȱ “…timeȬconsuming,ȱandȱyou’reȱconstantlyȱalteringȱtheseȱlittleȱminutiaeȱ valuesȱspendingȱhoursȱandȱhours,ȱyouȱknow,ȱI’veȱlookedȱatȱthisȱcodeȱsoȱlongȱthisȱ IOȱlooksȱlikeȱIOȱIOȱIO,ȱit’sȱoffȱtoȱworkȱIȱgo”ȱ ȱ NotȱoneȱinformantȱIȱspokeȱto,ȱwhenȱposedȱthisȱquestion,ȱexpressedȱpositiveȱ feelingsȱtowardȱtheȱtool.ȱFromȱanȱactivityȱtheoryȱperspective,ȱthisȱevidenceȱ impliesȱthatȱmostȱinformantsȱheldȱaȱviewȱladenȱwithȱaȱvarietyȱofȱformsȱofȱhighlyȱ chargedȱnegativeȱemotion.ȱThisȱnegativeȱemotionȱrepresentsȱaȱbarrierȱtheȱ informantȱwouldȱneedȱtoȱreverseȱinȱorderȱtoȱestablishȱaȱcomfortableȱrelationshipȱ withȱtheȱtool.ȱ ȱ
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2.3 WhatȱworkedȱinȱSuperColliderȱ3.0ȱ ȱ WhenȱIȱposedȱtheȱinformantsȱtheȱquestion,ȱ“Whatȱworkedȱforȱyouȱinȱ SC3?”,ȱIȱreceivedȱaȱbroadȱspectrumȱofȱanswers.ȱAboutȱ60%ȱofȱtheȱinformantsȱ repliedȱthatȱtheyȱmostȱlikedȱtheȱqualityȱofȱtheȱsoundȱthatȱtheȱsystemȱproduced.ȱTheȱ remainderȱofȱtheȱresponsesȱwasȱsplitȱacrossȱtheȱpopulation,ȱwithȱtheȱdesignatedȱ percentages:ȱ x



liberatedȱfromȱcommercialȱsoftwareȱ(15%);ȱ



x



changedȱmyȱideaȱofȱwhatȱIȱamȱcapableȱofȱasȱanȱartistȱandȱmusicianȱ(15%);ȱ



x



foundȱitȱlessȱambiguousȱtoȱprogramȱinȱcodeȱvs.ȱprogrammingȱwithȱaȱ graphicȱuserȱinterfaceȱ(10%)ȱ



Whatȱisȱinterestingȱaboutȱtheȱfirstȱtwoȱitemsȱinȱtheȱlistȱaboveȱisȱthatȱtheyȱ doȱnotȱreferȱtoȱSC3ȱcapabilities,ȱrather,ȱtoȱtheȱinformant’sȱcapabilities,ȱeitherȱinȱ termsȱofȱchangingȱtheirȱfeelings,ȱorȱexpandingȱtheirȱviewȱofȱthemselves.ȱOnlyȱtheȱ mostȱcommonȱresponseȱ(qualityȱofȱsound)ȱandȱtheȱleastȱcommonȱresponseȱ (programmability)ȱwereȱactuallyȱobservationsȱaboutȱtheȱtoolȱitself.ȱȱ Inȱobservingȱtheseȱresponses,ȱIȱbeganȱtoȱtakeȱnoteȱthatȱwhatȱwasȱbeingȱ reportedȱhereȱwasȱnotȱsimplyȱaȱviewȱofȱtheȱtool,ȱbutȱalsoȱofȱtheȱperson,ȱtheirȱviewȱ ofȱthemselves,ȱtheirȱviewȱofȱtheȱworld,ȱandȱaȱrecognitionȱthatȱallȱofȱtheseȱfactorsȱ playȱsignificantlyȱintoȱtheȱwayȱthatȱpersonȱconstructsȱtheȱactivity.ȱ



ȱ
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2.4 SuggestionsȱtoȱimproveȱSuperColliderȱ3.0ȱ ȱ Oneȱofȱtheȱfundamentalȱreasonsȱthatȱthisȱformȱofȱresearchȱwasȱundertakenȱ wasȱtoȱuncover,ȱfromȱtheȱuser’sȱperspective,ȱaȱclearȱsenseȱofȱwhatȱimprovementsȱ couldȱbeȱmadeȱtoȱtheȱSC3ȱenvironmentȱtoȱmakeȱitȱmoreȱuseful.ȱWhenȱaskedȱwhatȱ improvementsȱshouldȱbeȱmadeȱtoȱtheȱsystem,ȱaȱvarietyȱofȱideasȱemerged.ȱTheseȱ fellȱintoȱseveralȱgeneralȱcategoriesȱandȱareȱpresentedȱinȱtheȱsectionsȱbelowȱinȱ orderȱofȱpopularity.ȱ



2.4.1 GUIȱRequestsȱ ȱ Thisȱwasȱbyȱfarȱtheȱmostȱpopularȱtypeȱofȱsuggestion.ȱOverȱ85%ȱofȱtheȱ suggestionsȱinvolvedȱprovidingȱsomeȱlevelȱofȱGUIȱinteractionȱtoȱtheȱSC3ȱ commandȬlineȱinterface.ȱSuggestionsȱincludedȱtheȱfollowing:ȱ x x x x x x x



Routingȱ/ȱpatchingȱinterface;ȱ Visualȱautomationȱ–ȱdragȬandȬdropȱaȱsynthȱonȱtoȱaȱroutine;ȱ Provideȱaȱmethodȱtoȱprogramȱvisually;ȱ Aȱvisualȱinspectorȱȱforȱaȱsynthȱmodule;ȱ Aȱ“dock”ȱofȱallȱsynthȱobjectsȱ/ȱlibrariesȱȱrepresentedȱvisuallyȱthatȱcouldȱbeȱ draggedȱonȱtoȱpaletteȱandȱconnectedȱtoȱotherȱobjects;ȱ Provideȱaȱvisualȱtimelineȱorȱgraphȱwhereȱoneȱcouldȱlayȱoutȱ/ȱdrawȱeventsȱ orȱdoȱaȱlittleȱdragȬandȬdrop;ȱ “iPhoto”ȱforȱsoundsȱ ȱ TheseȱinformantsȱexpressedȱthatȱhavingȱaȱGUIȱwouldȱprovideȱgreaterȱeaseȱ



