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Abstract
The extreme levels of intensity with which people live in large urban centers began
to affect the productivity and quality of life of cities and their inhabitants, some of which
have reached extremes close to collapse, as is the case of traffic congestion in the main
cities of the world. On the other hand, from digital innovation and economic
development, it is necessary to provide intelligent solutions to current problems,
promoting the entrepreneurial ecosystem and the collaborative economy. Each
government should administer, manage and update information from each region, and
distribute it in the most convenient way to each company or agency that is part of a smart
city. To achieve smart cities, we must train digital citizens and take into account the
accessibility conditions provided by technology. For this, the implementation of Internet
of Things (IoT) at all possible levels is of the utmost importance. From these points of
view, mobility has become a central issue of urban development. Its relationship with
sustainability issues and its ability to generate competitiveness and quality of life, puts us
before the need to rethink its future. These are certain considerations to include in
possible models of quality that allow to study the degree of intelligence of the cities.
When talking about indicators or metrics, it begins to pose a problem of being able to
generalize / extend each of these measures. In this line of research, a board of metrics and
indicators has been defined that are applicable to an ad hoc quality model whose objective
is to study the degree of intelligence of cities.
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1 Introduction
Large cities have become urban centers with extreme levels of intensity, both for those who inhabit
them and for those who live daily during working hours. This problem began to affect the productivity
and quality of life of cities and inhabitants, some of which have reached extremes close to collapse, as
is the case of traffic congestion in the main cities of the world. On the other hand, from digital innovation
and economic development, it is necessary to provide intelligent solutions to current problems,
promoting the entrepreneurial ecosystem and the collaborative economy for the development of publicprivate projects. An important issue to consider is that each government should administer, manage and
update the data/information coming from each region/city/country, and distribute it in the most
convenient way to each company or public or private organization that is part of a smart city. From
another perspective, to achieve Smart Cities, we must form digital citizens and take into account the
accessibility conditions provided by technology, the generation of collaborative tools designed and
thought so that citizens work together with the government to resolve issues of security and prevention,
augmented reality, robotics, nanotechnology, the idea of a more personalized future through 3D
manufacturing and the contribution of advanced innovations by each member of worldwide societies
that will allow contributions in terms of health, energy generation, etc. To this end, it is extremely
important to implement the Internet of Things at all possible levels, to see a real transformation, both
in business development and in everyday life, and its consequent economic and sustainable benefits for
the system.
From these points of view, mobility has become a central issue in urban development. Its
relationship with sustainability issues and its capacity to generate competitiveness and quality of life,
places us before the need to rethink its future. To this end, we must think about a more critical approach
to infrastructure and improvements in public transport services, such as arrival and frequency forecasts,
a lower percentage of cancelled services, greater comfort for passengers, and wider networks, are the
key to the leap in quality in intelligent mobility. These are certain considerations to be included in
possible quality models that allow studying the degree of intelligence of cities. However, achieving a
general quality model for intelligent cities is not so simple, since each city has different growths and is
subject to its culture and idiosyncrasy. To talk about indicators or metrics, implies posing the problem
of being able to generalize/extend each one of these measures.
In this research line, based on the aforementioned considerations, a table of metrics and indicators
has been defined that are applicable to an ad hoc quality model whose objective is to study the degree
of intelligence of cities. In this context, the smart cities can be identified and classified according to the
following six main dimensions [1]:
• Smart Economy
• Smart Environment
• Smart Living
• Smart Government
• Smart People
• Smart Mobility
All urban agglomerations present different challenges. One of its challenges is to tackle the project
of designing a smart city while maintaining its DNA. Each city has its own signs of identity and its own
values that are expressed in architectural forms, the configuration of spaces and, above all, the relations
between its inhabitants, and between citizens and their government [2]. For this reason, urban planning
and the development of dynamic decision-making mechanisms that take into account the growth and
inclusion of citizen participation processes are increasingly important. In this sense, transforming
"traditional cities" into Smart Cities is an increasingly important demand and also an opportunity for
governments and citizens to considerably improve the quality of life. With the emergence of digital
technology, the Internet and mobile technologies, this transformation is increasingly viable [3].
If the analysis focuses only on mobility as the axis of a smart city, it is essential to highlight that,
given the recent increase in concern for the environment and the improvement in the quality of life, as
well as the interest in reducing factors that affect climate change, the use of bicycles within urbanization
arises as a low-cost and non-polluting alternative in comparison with conventional means of transport.

