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ABSTRACT

This is an empirical research investigating the impact of business analytics (BA) and business
intelligence(BI)use, IT infrastructureflexibility,and their interactionsonorganizationalagility.
Synthesizingthesystemstheoryandawareness-motivation-capabilityframework,theauthorspropose
thatBA-Use,ITinfrastructureflexibility,andtheirinteractionssignificantlyinfluenceorganizational
agility.TheresultsshowthesignificantassociationofBAuseandITinfrastructureflexibilitywith
organizationalagility.TheresultsalsosuggestthatBAusemaydemandcorporationstobuildamore
flexibleITinfrastructure.However,thedatadoesnotrevealtheproposedinteractionbetweenthe
twodriversoforganizationalagility.
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INTROdUCTION

Businessanalytics(BA)andbusinessintelligence(BI)havebeencreditedforbettermanagement
decisionsinbusiness.Businessintelligence(BI)becameapopularterminthe1990s(Chenetal.,
2012).Inthe2000s,businessanalytics(BA)wasintroducedtoemphasizetheanalyticcomponentin
BI(Davenport,2006;Adeborna&Siau,2014).BAhasaverysubtledistinctionfromBIintoday’s
literature.Sometime,theunifiedtermBI&Aisused(Chenetal.,2012).WeviewBAandBIas
twosynonymousterms.Inthisstudy,weusethetermBAthroughoutthepaperbecauseitismore
commonlyusedinthecurrentliteratureanditreflectstheuniquecharacteristicoftheinformation
systems.Organizationshavespentmillions,ifnotbillions,ofdollarsandsometimesmadesignificant
organizationalchangestoimplementBA.BAispopularinpractice.However,empiricalstudiesonBA
anditsbusinessvaluearerelativelyscarceinacademicresearchcomparedtostudiesonanalyticaland
mathematicalmodeling,statisticalmethods,andminingalgorithms(Jourdanetal.,2008).Although
thelast15yearshavewitnessedariseinthenumberofempiricalstudiesonthebusinessvalueof
BA,only3%ofpriorBAstudiesempiricallyinvestigatedtheimpactofBA-Use(Trieu,2016).In
thisstudy,wetheorizethatBAusehasadirectimplicationonorganizationalperformancebasedon
thesynthesisofsystemstheory,awareness-motivation-capability(AMC)framework,andextantIS
research.

Basedontheliteraturereview,wetheorizethattheorganizationalagility(OA)perspectiveisa
promisinglensforstudyingthesignificanceofBAinorganizationalperformance(Chen&Siau,2012).
OAwasdefinedastheorganizationalabilitythatcanbemeasuredbyfactorsfromtwodimensions:the
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dimensionofdetectingandthedimensionofrespondingtoopportunitiesandthreats(Nevo&Wade,
2010;Sambamurthyetal.,2003).However,ourliteraturereviewalsoshowsthatthedefinitionwas
presentedwithouttheoreticaljustificationsonwhythetwodimensionspossessfactorsthataffectOA.
ArethereotherfactorsfromotherdimensionsthatmayalsoaffectOA?Whileinvestigatingthebusiness
valueofBA-UsethroughthelensofOA,wealsowanttocloselyexaminethetheoreticalfoundation
oftheOAdefinitionthathasbeenusedintheISfield.Theresearchquestionsofthisstudyinclude:
(1)IsthereatheoreticalfoundationforthecurrentOAdefinition?(2)WhatistheroleofBA-Use
inconvertingBAassetsintoBAimpacts?(3)HowBA-UseandITflexibilityinfluenceeachother
andinteractwitheachothertoinfluencetheOA?Inthisstudy,weusethesystemstheoryandAMC
frameworktoelaborateonwhytheOAdefinitionshouldincludetheorganizationalabilitytodetect
andrespondtoopportunitiesandthreats.WealsoproposethattheexistingOAdefinitionmayneed
tobeexpandedtoincludethemotivationdimension.ChenandSiau(Chen&Siau,2012)proposed,
andthisstudyfurtherelaborates,thatBA-UseandITinfrastructureflexibility(IIF)aretwoenabling
componentsthatcanhelptoimproveOA.Inthisstudy,accordingtothesystemstheory,wetheorize
thatBA-UsewillinteractwithIIFtoaffectanorganization’sagility.BasedontheAMCframework,
wefurtherproposethatinthenewdata-drivenworld,BA-UserequiresflexibleITinfrastructurefor
organizationstobeandremainagile.

TheresultsshowthatbothBA-UseandIIFhaveasignificantimpactonOA.Theresultsalso
showthatBA-UseisadrivingfactorforimprovingIIF,andBA-Usehasasignificantinfluenceon
organizationalagilitythroughIIF.However,thedatadoesnotshowtheinteractioneffectbetween
BA-Use and IIF on OA. This study contributes to the academic research in a number of ways.
First, although OA has been defined as “an organization’s detecting and responding ability to
opportunitiesandthreatswithspeed”(Nevo&Wade,2010;Sambamurthyetal.,2003)andtestedin
theISliterature,nopriorstudyhasprovidedatheoreticalexplanationonwhyOAshouldbedefined
bytheorganizationalabilitiesinthedetectingandrespondingdimensions.Thisstudyusesanew
perspective,AMCframework,toprovidetheoreticalsupportforthetwoexistingdimensionsofOA
definitionandproposesapossiblemodificationoftheOAdefinitiontoincludethethirddimension:
motivation.Second,thisstudyprovidestheoreticalfoundationstoanswerthefundamentalquestion
ofwhyBAisimportantinthebusinesscontext.Third,itprovidestheoreticalsupportstoconnect
IIFwithOAfromanewperspective:AMCframework.Andfourth,throughthelensoftheAMC
framework,itconnectsBA-UsewithITinfrastructureandproposesandempiricallysuggeststhatin
thenewdata-drivenenvironment,BA-UsedemandsamoreflexibleITinfrastructurethroughwhich
BA-UseexertsastronginfluenceonOA.Practicalcontributionsofthestudyincludes(1)thatthe
resultsprovidesupportsforBAmanagerstojustifytheirrequestsforresourcestoimplementBA
systems;(2)strategicplannersneedtoconsiderBA-Useasacrucialassetinthestrategicblueprint
forimprovingandenhancingorganizationalcompetitiveadvantage;and(3)inthenewdata-driven
environment,buildinga flexible IT infrastructure is crucial forOAbecauseBA-Usedemandsa
flexibleITinfrastructureandbothBA-UseandIIFhavedirectinfluenceonOA.

Thepaperisorganizedasfollows.Section2presentsanddiscussesthetheoreticalbackground.
Section 3 describes the research model. Section 4 presents the literature review and hypothesis
development.Section5describes the researchmethod.Section6puts forward themeasurement
analysisresults.Section7presentsthestructuralmodelanalysisresultsanddiscussesthefindings.
Section8highlightstheresearchcontributions.Section9discussesthelimitationsoftheresearch
andsuggestspotentialfutureresearchdirections.
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THEORETICAL BACKGROUNd

Systems Theory and Organizational Agility (OA)
Thesystemstheorydefinesthatsystemsarecompositethingsandthatsystemspossesspropertiesthat
arederivedfromtheinteractionamongthecomposingcomponents(Ackoff,1971;Checkland,1981).
Thesystemstheoryassertsthat(1)theworldismadeupofthings;(2)thingspossessproperties;and
(3)eachpropertyisrepresentedbysomevalueatanypointintime(Nevo&Wade,2010,p.165).
Extendingthesystemstheory,NevoandWade(2010)proposed“somesystempropertiesmaybe
propertiesoftheircomponentsbutwithnewvalues”while“othersystempropertiesarenewinthe
sensethatnoindividualcomponentpossessestheminisolation.”(Nevo&Wade,2010,p.166).The
lattersystempropertiesarecalledemergentproperties(Nevo&Wade,2010).Thevalueofemergent
propertiesisdeterminedbyboththecomposingcomponentsandtheirrelationships(Nevo&Wade,
2010).

MostOAdefinitionsintheinformationsystems(IS)literatureexplicitlyorimplicitlydefines
OAasanorganization’sabilitiestodetectandrespondtoopportunitiesandthreatswithspeed(e.g.,
Lietal.,2008;Lu&Ramamurthy,2011;Sambamurthyetal.,2003;Tallon&Pinsonneault,2011).
OneoftherepresentativeOAdefinitionsis“theabilitytodetectandrespondtoopportunitiesand
threatswithease,speed,anddexterity”(Tallon&Pinsonneault,2011,p.464).However,notheoretical
justificationintheliteraturewasgivenonwhyOAisdefinedbythetwodimensions.Inconjunction
withtheintroductionoftheAMCframeworkbelow,weexplainwhyOAshouldincludethetwo
dimensionsofabilitiesandshouldanotherdimensionofabilitybeadded.Sincethereisnosingle
componentthatcandefineOA,weproposethatOAisanemergentproperty.Therefore,thevalueof
OAcomesfromitscomposingcomponents.SinceOAisanemergentproperty,wecannotignorethe
interactioneffectofthecomposingcomponentsaccordingtothesystemstheory.Therefore,inthis
study,wealsoexaminetheinteractioneffectoftheOA’scomposingcomponentsonOA.

