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ABSTRACT

Smart Cities have changed from a purely technological paradigm to a holistic, integrated strategy, where
the citizens play an important role in the decision-making process. Cities begin to understand the
potential of integration approaches, interoperability of solutions, and start seeking strategic thinking
when addressing new technologies. In this context, to implement a holistic strategy, city decision
makers must have a tool that helps them to strategize according to their current state and then understand
whether the actions they adopted are having the desired outcomes concerning their previously
established objectives. It is not possible to create strategic visions for Smart Cities without a tool to
regularly assess and monitor them. In this matter, several studies report some attempts to formulate a
methodology to calculate indexes to evaluate cities’ maturity level. However, they have either not taken
properly into consideration indicators’ weighting or the focus of the index was not clear and mixed up
the key performance indicators (KPIs) of different concepts in an attempt to provide a more generic
tool. Despite this, the previous studies are used as the basis to support the methodological approach of
this research. This article tackles this gap in the literature by providing the most up to date Smart City
assessment tool to evaluate cities. While the Smart City concept has different understandings among
researchers and academia practitioners, the evolution of the concept has tended to incorporate the axes
of sustainability, innovation, and quality of life. Therefore, these are featured in the present index
calculation supported by the ICTs and participatory approaches. Existing standard KPIs and
frameworks do not include them, focusing most of the time in one of these axes while leaving the others
aside. Thus, this paper proposes to describe the development of a methodology that encompasses every
one of these three axes to give cities a tool they can use to monitor their actions.

Keywords: Smart City, framework; index, participatory development, indicator, assessment,
innovation, sustainability, inclusiveness, quality of life.

1 INTRODUCTION
Smart is not a consensual term, and what may be Smart for some may be not for the others.
The Smart City is a concept that, given its nature of qualitative and at the same time distinct
quantitative method evaluation, has not generated consensus in its understanding, sometimes
leading cities to completely different approaches and with different ways of assessing
their evolution.

The Smart Cities expression emerged in the 1990s [1]-[3] and since the first moment was
seen as the solution to address rapid urbanization and urban agglomeration, solving traffic,
waste management, air quality, social pressure and inequality, economic speculation and
inefficiency of emergency bodies [4], [5]. Information and communication technologies
(ICTs) are increasingly used as tools in the governance and management of cities to promote
the integration of the several domains, improve quality of life, achieve sustainable
development, and create a more open and innovative urban environment through the
participation of the stakeholders [6].

Although there is not yet a widely adopted and precise definition, the Smart Cities concept
has been evolving since the first techno-centric understanding [7], [8] mainly promoted by
technological companies that ICTs would be the solution for everything, to a more human
and sustainable point of view where the solutions sought to solve specific citizens’ problems
[9]-[11]. Nowadays, citizens are seen as part of the process and not just the “customer” of it.
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Their participation and involvement in the co-design and co-creation of projects and policies
is fundamental to support decision-making processes [ 12], making sure that the solutions will
be adopted when implemented [13].

After the implementation of the first projects and the attempt of some authors to establish
indicators to assess Smart Cities, being the European Smart Cities Ranking [14] the most
quoted and used, nearly five years ago there was noticed in the literature a lack of sustainable
development in the existing tools to assess the achievement of medium or long term goals
[15]. Before knowing what to do and how to do it is necessary to evaluate the situation to
understand what the city’s current state is. Only this way, it will be possible to define
standardized procedures in order to cities can make their decisions based on quality data. The
success of Smart City initiatives is related to the quality of the data collected and the key
performance indicators and tools used to monitor them continually [16].

There is not yet an accepted standard assessment tool to monitor cities among researchers.
Therefore, cities have been selecting the tools from themselves. Because there are dozens of
rankings available in the literature and those, need expert analysis to be adequately used, it
turns this city’s task even harder. This choice has extreme importance since it affects city
management and decision making directly [17].

While the literature shows a diversity of Smart City indexes [9], what was happening was
that the tools were being created for a limited number of cities, and the focus of the indicators
was utterly undefined. In particular, it was noticed the lack of ICT enabled-indicators [18] as
well as a confusion generated between the Smart City concept and Sustainable City
understandings which caused that many of the Smart City tools defined focused too much on
the sustainability component, particularly on social and economic issues [19] while the
indicators for sustainable cities placed more emphasis on the environmental component [20].
There was also a lack of an assessment tool to measure how smartness enhances sustainability
and vice versa [9].

