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ABSTRACT. This article analyzes the relationship between the implementation of urban
video surveillance, as part of the smart cities strategy, and social and public safety indi-
cators in Aparecida de Goiania (GO) in Brazil. Using a quantitative approach with ordinary
least squares (OLS) regression, this study examines the influence of technology on the
reduction of homicides and on the Federation of Industries of the State of Rio de Janeiro
(FIRJAN) education, health, employment, and income indexes from 2014 to 2024. The
theoretical framework addresses the concepts of smart cities, human development, and
urban security, supported by international standards and references, including the works
of Amartya Sen and the ISO 37122 guidelines. The results reveal negative correlations
between the presence of cameras and violence rates; however, the robustness tests
indicate model limitations, highlighting the need for additional variables and further
methodological refinement. Overall, the study contributes to the broader debate on the
role of technology in sustainable urban development, particularly in contexts character-
ized by medium socioeconomic complexity.
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CIUDADES INTELIGENTES Y SEGURIDAD PUBLICA: EVIDENCIA
EMPIRICA SOBRE VIDEOVIGILANCIA'Y DESARROLLO EN LA CIUDAD
DE APARECIDA DE GOIANIA

RESUMEN. Este articulo analiza la relacién entre la implementacién de la videovigilancia
urbana, como parte de la estrategia de ciudades inteligentes, y los indicadores sociales
y de seguridad publica en Aparecida de Goiania (GO), Brasil. Mediante un enfoque
cuantitativo con regresion de minimos cuadrados ordinarios (MCO), el estudio examina
lainfluencia de la tecnologia en la reduccion de homicidios y en los indices de educacién,
salud, empleo e ingresos de la Federacion de Industrias del Estado de Rio de Janeiro
(FIRJAN) durante el periodo 2014-2024. El marco tedrico aborda los conceptos de
ciudades inteligentes, desarrollo humano y seguridad urbana, apoyandose en normas
y referencias internacionales, incluyendo los aportes de Amartya Sen y las directrices
ISO 37122. Los resultados revelan correlaciones negativas entre la presencia de cdmaras
y las tasas de violencia; sin embargo, las pruebas de robustez indican limitaciones del
modelo, lo que resalta la necesidad de incorporar variables adicionales y de un mayor
refinamiento metodoldgico. En conjunto, el estudio contribuye al debate mas amplio
sobre el papel de la tecnologia en el desarrollo urbano sostenible, particularmente en
contextos caracterizados por una complejidad socioeconémica media.

PALABRAS CLAVE: ciudades inteligentes / videovigilancia / seguridad publica /
indicadores FIRJAN / desarrollo humano
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INTRODUCTION

The phenomenon of accelerated urbanization, observed on a global scale in recent
decades, presents a complex set of challenges for public management and the quality
of life of its citizens. The growth of cities has driven the search for innovative solu-
tions to chronic urban problems, ranging from infrastructure and mobility to public
safety and social well-being. In this context, the concept of a Smart City emerges as
a promising approach, proposing the integration of technology, especially Information
and Communication Technologies (ICT), with urban management to optimize services,
improve sustainability, and promote citizen participation (Abreu & Marchiori, 2019;
Lazzaretti et al., 2019).

Although the use of technology to enhance urban life is not a novel concept, the
conceptualization of the smart city as a social issue and a subject of scholarly inquiry
is relatively new and continues to evolve. The term smart began to be used in the 1990s,
initially referring to the infrastructures required to support information technology. Over
time, however, the concept has evolved to encompass a broader perspective, in which
digitalization is not an end in itself but rather a tool to support multiple dimensions of
urban life, including governance, economy, environment, and quality of life (Abreu &
Marchiori, 2019). Within the context of smart cities, there is an ongoing debate regarding
the centrality of technology. Some approaches position technology as a key driver in a
top-down framework, whereas others argue that technology should be adapted to the
needs of citizens in a bottom-up approach (Dameri, 2013, as cited in Alves, 2019, p. 7).

In Brazil, the discussion on Smart Cities has been gaining ground, in both academia
and on government agendas. Initiatives such as the Brazilian Charter for Smart Cities,
prepared by the Ministry of Regional Development in collaboration with several societal
sectors, represent an effort to establish a national public agenda for digital transforma-
tion in Brazilian cities. This Charter seeks to integrate the agendas of urban development
and digital transformation, guided by the perspectives of environmental, urban, social,
cultural, economic, financial, and digital sustainability. It proposes an expanded concep-
tion of the smart city, acknowledging the complexity and distinct characteristics of
Brazil's various territories to reduce socio-spatial inequalities (Brasil. Ministério do
Desenvolvimento Regional, 2021).

Despite increasing interest, the concept of smart cities still lacks consensus and a
unifying definition in Brazil. National research on the topic is multidomain, encompassing
fields such as administration, information systems, engineering, and architecture. There
is a conceptual predominance that links ICTs with quality of life, as noted by Lazzaretti
et al. (2019). However, the mere application of technology does not guarantee that a city
becomes smart. The transformation depends on coordinated action between federal
spheres, clear strategies, and overcoming barriers such as lack of technical knowledge,
investment difficulties, and resistance to change (Roland, 2019).
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The evaluation of the performance and degree of “intelligence” of cities is crit-
ical to directing planning and public policies. International tools and standards, such as
ISO 37122:2019 and its Brazilian version, ABNT NBR ISO 37122:2020, proposed by the
Associacdo Brasileira de Normas Técnicas (ABNT, 2020), offer sets of indicators to assess
progress towards a smart city. However, it is emphasized that the evaluation should not
focus only on the technological aspect but consider multiple perspectives, including
sustainability, resilience, quality of life, and social aspects (Abreu & Marchiori, 2019).