ofȱuseȱandȱminimizeȱwhatȱwasȱgenerallyȱcharacterizedȱforȱthemȱasȱaȱtediousȱandȱ



ȱ
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nonessentialȱprocessȱofȱwritingȱandȱdebuggingȱcode.ȱȱThisȱgroupȱofȱpeopleȱ generallyȱfeltȱthatȱwritingȱcodeȱwasȱnotȱanȱ“artistic”ȱactivity.ȱHavingȱlabeledȱitȱasȱ such,ȱthisȱgroupȱchoseȱnotȱtoȱinvestȱtheȱsameȱlevelȱofȱenergyȱthatȱotherȱ informants,ȱwhoȱdidȱfeelȱthatȱwritingȱcodeȱwasȱinclusiveȱtoȱtheȱartisticȱprocess,ȱ wouldȱputȱintoȱlearningȱsclang.ȱThisȱselfȬlabelingȱofȱwhatȱisȱandȱwhatȱisȱnotȱ “artistic”ȱturnedȱoutȱtoȱbeȱtheȱmostȱsignificantȱindicatorȱasȱtoȱhowȱtheȱ informantȱwouldȱdirectȱtheirȱenergiesȱtowardsȱtheȱuseȱofȱtheirȱtools.ȱ Mostȱinformantsȱtoldȱmeȱthatȱart,ȱbeingȱaȱcreativeȱendeavor,ȱisȱnotȱatȱallȱ likeȱtheȱworkȱofȱscienceȱandȱthatȱitȱisȱnotȱpossibleȱtoȱsayȱwithȱanyȱprecisionȱwhatȱ isȱorȱwhatȱisȱnotȱ“artistic”.ȱAtȱleastȱinȱtheȱcultureȱofȱtheȱgroupȱthatȱIȱstudied,ȱtheȱ demarcationȱbetweenȱartȱandȱscienceȱremainedȱaȱpersonalȱchoiceȱandȱaȱmatterȱofȱ subjectivity1.ȱȱ ManyȱofȱtheȱinformantsȱfeltȱthatȱtheȱcommandȬlineȱprogrammingȱ paradigmȱdidȱnotȱfitȱtheirȱownȱselfȬimageȱofȱanȱactivityȱwithinȱanȱartist’sȱwork.ȱ Theseȱinformantsȱfeltȱthatȱtheȱprocessȱofȱprogrammingȱnegativelyȱchangedȱtheȱ wayȱtheirȱmindsȱoperatedȱinȱsuchȱaȱwayȱasȱtoȱdetachȱthemȱfromȱtheirȱartisticȱ senseȱofȱself.ȱThisȱschismȱbetweenȱsoȬcalledȱ“scientific”ȱandȱ“artistic”ȱactivitiesȱ wasȱhighlyȱprevalentȱandȱobservedȱinȱ92%ȱofȱthisȱgroup.ȱ ȱThereȱareȱcultures,ȱparticularlyȱtraditionalȱAsianȱartȱculture,ȱwhereȱemulatingȱ theȱmasterȱisȱtheȱdesiredȱgoalȱandȱindividualȱdifferencesȱareȱnotȱatȱallȱprized.ȱ Thisȱisȱoneȱexampleȱwhereȱweȱcanȱsee,ȱfromȱanȱactivityȱperspective,ȱthatȱcultureȱ hasȱaȱdirectȱimpactȱonȱtheȱactivity.ȱ 1



ȱ
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2.4.2 Starterȱ/ȱExampleȱKitsȱ ȱ Theȱremainingȱ15%ȱofȱtheȱinformantsȱrequestedȱaȱ“starterȱkit”ȱtoȱsupportȱ themȱinȱparticularȱexercisesȱbeyondȱthoseȱthatȱwereȱpresentedȱasȱpartȱofȱtheȱclass.ȱ Theseȱindividualsȱseemedȱlessȱinterestedȱinȱactuallyȱimprovingȱtheȱwayȱtheȱtoolȱ workedȱbutȱinsteadȱfocusedȱonȱimprovementsȱthatȱwouldȱhelpȱimproveȱtheirȱ understandingȱandȱcomprehensionȱofȱtheȱunderlyingȱfunctionalityȱwithinȱSC3.ȱThisȱ groupȱofȱinformantsȱwasȱopenȱtoȱtheȱideaȱofȱprogrammingȱandȱdidȱnotȱfeelȱinȱ anyȱwayȱthatȱtheȱactȱofȱprogrammingȱwasȱaȱviolationȱofȱtheirȱartisticȱidentity.ȱ Theseȱinformantsȱwereȱbyȱfarȱtheȱmostȱsuccessfulȱinȱtermsȱofȱtheirȱassessmentȱofȱ theirȱperformanceȱinȱtheȱclassȱandȱinȱtheirȱlevelȱofȱcomfortȱworkingȱdirectlyȱwithȱ sclang.ȱȱ



2.4.3 AssessmentȱofȱSuggestionsȱ ȱ



Once I assessed what users wanted, my next step was to design and



implement an improved interface and evaluate users’ responses to it. ȱSinceȱtheȱvastȱmajorityȱofȱtheȱpopulationȱrequestedȱaȱGUIȱtoȱmediateȱ betweenȱtheȱmanyȱprogrammingȱtasksȱtheyȱwouldȱotherwiseȱhaveȱtoȱengageȱin,ȱIȱ reviewedȱtheȱvariousȱrequestsȱandȱcameȱtoȱtheȱconclusionȱthatȱbasedȱonȱmyȱownȱ resources,ȱIȱcouldȱprovideȱaȱlimitedȱGUIȱthatȱmediatedȱsomeȱofȱtheȱcommonȱ tasksȱsuchȱasȱinstantiatingȱoscillatorsȱandȱsynths,ȱsettingȱtheirȱparameters,ȱandȱ patchingȱtheȱoutputȱofȱoneȱmoduleȱtoȱtheȱinputȱofȱanother.ȱTheseȱseemedȱtoȱbeȱ ȱ
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tasksȱallȱofȱtheȱinformantsȱengagedȱinȱandȱtheȱideaȱthatȱemergedȱwasȱtoȱbuildȱaȱ GUIȱtestȱenvironmentȱthatȱenabledȱsuchȱactivitiesȱfromȱaȱGUI.ȱMyȱobjectiveȱwasȱ toȱdetermineȱwhetherȱwhenȱprovidedȱwithȱsuchȱanȱinterfaceȱtheȱinformantsȱ wouldȱfindȱitȱanȱimprovement.ȱ ȱ



3 ImplementationȱofȱTestȱInterfaceȱ ȱ Inȱresearchingȱvariousȱapproachesȱtoȱpreparingȱaȱtestȱinterface,ȱIȱcameȱ acrossȱPaulȱMiller’sȱTXȱModularȱ[30]ȱframeworkȱforȱSC3ȱthatȱdidȱalmostȱ everythingȱIȱwanted.ȱȱ Millerȱhasȱinvestedȱaȱsignificantȱamountȱofȱtimeȱimplementingȱanȱ extensiveȱobjectȬorientedȱframeworkȱthatȱrunsȱonȱtopȱofȱSC3ȱandȱpresentsȱtheȱ capabilityȱofȱexecutingȱmanyȱcommonȱtasksȱinȱSC3ȱusingȱaȱGUIȱratherȱthanȱaȱ commandȬlineȱinterface.ȱ TheȱfollowingȱisȱanȱoverallȱclassȱdiagramȱofȱtheȱTXȱModularȱframework:ȱ



ȱ
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ȱ Figureȱ3ȱ—ȱClassȱDiagramȱofȱTXȱModularȱFrameworkȱ



ȱ



ȱ
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HavingȱidentifiedȱaȱwellȬwrittenȱandȱwellȬorganizedȱframework,ȱmyȱ implementationȱwasȱveryȱsimpleȱandȱstraightforward.ȱTheȱframeworkȱalreadyȱ didȱvirtuallyȱeverythingȱIȱhadȱidentifiedȱasȱaȱrequirementȱinȱtheȱPhaseȱ1ȱprocess.ȱ Myȱmodificationsȱwereȱthereforeȱlimitedȱalmostȱentirelyȱtoȱæstheticȱchangesȱofȱ theȱGUIȱcolorȱpaletteȱbasedȱonȱmyȱsenseȱofȱcolor.ȱ BelowȱisȱaȱscreenȱshotȱofȱmyȱmodifiedȱTXȱModularȱcodeȱthatȱIȱnamedȱ“SCȱ BusyȱBox,”ȱwhichȱIȱusedȱasȱtheȱtestȱinterfaceȱforȱPhaseȱ2ȱinterviews:ȱ



