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Abstract: The goal of this research is to design a framework to develop an information technol-
ogy (IT) maturity model to guide the planning, design, and implementation of smart city services.
The objectives of the proposed model are to define qualitatively and measure quantitatively the ma-
turity levels for the IT dimensions used by smart cities (IT governance, IT services, data management
and infrastructure), and to develop an implementation model that is practical and contextualized
to the needs of any territory that wants to create or improve smart city services. The proposed
framework consists of three components: a conceptual model of smart city services, IT dimensions
and indicators, and IT maturity levels. The framework was validated by applying it to a case study
for the evaluation of the IT maturity levels for the city of Cereté, Colombia.

Keywords: smart cities; information technology models of maturity; technology management;
emergent technologies

1. Introduction

The introduction should briefly place the study in a broad context and highlight why
the percentage of the world’s population living in urban areas will increase to 60% by
2030 and around 70% by 2050 (United Nations, 2018), with repercussions on society, the
economy and the environment. Because of the above, it is essential that governments
promote the use of new information technologies to improve the quality of life of citizens.

In Colombia, 75% of the population lives in urban centers, and it is estimated that
this proportion will increase to 85% by 2050. This indicates that approximately 20 million
people will arrive in cities, with housing, transportation, services public for social services,
among others (Department National Planning, 2014).

For this reason, the Colombian government must promote sustainable practices for
the country, ensure that cities are more productive and intelligent, in order to improve
the quality of life of citizens, care for the environment and allow connectivity in all cities.
Information technologies are the fundamental pillar for the success of smart cities, as they
make governments and private entities more transparent, improve the efficiency of urban
goods and services, and that citizens interact with the city, thus improving the quality of
life and smarter decision-making [1].

The issue of smart cities is evolving in Colombia and there are significant advances
based on the public policy of the intelligent cities and territories system of the Ministry of
ICT [2], but most Colombian cities lack a defined roadmap, which would serve as a guide
for the implementation of smart city initiatives. Therefore, it takes a great deal of effort for
Colombia’s local governments to align the way with the macro trends that are imposed in
the smart cities that exist in the world today.

This research work aims to design a framework to develop a model of maturity of
Information Technologies (IT) that can be applied in smart city initiatives in Colombia,
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which will allow the determination of the level of technological development in the fol-
lowing IT dimensions: IT government, IT services, data management, and technological
infrastructure.

The intention with the proposed model is that it is practical and contextualized and
can be implemented in any city that wants to transform into a smart city or for those that
already are but want to improve their level of IT maturity. The proposed IT maturity
framework will improve the identification of the current level of maturity of IT for the cities
under study. Those cases will serve to establish a smart services implementation roadmap.
Adopting maturity levels will align IT investments in local development plans.

Then, in Section 2: State of the Art, a systematic review of literature on smart cities is
presented, identifying reference standards, conceptual models and architecture, measure-
ment indicators and maturity for IT. Part III Description of the IT Maturity Framework
defines the information technology maturity model that guides the planning, design,
and implementation of services applied to smart cities. Part IV Application Methodology
describes the steps to apply the proposed framework to the case study in the city of Cereté,
Coérdoba (Colombia). Finally, Part V Results and Conclusions show the results, conclusions
and recommendations for the adoption of the framework.

2. State of the Art
2.1. Definition of Smart Cities

The transformation of urban centers has become one of the key challenges in the
development of cities, the articulation between the strategic objectives of the cities and
the demand for services by citizens gives rise to the creation of new communication
and communication environments interaction, primarily virtual and digital. The fund is
to improve and develop new organizational, technological, and operational capabilities.
In this way, it seeks to provide fast, reliable, safe, portable services, disruptive technologies
such as big data, IoT, machine learning, artificial intelligence, cloud computing, virtual
platforms, mobile applications and high-speed networks in all their formats play a key
role. They facilitate citizen to developed transactions with the digital city, giving rise to
type interactions (Ci2Co cities to costumer), the universal interface or the delivery channel
for the citizen must reflect in digital or virtual format, which can be accessed with any
personal device (phone, tablet, PC, hybrid, etc.). This implies that the public management
bodies of the cities integrate emerging technologies and disruptive models to manage
different government areas, such as public transport, public services, urban security, health
controls, budgets and monitoring, monitoring of pandemics or endemics, such as is the
case with COVID-19. All these scenarios lead to tackling strategies to accelerate digital
transformation processes, as described in other works [3]. This rapid transformation of
urban centers, driven by the different political, economic, cultural, social dimensions,
spatial planning, can configure a highly interconnected digital space to provide services
from the context of the city to its citizens.

