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ABSTRACT

InordertoinvestigatetherelationshipbetweenITapplicationmaturityandmanagementcapabilities,
the authors conducted a survey study to collect related company information for analysis. Data
processingwasconductedtoobtainvalidandreliablevariablesrepresentingITapplicationmaturity,
management institutional capability, and process management capability. Then, they adopted a
partialdifferentialequationapproachtocapturethetimedynamicsofthesevariables.Theequations
weresolvedanalytically,andfurtherempiricallyestimatedthroughourprocessedsurveydata.The
validatedmodeldemonstratesthatbothmanagementcapabilitieshavedirectenhancementeffects
onITapplicationmaturity.Inaddition,processmanagementcapabilityhasagreaterinfluenceonIT
applicationmaturityincomparisonwithmanagementinstitutionalcapability.Furthermore,itisfound
thatthereexistlocalmaximumsforbothenhancementeffects,providedthatthetwomanagement
capabilitiesarewellbalanced.Thefindingsnotonlyofferpracticalimplications,butalsosupplement
theliteratureoffactorsforISsuccessinlightofthedynamicrelationshipbetweenITapplication
maturityandmanagementcapabilities.
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1. INTRoDUCTIoN

InformationTechnology(IT)hasbeentheleadingfieldforinnovations.Inthepastdecades,innovations
in technologyhavebroughtchanges tovariousculturalandsocietalactivities.Morespecifically,
informationtechnologyalsochanges thebusinessworld.Fromanorganization’sperspective, the
extensiveuseofITapplicationscanintegratedisparatebusinessprocesses,facilitate information
flow,encourageemployees’contextualperformance,raisecustomers’satisfactionlevel,andgenerate
newopportunitiesinaglobalbusinessenvironment.Priorresearchintheinformationsystems(IS)
fieldproposemodelsofexaminingtechnology’sbusinessvaluethroughutilizationofITapplications
(Melville et al., 2004). At the same time, it is also conceivable that effective utilization of IT
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applicationshastobesubjecttoanorganization’sresourcesandmanagementcapabilities(Sabherwal
etal.,2006).Therefore,determininghowtoeffectivelyutilizeITapplicationsbecomesanimportant
taskforbothresearchersandpractitioners.Inthisstudy,weusetheconceptofITapplicationmaturity
tocaptureorganizations’effectiveutilizationofITapplications.

IT application maturity is a newly emerging concept for evaluating the effectiveness and
sustainabilityofITapplicationadoptionandutilization.ITapplicationmaturitystemsfromtheconcept
ofthesoftwarecapabilitymaturitymodel(CMM)(Humphrey,1988).Infact,ITapplicationsare
oftenviewedastheutilizationofhardware,software,dataandnetworkingtechnology.Consequently,
ITapplicationmaturityisdefinedasthematuritylevelofthisutilization(Pengetal.,2011).Itis
importanttonotethatITapplicationmaturityisnotastaticconcept.Instead,itisanevolvingstatusof
howITapplicationsareutilizedinorganizations.Presumably,whennewITapplicationsaredeployed
inanorganization,thematuritylevelshouldbelowandpreliminary.Gradually,asmorefrequentand
effectiveutilizationofITapplicationsemerge,thematuritylevelwillincrease,providedanalignment
processexistsbetweenITapplicationsandbusinessstrategyorprocess.

TheITapplicationmaturitylevelcanbedefinedbyadiscretenumberoflevels.Forexample,
theITILmaturitymodelhasdefinedfivelevelsofmaturity:Initial,Repeatable,Defined,Managed,
and Optimized (Pereria and da Silva, 2011). Other popular IT related maturity models include:
CapabilityMaturityModelIntegration(Chrissisetal.2011),MaturityModelforCOBITprocesses
(IT Governance Institute, 2007), IT Balanced Scorecard Maturity Model (Van Grembergen and
Saull,2001),andIS/ICTManagementCapabilityMaturityFramework(Renken,2004).Achietal.
(2016)provideareviewofsixteeninnovation(ITrelated)maturitymodelsandconductacomparative
analysisofthesemodels.PoeppelbussandRoegliner(2011)isalsoacomprehensivestudytopropose
theframeworkofdesigningmaturitymodels.Regardlessofthevarietyofthesematuritymodels,
matureutilizationofITapplicationenablesorganizationstoeaseinformationflowinternallyand
externally,toreduceproductioncosts,tostreamlineoperationprocessesand,ultimately,toimprove
businessperformance(XiaoandXie,2007;Pengetal.,2011).

Itisimportant,therefore,fororganizationstoidentifycriticalfactorstoimproveITapplication
maturity.Sabherwaletal.(2006)proposeacomprehensivemodelforidentifyingInformationSystems
(IS)successandhighlighttwoconstructsasOrganizationalDeterminants–topmanagementsupport
andfacilitatingconditions.Petteretal.(2013)alsoidentify43determinantsthathavebeenposited
toaffectISsuccessandcategorizethemas:tasks,people,andstructure.Morespecifically,Dwivedi
etal. (2015)conductapanelstudy toreflecton thenewresearchdirectionswithin thisdomain.
Asaliteraturereview,theirstudyspecificallycallsforfutureresearchin“…abroaderviewofthe
dynamicsoforganizationalchangeinacomplexbusinessenvironment…”andto“enableabetter
integrationofinstitutionalforcesintothediscussionofwhyISfailorsucceedaswellasstressingthe
needforISresearchtofocusmoreonthealignmentofISwithorganizationalprocesses.”Inorder
toanswerthisresearchcall,inthisstudy,wefocusontheinvestigationofinstitutionalmanagement
andprocessmanagementcapabilities.

1.1. Research Motivation
ToanswerresearchcallfromDwivedietal.(2015),wespecificallystudytheabovetwohighlighted
organizationalcapabilities:managementinstitutionalcapabilityandprocessmanagementcapability.

Organization’s institutional capability or capital has always been recognized as one of the
coremanagementcapabilities (LoveandIrani,2004;LeidnerandKayworth,2006;KeandWei,
2008).Strongmanagementinstitutionalcapabilityofestablishingandenforcingrules,policies,and
regulationsisthecapstonesofcompetitiveorganizations.Thiscapabilityhasalsobeenwidelystudied
ineconomicsfieldintheformofinstitutionaltheory(Scott,1987),whichplaysanimportantrolein
businessstrategyandmanagementresearch.Theotherhighlightedmanagementcapabilityisbased
onPorter’svaluechainmodel(Porter,1985).AccordingtoPorter,businessprocessesarethesources
forgeneratingvaluesfororganizations.Thecapabilityforprocessmanagementistheenablertogain
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competitiveadvantage(Powell,1995).BennerandTushman(2003)furtherpointoutthat,although
processmanagementhasbeenaprevailingpracticetoimproveorganizationalefficiency,itneedsto
beinvestigatedunderorganizationalinstitutionalcontext.

These two management capabilities are recognized as core organizational competencies,
however, there is no prior research in investigating their influences toward IT application
maturity.Intuitively,managementinstitutionalpracticesenforcetheadoptionandacceptanceofIT
applications,andtheprocessmanagementcapabilitiesdeterminestheeffectivenessofITapplication
utilization.Weareintriguedtofurtherthisdirectionvalidatetheinfluenceofthesemanagement
capabilitiestowardITapplicationmaturity.Itisalsointerestingtonotethatthesevariablesarenot
staticinorganizations,andthedynamicswithrespecttothechangeofcapabilitiesandmaturity
levelarealsoimportantforexamination.

