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ABSTRACT

Thisarticlepresentsaproposalofconceptualmodelforpublicadministrationsthatallowsanalyzing
the levelof ITmanagement capacity as an enablerof smart cities fromamultidimensional and
dynamicapproachtakingintoaccounttechnological,institutionalandinnovationaspects.Themodel
includesfivedomains(e-governmentstrategy,PublicInnovation,DataManagement,ITServices
andInfrastructure)thataredescribedintermsofkeydomainareas,objectivesandquestions.The
modelwasconceptuallyvalidatedwithfourITofficesinColombiaandapilottestwasdevelopedin
theAtlanticdepartment.Aprofileofinformationtechnologymanagementcapabilitieswasobtained
frompublicdataoftheMinistryofICTinColombia.

KeywoRdS
Digital, E-Government, Emerging Technology, Government, Innovation, Intelligent, Public Administration, 
Technological Capability

INTRodUCTIoN

Currentcitydynamicsarecharacterizedbyadiversityofcomplexproblemsandtheriseofexpectations
insmartgovernmentsthatsetnewchallengesforpublicgovernancesystems.Findingnewformsof
operationandcollaborationsupportedbyInformationTechnology(IT)isakeychallengeforcities.
Thesefindingsshouldachievesustainablegrowthinaneffectiveandefficientmanner,guarantee
integrityandbuildtrust,improvingrelationshipsandinteractionofitscitizenswiththestate.Therefore,
attentiontotheinitiativesandprojectsofsmartcitiesaroundtheworldisundeniable.Europeand
Asiahavebeenpioneersintheseinitiativesandhavemadesignificantprogress;LatinAmericahas
recentlybeguntoleadthistypeofprojectsaswell.

Asmartcitycanbegenerallyassumedtobeaterritorycharacterizedbytheintensiveuseof
informationandcommunicationtechnologiestopromotecollaboration,innovationandefficiency,
improvingthequalityoflifeofcitizensandthesustainabilityofthecities(Maestre,2015).ForNam
andPardo(2011a),thegoalofsmartcitiesistocreateanenvironmentfortheexchangeofinformation,
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collaboration,interoperabilityandmakeperfectexperiencesforallinhabitants.Smartcitiesshould
assume innovation as a mechanism to change and improve technological tools, providing better
servicesandcreatingconditionstousethembetter(Nam&Pardo,2011b).

In thissense, technologymanagement insmartcitiesmust facilitateandpromoteaccess
to informationandservicesasakeyelement for theirdevelopment (Maestre&Nieto,2015).
Informationtechnologycapacitycanbedefinedasanorganization’sabilitytoacquire,deploy
andleverageitsresourcesininformationtechnologies,combinedwithotherresources,inorder
toachieve itsbusinessobjectives throughITs (Zhang,Sarker,&McCullough,2008).Young
(2011)definesitasthetotalinformationtechnologycapacitythatanorganizationmustmaintain
inorder to efficiently support itsmanagement activities and improve theperformanceof its
businessinanITenvironment.ITcapabilitybringstogetherelementsofhardware,software,
services,managementpractices,technologiesandmanagementskills(Kettinger&Lee,2005).
The modernization of public administration by strengthening the role of ITs is one of the
cornerstonesof thestrategy for thesmart, sustainableand inclusivegrowthofcities (Gaulė,
Jurgita,&Jolanta,2015).Duetothegrowingtrendofcitiestoadoptvisionsofsmartcities,a
modelforanalyzingITmanagementcapacitywillenablecitiestobetterunderstandhowtheyare
evolvingfromtechnology.Thiswillallowsupportingdecisionmakerstovisualizeanddevelop
actionsandstrategiesaimedatconsolidatingsmartcitiesbasedonIT.

AproposalforareferentialconceptualmodelforpublicadministrationsfocusedonITasan
enablingelementfortheadvancementofthisnewmodelofcitieswillbepresented.Itisdesignedfrom
therevisionof23referencemodelsassociatedwithsmartcitiesandITmanagement.Itproposesan
architecturethatincludesstrategic,innovative,technologicalandoperationalcapabilitiescomprising
5domains(D),15keydomainareas(KDA)and38criticalvariables(CV).Finally,amodelisapplied
intheDepartmentoftheAtlanticinColombia,assessingthecapacitylevelsofitsdomainsandkey
areasthrough48indicators,takingasreferencedatasets,statisticsandpublicnationalreports.

ReSeARCH MeTHodoLoGy

Inordertoestablishamethodologyfordesigninganddevelopingamodelforsmartcityfocusedin
informationtechnology,theresearchproposesafive-stepprocedureasillustratedinFigure1.They
willbedevelopedindetailinthefollowingsections:

• Scope:Theapplicationcontextandthepurposeofthemodelaredefined;
• Conceptualize:Thedomainsthatwillbethekeyelementsofthemodelareselectedanddescribed

fromtheliteraturereview;
• Design: The architecture of the model is defined, taking into account the IT management

capabilitiesthatsmartcitiesmusthave,describingthegoal,interrogationsandkeyareasassociated
witheachdomain;

• Validate: Conceptual validation is performed with academics and socialization in three
Colombiancities;

• Apply:ThemodelisappliedbyassessingITmanagementcapacityinaColombianterritory.