113

Metrics and Indicators to evaluate the degree of transformation to Smart City ...

N. Debnath et al.

The concept of "urban cycling" (also called utilitarian cycling) is beginning to be integrated into urban
transport systems. Smart cities have given bicycles a very special place in their transport systems, but
this, in turn, has brought with it a number of implications that are not visible to the naked eye and are
worth considering. One of them is that, by conceptualizing the bicycle as a means of transport, one must
change the paradigm in the planning of traffic and mobility in a city, taking into account that it
incorporates the use of technology, and with it the use of management software. In such a way that it is
an indispensable requirement to provide a guarantee that the applications that manage the open fleets,
specifically bicycles, are acceptable from the point of view of software quality. This transforms the
traditional cities infrastructure into a living and sustainable ecosystem, providing benefits to the people
who live and work there [4]. According to ISO 9000 [5], quality is the “degree to which a set of inherent
characteristics meets the requirements”. As requirements will depend on different stakeholders, quality
is a multidimensional concept, as it can be synonymous with efficiency, flexibility, correctness,
reliability, ease of maintenance, portability, ease of use, security, integrity, etc. In the evolution
experienced by the quality of computer systems, there has been a shift from a treatment focused
fundamentally on the inspection and detection of errors in the programs, to a more systematic approach,
given the importance that quality has acquired in systems engineering and software engineering. The
demand for software by organizations and society in general has grown much faster than the industry's
capacity to produce quality software, chronicling the so-called "software crisis" [6].
One of the main reasons for the massive increase in interest in software metrics, has been the
perception that they are necessary to improve the quality of the process [7]. In order to ensure that a
process or its resulting products are of quality, or to be able to compare them, it is necessary to assign
values, descriptors, indicators or some other mechanism by which this comparison can be carried out.
For this, it is necessary to carry out a software measurement process that, in general, pursues three
fundamental objectives: to help understand what happens during development and maintenance, to
control what happens in projects and to be able to improve processes and products [8]. Indeed, metrics
are a good way to understand, monitor, control, predict and test software development and maintenance
projects [9], and can be used by professionals and researchers to make better decisions.
Fenton and Pfleeger [8] define measurement as: “the process of assigning numbers or symbols to
the attributes of real-world entities so that they can be described according to clearly defined rules”.
Some relevant aspects to consider in the context of measurement theory applied to software
measurement are the following: Scale. The Scales allow establishing the most appropriate type of
representation for an attribute, so that their values can be compared. Considering that different scales
can measure the same attribute, an important question to ask is which scale is most appropriate in each
case. Internal and external attributes. Internal attributes are those attributes of an entity that can be
measured without the need to evaluate the external behavior of that entity. External attributes are
measurements of how an entity is related to the environment. Direct and indirect measurements. A
direct measurement is the measurement of an attribute of an entity without being other entities involved.
Indirect measurements require other attributes.