Inordertofulfillthisresearchmotivation,wedesignedasurveyinstrumenttocollectdatafrom
professionalmanagersfromvariouscompaniesinChina.Theinstrumentconsistsofitemsrelated
tomeasurementconstructsofITapplicationmaturity(ITAM),managementinstitutionalcapability
(MIC),andprocessmanagementcapability(PMC).Wedistributed143formalquestionnairesand
received123effectiveresponses.AConfirmatoryFactoryAnalysiswasconductedtoprocessdata
withreliabilityandvaliditytests.Toavoidtherandomselectionofmodelspecification,wefurther
adoptedtheapproachofpartialdifferentialequationstoformulatetimedynamicsofITAM,MIC,and
PMC.Thepartialdifferentialequationsweresolvedanalytically,andvalidatedthroughourprocessed
surveydata.Parametersestimationswerealsogeneratedfromthisempiricalmodel.

Our validated non-linear model shows that both management capabilities have direct
enhancementeffectsonITapplicationmaturity.Inaddition,itisinterestingtonotethatprocess
managementcapabilityhasastrongerinfluencetowardITapplicationmaturityincomparisonwith
managementinstitutionalcapability.Furthermore,itisfoundthatthereexistlocalmaximumsfor
bothenhancementeffects.Infact,thelocalmaximumscanonlybeachievedwithanappropriate
combinationoftwomanagementcapabilities.Theseresultsprovidepracticalimplicationsfor
an organization to improve IT application maturity more effectively through balancing and
improvingtwomanagementcapabilities.

1.2. Contributions
Ourfindingsnotonlyofferpracticalandmanagerialinsightsfororganizationsduringthelifecycle
ofutilizingITapplications,butalsosupplementtheliteratureoffactorsforISsuccessinlightof
thedynamicrelationshipbetweenITapplicationmaturityandmanagementcapabilities.Webelieve
ourITapplicationmaturityisanovelangletoenrichthetraditionalliteratureofISsuccess,because
maturityrepresentsthecontinuousimprovementofITapplicationutilization.Ourresearchhasalso
addressedtheliteraturecallsofanalyzingtheinfluencesfromtwodistinctmanagementcapabilities
(BennerandTushman,2003;Dwivedietal.,2015).

Furthermore,oursurveydataempiricallyvalidateanon-linearmodeltodepicttherelationship
betweenITapplicationmaturityandmanagementcapabilities.Thesignificantparameterestimations
furtherallowustoclaimgreaterpositiveinfluencefromprocessmanagementcapability(towardIT
applicationmaturity)incomparisonwithmanagementinstitutionalcapability.Itisalsointerestingto
note,thereexistsacombinationconditionoftwomanagementcapabilities,suchthattheirenhancement
effects(towardITapplicationmaturity)reachesalocalmaximum.

Thepaperisorganizedasfollows.AliteraturereviewispresentedinSection2.InSection3,
researchdesign,datacollection,anddataanalysisareelaborated.Section3alsoprovidesananalytical
solutiontowardourpartialdifferentialequationmodelling.Themodelisthenempiricallyvalidated
throughtheprocessedsurveydata.Section4furtherinterpretsthemodelandprovidesdiscussions
towardtheparameterestimations.Section5highlightsthepracticalimplicationsfororganizations.
WeconcludeandprovidefutureresearchdirectionsinSection5.
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2. LITeRATURe ReVIew

TherelationshipbetweenInformationTechnologyandbusinessperformancehasreceivedagreat
abundant researchattention in thepastdecades (Wuet al., 2015;Melville et al., 2004).Among
them, there are studies on identifying what construct information systems success (Delone and
Mclean,2003;Sabherwaletal.,2006).TherearealsostudiesoncompetitiveadvantagesfromIT
(PowellandDent-Micallef,1997),returnoninvestmentfromIT(WeillandAral,2006),andstrategy
implementationbasedonIT(Charietal.,2008).Nonetheless,ITisanimportantenablerforbetter
businessperformance,anditisnecessarytoinvestigatehowtoimproveITutilization.

Intheliterature,thereexiststudiesonidentificationofcriticalsuccessfactorsforspecificIT
applications,suchasEnterpriseResourcePlanning(ERP)application(SomersandNelson,2001;
Umbleetal.,2003;Zhongetal.,2004).Furthermore,inaccordancewiththetechnologyadoption
theory,Chatterjeeetal.(2002)studytheinfluenceoforganizationalfactorsonthesuccessfuladoption
ofWebtechnology.Tang(2000)alsocapturescriticalfactorsaffectingthesuccessofIntranetadoption.
However,mostofthemaretargetedtowardaspecificITapplication,andthesuccessisoftendefined
bytheinitialimplementationoradoption.Inthisstudy,weusetheITapplicationmaturityconcept
to capture a continuous,dynamic statusof ITapplicationutilization.We intend to identifyhow
organizationalmanagementcapabilitiescaninfluenceITapplicationmaturityonanon-goingbase.

Yu(2004)summarizescriticalsuccessfactorsforITapplications,andwhichincludemanagement
capabilities,productioncapabilities,institutionalcapabilities,andservicecapabilities.Petteretal.
(2013)alsoidentifyabout43determinantsthathavebeenpositedtoaffectISsuccessandcategorize
themas:tasks,people,andstructure.Morerecently,Dwivedietal.(2015)conductapanelstudy
to highlight the factors enabling IS success and avoiding IS failure. As a literature review with
panelexperts, theirstudycallsforfutureresearchwithanintegrationof institutionalforceswith
organizationalprocesses.

Hence,thiscurrentstudyaddressesthegapintheresearchwithtwoorganizationalcapabilities,
managementinstitutionalcapabilityandprocessmanagementcapability.Weintendtoidentifytheir
influenceson ITapplicationmaturity. Inaddition, insteadof simplydefining initial adoptionor
implementationasasuccess,wecontributetotheliteratureintermsofadoptingtheITapplication
maturityconcepttocaptureacontinuous,dynamicprocessofITapplicationutilization.Furthermore,
theresearchshedspracticalinsightonhowtomanagetheevolvingofITapplicationmaturityfrom
influenceofmanagementcapabilities.

OtherrelatedresearchincludesIT-business“StrategicAlignmentMaturity”(SAM)model(a
comprehensivereviewfromLuftmanetal.,2008)andhowtodesignmaturitymodel.TheLuftman’s
SAMmodel (2000)consistsof forty-one factorsandcanbeaggregated into sixcomponentsof:
communications, value measurement, technology scope, partnership, governance, and skills. In
essence,SAMfocusesonthestrategicelementsdrivingstrategicalignmentbetweenbusinessand
IT.PoeppelbussandRoegliner(2011)iscomprehensivestudytoproposetheframeworkofdesigning
maturitymodels.However,theirstudymainlyfocusesonhowtodefinedifferentstagesformaturity
evaluation.OurresearchintendstoinvestigatetherelationshipbetweenITapplicationmaturityand
managementcapabilitiesatanoperationallevel.Weprovidethetheoreticalbackgroundforthese
researchobjectsasfollows.