Figure 1. Research methodology
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CoNCePTUAL ModeL SMARTICITY

TheconceptualmodelofSmarTICityisproposedasascenariotomanageITinopensocialcontext
in order to approach processes of planning, development, and backing of projects that support
initiatives of smart cities. This proposal should promote technological development, innovation
andtheintegrationofcitizensindigitalenvironments.Thedesignhasbeenconceptuallyproposed
accordingtotheliteraturereview,aswellasfromtheexperienceofpublicadministrationofficials
in Colombia. The model consists of Domains (D) and Key Domain Areas (KDA) related to IT
managementappliedtosmartcities.

Structural Components of a Smart City
Theideaofthesmartcityisrelativelynewhasbeentakingforceinthelastdecade,therefore,itisin
evolutionandischaracterizedbybeingabroadconceptsinceingeneralitisconformedbyacomplex
combinationandinteractionofsocial,institutionalandtechnologicalfactors.Thecomponentshave
beenproposedfromliteraturereviewinsmartcitiesmainlypresentedbyauthorsas(Nam&Pardo,
2011a)and(Neirottiettal,2014),maturitymodelsandevaluationmodels(Table2).Forthemodel,
sixstructuralcomponentsareconsidered:SocialContext,DigitalEconomyandCitizens,territory,
DigitalServicesandEmergingtechnologies,asshownFigure2.Thesecomponentsarethestarting
pointforconceptualmodelandareexpressedthroughthedomainsandkeyareasproposedthrough
strategic,operational,technologicalandinnovationcapabilities.

Territory
Itisthephysical,socialandculturalspaceinwhichitseekstogeneratetransformationprocesses
throughtheuseandappropriationofinformationtechnologies.Thisterritoryisdesignedtopromote
thegenerationofsynergiesbetweenthestate,productivesector,academiaandcivilsocietyinorder
todesignandimplementstrategiesforsocialandeconomicdevelopmentusingthesetechnologies,
strategiessupportedinpublicpolicies,standards,Regulationsthatgeneratemorefavorablecontexts
forthelong-termsustainabilityoftheseinitiatives.

Figure 2. Smart city components
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Social Context
Addressing the issueofpeopleandcommunitiesaspartofsmartcities iscriticalbecausesmart
cityprojectshaveanimpactonthequalityoflifeofcitizensandseektorespondtothedesiresand
needsofthesecommunities.Smartcitiesallowcitymemberstoparticipateincitygovernanceand
management,sotheyareagentsofchangeinsocietyandtoalargeextentarekeyplayersthatcan
significantlyinfluencetheirsuccessorfailure.

Digital Economy
Consistingoftelecommunicationsinfrastructure,ICTindustries(software,hardwareandICTservices)
andthenetworkofeconomicandsocialactivitiesfacilitatedbytheInternet,cloudcomputingand
mobile,socialandremotesensornetworks.Thedigitaleconomyisafacilitatorwhosedevelopmentand
deploymenttakesplaceinanecosystemcharacterizedbytheincreasingandacceleratedconvergence
betweendiversetechnologies,asitisthecontextofsmartcitiesinwhichtheygenerateimpactsin
theeconomicandsocialfields.Inthefirst,weconsideritseffectonproductivity,economicgrowth
andemployment.Inthesecond,therearetheimpactsoneducation,health,accesstoinformation,
publicservices,transparencyandparticipation.

The Citizen in the Digital Context
Citizensplayanimportantroleinthecontextofintelligentenvironments,sincetheymustbeableto
adapttothenewdynamicsandculturalandsocialchangethatarepromotedfromtheseinitiatives,
wherecollaborationandpartnershipbetweencitizensandgovernmentsisthebasisofthestrategies
that support them. It is also important toemphasize their social inclusion in soft infrastructures
(knowledgenetworks,organizations,crime-freeenvironments),urbandiversityandculturalmix,
socialandhumancapitalandtheirparticipationinknowledgegenerationthrougheducationaland
generationinstitutionsR&Dcapabilities(Nam&Pardo,2011a).

Digital Services
TheyarethemechanismsofcommunicationandinteractionmediatedbyITbetweenadministrations
andcitizens throughwhich theyoffer thepossibilityofaccessingonlineservicesandprocesses,
conductingtransactionsandconsultinginformationrelatedtothecity.Thisisperhapsoneofthemost
developedtendenciesinthecities,itisevidentthatthereisanincreaseinthecreationandavailability
ofonlineproceduresthatallowthecitizentooptimizethetimesbyavoidingthepresencein the
publicoffices,thereductionofCostsoftransfersandadministrationshaveupdatedandavailable
information.Paymentoftaxes,onlineappointments,obtainingdocumentsandcertificatesaresome
examples,howeverthereisachallengeinupdatingthetechnologiesthatsupporttheseservices,for
examplethemigrationorexpansionofaccesschannelsnotonlywebbutapplicationsMobilephones.

