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FOREWORD

Rodrigo Santaella-Gonçalves

Artifi cial intelligence in the land of the sun: a global 
perspective from Ceará 

When approached through the lens of Marx, it would appear 
that artificial intelligence (AI) is becoming a part of the general 
conditions of production. If the means of transport and the means 
of communication constitute fundamental components of the 
underlying base upon which capital directly relies for the production 
and circulation of commodities, then artificial intelligence is a new 
element within contemporary capitalism – part of what we may define 
as the “means of cognition”. These entail a new layer of technological 
infrastructure, one that is interwoven between the means of produc-
tion and the means of transport and communication.1 Moreover, 
AI is part of the process of contemporary subjectivation, with an 
increasingly ubiquitous presence in everyday life. 

The construction and coordination of this infrastructure 
has been concentrated in the hands of a few large companies, the 
so-called “Big Techs”. Google, Amazon and Microsoft, in particular, 

1  A good systematisation of this theoretical discussion can be found in Dyer-Whiteford, 
N., Kjøsen, A.M., Steinhoff, J. (2019). Inhuman Power. London: Pluto Press. The 
work of Paraná, E. (2024, in press). Artificial Intelligence as Financial Infrastructure? 
In: Brandl, B.Campbell-Verduyn, M.Westermeier, C. The Global Companion to 
Financial Infrastructure. Cambridge University Press: Cambridge, also provides 
interesting insights for discussing the idea of AI as infrastructure, particularly in the 
field of finance. 
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have emerged as the key organisers of the contemporary means of 
cognition. Through this, a critical part of contemporary infrastructure 
upon which the economy, politics, culture and everyday life are built 
is shaped by the interests of these companies. Such a concentration of 
power has various implications, many of which have been explored 
by different strands of critical literature on artificial intelligence. It is 
within the context of these implications, as well as critical reflections 
of contemporary scholarship, that we invite readers to engage with The 
State and Artificial Intelligence: the Brazilian path and uses in Ceará.

Different authors have delved into the unequal power dynam-
ics, data exploitation and environmental threats associated with this 
approach to developing artificial intelligence. Considerable debate 
has also emerged regarding the invisible, micro or precarious “ghost” 
labour that has supported the construction of artificial intelligence 
– the human role in machine learning processes, in data mining, in 
content moderation and even in proposing challenges for generative 
AI models to further develop. Numerous authors have likewise 
assessed impacts on these workers as related to the role of AI in 
boosting surveillance at the workplace or the lack of privacy stemming 
from data capture on a mass scale.2

The monopoly held by these large companies over the 
development and proliferation of AI is generating a concentration 
of knowledge,3 as well as exacerbating issues of transparency and 
accountability. As AI models are fed by an ever-increasing amount of 
data, Big Tech is becoming more capable of dominating markets – a 

2  Many works could be cited as examples of all these trends in literature. To name just 
a few authors, I would suggest following the work of Mark Graham, Phoebe Moore, 
Paola Tubaro, Rafael Grohmann.

3  The works of Cecilia Rikap are particularly important. One example is Rikap, C. 
(2022) Amazon: A Story of Accumulation through Intellectual Rentiership and 
Predation. Competition & Change, 26(3-4), 436-466.



11

vicious cycle that represents one of the primary challenges for states 
in ensuring rights amid these transformations. 

The situation becomes even more complex when one analyses 
the risks inherent to machine learning, especially discriminatory 
algorithmic biases that reproduce the prejudices embedded in society 
(and consequently in the data that feeds these models), ultimately 
reinforcing such tendencies. In this sense, many AI models mimic 
racist, misogynistic, sexist, homo(trans)phobic behaviour, perpetu-
ating the inequalities rooted in societies.4

From the perspective of the state’s relationship with AI develop-
ment, extensive debate surrounds the topic of regulation, emphasising 
its importance both from an ethical point of view as well as in terms 
of shaping public policy. From a geopolitical perspective, discussions 
have also started looking at the issue of data colonialism or digital 
colonialism – in which the great powers, through the mediation 
of Big Tech, collect and expropriate data from the populations of 
peripheral countries.5

This general context outlined in critical AI literature has at 
least three defining characteristics: 1) the development of artificial 
intelligence is an increasingly crucial condition for the reproduction 
of capital; 2) it is monopolised by a handful of large corporations, 
with far-reaching social, economic and political implications; and 3) 
it includes an important geopolitical dimension, mainly involving 
the role of the United States (home to the leading companies in 

4  There are many works that touch on algorithmic bias. Two examples are Katz Y. 
(2020) Artificial Whiteness: Politics and Ideology in Artificial Intelligence. New York: 
Columbia University Press and Buolamwini, J., & Gebru, T. (2018). Gender shades: 
Intersectional accuracy disparities in commercial gender classification. Proceedings of 
Machine Learning Research, 81, 77-91.

5  The works of Nick Couldry and Ulises Mejias provide a good overview of so-called 
digital colonialism. 
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the sector) but increasingly also China, its main competitor.6 The 
debate around the role of states, particularly in the Global South, in 
formulating strategies for the development of AI is essential: it reveals 
dimensions that have hitherto been scarcely explored in existing 
literature, especially in terms of the attempts of these countries to 
assume a leading role – exposing the limits of such initiatives when 
measured against the constraints set by the overall context. Setting 
out and implementing a local strategy for the development or even 
the utilisation of AI by a state has the potential for creating conditions 
to mitigate or reduce the monopolistic impact of large corporations 
in shaping this infrastructure. In this sense, it can serve as a tool for 
states in the Global South to counteract the deepening of dependency 
and exploitation mechanisms related to the use of data, population 
control and political manipulation.

The present edited volume seeks to make an important contri-
bution in just this regard. In addition to providing a thematically 
unprecedented compilation of national AI strategies and local appli-
cations, when read as a whole, the texts presented here serve two key 
purposes: First, they provide a relevant overview of how Brazil and 
the state of Ceará have approached the subject. Second, they generate 
critical reflections about the gaps, potential and limits of developing 
alternative AI strategies – within the broader constraints imposed by 
the monopoly of Big Tech. 

The limits found in Brazil’s artificial intelligence strategy – from 
the funding of the Applied Research Centres in Artificial Intelli-
gence when compared to international organisations to the lack of a 
coherent national strategy – are clear indications as to the weight of 

6  The works of Esther Majerowicz are interesting for an overview of the US-China 
dispute. One example is Majerowicz, E. (2021). ICT as a Technological and Machinery 
System: implications for competitive dynamics. UFRN, text for discussion 006 / 2021. 
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these constraints as well as the limits encountered in Brazil in terms 
of seeking alternative paths. Key findings in this regard point to the 
immense participation of foreign companies (including the main Big 
Techs that offer their data centres as an alternative for storing national 
data), the concentration of partner universities within the US and 
Europe, and a general perception that the lack of a national strategy 
leaves researchers responsible for linking their work to national 
interests. While a robust national strategy could mitigate risks such 
as the massive transfer of national data to these corporations, it seems 
that Brazilian trends are moving in the opposite direction. 7

Within this already problematic and constrained national 
environment, the Brazilian state of Ceará stands out. Even outside 
the country’s hegemonic socio-economic axis, the state is pursuing its 
own development initiatives, particularly anchored in the potential 
of its research institutions. The role played by the Chief Scientist 
Programme in AI development is noteworthy compared to other 
efforts in the country. Nevertheless, faced with the context of the 
structural limitations presented above, its strategic objectives have 
been plagued by a lack of transparency and clarity. 

Ceará is arguably a microcosm that most strongly represents 
Brazil’s contradictions: While it has the third highest poverty rate 
among Brazilian states, it is concurrently the tenth richest, and the 
state has for decades pursued development models based on the 
idea of modernisation. Contemporary uses of AI are part of these 
initiatives – bringing with them all of the inherent contradictions. In 
public security, its uses are presented as a way of mitigating the severe 

7  See the recent work by Oscar Arruda d’Alva, particularly his doctoral thesis “Estatísticas 
Oficiais e Capitalismo de Plataforma: a transição para um regime de dataficação no 
Brasil”, defended in July 2024, and d’Alva and Paraná (2024). Official statistics and 
big data in Latin America: Data enclosures and counter-movements. Big Data & 
Society, 11(1).
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waves of urban violence that affect Ceará society, particularly among 
peripheral youth.8 However, by promoting mass and indiscriminate 
data capture – thus embracing a dragnet surveillance approach – 
significant risks quickly emerge. Public security models that rely on 
technological solutionism tend to deepen inequalities in the medium 
and long term, further denying rights to a significant portion of the 
population.9 In this sense, instead of mitigating security issues, they 
can end up accentuating problems and even creating new ones. In 
turn, applications within the judicial system aimed at increasing the 
efficiency and speed of judgements can reproduce inequalities and 
relegate the poorest to the judgement of machines, whilst affording 
the wealthy the privilege of human interpretation and nuanced 
case considerations. 

The research presented here materialises these reflections. The 
first chapter discusses the characteristics and limits of the Brazilian 
strategy and the second touches on the Chief Scientist programme 
as Ceará’s regional approach to AI development. The subsequent 
chapters describe and analyse existing uses, highlighting the lack of 
transparency and popular participation in these initiatives as critical 
inherent limitations. Ultimately, The State and Artificial Intelligence 
provides a compelling overview of the contradictions, limits and risks 
of the uses of AI on the periphery of the capitalist system. In so doing, 
we also provide space for further reflections on the challenges that 

8  The publications of the Committee for the Prevention and Combat of Violence, 
coordinated by State Deputy Renato Roseno, in a partnership between the Legislative 
Assembly of Ceará and UNICEF, provide a good overview of violence in the state, 
especially its impact on youth. 

9  For a more in-depth discussion of these impacts and particularly of the construction 
of a surveillance infrastructure in Ceará, see Martins, H. et al. (2024). Da construção 
de uma infraestrutura de vigilância à introdução do reconhecimento facial no Ceará. Rio 
de Janeiro: CESeC
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must be addressed to fully understand and reshape this landscape – as 
well as research paths that may contribute to this process. 

Overall, two key themes emerge from this collection of texts. 
The first involves the discussion of transparency and democracy. In 
AI applications, especially in peripheral contexts where regulation 
is limited and the power of Big Tech is even more palpable, one 
possible way to avoid data capture and resist problematic uses thereof 
by corporations and governments is to guarantee ongoing popular 
participation in evaluating and deciding on associated policies. Trans-
parency is a fundamental consideration in this regard: Investigating 
participation mechanisms and how social movements generally 
perceive these processes in Ceará offers a promising line of inquiry. 

The second involves discussions around the concept of science 
that guides the Brazilian state and Ceará in formulating development 
policies and applications of AI. Under capitalism, science tends to be 
seen as a driving force behind technological development, which, in 
turn, is itself aimed at increasing productivity. Such a definition of 
science does, however, hinder critical reflection and prevent serious 
issues from being foreseen. As such, investigating the definitions of 
science that underlie projects in Ceará and Brazil can help us better 
understand their limitations as well as possibilities for moving in a 
more democratic direction. 

The scenario surrounding the implementation and applications 
of AI in Ceará and Brazil is undergoing transformations that extend 
beyond these territories alone. However, comprehending local dynam-
ics is an essential start, and one that can also contribute to driving 
broader changes. Grasping capitalism across its different layers and 
temporalities is key for understanding the dynamics that drive it. In 
this sense, considering AI from the peripheries of the global periphery 
of the system offers some epistemological advantages: deciphering the 
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applications of AI in Ceará requires understanding AI in its entirety 
– its trends and counter-trends as well as its relationship with the 
modern and the archaic in a society where the modern and the archaic 
intertwine temporally, geographically and socially at all times. In 
addition to gaining an understanding of contemporary Ceará and 
its challenges, The State and Artificial Intelligence also contributes to 
uncovering the contradictions present in the development of artificial 
intelligence across capitalism in general. This book is both by and 
for Ceará. And, precisely for that reason, it is also a book about 
Ceará – for Brazil and the world. 
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INTRODUCTION

Edemilson Paraná

This edited volume is the result of a collective study and research 
effort carried out between 2021 and 2024 by the Centre for Studies 
in Economics, Technology and Society (NETS), affiliated with the 
Postgraduate Programme in Sociology at the Federal University of Ceará 
(UFC). The collection brings together texts by master’s and doctoral 
students whose research drew from dialogue provided by readings, 
debates and discussions of preliminary findings with colleagues from the 
research group – as well as other academic spaces such as thesis defences, 
conferences, seminars and lectures. The collective reflection on artificial 
intelligence (AI) in Brazil and in the state of Ceará also draws from 
previous publications directed by NETS, with the participation of its 
members, such as the book Technology and Development in the Americas 
- new frontiers and dilemmas of contemporary capitalism (2022).