1 Research Lines and Development and Innovation
An important point when analyzing a Smart City is its value system or chain. The value chain of a
Smart City is a model that allows describing the different activities and phases through which the agents
involved in the ecosystem of a city must go through to transform it into a smart city [10]. The need to
break the digital gap and to extend new communication technologies to all corners of cities is a
challenge for companies and governments that have to work together to realize the trends that will make
it possible for all of us to be connected, improve the fiber-optic network of cities and consolidate a
fundamental conjunction, that is, connectivity will be a key element for future development [11]. Urban
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agglomeration, in rapid expansion, centralizes economic and administrative functions at the local level,
that is, municipalities, and increases social problems such as congestion, pollution and social
inequalities [12]. In this scenario, the concept of “smart cities”, although popularized, is a complex term
that has different definitions and an interdisciplinary nature [13, 14].
In this work, the technological dimension of a smart city will be adopted, since there are other
dimensions such as human and institutional [13]. According to Angelidou [14], smart cities use
technology in a conscious and planned way to placate urban problems. The literature highlights the use
of ICT as an ally to solve urban problems such as air pollution, congestion and waste management [14,
15, 16, 17]. ICTs would be the central nervous system of an interconnected city, which allows obtaining
data from different sources (sensors) to achieve the concept of meaning and act, that is, alarm and action.
The information collected by the devices can be correlated, analyzed and then used to create planning
and control processes that improve productivity and assertiveness in decision making by public
managers [18]. Within this framework, the United Nations [19] points out that it is necessary for a smart
city model to consider all aspects of a sustainable city, with an integrating vision that takes into account
people and not just technology as an essential part of its own development, working on an intelligent
sustainable city that relies on the technological means that come along with the fourth industrial
revolution. However, it should be noted that a recent study comparing measurement indicators between
a sustainable city and a smart city [17], suggests that the second model does not solve most of the
problems represented by the environmental pillar, which is due to its mostly socio-economic approach
and the environmental cost generated by new technologies in global development.
Based on the expressed, this research work arises as a necessity in regards to a request for
development, in a first stage, of smart garbage dumps or smart garbage collection in a municipality in
the province of San Luis - Argentina. When meeting with stakeholders we are required to advise on a
larger and more ambitious project, which aims to turn the municipality into a smart city. In this context,
a line of research on smart cities focused on quality aspects is being developed. Among the works that
have been carried out, we can mention the definition of a mixed quality model, for responsible software
for the dynamic coordination management of open fleets (specifically bicycles) in a smart city, based
on an engineering approach to measure and evaluate the quality of a software product [20]. Along the
same lines, we are currently working on the development of a tool to automate the measurement and
evaluation of the quality of web-mobile applications for this type of fleet [21], based on a Quality Model
whose pillar is the ISO 25000 product quality standard [22]. Thus, in this work, a board of metrics and
indicators are presented that are applicable to an ad-hoc quality model whose objective is to study the
degree of intelligences of the cities [23, 24, 25]. By the above, it is necessary to define a quality model
that serves as a guide to start moving towards a smart city. To measure various indicators were used in
each of the dimensions concerning smart cities. The “Smart” Methodology, proposed in [26, 27],
defines a set of criteria in which 60 indicators are established divided into 5 clusters. Many of these
indicators will be considered and redefined or adapted to the reality of the problem when applying the
proposed ad-hoc quality model.
In the following section, the proposed quality model is presented.