ȱ Figureȱ4ȱ—ȱModificationȱofȱTXȱModȱframeworkȱ



ȱ Theȱ“channelȱstrips,”ȱwhichȱareȱtheȱcolumnsȱonȱtheȱleft,ȱareȱaȱfamiliarȱ metaphorȱforȱanyȱuserȱwhoȱhasȱpreviouslyȱworkedȱwithȱaȱphysicalȱmixingȱ consoleȱandȱallowȱtheȱvisualȱcontrolȱofȱparametersȱsuchȱasȱvolumeȱ(amplitude),ȱ ȱ
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stereoȱpanning,ȱsendingȱofȱsignalȱtoȱotherȱchannelȱstrips,ȱasȱwellȱasȱtheȱnotionȱofȱ anȱ“insert”,ȱwhichȱisȱtheȱabilityȱtoȱplaceȱanȱeffectȱdirectlyȱontoȱtheȱchannel.ȱ Onȱtheȱrightȱsideȱisȱanȱ“inspector”,ȱwhichȱallowsȱspecificȱparametersȱforȱ theȱsynthȱmoduleȱthatȱisȱtheȱ“source”ȱforȱanyȱchannelȱstripȱtoȱbeȱchangedȱinȱrealȬ timeȱviaȱtheȱmouseȱratherȱthanȱviaȱcommandȬline.ȱ ContrastȱthisȱwithȱtheȱstandardȱSC3ȱenvironment:ȱ



ȱ Figureȱ5ȱ—ȱStandardȱSC3ȱProgrammingȱEnvironmentȱ



ȱ Inȱtheȱstandardȱenvironment,ȱallȱaspectsȱofȱtheȱsystemȱareȱcontrolledȱviaȱaȱ commandȬlineȱinterfaceȱthroughȱsclang.ȱTheȱTXȱModularȱframeworkȱisȱdesignedȱ toȱaddressȱthisȱlimitation.ȱ
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Havingȱfoundȱsoftwareȱthatȱmetȱtheȱinformants’ȱstatedȱwishes,ȱmyȱnextȱ stepȱwasȱtoȱpresentȱthisȱsoftwareȱtoȱtheȱinformantsȱandȱassessȱtheirȱresponseȱtoȱit.ȱ ȱ



4 DataȱAnalysis:ȱPhaseȱ2ȱ ȱ Theȱphaseȱ2ȱinterviewsȱwereȱveryȱsimilarȱtoȱtheȱphaseȱ1ȱinterviewsȱinȱformȱ andȱstyle,ȱwithȱthreeȱmajorȱdifferences.ȱFirst,ȱaboutȱ50%ȱofȱtheȱinformantsȱ interviewedȱhadȱneverȱusedȱorȱbeenȱexposedȱtoȱSC3ȱbefore.ȱSecond,ȱinsteadȱofȱ solicitingȱideasȱfromȱtheȱinformantsȱaboutȱhowȱtoȱimproveȱtheȱbasicȱSC3ȱ interface,ȱtheyȱwereȱpresentedȱwithȱbothȱtheȱ“SCȱBusyȱBox”ȱGUIȱdescribedȱinȱtheȱ previousȱsectionȱandȱtheȱstandardȱSC3ȱinterfaceȱandȱaskedȱtoȱcommentȱonȱtheȱ usabilityȱofȱeachȱbasedȱonȱtheirȱparticularȱusageȱgoals.ȱTheȱthirdȱdifferenceȱisȱthatȱ timedȱtasksȱwereȱrecordedȱforȱeachȱinterfaceȱinȱorderȱtoȱobtainȱaȱquantitativeȱ measureȱofȱhowȱlongȱitȱtookȱanȱinformantȱtoȱcompleteȱaȱparticularȱtaskȱinȱeachȱ interface.ȱ



4.1.1 ResponseȱtoȱSCȱBusyȱBoxȱ ȱ Almostȱallȱusersȱwereȱimmediatelyȱcomfortableȱwithȱtheȱgraphicalȱ metaphorsȱofȱchannelȱstripsȱandȱinspectorsȱinȱtheȱSCȱBusyȱBoxȱandȱableȱtoȱ performȱtheȱrequestedȱtaskȱofȱcreatingȱanȱoscillatorȱandȱconnectingȱitȱtoȱanȱeffectȱ
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significantlyȱfasterȱthanȱinȱtheȱcommandȬlineȱenvironmentȱ(seeȱsectionȱ4.3ȱbelowȱ forȱquantitativeȱcomparisons).ȱȱ This,ȱhowever,ȱdidȱnotȱmeanȱthatȱtheȱinformantȱfeltȱthatȱtheȱSCȱBusyȱBoxȱ interfaceȱwasȱeitherȱusableȱorȱsuperiorȱtoȱtheȱstandardȱSC3ȱinterface.ȱ Inȱoverȱ94%ȱofȱtheȱpopulation,ȱinformantsȱstatedȱthatȱtheyȱwouldȱnotȱuseȱ theȱSCȱBusyȱBoxȱinterfaceȱtoȱdoȱtheirȱwork.ȱWhenȱpressedȱasȱtoȱwhyȱtheyȱwouldȱ notȱuseȱtheȱinterface,ȱtheȱanswersȱfellȱintoȱthreeȱgeneralȱcategories:ȱ ȱ 1. Iȱwouldȱpreferȱtoȱbuildȱsomethingȱmyselfȱthatȱisȱaȱreflectionȱofȱmyȱ artisticȱcreativityȱ(66%);ȱ 2. Iȱfindȱthisȱinterfaceȱtooȱlimitingȱ(18%);ȱ 3. IȱdoȱnotȱfindȱtheȱtasksȱthatȱtheȱSCȱBusyȱBoxȱsupportsȱtoȱbeȱwithinȱtheȱ setȱofȱtasksȱIȱcommonlyȱuseȱinȱmyȱmusicȬmakingȱprocessȱ(16%)ȱ ȱ Theȱfirstȱandȱmostȱcommonlyȱofferedȱreasonȱforȱrejectingȱtheȱtoolȱhasȱ nothingȱtoȱdoȱwithȱtheȱtoolȱitself.ȱInstead,ȱitȱreflectsȱmoreȱonȱtheȱinformant’sȱ beliefsȱaboutȱtheȱroleȱofȱanȱartist.ȱTheseȱbeliefsȱdefineȱandȱlimitȱwhatȱkindsȱofȱ tasksȱtheȱartistȱengagesȱin.ȱForȱtheseȱinformants,ȱthereȱisȱaȱveryȱstronglyȱheldȱ beliefȱthatȱtheyȱshouldȱbuildȱthingsȱthemselves.ȱOneȱinformantȱsummarizedȱthisȱ beliefȱbyȱstating:ȱ