More specifically, this book contributes to the efforts of the research 
project “An analysis of the relations between the State, the Market and the 
University for the technological development of artificial intelligence in 
the State of Ceará” coordinated by myself, Edemilson Paraná, with partial 
funding from the National Council for Scientific and Technological 
Development - CNPq (CNPq Call No. 4/2021, Research Productivity 
Grant). This research project seeks to explore how the state mobilises 
– while simultaneously being mobilised by – the market and academia 
(through projects, agreements, partnerships and think tanks) in the 
pursuit of technological production in the field of artificial intelligence 
software, big data and the mass accumulation of data in the state of 
Ceará. It seeks to gain a deeper understanding of the current state, history 
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and conditions enabling the gradual emergence of what appears to be 
a – incipient yet not insignificant – regional “ecosystem” of artificial 
intelligence. The project also assesses potential and limitations in terms 
of a broader process of reconfiguring the paradigms of regional and 
national socio-economic development, as well as what this ultimately 
reveals about (new?) possibilities for synergy between the state, the 
market and the local scientific community for technological innovation 
in contemporary Brazil. 

In the context of international research co-operation, our study 
about the adoption of artificial intelligence advances in the state 
of Ceará is linked to the project “New arenas for civic expansion: 
humans, animals, and Artificial Intelligence”, funded by the Economic 
and Social Research Council (ESRC) of the United Kingdom. This 
project is under the coordination of Professors Paul Chaney, Ralph 
Fevre and Ian Jones of Cardiff University and Wiserd (Wales Institute 
of Social and Economic Research and Data), and since 2020 I have 
been acting as one of its International Advisors on issues relating to 
the political economy of digitalisation and AI developments. Within 
this partnership, Professor Ralph Fevre taught a course in 2021 at the 
UFC’s Postgraduate Programme in Sociology, which was attended 
by the authors of the texts featured in this book. It is also worth 
acknowledging the fruitful and productive dialogue between the 
NETS members and professors Rafael Grohmann, from the Univer-
sity of Toronto, and Helena Martins, from the Federal University of 
Ceará. Finally, the group benefited from an academic visit to LUT 
University, in Finland, to take part in the event “International Work-
shop and Summer School on the Political Economy of Green-Digital 
Transition” in June 2024 during the finalisation of this book. This was 
made possible thanks to the cooperation project “Finnish-Brazilian 
Joint Multidisciplinary Training Program for Technical Aspects and 
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Social Impacts of Artificial Intelligence and (beyond) 5G Networks,” 
funded by the Team Finland Knowledge 2023 programme.

Amid the profusion of recent work on artificial intelligence in the 
humanities and social sciences, we may note the pronounced absence of 
studies on the relationship between the state and artificial intelligence. 
This gap becomes even more pronounced in relation to problematising 
this relationship in the so-called Global South. This observation has led 
us to consider the place of Latin America, Brazil and specifically Ceará 
(where this book was produced) in this broader overall dynamic. 

The few existing studies that address the role of the state in the 
development of AI tend to focus on regulation – a topic that is certainly 
relevant yet limited by an oftentimes formalistic, legalistic and normative 
approach. In order to qualitatively capture the state’s action beyond the 
more immediately reactive dimension of its interaction with the market, 
this actor must be approached as an active and productive entity in its 
relations with private agents who lead initiatives in this sector – both 
inside the country and beyond its borders.

In addition to the possibilities they present, these actions do, 
of course, face concrete structural conditions. This calls for a consid-
eration of technological developments of AI in countries like Brazil 
– a place marked by late industrialisation, technological dependence 
and peripheral insertion in global value chains – from a perspective 
focused on the complex and diverse realities that constitute world 
capitalism. A realistic and consistent analysis of the issue, which avoids 
both celebratory readings and catastrophist temptations, demands a 
reflection on the limitations and possibilities of the peripheral and 
dependent condition in this field. In Brazil, the state of Ceará presents 
itself as a fruitful case to analyse, one marked by intriguing contrasts 
that position the state as a regional force with notable developments 
at the national level regarding the relationship between the state and 
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AI. These insights and guiding principles underpin the contributions 
gathered in this edited volume.

Interest in AI – on the part of industry, the scientific commu-
nity, the media and governments – has grown precipitously over the 
last decade due to the significant advances made in this field. In line 
with an international movement led by different states around the 
world, Brazil launched its Brazilian Artificial Intelligence Strategy in 
2021 to guide the creation and implementation of policies aimed at 
developing this technology. By the time this document was published, 
however, the Brazilian federal government had already put into place 
three initiatives aimed at promoting AI development, including the 
Applied Research Centres in Artificial Intelligence (ARCs in AI). 

In chapter 1, “Trends in Brazilian state policies for the devel-
opment of artificial intelligence: the case of the Applied Research 
Centres in Artificial Intelligence”, João Ricardo Penteado – who holds 
a master’s degree and is pursuing a PhD in sociology from UFC – 
presents the results of his master’s thesis. His research examines the 
functioning of this programme in its early stages, framed as a national 
policy for technological innovation and development. After careful 
analysis of the data collected, including numerous interviews with 
relevant actors that he interprets in light of relevant literature, João 
concludes that the ARCs in AI programme shows that the Brazilian 
state does not treat AI development strategically; though the initiative 
does, however, hold a certain degree of importance for the present 
and future of Brazil’s scientific-technological development.

Considering the global and national context in which public 
policies integrate technological innovation, in chapter 2, Oriana Chaves 
presents the case of the Chief Scientist Programme founded by the state 
government of Ceará, along with three of its projects aimed at devel-
oping and using AI within public services. In her text “Considerations 
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on Artificial Intelligence in Ceará’s Chief Scientist Programme”, the 
PhD student in sociology at UFC (which included a research period 
at LUT University in Finland) shares the results of the first phase of 
her exploratory and descriptive study on this subject, based on digital 
public documents. Her research is driven by the need to deepen our 
knowledge about AI developments specifically in Latin America. She 
highlights that recent theoretical perspectives on the relationship between 
the state and AI emphasise the importance of moving beyond purely 
optimistic viewpoints by weighing the benefits as well as the drawbacks 
of this interaction. With the information collected, her findings suggest 
that the Chief Scientist Programme reinforces the idea of inter-institu-
tional collaboration, signalling both a technical commitment to practical 
results (“deliverables”) as well as a shared understanding of this public 
issue. Oriana argues that greater awareness of these projects and their 
formalities would promote greater engagement and contributions from 
other researchers in this field.

Exploring practical implementations, Paulo Henrique Moura 
da Silva – who is pursuing a master’s degree in sociology at UFC – 
points out in chapter 3 that developments in artificial intelligence 
have been progressively adopted by the public administration, 
especially in the area of public security. His study “Recent public 
security advancements in Ceará based on AI: Constructing a tech-
nological ecosystem” presents Ceará’s trajectory in recently leveraging 
AI technologies to improve public security. Following a review of 
data-based technology applications globally, the chapter describes 
the main AI advances in the realm of public security in the state. His 
research was conducted using an exploratory methodology, utilising 
data from electronic portals of security forces, public statements and 
news sources. Additionally, he analyses electronic tenders, price regis-
tration documents and contracts between state entities and private 
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companies, seeking to investigate the physical infrastructure associated 
with video monitoring and the implementation of AI in Ceará’s public 
security. Moreover, the study examines the Chief Scientist Programme 
and its specific public security solutions. Paulo Henrique concludes 
that, although AI has contributed to the expansion of the surveillance 
apparatus, the lack of transparency surrounding its operations has 
hindered effective oversight, highlighting the need for greater public 
scrutiny of these technologies.

Expanding on the observation that AI is being used not only in 
the private sector, but also in public administration, Fabyola de Cássia 
Alves – a master’s student in sociology at UFC – explores its use in the 
Brazilian and Ceará judicial systems in chapter four. Her contribution, 
“An analysis of artificial intelligence advances applied to the Court of 
Justice of the State of Ceará”, shows that, in Brazil, the use of AI by 
the judiciary has sparked debate about potential discriminatory biases 
and impacts on people’s access to justice. Starting with a reflection on 
the role of AI in capitalism, the chapter addresses the penetration of 
AI in the global legal context, along with its applications and pertinent 
regulations. She then turns her attention to AI advances in the Brazilian 
judicial system at federal and state levels, with a particular focus on 
the system in Ceará as well as related regulatory acts. The exploratory 
research underpinning the text was conducted through data collection 
from judiciary portals and online search tools in Brazil. The chapter 
concludes that, while AI contributes to procedural efficiency, the lack of 
clear criteria for identifying and monitoring algorithmic biases could have 
significant social consequences if AI is employed in judicial decisions.

In addition to addressing the gap in academic studies on the 
relationship between the state and AI in Latin America, we hope that 
this collection of texts will serve as a valuable read and as an invitation 
for readers to join us in reflecting on this important issue. 
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Chapter 1  

TRENDS IN BRAZILIAN STATE POLICIES 
FOR THE DEVELOPMENT OF ARTIFICIAL 

INTELLIGENCE: THE CASE OF THE APPLIED 
RESEARCH CENTRES IN ARTIFICIAL 

INTELLIGENCE

João Ricardo Penteado

Introduction 

First conceived during an academic event in the 1950s, artificial 
intelligence (AI) only came to be considered a disruptive technology 
starting in the 2010s (Kaplan, 2016; McCarthy, 2000). One turning 
point was an image recognition competition using AI systems, in 
which one of the teams decisively outperformed its competitors. Since 
then, interest in this technology has gained momentum, attracting 
interest across industry, the scientific community, the media and 
governments (Lee, 2018).

Expectations surrounding a new technological revolution on 
the horizon led several national states to publish strategies to guide 
internal AI development policies in the second half of the 2010s. 
Brazil was no exception to this trend, publishing the Brazilian Arti-
ficial Intelligence Strategy (EBIA) in April 2021. However, nearly a 
year and a half earlier, in December 2019, a partnership agreement 
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between the Ministry of Science, Technology and Innovation (MSTI), 
the São Paulo State Research Foundation (Fapesp) and the Brazilian 
Internet Steering Committee (CGI.br) launched the public call for 
the Applied Research Centres in Artificial Intelligence (AI ARCs) 
programme – the most prominent initiative to promote AI that the 
Brazilian federal government had participated in to date.

With the involvement of Science and Technology Institutes 
(STIs) and private companies, the programme seeks to establish 
reference centres in artificial intelligence research that promote 
theoretical advances and applications that can be integrated into 
Brazilian administrative, industrial and commercial systems. In May 
2021, almost a year and a half after the launch of the programme’s 
public tender, the partnership between MSTI, Fapesp and CGI.br 
announced six projects from a pool of 19 applications to form the AI 
ARCs. These were awarded government funding for at least five years, 
a period that could be renewed for another five (FAPESP..., 2021). 

The planning behind the establishment of these AI ARCs, as 
well as their initial activities, were the subject of the master’s thesis 
“Trends in Brazilian state policies for the development of artificial 
intelligence: the case of the Applied Research Centres in Artificial 
Intelligence”, defended in December 2022 – the results of which 
I present in this chapter. The study sought to answer the following 
question: In light of the AI ARCs programme, how has the Brazilian 
state conceived technological innovation in artificial intelligence, 
considering its potential as a new general purpose technology?

To gather the needed data, the study combined interviews 
with an analysis of official documents, legislation, websites, social 
media pages and YouTube videos. The interviews were conducted 
with 17 individuals – three of whom were members of the MSTI, 
one from Fapesp, one from CGI.br, one from the Centre for Artificial 
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Intelligence and the author of EBIA. The remaining ten interviewees 
were all members of one of the six AI ARCs. All the interviews took 
place between November 2021 and July 2022.

The next section briefly presents the theoretical bases that 
served as a guide for interpreting the research object. These include 
a Marxian perspective on technology as a means of capital valorisation, 
a Schumpeterian view on the relationship between technological 
innovation and economic growth cycles, and the National Innovation 
System (NIS) framework. Additionally, I highlight the importance of 
theories on underdevelopment and dependence within this debate. 
This is followed by a short overview of the historical trajectory of AI 
development, with reflections on its possible social impacts, covering 
labour and ethical issues, and legal regulation. The last section presents 
the data collected and discusses the findings of the study. 