2 Quality Model
The proposed quality model is divided into 5 main categories of characteristics desirable to users.
These categories are subdivided into sub-characteristics as show in Figure 1.
The following is a definition of the characteristics that compose the proposed quality model.
Business and Energy: At this point, a range of possibilities opens up, among which are the optimization
of energy sources and an equitable distribution of them. Energy should be distributed between the
company, citizens and the government. Data/information capture instruments should enable
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governments to intelligently manage these data/information and transmit the data/information analyses
to energy distribution companies so that they have control over the availability of natural light across a
country, region or continent. This will result in an improvement in the consumption and control of
available energy. At this point a small change will be made to have an energy efficiency.
1. Business and Energy
2.4.2. Availability of parking in the city
1.1. Energy Matrix
center
1.1.1. Demand (energy) management
2.5. Connectivity
1.1.2. Load balance
2.6. Possibility of connection
1.1.3. Reduction of electricity peaks
3. Public Security
1.1.3.1. Meters
3.1. Wireless connection
3.1.1. Sensors
1.1.4. Reduction of energy costs
1.1.5. Electric Mobility
3.1.2. Weapons
3.1.3. Speed
1.1.5.1. Cargo infrastructure
3.1.4. Acoustics
1.1.6. Energy efficiency
1.1.6.1. In its streets (Smart Grids)
3.2. Technologies
1.1.6.2. In your buildings (Smart Buildings)
3.2.1. Facial Recognition
2. Transport and Traffic
4. Inclusion and Security
2.1. Intelligent Parking
4.1. Intelligent household appliances
2.1.1. Geo-location
4.2. Home Robots
2.1.2. Government App
4.3. Community interest
2.2. Mode of travel
4.3.1. Garbage,
2.2.1. Individual
4.3.2. Transport
2.2.2. Convoys
4.3.3. Safety
2.2.3. Autonomous vehicles
4.4. Technologies
2.2.3.1. Electrical
4.4.1. Holograms
2.2.3.2. Hybrids
4.4.2. 3D
2.2.3.3. Fossils
4.4.3. Augmented Reality
2.3. Vehicle Connection
5. Education, Innovation and Development
2.3.1. Bottlenecks
5.1. Machine
learning
and
artificial
2.3.2. Optimization of transfers
intelligence
2.3.3. Distance sensors
5.2. Training of digital citizens
2.4. Traffic
5.2.1. Accessibility conditions
5.3. Collaborative Tools
2.4.1. Level of congestion in the city center
Figure 1: Quality Model to Smart City

Transport and Traffic: Mobility has become a central issue in urban development. Its relationship
with sustainability issues and its capacity to generate competitiveness and quality of life, place us before
the need to rethink its future. It is necessary to think about improvements in infrastructure and public
transport services, such as arrival and frequency forecasts, a lower percentage of cancelled services,
etc., which are the key to the quality leap in intelligent mobility. Consideration should be given to
efficient routes, similar to the subway networks of the world, for the mobilization of private cars,
passenger transport, etc. The next generation of cars will communicate and will be able to relate to other
vehicles on the road, looking around corners and even through trucks. Traffic signals and interactive
traffic lights equipped with sensors will also communicate with each other and exchange information
with the vehicles in the area. Even you will be able find a free parking space. Succeeding in making
traffic more fluid will improve mobility. This also has an impact on the environment. At this point,
doubts arise as to safety, that is to say, whether vehicle data and information will be safe, or it will be
possible to track each one of them. Will there be a violation of privacy? Data is not stored anywhere
and users do not have to worry about the implications for their private life, according to Ilja Radusch,
from “We use pseudonyms Institute”, “Instead of an identity, each vehicle has a thousand identities that
change every second. So no one can track you”.
Public Security: The infrastructure of networks and communications through the Internet is of priority
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importance to think about the creation of health networks, safety networks through facial recognition,
etc., to digitize public hospitals, police stations, airport / maritime police, among others. In addition to
networks and sensors, a “smart city” must use software to take advantage of this data. The installation
of different types devices to collect data, information and knowledge will be crucial, and store it in the
cloud. Information capture instruments should enable governments to intelligently manage such
information and transmit their analysis to companies or government departments.
Inclusion and Security: Infrastructure is the backbone for the new Smart City paradigm. It is essential
to have a scalable and robust infrastructure that allows adaptation to the changes that will come. The
fifth generation of mobile broadband promises to give the necessary impetus so that access to the
network of networks is available to connect any kind of objects in the so-called Internet of things (IoT).
The 5G connection will enable a world of intelligent, interconnected cities, remote robotic surgery and
immersion in the IoT. This scenario is very close, as scientists, governments and communications
companies make plans to start using 5G from 2020. This fifth generation would allow speeds of 10
Gbps to be reached. This new technology will not only allow a higher connection speed, but will also
be able to support up to 100 times more connected. It would also reduce power consumption, extend
battery life, which will contribute to the environment and the ecosystem.
Education, Innovation and Development: To achieve smart cities, we must form digital citizens and
take into account the accessibility conditions that technology can provide. With regard to technology,
for example, we can consider: augmented reality, robotics, nanotechnology, the idea of a more
personalized future through 3D manufacturing and the contribution of advanced innovations by each
member of societies worldwide that will allow contributions in terms of health, energy generation, etc.
The generation of collaborative tools designed and thought so that the citizens work together with the
government in solving issues of security and its prevention, implies that the institutions must think in
periodic trainings of update and improvement in these types of tools, and have teams of investigation
on collaborative issues that contribute to the good interaction between citizens and institutions.
Metrics and Indicators: The proposed quality model is accompanied by a set of defined metrics,
redefined and/or adapted from the bibliography, so that they are applicable to the domain of the
problem, which specific to a region of a country. In addition, different indicators have been defined that
allow an interpretation of the measurements that are made through the different metrics. Below is a
summary of some of the metrics:
Metrics:
#NWA: Number of WIFI Antennas.
P4gA: Percentage of 4G Antennas.
SC: Speed of Connection.
PSP: Percentage of Solar Panels.
#NLL: Number of Led Luminaires.
#NB: Number of Bicycles.
PB: Percentage of Bicycles.
#NIGC: Number of Intelligent Garbage Containers.