2.1. Theoretical Background
2.1.1. IT Application Maturity
In1987,underacommissionfromtheU.S.DepartmentofDefense,CarnegieMellonUniversity
SoftwareInstitute(SEI)establishedasoftwareprocessmaturitymodelcalledCapabilityMaturity
Model(CMM).Thismodelcategorizessoftwareprocessmaturityintofivelevels:adhoc,repeatable,
defined,managed,andoptimized(Chrissisetal,2011).Harmon(2004)proposesaprocessmaturity
modelorBusinessProcessMaturityModel(BPMM)tocategorizebusinessprocessmaturityinto
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asimilarfivelevels,namely,initial,repeatable,defined,managed,andoptimized.Hammer(2007)
furtherproposesaprocessandenterprisematuritymodelorProcessandEnterpriseMaturityModel
(PEMM).Morerecently,ITILmaturitymodelwasproposedwithfivedefinedlevelsofmaturity:
Initial,Repeatable,Defined,Managed,andOptimized(PereriaanddaSilva,2011).Otherpopular
ITrelatedmaturitymodelsinclude:CapabilityMaturityModelIntegration(Chrissisetal.,2011);
maturity models for COBIT processes (IT Governance Institute, 2007); IT Balanced Scorecard
MaturityModel(VanGrembergenandSaull,2001);andIS/ICTManagementCapabilityMaturity
Framework(Renken,2004).XiaoandXie(2007)alsoproposeamodelwithfivedefinedlevelsof
ITapplicationmaturity:basic,partialintegration,completeintegration,enhancedcoordination,and
strategicdrivinglevel.Achietal.(2016)provideareviewofsixteenITrelatedinnovationmaturity
modelsandconductacomparativeanalysisofthesemodels.Regardlessofthevarietyofthesematurity
models,thepurposeofthesemodelismainlyforassessmentandevaluationofITutilizations.

PriorresearchconfirmstheimportanceofsuccessfulITapplicationutilizationtowardbusiness
performance.AmatureITapplicationsystemsisoftenatthecoreofrealizingbusinesscompetitive
advantage.Atthesametime,ITapplicationisnotanisolatedcomponentfororganizations,ithas
tobe subject toanorganization’s resources,culture,andmanagementcapabilities (Sabherwalet
al.,2006).OurfocusofthestudyistoinvestigatehowmanagementcapabilitiescaninfluenceIT
applicationmaturity.

2.1.2. Management Institutional Capability
Inthelineofresearchoforganizationalbehavior,organizationalinstitutionalismhasbeenidentified
asoneofthecoretheoriesofthepastfortyyears(acomprehensivereviewofthisstreamofresearch
isprovidedbyGreenwoodetal.,2008).Astrongorganizationalcapabilityofgeneratingandenforcing
management policies and regulations represents the capstoneof enterpriseswith anorderly and
competitiveoperationalenvironment.Furthermore,North(1992)proposesinstitutionsandeconomic
theory.Oliver(1997)statesthatinstitutionalcontextoftenreferstoorganizationalcultureandpolitics,
organizationalrulesandnorms,aswellasotherorganizationalacceptablebehavior.

Morerelevanttoourresearchinterest,LoveandIrani(2004)provideanexploratorystudyonIT
benefitsinsmallandmedium-sizedenterprises(SMEs)ofconstructionindustry.Thestudysuggests
thatorganizationtypessignificantlydifferinITinvestmentinsteadoforganizationalsize.Keand
Wei(2008)discussorganizationalcultureandleadershipinERPimplementation.“Learningand
development,participativedecisionmaking,powersharing,supportandcollaboration,andtolerance
forriskandconflicts”aredimensionsidentifiedtobeimportantforsuccessfulERPimplementation.
Liu et al. (2010) draw up the institutional theory to investigate how institutional pressures can
motivatetheadoptiononanonlinesupplychainsystems.LeidnerandKayworth(2006)providea
comprehensivereviewofthecultureresearchinIT,andsummarizesixthemesinthefield:culture
andinformationsystemdevelopment;cultureandITadoptionanddiffusion;cultureandITuseand
outcomes;cultureandITManagementandstrategy;theimpactofITonculture;andITculture.To
summarizetheseresearchoutcomes,ourstudyintendstocombinealltheseinstitutionalcomponents
suchasorganizationtype,culture,leadershipstyle,policyexecutive,andsoonintoamulti-facet
term, management institutional capability. In general, an organization with strong management
institutionalcapabilityareoftenconsideredtohavecomprehensivepolicyplanningability,effective
executionabilityofdecisions,adaptiveworkforcetrainingprocess,continuousimprovementculture,
amongothers.

In fact, aligning with these literature’s findings, strong management institutional capability
notonlyenablesthesuccessfulinitialadoptionoracceptanceofITapplications,butalsocritical
toimprovethematurityandongoingutilizationofITapplications.Liangetal.(2007)validatethat
institutionalpressures(coercive,mimetic,andnormative)docontributetopost-implementationof
theERPsystem.Therefore,wewouldliketopropose:
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H1:ManagementinstitutionalcapabilityhaspositiveinfluencetowardITapplicationmaturity.

2.1.3. Process Management Capability
Processmanagementcapabilityisanothercoreorganizationalcapability,whichisrelatedtobusiness
process-basedpracticescontrastingto traditionalfunctionbasedoperations(Zairi,1997).Mithas
etal.(2011)defineitas“afirm’sabilitytoattainflexibility,speed,andcosteconomythroughthe
designandmanagementofthreemajortypesof(business)processes.”Infact,thereexistsaspecific
literaturestreammainlydedicatingtowardhowtoimplementbusinessprocess(re-engineering)(a
comprehensiveliteraturereviewfromvanderAalst,2013).Forexample,GregoriadesandSutcliffe
(2008)useasocio-technicalapproachtodescribethebusinessprocessredesign.Moreover,although
therearedifferencesamongvariousbusinessprocessmanagementapproachesormodels,process
managementcapability is regardedasacorecompetencyleading tobetterbusinessperformance
(Mithasetal.,2011,Hammer&Stanton,1999;Harry&Schroeder,2000).

MorespecifictoISresearch,asubstantialamountofliteraturehasidentifiedprocessmanagement
capabilityasanessentialcomponentofimplementingITsystems(CotteleerandBendoly,2006;Love
andIrani,2004;Ming,2005;Zairi2000;Davenport,1993).BennerandTushman(2002)further
investigatetheinfluenceofprocessmanagementactivitiesontechnologicalinnovation.Hollandand
Skarke(2008)recommendthatanorganizationcanexploreitspotentialfortechnologyutilizationand
canachievebetterperformancebysynchronizingprocessmanagementcapabilitywithITapplications.
Nonetheless,processmanagementcapabilityisanindispensablefactorforITapplicationdevelopment,
design,deployandpost-implementation.Therefore,wewouldliketopropose:

H2:ProcessmanagementcapabilityhaspositiveinfluencetowardITapplicationmaturity.

Lastbutnottheleast,weunderstandingeneralbothorganizationalcapabilitiesareindicatorsof
theorganizationalcharacteristics.Notonlyaretheyestablishedbeforethedevelopmentandadoption
ofITapplications,thesecapabilitiesarealsokeyenablersforeffectiveITapplicationutilizationafter
theinitialimplementation.Managementpracticesandpoliciesneedtobedesignedanddeployedto
encouragetheuseofITapplications,promotethedatastandardsassociatedwithITapplications,
andmostimportantly,alignITapplicationstowardbusinessstrategicgoals(Turbanetal.,2015).

3. ReSeARCH DeSIGN

3.1. Variable Descriptions
Webegintheelaborationofourresearchdesignbyprovidingformaldefinitionsofthesevariables.

ITapplicationmaturity(ITAM):itreferstohowITapplicationsareeffectivelydeployed,utilized,
andmaintainedinorganizations.ItisimportanttonotethatITapplicationmaturityisanevolving
conceptfororganizations.Inotherwords,organization’sITapplicationmaturitycanimproveover
time. Inorder to capture suchdynamics,wedon’twant to fixate a certainnumberof levels for
maturityas indicated inmajorityof literature.Therefore,weadopt thecompositedimensions in
Pengetal.(2011),whichincludesacomprehensivesetofcomponentstoevaluateITapplication
maturity,namely:Technology,Data,Operation,Functionalmanagement,Strategicsupport,andMan
–machinesynergy.ThismodelallowsustocapturethedynamicsofITapplicationmaturitywithout
therestrictionofdiscretestagelabeling.