Within this framework, the relationship among Smart Cities, Regional Development,
and the application of social and security indicators assumes particular relevance. The
socioeconomic development of Brazilian cities varies considerably, and these dispar-
ities can influence their capacity to implement smart city projects (Jordao, 2016).
Synthetic indicators such as the Human Development Index (HDI) have historically been
used to measure social conditions, despite criticisms about their universal application
and disregard for regional particularities (Guimaraes & Jannuzzi, 2005).

Similarly, violence is a social problem that directly impacts quality of life and
development, with different forms of manifestation (Minayo, 2006). Indexes, such as the
Criminalized Violence Index (CVI), seek to facilitate the understanding of the factors that
influence criminal dynamics and support public policies focused on violence preven-
tion and control. Social cohesion, defined as the level of coexistence between different
groups in a city, is also a crucial factor for the urban context (Takiya et al., 2019).

Considering the complexity of the topic and the need to adapt the Smart City concept
to the Brazilian context—with its regional particularities and social challenges—this
research project aims to examine the interrelation between the implementation of tech-
nological initiatives and the performance of social and security indicators. Specifically,
this study focuses on the city of Aparecida de Goiania, which is currently implementing a
Smart City project. The initiative encompasses several sectors, including public security,
and the municipality has invested in technologies such as video surveillance systems.
The relevance of security and human development indicators for the consolidation of
Smart Cities in the Brazilian regional context still requires deeper exploration.

Within this context, this dissertation project aims to analyze the relationship
between the implementation of information and communication technologies—such as
video surveillance—within a Smart City initiative and the potential changes in security
indicators (homicides) and quality-of-life indicators (education, health, employment, and
income) in a medium-sized Brazilian city. To this end, it seeks to answer the following
research questions: How did the implementation of video surveillance in Aparecida de
Goiania alter the Homicide rates and the Federation of Industries of the State of Rio de
Janeiro (FIRJAN) indexes for education, health, employment, and income? The study is
justified by the need to deepen the understanding of how Smart City initiatives directly
contribute to citizens' well-being and to urban development, taking into account the
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specificities of the Brazilian context and the importance of multidimensional indicators
that extend beyond mere technological application.

RELATED WORK

The study of the relationship between the implementation of video surveillance tech-
nologies in the context of smart cities and performance in public safety and social
development has been gaining relevance in the Brazilian academic and governmental
scenario. This section aims to position the current article—which investigates this rela-
tionship in Aparecida de Goiénia (GO) using a quantitative approach—in comparison with
other prominent works focused on Brazilian cities, such as Foz do Iguagu (Chichoski &
Marquardt, 2023), Recife (Ferreira et al., 2023), and Manaus (Filho et al., 2024).

Similarities and Conceptual Alignment

The analyzed articles significantly show strong convergence in their emphasis on
video surveillance as a central instrument for public safety and contemporary urban
management in Brazil.

Video Surveillance as a Smart City Tool

All studies characterize video monitoring as a technological innovation applied to
public safety and aligned with smart-city principles. Across the examined cities, the
primary objective is to employ this technology for crime prevention and intervention.
In Manaus, for instance, the Smart Siege (Cerco Inteligente) system was implement-
ed to enhance police response efficiency and effectiveness, thereby strengthening
crime-fighting efforts.

Emphasis on Integration and Governance

There is a consensus on the need for integration and cooperation between public secu-
rity agencies and municipal administration for the system'’s effectiveness.

+ In the main article, the Aparecida de Goiania initiative is part of a broader
Smart City project focused on data-driven governance.

* In Foz do Iguagu, the system’s effectiveness is linked to the structure of the
Integrated Municipal Management Cabinet (GGIM), which brings together 21
institutions for dialogue and deliberation.

In Recife, the system is managed by the Integrated Social Defense Operations
Center (CIODS), where the coordination between agencies such as the police
and the fire department is considered favorable to advancing the Smart City
concept.
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+ In Manaus, the system is under the responsibility of the Integrated Security
Operations Center (CIOPS) and the Integrated Command and Control Center
(CICC), which coordinate and integrate state security forces (military police,
civil police, and military fire department).

Social Benefit and Sense of Security

The studies agree that video monitoring provides socioeconomic gains and, crucially,
increases the sense of security in the population and public road users. In addition to
combating crime, video monitoring functions as a social support mechanism, assist-
ing in social defense activities such as managing traffic accidents, monitoring areas
of drug use, and even enabling the rescue of individuals during suicide attempts, as
reported in the Manaus case.

Institutional and Resource Challenges

All Brazilian contexts face barriers to the full implementation of the system. Works
from Foz do Iguacgu (Chichoski & Marquardt, 2023) and Recife (Ferreira et al., 2023)
report challenges related to insufficient staffing to operate the platforms—such as
the overload of approximately 50 cameras per operator in Foz do Iguagu—and limit-
ed government support for sustained investments and the acquisition of high-value
equipment, respectively.

Methodological and Focal Differences

The article on Aparecida de Goiania differs markedly from the others in its methodolog-
ical approach, as it is one of the few that attempts to quantify the impact of technology
on multidimensional development indicators (Table 1).