Th eoretical considerations on technological development 

One of the most traditional research currents on the topic of 
technological development stems from Marx. Its analytical framework 
conceives technology within the social relations of the capitalist 
mode of production as a factor for increasing productivity and 
extracting relative surplus value (Marx, 2011, 2013). In other words, 
technological development is seen in terms of its role in promoting 
and coordinating the division of labour, with a view to maximising 
efficiency, profitability and the capital valorisation (Paraná, 2016). 

This dynamic has two important consequences. First, it rele-
gates science into being an appendage of technological development, 
effectively turning it into a productive force (Santos, 1983). At the same 
time, it produces a fundamental contradiction for the overall capitalist 
system in that it continuously aims to reduce human labour within 
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the commodity production process, undermining the capacity of 
these commodities to circulate in the long term (Albuquerque, 2012).

In Schumpeter (1939, 1961), technological development serves as 
a reference for understanding the growth cycles of the capitalist regime, 
based on the concept of Kondratiev waves and creative destruction. Follow-
ing the Schumpeterian approach, Perez (2002) classifies technological 
innovations capable of opening up new cycles of economic growth as 
technological revolutions which, in turn, require the formation of new 
techno-economic paradigms. Meanwhile, Bresnahan and Trajtenberg 
(1992) label the new technologies underlying technological revolutions 
as general purpose technologies. These possess three fundamental character-
istics: 1) applicability across various sectors of the economy, 2) significant 
dynamism allowing numerous possibilities for improvement, and 3) high 
complementarity with other technologies (Bresnahan; Trajtenberg, 1992, 
p. 4-5). Examples of this sort of technology include the steam engine, 
electricity, transistors and computers (Albuquerque, 2017; Rosenberg, 
2000). According to Dosi and Nelson (2010), technological revolutions 
essentially comprise the diffusion of general-purpose technologies 
throughout the productive fabric.

Another strand of research on technological development 
is based on the notion of innovation systems. According to Godim 
(2017), the first theoretical model that sought to understand the 
mechanisms behind the process of technological innovation was 
developed by William Rupert Maclaurin. As a former student of 
Schumpeter, Maclaurin was active in the 1940s and 1950s and 
proposed that innovation took place in a model that would later be 
called linear. In short, this model describes technological innovation 
as beginning with a laboratory invention that is subsequently adopted 
by a company before finally spreading to the broader social fabric.
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Starting in the last quarter of the twentieth century, however, the 
systemic model gained prominence. The concept of the NIS emerged 
from this paradigm, defined by Lundvall as a system that brings 
together “elements and relationships which interact in the production, 
diffusion and use of new, and economically useful, knowledge” which, 
in turn, are “either located within or rooted inside the borders of a 
nation state” (Lundvall, 1992, p. 2).

Based on this definition, Lundvall (1992) outlines the central 
elements of an NIS, namely 

 ⇒ 1) the internal organisation of companies (such as managerial 
and entrepreneurial capacities), 2) the interrelationship among 
them (such as the degree and nature of competition and coop-
eration), 3) the role played by the public sector (via regulation, 
funding and serving as the primary user of innovations), 4) 
the institutional financing arrangement, 5) the structure of the 
research and development system, and 6) the organisation of the 
educational and professional training systems (Penteado, 2022, 
p. 26, author’s translation).

Notions of technological development can also be analysed 
based on the development and underdevelopment lens proposed by 
ECLAC1 authors (Prebisch, 2000; Furtado, 2000) and, subsequently, 
through the dependency theory debate (Cardoso; Faletto, 1975; 
Marini, 2017). In our view, these theoretical discussions are key to 
understanding the dynamics of science, technology and innovation 
policies (STIP) in Brazil, the history of which has been addressed by 
authors such as Schwartzman (1995), Motoyama (2004), Albuquer-
que and Suzigan (2008), and Dias (2009). 

1  Abbreviation for “Economic Commission for Latin America and the Caribbean”, one 
of United Nations’ branches.
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Artifi cial intelligence: a brief history and the main social impacts

The term “artificial intelligence” first appeared in its current 
form at an academic workshop in 1956, organised at Dartmouth 
College in the United States under the leadership of researcher John 
McCarthy (Sichman, 2021). For McCarthy, the fundamental problem 
of research on artificial intelligence consisted of making “a machine 
behave in ways that could be considered intelligent if a human being 
behaved in the same way” (McCarthy et al., 1955, n.p.). Knight, Nair 
and Rich  (2010, p.1) define artificial intelligence as “the study of how 
to make computers do things that are currently best done by people”. 
In a more technical definition, Kaplan (2016) argues that AI “is the 
ability to make appropriate generalizations in a timely fashion based 
on limited data” (Kaplan, 2016, p. 5).

Some authors, at the same time, problematise the idea of “intel-
ligence” embedded in the naming of this technology. According to 
this perspective, we must first recognise that all AI works through an 
algorithm, namely a series of “command codes that instruct how the 
computer should proceed in an optimal way” (Cordeiro, 2021, n.p 
210, author’s translation). This leads to the conclusion that artificial 
intelligence, in fact, “is not a thinking automaton but an algorithm 
that performs pattern recognition” (Joler; Pasquinelli, [2020], no 
p.,). As McQuillan (2018) argues, highlighting the statistical model 
that gives rise to a machine’s “intelligent” behaviour: “it is simply 
mathematical minimisation” (McQuillan, 2018).

In the decades since the Dartmouth workshop, interest in AI 
on the part of the academic community, business and governments 
has fluctuated in intensity, in accordance with the technical advances 
made and the limitations encountered (Steinhoff, 2021; Cozman; 
Neri, 2021). In the 2000s, significant progress was made in laboratory 



29

experiments, especially in machine learning – a term that refers to a 
set of techniques that generate computer applications based on the 
interaction between an algorithm and a database (Cozman, 2021). 
The continuous successes of this paradigm culminated in a turning 
point in the history of artificial intelligence: in 2012, a team led by 
scientist Geoffrey Hinton markedly outperformed their opponents in 
an image recognition tournament for AI systems, attracting the atten-
tion of the entire scientific community. At the time, the researchers 
used the deep learning technique, a type of machine learning that uses 
a specific algorithmic architecture known as artificial neural networks.

Since then, the achievement of Hinton and his colleagues 
has served as a benchmark for AI research, spurring a new wave of 
technological advances in the field and impacting the entire industry. 
An even greater flurry of excitement occurred in November 2022 
with the advent of ChatGPT – an application that demonstrated 
the possibilities of artificial intelligence to laypeople all over the 
world. It also popularised Generative AI, which is responsible for 
generating texts, images and sounds based on requests made by users 
(Edwards, 2023).

We should note that all the technological development in the 
field of artificial intelligence over the last two decades has essentially 
been possible on account of two additional factors. The first relates to 
the consistent increase in the data processing capacity of computers, 
above all through the development of chips known as graphics processing 
units (GPUs). The second has been the possibility of accessing a vast 
amount of data gathered from the recording of human and machine 
interactions around the world linked to the spread of the internet. This 
collection of information has become known as Big Data (Lee, 2018; 
Vipra, West, 2023).
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In light of these developments, when considering the technological 
innovations transforming bases of production in the world economy and, 
consequently, social relations, many authors view artificial intelligence, 
in its machine learning modality, as the most disruptive technology on 
the horizon. For Brynjolfsson and McAfee (2014), AI represents a new 
general purpose technology akin to electricity and the combustion engine, 
one that can be applied to virtually every part of life in society. 

A series of social impacts have naturally been anticipated 
and debated concerning the widespread adoption of AI. Perhaps 
the most prominent of these is mass unemployment. In 2013, Frey 
and Osborne pointed out that 47 per cent of jobs in the United 
States were at risk of disappearing within a few years (Frey; Osborne, 
2013). At the same time, such predictions are far from a consensus, as 
indicated in a study by the Organisation for Economic Co-operation 
and Development, citing that the percentage of work activities at risk 
of extinction was “only” 9% (Arntz; Gregory; Zierahn, 2016). 

While the potential eradication of jobs is often subject to 
heated debate when speculating on future consequences of AI, other 
labour-related issues are less widely recognised. Dyer-Witheford, 
Kjøsen and Steinhoff (2019), for example, discuss how AI can serve 
as a new tool for disciplining employees, making jobs more precarious, 
polarising professions and inducing transformations in the education 
of future generations. Other authors also criticise the role of human 
labour behind AI-driven automation, including Ekbia and Nardi 
(2017), Gray and Suri (2019), Irani (2016) and Taylor (2018). 

There is also a lively debate surrounding the ethical impacts of AI, 
as the emergence of superintelligent machines could challenge human 
exceptionalism on the planet (Price; Vold, 2018). Other ethical concerns 
revolved around the parameters that existing AI should observe, particu-
larly, matters of “transparency”, “justice and fairness”, “non-maleficence”, 
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“responsibility” and “privacy” (Ienca; Jobin; Vayena, 2019). The regulation 
of AI, aimed at setting a legal accountability framework in contentious 
cases, is also another topic of intense discussion in the political and 
academic spheres (Kaplan, 2016; Townshed, 2022).

Applied Research Centres in Artifi cial Intelligence

Towards the end of the 2010s, several countries began to 
publish their strategies for the domestic development of artificial 
intelligence. This movement reflected a new general awareness about 
the leading role that AI would play in the technological transition 
of the global production ecosystem. In response to this scenario, the 
Brazilian state acted, as well. 

Since 2018, the Brazilian Federal Government has published 
a series of official documents that – at times specifically and at times 
generally – provide guidelines for the implementation of AI devel-
opment policies in Brazil. These documents include the Brazilian 
Strategy for Digital Transformation and the National Internet of 
Things Plan (Brazil, 2018a, 2019). The main document, however, 
is the EBIA2, formalised in April 2021 by MSTI decree 4.617/2021. 
Spanning 55 pages, this strategy outlines guidelines grouped into 
nine thematic axes – three cross-cutting and six verticals. It proposes 
73 strategic actions, 31 of which relate to the cross-cutting axes and 
42 to the vertical axes (Brasil, 2021). 

Upon publication, experts sharply criticised the EBIA for being 
generic in nature, as reflected in a lack of clear targets, deadlines, 
budget allocations and more (Lemos, 2021; Mesa..., 2021; Saboya, 

2  In July 2024, the Federal Government presented the Brazilian Artificial Intelligence 
Plan (PBIA), replacing the EBIA. Unlike its predecessor, PBIA indicates goals, budgets, 
sources of resources and deadlines for the planned national artificial intelligence policies 
(BRASIL, 2024).
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2021). We should also note that the EBIA was only published after 
the Brazilian Federal Government had already rolled out three 
important initiatives aimed at promoting the development of artificial 
intelligence at a national level. The most significant of these was the 
programme of AI ARCs, the subject of this chapter. 

Created in 2012 by Fapesp, the institutional model for the 
Applied Research Centres has been applied across various projects 
funded by this foundation in diverse thematic areas. The model is 
guided by the principles of innovation and dissemination. It also 
requires the participation of a partner company to help finance 
and conduct research, as well as to apply the results in practice 
(Centres..., [202-]). 

To design and manage the AI ARCs programme, a committee 
was established comprising Fapesp, MSTI and CGI.br. In 2019, this 
committee launched a public call for proposals to form the AI ARCs. 
The original call provided for the selection of four proposals, each of 
which would receive public funding of BRL 1 million per year, plus 
an equal or greater contribution from one or more partner companies 
that would become associated with the centres. The stipulated funding 
period was five years, which, upon approval by the committee, could 
be extended for another five.

To be considered, the proposals had to fulfil certain prerequi-
sites. The most important of these stated that the AI ARC’s research 
is to focus on one or more of the following thematic areas: health, 
agriculture, industry and smart cities – which are, in fact, the four areas 
of investment prioritised by the National Internet of Things Plan. 
Another prerequisite was the involvement of researchers from one 
or more STIs, with one STI designated as the centre’s research head-
quarters. The AI ARCs also had to be led by an executive committee 
including a director, a deputy director, an education and knowledge 
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dissemination coordinator and a technology transfer coordinator 
(Call..., 2019). Finally, another noteworthy prerequisite stipulated 
the creation of an international advisory board (IAB) comprised of 
“leading internationally recognised scientists” (Call..., 2019, n.p., 
author’s translation).

A total of 19 proposals were submitted to the committee 
and evaluated between October 2020 and March 2021. According 
to Interviewee C3 4, as the main AI experts in Brazil – who would 
otherwise theoretically be invited to assess the submissions – had 
themselves submitted proposals, all submissions were translated into 
English and sent for appraisal by foreign experts. Interviews were 
then held with those who submitted the highest-ranked proposals.