In the work of [4], the concern that exists in the economic world regarding the devel-
opments of smart cities is also exposed. In this work, the economic approach is addressed,
focusing on specific theories of economic development, laying the foundations of the
so-called circular economy. Likewise, the areas of health and mobility once again play a
key role in the development of smart cities.

2.2. Smart City Conceptual Model

The concept of smart cities has become important in the last decade because it allows
the improvement of the quality of life of citizens, makes intensive use of information
technologies, facilitates intelligent decision-making in real time, increases competitiveness,
economic growth and complies with the principles of sustainable development. In recent
decades, population growth has progressively increased, and cities have become key in
socio-economic development by concentrating population and economic activity in urban
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centers. According to the estimated United Nations report, approximately 70% of the
world’s population will live in cities by 2050 [5].

A smart city integrates information and communication technology with physical,
digital and human systems to ensure a sustainable and prosperous future for citizens. It
can improve the quality of life of its inhabitants in many areas, such as smart home, smart
healthcare, transportation and the smart community [6].

The smart city’s objectives are to improve the efficiency of the cities of the future and
the quality of life of their inhabitants, to promote the socio-economic development of cities,
not only by making use of new technological applications but also by making existing
processes smarter [7].

With the application of information and communication technologies (ICTs), smart
cities are more efficient in their use of physical infrastructure and resources and learn and
adapt efficiently to any type of change and participate with citizens in local government [8].

The realm of smart cities is probably where the Internet of things (IoT) has been most
forcefully applied so far because what surrounds us has to be connected and, at the same
time, interconnected with each other.

IoT describes a world where everyday objects are always connected to the Internet,
allowing them to communicate and interact with each other. By connecting these everyday
objects to the Internet and making them available anywhere at any time, IoT allows
you to remotely monitor, manage, and collect status information about them and their
environment [9].

A smart city is one that undertakes initiatives in at least one or more of the following six
features: smart mobility, smart governance, smart economy, smart people, smart Living and
Smart Environment. This classification is well known and used by many researchers [10].

Additionally, according [11] present a holistic approach for the conceptualization of a
smart city, where is key to consider the components, technological, management, and policy
components. In some cases, the cities are considered as smart. However, the important
thing is to distinguish between the degree and the nature of intelligence, rather than a
dichotomy between “being intelligent” or “not being intelligent”. Intelligence should be
seen as a continuum in which local government officials, citizens, and other stakeholders
could think and implement initiatives that try to make a city smarter: “a better place to
live and work. [12] presents a brief description of smart cities, followed by the features,
generic architecture, composition and real-world implementations of smart cities among
the various concepts that use ICT in urban environments, for example, digital city, green
city, sustainable city, smart city, etc.

In the work of [13], discussed information technology as a fundamental and transversal
element in the development of smart cities, to generate added value to the sectors of a
smart city and its economy, environment, education, mobility, etc. Colombian cities do not
have valuation models on technology management capabilities, so the proposed model is
an instrument for the implementation of smart city initiatives.

2.3. IT Maturity Frameworks

A maturity model is a tool that has proven valuable in measuring different aspects of
a process or organization. It represents a path to an increasingly organized and systematic
way of doing business in organizations. A maturity model consists of several “maturity
levels”. The number of levels may vary, depending on the domain and concerns that
motivate the model [14].

The maturity model represents the level of effectiveness and efficiency of the organi-
zation. Measuring maturity is a concept used to make measurements in your organization
toward an organization process or activity. Among the recognized models, we can cite:
CMMI, OPM3, etc., [15].

The goal of CMMlL is to provide guidance to improve the organization’s processes to
manage the development, acquisition, and maintenance of products or services. There
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are six capacity levels, designated by numbers 0 through 5 from lowest to highest (see
Table 1). [16].

Table 1. Maturity levels.

Maturity Level Description
Level 0 Incomplete
Level 1 Performed
Level 2 Managed
Level 3 Defined
Level 4 Quantitatively Managed
Level 5 Optimized

Source: based on the published information of [16].

Using a maturity model can help a government or organization achieve its goals suc-
cessfully, efficiently, and systematically during efforts, such as strategy and operations [17].

Maturity models are used to help assess the level of maturity of the smart cities and
determine the critical capabilities that should to developed for consolidated the goods and
services digitals [15].

Maturity models for smart cities are defined to help city leaders assess the current
state of the city and provide guidance for its evolution. Among the different maturity
models existing in the domain of smart cities, there is the maturity model for measuring
and comparing inequality in Brazilian cities (Br-SCMM) and a smart city maturity model
developed by Sustainability Outlook (SO SCMM) [18].