Awareness-Motivation-Capability (AMC) Framework
Chen(1996)firstintroducedtheAMCframework.Competitivedynamicsresearchershaveusedit
tostudytheantecedentsofcompetitiveactions.TheAMCperspectivesuggeststhatthreebehavioral
driversinfluenceafirm’sdecisiontoact:awareness,motivation,andcapability(Chen,1996).The
definitionofOAandtheliteratureindicatethattheessenceofOAistorespondtoopportunities
andthreatswithspeed.Respondingisanaction.Therefore,itisgoingtobeinfluencedbythethree
behavioral drivers as suggested by the AMC framework. The original AMC framework did not
explicitlydescribe thedynamicsof the threedrivers.ChenandMiller(2015)furtherrefinedthe
AMCframework.Theyindicated thatforanorganization to takeaction, itmustbeawareof the
opportunitiesandthreats,motivatedtoreact,andcapableofreacting.Itimpliesthatawarenessis
thepremisetomotivation,thentocapabilitybuildingbeforetakingaction.BecauseOAisaboutan
organization’sabilitytotakeactionwithspeed,basedontheAMCframework,weproposethatOA
shouldbedeterminedbytheawareness,motivation,andcapabilitydriversforaction.

Synthesizing the systems theoryandAMCframework,we theorize thatOA is anemergent
systempropertywhosevalueisdeterminedbyitscomposingcomponentsandtheirinteractions.We
furtherproposethatdetectingabilityispartoftheawarenessdriverandrespondingabilityispartof
thecapabilitydriver.Becauseawarenesscanhelpanorganizationtointentionallybuilditscapability,
detectingabilitywillhaveadirect influenceonanorganization’scapabilitybuilding.Therefore,
detectingabilitywillinfluenceanorganization’sabilitytotakeactionthroughcapability.Thecurrent
OAdefinitiononlyemphasizesthefactorsfromthedetectingandrespondingdimensions.Fromthe
AMCperspective,anOAdefinitionshouldbebroadenedtoincludethecomponentfromthemotivation
driver.Therefore,weproposeaslightlymodifiedOAdefinitionas“theabilitytodetectandtobe
motivatedtorightfullyrespondtoopportunitiesandthreatswithease,speed,anddexterity”.Because
bothawarenessandcapabilitydriversmeasureanorganization’sabilityandcanbebuiltbyITassets,
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thisstudyfocusesonhowfactorsinthesetwodriversinfluenceOA.Specifically,weproposethat
BA-Useinanorganizationisoneofthefactorsthatinfluenceanorganization’sdetectingability.IT
infrastructureflexibilitycanimproveanorganization’scapabilitytorespond.WeproposethatBA-Use
andIIFaretwodirectinfluentialfactorsonOA;BA-UsewillinfluenceIIFinthenewdata-driven
environment.BecauseBA-UseisoneofthedetectingfactorsofOAandIIFisoneoftheresponding
factorsofOA,theywillinteractwitheachothertoinfluenceOA.

RESEARCH MOdEL

Drawingonsystemstheory,AMCframework,andcurrentliteratureonBA,ITflexibility,OA,and
competitiveperformance, this studyhasdevelopeda researchmodelas shown inFigure1.This
researchmodelisfurtherexplainedbelowintheliteraturereviewandhypothesisdevelopment.

LITERATURE REVIEw ANd HyPOTHESIS dEVELOPMENT

Organizational Agility (OA)
OAhasbeendefinedintheinformationsystemsliteratureastheorganizational“abilitytodetectand
respondtoopportunitiesandthreatswithease,speed,anddexterity”(Tallon&Pinsonneault,2011,p.
464).Theliteratureshowedthattwodimensionsdeterminedagility:theabilitytodetectopportunities
andthreatsandtorespondwithspeed(Lietal.,2008;Lu&Ramamurthy,2011;Sambamurthyet
al.,2003;Tallon&Pinsonneault,2011).Accordingtothesystemstheory,wetheorizethatOAis
notonlydeterminedby the twodimensionsbut also the interactionof the twodimensions.The
AMCframeworkindicatesthattotakeaction,anorganizationneedstobeawareofopportunities/
threats,thenbemotivatedtotakeaction,andultimatelyhavethecapabilitytotakeaction.Therefore,
capabilityisthepremisetorespond.

Sambamurthyetal.(Sambamurthyetal.,2003)theoreticallyarguedthatOAcomprisedthree
interrelated capabilities: customer agility, partner agility, and operational agility. Furthermore,
Sambamurthyetal.(Sambamurthyetal.,2003)definedcustomeragilityas“theco-optingofcustomers

Figure 1. Conceptual model
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intheexplorationandexploitationofopportunitiesforinnovationandcompetitiveactionmoves”(p.
245).Theirdefinitionofcustomeragilitynarrowlyrelatestotheco-creationofnewideas,products,
andservices.Weviewcustomeragilityinabroadersenseasanorganization’sabilitytosenseand
respondtocustomerchangesindemandforproductsandservices.BasedonVenkatraman&Henderson
(1998)’sresearch,partneragilityisdefinedasthe“abilitytoleveragetheassets,knowledge,and
competencies of suppliers, distributors, contract manufacturers, and logistics providers through
alliances,partnerships,andjointventures”(Sambamurthyetal.,2003,p.245).Operationalagility
concernstheabilityofanorganization’soperationalprocessestoinnovateandcompetewithspeed,
accuracy,andcost-effectiveness.TallonandPinsonneault(2011)devisedasetof indicatorswith
whichtomeasurethethreecapabilitiesofOA.Webasedourmeasurementindicatorson(Tallon&
Pinsonneault,2011).

Researchondynamiccapabilityfromthestrategicmanagementfieldprovidesthetheoretical
foundationonwhyOA,whichhasbeenstudiedintheISfieldfordecades,isacriticalcompetitivefactor
andasourceofcompetitiveadvantage(e.g.,Sambamurthyetal.,2003).Thesestudiesdemonstrate
theroleofOAincreatingstrategicbusinessvalues.WechooseOAasthedependentvariablein
this study to illustrate the strategic values of the two studied IS/IT components by theoretically
connectingBA-UseandITinfrastructurewiththestrategicallyimportantorganizationalproperty:
organizationalagility.

BA-Use and its Impact on OA
Inthisresearch,weadoptaninclusivedefinitionofBAasdefinedbyWatson(Watson,2009,p.491)
“abroadcategoryofapplications,technologies,andprocessesforgathering,storing,accessing,and
analyzingdatatohelpbusinessusersmakebetterdecisions.”ThisdefinitionindicatesthatBAhas
threecomponents.Thefirstistheapplicationcomponent,whichanalyzesthedatatoproduceinsights/
newknowledgesothatspecificbusinessprocessescanusetheinsights/newknowledgetoincrease
businessvalue.Thesecondisthetechnologycomponent,whichhelpstocollect,store,anddeliver
information.Thethirdisthehumanprocesscomponent,whichempowersuserstoeffectivelyand
efficientlyretrievedataanddeliveritasinformation,thushelpingwiththegenerationofknowledge
andthemakingofbetterdecisions(Laursen&Thorlund,2010).Inthisstudy,BA-Usereferstothe
extentusersinanorganizationemploythebroadBAapplicationandtechnologyforbetterdecisions.
Thisincludestheuseofreportingandquerycapabilitiesforreports,applicationofstatisticalmethodsin
analyzingdata,andemploymentofdataminingcapabilityforidentifyingpatterns(Lee&Siau,2001).

ManypriorresearcheffortsonthebusinessvalueofBAhavefocusedprimarilyonexploratory
research:formaltheoryandliteraturereviews(Jourdanetal.,2008).Since2008,BAresearchhas
blossomed. Chen et al. (2012) outlined the key emerging research areas. Although those areas
arecritical inadvancingBA, they focuson theapplicationsand technologycomponentsofBA,
includingtheareasof(big)dataanalytics,textanalytics,webanalytics,networkanalytics,andmobile
analytics.Sincethen,therehasbeenaconsiderableamountofresearchonspecificBAapplications
and technologies. However, research from management and strategy perspectives, especially on
the business value of BA for organizational performance, is relatively underexplored. In the IT
impactliterature,findingsaremixedregardingtheimpactsofgeneralITonorganizationalagility.
Forexample,Chakravartyetal.(2016)andLuandRamamurthy(2011)foundthatITcapabilities
positivelyinfluenceorganizationalagility,whereasLiuetal.(2013)andSwaffordetal.(2008)found
thereisnodirectlinkbetweenITcapabilitiesandorganizationalagility.Ghasemaghaeietal.(2018)
foundthepositiveimpactofdataanalyticscompetencyondecisionmakingperformance.Through
interviewswiththestakeholdersintheminingindustry,Zeshanetal.(2019)foundthatBAbenefits
theindustrythroughimprovingefficiencyandproductivityamongothers.BAsystemshavebeen
consideredtobestrategicinformationtechnologiesinmanyorganizations.Nevertheless,howBA
systemscontribute toorganizationalcompetitivestrengthandhowBA-UseconvertsBAsystems
intoBAimpactsareunder-researchedsubjects in thecurrentBAliterature. Integrating the three
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mostpopularITbusinessvaluemodelsfrom(Schrven,2013;Soh&Markus,1995),Trieu(2016)
proposedaBAbusinessvalueframeworkforclassifyingpriorBAresearch.Itwasaprocessmodel
thatdescribedachainofoutcomesandtheirrelationships.ThechainincludesBAinvestment,BA
assets,BAimpacts,andorganizationalperformance.Eachdownstreamchainelementwasavalue
thatanupstreamchainelementcreatedthroughabusinessprocess.Forexample,BAinvestments
createdBAassetsthroughtheBAconversionprocess,andBAassetscreatedBAimpactsthroughthe
BA-Useprocess(Trieu,2016).AccordingtoTrieu(2016),only3%ofpriorresearchinvestigatedBA
impactthroughBA-Use.ItfurtherdemonstratesBA-UsewasunderstudiedintheBAvalueliterature.

