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ABSTRACT

Population growth associated with urbanization without adequate planning causes several social
and infrastructure problems in cities. In contrast, the desire to become “smart” has increasingly
become the focus among municipalities, which adopt new technologies often without an in-depth
analysis of the consequences and without adequately considering the impact on individuals.
In this context, this article addresses accessibility in smart cities, focusing on the integration
of ergonomics and urban design. The main objective is to map and analyze, based on the
basic principles of ergonomics of the built environment in conjunction with NBR ISO 37120
(ABNT, 2017), with regard to aspects of urban accessibility, whether accessibility indicators are
present as established by these guidelines in the city of Curitiba-PR, in order to demonstrate
whether there is effective accessibility in the pioneering “smart city” in Brazil and to identify
areas of good practices, to assist other cities in this transition, prioritizing accessibility for all
citizens, especially for people with disabilities and low mobility, in line with the Sustainable
Development Goals (SDGs). The methodology used combines exploratory and descriptive
research, based on a literature review and applied qualitative analysis. The SWOT method helped
in the discussion of the data obtained and revealed important strengths in Curitiba-PR, such as
its well-structured public transportation system, with adapted buses and accessible terminals,
in addition to public policies focused on inclusion, such as the “Accessible Curitiba” program.
The city also stands out for its adapted urban infrastructure, which contributes positively to
mobility and quality of life. However, the study identified significant weaknesses, such as the
inequality in the distribution of accessible infrastructure, especially in peripheral areas, and
the lack of adequacy in many private spaces, such as commercial and leisure establishments.
Opportunities include expanding the system and using assistive technologies. In addition, the
city can expand its accessible cultural and leisure infrastructure, promoting social inclusion.
Inclusive public policies can also be strengthened, addressing issues such as employability,
education, and health for people with disabilities. On the other hand, the study highlighted
threats that can hinder the advancement of accessibility, such as: resistance to cultural and
organizational change and economic challenges that can compromise investments in accessible
infrastructure. These limitations are especially critical given the need to prioritize projects that
promote universal accessibility. The results indicate that the combination of the fundamental
principles of ergonomics of the built environment and NBR ISO 37120 (ABNT 2017) are effective
tools for assessing and identifying accessibility gaps in smart cities. Its application can guide
public policies and investments, promoting the continuous improvement of urban infrastructure
and ensuring that cities like Curitiba-PR adapt and advance towards universal and truly smart
accessibility. The study concludes that, although Curitiba already demonstrates exemplary
practices, there is still room for significant improvements, especially in studies to enable a
balance between central and peripheral areas. However, it is already possible to map good
practices in six areas, which serve as indicators, based on the EBE and NBR principles present in
Curitiba, which demonstrate that it is aligned with accessibility and seeks to be “smart” for all.
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INTRODUCTION

Population growth associated with urbanization without adequate planning
causes several social and infrastructure problems in cities. In contrast,
the desire to become a “smart” city has increasingly become the focus
among municipalities, which often adopt new technologies without an in-
depth analysis of the consequences and without adequately considering the
impact on individuals (Paludo and Guimaraes, 2024). In this scenario,
Mendes (2020) and From (2022) highlight that technologies and artificial
intelligence can generate benefits, both for municipal administration and for
the provision of services and the lives of citizens. However, as cities are spaces
that house people from different economic and social classes, it is essential
that any innovation takes these realities into account. As a result, according
to Beck (2020), cities have prioritized technology to the detriment of social
aspects, while, according to Rampazzo and Vasconcelos (2019), people end
up taking a back seat. Thus, the suitability of the title “smart city” becomes
questionable given the increase in poverty and exclusion in various areas.

It is therefore essential to look at individuals. An important fact is that
the number of people with some type of disability who face physical or
behavioral barriers has increased around the world (Who, 2020). The
World Health Organization points out that more than 15% of the global
population has some type of disability or reduced mobility (Who, 2020).
These individuals often face disadvantages, as they are subject to physical,
emotional and, in some cases, socioeconomic barriers, which limit access to
services in society (Beniuk; Ward; Clarkson, 2011).