ȱ
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“Thereȱisȱaȱdifferenceȱbetweenȱmakingȱandȱplayingȱaȱguitar,ȱbutȱinȱ aȱtechnologicalȱworldȱwhereȱpeopleȱhaveȱaccessȱtoȱsimilarȱtechnology,ȱ howȱdoȱyouȱdifferentiateȱwhatȱyouȱdo?ȱMakeȱyourȱown.”ȱ ȱ Thereȱisȱanȱironicȱparadoxȱhere:ȱwhileȱoneȱofȱtheȱmainȱbenefitsȱofȱ softwareȬbasedȱsystemsȱisȱtheȱabilityȱtoȱprovideȱchangeableȱorȱcustomizableȱ behaviorȱwithoutȱchangingȱtheȱhardware,ȱresearchȱshowsȱthatȱonlyȱaȱminorityȱofȱ usersȱundertakeȱtheȱchallengeȱofȱcustomizingȱtheȱbehaviorȱofȱtheirȱsoftwareȱ[26,ȱ 34].ȱMyȱresearchȱsupportsȱtheseȱfindings.ȱ



4.1.2 WhenȱBeliefsȱConflictȱ ȱ Notwithstandingȱtheȱoverwhelmingȱnumberȱofȱinformantsȱwhoȱsharedȱaȱ similarȱbelief,ȱwhenȱpressedȱfurtherȱonȱtheȱramifications,ȱmanyȱinformantsȱ recognizedȱaȱconflictȱinȱtheirȱownȱselfȬdefinitions.ȱSpecifically,ȱmanyȱofȱtheȱ informantsȱwhoȱwantedȱtoȱbuildȱtheirȱownȱtoolsȱalsoȱheldȱaȱconflictingȱbelief:ȱ thatȱapplyingȱtheirȱmindsȱtoȱtheȱtaskȱofȱbuildingȱaȱtoolȱtookȱthemȱoutȱofȱtheȱ realmȱofȱcreativityȱandȱintoȱscientificȱactivity,ȱwhichȱtheyȱregardedȱasȱ unacceptable.ȱOneȱinformantȱstatedȱtheȱconflictȱinȱthisȱfashion:ȱ “[Whenȱthinkingȱthroughȱtheȱissueȱof]ȱ…toolȱbuildingȱvs.ȱ instrumentsȱbuildingȱandȱgettingȱboggedȱdownȱinȱtheȱwholeȱideaȱthatȱIȱ canȱbuildȱtheseȱtoolsȱsoȱmaybeȱIȱshouldȱbecauseȱusingȱyourȱownȱtoolsȱisȱ betterȱthanȱusingȱsomeoneȱelse’sȱtools.ȱButȱ–ȱIȱalwaysȱfeelȱIȱuseȱotherȱtoolsȱ
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inȱanȱunconventionalȱmannerȱanyway.ȱDefiningȱtheȱtoolȱinvolvesȱaȱlotȱofȱ workȱthatȱisȱnotȱnecessarilyȱcreativeȱwork.”ȱ ȱ Moreȱthanȱ80%ȱofȱtheȱinformantsȱwhoȱwereȱinterviewedȱinȱphaseȱ2ȱ expressedȱthisȱkindȱofȱconflictȱwithinȱtheȱboundariesȱofȱtheirȱownȱselfȬdefinitionȱ asȱanȱartist.ȱȱ Thisȱconflictȱwasȱalsoȱnotedȱinȱsectionȱ2.4.1ȱand,ȱatȱleastȱforȱtheȱpopulationȱ Iȱhaveȱstudied,ȱthisȱfactorȱisȱactuallyȱmoreȱcriticalȱthanȱtheȱtoolȱitselfȱbecauseȱtheȱ resolutionȱofȱtheȱconflictȱresultsȱinȱaȱtoolȱchoiceȱthatȱisȱconsistentȱwithȱthatȱ informant’sȱbeliefȱsystem.ȱWhetherȱtheȱtoolȱdoesȱwhatȱanȱinformantȱsaysȱtheyȱ wantȱitȱtoȱdoȱorȱnotȱturnsȱoutȱtoȱbeȱlessȱimportantȱthanȱwhetherȱtheȱinformant’sȱ beliefsȱaboutȱthatȱkindȱofȱtoolȱwillȱadmitȱtheȱtoolȱasȱacceptableȱtoȱtheirȱ consciousness.ȱThisȱisȱaȱpsychologicalȱandȱnotȱaȱtechnicalȱfactor.ȱ



4.1.3 Aptitude versus Belief Evenȱamongȱinformantsȱwhoȱmightȱbeȱthoughtȱofȱasȱhavingȱaptitudeȱforȱ programming2,ȱitȱwasȱfoundȱthatȱinȱallȱcasesȱthatȱwhenȱanȱinformantȱfeltȱthatȱtheȱ programmingȱactivityȱwasȱnotȱanȱartisticȱactivity,ȱthatȱcommandȬlineȱ programmingȱperformanceȱwasȱpoor.ȱConversely,ȱinformantsȱwhoȱdidȱnotȱshowȱ



2



Anȱinformantȱwhoȱstatedȱtheyȱhadȱtakenȱandȱperformedȱwellȱinȱprogrammingȱ classesȱorȱwereȱgoodȱatȱmathematicsȱmayȱbeȱperceivedȱasȱpossessingȱanȱaptitudeȱ forȱprogramming. ȱ
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theȱsameȱaptitudeȱbutȱfeltȱthatȱprogrammingȱactivitiesȱwereȱpartȱofȱanȱartisticȱ andȱcreativeȱprocessȱperformedȱmuchȱbetter.ȱThisȱresearchȱshowsȱthatȱforȱthisȱ groupȱofȱinformantsȱthatȱbeliefsȱareȱaȱstrongerȱindicatorȱthanȱaptitudeȱforȱ performance.ȱ



4.1.4 Assessment of Beliefs is Vital for User Acceptance Therefore,ȱIȱargueȱthatȱitȱisȱvital,ȱinȱtheȱdesignȱofȱusableȱandȱadaptableȱ systemsȱthatȱareȱdesignedȱforȱaȱwideȱvarietyȱofȱusers,ȱtoȱincludeȱasȱpartȱofȱtheȱ designȱprocessȱaȱclearȱunderstandingȱofȱtheȱbeliefsȱinformantsȱhaveȱaboutȱtheȱ toolsȱtheyȱuseȱinȱparallelȱwithȱanyȱeffortȱtoȱimproveȱorȱdesignȱbetterȱtoolsȱ—ȱȱifȱitȱ isȱaȱgoalȱofȱtheȱimplementationȱthatȱthoseȱtoolsȱbeȱadoptedȱandȱfullyȱutilized.ȱToȱ achieveȱadoption,ȱatȱleastȱinȱtheȱpopulationȱIȱstudied,ȱitȱisȱnotȱenoughȱtoȱsimplyȱ takeȱaȱlistȱofȱrequirementsȱandȱimplementȱagainstȱthese.ȱ