#NIIS: Number of Intelligent Interrelated Systems.
#NOpGPS: Number of Optimized GPS.
#NSD: Number of State Drones.
#NMP: Number of Meteorological Plants.
#NHG: Number of Household Generators.
DIGA: Degree of Interconnection of Government
Applications.
DGC: Degree of Garbage Collection/Classification.

Together with the previously presented metrics, an indicator was defined for each of them. As an example, one
of them is presented:
Indicator: CE: Connection Efficiency

CE (SC) =

–
0,2
0,4
0,5
0,6
0,7
0,8
1

Metric: SC = Speed of Connection.
1 Mbps <= SC <= 10 Mbps
10 Mbps < SC <= 12 Mbps
12 Mbps < SC <= 16 Mbps
16 Mbps <= SC <= 99 Mbps
100 Mbps <= SC <= 200 Mbps
150 Mbps < SC <= 200 Mbps
200 Mbps < SC <= 1000 Mbps
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3 Case Study: Integral Modernization Program
A Municipality of the province of San Luis, Argentina, has established as its objective to achieve a
profile of Smart City, in order to place the municipality at the height of the most dynamic cities in the
world. This is a very ambitious objective with unquestionable potential benefits for the entire
municipality, which requires a deep feasibility analysis to determine, in terms of a cost/benefit ratio and
a scheme of priorities, what is effectively convenient for the municipality and which is the appropriate
strategy for the proposal to be successfully developed. The proposal implies, in the different dimensions
(definition of strategies and derivatives, technological resources, human resources, professional
resources, development and implementation efforts, etc.) inherent to projects of this magnitude, a level
of efforts proportional to the ambitious objectives set. For example, a project of this nature must
necessarily begin with a cultural analysis of the entire municipality, in order to determine the cultural
change and the necessary strategies for, by defining the remaining components, establishing strategic
and operational plans that lead to the achievement of the different objectives. That is, to carry out this
proposal implies the definition of a long-range macro-project with the participation of multidisciplinary
teams in charge of activities such as:
Feasibility analysis of the proposal in the municipality: Analysis of the current situation of the
municipality, its vision of the future, determining what the municipality needs to move towards that
vision of the future and what part(s) or aspect(s) of the proposal are consistent with that vision of the
future, for example: If the municipality needs to asphalt its streets or build a sewage system, in what
order of priority are components of the proposal located with respect to those needs?
Formulation (or reformulation) of the strategic direction of the municipality: Consistent with the results
of the feasibility analysis: (i) Formulation (or reformulation) of the mission, vision and strategic
objectives of the municipality. (ii) Formulation of a global strategy to advance towards the formulated
strategic objectives. (iii) Formulation of strategic lines within the framework of the global strategy. (iv)
Formulation of strategic projects within the framework of each strategic initiative.
Formulation of operational projects: Within the framework of strategic projects and initiatives,
formulation of projects (with planning and allocation of resources involved) with the objective of
carrying out parts and aspects of the original proposal within the framework of strategies and feasibility
determined for the municipality.
In order to carry out the project, several professional profiles are required. It is necessary to have
computer engineers and network technicians for everything related to the underlying infrastructure to
run the software. As part of the feasibility studies, in terms of infrastructure, the proposed quality model
was instantiated and the evaluation was carried out to produce reports so that the appropriate strategies
and planning are prepared to carry out the long transition to a city of the future.
An example of what we have worked on refers to evaluating the smart parking of the city,
characteristic 2 of the quality model used. Below is a summary of its instantiation:
a) Need for Information: To evaluate the degree of intelligence of a city.
b) Calculable concept: Intelligence.
c) Entity: The City. In this case the municipality.
d) Quality Model or Concept Model (Characteristics taken from the model proposed)
1