Table 1
Comparative Synthesis of Approaches

Characteristic ~ Article (Apareci-  Chichoskiy Marquar-  Ferreira, Novaes y Filho, Santos y

da de Goiania) dt (Foz do Iguagu) Macedo (Recfe) Lima (Manaus)
Main Quantitative Qualitative/Descrip-  Qualitative (Case Qualitative/
Methodology  (OLS Regres- tive/Exploratory (Em-  study, interviews) Exploratory
sion) pirical/bibliographical (SSP-AM Data,
research) bibliographical)
(continda)
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Impact Focus

Critical Result

Technological
Scale

Statistical cor-
relation between
cameras and
multidimen-
sional Human
Development in-
dicators (IFDM:
Education,
Health, Employ-
ment/ Income)
and Homicides

Found negative
correlations
(cameras vs.
violence), but
the OLS model
showed statis-
tical limitations
(heteroscedas-
ticity, specifica-
tion problems)

Large scale
infrastructure
(3,275 cameras
installed, 720
km of fiber
optics)

Operational contri-
bution and border
surveillance

Highlighted the need
to improve integra-
tion and investment
in human resources/
maintenance costs

Smaller scale (288
cameras in total,
migrating from radio
to 240 km of fiber
optics)

Innovation in the
public sector and
analysis of innova-
tion classification
(incremental/tech-
nological)

Insufficient govern-
ment support and
technological deficit
(lack of Al/facial
recognition)

Existing system
with technological
deficit, but with
expansion plan for
2,000+ cameras
and addition of Al
analytics

Advantages and
disadvantages
of the “Smart
Siege” system
and use of imag-
es in investiga-
tions

Concerns about
privacy and the
risk of falling
into the “myths
of the video
image” (Silbey,
2004)

Medium scale
(more than 500
cameras)

THEORETICAL FOUNDATION

The concept of Smart Cities emerged in response to contemporary urban challenges,
proposing the strategic use of Information and Communication Technologies (ICT) to
improve public services, promote sustainability, social inclusion, and foster regional
development. The Brazilian Charter for Smart Cities reinforces this vision by highlight-
ing that a smart city is not limited to the adoption of technologies, but rather to their
use as a means of improving quality of life, promoting social justice, and reducing
inequalities.

Inthis sense, the approach adopted by Covas and Covas (2020) shows that the smar-
tification of territories is directly linked to the ability to mobilize collective intelligence,
integrating economic, social, environmental, and cultural dimensions. Technology, there-
fore, acts as a catalyst; however, its effectiveness depends on the articulation between
public and private actors and the civil society, which positions technology as a means
to achieve objectives and not as a central element, reinforcing the more humanistic and
integrative aspect of the proposal for implementing smart cities.
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Sancino and Lorraine (2020) complement this perspective by arguing that leader-
shipis acrucial elementin smart city governance, fundamental for aligning technological
objectives with social interests and local specificities. The absence of collaborative
governance and solid public policies can constrain the benefits of digital transformation,
particularly in developing countries.

The measurement of a city’s degree of intelligence is a methodological challenge
widely discussed in the literature. The international standard ABNT NBR SO 37122:2020
establishes a set of indicators that enables the evaluation of the smart city performance,
covering aspects such as economy, education, environment, security, mobility, and
governance. However, Abreu and Marchiori (2023) point out that, although the standard
is an important reference, it has limitations, such as the absence of specific indicators
for data privacy and digital security, as well as a fragmentation among the topics of
sustainability, intelligence, and resilience.

In the Latin American context, Gomes et al. (2016) propose a specific index that
incorporates the region’s socioeconomic and structural particularities and integrates the
Sustainable Development Goals (SDGs) across the dimensions of economy, environment,
governance, infrastructure, and social aspects. This approach aims to address the limita-
tions of applying global models to the realities of Latin American and Caribbean countries.

The relationship of smart cities, public safety, and human development is central
to the debate on sustainable urban development. Jorddo (2016) argues that, beyond
digitalization, smart city initiatives must be aligned with local social needs, prioritizing
inclusion, social cohesion, and the reduction of inequalities. This perspective expands
the traditional understanding of smart cities by emphasizing their social and human-cen-
tered dimensions.

The Human Development Index (HDI) has been widely used as a metric for
assessing social well-being in cities, although it presents methodological limitations,
as pointed out by Guimardes and Jannuzzi (2005). These authors emphasize that,
although the HDI is a relevant indicator, it can mask internal inequalities, making it
necessary to complement it with other specific metrics, such as the CVI developed by
Lira (2013), which provides a territorialized analysis of crime and serves as a robust tool
for supporting public security policies.

From an economic perspective, the concept of development has historically been
linked to the notion of social well-being and, for a long period, was interpreted as
synonymous with economic growth, especially in its regulatory aspects. However, with
the advancement of theoretical reflections and the emergence of multidimensional
approaches, this conception was gradually reformulated, incorporating variables that
extend beyond the limits of wealth generation and focus, above all, on the elements
that directly shape the population’s quality of life.

Interfases n.° 22, diciembre 2025



Smart Cities and Public Safety: Empirical Evidence on Video Surveillance

At the end of the 20™ century, this discussion was significantly enriched by the
studies of economist Amartya Sen, whose theoretical contribution repositioned devel-
opment as a process centered on expanding the real freedoms that individuals are
able to exercise. For Sen (2000), development must be understood beyond an exclu-
sively economic perspective, incorporating elements related to human capabilities and
quality of life. This implies considering, in an integrated manner, both the individual and
collective dimensions of well-being.

Sen's central critique lies in the observation that the mere generation of wealth is
not, in itself, a sufficient to promote social well-being. This outcome depends, above all,
on people’'s agency and their substantive freedoms—that is, the effective capacity to
make choices and pursue valued life goals within contexts where the necessary means
are available.

In this regard, Sen’s conception of development laid the foundation for the creation
of new instruments to evaluate quality of life, among which the Human Development
Index (HDI) stands out. This indicator incorporated fundamental dimensions such as
health, education, and income, providing an alternative and more comprehensive metric
for the comparative analysis of development across countries and regions.