OurreviewofpriorstudiesrevealsthatmostofthepriorstudiesonBAvalueeitherwerenot
empiricalstudiesorfocusedonBAapplicationsandtechnologies(e.g.,Abbasietal.,2012;Chaeet
al.,2014;Huetal.,2012;Popovicetal.,2014).TherearesomerecentBAusestudiesthatinvestigate
BAuseasadependentvariable(e.g.,Daradkeh,2019).FewofthepriorBAvaluestudiesempirically
investigatedBAimpactsfromaBA-UseperspectiveandtreatedBA-Useasanindependentvariablefor
businessperformance(e.g.,Akteretal.,2016;Elbashiretal.,2008;Ghasemaghaeietal.,2017;Popovic
etal.,2012;Sangari&Razmi,2015;Shollo&Galliers,2016).Elbashiretal.(2008)investigatedthe
impactofBA-Useonbusinessprocessperformanceandorganizationalperformance.Itwasoneof
thepioneerstudiesthatempiricallyinvestigatedthevalueofBA-Use.However,Elbashiretal.(2008)
measuredtheperceivedimpactofBA-Useonbusinessprocessesandorganizationalperformancewhen
thesystemswerefirstimplemented.ItdidnotaddresstheimpactofhowtheBAsystemswereused.
Ghasemaghaeietal.(2017)investigatedtheimpactoftheuseofdataanalyticsonOA.Theyfound
thatthelinkbetweentheuseofdataanalyticsandOAissignificantlymoderatedbythefitbetween
taskandtechnology,personandtechnology,anddataandtechnology.Thisfindingprovidesthebase
forustoinvestigateothermoderatingvariablesonthelinkbetweenBA-UseandOA.Somerecent
empiricalstudiesthatinvestigatetheroleofBAsystemsfromthemanagerialperspectiveinclude
(Popovicetal.,2012;Sangari&Razmi,2015;Shollo&Galliers,2016).However,thesestudiesdo
notaddresshowcomplementaryresources,especiallyothertechnologicalresources,interactedwith
BA-UseandthecontributionofBA-Usetoanorganization’scompetitiveperformance.Thelimited
numberofempiricalstudiesonBAbusinessvalue,especiallyonhowBA-UseconvertsBAsystems
intoBAimpacts,madeitchallengingformanagerstojustifytheirrequestsforresourcestoinitiate
andimplementBAprojectsandtopromotetheuseofBAforbusinessoperationalefficiencyand
organizationalperformanceatthestrategiclevel.Therefore,althoughtherearenumerousBAstudies,
thereisstillaneedforaconceptualfoundationthathelpstounderstandthevalueofBAsystems,
toconnecttheoreticallyBA-Usewithbusinessprocessandorganizationalperformance,andtofind
outthefactorsthataffecttheimpactofBA-Useonorganizationalperformance(Ghasemaghaeietal.,
2017).ThisisbecausepriorBAstudiesmainlyfocusedonwhatBAimpactswere,butdidnotaddress
thequestionofhowBAsystemswereconvertedintoBAimpactsthroughBA-Use.Thisstudyisone
attempttobuildthefoundation.ItaimstoinvestigatethesignificanceofBAbytheoreticallyand
empiricallydemonstratinghowandwhyBA-Usecanhelporganizationsandwhatotherorganizational
resourcesaffectthebenefitsofusingBAinorganizations.

ThepurposeofBAsystemsistogather,store,access,andanalyzedata,whichincludesdataabout
customers,partners,operations,andotherenvironmentchangeinformation.Fordecisionmaking,we
arguethattheuseofBAinorganizationswillhelptoincreaseOAbyimprovinganorganization’s
abilitytodetectthechangesreflectedinthedatainBAsystems.Thereisalsoempiricalevidence
ofBA’scontributiontoOAincurrentISresearchonthetopic.Forexample,(Ghasemaghaeietal.,
2017)directlyfoundthemoderatedimpactofBA-Useonorganizationalagility.Theconstructof
informationmanagementcapability(IMC)fromMithasetal.(2011)isencompassingandincludes
capabilitiesthatBAprovides.Mithasetal.(2011)foundsignificantpositiveinfluencesofIMConthree
organizationalcapabilities:performancemanagementcapability,customermanagementcapability,
andprocessmanagementcapability,whichcanbemeasuredbyproposedOAofcustomer,partner,
andoperation(Sambamurthyetal.,2003).
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StrategicITalignmentliteraturealsoprovidessupportforthepositiveeffectofBA-UseonOA.
Forexample,studieshaveshownknowledgecreation,sharing,andusetobeenablersofstrategicIT
alignment(Preston&Karahanna,2009;Siauetal.2010,Nahetal.2005).Duetoknowledgesharing
betweenbusinessandITexecutives,anorganizationcanrespondquicklytochangesinmarketplaces
and,thus,increaseanorganization’sagility.Knowledgecreation,sharing,andusearethearguments
forthepositiveeffectofstrategicITalignmentonagility(Tallon&Pinsonneault,2011).SinceBA-
Usecancreateanenvironmentforgenerating,sharing,andusingnewlyfound/createdknowledge,
BA-UsecanhelpincreaseOA.Therefore,wepostulatethatBA-Usecanenhanceanorganization’s
agilitytodetectchanges:

H1:BA-Usewillpositivelyinfluenceanorganization’sagility.

IIF and its Impact on OA
Flexibilityisthedegreetowhichathingismalleable.Flexibilitywasviewedasoneofthefirm’s
capabilitiesthatinfluenceafirm’sspeedtoactorrespond(e.g.,Tiwana&Konsvnski,2010).Studies
haveshownthatflexibilityisakeyantecedentofagilityinabusinesscontext(e.g.,Lietal.,2008;
Tiwana&Konsvnski,2010).

ITinfrastructurewasconsistentlydefinedinliteratureasasetofsharedITresourcesthatare
afoundationforenablingcommunicationacrossanorganizationandenablingpresentandfuture
businessapplications(Byrd&Turner,2001;Duncan,1995).ITinfrastructuremayinclude(1)platform
technology(e.g.,hardwareandoperatingsystems);(2)networkandtelecommunicationtechnologies;
and(3)dataanddatamanagementsystems(Duncan,1995).IIFreferstothedegreetowhichthe
firm’sITresourcesaremalleable(Duncan,1995).ThedefinitionofIIFfromByrd&Turner(2001)
emphasizesITinfrastructure’sabilitytoeasilyandreadilysupportawidevarietyofhardware,software,
andcommunicationtechnologies,todistributeinformationtoanywhereinsideanorganizationand
beyond,andtosupportthedesign,development,andimplementationofaheterogeneityofbusiness
applications.TherearefourkeycomponentsofIIF:connectivity,compatibility,modularity,andIT
personnelcompetency(Byrd&Turner,2001;Duncan,1995).Mostcommonlyacceptedtechnical
(static)dimensionsofIIFareconnectivity,compatibility,andmodularity.

BecausecontemporaryorganizationsaremostlyIT-enabled,organizationalcapabilitiesareoften
inseparablefromIT(Pavlou&ElSawy,2010).Today,organizationalactionsarerarelyexecuted
withoutinformationtechnology.Sambamurthyetal.(Sambamurthyetal.,2003)theoreticallyargued
that thereshouldbeapositive relationshipbetween IIFandOA.TheAMCframeworksuggests
thattotakeaction,anorganizationmusthavethecapabilitytodoit inadditiontotheawareness
of opportunity and threat, and motivation to take action. Flexible IT infrastructure can help an
organizationquicklyandeconomicallyintegrateandreconfigureinternalandexternalIT-enabled
resourcestorespondtoever-changingrequestsfromfunctionallinesofbusiness.Priorresearch(El
Sawy&Pavlou,2008;Raietal.2006)alsoempiricallysupportstheviewofthepositiveroleofIIF
inintegratingandreconfiguringinternalandexternalresourcestorespondtochanges.Therefore,we
canviewaflexibleITinfrastructureaspartoftheorganizationalcapabilitytorespondtochangesin
theIT-enabledbusinessenvironment.Becausecapabilityisthedriverfortakingactionwithspeed,
whichisOA’srespondingdimension,aflexibleITinfrastructurecanbenaturallyconnectedwith
therespondingdimensionofOA.

ScholarsinISfieldhavestudiedIIFasanindependentvariableaswellasamoderator(Byrd&
Turner,2001;Tallon&Pinsonneault,2011;Tiwana&Konsvnski,2010).However,directinvestigation
oftherelationshipbetweenIIFandOAisscarcealthoughthereisadirectlinkbetweenflexibilityand
agilityingeneral(e.g.,Tiwana&Konsvnski,2010).Weonlyfoundafewinvestigationsofthiskind
inISfield(Bhattetal.,2010;Tallon&Pinsonneault,2011).Theothersstudiedvariousaspectsof
ITinfrastructure,butnottheIIFonOA(e.g.,Leeetal.2015).Kumar(2004)proposedthatthereal
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valuesofIIFlieintheflexibleinteractionbetweenanITinfrastructureanditsorganizationalcontext.
ThisstudyextendsthatpropositionbyspecifyingtheorganizationalcapabilitythatIIFcontributes.
ThisstudyemphasizesthatIIFisoneoftwocontributingfactorsthatcanimproveOA.Basedona
casestudy,Richardsonetal.(Richardsonetal.,2014)proposedthatanITplatformbasedonopen
sourcetoolscouldleadtohigherlevelsofcustomer,operational,andpartneragility.Theopensource
ITplatformimpliedbetterconnectivityandmorecompatibilityamongsubsystems.Therefore,the
studyof(Richardsonetal.,2014)canbeviewedassupportingthepositiveimpactofIIFonOA.