Managementinstitutionalcapability(MIC):Institutionisa termoftenreferringtostructures
and mechanisms of orders and cooperation, which govern the behavior of a set of individuals.
Institutionalcomponentsareexistingprocedures,standardsofprocesses,organizationalculture,and
otherorganizationalpolicies(Oliver1997).Therefore,managementinstitutionalcapabilityrefersto
theorganization’scapabilityforestablishinginstitutionalstructures,executingpoliciesandrules,and
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improvinginstitutionmechanismsonacontinuousbasis.PengandXie(2010)establishaframework
tocapturethisinstitutionalcontext,whilefromthemanagementperspective.Theirframeworkthus
defines“managementinstitutionalcapability”withthreevariables:planningcapability,whichrefersto
organization’sawarenessandcapabilityforplanninginstitutionalinfrastructure;executioncapability,
whichreferstoeffectivenessformanagementpolicyexecution;andimprovementcapability,which
referstoorganization’sinstitutionalself-improvementcapability.Thesecapabilitiesaredefinedatthe
operationallevelanditcapturesanon-goingdynamicsoforganization’smanagementinstitutional
capability(PengandZhang,2012;Pengetal.,2019).

Process management capability (PMC): it often refers to the organization’s capability of
continuously improvingbusinessprocesses toachievebetterbusinessperformanceandcustomer
satisfaction.PengandZhang(2012)summarizetheliteratureandproposesaframeworkwiththree
dimensions:implementationcapability,whichreferstotheeffectivenessofimplementationofprocess
involvingmulti-functionalcoordination;qualitycontrolcapability,which refers toorganization’s
capabilityforprocessoptimizationandproblemsolving;andcustomersatisfactionorientation,which
placescustomer-orientedemphasisinprocessmanagementactivities.

Theseconstructsarecomprehensiveconceptsandunobservabledirectly,whichrequiresgood
measurementmodelstobeestablished.Inordertodesignaneffectivesurveytocollectdata,aproject
groupintheauthor’suniversityfirstconductedseveralroundsofface-to-faceinterviewswithmanagers
andITpersonnelfromanumberofcompaniesinChina.Theaverageinterviewtimeisabout2hours
todiscusstheappropriatenessandcompletenessofpilotsurveyitems.Commentsandsuggestions
fromtheseinterviewswereincorporatedtorefinethemeasurementmodelsintheliterature.Table1
providesthesummaryofthesevariablesandconstructs’descriptions.

Table 1. Variables descriptions

Variable Construct Description

ITapplication
maturity
(ITAM)

Technology Informationtechnology,includingmainlyhardwareinfrastructure
andsoftwaresystems

Data

Includesbasicdata,operationaldata,anddecisiondata.Basicdata
referstointernalstaticdata;operationaldatareferstodynamicdata
generatedinbusinessprocesses;decisiondataisthedatasupporting
decisionmakingprocesses.

Operation HoweffectivelyITapplicationsupportsbusinessoperations

Functionalmanagement HoweffectivelyITapplicationsupportsfunctionaldepartment
management

Strategicsupport HoweffectivelyITapplicationsupportsbusinessstrategies

Man–machinesynergy WhetherITapplicationprovidesuser-friendlyinterface,interactive
visualizationandintelligence

Management
institutional
capability
(MIC)

Planningcapability Organization’sawarenessandcapabilityforplanninginstitutional
infrastructure

Executioncapability Effectivenessandcapabilityforinstitutionalexecution

Improvementcapability Organization’sinstitutionalself-improvementcapability

Process
management
capability
(PMC)

Qualitycontrolcapability Organization’scapabilityforprocessoptimizationandproblem
solving

Implementationcapability Effectivenessofimplementationofprocessinvolvingmulti-
functionalcoordination

Customersatisfaction Emphasisofcustomer-orientedphilosophyinprocessmanagement
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3.2. Data Collection
Afterthepilotsurveywasfinalizedwithexperts’opinions,aformalquestionnairewasestablished.
OursampleframeistheregisteredcompanieslocatedinGuangzhouChinaatthetimeofthisresearch.
Sincetheauthors’universityhasthetop-rankingExecutiveMBAprograminthisregion,weused
theconvenientsamplingapproachtodistributethequestionnairetoExecutiveMBAalumnus.143
formalquestionnairesweredistributed to thesealumniwhoarealsoprofessionalmanagers from
variouscompaniesinthisregion.Amongthejobtitleoftheserespondents,27areseniormanagers
(19%),36aremid-levelmanagersinITdepartments(25%),44aremid-levelmanagersinnon-IT
departments(31%),and36arelow-levelmanagers(25%).

Eachof theserespondentsrepresentsonecompany.Inorder tocontrol thepotentialbiasfor
this“onerepresentativeonecompany,”alltheitemswerephrasedinawayseekingforfact-based
informationrelatedwiththecompany.Thereareintotal21itemsrelatedwithITapplicationmaturity,
15itemsrelatedwithmanagementinstitutionalcapability,and7itemsrelatedwithprocessmanagement
capability.Lateron,duringthefactoranalysis,thereliabilitytestsonCronbach’salphashowstrong
internalconsistencyofallitems.Third,weunderstandthatsomeofthejuniormanagersmightnot
havesufficientknowledgetowardthreeorfouritemsrelatedwithstrategicdecisionmaking.Hence,
alltheitemsweredesignedwitha“Don’tKnow”option.Thisoptionwaslatertreatedasamissing
valueforourdataprocessing.Weimputedtheaveragevaluetotreatlessthan10oftheseofmissing
datapoints,amongatotalofaround5200datapoints.

123eligibleresponseswerecollectedandeachofthemrepresentsonedistinctcompany.The
typeofindustrysplitsbetweenmanufacturingandserviceby48%and52%,whichisapproximately
thesameasthetypeofcompanyindustrysplitofcompaniesinthisregionaccordingtoitslocal
chamberofcommercereport.Thetypeofcompanyownershipvariesfromstate-owned,private,and
joint-venturewithpercentagesof46%,15%,and39%.Thedistributionofcompanysizeranging
fromlessthan100employeestoover10000employeesisrelativelynormal,whereabout69%have
100-5000employees.Furthermore,thedistributionofcompany’sannualrevenueisalsorelatively
normal,withabout66%of thecompanieshaveamid-rangeyearly revenue.Table2 listsall the
detaileddistributions.Thesedistributionsofthesamplingcompanyfeaturesareinlinewiththedata
fromGuangzhouChamberofCommercereportatthetimeofdatacollection.Therefore,oursample
isreasonableenoughtorepresentthecompaniesintheregionofGuangzhouChina.

Duringthisdatacollectionstage,itisalsoimportanttoassurethatthereshouldbelesschance
of having “common method variance” bias since measurement data were collected from single
respondentofeachcompany.Accordingtotheliterature,wehavebothex anteandex postremedies
(Changetal.,2010).First,thesurveytargetswereassuredofconfidentialityofthisstudy.Allthe
itemswerealsodoublecheckedthroughapilotstudyofface-to-faceinterviewwithadifferentgroup
ofprofessionalmanagers.Thequestionnaireitemsaremorefact-basedtorelatetothecurrentstatus
ofabusinessaspect(Podsakoffetal.,2003).Second,therearerandomizationoftheorderofthe
questionnaireitems.Lastbutnottheleast,ourex postremedyincludesavoidingoverlysimplelinear
regressionmodelbetweendependentandindependentvariables.WeelaborateourmodelsinSection
3.4,whichisentirelyanon-linearmodeltoavoidpossiblecognitivemiserprinciple(Harrisonet
al.,1996).Inaddition,accordingtoPodsakoffetal.(2003),weconductadditionalstatisticalteststo
ensurecommonmethodbiasisnotpresentinourmodel.