There has been noticed a notorious work at the level of some entities, such as ISO
(International Organization for Standardization) and ITU (International Telecommunication
Union), which have played a leading role in establishing indexes with indicators that try to
align what is the sustainability of the city with the role of the new ICT [21]. However, on one
hand, there is a lack of a practical component because there are no indicators that take into
account the objectives of cities and the monitoring of the city’s progress [22] and on the other
hand indicators are not normalized either given different weights according to its importance
for the index’s estimation which also creates difficulties to provide cities an efficient tool [7].

2 THEORETICAL BACKGROUND

Following an exploratory and unstructured approach, it was conducted a research in the
literature through Scopus and the Web of Science using the combination of the following
key-terms: “smart cities”; “indicator”; “ranking” and “index”. More than 600 papers resulted
from the search. From those, it was read the 300 most cited abstracts, where 130 of them
deserved a more-in-depth analysis due to their alignment with the objective of this paper and
contribution to the discussion of what has been done to evaluate Smart Cities and how can
that be improved.

Based on this literature review it was concluded that, throughout the years, more than 50
assessment tools were developed to evaluate cities. The conclusions of four of the comparison
studies which analyse a significant number of those assessment tools are here exploited to
help find a standard and common methodology to assess cities.

Thus, Sharifi [23] selects and analyses 34 sets of Smart City assessment tools. The study
concludes that IES-City, SCC, CITYkeys, and ITU-T cover a “large part” of all indicators
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considered, but it is still less than 50%. Most of them have not developed participatory
approaches and there is a lack of strategic planning among the tools. Additionally, they do
not consider local needs and conditions and there is a limited consideration of interlinkages
and correlations among indicators, dimensions, and sub-dimensions. Flexibility is low,
feasibility is not considered and don’t have a continuous assessment approach.

Ahvenniemi et al. [7] analyses 16 sets of city assessment tools (eight Smart City and eight
whose focus is on urban sustainability). Weighting was not considered in the study because
weights were not part of most of the tools analysed. The authors conclude that the Smart City
tools are highly focused on social aspects, whereas economic and environmental issues are
considered less critical. On the other hand, the urban sustainability ones cover mostly the
environmental and social dimensions, whereas indicators measuring economic sustainability
are minimum.

Huovila et al. [21] presents a comparison of seven sets of assessment for “Smart
sustainable cities” and notice that 90% of ISO 37120 and UN SDG 11+ indicators focus on
sustainability and that the ITU 4902 assessment tool is the most focused on smartness and
the one which has the most impact-oriented indicators.

Finally, Stratigea et al. [24] takes into consideration five city assessment tools and
conclude that ICT-enabled indicators are not always presented in the comparing tools and
some of them have an inadequate share of indicators assessing the smartness efforts of a city.
Additionally, ITU-T has a purely ICT-enabled indicator orientation. The merging task that is
done permits a more widely differentiated mix of smart and sustainable indicators.

Although there is not a size to fit in all Smart City models [25], a difference in the focus
of each of the used tools should be made. Otherwise, we would be mixing concepts and
obtaining ultimately decontextualized results from reality. Although one of the goals of Smart
Cities is to improve sustainability with the help of technologies, we cannot misunderstand
concepts and merge them as it is proposed by Stratigea et al. [24].

The conclusions of the previous studies’ results raise concerns about the validity of the
tools considered to assess Smart Cities. The cause could also be the fact of using the same
criteria to compare assessment tools that have different goals. Given the evolution of the
concept and the trend towards sustainability, it obtained the derivation of “Smart Sustainable
Cities” [9], [26]-[29]. This fact contributed to the merge between indicators of evaluation
[24] of a concept that points to the short term (Smart Cities) and another to the long term
(Sustainable Cities) turning the focus and study of the different concepts extremely confused.

Additionally, Akande et al. [30] points as gaps:

—_—

Lack of a proper definition of a ranking focus and the misunderstood of concepts;

2. Lack of homogeneity (regarding city’s population density, economic character, wealth,
climate and history) among the selected ranked cities;

3. Unreliable data sourcing;

4. Weighting without considering the interrelationship between indicators.

Sustainability is oriented to a global approach, and it can be measured the same way for
every city. However, the same cannot be applied to Smart Cities since it is somehow a local
strategy that needs the inputs of local stakeholders to align the short-term actions. Along the
same line, the alignment between Sustainable Development Goals (SDG) targets and
indicators to evaluate actions at local scale remains unclear [31].