4.1.5 AȱKeyȱFactorȱinȱLargeȱScaleȱSystemȱAdoptionȱFailuresȱ ȱ Theȱstudyȱofȱbeliefsȱregardingȱwhichȱactivitiesȱanȱindividualȱconsidersȱ acceptableȱisȱnotȱaȱhotȱtopicȱinȱcurrentȱHCIȱwork.ȱIȱargueȱhereȱthatȱlackȱofȱthisȱ typeȱofȱqualitativeȱinformationȱisȱaȱkeyȱfactorȱinȱtheȱfailureȱofȱaȱwideȱrangeȱofȱ largeȬscaleȱsystemȱimplementations.ȱȱ AccordingȱtoȱȱInfoWorld,ȱresearchȱconductedȱbyȱGartnerȱ/ȱMetaȱGroupȱ showsȱthatȱ“onȱaverage,ȱaboutȱ70ȱpercentȱofȱallȱITȬrelatedȱprojectsȱfailȱtoȱmeetȱ ȱ
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theirȱobjectives”ȱ[24]ȱandȱattributesȱsuchȱfailuresȱtoȱtheȱfactȱthatȱmanyȱlargeȬscaleȱ systemȱimplementationsȱsuchȱasȱERPȱ(EnterpriseȱResourceȱPlanning),ȱSCMȱ (SupplyȱChainȱManagement),ȱandȱCRMȱ(ClientȱRelationshipȱManagement)ȱȱ overlookȱtheȱfactȱthatȱtheyȱareȱdealingȱwithȱaȱ“fundamentalȱchangeȱinȱourȱ relationshipȱwithȱtheȱenterprise”ȱ[24].ȱȱ TomȱAmerongenȱofȱiFusion,ȱaȱCRMȱconsultancyȱsupportsȱthisȱidea,ȱ statingȱthatȱ“CRMȱisȱnotȱjustȱaboutȱtechnology”ȱandȱthatȱ“…toȱturnȱaȱcompany’sȱ CRMȱgoalsȱintoȱtrueȱresults,ȱyourȱCRMȱstrategyȱmustȱbeȱconsideredȱholistically.”ȱ [4].ȱȱ SusanȱEhrlich,ȱinȱherȱ1987ȱACMȱpaperȱonȱstrategiesȱforȱencouragingȱ successfulȱadoptionȱofȱofficeȱcommunicationȱsystems,ȱalsoȱspeaksȱtoȱthisȱpointȱasȱ partȱofȱherȱconclusion,ȱadvisingȱresearchersȱtoȱincludeȱstudiesȱthatȱtakeȱ psychologicalȱfactorsȱintoȱaccountȱasȱanȱaidȱtoȱimproveȱsystemȱadoptionȱandȱ acceptanceȱ[9].ȱInȱherȱstudy,ȱsheȱusedȱtheȱtermȱ“socialȱconventions”ȱtoȱreferȱtoȱ theȱsetȱofȱbeliefsȱthatȱusersȱheldȱandȱthatȱneededȱtoȱbeȱaddressedȱbeforeȱaȱsystemȱ couldȱbeȱsuccessfullyȱadopted.ȱ Theȱresearchȱconductedȱwithinȱtheȱscopeȱofȱthisȱthesisȱsupportsȱandȱ extendsȱEhrlich’sȱfindingsȱbyȱusingȱactivityȱtheoryȱasȱaȱdataȱcollectionȱ methodologyȱtoȱuncoverȱkeyȱpsychologicalȱdataȱthatȱmayȱimposeȱbarriersȱtoȱtheȱ acceptanceȱofȱaȱsystem.ȱ
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4.2 CharacteristicsȱofȱSuccessfulȱAdoptersȱofȱSC3ȱ ȱ Thereȱwere,ȱhowever,ȱaȱsmallȱpercentageȱofȱusersȱ(9%)ȱwhoȱwereȱveryȱ positiveȱaboutȱtheȱuseȱofȱSC3ȱinȱitsȱnativeȱcommandȬlineȱmodeȱasȱaȱtoolȱforȱ artisticȱexpression.ȱItȱisȱhelpfulȱtoȱunderstandȱtheȱcontrastingȱbeliefsȱthatȱtheseȱ informantsȱexpressedȱinȱorderȱtoȱbetterȱunderstandȱtheȱdifferencesȱbetweenȱthoseȱ whoȱareȱandȱareȱnotȱsuccessfulȱwithȱthisȱplatformȱinȱitsȱcommandȬlineȱmode.ȱ Hereȱareȱsomeȱofȱtheȱcommentsȱfromȱtheȱpeopleȱwhoȱwereȱfacileȱandȱ comfortableȱinȱthisȱenvironment:ȱ “Codeȱisȱmyȱinstrument.”ȱ ȱ “IȱgetȱaȱvisionȱaboutȱwhatȱIȱwantȱtoȱdoȱandȱIȱseeȱitȱinȱcode.”ȱ ȱ “Iȱseeȱtheȱentireȱinstrumentȱasȱaȱmentalȱmodelȱinȱmyȱhead,ȱ specifiedȱinȱcode.”ȱ ȱ “I’llȱhaveȱaȱsoundȱworldȱinȱmyȱmindȱandȱI’llȱbuildȱitȱout,ȱproceedȱ towardȱthat,ȱbuildȱinstrumentsȱtowardȱthat,ȱandȱperformȱtowardȱ that.”ȱ ȱ WhatȱallȱofȱtheȱinformantsȱwhoȱwereȱcomfortableȱinȱtheȱcommandȬlineȱ environmentȱhadȱinȱcommonȱwasȱanȱartisticȱembracingȱofȱtheȱfollowingȱtwoȱ skills:ȱ 1. Anȱunderstandingȱofȱunitȱgeneratorsȱandȱsignalȱflowȱtheory;ȱ
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2. Aȱfacileȱunderstandingȱofȱcomputerȱlanguagesȱsuchȱthatȱtheyȱcouldȱ thinkȱinȱcode;ȱ Theȱsecondȱskillȱdeservesȱfurtherȱdiscussion.ȱOneȱofȱtheȱinformantsȱIȱ spokeȱwithȱofferedȱtheȱfollowingȱdescriptionȱofȱwhatȱitȱmeansȱtoȱthinkȱinȱcode:ȱ “Thereȱisȱaȱpointȱinȱreadingȱcodeȱthatȱyou’reȱnotȱthinkingȱaboutȱtheȱ codeȱfunctionallyȱorȱdescriptively.ȱThereȱareȱinsteadȱfunctionalȱ relationshipsȱandȱyouȱceaseȱtoȱthinkȱaboutȱsyntax.ȱThisȱisȱtheȱsameȱ phenomenonȱthatȱoccursȱwhenȱlearningȱEnglish.ȱThereȱisȱaȱpointȱ whereȱtheȱwordsȱbecomeȱtransparentȱandȱyouȱstartȱtoȱunderstandȱ meaning.”ȱ ȱ Inȱmyȱresearch,ȱthisȱfluencyȱwithȱaȱprogrammingȱlanguageȱwasȱonlyȱ achievedȱbyȱthoseȱwhoȱfirstȱmadeȱanȱinternalȱdecisionȱthatȱtoȱwrapȱherȱmindȱ aroundȱtheȱconceptsȱsurroundingȱtheȱtopicȱwasȱanȱinclusiveȱstepȱinȱtheirȱartisticȱ journey.ȱIfȱanȱindividualȱchoosesȱtheȱpathȱtowardȱsclangȱfluency,ȱaȱnumberȱofȱ factorsȱwereȱobservedȱtoȱoccur.ȱȱTheseȱincludeȱthatȱtheȱindividualȱreviewedȱ examplesȱofȱwellȬwrittenȱcode,ȱthatȱsheȱpersistentlyȱfocusedȱherȱcreativeȱabilityȱ intoȱprogrammingȱlanguageȱconstructs,ȱandȱthatȱsheȱsoughtȱongoingȱguidanceȱ fromȱanȱexpertȱprogrammer.ȱOnlyȱthenȱwasȱtheȱindividualȱableȱtoȱachieveȱ fluencyȱwithȱsclang.ȱ ȱ ȱ