On 4 May 2021, the committee announced the creation of six 
AI ARCs, rather than the four originally planned. These were:

 ⇒ The Brazilian Institute of Data Science (BI0S), based at the State 
University of Campinas (Unicamp) and focused on research in 
health and agriculture

 ⇒ The Artificial Intelligence Reference Centre (Cereia), based at 
the Federal University of Ceará and focused on research in health

 ⇒ The Artificial Intelligence Innovation Centre for Health (CIIA-
Saúde), based at the Federal University of Minas Gerais and 
focused on research in health

 ⇒ The Artificial Intelligence Platform, Solutions for Intelligent 
Manufacturing (IAsmin Platform), based at the Technological 

3  In order to avoid confusion, the pseudonyms assigned to preserve the identity of the 
interviewees are the same as those in the master’s thesis on which this chapter is based. 
This is the reason why the order in which the pseudonyms appear does not follow 
alphabetical order.

4  Information obtained in an interview given to the researcher on 02/15/2022 by 
Interviewee C, from MSTI.
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Research Institute of the State of São Paulo and focused on 
research in industry

 ⇒ The Artificial Intelligence Recreating Environments Network 
(IARA Network), based at the University of São Paulo and 
focused on research in smart cities and health

 ⇒ The Senai Cimatec ARC, based at Senai Cimatec, in the city of 
Salvador, and focused on research in industry (FAPESP..., 2021)

Discussion of results

One of the first points to consider in the AI ARC programme 
relates to the time it took Fapesp to issue the grant agreements – docu-
ments without which funds for the centres are not made available. 
Even though the six ARCs participating in the programme were 
announced on 4 May 2021, over a year and a half later, only one of 
them (BI0S) had successfully completed this bureaucratic process. 
Nevertheless, the researchers continued carrying out activities within 
their ARCs. This was possible as, at four centres, the research planned 
under the programme was already being conducted at some level in 
the ISTs; setting up the ARC only implied adapting research already 
underway to a different institutional arrangement. Only BI0S and the 
IAsmin Platform would be undertaking entirely new research plans. 
Even at these centres, some activities were already taking place before 
the process would be formalised.

Another notable finding concerns the funding provided for 
research activities. Virtually all the members of the ARCs interviewed 
unanimously deemed the arrangement as insufficient for produc-
ing cutting-edge research in artificial intelligence. Interviewee D5 

5  Information obtained in an interview given to the researcher on 03/30/2022 by 
Interviewee D, from Fapesp.
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described the amount of resources made available as “pocket change” 
once you consider “what is being invested in this anywhere decent 
in the world”. On the other hand, although insufficient for more 
ambitious goals, the same interviewees stressed that the AI ARCs 
programme is highly relevant in terms of the development of AI 
technology in Brazil. Many of them view these centres as a space for 
specialised technical training, not only for the professionals involved 
in research, but also for the target audience of outreach activities, 
such as high school students. The interviewees also emphasised the 
high quality of Brazilian researchers of artificial intelligence, who 
are on par with their counterparts from wealthier countries. The 
differentiating factor lies in the volume of resources available for 
investment in research.

To overcome the challenges posed by limited funding, some 
interviewees said they would seek additional resources through other 
legal instruments and public entities. They mentioned the Rota 
2030 programme, the Innovation Law (Brasil, 2004, 2018b) and 
funding lines made available by national science promotion bodies 
and research support foundations in other Brazilian states.

In terms of the centres’ budgets, the interviewees noted that 
most funds go to paying grants for researchers – including master’s, 
doctoral and post-doctoral students and undergraduate research 
assistants. This underscores the centrality of the researcher in AI devel-
opment projects. It is no coincidence that the increase in the volume 
of investments in AI around the world has intensified competition 
for talent in the fields of data science and computer engineering, 
contributing to the “brain drain” phenomenon in Brazil (Catani; 
Fargoni; Júnior, 2021). This highlights the importance of policies 
that favour keeping cutting-edge AI researchers within the country.
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Almost all the interviewees from the AI ARCs said that they 
would not be investing considerable amounts in buying equipment 
or hiring services, as many of these were already available at the ISTs 
that hosted the centres. Only one centre stood out in this regard: the 
IAsmin Platform. When asked about the proportional distribution of 
expenses between researcher remuneration and equipment acquisition, 
Interviewee I6 estimated a split of approximately “70% and 30%,” 
respectively. The reason for this was that the interviewee’s ARC was 
considering contracting a data centre service to store the data used 
in the research. We should note that the development of algorithmic 
models in artificial intelligence requires colossal volumes of data, 
necessitating servers with greatly above-average storage and processing 
capacity. This is one of the reasons why contracting a data centre for 
this aim is particularly costly.

Among the most well-known companies that provide this 
service are Amazon, Google, IBM and Oracle. According to Inter-
viewee I, the cost of contracting data centres from these companies, 
based on his own estimate, is “around 250,000 USD”. Given this, the 
IAsmin Platform was considering a partnership with a company that 
could provide a data centre in return. This indicates that it would be 
advisable for the Brazilian state to establish mechanisms to meet this 
infrastructure demand, ensuring the economic viability of carrying 
out AI research in Brazil. Furthermore, such a policy would also help 
protect the results of national scientific and technological produc-
tion, the data of which ends up being stored in foreign computing 
infrastructure and is therefore more vulnerable to misappropriation 
by third parties.

6  Information obtained in an interview given to the researcher on 12/02/2021 by 
Interviewee I, from the IAsmin Platform.
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Our research also examined the origin of the companies that 
joined the six AI ARCs. As of July 2022, we had identified a total of 
41 companies, of which 24 (58.5%) were Brazilian and 17 (41.5%) 
were foreign. The latter included multinationals from the information 
and communications technology sector (Ericsson, HP, IBM, Intel, 
Motorola, Samsung, TIM), the automotive industry (Chrysler and 
Stellantis) and the capital goods sector (Bosch and Siemens). Their 
presence, however, was little surprise for two reasons: first is the lack of 
large Brazilian technology companies in most of the areas in which the 
planned research would take place. Second, there is no robust Brazil-
ian government policy aimed at establishing an industrial complex to 
serve the cutting edge of technology – a strategy historically adopted 
by countries that have achieved productive catch-up (Motoyama, 
2004; Prates, 2022).

Regarding the companies involved in the AI ARCs, it was inter-
esting to note that nearly all had previously taken part in government 
initiatives to promote innovation in partnership with Brazilian ISTs. 
In most cases, such prior relationships with the academic community 
made it easier for the companies to integrate with the AI ARCs. Even 
so, negotiations concerning the intellectual property emerging from 
the research results proved to be neither simple nor quick. According 
to the interviewees, the reason was that multiple scenarios had to be 
carefully considered and agreed upon in detail before an agreement 
was signed.

When analysing the composition of each AI ARC’s interna-
tional advisory board, we found a total of 59 participating foreign 
universities. Of this total, 56 per cent (33) were European, 22 per 
cent (13) North American and 22 per cent (13) from other countries. 
A curious fact is that only two universities were Chinese (or three, if 
we consider the university in Taiwan), despite China being a global 
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AI powerhouse. Another striking observation was that only one 
of the AI ARCs included a Latin American university in its IAB. 
Although the predominance of US and European universities is 
understandable given their historical leadership in technology and 
longstanding cultural exchange with Brazil, the lack of partnerships 
with neighbouring countries highlights a lack of commitment on 
the part of the Brazilian AI research community to fostering inte-
gration within the broader Latin American research network – a 
goal explicitly mentioned in Article 4 of the Brazilian Constitution7. 
Nevertheless, further research would be required to properly confirm 
this hypothesis. 

Regarding the researchers, a particular characteristic stood out 
in the mindset of some of those interviewed, which we may call 
national ideological motivations or collective ideological motivations. 
This refers to motivations that drive their research, which seeks not to 
satisfy bureaucratic prerequisites or individual interests, but rather to 
generate diffuse benefits for Brazilian society at large. We found this 
mentality among three interviewees: 1) Interviewee K8, who argued 
that the creation of a data lake9 to be managed by Unicamp and used 
to develop AI applications in the health area aimed at preserving its 
public nature by doing it before private companies would engage 
in similar activities; 2) Interviewee F10, who noted that the aim of 
setting up an AI ARC as a national network was to encourage the 

7  Sole paragraph. “The Federative Republic of Brazil will seek the economic, political, 
social and cultural integration of the peoples of Latin America, aiming at the formation 
of a Latin American community of nations.” (BRAZIL, 1988, n.p., author’s translation).

8  Information obtained in an interview given to the researcher on 04/04/2022 by 
Interviewee K, from BI0S.

9  Data lake is a repository with large amounts of data in its original format, which can 
be used to perform statistical analysis, algorithm training, among others.

10  Information obtained in an interview given to the researcher on 11/18/2021 by 
Interviewee F, from the IARA Network.
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development of artificial intelligence in more regions of Brazil, thus 
“contributing more to the country”; and 3) Interviewee L11, who 
emphasised that the digital platform being developed for industrial AI 
applications was designed to eventually be employed in government 
policies to strengthen national industry.

As highlighted in some of the interviews, the fundamentally 
interdisciplinary aspect of AI ARC research represents another 
important finding – corroborating what the literature in the field 
has reported. This owes to the fact that developing AI applications 
often requires knowledge of at least two distinct fields: computer 
science and the area the application is aimed at – be it, for exam-
ple, medicine, urban planning or production engineering. Thus, 
considering the trend towards using AI to automate a large part of 
economic, administrative and service activities seems inevitable, it 
would be reasonable to expect the Brazilian state to promote changes 
to educational curricula at various levels (especially higher education). 
This would encourage newly graduated professionals to possess basic 
knowledge of programming and/or data science, thereby satisfying 
the interdisciplinary requirement.

The results of our research have also led to a particularly rele-
vant conclusion regarding the formulation and implementation of 
minimally strategic policies for developing artificial intelligence in 
Brazil. In our view, the leading actor in this domain is not necessarily 
the federal government but rather the research community, which 
we define as “the group of professionals and organisations involved 
in scientific, technological and academic activities in general” and 
which “share very close values, interests, ideologies and professional 
practices” (Dias, 2009, p. 36, author’s translation).

11  Information obtained in an interview given to the researcher on 05/11/2022 by 
Interviewee L, from Senai Cimatec.
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Two pieces of evidence support this conclusion. The first is that 
most AI ARCs were set up with pre-existing groups and networks 
of researchers with a preexisting specific research agenda – which 
was largely maintained in the new institutional arrangement. It is 
worth noting that all these groups and networks were set up based on 
the initiative of the research community itself. This was the case of 
Cereia, CIIA-Saúde, Rede IARA and SenaiCimatec. Only the research 
activities of BI0S and the IAsmin Platform were structured from the 
ground up to apply for funding from the AI ARCs programme.

The second piece of evidence is that, among all the research 
projects expected to leave a positive structural legacy for Brazil when 
finalised, none of them were developed with the aim of satisfying any 
specific request from the federal government. Rather, we identified 
that they derive from what we call national ideological motivations or 
collective ideological motivations of the AI ARC researchers themselves, 
as noted previously. These projects include the national reach of the 
IARA Network, conceived to foster AI development in all regions of 
the country, the BI0S health data lake that is designed to be public 
in nature, and the digital platform for the development of AI appli-
cations for national industry planned by Senai Cimatec.

For us, the finding that ideological motivations influence 
the research agenda, and the institutional set-up of the AI ARCs 
reinforces the thesis emphasising the “political-cultural dimension as 
a magnetising element, mobilising collective energies” for national 
development, elaborated by Gramsci (1982) and pointed out by Paula 
(2017, p. 24, author’s translation). This notion leads us to affirm the 
view that, from a national perspective, the trajectory of scientific, 
technological and innovation development not only depends on 
financial resources and strategic planning but also on the consistency 
and dissemination of a nationalist ideology that activates subjective 
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factors within a population – seeking a coordinated national effort 
for the development of a country.

To conclude this topic, we may note that the role of ad hoc 
policymaker played by the research community in the AI ARCs 
programme reminds us of the periodisation of the history of science 
and technology policies (STP) in Brazil, as put forth by Dias (2009). 
This periodisation is divided into three phases: one prior to 1951, 
spanning the years following Independence, when the first vestiges of 
Brazilian STP emerged, to the first half of the twentieth century, when 
it really began to take hold; another that covers the period between 
1951 and 1985, when Brazil experienced the peak of its national-de-
velopmentalist phase and during which time STP was treated as a 
key instrument for development; and the last spans from 1985 to the 
present day, when neoliberal rationality spreads through the country’s 
institutional fabric and STP loses its strategic character. It is from 
this last period onward that the research community appears to have 
assumed the role of protagonist in the design and implementation 
of STP in Brazil, as Dias (2009) himself argues.