Emerging Technologies
Itisgenerallyseenthatcitieshavetakenadvantageoftheavailabilityoftheirtechnologicalresources
toadvancestrategiesthatclearlytargetapublicsectororservice(mobility,health,safety,environment,
etc.).Tothisend,someoftheemergingtechnologicaltrendsthatsupportthedevelopmentofsmart
citiesareidentified:BigData,DataAnalytics,OpenData,CloudComputing,AppsMobile,Public
Connectivityarekeytrends.

Althougheachof thecomponentsexposed is important, thisworkwill focusmainlyon the
technologicalandinstitutionalcomponents:EmergingTechnologies,DigitalServicesandTerritory.

Purpose and Scope
Thepurposeofthemodelistounderstandtheroleofinformationtechnologiesinthedevelopment
ofsmartcitiesfromamultidimensionalanddynamicapproach.ItsscopeisdescribedinTable1.
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Table 1. SmarTICity model scope

Criteria Characteristic

Emphasis
Specific Domain General

SmartCities InformationTechnologyManagement

Interested Localandnationalgovernments Companies,Academyandcitizens

Audience
Internal External

Localandnationalgovernments Companies,Academy

ApplicationMethod Self-assessment Consulting

Application Acity,territoryorentity
ColombianCities

Variouscities,territoriesorentities
Latin-AmericanCities

Table 2. Studied reference models

Model Type Model Name

Evaluation
model

SmartcitiesRankingofEuropeanmedium-sizedcities.(Giffingeretal.,2007)

SmartCitiesinEurope(Caragliu,DelBo,&Nijkamp,2011))

CoverageIndex(Neirottiettal,2014)

MappingSmartCitiesintheUE(Manvilleetal.,2014)

IndexIESEcitiesinmotion(CGE,2015)

Thesmartestcities(Cohen,2012)

GettingSmartaboutSmartCitiesRecommendationsforSmartCityStakeholdersRecommendationsfor
SmartCityStakeholders(Alcatel,2012)

AssessingSmartCityInitiativesfortheMediterraneanRegion

SmartCityPlaybook

Cityevaluationmodelbasedontheconceptofsmartcity(MorenoAlonso,2016)

StudyMethodologyforSmartCities(Branchi,Matias,&Fernandez,2013)

Best
management
ITpractices

ITIL-InformationTechnologyInfrastructureLibrary

TOGAF:TheOpenGroupArchitectureFramework(TheOpenGroup,2009)

ZACHMANFramework---(Zachman,1987)

Government
Enterprise
Architecture
(GEA)

GEAUnitedKingdomGovernmentReferenceArchitecture(BritishStandardInstitute,2012)

GEA-USATheCommonApproachtoFederalEnterpriseArchitecture---(USAGovernment,2012)

GEA-ColombiaTheColombianGovernmentEnterpriseArchitectureFramework---(Morales,Torres,
Parra,&Campos,2014)

GEA-AustralianGovernmentArchitectureReferenceModels---(AustralianGovernment,2011)

GEAforNewZealand(GEA-NZ)FrameworkGEA(GovernmentNewZealand,2015)

SmartCities
Maturity
Model(MM)

MM-Scottish:SmartCitiesMaturityModelandSelf-assessmenttool(ScottishGovernment,2015)

MM-IDC:SmartCityMaturityModel-AssessmentandActiononthePathtoMaturity(Yesner,2011)

MM-BSISmartcityframework–Guidecustomerservicetoestablishingstrategiesforsmartcitiesand
communities(BritishStandardInstitute,2014)

MMDELOITTECapabilityFrameworkandMaturityModel(Deloitte,2015)

MM-IndiaSmartCitiesMaturityModel(SCMM)(Mani&Banerjee,2015)
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ThemodelhasbeeninitiallydevelopedColombiafromexperienceingovernmentIToffice.The
audienceofmodelareinitiallytheLocal(city)andNationalGovernment,butitcanbeappliedin
similarcontextsasdevelopingcountries,mainlyLatin-American.

domains
Fortheselectionofthedomains,aliteraturereviewwascarriedoutbytaking23referencemodels
distributed in evaluation models, best practices of IT management, experiences of government
enterprisearchitecturesandmodelsofmaturityofsmartcitiesasreferencedinTable2.Themost
relevantdomainsareidentifiedandselectedfromthesemodels,takingintoaccountthecontextof
interest:technologymanagementandsmartcities.

Inreferencetothepreviousmodels,themappingofthemostcommondomainsofapplication
andthatmaybeofinterestfortheproposedmodelare:

1. Domains or Dimensions:StrategyorBusiness,DataorInformation,ApplicationsorServices,
Infrastructure,Others(innovation,users,culture);

2. Fields of Application:Economy,Governance,Environment,People,Habitability,Mobility.

Asaconsequenceoftheliteraturereview,theproposedconceptualmodeliscomposedoffive
domainsthatareshownbelow.

Electronic Government Strategy
ItcontemplatestheinformationreferredtotheobjectiveofITandinformationservicesprovidedby
theStateanditsarticulationwithlegalorregulatoryframeworks.Italsocontemplatesidentification
oftheactorsoftheprocessesandtheirrespectiveneedsand/orexpectations.

Public Innovation
Theapplicationofmethods,policies,productsandservicesthatcontributetotheprocessesofthe
state,facilitatingtherelationshipofcitizenswithpublicsectorentities.