From this perspective, design is seen as a mean to promote accessibility and
inclusion, as it seeks to solve problems in the interaction between products
and users, as well as between services and customers (Gomes; Stamato;
Santos, 2015). Furthermore, design has the potential to drive innovation by
identifying and proposing solutions to various problems (Tsekleves, 2017).
In this context, it is hypothesized that integrating the concept of ergonomics
of the built environment into urban design for “smart cities” helps projects,
making them more effective in resolving issues related to accessibility.

Considering the context presented, the studywill investigate whether smart
cities prioritize aspects that guarantee accessibility to their citizens. To this
end, the case of Curitiba-PR, recognized as a pioneering “smart city” in Brazil,
will be analyzed. According to the City Hall of Curitiba (2023), the city was
elected the smartest in the world during the “World Smart City Awards 2023”
in Barcelona, in recognition of its innovative and sustainable public policies.

Thus, the object of the question to be answered is: Is Curitiba truly
accessible and smart? The general objective of this study is to map and
analyze, based on the basic principles of ergonomics of the built environment
in conjunction with NBR ISO 37120 (ABNT, 2017), with regard to aspects
of urban accessibility, whether there are accessibility indicators as established
by these guidelines in the city of Curitiba, in order to highlight areas of
good practices for other cities in this transition, in line with the Sustainable
Development Goals (SDGs). According to Gil (2022), the research is
qualitative, with an exploratory and descriptive approach, carried out
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through bibliographic and documentary research, with SWOT analysis of
content. Therefore, the justification for this research is based on the growing
need for accessibility solutions, and the study is relevant because it addresses
a gap in the literature, which is the difficulty of applying and analyzing
indicators, proposing measurable indicators that can be applied globally to
make cities more inclusive and accessible.

The structure of this work is divided into six parts. The first part addresses
the introduction, which presents the contextualization of the topic, the
research problem, the justification and the objectives. Then, the second part
presents a brief bibliographic review on the topics addressed in the research.
The third section highlights the methodology. The fourth section presents the
analysis and discussion, relating the findings of the bibliographic survey and
the applied SWOT analysis. The fifth section presents the results and, finally,
the conclusion summarizes the main points of the work, final considerations
and the answer to the proposed question.

BIBLIOGRAPHICAL REVIEW

Smart Cities

According to Hall (2000), smart cities seek to integrate and monitor their
essential infrastructures in order to optimize resources, perform preventive
maintenance and ensure security, in addition to offering strategic and effective
services. For Rios Neto and Gimenez (2018), these cities prioritize advances
in economy, governance, quality of life and environmental sustainability.
Freire et al. (2021) highlight that the main difference between a smart city
and a traditional one is the use of technology and innovation to promote
quality of life, improve resources and achieve sustainability. In this line,
according to Zanella et al. (2014), the fundamental purpose of a “smart city”
is to optimize public resources, increase the efficiency of services offered to
citizens and reduce the operational costs of public administrations. In this
context, smart and human cities create spaces that favor citizen participation
and have a social focus, using Information and Communication Technologies
(ICTs) in conjunction with citizen collaboration to strengthen partnerships
and improve local public services, in addition to promoting the well-being of
the population (Gomyde, 2017; Rampazzo & Vasconcelos, 2019; Fernandes,
2023).

The contemporary concept of smart cities, on the other hand, encompasses
those that, aligned with the UN Sustainable Development Goals, have a
forward-looking vision, focused on the economy, people and improving the
quality of life of their populations (Fernandes, 2023).

Although smart cities have great potential, Zanella et al. (2014) identify
challenges in several areas: in the political field, in the technical aspect and in
the financial aspect. Therefore, despite the obstacles, it is essential to invest
in solutions that guarantee the effectiveness of these technological cities,
especially for the user.

Regardless of the approach adopted by each author, there is a consensus
on the importance of technological innovations in qualifying cities as smart.
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However, for these cities to be truly efficient and inclusive, it is essential that
technology be combined with accessibility actions for all citizens.