Therefore, it is needed a tool with an eye on the short term, monitoring if the results of the
actions planned are aligned with the established goals.
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3 THE TRIANGULAR PYRAMID TRUNK
Towards the conclusions of the studies previously highlighted is of relevant importance to
develop a methodology that approximates these tools to the strategic axes of a Smart City.
Most of the assessment tools has not participatory approaches (do not include the citizen in
the creation process) and do not consider local needs and conditions [23], ICT-enabled
indicators are not always present [24].

The proposed model, beyond the calculation of a Smart City assessment tool, the objective
will be to design a methodology capable of adapting itself with the evaluation of times and
not become obsolete.

Only recently, standardized sets of city indicators have been introduced. This international
standardization work has been being mostly carried out in the last years by three bodies, i.e.,
ISO and ITU worldwide and by the coalition of the European standardization organizations
CEN, CENELEC, and by ETSI in Europe [21].

Some of the international standardization bodies have recently published six sets of Smart
and Sustainable City indicators [32]-[37]. The six were compared along with the Sustainable
Development Goal 11+ monitoring framework, and it is stated in the conclusions above that
ISO 37120, and UN SDG 11+ indicators are the sets of indicators more appropriate to
measure sustainability while ITU 4902 is the most focused on smartness.

Venkat Redy et al. [38] defines three Smart City goals:

1. Achieve a sustainable development;
2. Increase the quality of life of its citizens;
3. Improve the efficiency of the existing and new infrastructure.

On the other hand, Etezadzadeh [39] defines as Smart City goals: the preservation of the
environment, maintain the quality of life and promote social development, maintain
competitiveness and promote economic development and generalization of attitudes,
decisions, and actions.

Sustainability and quality of life are agreed goals. The efficiency of processes is not just
based on existing infrastructure or have new infrastructure implemented. There are many
ways to gather real-time data without having to invest in infrastructure. Moreover, the best
way to maintain competitiveness and grow is by creating and investing in innovative
processes. Thus, the third goal of Smart Cities must be innovation. Innovation will always be
the engine to pursuit new technologies and methodologies. Innovation could be the basis of
a Smart City, however, throughout the years, we have been noticing that not even all
reasonable solutions or best practices come from disruptive technology. Sometimes it is a
matter of simplifying things and optimize processes. The innovation is stated here as a way
of thinking, that cities must take into account.

On the same line, Barrionuevo et al. [40] defines four Smart City axes: sustainability,
social cohesion, innovation, and connectivity (which should already be intrinsic in the
innovation axis).

Taking into consideration all the enunciated aspects and the foundations reported in the
exploratory literature review, this study defines three Smart Cities axes/dimensions supported
by the ICTs and the participation of citizens and the stakeholders with the aim of promoting
a Smart City that does not let anyone aside (Fig. 1). A city from all to all.

Thus, at the basis of the pyramid we can evaluate the smartness adapting to this study the
thoughts of Debnath et al. [41]. We may then consider a ranking with 4 levels depending on
the capacity to gather data and prevent occurrences with it, where:
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INNOVATION

Participation
ict

Figure 1: The Triangular Pyramid Trunk: The three Smart City axes.

Offline — not capable of collecting data in real-time;

Real Time — collects data in real-time;

Predicting — an advance of a potential problem with the real-time data collected;
Preventing — evaluation of scenarios and avoidance of occurrences.

L=

3.1 Sustainability

In the 1990s started to be done urban monitoring with the establishment of the Local Agenda
21 [42], but only ten years ago were associated indicators to monitor sustainability [16]. In
2015, the United Nations developed the 17 Sustainable Development Goals (SDGs) [43].
There was a need to contextualize, align indicators with the SDGs promoting interlinkage
among indicators and avoid overlapping of goals and targets [44]. According to [45], the
practicability of the Smart City concept can help cities reach UN goals.

Public administration has been increasingly using urban sustainable development
indicators to assess and monitor their activities [46]. The most common assessment tool used
to guide them is ISO 37120 [47]. Therefore and alongside with the conclusions of [21], we
will use the ISO 37120 to measure sustainability.