The IDC model better identifies the stages, key measures results, and actions required
for cities to effectively move through the stages and progress towards the long-term goal
of becoming a smart city (see Table 2).

Table 2. Smart cities maturity levels.

Level Maturity Description
Level 1 A smart city strategy or policy only
In addition to Level 1, a project plan or project vision, but
Level 2 . . . .
there is no pilot or implementation
Level 3 In addition to Level 2, smart city initiative pilots
Level 4 A smart city with at least one smart city initiative fully

launched or implemented

Source: based on the published information of [19].

Other models toward intelligent maturity in a city are the IDC government insight,
smart city governance maturity framework, IBM intelligent transportation assessment,
smart city readiness and Garuda smart city models (GSCM)—(see Table 3) and [15,20].

The Scottish smart city maturity model, an intelligent city framework adapted from
the IDC model and the PAS 181 British Standard Institution, can be used as a reference to
determine the concept and direction of the implementation of a smart city. It identifies and
measures the existing condition of a city to map the city’s capabilities (see Table 4) and [21].
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Table 3. IDC maturity levels.

Level 2: Level 3: Level 4:
Level 1: Ad-Hoc L . Purposeful & L Level 5: Optimised
Opportunistic Operationalised
Repeteable
City .
Management Siloed System. System integration = Managed system Sl:ustamable and opeﬂn
collaboration System of System
Status
Operation - Strategy led. and Technology and
. Holistic system outcome driven. . .
focused digital e data enabled Continuously adaptive
. > thinking and Enabled by . . A ,,
Smart City Status ~ and date driven . . dynamic sense city-wide “smart
. emergent sharing system-wide
service and response deployment
. of data technology
improvement . systems
investment
Improved
. Cross boundary Share.c.l prediction, City-wide open “system
Capturing . accountability for . ”
. partnerships " prevention and of systems” approach
Effect on evidence and . outcomes and joint . N .
e emerging to focus . real-time drives innovation that
Outcomes building system-wide . .
. on shared out : response delivers enhances city
business case investment . i
comes improved competitiveness
programme outcomes
Source: based on the published information of [20].
Table 4. Dimension maturity IDC.
Concept Outline

Strategic Intent

Successful smart cities have a strategic roadmap on how investment in data and digital
technologies enable service reform and partner collaboration. An effective strategy focuses on
delivering improved outcomes aligned to the city’s strategic priorities

Data

Successful smart cities make effective use of their data assets to secure better outcomes. They
invest in system-wide data capture, integration and analytics capabilities. Open data underpins
their commitment to transparency and innovation

Technology

Successful smart cities invest in open, flexible, integrated and scalable ICT architectures that
enable accelerated service innovation, such as the provision of automated and real time
dynamic response capabilities

Governance and Service
Delivery Models

Successful smart cities adapt the traditional organizational model of delivery to realize the
opportunities of data and digital technologies. They invest in system-wide partnership models
focused on shared outcomes

Stakeholder Engagement

Successful smart cities make the best use of data and digital technologies to invest in enhanced
openness and transparency. Stakeholder engagement and stakeholder ownership of service
reform is central within a smart city. Smart cities are proactive in improving take up of digital
services while supporting the digitally excluded

Source: based on the published information of [21].

As It shows [22], that smart cities are based on autonomous and distributed infras-

tructure that includes a heterogeneous intelligent information processing and control
network infrastructure and ubiquitous detection involving millions of sources of informa-
tion. The paper mentions that due to the continued growth in data volume and the number
of IoT devices connected, problems such as high latency, bandwidth bottlenecks, security,
privacy, and scalability occur.

In [13], describes how the smart city’s ICT adoption maturity model (SCIAMM) defines

5 domains (e-government strategy, public innovation, data, infrastructure and services),
15 key domain areas (KDA), and 48 critical variables (CVs). This model was applied in
Colombia, using public data from the Ministry of ICT (MinTIC) for Colombia’s seven
largest cities, and presented results such as the strong correlation between the presence of
national programs and the improvement of local KDA.
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3. Proposed Framework for Developing an IT Maturity Model for Smart City Services
in Emerging Economics

The framework proposed to develop an IT maturity model for smart city services,
consists of three components Figure 1, a conceptual model of smart city service, IT dimen-
sions, indicators and IT maturity levels. The framework components are designed to be
adopted in a practical and contextualized way for the implementation of smart city services.
The framework components are described below.

/Smart City Service Model

Sustainable Environment

Quality of Citizen Life

\

Economics Opportunity

1!