IT Services and Processes
Thesearetheprocessesandservicesavailabletocitizensthatsupportthedevelopmentofprocedures,
requests,consultationsandaccesstodata,informationandknowledgeofpublicinterest.

Data Management
Referstothesetofprocessesfortheacquisition,processing,storage,managementandanalysisoflarge
volumesofdataofalltypes:structuredandunstructuredthatwillmakestrategicdecisionsforthecity.

IT Infrastructure
Referstothehardwareandsoftwareinfrastructureanditsfacilitiesthatallowthestorage,processing
andsecuringofapplicationsanddata.

dynamic Representation of the Model’s domains
Toexplaintherelationshipofthemodel’sdomains,acausaldiagramispresentedinFigure3,inwhich
influentialrelationshipsandfeedbackcyclesareexpressed.Theseexplainthegeneraldynamicsof
themodelproposedfromtheSystemsDynamics.

Cycle 1: Strategy-Infrastructure-Services and Data
ThroughtheformulationofITpublicpolicies,thestrategyofElectronicGovernmentprovidesthe
necessaryconditionsforthedevelopmentofsmartcities.Thetechnologythatwillbeavailableisa
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fundamentalelement,totheextentthattheinstitutional,economicandphysicalactionsofacityenable
therequiredinfrastructure.Infrastructurecapacitycanbeaffectedduetotheobsolescenceofthe
same(ITaveragelife)orbylackofinvestment.Carryingoutthestrategyrequiresmoreinfrastructure,
whichinturnwillsupportmoreITservicesinthecity(suchason-linepaperwork,applications,etc.)
sothatcitizenscanhaveeasieraccesstotheseservices.Likewise,throughtheuseofITservices,
moredataisgeneratedoneachofthetransactionsandservicesused,inwhichtheanalysisofthis
datawillfacilitatedecisionmakingandthusreformulatethestrategyasneeded.

Cycle 2: Data-Services
Inaddition,theamountofdatageneratedmayrequiremoreorbetterITservicesinordertofacilitate
theiranalysis.Thiscyclehasahigherspeedthantheothertwocycles.

Cycle 3: Strategy-Services-Innovation
Inadditiontoinfrastructure,thestrategyrequiresanoperationthroughITservices.Theseservices
canstarttolosecapacityiftheyaremassivelyusedbycitizens,acceleratingtheiraveragelife,orif
theyarenotsupportedbyinvestments.Thislossofcapacitycanbecompensatedbypromotingpublic
innovationinwhichnew,improvedandinnovativeservicescanovercomethelossofservicecapacity
ormeetthedemandfornewandbetterITinfrastructures.

Architecture of SmarTICity
Oncethedomainsofthemodelaredefined,theyaregroupedinstrategic,technological,operative
andinnovationcapacitiesofthecityaroundinformationtechnologies,aspresentedinFigure4.

Fromeachoftheproposedcapacities,thekeyareasdescribingthedomainasawholearedetailed.
KeyDomainArea,Goalsandquestionsthatgivemeaningtothemodelaregeneratedanddescribed
inordertohaveaninputforthevaluationtools.

Figure 3. Influence model SmarTICity - System Dynamics
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electronic Government Strategy
Goal
City’scapacitytoorganizeacoherentvisionofe-government,coordinatestakeholdersandensurethat
ITprojectsandportfoliosalignwiththeirneeds.Also,itisimportanttohaveaclearinstitutionalization
forthechangesinvolvingelectronicparticipationandstakeholdercollaboration.

Key Areas
• Governance:AbilitytopromoteanITcultureandpolicythatdirects,promotesandexecutes

thestrategiesandobjectivesofasmartcity;
• IT Plans:Strategiesandactionsalignedwiththeinstitutionalobjectivesofthecityorientedto

generatevalueandcontributetotheachievementofthestrategicobjectives;
• IT projects portfolio:Tangibleprojectsorganized to complywith thecity’s tactics and IT

strategies.

Questions
DoesthecityhaveanITstrategyalignedwithsectorstrategies,theNationalDevelopmentPlanand
institutionalstrategicplans?

Doesthecity’sITpolicydefinitionsettheguidelinesforachievingthegoalsproposedinthe
ITstrategy?

DoesthecityhavetherelevanthumanresourcestoleverageITprojects?

Figure 4. SmarTICity architecture
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IstheformulatedITstrategyalignedwiththeinstitutionalobjectivesofthecity?
Does thedefined ITProjectsportfolioexecute tactics and strategies for thedevelopmentof

smartcities?

IT for Public Innovation
Goals
Capabilitytocreate,generateandadoptnewtechnologiesinordertoimprovethequalityoflifeof
citizens.Inordertodoso,humancapital(whetherfromgovernment,universitiesandcompanies)
mustbewellpreparedtogeneratefavorableconditionsfortheinstallmentofanecosystemofopen
innovationtoaddpublicvaluetotheservicesofthecity.

