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Understanding city data is extremely important to understand the reality and plan to im-
prove the quality of life of the inhabitants. This document presents a part of the statistical
mathematical model developed for the application of smart cities indicators metrics of the
Smart and Sustainable Cities Maturity Model in Brazil. The focus of this work is on health
indicators in the area of smart and sustainable cities in Brazil.

2.1 Introduction

There is worldwide concern about the migration of people to urban areas. The term “smart
cities” or "smart cities" emerged from the concern to understand how to sustainably and
efficiently accommodate people in urban areas. In Brazil, people who live in urban areas
already make up almost 90% of the entire Brazilian population [1, 2, 3, 4].

The United Nations (UN) developed the 17 millennium goals and Sustainable Develop-
ment Goals (SDGs) and, with them, several goals for improvements in cities and the world.
These objectives are divided into themes, with their respective areas. To make it possible to
measure the living conditions of cities and enable a diagnosis of the reality in which they find
themselves in each of the themes, the information was divided, and, for better organization,
some smart cities indicators were collected [5, 4, 6].

There are thousands of city indicators. However, the data from the indicators need to
bring information that reflects properly and reliably the reality of the cities. In Brazil, smart
city indicators are diverse, coming from different sources, with different metrics [7, 8, 9].

Understanding the current state of cities, with their problems, their capacity, and their
possibilities for improving the quality of life of the people who inhabit them, as well as
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income generation equitably, it is necessary to understand the data. For this, it is necessary
to translate the data to have effective information about the city [10, 11].

Mathematics and statistics make an intermediation that provides us with information
translated from the data, a translation made by statistical concepts and methods. Statistics
is the part of applied mathematics that provides methods for the collection, organization,
description, analysis, and interpretation of quantitative data and their use for decision-making
[12, 13, 14, 15].

It is important to understand how the data were collected, which variables were involved,
if they are dependent on which areas, if they are quantitative or qualitative, and their types,
to understand the reliability of the data and if they reflect the reality of the cities [16, 17].

In this article, the importance of a mathematical and statistical treatment of the data is
explained, focusing on Brazilian cities for the development of a mathematical and statistical
model that would be ideal for measuring all the dimensions of the Sustainable Development
of Smart Cities Maturity Model in Brazil. Some data on health indicators will be high-
lighted, which are very important to understand and promote which public policies need to
be developed and applied so that the quality of life of people in Brazil is better [18, 19].

2.2 Application of Mathematical Model for Public Health

Specifically in the health area, a mathematical model of indicators for smart cities can be
useful to help managers understand and monitor the health of the population in real-time.
This can help identify problem areas and develop interventions to improve public health.[20,
21, 22]

Many health indicators can be monitored in a smart city, such as chronic disease rates,
air and water pollution levels, access to healthy food, and physical activity, among others.
In Brazil, these indicators can be collected through official national bodies whose data are
public, such as IBGE, INEP, and DATASUS, among other bodies with reliable and compre-
hensive data in the country [23, 24, 25].

A mathematical model can be developed to analyze this data and provide useful insights
into the health of the population. For example, the model can identify areas with high rates
of chronic disease and suggest specific interventions to improve health in those locations.
The model can also be used to predict the spread of infectious diseases and identify areas
that are most at risk of outbreaks [26, 27, 28, 29].

In addition, the mathematical model of health indicators can be used to assess the impact
of specific interventions on population health. For example, if a smart city implements a
physical activity promotion program, the model can be used to assess whether this interven-
tion has had a positive impact on the population’s health [30, 31].

In summary, a mathematical model of health indicators for smart cities can help improve
public health and allow managers to make more informed decisions about health policies and
specific interventions [32, 33, 34, 35, 36].
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2.3 Methodology
Aiming at building a reliable metering that reflects the reality of the cities, research, studies,
and the development of a statistical mathematical model were carried out for the metering
part of the MMCISB (Portuguese acronym for Brazilian Sustainable Smart Cities Maturity
Model) [32, 37].

To develop a good model, statistical analyses were made of the Brazilian secondary data,
so that, individually, for each of the 80 indicators, the customized metric could be created
and integrated into the entire model [32, 37].

First, the areas in which the statistical mathematical model would be applied were di-
vided. The indicators were chosen with strict criteria that took into account the number of
cities that had data, the maturity model of the International Telecommunications Union (ITU,
2016) the millennium goals, Sustainable Development Goals (SDGs) of the UN ( UN, 2015),
ISO standards (ISO, 2018), and Brazilian Smart Cities Charter (Charter, 2020), among other
criteria [32, 38].

Of the four dimensions of the MMCISB, three dimensions were chosen because they are
areas in which the indicators come from secondary data, that is, open data from cities in
Brazil. The three dimensions of sustainable development are: economic, socio-cultural, and
environmental. These dimensions have their topics and indicators [32, 38].

2.3.1 Indicator Analysis

A careful and detailed analysis of 80 secondary data indicators was carried out. Each indi-
cator analysis is unique and specific to that indicator. The calculations, the graphs, and the
reasoning were described in detail and documented in an extensive report, which is restricted
to the Poli. Tic laboratory team, a CTI Renato Archer laboratory, specialized in promoting
public policies and also works with information and communication technologies, to im-
prove the quality of life of people living in Brazil [39, 40].