Synthesizingthesystemtheory,AMCframework,andpriorISresearch,weproposethatIIFis
acriticalcontributortoanorganization’sagilitytorespondtochangesincompetitiveenvironments
whetherthechangesoriginatefromcustomers,partners,oroperations.Therefore,theoreticalarguments
andISliteraturesuggestthefollowinghypothesis:

H2:ITinfrastructureflexibilitywillpositivelyinfluenceorganizationalagility.

The Relationship Between IIF and BA-Use
TheAMCframework suggests that three forcesdriveanorganization to takeaction: awareness,
motivation,andcapability.Itfurthertheorizesthattotakeanaction,anorganizationmustfirstbe
awareofthechangesoftheenvironmentandwithinitsownoperationtobemotivatedtotakeaction,
andthenitmusthaveorbuildtherequiredcapabilitybeforetakingaction(Chen,1996;Chen&Miller,
2015).WediscussedabovethatBA-Usecancontributetoanorganization’sabilitytodetectchanges.
Therefore,itcanhelpincreaseanorganization’sawareness.TheabovediscussionalsoshowsthatIIF
isoneofthekeyorganizationalcapabilitiesintheIT-enabledbusinessenvironmentfororganizations
toactquicklyandeconomically.

Inaddition,BAisaninformationsystemthatisbuiltonanITinfrastructure.Thus,wecanconnect
BA-UsefromtheawarenessforcewithIIFfromthecapabilityforcefororganization’sactions.Also,
BA-Userequiresuserstobeabletoaccessavarietyofdatasourcesanddistributedatatodifferent
usersanddatainterfaces,suchaswebbrowsersondesktopcomputers,smallscreensonmobiledevices,
orsenddataproducedintheBAsystemstootherinformationsystems.Thereby,BA-Usedemandsa
flexibleITinfrastructuretofacilitatetheintegrationofexistingandnewdatasourcesanddistributing
thegeneratedinformationtouserswheneverandwhereveritisneeded.AflexibleITinfrastructure
canprovidegoodconnectionsandcompatibleresourcesamongsubsystems(Bharadwaj&Bendoly,
2007).Insummary,increasedBA-UsewilldriveorganizationstobuildmoreflexibleIT.Therefore,
weproposethatBA-UseinanorganizationdemandshigherIIF:

H3:BA-UsewillpositivelyinfluenceITinfrastructureflexibility.

Thesystemstheorysuggeststhatthevalueofanemergentpropertyofasystemisdetermined
bythevaluesofcomposingcomponentsandtheinteractionsofthecomposingcomponents.OAis
anemergentpropertyofanorganization.Itsvalueisdeterminedbythevaluesofthecomposing
components from two dimensions: detecting and responding as well as the interactions of the
sourcecomponents.WepostulatethatBA-Use,oneofthedetectingcomponents,andIIF,oneofthe
respondingcomponents,willinteractwitheachothertoinfluencethevalueofOA.

FromtheAMCperspective,wehavetheorizedthatbothBA-UseandIIFmayhaveadirectpositive
influenceonOA.BasedontheaboveargumentregardingtherelationshipbetweenBA-UseandIIF,
wedemonstratehowBA-UsemayalsopositivelyinfluenceITinfrastructureflexibility.Asaresult,
wecantheoreticallyproposethattheeffectofBA-UseonOAmaybefacilitatedthroughIIF.Thus,
wealsoproposethatIIFmediatestheeffectofBA-UseonOA.Therefore,ourfourthhypothesisis:

H4:BA-UseanditsimpactonOAismediatedbyITinfrastructureflexibility.
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Moderatedmediationstudiesshowthatthereisapossibilitythatanindependentvariablemay
interactwithitsmediatortoinfluencethedependentvariable(Preacheretal.,2007).Inthecurrent
study,weproposedthatIIFmaybeamediatorfortheindependentvariableBA-Useandthedependent
variableOA.Therefore,fromthemoderatedmediationperspective,thereisapossibilitythatBA-
UsemayinteractwithIIFtoinfluenceOA.Fromtheperspectiveofthesystemtheory,wealsoargue
abovethatOAisanemergentpropertyofanorganization.Thevalueoftheemergentsystemproperty
OAisdeterminedbythevaluesofthecomposingdimensionsandtheirinteractions.Therefore,the
factorsfromthetwocomposingdimensionsmayinteractwitheachothertoinfluencethevalueofOA.
Whenstudyingtheimpactofbusinessanalyticsonorganizationalagility,fromthedynamiccapability
perspective,Ghasemaghaeietal.(2017)arguedthatbothOAandbusinessanalyticsuseareafirm’s
dynamiccapabilities.OAisahigherorderofdynamiccapabilityandbusinessanalyticsuseisalower
orderofdynamiccapability.TheyproposedthatbusinessanalyticsusewouldincreaseOA.Thefit
perspectivesuggeststhatorganizationaloutcomesaretheresultsoffitbetweentwoormorefactors
(Goodhue&Thompson,1995).Fromthefitperspective,theyalsotheorizedthatthefitbetween
analyticstoolsanddata,tasks,andpeoplemayinfluencethedirectrelationshipbetweenbusiness
analyticsuseandOA.Therefore,thefitvariablemaymoderatetherelationshipbetweenbusiness
analyticsandOA.Theirdatasupportthemoderationeffectofthefitvariablesontherelationship
betweenbusinessanalyticsuseandOA.WearguethatIIFisoneoftheorganization’sITresources,
whichhasacloserelationshipwithBA-Use,whichisataskperformedbybusinessusers.Thus,the
fitbetweenthesetwowillhaveaconsequenceonOA.Therefore,combiningthethreeperspectives
ofmoderatedmediation,systemtheory,andfit,wepostulatethattheBA-UseandIIFmayinteract
witheachothertoinfluencetheoutcomeofOA.Basedontheargumentsabove,weproposethe
followinghypothesisfortheinteractiontermbetweenBA-UseandIIFonOA:

H5:ITinfrastructureflexibilitymoderatestherelationshipbetweenBA-UseandOrganizationalAgility.

RESEARCH METHOd

Survey Instrument development
Across-sectionalsurveystudywasemployedtotesttheresearchmodel.Thisstudyusestheexisting
surveyinstrumentswheneveritispossible.Weexaminedtheexistingmeasurementscalesaccording
towellrecognizedandstandardscaledevelopmentprocedure,suchastheprocedureproposedby
(Churchill, 1979). The instrument for BA-Use was developed in this study following the same
procedureproposedby(Churchill,1979).Allotherinstrumentsusedinthisstudyareadaptedfrom
existingmeasures.AppendixAliststhesurveyinstrumentsinthisstudy.

Scale for BA-Use
Burton-JonesandStraub(2006)proposedthatsystemusageisanactivitythatinvolvesthreeelements:
auser,asystem,andatask.Theyrecommendedconceptualizingsystemusagewithtwostages.The
firstisthedefinitionstageandthesecondistheselectstage.AccordingtoBurton-JonesandStraub
(Burton-Jones&Straub,2006),thesystemusagecanbecapturedbytwosub-constructs:cognitive
absorption that represents the extent to which a user is absorbed, and deep structure usage that
representstheextenttowhichfeaturesinthesystemthatrelatetothecoreaspectsofthetaskareused
(Burton-Jones&Straub,2006,p.236).Theysuggestthattheselectstagesshouldincludetwosteps:
Step1: Selecttheelementsofusagethataremostrelevanttotheresearchmodelandcontext.
Step2: Selectmeasuresforthechosenelementsthataretiedtootherconstructsinthenomological
network.

Webelievethatcognitiveabsorptionismorerelatedtoindividualtaskperformancethanthe
extenttowhichasystemisusedbyauser.WeareinterestedinwhichBAsystemcomponentsa
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userisusingsothatwecangaugetheextenttowhichaBAsystemisusedinanorganization.Thus,
ourmeasurementindicatorsforBA-Usearemostlyinthedeepstructureusagecategory.Wefirst
selectedfeaturesofBAinformationsystemsthatwouldbeusedbyusers.Thenwecombinedthe
selectedfeatureswithcorrespondingtaskstomeasuretheextentofBA-Useinanorganization.The
selectedfeatureswerebasedonthecommonfunctionalitiesoutlinedbyindustrialgroups,suchas
thefunctionalitiespresentedinthereportprovidedbyThe Data Warehousing Institute(Eckerson,
2009).Wefurtherrefinedthefeaturesandtheinstrumentwithhelpfromseveralacademicresearchers
whohaddonevariousstudiesonBAandtaughtBAclassesinuniversities.Aconveniencesample
of22businessandITstaff fromvarious industriesand threeacademicISresearcherspre-tested
thequestionnaire.Then,wefurtherrefinedthemeasurementscalebasedontheirsuggestions.We
alsousedpilotstudytoensurethesurveywebsitewasfunctioningasexpected.Themeasurement
reliabilityandvalidityofthisinstrumentarediscussedintheMeasurementAnalysisResultssection.