Key Areas

• Triple Helix:Collaborationagreementsbetweenuniversity,companyandgovernmenttogeneratenew
institutionalandsocialformatsintheproduction,transferandapplicationofproductsandservices;

• Innovation Ecosystems:Spaceswithfavorablesocial,culturalandeconomicconditionswhere
companiesgenerateR&D&Ibasedoncollaborationtoprovidesolutionsthroughprocesses,
productsorinnovativeservicestothecity;

• Science and Technology Activities:Humanresourceswithskillsandcompetencesthatfavor
theprocessesofpublicinnovationinthecity.

Questions
Arethereregulationsthatfacilitatetheuniversity-company-staterelationship?

Doesthecityhavethehumancapitaltogenerateinnovationsthatcontributetosmartcities?
AreTIactivitiesencouragedthroughclearpoliciesandregulations?
Istherearealarticulationbetweenuniversity,company,andstate?

IT Services and Processes
Goals
CapabilitytoofferinnovativecitizensonlineservicesbasedonITtechnologiesandprocesses.These
technologies are incorporated into key city services for citizens, such as transportation, health,
education,environment,employment,publicservicesandsecurity.

Key Areas
• Online Services: Mechanisms for communication and interaction mediated by IT between

administrationsandcitizensthroughwhichtheycanaccessonlineservicesandprocesses,conduct
transactionsandconsultinformationrelatedtothecity.

Questions
Aretechnologyservicesalignedwiththesmartcitystrategy?

Isaccessguaranteedtocitizensthroughtheavailabletechnologicalservices?
Aretheremechanismstoguaranteetheavailabilityoftechnologicalservices?
Istheuseandefficiencyoftheavailabletechnologicalservicesevaluated?

data Management
Goals
Capabilityofavailabilityanduseofpublicdatabycitizensandorganizationstoproducevaluable
information. It also includes all the captured data of devices and sensors that organize useful
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informationfor thecityand thedashboardandanalyticalbusinessmodels, toallowbetterand
timelydecisions.

Key Areas
• Open Linked Data: Set of best practices for the publication and connection of open and

structureddataontheWebthatallowstheexplorationofnewrelationshipsbetweendataand
thedevelopmentofnewapplicationsforthecity;

• Analytics:Predictiveandprescriptivetechniquesusedtoanalyzeandtransformlargevolumes
ofdataintoinformationformakingdecisionsinthecity;

• Dashboard:Integrateddashboardsthatmanagevolumesofinformationthatallowsreal-time
andpredictiveanalysistosupportdecisionmaking.

Questions
Istheopendataavailabletousersinthecity?

Aretherestrategiesforupdatingthecityopendata?
Arethereclearstrategiesforthedevelopmentofopendatapoliciesinthecity?
Candecision-makingbefacilitatedforthecitybyanalyzingthegeneratedopendata?

IT Infrastructure
• Key Areas:Interoperability,ITOperation,Sensors,PublicConnectivity

Goals
Capabilitytohavehardwareandsoftwaretoaccesswebservices,publicWi-Ficonnections(hotspots),
hostingandallthenecessaryresourcestoprovidedataprocessing,whichallowstorage,information
exchange,datacapture,etc.,thussupportingdecisionmakingbasedonthedata:

• Interoperability: Strategy of government organizations to share information and integrate
informationandbusinessprocessesthroughtheuseofcommonstandardsandbestworkpractices;

• IT operation:Configuration,integrationandmaintenanceofinfrastructurehardwareandsoftware
toprotectresourcesandensuretheiravailabilityandintegrity;

• Sensors Device:Itreferstothedifferentdevicesthatareabletocapturedifferentsignalsfrom
theenvironment,convertthemintodataandtransmitthemthroughthenetworkstocomputers
ofthecentersofcontrolandmanagementofthecities;

• Public Connectivity:Communicationinfrastructure,whichcanbeacombinationofdifferent
datanetworktechnologiesthatusetransmissionviacables,fiberopticandwirelessnetworks
(Wi-Fi,3G,4Gorradio).

Questions
DoesthecityhavethenecessaryinfrastructuretoofferservicesthattheITstrategydemands?

Cantheavailabilityandcorrectfunctioningoftheprovisionofservicestocitizensbeensured?
Areemerging technologies incorporated to support the technological infrastructure in smart

cityprojects?

VALIdATIoN oF SMARTICITy

AfirstversionofthemodelwasconceptuallyjustifiedbyacademicsintheareaofITmanagement.
This process is detailed in the article “Validation of architecture of information technologies in
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smartcities”byMaestreandNieto(2016).Themodelwasadjustedfromtheoneinitiallyproposed
consideringtheresults.

Subsequently, a validation was discussed with officials from the secretariats and IT offices
of threeColombiancities:Barranquilla,Bucaramanga,Barrancabermeja, through theSecretariat
ofInformaticsandTelecommunicationsof theAtlánticoGovernorate(AT), theITSecretariatof
Barrancabermeja (BC)and the ITOfficeofBucaramanga (BU).The following informationwas
obtainedthroughasurveyandinterviews:

1. Therelevanceofdomains,keyareas(KDA)andcriticalvariables(VC)proposedbyavaluation
of1to5(1lowestand5highest);

2. Officialsassignaweight(distributedby100%)toeachcriticalvariableproposedforeachKDA,
inordertoappreciatetheirimportance.Table3showstheresultsobtained.