For each indicator, a detailed and careful analysis of the data was carried out with the
following items:

• Statistical analysis;

• Normalization;

• Scale Transformation;

• Criteria for defining the level intervals;

• Statistical Weight;

• Indicator contribution formula for the maturity model;

• Model application report and examples for Developers;

• Outliers rules and equations.
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For some indicators, technical notes were prepared to explain some references and infor-
mation. Information about the indicators, the relationship between grade and quality of life,
and the importance and relevance of each indicator are explained in detail in the methodology
of the Maturity Model of Smart Cities in Brazil [39].

In the document mentioned above, all the metrics for each indicator, the contribution of
the score for each topic, and the dimension were exposed. The integration of the four dimen-
sions was done and well-detailed in the methodology of the MMCISB model. The order of
each dimension, with the respective topics, was followed to proceed with the measurement
of indicators for the entire area of Sustainable Development [39].

2.3.2 Outliers

In this work, we will not detail all the points of the analysis of the health indicators data. We
will show, within statistics, the importance of analyzing indicators using artificial intelligence
techniques. We will also explain the entire context of outliers, which are points outside the
curve, exceptions, some data that are out of reality due to data imputation errors, some
accidents, and system errors, among other types of errors [41, 42].

Outliers are data that differ from the standardization of a data set. These are values that
deviate from normality, they are points outside the curve, out of the ordinary, and can cause
anomalies in the results obtained from the analysis of the indicators. Understanding them is
fundamental in data analysis because they can change the entire result of an analysis [41, 42].

As outliers can undermine any analysis of off-curve data, recommendations and obser-
vations can be made to cities about their outliers. Data can be excluded, for example, when
the discrepant data is the result of an entry or typing error, in this case, the removal of the
outlier from the sample is indicated [43, 44].

There are many methods for identifying outliers in academia, for example, the Tukey
method or the boxplot that defines lower and upper limits, based on the interquartile (IQR)
and the first and third quartiles. Data that fall outside these limits will be determined as an
outlier. The categories of outlier detection methods can be, for example, methods based on
distance, statistics, depth, density, and also deviation. The difference between each category
lies in the way the method uses to separate common data from data considered outliers
[43, 45, 44].

2.3.3 Standard Deviation Method for Outlier Detection

The standard deviation (σ or SD) method or free standard deviation is one of the most used,
both in academia and in companies that deal with the area of data analysis. This method
was chosen to detect outliers in the model and is depicted in Figure 2.1, which demonstrates
that 68.3% of the values will be within the range µ±1σ , 95.4% will be within µ±2σ , and
99.7% will be within µ±3σ [46, 47, 48].

The Standard Deviation method or free standard deviation chosen is based on the follow-
ing formula:

X±3(SD) (2.1)
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Figure 2.1: Standard deviation in a normal distribution.

where X is the average of the results of each indicator; SD is the standard deviation of
the respective indicator.

Outliers are identified if their respective values are less than the smallest value in the
formula when using the minus sign:

X−3(SD) (2.2)

Outliers are identified if their respective values are greater than the highest value when
using the plus sign, defined by the formula:

X +3(SD) (2.3)

2.3.4 Steps for Calculating Outliers
To calculate the outliers, we can do it step by step with the data, as in an algorithm, or
sequence:

• Simple Arithmetic Average;

• Variance Identification:

(x1− x)2

n−1
+

(x2− x)2

n−1
+

(x3− x)2

n−1
+ · · ·+ (xn− x)2

n−1
(2.4)

• Standard Deviation Identification:
√

var;

• Application of the formula: X±3(SD).
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2.3.5 Indicator Criteria for Selecting the Calculation of Outliers
For each indicator, a statistical analysis was performed in which the averages, medians, first
quartile, third quartile, standard deviation, and variance were calculated, for the normaliza-
tion of the values of the indicators related to each maturity level of the indicators, applying
the boxplot method [49, 50, 51].

In addition to the previous analyses, the Standard Deviation (SD) or Free Standard Devi-
ation method was used to increase the reliability of the data, to inform the cities about results
that are far outside the normality of the averages of the Brazilian data, recommending the
cities to take appropriate action when necessary [49, 50, 51].

The indicators that will go through the Standard Deviation (SD) or Free Standard Devi-
ation method, within the data analysis of the model, will be indicators with numerical data
results, and that meet the following criteria [49, 50, 51]:

• Indicators cannot be binary, as they have only 2 response options;

• The indicators cannot have answers with the sum of alternative or multiple-choice
scores. For example, indicators from the MUNIC database;

• The indicators cannot be from a primary source, as this is information that has not yet
been acquired in the system, most of the indicators are the sum of the alternatives’
scores, multiple choice, or binary, so they do not apply to the calculation, according to
the above criteria;

2.4 Conclusion
In this work, the importance of a mathematical and statistical treatment of data, focusing on
health indicators, of Brazilian cities was explained for the development of an ideal mathe-
matical and statistical model to measure all the dimensions of the Sustainable Development
of the Maturity Model of Smart Cities do Brasil, MMCISB, (CTI/poli.TIC, 2020)

All calculations, analyses, and treatment of data from the mathematical statistical model
were put into practice in all indicators of the dimensions of Sustainable Development of the
MMCISB. The model worked, all the formulas and analyses of each of the indicators were
applied, and the platform developers could understand how to apply them to the algorithms
for future work, which is the implementation of a platform for use in all Brazilian cities.
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