2

e)

Traffic
1.1 Level of congestion in the city center.
1.2 Availability of parking in the city center.
Connectivity
2.1 Possibility of Connection.

Calculable Attributes
a. Number of vehicles in circulation in the city center.
b. Number of parking places.
c. Number of Access Points (AP) available.
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e.
f.

Total number of vehicles.
Total number of parking places.
Total number of AP.
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Metrics
a.

Directs
1. #NVD: Number of vehicles driving through a strategic point in the city center per minute.
2. #TNV: Total number of vehicles (estimated).
3. #NED: Number of empty docks (supposed: parking in the city center is exclusively in paid docks).
4. #TND: Total number of docks.
5. #NAAP: Number of available Access Points (AP) (those running on and not saturated).
6. #TNAP: Total Number of AP.
b. Indirect
1. PFP: Percentage of free parking. It can be calculated as the number of empty docks divided by the
number of docks and at this value multiply by one hundred.
2. PAC: Percentage of available connection. It can be calculated as the number of available AP divided by
the total number of AP and at this value multiplied by one hundred.
c. Scales: For metrics 1 to 6 the scale is absolute and the units are vehicles for 1 and 2, docks for 3 and 4,
and access points (AP) for 5 and 6. For the metric PFP, the scale is proportion (from 0 to 100). For the
metric PAC, the scale is ratio (from 0 to 100).

g)

Indicators
a.

Elemental Indicators (EIx)
EI1 = TCC (Traffic in the City Center).
0 = High
if #NVD >= Xmax
1 = Low
if #NVD <= Xmin
TCC(#NVD)=
X = #NVD/#TNV = Medium
if Xmin < #NVD < Xmax
EI2 = FPCC (Free Parking in the City Center)
1 = Available
if
PFP >= 10 %
FPCC(PFP)=
0 = Not Available
if
PFP < 10 %
EI3 = PIC (Possibility of internet connection)
1 = Available
if
PAC >= 10 %
PIC(PAC)=
0 = Not Available
if
PAC < 10 %
b. Global Indicator (GI)
GI = 0.25 x EI1 + 0.25 x EI2 + 0.5 x EI3
The same weight is given to Traffic (EI1 and EI2 with 0.5 between both) and Connectivity (EI3 = 0.5).