3.3. Data Processing
LISREL8isthestatisticaltooltoconducttheConfirmatoryFactorAnalysis(CFA)usingoursurvey
data.Tables3-5listthedetailsoffactorloadingresultsforITAM,MIC,andPMC.

There are numerous goodness-of-fit indexes to assess measurement models. In general, if
mostofindexesindicateagoodfit,wecanclaimthegoodness-of-fitforourmeasurementmodels.
AccordingtoTable6,allthreeconstructshaveChi-square/dflessthan2.00;rootmeansquareoferror
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ofapproximation(RMSEA)lessthan0.08;Non-NormedFitIndex(NNFI,alsoknownasTLI)more
than0.95;andComparativeFitIndex(CFI)morethan0.90(HuandBentler,1999).

ItisalsoimportanttodoublecheckthereliabilityofourCFAmodels.SPSS15.0isthestatistical
tool for thisanalysis.Table7 indicates strong internalconsistencyofall items formeasurement
constructs,whereallofthemhaveaCronbach’salphagreaterthan0.8(GeorgeandMallery,2003).

Thesetestsofreliabilityandvalidityindicatethatourmeasurementmodelsaresuitable,andthe
computedfactorscoreswerefurtherutilized.Inaddition,wecompletetheex posttestforcommon
methodbias.

3.3.1. Common Method Bias
Beyondtheproceduralapproachtoaddresscommonmethodbiasduringtheresearchdesignand
datacollectionstages,wefurtheradoptedseveralstatisticalapproachestotestcommonmethodbias.

First,Harman’s single factor test is conducted to loadall items into an exploratory factor
analysistoidentifywhetheronesinglefactoraccountsforthemajorityofthecovariancebetween

Table 2. Effective responses

Type of Industries Number of Companies (Percentage)

Manufacturing 59(48%)

Service 64(52%)

Total 123

Type of Ownership Number of Companies (Percentage)

State-owned 56(46%)

Private 19(15%)

Jointventuresandlistingcompanies 48(39%)

Total 123

Number of Total Employees Number of Companies (Percentage)

≥10000 15(12%)

5000-10000 10(8%)

2000-5000 22(18%)

1000-2000 19(16%)

100-1000 43(35%)

<100 11(9%)

Nodata 3(2%)

Total 123

Annual Revenue (100 Million RMB) Number of Companies (Percentage)

≥500 9(7%)

100-500 13(11%)

10-100 30(24%)

1-10 38(31%)

<1 13(11%)

Nodata 20(16%)

Total 123
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alltheitems.Wefoundthetestresultsinasinglefactorwithanexplainedvariancelowerthanthe
thresholdof50%forallthethreemeasurementmodels.Thisapproachisnecessary,butitisoften
consideredasinsufficient.

Second, unmeasured common latent factor analysis is conducted to introduce a new latent
variabletothemodel(Podsakoffetal.,2003,Figure3AinTable5).Thislatentfactorisintroduced
toourmeasurementmodelandrelatedtoallobservedvariables.Wereranallthethreemeasurement
modelswiththiscommonlatentfactor.Then,wecomparedthestandardizedregressionweightsof
allitemsbetweenmodelswithandwithoutthecommonlatentfactor.Thedifferenceswerefound
tobesmallerthanthe0.2threshold,whichconfirmedthatcommonmethodbiasshouldnotanissue
forourdata(Gaski,2017).

Finally, a zero-constraint model of unmeasured common later factor is compared with an
unconstrainedmodelasdescribedintheaboveapproach(GaskiandLim,2017).TheChi-square
differencetestbetweentwotypesofmodelsisnotsignificant,indicatingtwotypesofmodelsare
invariant.Inotherwords,withorwithouttheunmeasuredcommonlaterfactor,ourmeasurement
modelsareessentiallythesame.Therefore,commonmethodbiasisnotasignificantconcernfor
thisdataset.

Table 3. Factor loadings for ITAM

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Variable Name

Advancement .816 - - - - -

Technology

Comprehensiveness .748 - - - - -

Scalability .775 - - - - -

Compatibility .774 - - - - -

Security .565 - - - - -

Standardization - .760 - - - -

Data
Accuracy - .745 - - - -

Integrity - .810 - - - -

Timeliness - .817 - - - -

QualityControl - - .770 - - -

OperationsSupervision - - .800 - - -

Intelligenceassistance - - .714 - - -

Optimization - - - - .504 -
Functional
managementSupervision - - - - .764 -

Intelligenceassistance - - - - .892 -

Importance - - - - - .792

StrategicsupportSupport - - - - - .582

Integration - - - - - .508

EaseofUse - - - .881 - -
Man-machine
synergyUsefulness - - - .831 - -

Flexibility - - .568 - -

EigenvalueafterRotation 3.976 3.574 2.644 2.618 2.326 1.399
Totalvariance
explainedCumulativeafter

Rotation
18.9% 36% 48.5% 61% 72% 78.7%
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3.3.2. Variables of ITAM, MIC, and PMC
We can now proceed with computing our key variables for this study: ITAM, MIC, and PMC.
According thevariabledescriptions inSection3.1. ITAM,MICandPMCare indeedcomposite
variablescontainingreflectivefirst-orderconstructsderivedfromtheabovefactoranalysis.ITAMis
composedofsixfirst-orderlatentconstructs:Technology,Data,Operation,Functionalmanagement,
Strategicsupport,andMan–machinesynergy.MICiscomposedofthreefirst-orderlatentconstructs:

Table 4. Factor loadings for MIC

Factor 1 Factor 2 Factor 3 Variable Name

Userfriendly - - .784

Planningcapability

Culture - - .684

Forward-looking - - .703

Continuity - - .688

Timeliness - - .581

Systematic - - .517

Authorization - .675 -

Executioncapability
Independence - .758 -

Command - .774 -

Equality - .747 -

Monitoring .636 - -

Improvement
capability

Evaluation .744 - -

Adjustment .814 - -

Adaptability .746 - -

Innovation .774 - -

Eigenvalueafter
Rotation 3.9 3.5 3.37

Totalvariance
explainedCumulativeafter

Rotation 26% 49% 71.9%

Table 5. Factor loadings for PMC

Factor 1 Factor 2 Factor 3 Variable Name

Cross-function .714 - -

Qualitycontrolcapability
Processesre-engineering .871 - -

Systematicapproach .734 - -

Flexibility .731 - -

Exceptionhandling - .888 -
Customersatisfaction

CustomerSatisfaction - .746 -

Assuranceofcoordination - - .976 Implementationcapability

EigenvaluesafterRotation 2.607 1.69 1.08
Totalvarianceexplained

CumulativeafterRotation 37% 61.4% 76.8%
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Planningcapability,Executioncapability,andImprovementcapability.Finally,PMCisalsocomposed
of three first-order latent constructs: Implementation capability, Quality control capability, and
Customersatisfaction.