ȱ



42



4.3 ResultsȱofȱPhaseȱ2ȱQuantitativeȱTimeȱtoȱCompletionȱTestsȱ ȱ Twoȱquantitativeȱtestsȱwereȱadministeredȱtoȱphaseȱ2ȱpopulationȱtoȱtestȱ whetherȱtheȱSCȱBusyȱBoxȱwasȱmoreȱefficientȱatȱsupportingȱusersȱinȱperformingȱaȱ particularȱtask.ȱThisȱgroupȱconsistedȱofȱaȱtotalȱofȱ10ȱsubjects3.ȱEachȱsubjectȱwasȱ presentedȱfirstȱwithȱtheȱSCȱBusyȱBoxȱinterfaceȱandȱaskedȱtoȱcreateȱaȱbasicȱ oscillatorȱthatȱemittedȱsomeȱsoundȱandȱconnectȱthisȱtoȱsomeȱeffectȱofȱtheirȱchoice.ȱ TheyȱwereȱthenȱaskedȱtoȱdoȱtheȱsameȱtaskȱwithinȱtheȱstandardȱSC3ȱcommandȬ lineȱenvironment.ȱTheȱresultsȱwereȱveryȱinteresting.ȱ Forȱtheȱfirstȱtest,ȱtheȱshortestȱtimeȱtoȱcompletionȱwasȱ50ȱsecondsȱandȱtheȱ longestȱtimeȱwasȱ3ȱminutesȱ20ȱseconds.ȱTheȱaverageȱtimeȱwasȱ2ȱminutes,ȱ17ȱ seconds.ȱInȱallȱcases,ȱtheȱsubjectsȱstatedȱthatȱcompletingȱtheȱtaskȱfeltȱlikeȱaȱ relativelyȱstraightforwardȱtask.ȱInȱsomeȱcases,ȱtheȱsubjectȱpointedȱoutȱsomeȱwaysȱ theyȱmightȱchangeȱtheȱGUIȱtoȱmakeȱselectionȱandȱstateȱmoreȱobviousȱtoȱthem.ȱ ForȱtheȱsecondȱcommandȬlineȱtest,ȱ60%ȱofȱtheȱpopulationȱdeclinedȱtoȱ attemptȱtheȱtest.ȱThisȱwasȱsurprising,ȱespeciallyȱsinceȱsomeȱofȱtheȱpeopleȱwhoȱ declinedȱwereȱalsoȱinȱtheȱcategoryȱofȱbeingȱfluentȱinȱsclangȱandȱinȱprinciple,ȱ shouldȱhaveȱbeenȱableȱtoȱperformȱtheȱtaskȱwithoutȱissue.ȱȱ



ȱHereȱIȱuseȱtheȱmoreȱcommonȱtermȱsubjectȱasȱopposedȱtoȱinformantȱasȱtheȱ individualȱisȱsubjectedȱtoȱquantitativeȱtestȱandȱtheirȱresponsesȱareȱobserved.ȱȱ 3
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Inȱallȱcases,ȱtheȱsubject’sȱestimateȱofȱtheȱamountȱofȱworkȱthatȱwouldȱbeȱ involvedȱwasȱinȱtheȱrangeȱofȱseveralȱhours.ȱHereȱareȱsomeȱofȱtheȱcommentsȱthatȱ theȱsubjectsȱprovidedȱinȱresponseȱtoȱtheȱproposalȱofȱtheȱsecondȱtest:ȱ “You’reȱkidding,ȱright?ȱWe’llȱbeȱhereȱallȱafternoonȱifȱyouȱwantȱmeȱ toȱdoȱthat.”ȱ ȱ “IfȱyouȱwantȱmeȱtoȱdoȱtheȱexactȱsameȱthingȱasȱwhatȱtheȱGUIȱdoesȱinȱ code,ȱtoȱhaveȱanyȱcontrolȱoverȱitȱwouldȱtakeȱmeȱ2ȱtoȱ3ȱhoursȱandȱIȱ don’tȱwantȱtoȱgoȱthroughȱthat.”ȱ ȱ Ofȱtheȱfourȱsubjectsȱthatȱdidȱattemptȱtheȱtest,ȱoneȱgaveȱupȱafterȱ12ȱ minutes,ȱandȱforȱallȱsubjects,ȱtheȱfollowingȱphysicalȱsymptomsȱwereȱnotedȱthatȱ didȱnotȱoccurȱinȱtheȱfirstȱtest:ȱ x



audibleȱwhisperingȱtoȱselfȱinȱeitherȱaȱselfȬdeprecatingȱorȱ questioningȱfashion;ȱ



x



heavyȱsighing;ȱ



x



significantȱchangesȱinȱpostureȱ–ȱmoreȱbentȱoverȱandȱheadȱmuchȱ closerȱtoȱtheȱcomputerȱscreen;ȱ



ȱ Iȱhypothesizeȱthatȱsomeȱshiftȱinȱpsychologicalȱattitudeȱoccurredȱforȱtheseȱ subjectsȱwhenȱsettingȱthemselvesȱtoȱtheȱtaskȱofȱprogrammingȱthatȱalteredȱtheirȱ behaviorȱinȱthisȱmanner.ȱSomeȱsubjectsȱspokeȱaboutȱtheȱnotionȱofȱdifferentȱ “parts”ȱofȱtheirȱmindȱ–ȱperhapsȱtheseȱphysicalȱexpressionsȱwereȱhabitsȱassociatedȱ withȱthatȱpartȱofȱtheirȱmind.ȱ ȱ
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Forȱtheȱthreeȱremainingȱsubjectsȱthatȱdidȱcompleteȱtheȱsecondȱtest,ȱtheȱ shortestȱtimeȱtoȱcompletionȱwasȱ6ȱminutesȱ20ȱseconds.ȱTheȱaverageȱtimeȱwasȱ12ȱ minutesȱ45ȱseconds,ȱandȱtheȱlongestȱtimeȱtoȱcompletionȱwasȱ22ȱminutesȱ30ȱ seconds.ȱItȱisȱnotableȱthatȱitȱtookȱsubjectsȱsignificantlyȱlessȱtimeȱthanȱtheyȱ estimatedȱitȱwouldȱtakeȱthemȱtoȱcompleteȱthisȱtest.ȱ Iȱassertȱthatȱtheseȱtestsȱdoȱshowȱthatȱforȱtheȱparticularȱtaskȱthatȱwasȱtestedȱ thatȱtheȱSCȱBusyȱBoxȱinterfaceȱwasȱmoreȱefficientȱthanȱtheȱSC3ȱinterface.ȱTheȱ subjectsȱalsoȱreportedȱthatȱitȱwasȱeasierȱtoȱuse.ȱHowever,ȱasȱstatedȱpreviously,ȱ evenȱthoseȱsubjectsȱwhoȱstatedȱthatȱtheyȱlikedȱtheȱinterfaceȱsaidȱtheyȱwouldȱnotȱ useȱitȱforȱtheȱreasonsȱquotedȱinȱsectionȱ4.1.1ȱabove.ȱ Basedȱonȱtheȱconclusionsȱreportedȱinȱtheȱaboveȱreferencedȱsection,ȱtheseȱ quantitativeȱtests,ȱwhileȱinteresting,ȱdoȱnotȱsupportȱanyȱnotionȱofȱtheȱideaȱthatȱbyȱ providingȱaȱuserȱinterfaceȱtoȱstudentsȱthatȱtheyȱwouldȱacceptȱitȱasȱaȱtoolȱtoȱbeȱ employedȱbyȱtheirȱartisticȱvision.ȱȱ