Based on this evidence and on our literature review, we may 
assert that the Brazilian state has not treated technological innovation 
in AI strategically, reinforcing the country’s status as an underdeveloped 
and dependent country within the international system. The arguments 
supporting this assertion are not limited to the fact that funding for 
the programme is far below the ideal; in fact, it is primarily reflected 
in an analysis of the content and brief history of the implementation 
of the Brazilian Artificial Intelligence Strategy.

Firstly, it is important to recall that EBIA was published in May 
2021, at a time when the three most important federal government 
programmes to promote the development of artificial intelligence 
had already been launched. In fact, this was one reason why the 
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four thematic areas (health, agriculture, industry and smart cities) 
in which the AI ARCs were to focus had been chosen – based on 
the guidelines of the National Internet of Things Plan. Though the 
areas of the Internet of Things and artificial intelligence are closely 
related and frequently overlap, it does not seem completely justifiable 
for guidelines designed for one area to be applied to programs in 
another, particularly when this decision appears to have been made 
with some degree of improvisation. We can identify a clear lack of 
coordination between the official strategy for the AI and the state 
policies to implement it, which justifies the criticism experts levelled 
at EBIA when it was published. Its generic nature and the absence 
of deadlines, budget allocations and priorities not only point to a 
planning blunder but also a complete lack of strategic vision for the 
development of artificial intelligence in Brazil.

It is also crucial to highlight the want of coordinated measures 
in other key economic areas essential for the development of the 
national industry – a sector that is fundamental for stimulating and 
consolidating technological innovations. These measures include 
policies that affect the exchange rate, credit, interest rates, customs 
tariffs and even public procurement, as well as a series of other possible 
measures, without which the process of technological catch-up is 
rendered unfeasible (Suzigan, 2017). However, we only identify a 
handful of legal tax exemption instruments and a few programmes 
designed by the MSTI and state agencies to promote innovation in 
AI based on the triple helix concept. While these may be relevant 
and important for strengthening Brazil’s policies in the area, they are 
insufficient measures if the aim is to elevate the country to the next 
level in terms of industry, income generation and social welfare – 
aims that all countries essentially aspire to when seeking to promote 
domestic technological development.
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On the other hand, we must emphasise the central role played 
by the research community in planning and implementing the 
STIP in Brazil. This is evidenced by the AI projects pursued by the 
AI ARCs – conceived to serve as a structural legacy for Brazil and 
which were the result of spontaneous, decentralised initiatives by the 
professionals involved in the research activities at these centres (rather 
than originating from the Brazilian state’s planning bodies).

These findings also allow us to support two additional theses. 
The first is the central importance of public universities for STIP in 
Brazil, not only as loci to produce scientific knowledge but also as 
unofficial policymakers, given that this is where almost the entire 
Brazilian research community is located. The second thesis, which 
follows from the first, is that the Brazilian technical-scientific system 
built during the country’s national-developmentalist period (1930-
80) constitutes a type of positive path dependence,12 as it is within 
this system that public universities are situated (Motoyama, 2004; 
North, 1990).

An inevitable question that arises from the conclusions 
presented above is: If the political groups running the Brazilian state 
act as guarantors of the country’s situation of dependence and under-
development – perpetuating its status as a consumer of the high-tech 
products and services generated by wealthier countries – why do the 
STIPs continue to be renewed? We see two possible explanations 
to this.

The first lies in the successful actions on the part of groups 
interested in maintaining the STIPs – namely, the research community, 

12  “Path dependence is a way to narrow conceptually the choice set and link decision 
making through time. It is not a story of inevitability in which the past neatly predicts 
the future. [...] Once a development path is set on a particular course, the network 
externalities, the learning process of organizations, and the historically derived subjec-
tive modelling of the issues reinforce the course” (NORTH, 1990, p. 98-99).
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the bureaucracy of government agencies and the companies seeking 
to benefit from the public resources provided via these policies. The 
motivation for the first two groups stems from the fact that STIPs 
ensure their very existence, while the motivation of the latter relates 
to opportunities to reduce costs when investing in proprietary tech-
nological innovation processes. 

The second hypothesis states that maintaining the STIPs 
contributes to the strategy of maintaining the hegemony of the social 
groups that constitute and run the Brazilian state. While these groups 
may deem the STIPs irrelevant in economic terms, their complete 
eradication could provoke resistance from influential sectors in society, 
thereby constituting important political constraints.

Despite funding limitations, the existing institutional arrange-
ment of the AI ARCs can, indeed, play a valuable role in the future of 
Brazilian STIP. The very fact that the programme is already considered 
to be promising by some of its participants (despite Brazil lacking 
a robust STIP), it is reasonable to expect that they will yield more 
fruitful results once the country establishes a truly strategic orientation 
for the area of science, technology and innovation.

Final considerations

Examining the programme of the Applied Research Centres in 
Artificial Intelligence in its early stages, this chapter presented data 
and discussed the results of our research, seeking to identify trends in 
Brazilian state policies aimed at the national development of artificial 
intelligence. Together with an exhaustive documentary review and 
17 interviews, our findings show that the funding provided by the 
programme has proven insufficient for carrying out cutting-edge 
research in the field of AI. 
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Additionally, an important bureaucratic limitation emerged: 
after over a year since the programme concluded its selection process, 
only one AI ARC had received the grant agreement and gained 
access to the allocated funds. A third relevant consideration has to 
do with the fact that the Brazilian Artificial Intelligence Strategy, 
already widely criticised for its generic nature, was published after the 
launch of the AI ARCs programme, pointing to a clear misalignment 
between plan and policy implementation. Additional shortcomings 
we identified involve the lack of policies in other areas of government 
that are vital for the good implementation of technological innovation 
policies,  the absence of a nationalist ideology guiding development 
policy and the inexistence of a state policy for the establishment of 
national data centre infrastructure.

This overall scenario reinforces theories of underdevelopment 
and dependence that structure a peripheral country’s place within the 
international system. The identification of the research community as 
the main protagonist in the formulation of AI development policies 
in Brazil – performing the role that, in theory, should be played by 
Brazilian state bodies – further supports this interpretation. Even so, 
the AI ARCs programme does represent a promising initiative, with an 
institutional arrangement designed to last for the long term. As such, 
it may serve as a reference for new and more robust AI development 
policies that can be put into practice in the future.
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Chapter 2

CONSIDERATIONS  ON ARTIFICIAL INTELLIGENCE 
IN CEARÁ’S CHIEF SCIENTIST PROGRAMME

Oriana Chaves

Introduction 

In this twenty-first century, countries the world over have 
recognised that systems based on artificial intelligence (AI) offer countless 
economic and social opportunities, capable of supporting the creation of 
countless new technologies – including those related to national sover-
eignty. Evidence of this are the 43 nations that have started to approach 
artificial intelligence from a national strategy perspective (Carvalho, 
2021), reflecting the broader acknowledgement of the essential role that 
AI will play in societal development in the coming years. Some of these 
nations have drawn up specific AI development plans that promote 
research, development and innovation, while seeking to mitigate its 
political, economic, social and ethical effects. 

Beyond the formulation of national plans, we also find count-
less local initiatives within countries. For instance, Canada boasts 
87 government initiatives in the area of AI (ILO, 2022), at both the 
federal and provincial levels, including in Quebec and Alberta. Simi-
larly, a growing number of Chinese cities are developing their own 
investment programmes in the area. Beijing, for example, has a plan 
of investing 2.1 billion dollars in constructing a research park aimed 
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at developing AI technologies (Carvalho, 2021). This heterogeneous 
global scenario points to a tendency toward establishing national 
public policies focused on technological innovation in general, as 
well as artificial intelligence in particular. 

In parallel, municipal and state-level initiatives can also be 
found in this global context, such as the examples previously cited. As 
another real-life example of this trend, the present chapter examines 
the artificial intelligence systems being developed under the Chief 
Scientist Programme for the use of AI in public service provision – a 
public policy initiative of the Ceará state government in Brazil.

This text is based on doctoral research conducted within the 
Postgraduate Programme in Sociology at the Federal University of 
Ceará (UFC). It presents the results of the first phase of the research, 
which includes documentary analysis (Oliveira, 2007) carried out 
from 2021 to 2024 of digital public documents (Bardin, 2001; 
Bauer, 2008), including government agency website and public 
university portals. These sources were selected for their credibility 
and representativeness as official governmental expressions – and they 
were analysed with caution, including due contextual and authorship 
evaluation (in this case, institutional) (Cellard, 2008). By bringing 
together institutions from the private and public spheres (including 
universities, public management bodies and private companies), the 
corresponding projects represent a complex network of initiative 
between academia, government and the private sector (Mendes, 
2022), which constitutes the research universe for this study. Based 
on accessible and collected information, this network was used to 
identify different relevant aspects for analysis and discussion. 

Through exploratory and descriptive research, the first section 
of this chapter presents a theoretical contextualisation of artificial 
intelligence in the public sector. The second section addresses the 
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Chief Scientist Programme in Ceará, including the sub-projects 
involving AI development. The third section offers a discussion of 
the findings related to this programme, followed by our conclusions. 

Some authors (Chen et al., 2019; Hiratuka and Diegues, 2021; 
Zuiderwijk, Chen and Salem, 2021) have highlighted a dearth of stud-
ies from Latin America that discuss the potential benefits and harms 
related to developing and using AI. Moreover, they also identify a lack 
of research addressing the governance of artificial intelligence, public 
policies, regulatory issues and how to deal with future challenges for the 
public sector. The present study seeks to respond to this by expanding 
our knowledge about AI in this region. The perspective we offer is not 
that of a global leader in AI development but rather that of a region 
outside the primary centres of AI development – in this case Ceará. Since 
2000, Ceará has pursued a governance approach prioritising the provision 
of diverse information and communication technology (ICT) services 
to state public administration agencies, federal and municipal entities, 
branches of government, and private individuals or entities (Ceará, 2018). 

AI in internal public management processes: the perspective of 
researchers 

This section presents an introductory overview of positions 
taken by researchers relating to the pervasiveness of artificial intelligence 
within public management structures, identifying the associated benefits, 
challenges and possible solutions. One clear indication of the spreading 
presence of AI relates to its potential to improve the delivery of public 
services. The projects under the Chief Scientist Programme are part of 
this universe – including CC-IA1 , which we present in another section. 

1  Chief Scientist/Artificial Intelligence (artificial intelligence projects assisted by the 
Chief Scientist Programme – author’s code).
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We begin with Wang & Siau (2018) and their analysis of the 
paucity of research on artificial intelligence governance. This situation 
points to a lack of consensus on how to deal with the future challenges 
posed by this technology in relation to the public sector. Though 
researchers, private sector professionals and policymakers have started 
paying attention to AI governance, policy and regulatory issues, a 
systematic understanding of the implications related to its use in 
government is still absent. 

Within state structures, AI use pertains to the internal operational 
aspects of public administration. In this sense, Desordi and Bona (2020) 
examine its application for facilitating the performance of “mid-level” 
activities, providing information for decision-making and automating 
tasks. These authors take a positive view of AI, stating that it has delivered 
benefits for the public sector by improving its processes. They present 
the case of the Federal Court of Auditors (TCU), which implemented 
three AI-powered systems (Alice, Sofia and Mônica) that are configured 
to identify irregularities in public procurement contracts involving federal 
funds, allowed the court to stop irregular bidding procedures across 
the country (a case similar to that of the CC-IA projects under study 
here). The benefits they present add to the chorus enthusiasts lauding 
the efficiencies offered by AI – especially in detecting irregularities in 
public spending, as well as operational advantages offered by AI’s ability 
to process large volumes of information, and as cross-check data in 
shorter periods of time.

In Brazil, in addition to the case of TCU, three other AI systems 
are currently being used by other institutions. The Federal Supreme 
Court (STF) employs an initiative named Victor to improve procedural 
efficiency by classifying and linking appeals to the STF’s issues of 
general repercussion. The state government of Paraná makes use of the 
PIÁ initiative, a system aimed at reducing bureaucracy and simplifying 
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access to public services for citizens of the state. At the federal level, the 
Rosie initiative can be accessed by citizens to analyse public spending, 
including reimbursements claimed by federal deputies and senators under 
the Parliamentary Activity Quota (Desordi and Bona, 2020). In Ceará, 
Gomes and Gonçalves (2024) have discussed the Leia system, an AI 
mechanism responsible for linking legal cases to other precedents.