Compositevariablesareassociatedwiththeconceptofsimplified“formative”constructsrather
than“reflective”constructs(Javisetal.,2003;Petteretal.,2007).Acommonwaytodifferentiate
thesetwotypesofconstructsistochecktheinterchangeabilityofrelatedfirst-orderconstructs.Our
first-orderconstructsarenotinterchangeable.Furthermore,thesecond-ordervariablesarecomposed
ofallfirst-orderconstructs(Diamantopoulosetal.,2008,DiamantopoulosandWinklhofer,2001,
Jarvisetal.,2003).Finally,withoutanyspecificpriorweightingtheory,thevalueofthesevariables
canbecalculatedsimplybyusingequalweightingsoftheirfirst-orderconstructs(Petteretal.,2007,
CadoganandLee2013).

3.4. The Model
ItisnecessarytopresentanappropriateempiricalmodeltoinvestigatetheinfluenceofMICandPMC
towardITAM.Ingeneral,itisoftentheresearcher’schoiceofbasicmodelspecification.However,itis
difficulttochoosefromapoolofdifferentmodels:linear,non-linear,orotherformats.Inordertoavoid
arandomchoiceamongvariousmodels,aswellascommonmethodbiasfromoursinglerespondent
datacollection,webeginbymodelingtheresearchtargetswithregardtotheirtimedynamics.

Asnotedearly,alloftheseconstructsarenotstaticinorganizations.Maturitycangrowand
capabilitycanexpendordeprecate.Itisusuallyquitechallengingtocollectthelongitudinaldata
for each company; however, we can incorporate such time dynamics using partial differential
equations(PDEs)modeling.PDEmodellinghasbeenadoptedwidelyinscience,engineering,and
financefieldandbecomespopularinthelastdecadealsoinsocial-economicsresearchdomain
(Burgeretal.,2014).Thisapproachallowsustomakeassumptionsfortargetconstructsinavery

Table 6. CFA model fit indexes

Variable χ2 df χ2/df RMSEA NNFI CFI

ITAM 234 155 1.51 0.072 0.96 0.91

MIC 140 87 1.61 0.061 0.98 0.99

PMC 21 11 1.90 0.075 0.96 0.98

Common Threshold value ≤2.00 ≤0.080 ≥0.95 ≥0.90

Table 7. Reliability analysis

ITAM MIC PMC

αtotal=0.931 Dimension α αtotal=0.948 Dimension α αtotal=0.847 Dimension 
α

Technology 0.913
Planningcapability 0.884 Implementation

capability 0.761
Data 0.922

Operation 0.893
Executioncapability 0.890 Qualitycontrol

capability 0.843Functional
management 0.871

Strategicsupport 0.822
Improvement
capability 0.908 Customer

satisfaction 0.770Man–machine
synergy 0.828
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smalltimeinterval.Consequently,wecanusethesecharacteristicsoftargetconstructstoderive
abasicmodelspecification.

LetusdenoteyasITapplicationmaturity(ITAM),x1asmanagementinstitutionalcapability
(MIC),andx2asprocessmanagementcapability(PMC).Theassumptionsoftheseconstructsduring
aninfinitesmalltimeintervalare:

• TheimpactsofMICandPMConITAMareinvestigatedwithanassumptionthat,duringeach
infinitesmalltimeinterval,allotherorganizationalfactorsareconstant;

• ThetimederivativeofITAM(∂ ∂y t/ )isassociatedwithitscurrentvalue(y).Thechangerate
ofITAMhastobedeterminedbyitscurrentstatus.Inotherwords,ITapplicationmaturity’s
changeisstate-dependentonitscurrentvalue.Forexample,improvementofstandardizingdata
in the organization is heavily dependent on the current level of data standardization. State-
dependentisacommonassumptionfortimedynamicsmodeling;

• ThetimederivativeofMICorPMC(∂ ∂x t
1
/ ,∂ ∂x t

2
/ )isalsoassociatedwithitscurrent

values(x1,x2),respectively.Thechangerateineithercapabilityisinfluencedbyitscurrent
statustoo.Inotherwords,thechangeinaninfinitesmalltimeintervalisstate-dependenton
itscurrentvalue.Forexample, improving thecross-functional integrationwithregard toa
certainbusinessprocessmanagement,hastobeassociatedwiththeprocess’scurrentstatus
ofintegrationlevel;

• ThetimederivativeofITAM(∂ ∂y t/ )isalsoassociatedwiththecurrentvaluesofMICand
PMC(x1andx2).Whilenoassumptionismadeabouteitherapositiveornegativerelationship,
itisimportanttonotethatbothMICandPMCdohaveimpactsonchangesofITAM(Pengand
Zhang 2012). Intuitively, MIC and PMC influence and facilitate changes of IT application
maturity. Given an infinitely small time interval, without referring to the current status of
managementcapabilities,thechangeofITapplicationmaturitymightbeoutofcontext;

• Asaturationfactor 1
100
−










y isappliedtothetimederivativeofITAM(∂ ∂y t/ ).Thisfactor

controlsthegrowthofITAMwithanupperbound.Inotherwords,ITapplicationmaturityhas
tobeboundbyaspecifiedthreshold.Inliterature,maturitymodelsusuallydefineahighestlevel
toindicateabestpossibleutilizationofITapplications.

Withtheaboveassumptions,differentialequationsaresetupfortargetconstructswithregardto
timedynamics.Letususeβ1andβ2torepresentthecoefficientsofMICinthedifferentialequations
ofITAMandMIC,respectively;whileβ3andβ4representthecoefficientsofPMCinthedifferential
equationsofITAMandPMC,respectively.Equation(1)representsthesetofdifferentialequations
forcapturingourassumptionslistedabove:
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Byintegrating thefirstequationover tandutilizing thenext twoequations in(1), itcanbe
derivedthat:
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SincetherighthandsideofEquation(3)isalinearfunction,linearregressionanalysisareused
toestimate theparameters.Wealsonoted that thecorrelationbetweenMICandPMC is0.645,
andhenceVIFanalysiswasincludedwhenestimatingtheparameters.Aftermodelestimation,we
obtainedaVIFscoreof1.698,whichislowerthanacommonthresholdof5.00(Studenmund,2011).
Therefore,itcanbearguedthatcollinearitybetweenthetwocapabilitiesisnotasignificantissuefor
thismodel.Table8showstheresultsofparameterestimationsinEquation(3).

Ourmodelisessentiallyalinearregressionmodel.However,thedependentvariableisnotITAM.
Infact,accordingtoourinitialmodelderivation,thedependentvariableisinatransformedformat

ofITAM,i.e., ln y

y1−
.OurmodelissignificantinexplainingatransformedvalueofITAM,using

MICandPMC(F=37.244,p<0.01).Themodelcansignificantlyexplain39.7%ofthevariance
ofthetransformedITAM.Furthermore,MIChasapositivesignificantcoefficientof0.010(p<
0.01),andPMCalsohasapositivesignificantcoefficientof0.012(p<0.01).Inotherwords,both
MICandPMChavepositiveinfluencesonthetransformedvalueofITAM.Pleasenotealso,the
transformedvalueofITAMismonotonicallyincreasingwithITAM.Therefore,ourmodelproves
thatbothMICandPMChavepositiveinfluencesonITAMtoo.BothhypothesesinSection2can
nowbeaccepted.

Giventhatalltheestimatedparametersaresignificant,itisappropriatetousethemandexpand
Equation(3).Aftersomealgebraicmanipulations,itcanbeobtainedthatthefunctionformofITAM
withregardstoMICandPMCisindeed:

y
e

e

x x

x x
=
+

+ −

+ −

100

1

0 01 0 012 0 851

0 01 0 012 0 851

1 2

1 2

. . .