Ergonomics in Urban Design for Accessibility and NBR ISO 37120
(ABNT, 2017)

Since the 1980s, accessibility in the built environment has attracted the
interest of researchers and professionals from various fields, such as Design,
Ergonomics, and Architecture. In this context, concepts such as Universal
Design, Social Inclusion, and Accessibility have gained prominence in
discussions aimed at improving the quality of human circulation spaces
(Moraes; Montalvão, 2000). Araújo (2016) notes that these reflections
sought to promote a more just and inclusive society, emphasizing the
need to adapt urban environments and buildings to include people with
disabilities.

That said, according to NBR 9050 (ABNT, 2015), accessibility refers to
the right of people with disabilities or reduced mobility to interact fully with
the sociocultural environment, promoting autonomy and quality of life (Ely
and Silva, 2009). In this context, Sarmento and Villarouco (2020) highlight
that Ergonomics of the Built Environment seeks to meet the physical,
emotional, and psychological needs of users, promoting environmental
comfort. Furthermore, they emphasize the importance of studying the
specificities of spaces and including users in the design process.

In this way, Oliveira (2020) highlights that Ergonomics of the Built
Environment (EBE) broadens the scope of Ergonomics by considering not
only the user, the task and the objects, but also the environment as a whole.
This approach emphasizes the interaction between these elements within the
same system, highlighting the importance of analyzing them in an integrated
manner, since they influence each other.

Oliveira (2020) presents five fundamental principles of EBE,which include
user interaction with the environment, usability, systemic approach, user
focus and ensuring environmental comfort. These principles guide the
development of more functional, accessible and appropriate spaces to the
needs of individuals.

Regarding technical standards that help formulate more effective public
policies, there is NBR ISO 37120:2017, which establishes indicators to assess
the sustainable development of cities, covering areas such as governance,
mobility and the environment (ABNT, 2017). It highlights urban accessibility
as an essential factor for sustainable and smart cities, by establishing
indicators that guarantee inclusive infrastructure, accessible mobility and
quality of life for all, especially for people with disabilities or reducedmobility
(ABNT, 2017).

Therefore, the integration of ergonomics into urban design and
accessibility concepts are fundamental to creating more inclusive and
sustainable cities. NBR reinforces the importance of urban accessibility,
promoting inclusive infrastructure and mobility, aligned with the principles
of sustainable development and fairer and more autonomous urban
environments.
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METHODOLOGY

This study will be conducted using an exploratory and descriptive approach,
with an emphasis on literature review and theoretical development of the
analysis of indicators for evaluating urban design. The analysis is qualitative,
and the data sources include the Brazilian standard NBR ISO 37120 (ABNT,
2017) and academic articles also make up the data set.

Regarding the data collection methods, a literature review will be carried
out on the key concepts: smart cities, accessibility and ergonomics. Based on
the review, an analysis will be carried out that relates the indicators of NBR
ISO 37120 (accessibility to transport, accessibility to basic infrastructure,
physical and functional accessibility) and the five fundamental principles of
ergonomics of the built environment, in the context of data on accessibility
practices in Curitiba. The comparative analysis will be performed using
the SWOT (Strengths, Weaknesses, Opportunities, Threats) tool, which will
identify strengths, weaknesses, opportunities, and threats, with the aim of
understanding the challenges and success factors in implementing accessible
management models. Artificial Intelligence (AI), from the company OPEN
AI (2025), was used as a device for reading selected articles from the Capes
journal and to assist in analyzing the data for developing the SWOT analysis.
Based on the comparative analysis, a mapping of the areas that stand out in
terms of accessibility aspects will be developed. This mapping will focus on
urban accessibility, identifying possible indicators of good practices that can
be strengthened and/or replicated in Brazilian cities.

ANALYSIS

SWOT analysis was chosen in this research as an analysis tool to identify and
relate the indicators present in the NBR with the fundamental principles of
the EBE applied to the practices of the city of Curitiba. Due to its method
of identifying strengths, weaknesses, opportunities and threats, it enables a
comprehensive strategic vision that assists in decision-making, prioritizing
actions that maximize opportunities and minimize risks (Oliveira et al.,
2024). Three files describing actions established by the city were used as a
basis for the SWOT analysis. Therefore, the results contribute in an initial
and significant way to understanding actions in the strategic planning of a
smart city, with regard to accessibility aspects, guiding short, medium and
long-term procedures.