These are examples encompass various possibilities for applying 
AI systems in public administration, from internal processes and 
citizen services to social control. However, Maia Filho and Junquilho 
(2018) raise caution about what they call “harmful and hostile legal 
effects”, stating that great care must be taken to ensure that AI systems 
do not generate detrimental and or even hostile legal effects in the 
provision of services on account of algorithmic biases. For this reason, 
they emphasise the need for improved regulation when contracting 
companies as well as caution with the use of data: “all these risks must 
be analysed and assessed with caution whenever any public project in 
responsible innovation is sought, in order to always protect its safety 
and efficiency” (Maia Filho; Junquilho, 2018, p. 231).

Valle and Gallo (2020) issue another warning related to public 
governance: the integration and heightened application of AI in 
government (along with its increased sophistication) may introduce 
public governance issues within the scope of public administrative 
law theory: 

The transformation towards a digital public adminis-
tration imposes a new configuration of public action, 
subjection to new principles governing administrative 
action, a new role for public agents, a transition towards 
the consolidation of increasingly digital institutions (Valle 
and Gallo, 2020, p. 68, author’s translation).
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Another warning is made by Zuiderwijk et al. (2021) regard-
ing the need for legal security in public administration. The digital 
transformation of public administration implies a need for regulation: 
understanding and dealing with the new associated nuances relating 
to the role of public agents requires legal certainty for society. Fears 
abound in society about artificial intelligence and the state: matters 
of trust in the state, its capacity to serve, privacy, the preservation of 
sensitive data, security, risk and threats; social and ethical dilemmas 
relate to justice, prejudice and inclusion; and governance issues related 
to transparency, regulatory frameworks and representativeness. 

Regarding trust in the state (or in public services mediated by AI), 
these authors highlight a counterpoint: trust on the part of citizens in 
governments can increase if we consider the possibility of AI improving 
the quality of public services, increasing the efficiency and effectiveness of 
service provision, predicting more accurately, simulating complex systems 
that allow for policy experimentation and supporting in decision-mak-
ing, transport, public health and law enforcement. However, they also 
acknowledge the possibility civic trust in government decreasing, such 
as in cases of violations of privacy, a lack of fairness in the use of AI for 
public governance or the absence of transparency in black box systems 
where responsibility and accountability are not readily comprehensible 
when AI is used by governments for decision-making.

In practice, most governments face limited understanding 
of the multifaceted implications for public governance 
brought about by the use of AI in government. Mean-
while, thoughtleadership in the areas of governance and AI 
shrinks compared to the pace with which AI applications 
are infiltrating government globally. This knowledge gap 
is a critical developmental barrier as many governments 
wrangle with the societal, economic, political, and ethical 
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implications of these transformations in AI. (Zuiderwijk 
et al., 2021, p. 2).

Desouza et al. (2020) highlight the challenges of this technology 
in the public sector, pointing to the need to promote the public good, 
transparency, the diverse set of stakeholders involved and conflicting 
interests and agendas that add further complexity. They also stress 
the need for “regular scrutiny and oversight not usually seen in the 
private sector” (Desouza et al., 2020, p. 206).

The analyses presented in this section underscore the imperative 
to expand research on the subject and present practical examples of the 
reach of AI in Brazilian public services. These are well-defined theoretical 
positions that, on the one hand, highlight the benefits of applying this 
technology in the public sector, while, on the other, critically examine a 
need for legal security for the populace offered by state regulation and 
monitoring. Thus, whether within or outside the public administration 
framework, the role of AI in social processes can be modulated by regula-
tory measures, ensuring the existence of trust, ethics, justice and security 
– essential aspects in the relationship between public power and society.

Th e state in Ceará’s development and the context for building 
public policy

Ceará’s entry into the era of socio-ethical artificial intelligence 
systems can be linked to two elements in the formulation of this 
public policy: 1) the state’s historical tendency to pursue rationalised 
public management and 2) a technical choice to promote techno-
logical innovation, which was strengthened after 2000. These two 
elements have laid the foundations for a socio-political environment 
that enabled a series of public initiatives actions leading to the public 
policy embodied in the Chief Scientist Programme. The present 



60

section develops this argument, presenting a brief historical context 
that illustrates how the state’s approach to addressing demands has led 
to the development of rationalised public policies. In this approach, 
models are adopted objectively in a way that responds to a given 
demand, rather than merely reactively or temporarily. 

Rationalisation has become the most important characteristic 
for removing the obstacles related to the organisation and functioning 
public administration. It is important to note that state adminis-
trations in Ceará long engaged in planning practices, rationalising 
management and pursuing economic development through indus-
trialisation. This approach is likely based on the federal government’s 
multi-annual plans and national development plans, with the aim of 
transforming Ceará’s economy into the third industrial hub in Brazil’s 
Northeast region following a developmentalist strategy.

After 1987, the economic development model remained 
unchanged, with the project to industrialise and consolidate Ceará as 
the industrial hub in the Northeast by attracting industrial projects to 
the state economy. From 1988 onwards, Ceará embarked on a contin-
uous process of rationally expanding its autonomy as a sub-national 
entity, carried out through fiscal and financial responsibility as well 
as governance (Amaral Filho et al., 2018). From 1987 to 2017, the 
state gradually underwent reforms, adjusting the balance of public 
accounts by increasing public and private investment paired with 
sustainable economic growth. 

The foundations of Ceará’s local socio-economic structure can be 
identified in what Amaral Filho et al. (2018) refer to as “consensuses that 
shaped government policies”: First consensus – industrialisation as a path-
way for the state’s economic development; second consensus – responsible 
and balanced budget execution and investment in infrastructure; third 
consensus – sustainability and improvements to the quality of economic 
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growth. We may note that, depending on the administration as well as 
endogenous and exogenous conditions, each of the consensuses achieved 
varying degrees of success. One exogenous factor often highlighted by 
researchers are the various constitutional transfer funds (such as the State 
and Municipal Participation Funds and the Constitutional Development 
Fund) at the beginning of the period. 

Another development-inducing element that we may insert in 
this broader context of Ceará’s socio-economic structure is technolog-
ical innovation, in all its forms – including its institutional expression 
through the creation of the Information Technology Company of 
Ceará (ETICE) in 2000.2 Upon the subsequent updated of its guide-
lines, ETICE expanded the provision of a wide range of services in the 
area of ICT to bodies and entities within the state public administra-
tion, as well as to federal, municipalities and other government bodies 
and to individuals and to private legal entities (Ceará, 2018). The role 
of this public company is essential within the government structure 
(also normatively) for identifying needs and distributing activities 
that may be part of the digital development system, interacting with 
the other two vertices of this partnership triumvirate: academia and 
the private sector. In this context, innovation emerges as one of the 
tools used by the public administration to drive change. 

Another expression of technological innovation as a public policy 
is highlighted by Freire (2022), who notes that administrations have 
allocated a significant portion of their budgets to projects aimed at 
enhancing or improving citizen services, or simply structuring more 
efficient management models based on innovation. He points to the 
formation of what he terms “Ceará’s innovation ecosystem”: a group of 
actors and institutions engaged in research and development activities. In 
Ceará, this ecosystem comprises the state’s higher education institutions, 

2  Law 13.006/2000.
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the Secretariat of Science and Technology and the Ceará Foundation for 
Scientific and Technological Development Support (FUNCAP). 

Considering the essential normative foundation for developing 
artificial intelligence in the state of Ceará, another element is Law 
No. 17,611 enacted in 2021. However, this legislation only provides 
broad guidelines, without specifying technical details. It specifically 
mentions the need for security in the design of systems, an ethical 
foundation and alignment with other Brazilian laws. Moreover, it 
states the need to ensure human oversight, emphasising that compa-
nies based in the state of Ceará will be held responsible for their AI 
systems and liable for any damages under the law.

The outcome of this trajectory brings us to the public policy 
known as the Chief Scientist Programme and its projects focused 
on the development and application of artificial intelligence. Public 
policy as defined by Tronco (2018) refers to the action of an elected 
government expressed in norms (Tronco, 2018) – it is a set of actions 
and decisions concerning the allocation of state resources, backed by 
the authority of public power, and which can be expressed through 
laws, decrees or other legal instruments (Rua, 1997). In principle, the 
Chief Scientist Programme should not be characterised as a public 
policy as it originated from a 2018 project by the State Secretariat for 
Public Security, as described by Matos et al. (2020):

André Costa, then secretary of the secretariate, 
with a delivery and results-oriented profile, went to 
FUNCAP and requested scientists – with the same 
work profile – who could analyse and work with the 
large volume of data that the secretariate had. The 
initial budget reported by the interviewees was BRL 
7 million, and José Macêdo, the coordinator of the 
post-graduate computer science programme at the 
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UFC, was selected for the job, assembling his team 
with additional scholarship holders. Unlike other 
state secretariates that buy software and systems – 
Salvador, for example – the idea from the outset, led 
by the scientist, was to develop technologies locally, 
generating savings of around BRL 300 million for 
the public coffers (p.7, author’s translation).

After success as an isolated initiative, the programme was evaluated 
as a positive prospect that aligned with the rationalised nature of state 
policy in Ceará, likewise enabling innovation to emerge as a tool used 
by the public administration for optimising its public services. The chief 
scientist role exists in various countries, serving to identify solutions 
(grounded in scientific knowledge) for tackling challenges faced by the 
public administration. This role can assume different forms: from indi-
viduals who advise specific government bodies (United Kingdom, United 
States, Israel, New Zealand and Australia) to a collegiate committee of 
researchers who work together on specific issues (European Commission 
and Cuba), or as an institutionalised connection with funding agencies or 
scientific academies (Germany, China, India, Canada and South Africa) 
(Pierro, 2015). 

This initiative fosters collaboration between researchers 
(academia) and the public sector. Schwartzman (2009) takes a clear 
stance on bringing researchers closer to public authorities, asserting 
that countries with characteristics similar to Brazil rely on the public 
sector as their main partner for scientific research – a union between 
academic knowledge and the design and implementation of public 
policies. In Ceará, the Chief Scientist Programme is an initiative is 
structured around individuals advising specific public administration 
bodies. Currently, the programme maintains its objective of uniting 
academia and the public administration. It extends across various 
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government bodies and includes teams of researchers in strategic 
sectors tasked with identifying science, technology and innovation 
solutions to improve the public services provided (FUNCAP, 2022). 

Each team is led by a chief scientist, selected based on criteria 
including scientific production, training and affiliation with high-level 
research centres (as classified by CAPES) within Ceará institutions (Ceará, 
2022). Initially implemented within executive branch, the programme 
spread to other public entities, such as the Ceará State Court of Accounts 
(TCE-CE), the Ceará State Public Prosecutor’s Office (MP/CE), and 
the Ceará State Court of Justice (Furtado, 2021). Following this general 
overview of the Chief Scientist Programme, the next section specifically 
describes the projects within the programme that directly involve arti-
ficial intelligence.

Artifi cial intelligence and public service: the proposal of the Chief 
Scientist Programme 

This section highlights both the instrumentality of artificial 
intelligence for optimising the provision of public services as well as 
the convergence of partners when developing projects of this nature. As 
such, our research object includes the sub-projects that propose the use of 
artificial intelligence – as per the details of the Chief Scientist Programme 
(FUNCAP, 2022-b). These are briefly described in the following.

Subproject “Combating and preventing risks and fraud in the 
public sector”

This initiative is linked to the Court of Accounts of the State 
of Ceará, with the central objective of enhancing control mechanisms 
to prevent fraud. In technical terms, this involves public financial 
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optimisation and the strengthening the sustainable fiscal balance within its 
jurisdictions. The proposal is to use descriptive and predictive computer 
models to forecast the possible deterioration of accounts by leveraging 
data analysis and integration techniques across public and/or secured 
databases. In theory, this approach would enable more frequent and 
advanced alerts. The “TCE/CE Fiscal Monitor project” was outlined as 
a local initiative aimed at reformulating the external control model. Some 
developments expected from this initiative include the continuity of key 
technical and scientific products and the scalability or externalisation of 
dashboards and public management tools initially designed for the state 
of Ceará. 

Subprojects of the Ceará Court of Justice and the Ceará Public 
Prosecutor’s Offi ce 

At the Ceará Court of Justice (TJ-CE), the aim of the project is 
to apply AI to structured and semi-structured data analysis, enabling the 
development of methods, techniques and tools that contribute to making 
judicial processes more agile, accessible, swift and connected to social 
reality. One of the key proposals is to expand linguistic and computational 
resources, enhancing the system’s ability to comprehend natural language 
texts, thereby supporting judicial decision-making through automatic 
searches of case law, the automatic generation of texts and suggestions 
for relevant legislation to support judicial decisions. 