. . .
 (4)

Table 8. Results of regression analysis – Equation (3)

Constant c x1 Coefficient λ1 x2 Coefficient λ2

Estimatedparameters −0.851*** 0.010*** 0.012***

R2 0.397

F 37.244***

N 123

** p < 0.05; *** p < 0.01
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Inotherwords,eachunitincreaseofMICleadstoanincreaseofITMCof
y y

y

1 0 01

100 0 01

−( )
+

.

.
,where

yrepresentsthecurrentvalueofITMC,andweapproximatee0 01 1 01. .= .Similarly,eachunitincrease

ofPMCleadstoanincreaseofITMCof
y y

y

1 2 0 012

100 0 012

. .

.

−( )
+

,whereyrepresentsthecurrentvalueof

ITMC,andweapproximatee0 012 1 012. .= .
Tovisualizetheseeffects,weuseFigure1toillustrateseveralnumericalexamplesofITAM

versusMICforagivenvalueofPMC.ItiscleartoseethatwiththeincreaseofMIC,ITAMincreases
accordingly.Atthesametime,ahigherlevelofPMCleadstoahigherITAM.

4. DISCUSSIoN

Inthissection,adetaileddiscussionisprovidedfortheempiricallyvalidatedmodelinEquation
(4).ThevalidatedenhancementeffectsofMICandPMCarefurtherelaboratedinthefollowing
propositionsandcorollaries.Withoutlossofgenerality,wecarryoutthefollowingdiscussion
for x x y

1 2
0 100, , , .∈ ( )

Proposition 1:ThetimederivativeofITAM(∂ ∂y t/ )ispositivelycorrelatedwiththetimederivative
ofMIC(∂ ∂x t

1
/ )orPMC(∂ ∂x t

2
/ ).

Proof:Letustakepartialdifferentiationof(4)withregardtotimevariablet.Itcanbeobtainedthat:
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Here,thecoefficients∂ ∂x t
1
/ and∂ ∂x t

2
/ arebothpositive.Hence,thetimederivativeof

ITAMispositivelycorrelatedwiththechangeratesoftwocapabilities.
ItcanbeconcludedfromProposition1that,givenaninfinitelysmalltimeinterval,changefrom

eitherMICorPMCcanmoveITAMinthesamedirection(negativeorpositive).Infact,duringthe
parameterestimationstageoftheempiricalmodel,wehavealreadyassumedarelationshipbetween

Figure 1. ITAM vs. MIC
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thetimederivativeofITAMandthecurrentstatusofMICandPMC.Proposition1furtherconfirms
apositiverelationshipbetweenthetimederivateofITAMandthetimederivativesofMICandPMC.

Proposition 2:ITAMincreases(decreases)withincreases(decreases)ofMICorPMC.Inthisstudy,
thesearecalledtheenhancementeffectstoITAM.Further,localmaximumenhancementeffects
existforbothMICandPMC.

Proof:LetustakepartialderivativesofEquation(4)withregardtox1andx2,respectively.Itcan
beobtained:
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∂
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Itisobviousthatboth ∂ ∂ >y x/
1
0 and ∂ ∂ >y x/

2
0 ,thatis,ITAM,increases(decreases)

directlywiththeincreases(decreases)ofMICorPMC.Equations(6)and(7)arehereaftercalledthe
enhancementeffectofMICtoITAMandtheenhancementeffectofPMCtoITAM,respectively.Let
usdenotethemasE

MIC
andE

PMC
.

Bothoftheseenhancementeffectsarefurtherinvestigatedbycheckingoptimizationconditions.
BytakingfirstorderderivativesofE

MIC
andE

PMC
,itcanbeobtained:
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Solvingfor
∂

∂
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x
MIC

1

0 and
∂

∂
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x
PMC

2

0 ,consequently,weobtainthesameconditionof:

x x
1 2
1 2 85 1+ =. .  (10)

PluggingEquation(10)tocheckthesecond-orderconditionsofenhancementeffects,wefind
thatbothofthemaresatisfied,thatis:
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Hence,localmaximumsexistwhenEquation(10)issatisfied.
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Inotherwords,whenMICandPMCsatisfyEquation(10),theenhancementeffectofMIC,E
MIC


reachesitslocalmaximumwithavalueof0.25.Atthesametime,theenhancementeffectofPMC,
E
PMC

reachesitslocalmaximumwithavalueof0.30.
Proposition2 illustrates that ITAMcanbe improveddirectlyfromthe improvementofMIC

andPMC.
Proposition2alsoshowsthatsuchenhancementeffectshavelocalmaximums.Inotherwords,

theenhancementeffectshaveupperbonds.Infact,onlywithapropercombinationofMICandPMC
(Equation10),enhancementeffectstoITAMcanbemaximized.Perceivably,atthelocalmaximum
oftheenhancingeffectofMIC(E

MIC
),optimalMICdecreasesgivenahigherPMC;similarly,at

thelocalmaximumoftheenhancingeffectofPMC(E
PMC

),optimalPMCdecreasesgivenahigher
MIC. Consequently, we can argue MIC and PMC are substitute to each other in boosting the
enhancementeffectstowardITAM.

TovisualizetheresultsinProposition2,weuseFigure2toprovideanumericalexampleby
plottingtheenhancementeffectofMIC.First,wecaneasilyobservethatthereisalocalmaximum

pointfortheenhancementeffectofMIC.Second,itisdemonstratedthatwhenPMC(x2)increases,
forexample,fromx2=0,tox2=20,tox2=50,theoptimalMICtoreachthelocalmaximumof
E
MIC

decreases.
OurempiricalmodelvalidatesthedirectpositiveinfluenceofMICorPMCtowardITAMin

organizations.Inordertofurtherelaboratetheintriguingsubstitutionbetweentheenhancementeffects
ofMICandPMC,wederivethefollowingcorollariesfordiscussion.

Corollary 1:ThereexistsathresholdvalueofMIC,suchthattheenhancementeffectofPMCis
alwaysdecreasingforanygivenMICgreaterthanthethreshold.Therealsoexistsathreshold
valueofPMC,suchthattheenhancementeffectofMICisalwaysdecreasingforanygivenPMC
greaterthanthethreshold.

Proof:WefirstsolveEquation(10)togetthethresholdvalue:x
1
85 1* .= ,ifx

2
0= .Thenitcanbe

shownthat,foranygivenx x
1 1
> * ,wealwayshave

∂

∂
<

E

x
PMC

2

0 .Inotherwords,theenhancement

Figure 2. Enhancement effect of MIC to ITAM
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effectofPMCisalwaysdecreasingwith the increaseofPMC.Similarly,wecanalsosolve
Equation (10) to get x

2
70 9* .= , if x

1
0= .Then, for anygiven x x

2 2
> * ,we always have

∂

∂
<

E

x
MIC

1

0 . Inotherwords, the enhancement effect ofMIC is alwaysdecreasingwith the

increaseofMIC.

WeknowfromProposition2thatITapplicationmaturitycanbeimprovedbyenhancingeither
managementinstitutionalcapabilityorprocessmanagementcapability.Corollary1furthershows
thatsuchenhancementeffectonITapplicationmaturityfromoneofthetwomanagementcapabilities
willdecreasewhenthegivenvalueoftheothercapabilityexceedsathresholdvalue.Therefore,if
eitherofthetwocapabilitiesreachesitsthresholdvalue,itisimportanttonotethatalthoughitis
stillpossibletofurtherimprovemanagementcapabilityforincreasingITapplicationmaturity,the
enhancementeffect(ormarginaleffect)isdiminishing.

Corollary 2:TheratioofthetwoenhancementeffectsE E
PMC MIC

/ isaconstant.
Proof:WecandivideEquation(7)byEquation(6)toget:

E E
PMC MIC

/ = ∂
∂

∂
∂
=

y

x

y

x
2 1

1 2/ . 