In the Brazilian context, Sen’s theoretical proposal inspired the formulation of the
Firjan Municipal Development Index (IFDM), created by FIRJAN. Although it is based on
categories similar to those of the HDI—income, health, and education—the IFDM differs
methodologically in the variables considered and the weights assigned in constructing
the index, reflecting a contextualized application of the human development approach
at the local level.

The city of Manaus, for example, adopted video surveillance systems as part of
its smart city strategy, aiming to reduce crime rates and increase the perception of
security. However, studies such as that of Filho et al. (2024) indicate that, while video
surveillance can positively impact crime prevention and the investigation of offenses,
it also raises concerns regarding privacy, the ethical use of data, and the potential to
reinforce inequalities, particularly in the absence of well-structured digital governance.

The use of data is a fundamental component in the management of smart cities.
However, Rezende et al. (2019) warn that there is a fine line between making data acces-
sible to enhance public services and infringing on citizens’ privacy. The General Data
Protection Law (LGPD) in Brazil and the Access to Information Law (LAI) are legal frame-
works that must be adhered to in the implementation of smart city projects. Additionally,
Paes et al. (2021) argue that data governance should be centered on sustainable
urban metabolism models, in which the collection, analysis, and use of data serve not
only to enhance operational efficiency but also to promote social and environmental
sustainability.
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Brazilian experiences in developing smart cities reveal a range of challenges,
including the lack of integration among public policies, insufficient technological infra-
structure in many regions, and low maturity in the data culture. Furthermore, Martinelli
et al. (2020) indicate that, although the benefits of smart cities are positively perceived,
many initiatives still lack strategic planning, particularly with regard to social inclusion
and meaningful citizen participation.

In the specific case of the city of Aparecida de Goiania, the focus of this study,
initiatives such as the implementation of the video surveillance system are part of a
broader digital transformation effort known as the Smart City Project. The municipality
of Aparecida de Goiadnia has gained national prominence through the implementa-
tion of a comprehensive smart city project, which integrates advanced technological
infrastructure, data-driven governance, and public security strategies grounded in
urban intelligence. The project represents a convergence of technological innovation,
regional development, and the promotion of security, aligning with the guidelines of the
Brazilian Charter for Smart Cities and the recommendations of ABNT NBR ISO 37122.

The city of Aparecida de Goidniatook amajor step towards consolidating its smart city
model with the inauguration of the Center for Technological Intelligence (CIT). According
to the City Hall, the CIT will serve as the “brain” of the city, receiving real-time informa-
tion from approximately 700 cameras initially installed at strategic locations, including
streets, squares, schools, health units, and public offices. The objective is to enhance the
city’s urban monitoring capacity by integrating data on security, mobility, infrastructure,
and public services, thereby optimizing decision-making and incident prevention in accor-
dance with the principles of digital governance and data-driven management.

To support this operation, an extensive infrastructure of 720 km of fiber-optic
cables was installed, covering the city’s entire urban territory. This high-capacity network
ensures the interconnectivity of public systems, enabling high-speed data transmission
with low latency—an essential requirement for the operation of critical services such
as security, mobility, and integrated urban management. Additionally, the municipality
established its own data center, with a storage capacity of 4,600 TB. This infrastructure
supports video surveillance operations and the analysis of large volumes of data from
multiple areas of public administration, enhancing the analytical and predictive capabil-
ities of municipal management.

The system became operational in 2024 with 3,275 cameras to assist security
forces in combating crime and supporting other public services. Of these, 1,632 cameras
were installed in schools, 1,140 in health units, and 503 dedicated to urban monitoring.
The installed cameras are high-resolution, with a range of up to 2,000 meters, and are
monitored in real time by the Center for Technological Intelligence. The project resulted
from research conducted at the Laboratory for Research, Development, and Innovation
in Interactive Media at the Federal University of Goias.
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Based on the information presented, it is evident that the implementation of the
Smart City Project of Aparecida de Goiania (GO) has enabled significant improvements
in the municipality’s urban infrastructure. However, it is necessary to assess whether
these initiatives have effectively influenced indicators such as the HDI and CVI, and
whether such changes have made a significant contribution to consolidating the
concept of a smart city within the regional context.

Understanding regional development, especially in peripheral or medium-sized
urban contexts such as Aparecida de Goiania, requires an approach that goes beyond
explanations based solely on geographical factors or the accumulation of physical
capital. Contemporary theories of regional development incorporate elements such
as innovation, technology diffusion, institutional capabilities, and territorial cooper-
ation networks. Within this framework, the neo-Schumpeterian approach assumes a
central role, considering that regional development is intrinsically linked to the ability to
generate, adapt, and diffuse innovations at a local scale, emphasizing the evolutionary
dynamics of territories.

By shifting the focus from physical capital to technological, cognitive, and insti-
tutional capital, neo-Schumpeterian theorists assign particular importance to the role
of the State and public innovation policies as drivers of regional transformation. The
smart city, as an urban management strategy based on digital technologies and inte-
grated information systems, represents a materialization of these ideas, embedding
innovation as a fundamental component. As examined in this work, the implemen-
tation of urban video surveillance systems not only expands the State’s capacity to
respond to crime but also generates positive externalities related to security, public
trust, investment attraction, and improvements in quality-of-life indicators.

The articulation between the smart city project and social indicators underscores the
relevance of the neo-Schumpeterian approach, emphasizing that regional development
results from specific trajectories of learning, institutional capacity, and social and tech-
nological innovation. From this perspective, video surveillance should not be regarded
merely as a technical artifact but as part of a broader process of institutional modern-
ization and the development of endogenous capabilities. This aligns with the concept of
regional innovation systems, in which the territory functions as an active space for knowl-
edge production and for the coordination of public, private, and social actors, capable of
fostering development based on context-specific and sustainable solutions.