3.2 Innovation

When researchers investigated sustainability in Smart Cities was missing a focus on ICT [48].
Therefore, it is relevant to study innovation as a separate vertical. The innovation goals are
supported by the real-time data that is gathered through online (and offline) tools that permit
city decision-makers to make their decisions according to that information. Innovation can
be mostly measured by the capacity of the city to collect data and make it available as fast as
possible to decision-makers

Innovation is understood as an urban smartness technological driver [49]. Huovila et al.
[21], and Stratigea et al. [24] point the ITU 4902 standard assessment tool as the most suitable
to evaluate the smartness. Conducting a deep analysis, it is possible to notice that in a total
of 37 indicators only eight of them are not marked as ICT-specific indicators but indicators
focusing on general city sustainability, therefore we shall not consider these and associate
the 80 general indicators from the Global Innovation Index [50] or other set of indicators
focused on innovation aspects.
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3.3 Quality of life

On the other hand, sometimes the city’s sustainability is misunderstood with the
improvement of the quality of life of its citizens.

The concept has been worthying the attention not only of the academic community but
also of policymakers. There is not yet a single, universal and consensual definition of quality
of life given the fact that this is a complex, dynamic and multidimensional concept.

Quality of life was initiated by Mercer’s annual quality of life survey and the Economist
Intelligence Unit’s quality of life index [7]. In both cases, data is collected from two different
sources: life-satisfaction surveys (to get a subjective view of a population’s emotional
wellbeing) of citizens and quality of life indicators (objective evaluation) [16].

Each one of the axes ends up, first of all, having a normative, top-down approach, where
there is a selection of KPIs ideal for the classification of that axis, and a quantitative primary
analysis is made. Additionally, it has to be conciliated with a bottom-up approach, where
secondary qualitative data is collected through surveys to citizens. The techniques used may
undergo a pairwise comparison, a ranking assessment from 1 to 10 (or another scale), or a
distribution of percentages across the various KPIs for the assignment of the weights among
indicators. Citizens are different from city to city. Therefore, the weights given will vary.
The weight assigned to a particular indicator depends on the relative importance of it to the
citizen and local stakeholders.

Additionally, there is an intangible goal that is Inclusiveness, which is usually a very
forgettable area. Smart Cities have the responsibility to overcome the challenge of dealing
with inequality and social polarization [51]. The literature has been pointed at the need for
actions to promote inclusion [52]. Smart Cities have to embrace inclusivity at the foreground
of their agenda, to reduce social learning restrictions and social participation barriers [53].
Therefore, the city must put its efforts available to every citizen, not letting aside the
disadvantaged. Smart Cities must strive open access and strategies, including the inclusion
factor, to decrease the digital dividend [54].

To make sure that it is not forgotten, it shall also be made a current assessment to this
aspect (since it must be a concrete goal of Smart Cities). Therefore, inclusion can be
measured based on the number of people affected by the Smart City initiatives implemented.
For each city would be calculated the percentages of people from each social group (or just
the minorities inclusion) reached with that initiative and the final city’s inclusion value will
be the arithmetic mean of the results of each initiative. This will not just allow us to
understand the number of the population affected but also which are the social groups that
are not being taken into account.

As said before, citizens passed from a passive role through an active real on the co-
creation of Smart Cities. The advances and the diffusion of mobile devices allow people to
participate [55], avoiding social marginality [48], [56]. We are witnessing a change of how
decision-makers include citizens into the co-creation and co-designing process. This ideology
comes to oppose the risk of cities becoming ghost cities, a concept that emerged from the
megalomaniac futuristic projects to create cities from scratch [57]-[59] in which citizens did
not identify themselves with and therefore, abandoned cities. As soon as the city stakeholders
are included in the process, higher is the chance of the city succeeds on the implementation.
People have to be capable of using technology to benefit from it [60].

Several authors presented different methodological approaches to define a Smart City
index and rank cities. Most of the studies in the literature used the data from the Urban Audit
Perception Survey (Statistical Office of the European Union (EUROSTAT)). The indicators
are usually selected by applying a hybrid research methodology, including a literature review
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and semi-structured interviews [61]. Regarding standardisation, the most common method
used to normalize the gathered data is using z-transformation [62], [63] or through the
minimum-maximum method on a scale of defined values [49], [64]. The experts’ knowledge
is used to define average weights values [49], [62], or a technical committee that considers
the peculiarities of the territory in which the municipalities are located [64]. There are other
options as using the Entropy Method [61] or the Analytic Hierarchy Process [65]. To
accomplish the final equation is used the Multiple-Attribute Decision Making [66] or the
Multi-Criteria Analysis [65].