Scale for IIF
IIFhasbeenmeasuredasasecondordervariableintheliterature.Therearethreedimensionsin
IIF.ThethreedimensionsofIIFareconnectivity,hardwarecompatibility,andITmodularity.The
IIF instrumentwas adapted fromDuncan (1995),Tallon&Pinsonneault (2011), andTiwana&
Konsvnski(2010).

Scale for OA
Sambamurthyetal.(2003)firsttheoreticallyproposedthattherearethreedimensionsofOA.Tallon
andPinsonneault(2011)devisedasetofeightindicatorstoassesstheOA.TheOAinstrumentwas
adaptedfromTallon&Pinsonneault(2011)’ssurveyinstrument.

Participants and data Collection
ThepopulationofinterestforthisstudyisbusinessleaderswhosecompaniesareusingBA.18,000
seniorbusinessleaderswereselectedfromU.S.companiesthathadatleast20milliondollarsin
annualrevenue.TheseseniorbusinessleadersincludeCEOs,CFOs,CTOs,CIOs,VPsforbusiness
functions,andseniorbusinessdirectorsormanagers.Wereceivedemailaddressesalongwithother
information, suchas the titleofacontact inacompany, thecompanyname,and thecompany’s
annualrevenuethroughacommercialdirectmarketingcompany,ConsumerBase,LLC.Allemails
fromConsumerBaseare100%opt-inand100%guaranteeddeliverablewithin30daysofpurchase.

Qualtrics.comwasusedtohostoursurvey,whichisaleadingweb-basedmarketingresearch
provider.Theinitialinvitationemailandseveralroundsofremindingemailsweresentouttothe
selectedexecutives.Thedatacollectionperiodwasonemonth.

Tables1and2displaytheindustryandcompanyinformationoftheparticipantsinthisstudy.

Sample Size and data Analysis Technique
Atotalof237completedentrieswerecollectedduringthefourweekdatacollectionperiod.Twenty-
onecaseswereeliminatedfromthesamplebecausetheywereeitherincompleteresponsesorthe
organizationswerenotusinganyBAsystem.Onesubjectselected”1”andanothersubjectselected
”7”forallthequestions.Thesetwosubjectswereremovedfromthesampletoo.Ourfinalsample
sizeinthisstudyis214.

PartialLeastSquares(PLS)wasemployedinthisstudytoassessthemeasurementmodelandthe
structuralmodel.PLSisappropriateforthisstudybecauseitisvariance-basedandplacesminimal
restrictionsonmeasurementscales,samplesizes,andresidualdistributions(Chinetal.,2003).We
chosePLStechniqueoverthecovariance-basedSEMtechniquebecauseofthesample-sizerequirement
foreachtechnique.Kline(2005)suggestedthatthedesiredsamplesizewouldbe20timesthenumber
offreeparametersforcovariance-basedSEManalysis.Thesamplesizerequiredforourmodelcould
reachmorethan700(7firstorderconstructs,2secondorderconstructs,andatotalof35indicators)



Journal of Organizational and End User Computing
Volume 32 • Issue 4 • October-December 2020

148

ifthecovariance-basedSEMtechniquewasused.Theruleofthumbforminimumsamplesizeforthe
PLStechniqueis10timesthelargestnumberofstructuralpathsdirectedataparticularconstructin
thestructuremodel(Hairetal.,2013).Thelargestnumberofstructuralpathsintheresearchmodel
is3.Therefore,theminimumsamplesizeforthisstudyis30usingPLS.Followingthesuggestions
from(Faulelal.,2007),aprioripoweranalysiswasconductedtodeterminethesamplesizeforthis
studywiththefollowingcriteria:effectsizeof0.30(medium),alphaof0.05,andpowerof0.95.The
calculatedsamplesizeis134fortwo-tailt-tests.Thesamplefromoursurveyis214andissufficient
forthePLSanalysis.SmartPLS,aPLSsoftwaredevelopedby(Ringleetal.,2005),wasusedfor
thePLSanalysis.

Table 1. Industries represented by participants

Industry Number of 
Subjects

Percentage

Basicmaterial(basicresources,chemicals) 5 2.3%

Consumergoods(auto&parts,foodbeverage,personal&householdgoods) 22 10.3%

Consumerservices(media,retail,travel&leisure) 7 3.3%

Education(K-12andhighereducation) 4 1.9%

Financials(banks,financialservices,insurances) 31 14.5%

Government(federalandlocalgovernments) 7 3.3%

Healthcare 39 18.2%

Industrials(construction&materials,industrialgoods&services) 22 10.3%

Oil&Gas 4 1.9%

Technology(software&computerservices,technologyhardware&equipment) 46 21.5%

Telecommunications 3 1.4%

Utilities 1 0.5%

Professionalservices 18 8.4%

Manufacturing 5 2.3%

Total 214 100%

Table 2. Number of employees in participants’ companies

Number of employees Number of Subjects Percentage

Missingdata 2 0.9%

1–49 26 12.1%

50–499 53 24.8%

500orMore 133 62.1%

Total 214 100%
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MEASUREMENT ANALySIS RESULTS

Common Method Bias and Multicollinearity Check
Commonmethodbiasisapotentialprobleminresearch,especiallyinsurveyresearch(Podsakoff
etal.2003).Severalposthocstatisticalanalysescanhelptodetermineifthereisanexceedingly
commonmethodvarianceindata.Partialcorrelationmethodisamethodtocheckcommonmethod
biasindata(Podsakoffetal.2003).FollowingthepracticeofPavlou&EISawy(2006)forthis
method,weaddedthehighestfactorfromtheprincipalcomponentanalysistothePLSmodelasa
controlvariableondependentvariables.Thisfactordidnotproduceasignificantchangeinexplained
varianceinthedependentvariablesinthemodel.Correlationanalysiscanalsohelptodetermineif
thereisanexcessivecommonmethodvarianceindata(Bagozzietal.,1991).Table3presentsthe
correlationmatrixofthemainconstructsaswellastheaveragevarianceextracted(AVE)inthisstudy.
Bagozzietal.(1991)suggestedthatacorrelationthatis>0.9wouldindicateevidenceofcommon
methodbias.Thehighestcorrelationamongthesecondorderconstructsis0.67andthatisbetween
operationalagilityandcustomeragility,whichislessthanthethresholdssuggestedbyBagozzietal.
(1991).Thisanalysisalsosuggestsnoexcessivecommonmethodbiasinthedata.Thethirdmethod
weemployedtotestifthereisacommonmethodbiasinthedataisHarman’sone-factortest.We
performedHarman’sone-factortestinSPSS.Thetotalvarianceexplainedbythesinglefactorfrom
thetestis30%.Itindicatesthereisnoexcessivecommonmethodbiasexistinginthedata.

Multicollinearitymayalsobeanissuewhenasurveymethodisusedforaresearch.Weobtained
thevarianceinflatedfactor(VIF)forBA-UseandIIFfromSmartPLS3.TheVIFvalueforBA-Use
is1.15andIIFis1.16,indicatingverylowmulticollinearityissue.

Measurement Reliability and Validity
WeusedSmartPLS(Ringleetal.,2005)toperformtheconfirmatoryfactoranalysis.Basedonthe
loadingscoresoftheindicators,wedroppedseveralindicatorsfromtheIIFscale.TheCronbach’s
Alphavaluesforallconstructs,exceptforPartnerAgility,areabovetherecommendedthreshold
valueof0.7(Kline,2005;Nunnally&Berbstein,1994).TheCronbach’sAlphaforPartnerAgility
is0.61,whichisstillacceptable(Robinsonetal.,1991).Furthermore,theconstruct,aswellasall
otherconstructs,hasacompositereliabilityscoreabove0.83.Thecompositereliabilityscoresare

Table 3. Constructs’ Average Variance Extracted (AVE) and correlation

AVE SQRT 
of AVE

Construct Correlation

BA-Use C-agility O-Agility P-Agility IT 
Connectivity

IT Hardware 
Compatibility

IT 
Modularity

0.61 0.78 BA-Use 1.00

0.66 0.81 C-Agility 0.28 1.00

0.66 0.81 O-Agility 0.24 0.67 1.00

0.72 0.85 P-Agility 0.27 0.58 0.65 1.00

0.61 0.78 ITConnectivity 0.26 0.43 0.31 0.32 1.00

0.65 0.80 ITHardware
compatibility

0.28 0.40 0.36 0.37 0.72 1.00

0.71 0.84 ITModularity 0.37 0.28 0.28 0.29 0.58 0.52 1.00

C-Agility=Customer Agility
O-Agility=Operational Agility
P-Agility=Partner Agility
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abovetherecommendedthresholdvalueof0.7(Nunnally&Berbstein,1994).Thesescoresindicate
thatmeasurementscalesarereliable.

Allthekeptindicatorshaveloadingscoresof0.6orhigherontheircorrespondingconstructs
andhaveatleastonemagnitudelowerscoresonotherconstructs.Table3presentstheAVEvalues
andconstructscorrelationsforallthefirstorderconstructsintheproposedmodelafterwedropped
theindicatorsthatcausediscriminantandconvergentvalidityissuesfortheirtheoreticalconstructs.

FromTable3,wecanseethatthesquarerootsofallconstructs’AVEarelargerthananycorrelation
amonganypairoflatentconstructs.