The SWOT method helped in the discussion of the data obtained and
revealed in summary: important strengths in Curitiba-PR, such as its well-
structured public transportation system, with adapted buses and accessible
terminals, in addition to public policies focused on inclusion, such as the
“Accessible Curitiba” program. The city also stands out for its adapted
urban infrastructure, with accessible sidewalks, sound-activated traffic
lights and tactile signage, which contribute positively to the mobility and
quality of life of people with disabilities or reduced mobility. However,
the study identified significant weaknesses, such as the inequality in the
distribution of accessible infrastructure, especially in peripheral areas, and
the lack of adequacy in many private spaces, such as commercial and leisure
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establishments. Opportunities for Curitiba include the expansion of the
accessible public transport system, focusing on peripheral neighborhoods,
and the use of assistive technologies, such as apps to guide people with
visual impairments in public spaces. In addition, the city can expand
its accessible cultural and leisure infrastructure, promoting broader social
and cultural inclusion. Inclusive public policies can also be strengthened,
addressing issues such as employability, education and health for people
with disabilities. On the other hand, the study highlighted threats that can
hinder the advancement of accessibility, such as: resistance to cultural and
organizational change can limit the adoption of inclusive policies, while
budgetary constraints and economic challenges can compromise investments
in accessible infrastructure. These limitations are especially critical given the
need to prioritize projects that promote universal accessibility. The complete
analysis is presented in Figure 1 below.

Figure 1: SWOT analysis of the city of Curitiba (authors, 2025).

Based on the indicators, a radar map was developed, Figure 2 below, with
the help of the OPEN AI (2025) tool, which mapped the areas that can serve
as indicators of good practices, in the city of Curitiba-PR, related to urban
accessibility for other Brazilian cities. It illustrates the degree of relevance in
accessibility, in line with the EBE principles and NBR ISO 37120:2017, and
in summary, there are six areas of predominance of practices that have some
level of accessibility and respectively the degree that each indicator has, with
HIGH being the highest degree of accessibility, GOOD, the area that has
adequate levels and GREATER ATTENTION, the area that needs a more
in-depth analysis to meet the accessibility requirements.

1. Transport Accessibility - High
2. Public Space Infrastructure - Good
3. Affordable Housing - Average
4. Accessible Signage - Average
5. Environmental Sustainability and Comfort - Good
6. Social Participation - Greater attention
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Figure 2: Radar chart showing areas with more accessible practices in the city of
Curitiba (authors, 2025).

RESULTS AND DISCUSSIONS

The results indicate that the combination of the fundamental principles
of built environment ergonomics and NBR ISO 37120 (ABNT 2017) are
effective tools for assessing and identifying accessibility gaps in smart cities.
Their application can guide public policies and investments, promoting the
continuous improvement of urban infrastructure and ensuring that cities
like Curitiba-PR adapt and advance towards universal and truly smart
accessibility.

The SWOT analysis revealed that Curitiba has several strengths and
opportunities to improve accessibility and ergonomics in the urban
environment, with a solid foundation in public policies and sustainable
infrastructure. However, weaknesses such as insufficient maintenance and
inequality of access can limit progress, in addition to the threats associated
with disorderly growth and resistance to change. To ensure a more accessible
and ergonomic future, it is necessary to integrate policies, expand assistive
technologies and focus on inclusive and sustainable urban planning, and this
can be done by aligning NBR ISO 37120 with the principles of ergonomics.

CONCLUSION

The study concludes that, although Curitiba already demonstrates exemplary
practices, there is still room for significant improvements, especially in studies
to enable a balance between central and peripheral areas. However, it is
already possible to map good practices in six areas, which serve as indicators,
based on the EBE andNBR principles present in Curitiba, which demonstrate
that it is aligned with accessibility and seeks to be “smart” for everyone.
Accessibility should be seen as a key point in urban planning, involving
infrastructure, signage, housing and social participation, and to ensure that
all people, regardless of their needs, can access and use urban spaces in a
comfortable and efficient manner.
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