Inclusive Government

[

IT Dimensions and Indicators ( IT Maturity Levels\
« Planning
« Execution

+ Innovation Level1 -
+ Auditing and Monitoring Integrated
Citizen Satisfaction [0..1)

+ Functionality

« Usability

« Scalability

+ Portability

« Interoperability

Level 2
Analytically

- Validity Managed
« Descriptive Analytical Indicators [1..2)

+ Predictive Analytical Indicators

+ Prescriptive Analytical Indicators
« Confidentiality

Level3 -
+ Availability Opt‘:mized

* Reliability Automated

« Security
+ Maintainability [2..3)
+ Coverage

Figure 1. Proposed IT maturity framework for smart city services.

3.1. Conceptual Model Smart City Services

The proposed maturity framework considers a city to be smart if it has at least one
information technology initiative, impacting one of the areas of service in the area of citizen
quality of life, and is integrated into other services in the following four areas of the city:
opportunity economy, infrastructure, including government and sustainable environment.

3.1.1. Quality of Citizen Life

It aims to increase the quality of life of the people who are part of the city. It is aimed
at enhancing the social and human capital of the city and promoting collective intelligence.
It includes the following service areas: health, education, housing, security, culture and
recreation.

3.1.2. Sustainable Environment

It is focused on the efficient and sustainable management of the city’s resources: renew-
able water and energy resources, urban planning and green areas, and waste management.

3.1.3. Economics Opportunity

It focuses on the economic and competitive development of the city based on informa-
tion technologies: employment and entrepreneurship, industry and commerce, and the
innovation ecosystem.
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3.1.4. Infrastructure

It aims to improve the provision of public services, mobility and transport, and acces-
sibility to information technology: utility infrastructure, road and transport infrastructure,
and information technology infrastructure.

3.1.5. Inclusive Government

It is directed towards an open and transparent government, which relies on technology
to achieve quality and efficiency in the services it offers to its citizens. It includes the
following service areas: strategic planning, transparent and online governance, and social
collaboration.

3.2. IT Dimensions and Indicators

Table 5 describes the four information technology dimensions considered (government
and IT management, IT services, data management, and technological infrastructure) and
the corresponding indicators to assess their maturity level based on the selection of ITIL
model factors that were improved and adopted for the proposed framework.

In the proposed conceptual model, IT dimensions are based on industry standards,
using a layer model similar to TOGAF but well defined and associating the most important
indicators of the ITIL and COBIT standards.

Table 5. Indicators for IT smart cities” dimensions.

IT Dimensions Indicators
Government and IT Management : Eir;ﬂ?fn
It includes IT investments, their objectives, the .
scope of the strategy, value and competitive *  Innovation
advaljlta es for citizen’s regulation and policies  * Auditing and Monitoring
& ) b e  (itizen Satisfaction
e  Functionality
IT Services *  Usability
Services implementing the goals to be achieved ~ * Scalability
P sHhes e  Portability
e Interoperability
e  Validity
Data Management e Descriptive Analytical Indicators
Data capture, integration and analytical e  Predictive Analytical Indicators
applications e  Prescriptive Analytical Indicators
o  Confidentiality
e  Availability
Technological Infrastructure e  Reliability
Software, hardware and networking ° Security
architecture to support intelligent services e  Maintainability
e  Coverage
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IT DIMENSIONES

Government and IT
Management

Data Management

3.3. IT Maturity Model

The IT maturity model consists of three maturity levels: (Figure 2).

Level 1:

Integrated ‘

[01)

Intelligent service exhibits
integrated Level 1if IT
dimension indicators are in
range [0 1)

Level 2:

Analytical Managed

(1-2)

Intelligent service exhibits
analitically managed Level 2 if
IT dimension indicators are in
the range [12)

Level 3:

Automated Optimized

(23]

Intelligent service exhibits
automated optimized level 3 if
IT dimension indicators are in
range [2 3]

Governance and IT Management Indicators

Technology
Infrastructure
e

) ) ) )
O/ & O/ /
IT Services Indicators N
\ | | |\
Data Management Indicators
N ) N )\
&/ N\ &/ U/ &/
Infrastructure Technology Indicators
) ) N N I\
W W \ 4 &/ &/

Figure 2. Quantitative model levels of maturity for dimensions TI.

3.3.1. Level 1 Integrated

When information is collected stored, integrated and available for use by smart
services. Intelligent service exhibits integrated level 1 if IT dimension indicators are in the
range of [0 1].

3.3.2. Level 2 Analytically Managed

When descriptive, predictive, prescriptive analytics can be managed and applied to
generate smart dashboards for decision making. Intelligent service exhibits analytically
managed level 2 if IT dimension indicators are in the range of [1 2].