The reviewed literature shows that the concept of Smart Cities goes beyond the
simple adoption of technologies. It is a complex process that requires collaborative
governance, the development of indicators that reflect local realities, data protection,
and a focus on human development and public safety. The intersection between tech-
nology, social development, and urban security is, therefore, central to the consolidation
of smart cities in Brazil, especially in regional contexts like that of Aparecida de Goiania.
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METHODOLOGY

This research project adopts a quantitative, qualitative, and exploratory methodological
approach, based on a case study of the implementation of video surveillance in the city
of Aparecida de Goiania.

The research considers crime hotspots from 2014 to 2024, as well as quantitative
data, with a temporal division between the periods before (2014-2017) and after (2018~
2024) the implementation of video surveillance in the city of Aparecida de Goiania, GO.
The crimes comprising the CVI proposed by Lira (2013), presented at the 2" Consad
Congress on Public Management, will be considered in this study. From a quantita-
tive point of view, the data analysis will proceed with the use of descriptive statistics,
followed by multivariate statistical analysis using the OLS method, with the estimation
of models, analysis of results, and analysis of residuals.

In seeking to establish the methodological relevance of this research, it was found
that studies examining potential relationships between socioeconomic indicators and
crime are relatively common. Authors such as Silva et al. (2017) and Oliveira (2018)
serve as examples. However, studies that intend to represent the phenomenon from a
multivariate perspective are still rare. On the other hand, multivariate statistical methods
have proven efficient in many criminological explanations.

The composition of CVI, as shown in Figure 1, comprises nine categories of crimes,
with the combination of indicators formed by a set of criminal variables. According
to Lira (2013), by correlating these variables with socioeconomic information, the CVI
aims to facilitate the understanding of the structural factors that likely influence crim-
inal dynamics, as well as to support the development of public policies and strategies
for the prevention, control, and mitigation of violence.

Figure 1
cvi

Criminalized Yialonce Indox

Crr '-.' -}
Dl

Note. Adapted from indice de Violéncia Criminalizada (IVC) [Criminalized Violence Index (CVI)], by P. Lira, 2013,
in I Congresso Consad de Gestdo Publica — Painel 62: Gestdo em seguranga publica, Vitéria (https://consad.
org.br/wp-content/uploads/2013/02/%C3%8DNDICE-DE-VIOL%C3%8ANCIA-CRIMINALIZADA-IVC3.pdf).
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Based on the characteristics of the indicators presented above, it can be argued that
they represent typologies directly reflecting the essential conditions related to societal
security and can be considered for evaluation within the scope of this research. For a better
understanding, the variables included in the CVI dataset are presented in Table 1, grouped
by specific indicators and accompanied by acronyms to facilitate data processing and anal-
ysis (Table 2).

Table 2
Variables of CVI
ID Indicator Variables
LCP Lethal crimes against the person Homicides, robberies, and attempted homicides
NLCP Non-lethal crimes against the Bodily injury, fights, violence, and threats
person
SCC Serious crimes against custom Rape and indecent assault
RC Robbery crimes Total asset thefts
TC Theft crimes Total asset thefts

lllegal possession of weapons, illegal manufac-
WAC Weapons and ammunition crimes  turing of weapons and ammunition, seizure of
firearms, and discharge of weapons

Trafficking of marijuana, cocaine, and other

DTC Drug trafficking crimes .
narcotics
CPUD Crimes of possession and use of Possession and use of marijuana, cocaine, and
drugs other narcotics
CcD Crime of drunkenness Drunkenness

Note. Adapted from Indice de Violéncia Criminalizada (IVC) [Criminalized Violence Index (CVI)], by P Lira, 2013,
in Il Congresso Consad de Gestdo Publica — Painel 62: Gestdo em seguranga publica, Vitdria (https://consad.
org.br/wp-content/uploads/2013/02/%C3%8DNDICE-DE-VIOL%C3%8ANCIA-CRIMINALIZADA-IVC3.pdf).

The variables Theft Crimes (TC) and Robbery Crimes (RC) are categories of prop-
erty crimes included in the CVI, which aims to facilitate the understanding of criminal
dynamics. Within the composition of the CVI, the article states that both categories, RC
and TC, are represented by the descriptive variable “Total Asset Thefts”. However, the
core distinction between TC and RC lies in the manner in which the asset is taken: RC
implies the use of violence or serious threat against a person, whereas TC involves the
taking of the asset without such means. Thus, although both variables in the CVI share
the same description, namely “total asset thefts”, the categorical differentiation is crucial
for the analysis of criminalized violence, with RC being a crime of violence against the
person and TC being a strictly property crime.

Once the data had been accessed, the OLS method was applied to estimate the
relationship between the video surveillance implemented in the city of Aparecida de
Goiania and the selected explanatory variables. OLS is an estimation method widely
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used in econometrics, aiming to minimize the sum of the squares of the residuals, which
are the differences between the observed values of the dependent variable and the
values predicted by the model. OLS relies on a set of classical assumptions that guar-
antee its estimators are unbiased, consistent, and efficient. One of these assumptions
is homoscedasticity, which requires the error term to exhibit constant variance across
all observations. As per the analysis performed, this assumption was violated, indicating
the presence of heteroscedasticity in the model’s error term.

To assess the robustness of the results and verify the adequacy of the model
estimated via OLS, several diagnostic tests were performed on the residuals and
explanatory variables. The characteristics of the tests used are:

+  Breusch-Pagan test: This test is used to assess the presence of heteroscedas-
ticity in the residuals. The null hypothesis assumes homoscedasticity, meaning
that the error term exhibits constant variance. Rejecting the null hypothesis
provides evidence of heteroscedasticity.