4.3.1 Overturning of the Dominant GUI Paradigm ȱ AnotherȱinterestingȱfeatureȱthatȱwasȱnotedȱamongȱthisȱsubȬgroupȱofȱthreeȱ subjectsȱisȱaȱpreferenceȱforȱcommandȬlineȱtoolsȱoverȱGUIȱtoolsȱforȱgeneralȱ computerȱoperation.ȱOfȱthisȱsubȬgroup,ȱ33%ȱhadȱsomeȱbackgroundȱinȱcomputerȱ science.ȱTheȱremainingȱ66%ȱwereȱselfȬtaught.ȱOneȱofȱtheseȱremainingȱ66%ȱranȱ
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theirȱownȱLINUXȱkernelȱwithȱSC3ȱandȱworkedȱalmostȱentirelyȱatȱtheȱcommandȬ lineȱforȱvirtuallyȱallȱoperations.ȱThisȱisȱbehaviorȱoneȱmightȱnormallyȱassociateȱ withȱaȱhackerȱorȱprogrammer,ȱbutȱnotȱanȱartist.ȱ Thisȱpreferenceȱmayȱbeȱimportant.ȱIfȱitȱcanȱbeȱshownȱinȱaȱlargerȱ population,ȱthisȱmayȱcastȱdoubtȱonȱtheȱalmostȱunanimousȱassumptionȱthatȱtheȱ GUIȱisȱsuperiorȱtoȱtheȱcommandȬline,ȱespeciallyȱsinceȱtheȱpopulationȱbeingȱ studiedȱhasȱbeenȱacculturatedȱtoȱartȱratherȱthanȱcomputerȱscience.ȱInȱourȱculture,ȱ weȱveryȱoftenȱassociateȱtheȱartistȱwithȱtheȱtypeȱofȱpersonalityȱwhoȱprefersȱ graphicalȱtoolsȱandȱhasȱnoȱinterestȱinȱlearningȱaboutȱmoreȱtechnicalȱmatters.ȱ Theseȱfewȱindividuals,ȱwhileȱnotȱtheȱnorm,ȱareȱaȱsignificantȱpartȱofȱtheȱ populationȱIȱstudiedȱandȱamongȱitsȱmostȱfacileȱinȱtermsȱofȱtheirȱapplicationȱofȱ theirȱartisticȱabilities.ȱSoftwareȱdesignersȱwouldȱdoȱwellȱtoȱtakeȱthisȱfeatureȱintoȱ accountȱwhenȱdesigningȱfutureȱsoftwareȱforȱartists.ȱȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
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ElectronicȱmusicȱpioneerȱandȱcreatorȱofȱtheȱfamousȱMoogȱsynthesizer,ȱ RobertȱMoogȱoffersȱhisȱpersonalȱviewȱofȱtheȱdifferenceȱbetweenȱaȱmusicianȱandȱ anȱengineer:ȱ “Musiciansȱareȱintelligentȱpeople.ȱIfȱtheyȱwantȱtoȱbuildȱsoundsȱupȱ orȱconstructȱsoundsȱinȱcertainȱways,ȱtheyȱcanȱlearnȱtechniquesȱforȱ doingȱit.ȱYouȱdon’tȱhaveȱtoȱbeȱanȱengineerȱtoȱuseȱaȱsynthesizer,ȱbutȱ youȱdoȱhaveȱtoȱunderstandȱthatȱinȱorderȱtoȱmakeȱtheȱpitchȱofȱaȱ soundȱgoȱupȱandȱdownȱregularly,ȱyouȱneedȱaȱregularlyȱchangingȱ voltageȱtoȱcontrolȱthatȱpitch.ȱOnceȱyouȱexperienceȱconnectingȱaȱ regularlyȱchangingȱcontrolledȱvoltageȱtoȱchangeȱtheȱpitch,ȱmakingȱ itȱgoȱupȱandȱdownȱregularly,ȱitȱbecomesȱaȱnaturalȱthing.ȱIt’sȱjustȱasȱ naturalȱas,ȱsay,ȱdrawingȱaȱbowȱacrossȱaȱstring.ȱYouȱdevelopȱaȱ feelingȱforȱit.ȱYouȱdevelopȱanȱintuitionȱforȱit;ȱthat’sȱdifferentȱthanȱ beingȱanȱengineerȱorȱbeingȱaȱtechnicalȱpersonȱandȱunderstandingȱinȱ greatȱdetailȱandȱgreatȱprecisionȱexactlyȱwhat’sȱgoingȱon.”ȱ[31]ȱ ȱ