The methodology (Fig. 2) here taken aims to achieve a final equation capable of currently
assess cities taking the three aforementioned axes into account, and including the citizens in
every step of the process by the allocation of the weights first of all among indicators and
secondly to ponder the weight of each axis. It can be resumed as follows:

Smart City
|

v v v
Sustainability Innovation Quality of Life

v v v
Indicators from the Indicators from the Indicators from

ISO 37120 ITU 49102 + 4 level Mercer’s or Economist
ranking assessment Intelligence Unit’s

v

Selection of Indicators: Identification of indicators overlap: study of
correlations (factor analvsis) and removal of dunlicated indicators

Weight of each indicator/initiative is given by the citizens through a
ranking assessment from 1 to 10

Z-Standardisation

Weight of each axis is given by the citizens through an arithmetic average
between a pairwise comparison and a percentage distribution among the 3 axes

v

Multi-Criteria Analvsis

Figure 2: The methodology of the Smart City Index.

Taking the existing sets of indicators into account for each axis, it is necessary to identify
which are overlapped, studying the correlation level among them and, in the end, removing
the duplicated.

The success of Smart City development and assessment processes depends on the bottom-
up participatory approaches promoted by the city [67]. Smart Cities are not meant to be only
top-down, therefore more and more, there is a need to engage citizens and other stakeholders
in the co-creating and co-provision of services by a collaborative and bottom-up manner [68].
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After the calculation of each one of the axes, as expressed in the previous section, there is
a need to normalise the data. Not just vertically from all the indicators of each axis, but also
horizontally among the axes of the final equation.

As mentioned before, the participation of citizens is vital to Smart Cities. The inclusion
of the citizen on the Smart Cities’ co-creation process on behalf of the definition of the
weights. Moreover, besides the definition of the weights of all the indicators in each axis,
citizens will also assign weights/coefficients to each axis in the final equation. It would be
unwise to consider the same values to the coefficients of sustainability, innovation, and
quality of life.

To be able to combine a standardised process with customisation, the last must be taken
in the latest phase possible. In the end, the standardisation of this index will be kept until the
moment it is considering the citizens’ opinion to define the weights of the KPIs (customizing
the index to a particular city). That is what will permit to have a global index at a local scale.

After having assigned the weights, it can be calculated the arithmetic mean [49] of each
one and through a multicriteria function obtained the final result of the index.

4 CONCLUSIONS, LIMITATIONS AND FUTURE WORK
The Smart Cities phase we are witnessing takes citizens into the equation to co-design and
co-create the cities with the decision-makers. More and more, it is important to create
standardise processes so cities can have a focused approach to establish their Smart Cities
strategies.

Strategically, the index here developed which contemplates three axes will be
fundamental on the future establishment of a Smart Cities framework to provide a decision
support tool to help cities, that are mainly in the earlies of the process of becoming a Smart
City, understanding the steps they must follow to succeed.

Through the coefficients and the results obtained, policy makers can understand the profile
of preferences of its citizens, allowing better planning, investment, and allocation of
resources.

The index will not just only permit to have an overview about the current state of the city,
but also to see what are the most critical KPIs to reach the city goals, having the chance to
look for solutions capable of improving those indicators. The weights dictated by citizens
should be kept unchanged over a certain period.

However, we must not forget that the approaches that are taken by comparison or ranking
present ambiguities and inconsistencies. These are not easily comprehensible and informative
for decision-makers or the community as a whole. These types of participatory approaches
have a level of uncertainty that can be justified mostly because they are:

1. Supported by human behaviours;
2. Knowledge-dependent;
3. Result from cognitive biases.

Additionally to this limitation, it is not made a differentiation either an indicator correction
based on the size of the city [69], and sustainability indicators have limitations due to the
lack of systematic interactions and concrete indications on the direction to be followed [70].

Although some authors go further from the index evaluation and define a ranking among
the evaluated cities, the methodology here taken does not make it possible. The coefficient
of each one of the axes depends on the evaluation of citizens what will make each equation
unique. Therefore, it does not make sense to compare the final result.

Dashboards and software tools can be created with this knowledge to provide cities and
citizens an interface for the assessment and the analysis of the final result. There must be
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taking into account the fact that must be developed and implemented systems capable of
gathering real-time data and access the historical to answer the KPIs, dealing simultaneously,
with the structure of logic reasoning, the aggregation of several individual preferences and
their transformation into a collective and unified result for each axis and then the calculation
of the final result.

All the axes are correlated because the goals of each one of them strive to the same Smart
City objectives. That can also be measured afterward to understand how the improvement of
the result of a certain axis KPI can improve other axis’ indicator.

[12]
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