APPLICATIoN SMARTICITy

ThemodelwasappliedtotheSecretariatofinformationtechnologyandtelecommunicationsofthe
AtlanticofColombia.ThisentityisinchargeofdirectingITpoliciesandstrategiesinthecitiesthat
makeupthisterritory.AnevaluationwasmadeontheKDAtoevidencetheprogressofaterritory
withrespecttotheproposedmodelandtoanalyzethepossibilitiesandlimitationsofitsapplication.

Colombia’sonlinegovernmentindex(GEL)from2015istakenasthemainsourceofdata.This
isaquantitativeinstrumentthatshowsthestateofprogressoftheentitiesintheimplementationof
ITinthepublicadministrationofthecountry,aswellassourcessuchasManagementReportofthe
MinistryofInformationTechnologies,NationalAdministrativeDepartmentofStatistics(DANE),
thereportoftheObservatoryofScienceandTechnologyofColombia(OCyT)andthewebsiteof
thedepartment.Inthiscase,themappingofindicatorsofeachoftheavailablesourceswitheachof
theKDAwasdone,and48indicators(KPI)thatwereconsideredrelevantfortheevaluationofthe
keydomainareasofthemodelwereselected.

Fromthedatacollected,alevelofcapacityoftheKDAisassigned,bymeansofavaluation
from0to3,asfollows:

Capacity Level 0:CapabilitiesarenotmadenorexisttoachievetheresultsoftheKDA.
Capacity Level 1: Activities develop incipient capabilities for the domains. Processes have the

possibilityofsomeinitialresultsintheKDA.
Capacity Level 2:Systematizationofprocesses(orientations,training,implementationplans)that

representtheKDAs.Therearesomeformalevaluationmechanismsandevidenceofshort-term
results.

Capacity Level 3:Institutionalizedandinnovativeprocesses,systematicprocessmonitoring,change
managementandcontinuousimprovementplans.

TheCL(capacitylevel)ofeachKDAwasobtainedfromthecollectionandevaluationprocess
asshowninTable4anddescribedinTable5.

dISCUSSIoN

About the Conceptual Model
Accordingtotheresultsofempiricalvalidation,agoodreceptionisshownbytheacademicsand
officialswhoparticipated.Somefindingsarepresentedbelow:
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Table 3. Results conceptual validation

Domain KDA Critical Variable Average 
Relevance

Assigned Weights

AT BU BC

e-governmentstrategy

Government

Normative 4.25 30% 40% 50%

Institutionalization 4.38 50% 40% 25%

ITGovernment 3.81 20% 20% 25%

ITPlans
StrategicAlignment 4.38 50% 60% 60%

Monitoring 4.25 50% 40% 40%

TIprojects
portfolio

Pertinence 4.67 30% 20% 50%

Monitoring 4.17 30% 30% 30%

Achievement 4.33 40% 30% 20%

ITPublicInnovation

TripleHelix
StrategicAlliances 4.11 50% 50% 50%

Normative 4.33 50% 50% 50%

Innovation
Ecosystems

Normative 4.33 40% 40% 40%

ITCluster 4.67 60% 60% 60%

ITActivities

Formation 4.78 30% 30% 40%

HumanResources 4.54 30% 30% 20%

Investment 5 40% 40% 40%

ITInfrastructure

Interoperability

Organizational 3.63 40% 40% 30%

Semantic 3.63 30% 20% 40%

Legal 3.75 30% 40% 30%

IToperation

ITrisks 3.94 30% 40%% 30%

Security 3.75 30% 30% 30%

Continuity 3.56 40% 30% 40%

Sensors

Availability 4.38 30% 40% 40%

Use 3.75 40% 30% 30%

Coverage 3.75 30% 30% 30%

Public
Connectivity

Availability 4.33 30% 30% 40%

Use 4.38 40% 40% 30%

Coverage 3.5 30% 30% 30%

DataManagement

OpenLinkedData

Quality 3.25 40% 40% 40%

Availability 3.5 20% 30% 20%

Exploitation 3.42 40% 30% 40%

Analytics

BigData 4.38 40% 40% 35%

SocialMedia 3.88 30% 20% 35%

BusinessIntelligence 3.5 30% 40% 30%

Dashboard
Use 3.5 50% 60% 50%

Indicators 3.5 50% 40% 50%

ITServices OnlineServices

Access 3.75 30% 30% 50%

Use 3.83 40% 40% 30%

ServiceLevels 3.38 30% 30% 20%
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• Themodelcontemplatesseveralaspectsbesidestechnologicalandoperativeones,likestrategical
andinnovational,thatcontributetotheintegrityofthemodel;

• IntermsoftherelevanceoftheKDAandCV,itcanbeseenthattheDataManagementdomains
registertheleastacceptanceoftherespondents,ontheotherhandthedomainsofstrategyand
innovationseemtobethemostrelevantforthegovernmentoffices;

• Althoughtheinclusionofvariablesofinnovativetopicssuchasbigdata,businessintelligence
andsensorsdidnotprovetobepredominantpracticesinthenearfuture,itispertinentthatcities
begintoplanandtakeonthechallengeofimplementingtheminthemediumandlongterm;

• Thedifficultyofthemodelcouldbeintheavailabilityofindicatorsandquantitativedatathatis
veryscarce,inparticularforsomeverynewareasassociatedwithsmartcitieslikethoseassociated
toBigData,BusinessIntelligence,Interoperability,Sensorsandothers;

• The model proposed is seen as useful to Colombian cities since, although there are some
instruments available to the Ministry of Information and Communication Technologies of
Colombia,itfacilitatestheholisticandsystemicevaluationofIT,makingabaselineforthe
citiesandformulatingplansofcontinuousimprovementregardingsmartcities.