As for Ceará Public Prosecutor’s Office (MP/CE), the focus is inves-
tigations: increasing the productivity and quality of investigative actions, 
especially those linked to organised crime factions. Artificial intelligence 
provides support for this in four ways: videos, audio recordings, texts 
and structured data (databases). The aim is to identify signs of criminal 
conduct and support procedural activities by applying supervised machine 
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learning techniques to identify the profiles of individuals, processes and 
companies potentially involved in criminal activities. The system also 
helps identify activities, behaviours and processes with a high probability 
of being associated with illicit conduct. The results obtained can be visu-
alised using machine learning techniques and complex network models in 
the form of indicators, graphs, tables and network diagrams that facilitate 
the identification, analysis and monitoring of the relationships between 
the different criminal actors.  

The project is initially utilising a tool developed by the Federal 
University of Minas Gerais called “Lemonade” – open-source software 
that the project team is contributing to – into which algorithms 
are inserted. According to Furtado (2021), the expectation is that 
productivity will significantly increase, with tasks previously requiring 
months being carried out in days. This would enhance the quality of 
analyses, providing information that adds robustness to investigations 
as well as uncovering data not visible to the human eye. 

HASmart development” sub-project

In the area of health, this is a project focuses on developing an AI 
system to monitor the cardiovascular risk of the population of Ceará, 
specifically relating to systemic arterial hypertension. The system utilises 
data analysis and artificial intelligence to predict the cardiovascular risk 
across the population. The proposal involves collecting data on the 
population (such as blood pressure, heart rate, weight, height and date 
of birth) from various sources (pharmacies, health centres, hospitals and 
apps). This data would allow prescriptions to be monitored to promote 
the more rational use of medications – made possible by the availability 
of mobile device applications (apps) used by citizens in general. 
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The project is being developed by researchers from the 
post-graduate programmes in Informatics and Health at the Univer-
sity of Fortaleza, based on a request from the Ceará State Health 
Department. Once the methodology for collecting and analysing data 
from the hypertensive population of Ceará is defined, the expectation 
is that the associated data will be used as the foundation for a study 
aimed at enhancing communicative, assistive, persuasive and adap-
tive interactions that will improve adherence to treatment. Another 
anticipated outcome is that the results will contribute to database for 
further research, optimising the health management process. 

Emerging aspects: analysis and discussion

If we consider each of these sub-projects within the Chief 
Scientist Programme as a unit of public policy – bearing in mind 
that the public policy cycle begins with the identification of a problem 
(Secchi, 2012) – we can identify the problem serving as the focus 
of action of each (as shown in the image 1). As the two sub-projects 
linked to the justice sector seek to address the same root problem, we 
initially address these as a single unit of analysis.

IMAGE 1 – ROOT PROBLEM OF THE AI SUB-PROJECTS 

(FROM THE CHIEF SCIENTIST PROGRAMME)
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We first analyse the type of process that each AI system under 
development is to establish in the public service: be it a system meant 
to operate within the management process (support service) or a system 
meant to operate directly in the public service provided to a user (end 
service). To understand the difference, we may consider whether the 
process outcome subsequently passes through an additional stage or if 
it is immediately rendered. In the first two sub-projects, data analysis 
provides results for the discretionary decision-making of the institutional 
analyst. In the third sub-project, data analysis is delivered directly to the 
user and to the institutional analyst (from the health monitoring area), 
in addition to making information available to researchers. 

IMAGE 2 – PROCESS TYPE OF AI SUB-PROJECTS

Another aspect we identify is the “process capacity”: the “time” 
and “accuracy” of the operations within the service provision. The 
integration of AI within public management processes is based on 
the promise (Rocha, 2021) of reducing the time and increasing the 
accuracy of “process capacity”. This promise may be understood 
within the institutional environment as a management improvement, 
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considering that speed in itself implies efficiency. However, this rela-
tionship (of speed = efficiency) is debatable, mainly as it is intertwined 
in the discussion surrounding algorithmic bias. Nevertheless, we can 
identify that this issue is being considered by the CC-IA work team, 
as one of the academics involved explicitly stated that one challenge 
lies in mitigating this bias (Furtado, 2021). 

We should emphasise that incorporating “process time reduc-
tion” as a metric of efficiency demands extensive deliberation, analysis 
and discussion – namely, a high degree of care when handling data to 
prevent errors from causing harm to society through legal, financial, 
emotional or other repercussions. This concern reflects the analysis 
by Davis, Williams and Yang (2021), who argue that inequalities 
may arise from biased and non-representative data, from the use 
biased proxies or by assuming real population differences derived 
from structural oppression and treating these as unproblematic or 
merely essential. 

One practical example may be found in any system that 
employs a predictive computer model for profiling, as is the case with 
some CC-IA initiatives. A computer model represents a simplified 
representation of phenomena, aimed at simulating or understand-
ing these. AI-based models are trained to learn and describe target 
phenomena – training that is carried out by inputting data – while 
predictive models use data to make predictions. As such, we stress the 
need to apply caution in regard to the data being used. This leads us 
to another attribute in analysing CC-IA: the “type of data” applied 
in each AI system.  

The available information gathered for this research suggests 
that, among three sub-projects evaluated, two are predictive (fiscal 
control and legal) while one is descriptive (health). The first necessary 
precaution involves compliance with the General Data Protection Law 
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(LGPD), Law No. 13.709/2018. Naturally, processing data3 within 
CC-IA is part and parcel of the project’s development aims, presum-
ably under the responsibility of the internal team of the relevant 
agency. As such, anonymisation is not applied being that the service 
provision is predicated on identifying the individuals subject to its 
services. This implies forming a data processing team that has been 
verified in terms of its suitability and also subject to specific oversight.

In sub-projects one and two (fiscal control and legal), the “type 
of data” comprises information derived from existing processes within 
the respective agencies. These data are fed into the artificial intelligence 
system, allow for information to processed for specific purposes. As such, 
the information available suggests that the collection system is closed 
and does not communicate with any other systems. In sub-project three, 
operational parameters are defined entered and data is entered by the 
user. In other words, data collected from users is shared with the data 
science team, the health monitoring team and potentially shared for use in 
academic research once consolidated. We should note that the use of apps 
enables user data to be collected from their individual devices – including 
geolocation, ownership, usage history location history. 

We can identify two types of data flow. The first being inter-
nal to the organisation, originating from the database of existing 
processes. In this case, adopting a protocol against data leaks is critical. 
Another type of data flow is external to the institution, entered via 
participation of the users. No information about access security for 
this data was identified for the latter. We assume that such details are 
outlined in the project’s Terms of Reference but did not find these in 
publicly available documents. 

3  Point Article 5(X) of the LGPD defines as “any operation carried out with personal 
data, such as collection, production, receipt, classification, use, access, reproduction, 
transmission, distribution, processing, filing, storage, deletion, evaluation or control of 
the information, modification, communication, transfer, dissemination or extraction”.
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IMAGE 3 – TYPE OF DATA FLOW 

All the aforementioned points regarding these artificial intel-
ligence system projects for the public administration contribute to 
analyses of the socio-technical need of integrating these systems 
– as technological innovation aimed at enhancing public services 
while weighing the associated risks and benefits. The foundation of 
this initiative reflects Zuboff ’s (2019a) perception that the global 
collection of digital data is part of an extraction project in which the 
population is both its source and ultimate target. In our analysis, the 
target population is expressed as a socio-political collective under 
management – for which the collective serves as the origin of its 
power (competence) as well as the objective of its action (the common 
good). Considering the power held by data in contemporary times 
(Beer, 2019), nothing could be more pressing than the care that a 
state (at any level) must exercise regarding the services it provides 
society – encompassing both innovation and collected information.

Final considerations

Our primary aim in this analysis was to describe a local example 
(from Northeast Brazil) in which AI-based systems create opportunities 
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for managing public services through greater efficiency. We show the 
significance of the historical and socio-political environment of the 
state of Ceará in shaping current innovation initiatives, both in the 
broader framework of the state and in public policies. Among these, 
we highlighted the creation and subsequent restructuring of ETICE, 
as well as Law No. 17,611 of 2020, which sets out responsibilities 
and guidelines for artificial intelligence systems in the state of Ceará – 
including specific public policies to encourage research, development 
and innovation in the area.

Moreover, this analysis helps to outline a consensus (Wang & 
Siau, 2018) on how to address the challenges associated with this 
technology for the public sector in the future. In this regard, we 
emphasise transparency and the possibility of involving external 
researchers on the subject (who are not directly involved in the proj-
ects) to enhance the systematic understanding of its implications for 
use in government. Beyond a purely optimistic view of this technology 
(Desordi and Bona, 2020), public sector benefits should thereby 
always be subject to continuous improvement of its activities as well 
as increased legal security (Maia Filho; Junquilho, 2018; Valle; Gallo, 
2020; Zuiderwijk et al., 2021).

The potential benefit of applying these systems is their ability 
to offer a framework that provides answers and solutions to certain 
problems. The scope and quality such applications can increase 
exponentially if the design and operational work are shared with 
professionals capable of conducing global analyses – as analysis can be 
even more powerful than the data itself (Beer, 2019), encompassing 
possibly interdependent relationships and varied perspectives. 

This work also contributes to a broader discussion of this 
topic in Latin America (Chen et al., 2019; Hiratuka; Diegues, 2021; 
Zuiderwijk; Chen; Salem, 2021), particularly regarding the need 
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to regulate AI. However, the most definitive conclusion remains 
speculative due to the lack publicly available Terms of Reference for 
each of the proposals analysed – which would otherwise allow for a 
more precise understanding of the development and application of 
this innovation in a place outside global AI hubs. There is no doubt, 
however, that FUNCAP’s Chief Scientist Programme reinforces the 
idea of inter-institutional collaboration as a means of socio-political 
development. The information accessed demonstrates a technical 
commitment to deliverables (the materialisations, results and output 
of the work carried out, offering itself as a tool for monitoring the 
suitability of the work in view of the real needs of the portfolio being 
served) and the pre-established and shared agreement regarding this 
public issue.
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Chapter 3

RECENT PUBLIC SECURITY ADVANCEMENTS 
IN CEARÁ BASED ON AI: CONSTRUCTING A 

TECHNOLOGICAL ECOSYSTEM

Paulo Henrique Moura da Silva

Introduction

Since the first Industrial Revolution, technological development 
has been a driving force behind social, economic and cultural change. 
Over the decades, society has witnessed significant advances in the 
field of technology, culminating in the emergence of artificial intelli-
gence (AI), which today has become one of its the most dynamic and 
impactful fields. This technological progress has not only assumed an 
expanded presence in social life, but it has also increasingly penetrated 
the private sphere – fundamentally reshaping diverse sectors such as 
jurisprudence, industry, social media and policing.

In this context, the present study explores AI initiatives in the 
area of public security, specifically considering the Brazilian state 
of Ceará. To this end, it is essential to start by gaining a broader 
understanding of the key concepts related to artificial intelligence, 
along with its operation, development and application.

Definitions and understandings of AI are complex and multi-
faceted. While many associate it with science fiction and the idea of 
thinking machines, the scope and applicability of AI are, in fact, much 
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broader and more tangible. AI is embedded in our daily lives, from 
virtual assistants like Amazon’s Alexa to recommendation algorithms 
on streaming platforms, internet search engines, facial recognition 
systems in smartphones and even military drones.

The history of this technology dates back to the famous confer-
ence held at Dartmouth College in 1956, led by John McCarthy. It 
was here that the term “artificial intelligence” was coined, as well as 
the first formal discussion about the idea of creating machines capable 
of performing tasks that require human intelligence. Since then, AI 
has evolved in several waves, from “Internet AI” to “autonomous 
AI” – each ushering in significant advances in its application and 
understanding (Kaplan, 2016; Kjøsen; Steinhoff; Dyer-Witheford, 
2019; Lee, 2019).

Today, machine learning has emerged as the predominant 
form of “actually existing” AI. Driven by increased computational 
power, the availability of large data sets (big data) and expanding 
connectivity, machine learning enables systems to learn from data to 
identify patterns and make decisions based on these patterns. This 
process often happens through artificial neural networks, which seek 
to replicate the neural architecture of the human brain.

Machine learning encompasses several modalities – including 
supervised, unsupervised and reinforcement learning – each with its 
own characteristics and applications. Moreover, techniques such as 
computer vision play a crucial role in contemporary AI, allowing for 
the real-time analysis of images and the detection of patterns that 
may be relevant for public safety (Kaplan, 2016).