Fromtheanalysisabove,wecanassumethatthemodifiedmeasurementscaleforallfirst-order
constructsinthisstudyhasdiscriminantandconvergentvalidity.Therefore,wecancontinuewith
ourmodelassessments.

STRUCTURAL MOdEL ANALySIS RESULTS ANd dISCUSSIONS

ThefullstructuralmodelwasassessedusingSmartPLS(Ringleetal.,2005).Themodelwasestimated
withcompanysizeandindustryascontrolvariables.Companysizewasoperationalizedbyannual
revenueandemployeenumber.WefirstperformedPLSAlgorithmtestsinSmartPLStoobtainthe
pathcoefficients.Then,thesignificanceofdirectandindirectimpactsofvariablesinthemodelwere
testedusingbootstrappingwith5000resamplesanda95%confidenceintervalassuggestedbyVance
etal.(Vanceetal.,2015)and“bias-correctedbootstrapthathavetheleastbiasedconfidenceintervals,
greatestpowertodetectnonzeroeffectsandcontrasts,andthemostaccurateoverallTypeIerror”as
suggestedbyChinetal.(Chin,2010).HenselerandChin(2010)recommendedatwo-stageapproach
toinvestigatetheinteractioneffectofamodel.Wefollowedtherecommendationtoinvestigatethe
interactioninthisresearch.Theresultedpathcoefficientsandsignificanceswithcontrolledcompany
sizeandindustryaredisplayedinFigure2andTable4.Thenumberintheendogenousvariables,
suchasITInfrastructureFlexibilityandOrganizationalAgilityinFigure2,istheR2value.

BA-Use and OA
Fromthesystemstheoryperspective,wetheorizethatOAisanemergentsystemproperty.OAmeasures
howquicklyanorganizationcanactinabusinessenvironment.AccordingtotheAMCframework,
thethreedriversofactionareawareness,motivation,andcapability.Therefore,theantecedentsof
OA,measuringtheabilityofanorganizationtoquicklyact,shouldcomefromthreedimensions:(1)
detectingchangesinbusinessenvironment,(2)respondingtothechanges,and(3)beingmotivated
totakeactions.BA-Usehelpsdecisionmakersgainmoreinsightsaboutchangesintheiroperations
andexternalenvironments.Thiscontributestotheawarenessbehaviordriverthathelpsdeterminean
organization’sactions,whichmatcheswellwiththedetectingchangesdimensionofOA.Therefore,
thisstudyproposesthatBA-Useisoneofthecontributingcomponentsonthedetectingdimension
ofOA.ThePLSresultsinFigure2showthatthepathcoefficientforthedirectimpactofBA-Use
onOAis0.175andthatissignificantatthe0.05significantlevel(p = .017).Hypothesis1(H1)is
supportedinthisstudy.

SohandMarkus(1995)definedtheITimpactasastateanorganizationachieves.Duetothe
IT asset, new products/services are created, business processes have been redesigned for better
performance,anddecision-makingandcoordinationandflexibilityhavebeenimproved.Weargue
thatalthoughSohandMarkus(1995)’sdefinitionofITimpactiscomprehensive,animportantaspect
ofoutcomes,agility,shouldbeincluded.AsdiscussedintheliteraturereviewsectionofIIF,agility
isdifferentfromflexibility.Flexibilitydoesnotnecessarilyleadtoagility(Lietal.,2008;Tiwana&
Konsvnski,2010).ThepurposeofcoordinationandflexibilityistoachieveOA.Therefore,wedefine
ITimpactas“astateanorganizationachieves,inwhichduetotheITasset,newproducts/services
arecreated,businessprocesseshavebeenredesignedforbetterperformance,decision-makingand
agilityhavebeenimproved”.Aswediscussedintheliteraturereviewsection,althoughthereare
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priorstudiesthatempiricallyinvestigatedtheBAimpacts(e.g.,Elbashiretal.,2008),Trieu(Trieu,
2016)andourownliteraturereviewfoundonlyoneempiricalstudy(Ghasemaghaeietal.,2017)
thatexaminedtherelationshipbetweenBAinvestmentandOAthroughBA-Use,andnoempirical
studyonBAenabledOAandorganizationalperformancethroughacompetitiveprocess.Thisstudy
providesthesecondempiricalsupportthatBAassetcanhelpbuildOAthroughBA-Use.

AlthoughTrieu(Trieu,2016)indicatedthatthereisnopriorempiricalstudythatexaminedthe
relationshipbetweenBAimpactsandimprovedorganizationalperformancethroughacompetitive
process,therearesomestudiesthatbrieflymentionedtherelationship(e.g.,Lauetal.,2012).We
speculatethatoneofthereasonsforthelackofsuchstudiesintheliteraturemaybeduetothelack
ofempiricalstudiesthatshowBA-UseenhancedOA(i.e.,aBAimpact).Sambamurthyetal.(2003)
theoreticallyarguedthatOAisacriticalcontributortobusinesscompetitiveadvantage.Thestrategic
andITbusinessvalueliteraturehastheoreticallyjustifiedandempiricallydemonstratedthedirect
relationshipbetweencompetitiveadvantageandorganizationalperformance(e.g.,Vannoy&Salam,
2010).Fromthisdiscussion,thereisaclearconnectionfromBA-UseenhancedOAtocompetitive

Figure 2. Test Results of Full Structural Model NOTE: The result for H4 regarding the mediation effect of IIF is not shown in this figure.

Table 4. Summarizes the results of hypothesis testing

Hypothesis Independent 
Variable

Mediator Moderator Dependent 
Variable

Path 
Coefficient

Hypothesis 
Supported?

H1 BA-Use N/A N/A OA 0.175* Yes

H2 IIF N/A N/A OA 0.368** Yes

H3 BA-Use N/A N/A IIF 0.357** Yes

H4 BA-Use IIF N/A OA 0.132(a)** Yes

H5 BA-Use N/A IIF OA 0.004(b)NS NO

N/A=Not Applicable
NS=Not Significant
a=Total Indirect Path Coefficient
b=Moderation Path Coefficient
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advantage,thentoorganizationalperformance.Thelackofstudiesexaminingtherelationshipbetween
BAimpactsandimprovedorganizationalperformancethroughacompetitiveprocessispartiallydue
tothelackofstudiesinvestigatingBA-Useenhancedcompetitiveimpacts,suchasBA-Useenhanced
OA.ThisstudyhelpstoinitiatetheresearchthatinvestigatestheBAvaluethroughthecompetitive
process.

With the theoretical justificationandempirical support from this study,wedemonstrate the
strategic value of BA-Use and argue that BA-Use should be treated as a critical component of
an organization because of its contribution to OA, a key contributor to competitive advantage
(Sambamurthyetal.,2003;Tallon&Pinsonneault,2011).

IIF and OA
IIFhasbeenextensivelystudiedinISresearchasanindependentvariable(Kumar,2004;Sambamurthy
etal.,2003;Tiwana&Konsvnski,2010)aswellasamoderator(Tallon&Pinsonneault,2011).Bhatt
etal.(2010)isoneofthefewstudiesthatinvestigatedtheIIFandorganizationalresponsiveness,
whichweviewasoneantecedentdimensionofOA.TheAMCframeworkshowsthattotakeactions,
organizationsnotonlyneedtobeawareofopportunitiesandthreatsbutalsoneedthecapabilityfor
quickactions.TheoriesandempiricalstudiessuggestthatIIFcanhelpincreasetheorganizational
capabilitytotakecompetitiveactionsbyenablingorganizationstoquicklyintegrateandreconfigure
its internalandexternal resources(e.g.,EISawy&Pavlou,2008;Pavlou&ElSawy,2010;Rai
etal.2006;Sambamurthyetal.,2003).ThistheoreticallysuggeststhatIIFisacriticalpartofan
organization’scapabilityintoday’sIT-enabledorganizations.Thisstatementisempiricallysupported
bythedatainthisstudy.ThePLStestresultsinFigure2showthatthereisasignificantimpactof
IIFonOA:thepathcoefficientis0.368,whichissignificantatthe0.01significantlevel(p<0.01).

Together,withthefindingontherelationshipbetweenBA-UseandOA,thisstudylendssupport
totheclaimthatITstillmatters(Kumar,2004).AlthoughsomeITcomponentsmaybecommoditized
andnotscarceanymore,theIIFisnotjustasimplecombinationofthosecomponents.ITinfrastructure
isnotjustablackbox.ThedimensionsofIIFclearlyshowthatmanycharacteristicsofIIFcannot
bebought.Theyneedtobecarefullycultivatedsothatotherorganizationalcapabilitiescanbenefit
fromaflexibleITinfrastructure.ThissuggeststhataflexibleITinfrastructureisastrategicresource
thatcanhelpimproveanorganization’sbusinessperformancebyenhancingitsOA.

BA-UseandIIFcanexplain22%ofthevarianceinOA.Althoughtheexplainedvarianceof
OAisnotveryhigh,theimpactofBA-UseandIIFissignificantonOA.Thesefindingsareinline
withtheexpectationthatOAisacomplexemergentsystempropertywhosevalueisinfluencedby
many factors from the twodimensions,detectingand responding,which include factors suchas
IT,organizational,management,businessprocess,andothers.BA-Useisoneofthefactorsinthe
sensing/directingdimensionandIIFisoneofthefactorsintherespondingdimension.Thefindings
ofthisstudyshowtheimportantrolesofBAandITinfrastructureinenablinganagileorganization.