3.3.3. Level 3 Optimized Automated

In addition to having information integrated and managed analytically, it can be
automated by applying artificial intelligence with the aim of improving decision-making,
efficiency and the efficiency of systems. Intelligent service exhibits automated optimized
level 3 if IT dimension indicators are in the range of [2 3].

3.4. Information Architecture

The information architecture supports IT dimensions and consist of three platforms
(Figure 3).
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Data

Management
Descriptive
Analytical,
Predictive,

Prescriptive,
Confidentiality
Validity
Indicators

—

—

Government and IT Management
Planning, Execution, Innovation, Auditing and
Monitoring Citizen Satisfaction

PLATFORM OPTIMIZATION/AUTOMATION

Artificial Intelligence
(Unsupervised Machine Learning,
Self-driven monitoring)

PLATAFORMA GESTION ANALITICA

Prescriptive Analytics
(Business Rules Engines)

Functionality,
Usability, Scalability,
Portability,

Predictive An
- Vs OW“ Interoperability

(Supervtsed Machine Learning)

Doscrlpﬂ\n Analytics
\ (Buslnoss Intelligence Dashboards)

= =

IT Services
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Databases, Data Warehouse, Big Data,
Internet of Things, Sensors, Cameras, Smart

Phones, Computers

Technological Infrastructure
Reliability, Security (Blockchain),
Maintainability, Coverage, Availability

Figure 3. Information architecture.

3.4.1. Integration Platform

Data sources of the different information tools such as big data (Hadoop), data ware-
houses, databases, internet of things, sensors, cameras, smart phones, computers.

3.4.2. Analytical Management Platform

Built-in data to generate decision boards using descriptive, predictive, and prescriptive
analytics tools.

3.4.3. Optimization and Automation Platform

Utilizes tools for optimization and automation and real-time decision-making. Includes
artificial intelligence and machine learning tools for real-time decision making.

3.5. Special Features of This Proposed Framework (Advantages and Challenges)

Generate value: It provides strategic value for all stakeholders (city governance actors,
those responsible for city management and citizens in general), facilitates public policy
decision-making and allows the development of strategies to consolidate a smart city.

Holistic approach: A framework that assesses the structural components of the smart
city system, taking into account its components that work together in a holistic way.

A dynamic framework: This means that each time one or more design factors are
changed (for example, a change in strategy or technology), the impact of these changes in
the framework must be considered, through a dynamic vision aligned with the objectives
and strategies of the city and its digital transformation processes.

An adaptable framework: This means that it can cover end-to-end governance, man-
agement and measure the level of growth of the smart city, focusing not only on the
technological aspects, but also on the related dimensions (for example, economic, social,
cultural, environmental, and politics) in order to achieve the objectives of the smart city
and contribute to the urban digital transformation.
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3.6. Comparing with Other Standards

Many of the criteria proposed for governance and management of smart cities only
remain in the definition of dimensions and indicators, for this it is valid to bring up what
is proposed in [23]. With the comparison of smart city standards, implementation and
cluster models of Cities in North America and Europe, they say that the city managers
need indicators for target setting, performance assessment, monitoring, management,
and decision-making purposes. The choice of the most suitable indicator framework is
crucial but difficult, as it requires expert knowledge. This paper compares seven recently
published indicator standards for smart, sustainable cities.

However, one of the aspects to improve in the different frameworks, lies in finding a
holistic version that goes from the strategic component until the operational component,
guaranteeing the delivery services for the citizen in a digital environment.

4. Application Methodology

For each case study, the five steps of the framework methodology for the IT maturity
model were applied and they are described in Table 6: (1) select smart city services for
the quality of life; (2) determine the importance of each IT dimension; (3) determine the
magnitude of each indicator; (4) determine the maturity index of each IT dimension, using
an optimization application on Python language.

Table 6. Application steps framework methodology.

Steps to Apply the Framework Description
Identify smart city services in the city development plan.
1. Select smart city service for The service must have an IT component to be an
service areas of citizen quality evaluation candidate. In addition, the service must
of life impact one of the service areas of the area of quality of

citizen life: health, education, housing, security, culture
and recreation

2a. Determine the importance of each IT dimension (IT
governance and management, IT Services, data
management, technology infrastructure)

2. Determining the importance of
each IT dimension and each

indicator 2b. Determine the importance of each indicator
Assign the level of maturity for each indicator, using the
following scale of possible values according to maturity
levels:
3. Determine the level of maturity Level 1: Integrated [0 1] if intelligent service information
of each indicator is integrated;

Level 2: Analytically Managed [1 2] if smart service
information has smart dashboards with analytics;
Level 3: Optimized /Automated [2 3] if the information
is optimized and automated for decision making.