*  Multicollinearity test (variance inflation factor, VIF): This test examines the
existence of multicollinearity among the explanatory variables.

+  RESET test: This is a residual-based test used to evaluate model specification.
A high p value indicates that the model is adequately specified.

+  Durbin-Watson test: This test evaluates the presence of autocorrelation in the
residuals. The alternative hypothesis states that the autocorrelation coefficient
(p) differs from zero. In addition to the original linear model, a log—log speci-
fication will also be estimated by transforming all variables into their natural
logarithms. The same diagnostic tests will be applied to this transformed model
to determine whether the logarithmic functional form improves the robustness
of the results.

RESULTS AND DISCUSSION

The data used in this analysis corresponds to a time series covering the period from 2014 to
2024, enabling the examination of trends in key social, economic, and public security indi-
cators over the past decade. The dataset was structured around the variable lethal crimes
against the person (LCP), which is part of the CVI, and was labeled “homicides” for clarity.

The variables used are detailed in the Table 3 and include indicators related to
the number of homicides, education, health, employment, and income (based on the
IFDM), as well as the variable representing the coverage of urban video surveillance. This
database was statistically processed and organized with the support of the RStudio soft-
ware, enabling the execution of econometric tests with methodological robustness and
alignment with the best practices of quantitative research applied to regional analysis.
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Table 3
Variables Used in the Analysis

Variable Description Behavior in analysis
Homicides Number of homicides in the period Explanatory variable
IFDM FIRJAN Municipal Development Index Explanatory variable
CAM ‘Presence.or absence of cameras installed Explanatory variable

in the period
EDU FIRJAN Education Index Explanatory variable
SAL FIRJAN Salary Index Explanatory variable
ER FIRJAN Employment and Income Index Explanatory variable

The descriptive statistics of the variables were used to gain an initial understanding
of their behavior, as presented in Table 2, which summarizes the following characteris-
tics (Table 4):

Table 4
Descriptive Statistics
Variables Homicides CAM EDU SAL ER
Mean 267.5 1.00 0.4719 0.5843 0.7919
Minimum 139.0 0.00 0.3726 0.5291 0.7395
Maximum 342.0 1.00 0.6133 0.6694 0.8823
Variance 5280.16 0.24 0.005858829 0.001683414 0.002853324

Standard deviation  72.66470945 0.489897949 0.076542987 0.04102943  0.053416511

Coefficient of

variation 183.6963855 0.002939388 0.000358367 0.00024065  0.00043012

To estimate the relationship between the Homicides variable and the explana-
tory variables, the OLS method was used. OLS is a widely used estimation method in
econometrics, that aims to minimize the sum of squared residuals, which represent the
differences between the observed values of the dependent variable and those predicted
by the model. The classical assumptions of OLS ensure that its estimators are unbiased,
consistent, and efficient. One of the assumptions of OLS is homoscedasticity, which
requires the error term to have constant variance.

The data analysis and econometric model estimation were conducted with the help
of RStudio software, an open-source statistical tool widely used in the field of applied
econometrics. RStudio was used to perform data pre-processing, which included orga-
nizing variables, conducting descriptive analyses, and checking for inconsistencies, as
well as estimating regressions using the OLS method. The programming environment also
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allowed for the application of essential statistical tests to evaluate the model’'s assump-
tions, such as homoscedasticity, normality of residuals, multicollinearity, and functional
specification. The use of RStudio facilitated the transparency, reproducibility, and robust-
ness of the empirical analysis, in line with the best practices of quantitative research.

A model was estimated with Homicides as the dependent variable and the remaining
variables as explanatory variables, and all necessary diagnostic tests were conducted to
assess the robustness of the results, as presented below.

Estimated Model

Homicides = 817.47 — 44.55 CAM - 516.85 EDU — 101.89 SAL - 293.32 ER + error

The estimated model was implemented using RStudio software, and the results are
presented in the Table 5.

Table 5
Results of the Model Execution in RStudio

Estimate standard Error Value Pr (>t)
(Intercept) 817.47 258.22 3.166 0.0249 *
CAM -44.55 41.01 -1.086 0.3270
EDU -516.85 335.97 -1.538 0.8470
SAL -101.89 501.46 -0.203 0.8470
ER -293.32 227.73 227.73 0.2541

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05"°0.1"" 1

The results of the estimated model, including the behavior of the variables, are
presented below, with the statistical significance levels indicated at the bottom of the
table. Residuals are presented in the Table 6.

Table 6

Residuals
Residual standard error Multiple R? Adjusted R? F-statistic p value
33.13 on 5 degrees 10.78 on 4
of freedom (df) 0.8961 0.813 and 5 df 0.01128

To evaluate the robustness of the results and verify the adequacy of the model esti-
mated by OLS, several diagnostic tests were performed on the residuals and explanatory
variables. The characteristics of the tests used, as described in the sources, are:

Interfases n.° 22, diciembre 2025



Smart Cities and Public Safety: Empirical Evidence on Video Surveillance

Breusch-Pagan test: This test is used to assess the presence of heteroscedas-
ticity in the residuals. The null hypothesis assumes homoscedasticity, meaning
that the error term exhibits constant variance. Rejecting the null hypothesis
provides evidence of heteroscedasticity. An analysis where the value points to
a “very low (<2)” p value leads to the rejection of the null hypothesis.

Shapiro-Wilk test: This test assesses whether the residuals follow a normal
distribution. In this analysis, a p value greater than 0.5 indicates that the resi-
duals deviate from normality, thereby violating the normality assumption.

Multicollinearity test (VIF): This test examines the existence of multicollinea-
rity among the explanatory variables. If the analysis yields a VIF value greater
than 10, it is considered indicative of severe multicollinearity. Conversely, a VIF
value below 10 suggests the absence of severe multicollinearity, which is favo-
rable for the stability of the estimated coefficients.