Similarly, the characteristics of the proposed quality model have been evaluated through the use of
the metrics and indicators proposed in this research work. Table 1 show some results obtained.
Metric
s
P4gA
P5gA
DIGA

Measurement

Suggestions/Recommendations

Low transmission speed for autonomous vehicle control.
Technology update.
Standardization of data is recommended. Application of standards such as ISO
25012, and migration of applications to more current technologies for scalability
purposes.
Applications are needed to inform the neighbors the time to take out the different
DGC
DGC = 2
packages with classified garbage. Training courses on the use of applications are
recommended for better awareness.
It is recommended to conclude with the replacement of old lamps.
PLL
PLL= 89%
Table 1: Some results obtained
P4gA = 85 %
P5gA=0
DIGA = 2

As we described at the beginning of this section, the main key of the challenge lay in the execution
of the first phase of feasibility study and formulation of the strategic direction of the municipality. This
was so because it was necessary to balance the initiative of the municipality with its reality and
projection. The activities of this first phase, implied the need for a preparation effort that involved,
among other activities, the formation of a mixed team made up of resources managed by the
municipality, such as a project leader with knowledge of the government area, technology and the smart
city concept, technical teams specialized in development, software updates and communications
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technology and resources provided by the National University of San Luis. It should be noted that the
municipality had already taken a first step towards smart cities by constructing an intelligent building
for the Municipality, which, among other things, has a geothermal cooling system, self-sustaining green
terraces, etc.

4 Conclusions
Infrastructure is the backbone for the new Smart City paradigm. It is essential to have a scalable and
robust infrastructure. With the feasibility studies and the developed appropriate strategies and planning,
the proposal presents many important advantages for the community in general: (i) A significant number
of developments to involve students and software professionals in the area of influence. (ii) An
important possibility that the involved students/individuals acquire an important experience in an
interesting area and with a lot of projection towards the future. (iii) An important possibility of work
for students who graduate from the career, either because they continue participating in the projects of
the municipality or because of the experience they acquire in an area of great projection. (iv) A concrete
possibility of extension for the UNSL. (v) Prestige and experience for the UNSL for the contribution
and participation in eventually successful projects of the environment.
At this stage of the project, decisions have been made in the conformation of the technical teams
integrated by personnel from different experiences. The final year students of Technicature, Bachelor
and Engineering in computer science have been involved only at the level of operational projects with
specific development objectives and compatible with the requirements of the projects. That is, only at
the levels of operational projects, with responsibility in the development of functional aspects. It should
be clarified that, although carrying out smart city projects are very expensive, the recovery in the
medium and long term largely justify the investment, since it will result in substantial savings in several
sectors such as energy consumption, cleaning, prevention and Security, among others.
In addition to the benefits of a smart city, this project allowed the development of a case of
experimentation for the evaluation of the quality model proposed. For this, a board of metrics and
indicators applicable to an ad hoc quality model was defined in order to study the degree of intelligence
of cities. The degree of concordance of the set of metrics and indicators included in the board with
aspects of the smart city project, made the board a tool of great importance for other purposes such as:
Preparation, communication and justification of the recommendations in the feasibility study process.
Here, the scheme of metrics and indicators was used: (i) As a complementary guide in the feasibility
study on the way to becoming a smart city; (ii) As a complementary template for the specification of
recommendations as a function between the states described; (iii) As a documentary backing of the
recommendations made. Formulation of the strategic direction of the municipality and formulation of
strategies, plans and strategic and operational projects of the project. This activity, was based mainly
on the results of the feasibility study and here also the set of metrics and indicators included in the board
was very useful fulfilling an essential role. In this case, given that the set of metrics and indicators of
the board was used as a complementary guide for the study, its information was fundamental acting as
a complementary support for the elaboration of the components of the strategic directionality of the
municipality. The formulation of strategies, plans and strategic and operational projects of the project,
in the same way as in the case of the formulation of the strategic direction of the municipality, for this
activity the results were essential for the set of metrics and indicators of the board obtained during the
feasibility study. In this case, the specification of recommendations as a function between the present
and recommended states, together with the complementary support based on values of metrics and
indicators, also constituted a very valuable complementary basis for the formulation of strategies, plans
and strategic and operational projects of the project.
In conclusion of the experience so far, we can confirm the validity and utilities of the metrics and
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indicators used and we have obtained a significant amount of information for the extension and
refinement of the model. Our intention is to increase and refine the proposed model with the results of
the experience and apply it successively in the project in another variety of activities.
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