5 Conclusionsȱȱ ȱ TheȱresultsȱofȱthisȱresearchȱsuggestȱthatȱtheȱstandardsȱforȱjudgingȱGUIȱ interfaceȱqualityȱinȱtheȱHCIȱfieldȱmayȱnotȱapplyȱtoȱGUIȱdesignȱforȱsoftwareȱbuiltȱ forȱartistsȱorȱthoseȱengagingȱinȱwhatȱmightȱbeȱconsideredȱcreativeȱprocesses.ȱItȱ alsoȱsuggestsȱthatȱusingȱanȱactivityȱtheoryȱmodelȱtoȱexposeȱpsychologicalȱfactorsȱ suchȱasȱpersonalȱbeliefsȱmayȱbeȱhelpfulȱinȱuncoveringȱtheȱadoptionȱissuesȱthatȱ areȱtheȱrootȱcauseȱofȱmanyȱlargeȬscaleȱsystemȱimplementationȱfailures.ȱȱ
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InȱtheȱgroupȱIȱstudied,ȱitȱappearedȱthatȱtheȱwellȬestablishedȱ80/20ȱruleȱdidȱ notȱapply,ȱinȱthatȱindividualȱdifferencesȱprecludeȱaggregatingȱanyȱsetȱofȱ functionsȱtoȱsupportȱ80%ȱofȱtheȱuserȱpopulation.ȱȱ Theȱworkȱinȱthisȱthesisȱtoȱdesignȱinterfacesȱtoȱmeetȱtheȱneedsȱofȱ specializedȱsubgroupsȱofȱartistsȱservesȱasȱanȱimportantȱwarningȱtoȱfutureȱ softwareȱandȱinterfaceȱdesigners.ȱTheȱwarningȱisȱlikeȱanȱearlyȱphaseȱinȱinterfaceȱ designȱbetweenȱnaïveȱandȱexperiencedȱusers,ȱasȱreferredȱtoȱinȱMacClean’sȱpaperȱ UserȬTailorableȱSystems:ȱPressingȱtheȱIssuesȱwithȱButtons,ȱwhichȱusesȱtheȱmetaphorȱ ofȱtheȱ“tailorabilityȱmountain”ȱtoȱdescribeȱtheȱlevelsȱofȱdifficultyȱinvolvedȱforȱ usersȱtoȱcustomizeȱtheirȱsoftwareȱenvironmentsȱ[26].ȱInȱthisȱcase,ȱhowever,ȱitȱisȱ theȱinterfaceȱdesignerȱwhoȱwouldȱhaveȱtoȱclimbȱtheseȱmountainsȱandȱitȱisȱmyȱ observationȱthatȱtheȱlevelsȱareȱtenfoldȱmoreȱinȱtheȱcreativeȱspace.ȱ Thisȱthesisȱsupportsȱtheȱnotionȱthatȱactivityȱtheoryȱisȱaȱusefulȱmethodologyȱ forȱqualitativeȱdataȱinterpretationȱthatȱprovidesȱaccessȱtoȱlevelsȱofȱinformationȱ aboutȱtheȱpopulationȱforȱwhomȱtheȱsoftwareȱisȱdesigned.ȱ Finally,ȱthisȱstudyȱquestionsȱtheȱalmostȱunanimousȱassumptionȱthatȱtheȱ GUIȱisȱsuperiorȱtoȱtheȱcommandȬline.ȱItȱwasȱclearȱfromȱtheȱinformationȱprovidedȱ byȱtheȱsmallȱsampleȱofȱinformantsȱthatȱthereȱareȱpeopleȱforȱwhomȱtheȱcommandȬ lineȱisȱclearlyȱaȱsuperiorȱtoolȱandȱthisȱfactȱshouldȱnotȱbeȱdisregardedȱbyȱdesignersȱ ofȱfutureȱsoftwareȱsystems.ȱȱ
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5.1.1 Future Work Itȱisȱmyȱhypothesisȱthatȱifȱclearȱargumentsȱwereȱpresentedȱtoȱtheȱ individualȱatȱtheȱoutsetȱofȱtheȱclassȱasȱtoȱtheȱfactȱthatȱindividualsȱdoȱmakeȱ choicesȱaboutȱwhatȱtheyȱconsiderȱartisticȱprocessesȱandȱwhyȱanȱindividualȱshouldȱ considerȱ“scientific”ȱactivitiesȱsuchȱasȱprogrammingȱanȱartisticȱactivity,ȱsomeȱofȱ theȱpeopleȱwhoȱwouldȱotherwiseȱchooseȱagainstȱitȱmayȱinsteadȱopenȱtheirȱmindsȱ toȱtheȱideaȱandȱendȱupȱlearningȱaȱlotȱmoreȱaboutȱwhatȱisȱtrulyȱpossibleȱwithinȱtheȱ powerfulȱSC3ȱenvironment.ȱ Aȱfutureȱstudyȱcouldȱexploreȱthisȱhypothesisȱusingȱtheȱsameȱmethodsȱasȱ thisȱstudyȱandȱreportȱonȱtheȱoutcome.ȱ
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7 AppendixȱAȱ–ȱSampleȱInterviewȱProtocolȱforȱ Informantsȱ ȱ Backgroundȱ ȱ Doȱyouȱcomeȱfromȱaȱmusicalȱfamily?ȱ ȱ Whenȱdidȱyouȱbecomeȱawareȱofȱmusic?ȱ ȱ Whenȱdidȱyouȱstartȱplayingȱaȱmusicalȱinstrument?ȱ ȱ When/howȱdidȱyouȱfirstȱcomeȱintoȱcontactȱwithȱelectronicȱmusicȱequipment?ȱ ȱ Doȱyouȱcomposeȱmusic?ȱ ȱ Whenȱdidȱyouȱstartȱtoȱcompose?ȱ ȱ Musicalȱinterestsȱ ȱ Whatȱwereȱyourȱinitialȱinterestsȱinȱmusic?ȱ ȱ Whenȱdidȱyouȱstartȱtoȱbecomeȱinterestedȱinȱelectronicȱmusic?ȱ ȱ Whatȱinfluencesȱyouȱmostȱinȱchoosingȱwhatȱyouȱlistenȱtoȱnow?ȱ ȱ Technicalȱabilityȱ/ȱunderstandingȱofȱcomputerȱscienceȱ ȱ Howȱlongȱhaveȱyouȱusedȱcomputers?ȱ ȱ Doȱyouȱconsiderȱyourselfȱaȱprogrammer?ȱ ȱ Haveȱyouȱtakenȱclassesȱinȱprogrammingȱorȱhadȱanyȱotherȱformalȱcomputerȱ scienceȱeducation?ȱ ȱ Howȱcomfortableȱdoȱyouȱfeelȱwithȱprogramming?ȱWithȱlearningȱnewȱlanguages?ȱ ȱ Useȱofȱsoftwareȱforȱcomposition,ȱproductionȱandȱperformanceȱofȱmusicȱ ȱ
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ȱ Whatȱsoftwareȱdoȱyouȱuseȱtoȱmakeȱmusic?ȱ ȱ Doȱyouȱuseȱdifferentȱsoftwareȱforȱcomposition,ȱproduction,ȱorȱperformance?ȱ ȱ Whatȱdoȱyouȱlikeȱaboutȱtheȱsoftwareȱyouȱuse?ȱ ȱ Whatȱisȱtheȱmostȱchallengingȱthingȱthatȱyouȱdoȱinȱyourȱuseȱofȱcomputersȱandȱ electronicȱmusic?ȱ ȱ UseȱofȱSuperCollider3ȱ ȱ HaveȱyouȱheardȱofȱaȱprogramȱcalledȱSuperCollider3?ȱ ȱ Ifȱyes,ȱhowȱdidȱyouȱhearȱaboutȱit?ȱ ȱ Whatȱdoȱyouȱuseȱitȱfor?ȱ ȱ Whatȱdoȱyouȱlikeȱaboutȱit?ȱDislike?ȱ ȱ ȱ ȱ(Ifȱtheȱinformantȱisȱselectedȱforȱtheȱuserȱstudy,ȱtheyȱmayȱalsoȱbeȱaskedȱtheȱ following)ȱ ȱ SomeȱusersȱwillȱbeȱgivenȱtheȱcommandȱlineȱversionȱofȱSuperCollider3ȱwhileȱ othersȱwillȱbeȱgivenȱaȱuserȱinterfaceȱdesignedȱtoȱsupportȱaȱspecificȱsetȱofȱtasks.ȱ ȱ Pleaseȱuseȱthisȱsoftwareȱtoȱselectȱaȱsynthesizerȱnamedȱ_______.ȱ ȱ Pleaseȱuseȱthisȱsoftwareȱtoȱsendȱtheȱoutȱputȱofȱtheȱsynthesizerȱnamedȱ_______ȱtoȱ theȱinputȱofȱtheȱeffectȱnamedȱ________.ȱ ȱ Didȱyouȱfindȱthisȱtaskȱeasyȱorȱdifficult?ȱ ȱ Whyȱorȱwhyȱnot?ȱ ȱ (Ifȱuserȱinterface)ȱDoȱyouȱthinkȱofȱthisȱasȱprogramming?ȱ ȱ Whyȱorȱwhyȱnot?ȱ
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