About the Model’s Application
WhileavailableopendataisanimportantinputintotheanalysisandassessmentofITmanagement
capabilitiesforcitiesplanningtobecomefuturesmartcities,somelimitationsaredescribedbelow:

• Whenmappingavailable indicators, somekeyareasdonothave sufficient indicators, some
arenotthemostrepresentativeortherearenoindicatorsorinformationavailabletomakethe
assessment(forexample:Interoperability,Dashboard,amongothers);

• SomeindicatorsevaluateBooleantype,withoutgivingmargintointermediatelevelsofcapacity;
• Insomecases,theindicatorisnotunderstandable:forexample,theInteroperabilityPlatform(it

isnotcleariftheuseorexistenceismeasured);

Table 4. Capacity level assessment

Domain KDA #KPI CL

E-GovernmentStrategy

ProjectPortfolio 3 2

ITPlans 2 0

Governance 4 1

ITPublicInnovation

InnovationEcosystems 2 2

TripleHelix 1 0

ActivitiesScience,Technology 3 2

OnlineServices
BasicsServices 4 2

OnlineServices 10 2

ManagementData

OpenLinkedData 6 2

Analytic 1 0

Dashboard 1 0

ITinfrastructure

Interoperability 1 2

PublicConnectivity 1 1

SensorsDevice 1 1

ITOperation 8 2
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• Inmanycases,themaximumvalueintheindicators,accordingtothesources,doesnotimplya
realmaximumcapacitylevel,particularlyinsomesubjectssuchasinnovationorinteroperability
inwhichitisknownthatthecapacitiesatcountrylevelareincipientorverylimited.

Inspiteofthelimitations,itisimportanttoemphasizethatananalysiscouldbemadetakingas
referenceofficialandpublicinformationfromthedatasets.Also,aninterestingexerciseintheuse
ofopendataforresearchprojectswasgenerated,whichisoneoftheobjectivesofthedissemination
andpublicationof theprojects.Furthermore, fromthearchitectureof themodel it ispossible to

Table 5. Description

DOMAIN KDA CL CL Description

E-Government
Strategy Government 1

ThereisapublicpolicyofElectronicGovernmentthatfacilitatesthemanagementand
adoptioninthepublicadministrationsofthecity,butitisnotformallyimplemented.The
publicadministrationsofthecityhaveITmanagers,withlimitedhuman,physicalandfinancial
resources.ThereisawarenessofITgovernanceissues.

E-Government
Strategy ITPlans 0 Therearenocapacitiesorinformation.

E-Government
Strategy ITProjects 2

Thereareemergingstructuredandstandardizedmonitoringmechanismsandproceduresthat
havebeenpartiallydeveloped.Therearesomemeasurementandfollow-upresults,butnotallIT
projects.Thecultureofmonitoringandmeasurementisbeingestablishedthroughtrainingand
formation.Therearesomemetricsandindicators.

ITPublic
Innovation TripleHelix 2

UEGinitiativesareprojectedandpromoted.Someprojectsaregeneratedforspecificneeds.
Somespontaneousbutconsolidatedcollaborationsareemerging.Thecitypartiallyadopts
thepolicyandsomenormsthroughplansandprojectsforitsimplementation.Therearesome
indicatorstoevaluateingeneraltheprogressinitsimplementation

ITPublic
Innovation

Innovation
Ecosystems 0 Therearenocapacitiesorinformation.

OnlineServices OnlineServices 2

Servicesareidentifiedinamoreconsciousway,takingintoaccounttheneedsofthecityfrom
withinthegovernment.Thetransactionsareorientedtoperformsomeprocedures,accessand
downloadinformationthroughinstitutionalportals.Citizenscandopaperwork,queriesthrough
institutionalportals,mobileappsandemergingtechnologies.Theserviceshaveminimum
guaranteesofquality,availabilityandsecurity.Thereareseveralonlineservicesavailable,which
areusedbycitizensinasystematicway

ManagementData OpenLinked
Data 2

Theypartiallycomplywiththecharacteristicsofpublic,free,online,machinereadable,open
license.Someoftheformatsarestructured,accessiseasyanddataisdownloaded,veryfew
officesinthecityhaveavailabilityofdatasets,althoughtheavailableonesarecharacterizedby
easyaccessanddiscovery.Thereisawarenessoftheirexistence,somestrategiesstartedfromthe
citiesforexploitationanduse.Possiblestakeholders(otheroffices,academyandcompanies)are
disclosed.Therearesomeinitialprojectsorexperiences.

ManagementData Analytics 0 Therearenocapacitiesorinformation.