Determine the index of maturity for each IT dimension
SUMPRODUCT ((importance IT indicator) X
(magnitude indicators IT dimension))

4. Determine the maturity index of
each IT dimension

Use maturity for each IT dimension to solve
5. Optimization optimization problems by making investment decisions
in smart services.

5. Results

To validate the framework, the 20202023 development plan for the city of Cereté, an
agro-industrial city located in Cordoba (Colombia).

A total of 12 smart city services were identified and classified according to the service
areas defined for the quality of life (Table 7).
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Table 7. Step 1: Select smart city services.

Quality of Life

Smart City Service

Description Development Plan (2020-2023)

Health

Actions to inspect and monitor acute respiratory
infections and COVID-19 by health care
providers by 100%

Accessibility to health services with Increase access to COVID-19 transmission prevention

opportunity and integrality for Cordoba  services by 100% of the population through information

and mass communication days

Updating the system for registering information for
persons with disabilities and crossing databases

Education

Cordoning learning environments with new
information technologies

Educational coverage with equity for the Implement a monitoring and monitoring program to the

Welfare of the Cordobeses management of the education sector

Implement literacy program for out-of-school
youth and adults

Security

Security, legality and itizen cohabitation

Install security cameras in the suburbs of
Cereté municipality

Provide the central police command and rural IADs
with telecommunications equipment

Increase community alarms triggered in neighborhoods
and articulated with neighborhood quadrants and
community leaders

Housing

Establish educational projects for the promotion,
dissemination and training in disaster
prevention and care

Produce preserving and preserving
producing

Culture and Recreation

Creation and access to education Recreational parks and improved sports venues

Leaders in the area of information technology assigned importance values to each of
the IT dimensions, asking comparison questions and using values from 1 to 9 as shown in
Table 8, based on the ranking of AHP analytical hierarchical process [24], where 1 represents
equal importance and 3, 5, 7, 9 represent levels of more importance and 1/3,1/5,1/7,1/9
levels of less importance.

Using the analytical hierarchical process (AHP) method the importance of each IT
dimension is calculated in two steps. Step 2a (Table 8) shows the pairwise comparison of
IT dimensions and the value assigned for the Cereté stakeholders.

Step 2b (Table 9) shows how the comparison values are normalized (converted to
percentage values between 0 and 1) and then calculate the importance of each IT dimension
as the average, as presented in the Table 10. The important value obtained for each IT
dimension was as follows: governance and IT management (12%), IT services (48%), data
management (15%), infrastructure technology (25%). It can be concluded that, for the
Cereté case study stakeholders, the most important dimension is IT services with 48%
importance. The least important dimension was 12% governance and IT management.
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Table 8. Step 2a: Determine the importance of the IT dimensions.

IT Dimension
Pair-Wise Comparison

Level of Importance
Assigned

IT Services VS. Government and IT Management 5—More Important

IT Services vs. Data Management 7—More Important

IT Services vs. Infrastructure 1—Equal Important

Data Management VS. Government and IT Management 3—More Important
Data Management vs. IT Services 1/7—Less Importance
Data Management VS. Infrastructure 1—Equal Importance
Infrastructure VS. Government and IT Management 1—Equal Importance
Infrastructure vs. IT Services 1—Equal Importance
Infrastructure VvS. Data Management 1—Equal Importance
Government and IT Management VS. IT Services 1/5—Less Importance
Government and IT Management vs. Data Management 1/3—Less Importance
Government and IT Management vs. Infrastructure 1—Equal Importance

Similarly, Cereté mayoral information technology leaders assigned comparison values

for the indicators of each IT dimension, which allowed the percentages of importance of
each indicator to be calculated using AHP, as shown in Table 10.

The most important indicators for each IT dimension are governance and IT manage-

ment the most important indicator is planning with 40%. In IT services, the most important
indicator is functionality at 53%. In data management, the most important indicator is
validity at 60%. In technological infrastructure, the most important indicator is availability

at 41%.
In the proposed framework, the indicator is the level of granularity to determine the

maturity of each IT dimension. Therefore, each indicator is evaluated by the information
technology leaders of the city of Cereté, assigning values between [0 3] to represent the

maturity state of the indicator in each service area.

Table 9. Step 2b: Apply AHP to determine % importance.