Relationships Between BA-Use and IIF—Mediation and Moderation Analyses
BAsystemsareIT-enabledinformationsystems.OneofthekeysuccessfactorsofBAsystemsisits
abilitytoaccessandintegrateavarietyofdatasources,thenanalyzingtheintegrateddatatoproduce
insightsthatcanhelpdecisionmakersformbetterdecisions.Therefore,themoreBAisusedinan
organization,themoreitdemandsaflexibleITinfrastructuretohelptoquicklyintegrateheterogeneous
datasources.AnotherkeyfactorforthesuccessofBAsystemsisitsabilitytoshareresultswith
whoeverneedsthemanddeliverresultstowherevertheyareneeded.So,BA-Usedemandsamore
flexibleITinfrastructuretobebuilttofacilitatetheaccuratedeliveryofinformationtodecisionmakers
whereitisneededandwhenitisneeded.ThesetwodemandsfromBA-UsemayinfluenceanIT
department’sfocusonbuildingamoreflexibleITinfrastructure,andtheresultsofthisstudysupport
thisproposition.ThedirecteffectofBA-UseonIIFissignificant:thecoefficientis0.357,whichis
significantat0.01level(p<0.01).Thehypothesis3(H3)inthisstudyisthefirstpropositioninthe
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literaturethatconnectsIIFwithBA-Use.Althoughonly13%ofvarianceinIIFcanbeexplainedby
BA-Use,theimpactofBA-UseonIIFissignificant.ThesmallexplainedvarianceofIIFbyBA-Use
isunderstandablesinceIIFisaffectedbymanyotherfactorsbecauseanorganization’sIIFisnotjust
responsivetoBA-Use.ThisfindingshowsthatflexibleITinfrastructureisnotonlyakeycontributor
forOAbutalsoanimportanthelperforBA-Use.ChenandSiau(Chen&Siau,2012)testedtheimpact
ofIIFonBA-Use.TheresultsofthatstudyalsoshowthesignificantimpactofIIFonBA-Use.These
resultsdemonstrateamutualinfluencebetweenIIFandBA-Use.Itisimpossibletodeterminethe
natureofthereciprocalrelationshipbetweenIIFandBA-Usewiththecross-sectionaldatafromthis
study.AlongitudinalstudywillbeneededtofindhowIIFandBA-Useinfluenceeachother.Butthe
mediatingeffectmayshedsomelightonthenature,whichisdiscussedbelow.

OurresearchmodelimpliesthatthereisamediationeffectofIIFontherelationshipbetween
BA-UseandOA.WealsoprovideatheoreticalexplanationonhowIIFmaymediatetheBA-Useand
OArelationship.ThebootstrapmethoddevelopedbyPreacherandHayes(2008)wasimplementedin
SmartPLS3.0fortestingmediation.BecausethedirecteffectofBA-UseonOAwassignificant,we
addedthemediatingvariableIIFandtestedthemodelusingthebootstrappingmethodinSmartPLS
3.0toobtaintheindirecteffectofBA-UseonOAthroughIIF.Thesummaryresultsofmediation
testsarepresentedinTable5.ThereisasignificantindirecteffectofBA-UseonOAthroughIIF:the
indirectpathcoefficientis0.13,whichissignificant(p<0.01).AccordingtoHairetal.(2014),ifthe
indirecteffectissignificant,theVarianceAccountedFor(VAF)shouldbecalculatedtodeterminethe
strengthofthemediation.VAFiscalculatedusingthisformula:VAF=indirecteffect/totaleffect
*100(Hairetal.,2014).Accordingto(Hairetal.,2014),aVAFvalueofgreaterthan80%isfull
mediation,avaluebetween20%and80%ispartialmediation,andavaluelessthan20%indicatesno
mediation.TheVAFforthemediationeffectofIIFonBA-UseandOAis43%.Theresultindicates
thatIIFonlypartiallymediatestheeffectofBA-UseonOA.Aspartofapost-testprocess,wealso
examinedthemediationeffectofBA-UseonIIFandOA.TheindirecteffectofIIFonOAthroughBA-
Useisinsignificant:theindirectpathcoefficientis0.061,p=0.058.Itindicatesthereisnomediating
effectthroughBA-Use.ThecalculatedVAF,14.2%,alsoindicatesthereisnomediatingeffectof
BA-UseonIIFandOA.BA-UseisoneoftheOA’sdetectingfactorsandIIFisoneoftheresponding
factors.ThesetestresultsindicatethatthetwodimensionsofOAmayexertmajorinfluencesonOA
ontheirown,butnotnecessarilythrougheachother.However,thepartialmediatingeffectofIIF
ontherelationshipbetweenBA-UseandOAindicatesthatBA-Use’seffectonOAmaybepartly
duetotheimprovedIIF.ThismayindicatethatBA-Useencouragesorganizationstoimprovetheir
IIF.ThisresultalsosupportstheawarenessdriverisapremisetothecapabilitydriverintheAMC
frameworkandprovidesthefirstempiricallinksamongtheactionenablersoftheAMCframework.

Fromtheperspectivesofmoderatedmediation,fittheory,andsystemtheory,wetheorizedthat
theinteractiontermbetweenBA-UseandIIFmayinfluencetheorganizationaloutcomeOA.The
proposalsuggestsapossiblemoderationeffectofIIFontherelationshipbetweenBA-UseandOA.
WetestedtheinteractionrelationshipinSmartPLS3.0.ThesummaryresultsarepresentedinTable6.

Following the recommendations from (Henseler & Chin, 2010), we tested the moderation
effectusingatwo-stagecalculationmethod,whichfirstcalculatesthelatentvariablescoresofthe
latentpredictor(IIF)andlatentmoderatorvariable(BA-Use)fromthemaineffectmodelwithout
the interaction variable. Then, these latent variable scores are used to calculate the interaction
variablebymultiplyingthescoresofthepredictorandmoderator.Then,theeffectsonOAofthe
interactionvariable,thepredictor,and,themoderatorareanalyzed(Hairetal.,2014;Ringleetal.,
2005).Althoughtheoretically,thereisapossiblemoderatingeffectofIIFontheBA-UseandOA
relationship,thedatafromthisstudydoesnotsupporttheclaimwiththetwo-stagemethod.One
possibleexplanationmaybethatoursurveyinstrumentonlyincludedthreestaticcomponentsofIIF:
connectivity,compatibility,andmodularity.ThedynamiccomponentofIIF:ITpersonnelcompetency
(Byrd&Turner,2001;Duncan,1995)wasnotincluded.TheBA-Use’simpactonOAmaybemore
sensitivetoITpersonnelcompetencysinceBA-UseinvolveswithnewITresourcesandpotentially
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newprocedures.ITpersonnelcompetencyhaspotentialtoimproveusers’effectivenessandefficiency
touseBAforobtainingnewdata,analyzingthedatatoproduceusefulinformation,andhelpingthem
makebetterdecisionsregardinghowtorespondtoopportunitiesandthreats.Futurestudiesmay
furthertestthisassumptionwhendataisavailable.

RESEARCH CONTRIBUTIONS, LIMITATIONS, ANd FUTURE RESEARCH

Theoretical and Conceptual Implications
This study is one of the few empirical studies that investigate the importance of BA from the
perspectiveofBA-Use.ItemployssoundtheoreticallensestopositthatITandIScomponentscan
bekey contributors toOA.Moreover, it uses empirical tests tovalidate thosepropositions.The
theoreticalcontributionsofthisresearcharemanifold.

First,itisthefirststudythatutilizetheAMCperspectivetotheoreticallyjustifytheproposal
thattheessentialdimensionsofOAincludedetectingandresponding.Wealsoproposethepotential
modificationoftheOAdefinitiontoincludethemotivationcomponent.Futurestudiesmaytestthe
influenceonOAwithfactorsfromthemotivationdriverofanaction.ThroughthelensofOA,wealso
theoreticallyproposedandempiricallytestedtheeffectofBA-UseonOA.Thisisalsooneofthevery
firstempiricalstudiestoinvestigatetheimpactofBA-UseonOA.Itprovidesatheoreticalfoundation
fortheadvancementofBA’simportance.Thistheoreticalfoundationshowswhyorganizationsneedto
beBA-based.ThisresearchencouragesmoreempiricalresearchonthesignificanceofBA,especially
thestrategicimpactsofBA.TheoriginaldefinitionofITandBAimpactsincludetheoutcomesof
(1)newproducts/services,(2)redesignedbusinessprocesses,(3)betterdecision-making,and(4)
improvedcoordinationandflexibility(Soh&Markus,1995).WeproposethatthedefinitionofIT
impactmayberedefinedbychangingthefourthelement:improvedcoordinationandflexibilityto
IT-enabledOA.Thereasonsfortheproposalinclude(1)OAistheultimategoalofcoordinationand
flexibility.Therefore,OAreflectsoncoordinationandflexibility;(2)theothercomponentsofthe

Table 5. Mediation test results

Effects Path Path 
coefficient Mediator p-value VAF Mediating 

effect

Direct BA-Use→OA 0.175* N/A .017 N/A N/A

Indirect BA-
Use→IIF→OA 0.132** IIF <.01 43% Partial

Direct IIF→OA 0.368** N/A <.01 N/A N/A

Indirect IIF→BA-
Use→OA 0.061NS BA-Use .058 14% No

N/A=Not Applicable
NS=Not Significant
**Significant at p < .01
*Significant at p < .05

Table 6. Moderation test results

Independent 
Variable

Dependent 
Variable Moderator Moderating 

Path Coefficient p-value Moderating 
effect

BA-Use OA IIF 0.004NS 0.918 NO
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definitionconceptuallydefinehigherlevelsofbusinessgoals.Therefore,itisappropriatetousethe
morestrategicconceptinthedefinition.