ITinfrastructure Interoperability 2

Informationexchangeservicesareprovidedorconsumedaccordingtothetypeofinformation
exchangeserviceandevaluatetheresultsoftheprovisionofinformationexchangeservicesand
compliancewithagreedservicelevels.Thecityconsumesandprovidesinformationexchange
services,inaccordancewiththestandardsandrecommendationsproposedintheregulations.
Theentityusestheelementsprovidedbythecommonlanguagefortheexchangeofinformation
insomeinformationexchangeservices.Thecitydevelopsoradoptsthelegalmechanismsforthe
provisionandconsumptionofinformationexchangeservices.

ManagementData IndicatorsTable 1 Theimportanceofscorecardsforthecollectionandcentralizationofinformationisrecognized,
buttheyarenotusedfordecision-makingordonotexist.

ITinfrastructure Public
Connectivity 1 ThereisawarenessoftheneedtohaveWi-Fizonestoimprovecommunityaccesstotheinternet.

ITinfrastructure Sensors 1 Therearenoestablishedproceduresfortheuseofdevices.Theuseofdevicesissporadicand
informal.

ITinfrastructure IToperation 2

Ariskmanagementpolicyisdefined.Whenandhowtoconductriskassessmentsisdocumented.
ResponsibilitiesforITsecurityareclearlyassigned,managedandimplemented.Security
policiesandpracticesarecomplementedbyspecificsafetyreferencesandstandards.ITsecurity
enablementisplannedandmanagedtomeetsecurityriskneedsandprofiles.TheITcontinuity
planisdocumentedandbasedonsystemcriticalityandimpact.
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findordefinerelevantindicatorstoeachoftheKDAandCVofthemodeltomakequantitativeand
qualitativeassessmentsoftheITcapacitiesinacityasshownintheapplicationcase.

Amongtheapplicationfindings, itcanbeseen that themodelallowsan initialdiagnosisof
ITmanagementcapabilities.Amongtheresultsofthecasestudy,wecanseeagreatercapacityof
managementassociatedtothedomainsofinfrastructureandservice.Therearesignificantadvances
inthedomainofstrategyandinnovationbut,ontheotherhand,theweaknessesarepredominantin
thedatadomain.Theseresultsarejustifiedgiventhattheissueofdatamanagementisaproblemthat
hasrecentlybeenaddressedingovernmentagendasfromtheissuesofbigdata,analyticsandopen
linkeddata.Technicalandhumancapabilitiesareincipient.Abettercapacityinthestrategicdomain
wouldbeexpected,sincethenationalgovernmenthasbeenpromotinge-governmentprogramsthrough
publicITpolicy.Theseprogramshavehadapositiveimpactthatisevidentindifferentinternational
rankingssuchasE-GovernmentIndexandE-participationIndexinwhichColombiahasbeenmaking
significantprogress.Ontheotherhand,inthedomainofinnovationthroughthecenterofpublic
innovationofColombia,actionshavebeenadvancedinrelationtotheformingofhumanresources
andinstrengtheningthestrategiestoconsolidaterelationsbetweenuniversity-company-statethrough
policiesandincentives.

CoNCLUSIoN

Currentapproachestosmartcitiesarevaried,mostofwhichfocusonareasofapplicationliketargeting
theexpectedimpact,andothersfocusingontheaspectsofinformationtechnologyasanenablingfactor
fortheseinitiatives.Basedontheproposedconceptualmodel,itispossibletogenerateaddedvalue
fromthegovernanceandITmanagementapproachofthecities,takingintoaccounttechnological
andoperationalcapacitiesandstrategicandinnovationcapacitiesinordertounderstandtheroleof
technologiesinthedevelopmentofsmartcitiesfromaholisticandsystematicperspective.Likewise,
themodelcanbecomeanevaluationtooltoguidedecisionmakingfromtheassessmentofkeyareas
andcriticalvariablesproposed.

WiththeadvanceandemergenceofnewtrendsinthefieldofIT(bigdata,cloudcomputing,open
data),thesecanincreasinglyofferbetterandgreaterfacilitiestocities,toinnovateintheprovision
ofservicesandestablishnewdynamicsbetweencitizensandgovernments.Thus,amodelofasmart
citymustbeflexible,dynamicandinnovativeinsuchawaythattechnologybecomesameanand
nottheendofthem.

In applying the model, it is expected that certain capacities will be developed: increased
organizationalcapacity,useofinformationasastrategicasset,improvedaccesstodataandinformation,
institutionalizationofdatamanagement,informationandknowledge,promotionofacultureofdigital
accessandinnovationthroughinformationtechnologyincities.Thesecapacitieswillconsolidatethe
constructionofsmartcitiesespeciallyindevelopingcountries,whichhavemorelimitedcapabilities
fromthetechnologicalpointofview.

Forfutureworks,itisexpectedtodefineevaluationmechanismsasmaturitymodels,indexes
orrankings,basedonthearchitectureof theproposedmodel.Thiswillallowthe instruments to
diagnose,planandevaluatetheadvancesofITmanagementcapabilities,allowingcitiestofavor
initiativesorprojectsofsmartcities.
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