AHP C(.)mparison of Government and IT Services Data Infrastructure
IT Dimensions IT Management Management
Go‘ﬁzr;:ge;;:rrf = 1.00 0.20 0.33 1.00
IT Services 5.00 1.00 7.00 1.00
Data Management 3.00 0.14 1.00 1.00
Infrastructure 1.00 1.00 1.00 1.00
AI_;,I; CD??E:;LS):; of CI;"I(’) ‘;ZTIT;:‘I;ZE? IT Services Man]z;:rlnent Infrastructure % Importance
Go‘l’\f’lgr:;‘;gf 1T 0.10 0.09 0.04 025 0.12
IT Services 0.50 0.43 0.75 0.25 0.48
Data Management 0.30 0.06 0.11 0.25 0.18
Infrastructure 0.10 0.43 0.11 0.25 0.22
Total 1.00 1.00 1.00 1.00 1.00
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Table 10. Step 2c: Determine importance of indicators.

IT Dimension % Importance Indicator % Importance
Planning 0.40
Government and IT Execution 0-27
Management 0.12 Innovation 0.17
Auditing and Monitoring 0.11
Citizen Satisfaction 0.05
Functionality 0.53
Usability 0.24
IT Services 0.48 Scalability 011
Portability 0.07
Interoperability 0.05
Validity 0.60
Descriptive Analytics Indicators 0.14
Data Management 0.15 Predictive Analytic Indicators 0.10
Prescriptive Analytics Indicators 0.11
Confidentiality 0.05
Availability 0.41
Reliability 0.27
Infrastructure 0.25 Security 0.20
Maintainability 0.06
Coverage 0.05

The results for each indicator evaluated by service area are presented in Table 11. For
example, for the planning indicator, it was evaluated at what level the indicator is in the
area of health services (0.5), education (1.5) and so on.

Table 12 presents the maturity indices for each IT dimension, calculated considering
the level of importance of each indicator and the maturity values assigned to each indicator.
The total maturity levels for each smart services area is calculated by considering the
weighted average maturity levels of each dimension of the service areas multiplied by the
importance of each dimension.

The housing area is the least developed in terms of data integration and project
availability (0.19). The areas of education and health services have the highest maturity rate
(1.63 and 1.60, respectively) which means that these areas are managed analytically with
indicators for decision-making and certain levels of predictive and prescriptive analytics.
The areas of security, culture and recreation have an average integrated level (0.5 and 0.49),
indicating a certain level of data and information integration.
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Table 11. Step 2c: Determine the level of maturity for each indicator.

Culture and

Dimension IT Indicator Health Education Housing Segurity Recreation
Planning 0.5 15 0.0 0.5 0.3
Execution 1.5 1.7 0.3 0.5 0.5
Government and IT Innovation 15 1.5 0.3 0.5 0.5
Management o
Auditing and 15 15 0.3 0.5 0.5
Monitoring
Citizen Satisfaction 1.5 1.7 0.3 0.3 0.5
Functionality 1.7 1.7 0.0 0.5 0.5
Usability 1.7 1.7 0.0 0.5 0.5
IT Services -
Scalability 15 1.3 0.0 0.3 0.5
Portability 1.5 1.5 0.0 0.3 0.5
Interoperability 2.0 1.5 0.0 0.3 0.5
Validity 1.7 1.7 0.3 0.7 0.5
Descriptive Analytic 15 15 0.3 0.7 0.5
Indicators.
Predictive Analytic
Data Management I it 15 15 0.3 0.7 0.5
Prescrlpt.lve Analytic 15 15 03 0.7 05
Indicators.
Confidentiality 1.7 1.7 0.3 0.7 0.5
Availability 1.7 1.7 0.5 0.5 0.5
Reliability 1.7 1.7 0.5 0.5 0.5
Infrastructure Security 15 15 05 0.5 05
Maintainability 1.5 1.5 0.5 0.5 0.5
Coverage 1.7 1.7 0.5 0.3 0.5
Table 12. Determine the level of maturity for each IT dimension.
Importance 0.12 0.48 0.18 0.22 Index Total
Area of Ser- Maturity Index . Maturity Maturity o
. . Government Maturity Index Quantitative pgs
vices/Maturity . Index Data Index Infras- Qualitative Value
and IT IT Service Value
Index Management tructure
Management
Health 1.10 1.68 1.63 1.65 1.60 Level 2—Analytics
Managed Service
Education 1.56 1.86 1.82 1.71 1.79 Level 2—Analytics
Managed Service
Housing 0.18 0.18 0.10 0.05 0.14 Level 1—Integrated
Service
Security 0.49 0.55 0.54 0.49 0.53 Level I—Integrated
Service
Culture & 0.42 0.56 0.55 0.52 0.54 Level 1—Integrated
Recreation Service

Finally, step 5 uses the maturity levels of each IT dimension to optimize the invest-
ments in smart services projects. Table 13 describes the optimization for the 12 projects
considered, the costs, the maturity index for each dimension. A linear programming opti-
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mization was executed, as decision variable Xi representing if a project will be selected or
not to satisfy the objective function, (see Equation (1)):

Objective Function = [Xi] x [Government Maturity Index and IT Management + Maturity Index IT
Services + Maturity Index Data M t + Infrastructure Maturity Ind @
y Index Data Management + Infrastructure Maturity Index].