Second,followingtheguidelinesfordevelopingameasurementforsystemusage,wedeveloped
a survey instrument for BA-Use that measured the user’s activity with different features of BA
systems.Weselectedthefeaturesaccordingtotherecommendationsofindustryexpertsandacademic
researchers.Thefinalinstrumentisvalid,reliable,andreadyforuseinfutureresearch.

Third, by theorizing that IIF couldhelp the respondingdimensionofOA,we suggested an
alternativewayofviewingITinfrastructureasastrategiccomponentfororganizations.Throughthe
lensesofOAandtheAMCframework,weassertedthatflexibleITinfrastructurewasanessentialpart
ofanorganization’srespondingcapability.Fromthisstudy,itisclearthatIIFisamajorantecedentto
OAintoday’sIT-enabledorganizations.SinceOAhasadirectimpactonorganizationalperformance
(Sambamurthyetal.,2003),itcanbearguedthatIIFhasstrategicimplicationsfororganizations.

Fourth, thefindingsfromthisstudysuggested thatBA-Usemayencourageorganizations to
improvetheirIIFbecauseBA-UsehasasignificantimpactonIIFandBA-Use’simpactonOAmay
bepartiallyduetoIIF.TheresultsfurthershowthatthereisamutualinfluenceeffectbetweenBA-
UseandIIFalthough,withthecross-sectionalsurveydata,wecannotmakeanyconclusionregarding
the nature of the reciprocal relationship between BA-Use and IIF and how they influence each
other.ThemediatingeffectofIIFalsoshowstheimportanceofIIFintoday’sIT-enabledoperation
environment.Thenewlyfoundrelationshipcouldhelprenewtheinterestinstudyingtheinfluences
ofITinfrastructureonbusinessorganizationsandnewtechnologicalphenomena.ItseemsthatMIS
researchershaveignoredthetopicofITinfrastructureinthelastdecadealthoughtheperiodhas
witnessedrapidtechnologicaladvancementsandchanges.

Fifth,althoughthedatadoesnotsupportourmoderatingeffectsofIIFontheBA-UseandOA
relationship,itpresentsaninterestingquestionforfuturestudies.Webelievethatthereisatheoretical
foundationforthishypothesis.Itisnotsupportedbythedata,mostlikelybecauseIIFdatadoesnot
includetheinformationaboutthedynamiccomponentofIIF.However,thiscanbetestedinfuture
studies.

Finally,weextendedtheexistingresearchonITvaluebyprovidinginsightsonhowBAandIIF
couldbeconnectedwithOAandwhytheyshouldbetreatedasstrategicassets.Thisstudyanswersthe
calltopromotestudiesonspecificinformationsystemsandtheiridiosyncraticeffects(Mukhopadhyay
etal.,1995).Italsoanswersthecallforstudies“tounlockthemysteriesofanincreasinglyimportant,
butcomplex,setofrelationshipsbetweenITinvestmentsandfirmperformance”(Sambamurthyet
al.,2003,p.256).WebelievethatITvalueresearchisatopicthatrequirestheconstantattentionof
ISresearchersforMIStostayrelevant.

Practical Implications
Inadditiontoresearch,thisstudyhasimplicationsforpractice.First,itprovidesinsightsintohow
BAinteractswithotherorganizationalresourcestoenhanceOA.BAcancreatevalueswiththeright
conditions.Asaninformationsystem,thevaluesofBAarebuiltonITinfrastructure.Thisstudyshows
thattoeffectivelyuseandpromoteBA,organizationsshouldpaymoreattentiontobuildaflexible
ITinfrastructuresothattheirorganizationalagilitycanbeoptimallyimproved.Asforthesignificant
impactofBA-UseonOA,itshowsthatBAneedstobeviewedasapartoftheorganization’sstrategic
assets.WithoutBA-Use,anorganization’sagilitymaysuffer.

Second,thefindingsremindorganizationalexecutivesthatITinfrastructureisnotonlyavaluable
platformthathelpstoenablecommunicationinternallyandexternallyandtoenablepresentandfuture
businessapplications,butITinfrastructureisalsoastrategiccomponentbecauseitcancontribute
toOA.AttentionshouldbeallocatedtovariousareasofITinfrastructure,suchasIIF,tofullytake
advantageofITtoenhanceanorganization’sagility.

Third,althoughpriorresearchshowedinconsistentresultsofimplementingBAsystems,this
studysuggestedthatBAhadstrategicvaluesbecauseofitscontributiontoOAthroughIIF.Some
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companiesmaynothavegarneredthefruitsfromtheirinvestmentsinBAbecausetheyhavenotcreated
therightconditionsforimplementingandusingBAsystems.Businessleadersneedtocontinually
investigatethefactorsaffectingtheperformanceoftheirBAsystemsandprovideresourcestotackle
theproblemsandissuesthathinderthesuccessfulimplementationofBAsystems.

Limitations of this Study and Future Research
Thisstudyusedcross-sectionaldatafromonepointintime.Thisdoesnotprovidehistoricalinformation
onhowtheindependentvariables(IIFandBA-Use)impactthedependentvariable(OA)overtime.
ThereisareciprocalrelationshipbetweenIIFandBA-Usefromthedataasreflectedbytheresults
ofthisstudyandChenandSiau(2012).Thecross-sectionalsurveydatacannotanswerthequestion
ofhowIIFandBA-Useinfluenceeachother.Futurestudiesmaycollectdataatdifferentpointsin
timetohelpustounderstandthenatureofthereciprocalrelationship.Thisstudysupportstheclaim
thatIIFandBAhavestrategicvaluesbecausetheyaremajorantecedentstoOAthatdirectlyimpact
strategiccapabilities.ButtoanswerthequestionofwhetherIIFandBAcanhelpOAinalongrun,
alongitudinalstudyisrequiredtocomparetheimpactsofIIFandBA-UseonOAovertime.This
cross-sectionaldesignalsomakesitnecessarytotreattheresultswithcautionbecausecausalitycannot
beinferredfromcross-sectionaldata.Butasolidcross-sectionalstudyprovidesastrongfoundation
forfuturelongitudinalstudies.

Asinglesubjectfilledupaquestionnaire.Thismaysuggest that theresultsaresubjectedto
commonmethodbias.Weusedstatisticaltests,suchasHarman’sOne-Factortest,partialcorrection
analysis,andcorrelationanalysis,astheposthocteststocheckforcommonmethodbias.Theresults
showthatcommonmethodbiasinthisstudyisminimal.Futurestudiescoulduseamatched-pair
designthatusestwoinformantsfromeachorganization.Forexample,onecanbeatechnicalexecutive
andtheothercanbeabusinessfunctionexecutivetofurtheralleviatecommonmethodbias.

Themodelinthisstudyisgeneralanditisnotrestrictedtoaspecificbusinessactivity.Therefore,
webelievethatthismodelisgeneralizabletovariousaspectsoforganizationalactivities,butitwill
bebettertohaveotherindependentstudiestoverifytheclaim.Futureresearchcanlookatspecific
businesscontexts.Forexample,futureresearchcanstudythemodelinoperationorcustomrelationship
managementtoverifyorfalsifythemodelinaspecificbusinesscontext.

Duetothespacelimitation,thisstudyonlypresentstherelationshipbetweenBA-UseandOA
asawhole.FuturestudiesmayinvestigatespecificaspectsofBAsystems,suchasdatavisualization,
predictivedatamining,andprescriptivedatamining,andtheirinfluencesondifferentaspectsofOA,
suchascustomeragility,operationalagility,andoperationalagility.

ThisstudysuggeststhatIIFmayplayacriticalroleinenablingOAandmediatingeffectonthe
BA-UseandOArelationship.Werecommendthatfutureresearchinvestigateapproachestoandways
ofbuildingflexibleITinfrastructure.ThisincludesinvestigatinghowtocreateITinfrastructurethat
facilitatesconnectionandincreasescompatibilityamongsubsystems,andhowtomakesubsystems
moremodularsothattheycanswapinoroutquickly.

ThenewfoundrelationshipbetweenIIFandBA-Usealsosuggeststhatitisnecessarytoconduct
more research on how organizations should build their IT infrastructure with the technological
advancementsofthelastdecade.Theseadvancementsincludecloudcomputing,socialnetworking,
ubiquitouscomputingthroughmobiledevicesandsensors(Siau&Zhen,2002,2006),distributed
andBigDatadatabases,theInternetofThings,artificialintelligence,andaugmentedreality(Wang
&Siau,2019;Hyderetal.2019;Siau2018;Siauetal.2018;Siau&Wang2018).Theliterature
reviewshowsthatveryfewstudiesinthelastdecadehavefocusedontheeffectsofthesetechnological
advancementsonITinfrastructureorviceversa.Wehavenotfoundastudythatinvestigateswhether
thesetechnologicaladvancementswarrantnewITinfrastructureorifexistingITinfrastructureis
sufficienttosupportthem.Wesuggestthattimeisripetore-examinetheITinfrastructureandits
relationshipwithnewtechnologyadvancementsandnewbusinessrequirements.
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