Hence,theratioofthetwoenhancementeffectisaconstant.

Corollary 3:Theratioofthefirstorderconditionoftwoenhancementeffects
∂

∂

∂
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x
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x
PMC MIC

2 1

/ is

alsoaconstant.
Proof:WecandivideEquation(9)byEquation(8)toget:

∂

∂

∂

∂
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x
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x
PMC MIC

2 1

1 44/ . 

Hence,theratioisalsoaconstant.
Corollaries2and3illustratethedifferencesoftheenhancementeffectsofMICandPMCon

ITAM.TheenhancementeffectofPMCisalways1.2timesofthatofMIC.Ifthisconstantratio
numberisnottooprescriptivetobegeneralized,wecanatleastarguethatenhancementeffectof
PMCisstrongerthanthatofMICtoITAM.Inotherwords,improvementonPMCcanbringmore
improvementonITAMincomparisonwiththesamelevelofchangesmadetowardMIC.Furthermore,
thefirstorderconditionsoftwoenhancementeffects,whichcanbeperceivedasaccelerationrates,
arealsodifferent.TheacceleraterateofenhancementeffectfromPMCisalsolargerthanthatfrom
MIC.Inotherwords,theincrementalimprovementonPMCleadstostrongerenhancementeffectof
PMCincomparisonwiththatofMIC.

5. PRACTICAL IMPLICATIoNS

ManagerialinsightscanbegainedfromourpropositionsandcorollariestoimproveITapplication
maturity inorganizations.Theresultsprovideaguidanceonhowtoevaluate the influencefrom
managementinstitutionalcapabilitiesandprocessmanagementcapabilities.
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First,bothprocessmanagementandmanagementinstitutionalcapabilitiesareimportanttoexert
positiveinfluencetowardITapplicationmaturity.Withregardtomanagementinstitutionalcapability,
we recommend organizations to put an on-going emphasis on institutional planning capability,
effectivepolicyexecutioncapability,andcontinuousimprovementcapabilityforinstitutionalcontext.
Atthesametime,anorganizationshouldalsoexamineitsprocessmanagementcapability,including
quality-control mechanism, process implementation and optimization, and customer satisfaction
centeredprocessdesign.

Second,theenhancementeffectfromprocessmanagementcapabilityisstrongerthanthatfrom
managementinstitutionalcapability.Therefore,ifanorganizationneedstoprioritizeimprovement
plans,processmanagementrelatedprojectsshouldbetheonestostartwithintermsofimproving
ITapplicationmaturity.Iftherearebudgetorresourceconstraints,thenprocessmanagementrelated
requestsshouldbesatisfiedfirstinordertoraiseITapplicationmaturitylevel.

Finally, it is interestingtonotethatmanagementcapabilitiesshouldbebalancedtogenerate
maximumenhancementeffectsonITapplicationmaturity.Iftheprocessmanagementcapabilityis
toohigh,theenhancementeffectfrommanagementinstitutionalcapabilitydecreases.Symmetrically,
ifanorganizationalreadyhastoostrongmanagementinstitutionalcapability,theenhancementeffect
from process management capability also decreases. Therefore, organizations need to identify a
propercombinationofmanagementcapabilities,whileeffectivelyallocatingorganizationalresources
betweenthem.TheproperbalancingofmanagementcapabilitiescaninturnenhanceITapplication
maturitytothegreatestextent.

6. CoNCLUSIoN AND FUTURe DIReCTIoNS

TherearelotsofliteratureinstudyingISsuccess,includinghowtodefineISsuccess,criticalfactors
forISsuccess.Atthesametime,therearevariousmodelstocaptureITapplicationmaturitymainly
forITutilizationevaluationandassessment(PoeppelbussandRoegliner,2011).However, to the
bestofourknowledge, thereare limitedamountof researchdedicating toessentialmanagement
capabilities’influenceonITapplicationmaturity.Ourstudyintendstobridgethisgapbystudying
the influence factorsof twocorecompetencies:management institutionalcapabilityandprocess
managementcapability(BennerandTushman,2003;Dwivedietal.,2015).

InordertoempiricallyinvestigatetheinfluenceofmanagementcapabilitiesonITapplication
maturity, survey data were collected to construct measurements for our research objects. A
ConfirmatoryFactorAnalysiswasconductedtoprocessdatawithbothreliabilityandvaliditytesting.
Then,weproposedasetofpartialdifferentialequationstocapturethetimedynamicsofITapplication
maturity,managementinstitutionalcapability,andprocessmanagementcapability.Themodelwas
solvedanalyticallyandalltheparametersinthemodelwereestimatedusingtheprocessedsurveydata.

Our validated non-linear model shows that both management capabilities have a direct
enhancementeffectonITapplicationmaturity,thatis,thepartialderivativeofITapplicationmaturity
overeitherofthemanagementcapabilitiesisalwayspositive.Inaddition,itisinterestingtonotethat
theenhancementeffectfromprocessmanagementcapabilitytowardITAMisalwaysstrongerthanthat
frommanagementinstitutionalcapability.Inotherwords,processmanagementcapabilityhasagreater
influencetowardITapplicationmaturityincomparisonwithmanagementinstitutionalcapability.
Furthermore,itisfoundthatthereexistsalocalmaximumfortheenhancementeffectfromeither
MICorPMC.Infact,thislocalmaximumcanonlybeachievedwithanappropriatecombinationof
thetwomanagementcapabilities.Ifoneofthemishighenough(overathresholdvalue),theother
capabilitywillstillenhanceITapplicationmaturity,butatadiminishingrate.

ThisstudyprovidespracticalimplicationsfororganizationstoimproveITapplicationmaturity
through management practices. First, both process management and management institutional
capabilitiesare important toexertpositive influencetowardITapplicationmaturity.Second, the
enhancementeffect fromprocessmanagementcapability is stronger than that frommanagement
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institutionalcapability.Therefore,ifanorganizationneedstoprioritizeprocessmanagementrelated
projectsinordertoimproveITapplicationmaturity.Finally,thereisadelicatecombinationcondition
to balance both management capabilities. Only when this condition is satisfied, we can expect
maximumenhancementeffectsfrombothMICandPMC.Therefore,organizationsneedtoidentify
thiscombinationandeffectivelyallocateresourcesbetweentwomanagementcapabilities,whichcan
inturnenhanceITapplicationmaturitytothegreatestextent.

Thisstudyoffersanumberofpossibledirectionsforfutureresearch.First,ourdatasamplesare
fromalocalregioninChina,whichmayposeageographicallimitationininterpretingtheresults.
Thepossiblegeneralizationmaystimulatearesearchstreamonthesimilaritiesordifferencesamong
companiesfromdifferentgeographicregions.Second,ourdatasamplesarefromonerepresentative
ineachcompany, therefore,subjectivebiasmightstillexistregardlessof thecontrols tovalidate
the responses. A possible future direction can involve participation from different management
levelstodescribethecompanyinamorecomprehensiveway.Third,weusethetimedynamicsfor
generating therelationshipmodelbetweenITapplicationmaturityandmanagementcapabilities,
and theassumptionsof timedynamicsonlycaptureageneral trendof thechangesamong these
researchobjects.Moreelaboratevariationsofthemodelareneededtocheckforrobustness.Finally,
weassumeallthecompaniesinthedatasamplearethehomogenousinregardstotheinfluenceof
managementcapabilitiesonITapplicationmaturity.However,itishighlypossiblethatfirm-level
differencesexistinsuchrelationship.Morecontrolsatthefirmlevelneedtobeincorporatedtorefine
themodelspecification.
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