The results of optimizing the objective function using the Solver tool in Microsoft
Excel, with the following restrictions: a budget [Cost] x [Xi] maximum of 5055 million of
COP (Colombia Pesos) and at least one project selected for each service area.

The result of the optimization is to select the following project investments P1, P4, P6.
P9, and P11. These are the projects that satisfy the budget constraints and maximize the
objective function based on the index of maturity IT.

The decision variable X[i] = P1, P4, P6, P9, P11, represents the project in the portfolio
of smart city services for Cereté that will satisfy the budget and maximization of index of
maturity constraint.

The projects with X[i] = P2, P3, P5, P7, P§, P10, P12 do not satisfy the budget constraints
and maximization of the maturity model in the linear programming optimization model.

Table 13. Step 5-Optimization.

Area ) Xi = Decision Maturity Index =~ Maturity Maturity Maturity Objective )
Service Project Cost Val..rlable to Select Government IT Inde)f IT Index Data Index In- Function Cost * Xi
Project Investment Management Service Management  frastructure
P1 1876 1 1.10 1.68 1.63 1.65 6.06 1876
Health P2 2580 0 1.10 1.68 1.63 1.65 2.66 1134
P3 54 0 1.10 1.68 1.63 1.65 0.00 0
P4 500 1 3.00 3.00 3.00 3.00 12.00 500
Education P5 400 0 1.56 1.86 1.82 171 0.00 0
P6 215 1 1.56 1.86 1.82 171 6.96 215
Housing pP7 430 0 0.18 0.18 0.10 0.05 0.00 0
P8 220 0 0.49 0.55 0.54 0.49 0.00 0
Security P9 200 1 0.49 0.55 0.54 0.49 1.19 115
P10 130 0 0.49 0.55 0.54 0.49 0.88 55
Culture & P11 1161 1 0.42 0.56 0.55 0.52 2.06 1161
Recreation 15 497 0 0.42 0.56 0.55 0.52 0.00 0
Original MAX Optimized
Cost 32 Cost
8263 5055

6. Conclusions

The design of the IT maturity framework and the methodology of application to case
studies are based on the revision of smart city models and the revision of IT maturity
frameworks in the literature. The smart city model review considered service areas or areas,
structural components, mediation variables, and actors. The IT maturity framework review
considered IT dimensions, measurement, and IT indicators and application methodologies.

A framework was designed to develop an information technology maturity (IT) model,
which allows the determination of the level of technological development in the following
four IT dimensions: government and IT management, IT services, data management,
technological infrastructure.

The IT maturity model was applied to the analysis of smart service initiatives in the
city’s 2020-2023 development plan case study (Cereté, Cérdoba, Colombia), demonstrated
its applicability to measure quantitative and qualitative the level of IT maturity for each
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of the service areas of the quality of life of a smart city: health, education, safety, housing,
recreation and culture.

The proposed model is practical and contextualized and can be implemented in any
city that wants to transform into a smart city or for those that already are but want to
improve their level of IT maturity.

The proposed IT maturity model is flexible and recommended to be adjusted with
different levels of granularity, not only by intelligent services, by service areas, by smart
city areas, but you can also determine the overall level of IT maturity for cities case study.

The proposed IT maturity model is also scalable and is recommended to fit the
particularities of each smart city to define more or less IT dimensions, indicators, service
areas, and city scopes.

The maturity indices found for each service area allow you to use the model to
optimize investments in smart services. We recommend that you use linear programming-
based models that aim to maximize the maturity rate of IT dimensions by intelligent service
area, while meeting the budget constraints targeted in the development plan for these
service areas.

Finally, the application of the IT maturity model to case studies has received positive
feedback from the different leaders of the Cereté Mayoral Government. It is recommended
to use the IT maturity framework and model to the intelligent territories and cities assess-
ment implemented by the Ministry of Information and Communications Technologies,
to have a quantitative and more reliable assessment of the maturity levels of each IT
dimension.
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