RESET test: This is a residual-based test used to evaluate model specification.
A high p value indicates that the model is adequately specified. If the analysis
indicates a low p value (“ideally >= 0.05"), this suggests a potential specifica-
tion problem, which may result from omitted relevant variables or from the
relationship between variables not being strictly linear.

Durbin-Watson test: This test checks for the existence of autocorrelation in
the residuals. The alternative hypothesis of the test states that the autocorrela-
tion coefficient (p) differs from zero. According to the cited sources, a p value
greater than 0.05 in the normality test indicates that the residuals deviate from
normality, while for the multicollinearity and autocorrelation tests, results are
considered problematic if the p value is below 0.02. Applying a logarithmic
functional form may improve the robustness of the results.

A linear model and a log-log model were estimated, as presented in Table 7:

Table 7

Comparison of Results Between the Linear and Log-Log Models

Test / Metric Linear model Log-Log model

Breusch-Pagan test

BP statistic 4.0906 3.2673
df 4 4
p value 0.3939 0.5141

Shapiro-Wilk test
W statistic 0.94076 0.89527

p value

0.5615 0.1943

(continda)
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(continuacidn)

Test / Metric Linear model Log-Log model

Multicollinearity test (VIF)

VIF (CAM / ICAM) 3.67902 4.219989
VIF (EDU / IEDU) 6.027090 5.489638
VIF (SAL / ISAL) 3.857900 3.365490
VIF (ER / IER) 1.348632 1.251529
RESET test

RESET statistic 3.6872 3.0856
df1 2 2
df2 3 3

p value 0.1555 0.1871

Durbin-Watson test
DW statistic 1.663671 1.857104

p value

0.044 0.112

Analysis of the Linear Model Results

The estimated equation for the linear model, using the OLS method, can be represented
as follows:

Homicides = 3, + B, VideoSurveillance + 8, Education + 3, Health + 8; Employment/
Income + error

Based on the data incorporated into the model, the equation can be represented
as follows:

Homicides = 817.47 — 44.55 CAM - 516.85 EDU - 101.89 SAL - 293.32 ER + error

The OLS estimation results indicate that:

The intercept is 817.47 and is statistically significant. The CAM variable has a
coefficient of -44.55 and is also statistically significant, suggesting a negative
relationship between the presence of cameras and the Homicides variable.

The EDU variable has a coefficient of -516.85 and is highly statistically signifi-
cant, suggesting a negative relationship between the FIRJAN Education Index
and the Homicides variable.

The SAL variable has a coefficient of -101.89 and is statistically significant,
suggesting a negative relationship between the FIRJAN Health Index and the
Homicides variable.

The model's goodness of fit, measured by the multiple R-squared, is 0.8961,
and the adjusted R-squared is 0.813. The overall F-test is highly significant
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(F-statistic = 10.78, p = 0.01128), indicating that the explanatory variables,
collectively, are relevant in explaining Homicides.

The diagnostic tests for the linear model yielded the following results and analyses:

Breusch-Pagan test: BP = 4.0906, df = 4, p = 0.3939. Analysis: The test indicated
that the residuals are heteroscedastic, indicating a problem of heterosce-
dasticity in the model. The null hypothesis of homoscedasticity is accepted,
considering that the p value showed a considerable value (>2).

Shapiro-Wilk test: W = 0.94076, p = 0.5615. Analysis: The test indicates that
the residuals do not have a normal distribution due to the p > 0.5, thereby satis-
fying the normality assumption.

Multicollinearity test (VIF): VIF for CAM = 3.679022, EDU = 6.027090, SAL =
3.857900, ER = 1.348632. Analysis: The VIF results do not indicate the presence
of multicollinearity, as all values are below 10, which is favorable for the stabi-
lity of the estimated coefficients.

RESET test: RESET = 3.6872, df1 = 2, df2 = 3, p value = 0.1555. Analysis: The
test indicates that the model has a specification problem, suggesting it may be
misspecified, possibly with important variables omitted, given that the p value
was very low (ideal p value >= 0.05). The relationship between the variables
may not be strictly linear.

Durbin-Watson test: DW statistic = 1.663671, p value = 0.044. Analysis: The test
result suggests that the error has a normal distribution due to the p value < 5.
According to additional analysis, the multicollinearity and autocorrelation tests
would not be good because the p value should be greater than 2 (Note: As
described in the methodology section, this analysis of the DW p value differs
from the standard interpretation).

Based on the considerations above for the linear model, the results are not entirely

satisfactory, suggesting that additional relevant variables should be included.

Analysis of the Log-Log Model Results

After transforming the variables to their natural logarithm, the estimated equation for
the log-log model is as follows:

Homicides = 3.96143 - 0.07529 ICAM - 1.15769 IEDU — 0.68532 ISAL - 1.40505 |[ER

+ error

The OLS estimation results for the log-log model indicate that:

The intercept is 3.96143, and is highly statistically significant. None of the other
variables showed statistical relevance.
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In terms of fit, the Multiple R? for the log-log model is 0.8941, and the Adjusted R?
is 0.8094. These values are slightly higher than those of the linear model, suggesting a
marginally better fit. The overall F-test of the log-log model does not show high statis-
tical significance (F-statistic: 10.55, p value: 0.01181).

The diagnostic tests for the log-log model yielded the following results and analyses:

Breusch-Pagan test: BP = 3.2673, df = 4, p = 0.5141. Analysis: Unlike the
linear model, the test indicated that the residuals are heteroscedastic (hete-
roscedasticity problem). The null hypothesis of homoscedasticity is rejected,
considering that the p value was very low (<2). The presence of heteroscedasti-
city violates one of the classical assumptions of the OLS method.

+  Shapiro-Wilk test: W = 0.89527, p = 0.1943. Analysis: Unlike the linear model,
the test indicates that the residuals have a normal distribution due to the
p value < 0.5, thereby satisfying the normality assumption.

Multicollinearity test (VIF): VIF for ICAM = 4.219989, IEDU = 5.489638, ISAL
= 3.365490, and IER = 1.251529. Analysis: The VIF results do not indicate the
presence of multicollinearity, as all values are below 10, which is favorable for
the stability of the estimated coefficients.

RESET test: RESET = 3.0856, df1 = 2, df2 = 3, p = 0.1871. Analysis: The test
indicates that the log-log model also has a specification problem, suggesting
it may be misspecified, possibly with important variables omitted, given that
the p value was very low (ideal p value >= 0.05). The relationship between the
variables may not be strictly linear.

Durbin-Watson test: DW statistic = 1.857104, p = 0.112. Analysis: The result
suggests that the error has a normal distribution due to the p value < 5.
According to additional analysis, the multicollinearity and autocorrelation tests
would not be good because the p value should be greater than 2 (Note: As
described in the methodology section, this analysis of the DW p value differs
from the standard interpretation).

Based on the considerations above, even after transforming the variables into the
log—log form, the results of the diagnostic tests (heteroscedasticity, residual normality,
and model specification) are not entirely satisfactory. The analysis suggests that the
model, in both forms, still exhibits issues, indicating the need for improvements, such as
the potential inclusion of additional explanatory variables to better capture the variation
in Homicides and address the problems of heteroscedasticity and misspecification. The
absence of severe multicollinearity represents a positive aspect in both models.

In summary, the results of the diagnostic tests indicate that neither OLS model
(linear nor log-log) fully satisfies all of the classical assumptions, suggesting the need
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for improvements, such as the inclusion of additional explanatory variables, to achieve
more robust and satisfactory results.

Threats to the Validity of the Results

Using the OLS method the results of the quantitative analysis are subject to significant
threats tointernal validity, preventing the findings from being considered fully satisfactory
or robust without further methodological refinement. Internal validity was compromised
due to violations of classical OLS assumptions. In the linear model, the Shapiro-Wilk
test indicated that the residuals did not present a normal distribution, since the p value
(0.5615) was greater than 0.5, thus failing to adhere to the normality assumption.

Although the transformation to the log-log model resolved the issue of residual
normality (p value = 0.1943), it exposed a problem of heteroscedasticity, according to
the Breusch-Pagan test analysis in the log-log model, which led to the rejection of the
null hypothesis of homoscedasticity. The presence of heteroscedasticity, together with
the deviation from normality in the linear model, is a key violation of the classical OLS
assumptions, affecting both the efficiency and consistency of the estimators.

The main threat to construct and external validity arises from the model misspec-
ification, suggesting the omission of important explanatory variables. The RESET test,
applied to both the linear model (p value = 0.1555) and the log-log model (p value =
0.1871), indicated that both models have a specification problem. However, the results
suggest that the relationship between the variables may not be strictly linear and that
some relevant factors could be missing. Although the Multicollinearity test (VIF) yielded
positive results in both cases (values below 10), the recurrence of heteroscedasticity and
specification problems limits the predictive and explanatory capacity of the results found.

Therefore, the analysis conclusions suggest the imperative need to include addi-
tional variables in the model to better capture the variation in the Homicides variable and
achieve more robust and satisfactory results.

CONCLUSION

Research such as the present study is essential for empirically and locally assessing
the contributions of smart city initiatives within the broader context of regional develop-
ment. In medium-sized urban territories, like Aparecida de Goiania, the strategic use of
emerging technologies—such as video surveillance—can not only enhance public safety
but also drive structural transformations in local social and economic indicators. The
interdisciplinary analysis of technology, public policies, and human development proves
to be indispensable for guiding managers, planners, and institutions in understanding
the real impacts of these initiatives, providing technical and scientific support for more
effective and contextualized decisions.
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In the specific case of Aparecida de Goiania, the results indicate a negative
correlation between the expansion of video surveillance camera coverage and homi-
cide rates, suggesting a possible deterrent effect of this technology on urban crime.
Furthermore, the analysis showed positive interactions between the advances of the
smart city project and the FIRJAN Municipal Development Index (IFDM), particularly
in health and education components, although with variations across the historical
series. Despite the statistical limitations identified in the estimated models—such
as the presence of heteroscedasticity and the need to refine the set of explanatory
variables—the study fulfills its purpose by providing initial evidence of the potential
of technological solutions to strengthen urban governance and promote collective
well-being.

To complement the evaluation of the results, it is imperative to consider the
Employment and Income (ER) dimension, a key component of the IFDM. Although
subject to statistical limitations, the econometric analysis indicated a negative correla-
tion between the Employment and Income Index and the Homicides variable (coefficient
of —293.32 in the linear model). This result suggests that advances in economic devel-
opment and income generation—core elements of human development as proposed by
Amartya Sen—tend to move in the opposite direction of lethal violence. However, the ER
coefficient did not demonstrate statistical relevance in any of the executed models, esti-
mated models, with the p value in the linear specification equal to 0.2541. The absence
of statistical significance for the ER coefficient corroborates the need pointed out in the
discussion of results: model misspecification (as indicated by the RESET test, p value =
0.1555 in the linear model) and the violation of OLS assumptions require the inclusion of
additional variables to robustly capture the contribution of Employment and Income to
crime reduction, thereby aligning the smart city strategy with the promotion of quality of
life and the reduction of inequalities.
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