This development is not, however, without its challenges. 
According to Pasquinelli (2019), machine learning algorithms rely 
on training data that can be biased and socially partial. The author 
emphasises that such data represents a partial view of the world, 
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influenced by factors such as race, gender and class inequalities. 
Moreover, Pasquinelli points out that bias is a core concern in the AI 
debate, as it can amplify and normalise social inequalities.

Cordeiro (2021) explores the role of algorithms in AI, defined 
as command codes that instruct the behaviour of AI systems. These 
algorithms are fundamental to the functioning of AI, as they deter-
mine how systems process and interpret data. However, Cordeiro also 
points to the ethical and social challenges associated with algorithms, 
including concerns related to transparency, bias and accountability.

Pasquinelli’s approach sheds light on the critical relationship 
between artificial intelligence and the society in which it is inserted – 
be it via the character of the datasets used for training or implications 
when such data is labelled by agents who operate within a specific 
social context. This underscores a need to uncover the pathways and 
contexts in which AI technologies are built, especially those aimed 
used for public safety. 

In the following, we investigate the integration of artificial 
intelligence technologies into public security in the state of Ceará, 
seeking to understand recent technological developments in this 
area based on the adoption of certain AI projects – whether through 
contracts, agreements, initiatives or the use of technologies. Within 
these, we assess the actors who are mobilised, as well as their respective 
role in this development.

We focus our analytical lens on the state of Ceará, as this partic-
ular case provides an insightful entry point for better understanding 
the development of public security through AI at a national level: 
the platforms developed in and for Ceará have served as a model for 
applying and developing this practice within the central government. 
We take an exploratory approach based on data collected from the 
electronic portals of the security forces, public statements by the 
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agents involved and news portals. To make sense of the physical infra-
structure more directly associated with video monitoring (and which 
underpins initiatives aimed at implementing artificial intelligence 
in public security in Ceará), we analysed electronic tenders, price 
registration documents and contracts signed between the government 
of Ceará and private companies. In this, we focus on analysing the 
potential to understand what is effectively in operation in the state, 
specifically considering descriptions of the requested and purchased 
items, as well as the services they are capable of rendering. 

Finally, the study investigates the case of the Chief Scientist 
Programme, along with the products developed within it for the state’s 
public security sector, specifically those that involve the processing of 
personal and biometric data. This analysis considers aspects such as the 
operational structure of these initiatives, the researchers responsible 
for developing the tools and mor. 

Th e relationship between AI and public security around the world

Examining specific sectors such as the judiciary, social security 
and public security help shed light on how artificial intelligence 
technologies are being incorporated into the public administration. 
Though initially designed for other areas, the potential for applying 
AI in the public sector is significant (Wirtz; Weyerer; Geyer, 2019). In 
the realm of public security, this potential lies in applying predictive 
analyses based on statistics for controlling and monitoring public 
spaces, creating extensive databases accessible through computer 
vision (a subfield of AI) and using biometric analysis for facial or 
digital recognition, among other functions. 

Computer vision offers numerous applications, from filters that 
operate on smartphone cameras and vision systems for autonomous 



81

vehicles to analyses of automated surveillance videos. Its functioning 
rests on acquiring and processing information from real images – 
whether captured or provided – in order to assess the characteristics 
and context of the surrounding environment. Various functions are 
required in order for these tasks to be executed, including object recog-
nition and categorisation, the tracking of moving objects, behaviour 
analysis and a broader understanding of the general context (Frankish; 
Ramsey, 2014). Based on these functions, a camera equipped with 
a sensor can, for example, capture the alphanumeric characters on 
vehicle number plates and subsequently flag suspicious activity.

While the use of data and technology to support decisions by 
law enforcement is not new, digitalisation has allowed authorities to 
extract, produce, store and analyse this data at high speed via machine 
learning – a qualitative shift in the relationship between data and 
policing (Shapiro, 2020). In the context of public security, this change 
is expressed in predictive policing, which predicts criminal activity 
by turning data into actionable information. Sarah Brayne (2021) 
defines predictive policing as the use of analytical techniques to map 
potential criminal activity, using data to identify crime patterns and 
more effectively direct police patrols.

According to Brayne (2021), predictive policing is divided 
into four stages: collection, analysis, intervention and response. The 
first involves organising the available data; the second stage refers 
to data analysis, ranging from basic models to algorithmic analyses; 
the third is police intervention, in which crime predictions guide a 
decision to deploy police officers; and the fourth is the actual response 
from the individuals subject to policing, whether this leads in crime 
deterrence or displacement. At the end of the process, Brayne also 
notes that new data are generated, based on which future predictions 
can be modelled.
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Th e case of Ceará: institutional and material infrastructures

The state of Ceará has developed its image as a frontrunner in 
digitalisation initiatives for the public sector. The area of public secu-
rity, in particular, has assumed a certain pioneering role in integrating 
information and communication technologies (ICTs) mediated by 
artificial intelligence.

The direct investment initiative for ICTs destined for public 
security in Ceará is linked to the New Public Security Strategy 
(NESP). The latter is a new approach by the state government to 
combat violence through integration, coordination and accountability 
at different levels, paired with investments in information technol-
ogies, systems and devices. According to Lins (2020), however, the 
strategy announced in 2018 by André Costa, Secretary of Public 
Security and Social Defence of Ceará at the time, did not break 
with previous public security policy, despite having been presented 
as something new. Effectively, “there is, in fact, an incorporation 
from the perspective of integrating government actions, adhering to 
the demands of the local, national and international context” (Lins, 
2020, p. 77). The context into which NESP finds itself is linked to 
demands for using technologies in the realm of public security. The 
essence of this “new strategy” is built upon intertwining ICTs and 
security forces, a connection which the strategy itself is explicit about:

Information technology: We understand that technology 
alone cannot resolve security issues, but it is one of the 
most important tools for supporting police actions, 
helping both to prevent offences and to solve crimes. The 
Government of Ceará has invested in devices and systems 
that help improve the police intelligence work (NESP, 
2019, author’s translation).
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The results achieved so far are reflected in the devices and 
systems developed that contribute to the physical infrastructure 
needed for these technologies to work – as well as establishing the 
corresponding policy and institutional frameworks. One of the 
initiatives within the NESP is the Integrated Centre for Intelligence 
and Public Security – Northeast Region, which provides guidance to 
intelligence managers and strengthens intelligence activities in this 
part of the country. Another initiative is ZooM Cidade + Segura, 
which integrates camera surveillance with artificial intelligence 
systems to support effective security. The Indicative Police Approach 
System (SPIA) applies video monitoring to vehicle number plate 
recognition and enhanced police activities. Additionally, NESP also 
includes research initiatives such as the Chief Scientist Programme 
for applied research in the area of public security as well as collabo-
ration with researchers from Ceará’s public universities focused on 
artificial intelligence.

This panorama reveals the complex web of technologies, devices 
and systems being implemented to strengthen public security in the 
state of Ceará. The associated infrastructure can be categorised into 
two domains: physical and institutional. The nexus between them 
serves as the foundation of the state’s technological ecosystem for 
public security. The first domain encompasses physical and technical 
aspects, especially related to video surveillance technologies. Institu-
tional infrastructure, for its part, aims to establish an organisational 
framework for both implementing and developing public security 
technologies. In this sense, collaboration between the Chief Scientist 
Programme and the Superintendency of Public Security Research 
and Strategy (SUPSESP) serves as a prime example of joint efforts in 
researching and implementing technology-based solutions.
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Material infrastructure and the entry of private companies

Prior to the development of these recent public security technol-
ogies, Ceará had previously introduced video monitoring technologies 
as part of the state’s preparations for hosting mega sporting events such 
as the Confederations Cup (2013) and the FIFA World Cup (2014). 
In Fortaleza, a host city for the World Cup, the Regional Integrated 
Command and Control Centre was inaugurated to centralise the 
coordination of operational security procedures – integrating efforts 
across several states. This infrastructure is considered to be one of 
the main legacies left behind by these mega events (Cardoso, 2018).

It is within the area of video monitoring that the Ceará State 
Secretariat for Public Security and Social Defense (SSPDS) first 
implemented “intelligent systems”. This started in 2017 with the 
Spia system, an application developed through a partnership between 
Brazil’s Federal Highway Police and the Federal University of Ceará 
(UFC). As noted by former secretary André Costa, Spia is as a system 
that employs AI to collect and process a large number of vehicle 
number plates captured by cameras, in real time. The system enables 
access to a record of previous readings and documents the time and 
location of vehicles travelling on public roads (Costa, 2019).

The recent deployment of AI technologies for public security 
in Ceará has brought public bodies, national and international 
technology companies and university research labs together in the 
joint pursuit of constructing the associated infrastructure. This 
collaborative arrangement entails the public development of AI 
technologies based on partnerships between the state and university 
research, operating on video monitoring infrastructure acquired from 
private security firms. 
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As a consumer of these technologies, the government of Ceará 
is a key player driving demand within the global competition between 
the United States and China for technological dominance (Lee, 2019). 
Notably, while Chinese companies have gained increasing presence 
in the state, this is not unique to Ceará and reflects a broader pattern 
across Brazil. We may note that, in 2019, Brazil’s Northeast attracted 
the majority of Chinese investment projects in Brazil for the first 
time in history.1

The Northeast Consortium – 2 representing the collective 
interests of the states in the Northeast – strengthened its relations with 
China in 2019. This unfolded during a period marked by enhanced 
coordination as well as the increased application and development 
of AI technologies in Ceará’s security apparatus. An article in the 
daily journal Folha de São Paulo highlighted the Consortium’s 
interest in negotiating security systems: it cited Lucas Kubaski, a 
pre-sales manager at the Chinese company Dahua, who confirmed 
the consortium’s strong interests in security technologies and cameras 
with facial recognition (Nordeste..., s2019). In the same year, at least 
seven governors or vice-governors from the Northeast made official 
visits to China, including the governor of Ceará at the time, Camilo 
Santana. In addition to relations established with Chinese companies, 
Israel has also emerged as a potential partner for Ceará, particularly 
in Fortaleza –3 as evidenced by André Costa’s visit to this Middle 

1  Detailed information on the projects operating in Brazil can be found in Cari-
ello (2021).

2  The Interstate Consortium for the Sustainable Development of the Northeast is an 
autonomous Brazilian public consortium whose aim is to promote the development 
of the northeast region of Brazil through joint action in public procurement and the 
integrated development of public policies, made up of the states of Alagoas, Bahia, 
Ceará, Maranhão, Paraíba, Pernambuco, Piauí, Rio Grande do Norte and Sergipe.

3  Although no systematic purchase of Israeli technologies for public security purposes 
has been identified by the state of Ceará, its capital, Fortaleza, is now being monitored 
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Eastern country in the role of secretary of Ceará’s Secretary of Public 
Security and Social Defense. 

The present study seeks to examine the use of public funds 
for the purchase of materials needed to set up the video monitoring 
infrastructure – a fundamental prerequisite for operating AI technol-
ogies. The acquisition of such materials from Brazilian companies 
was identified by analysing procurement notices, contracts, electronic 
tenders and price records issued by state agencies. However, these 
Brazilian firms act as intermediaries between Chinese manufacturers 
and the state of Ceará, revealing a relationship, albeit indirect, between 
these two actors. This draws our attention to the type of technical 
material being purchased, which, to varying degrees, has contributed 
to putting AI technologies into operation – such as cameras, analytical 
software, data storage systems and more. 

Between 2017 and 2018, electronic tenders and price records 
were issued for constructing Ceará’s video surveillance infrastructure, 
revealing a notable recurrence of certain contractors. During this 
period, contracts for purchasing numerous PCI camera capture boards 
were established between the state agencies, including the SSPDS 
and the Ceará State Information Technology Company (ETICE) and 
the IPQ SYS Consortium. The price records signed by ETICE, IPQ 
Tecnologia and Sysdesign (the entities within the consortium) detail 
everything from the material purchased to its origin.

Effective AI-mediated policing rests on the stages of collecting, 
analysing, intervening and responding, as outlined by Brayne (2021). 
These stages involve capturing sensor data and storing it for later 
analysis/processing. The data is mainly captured via the PCIs acquired 
throughout 2017 and 2018, totalling 5,751 devices that were slated 

by cameras capable of making biometric records, although the type of record, whether 
facial or not, is unclear. (Fortaleza..., 2018)
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for installation in Fortaleza and the Metropolitan Region. These were 
distributed in 12 different categories, each intended for a specific 
context.4 By assessing the respective contexts, we can determine the 
capabilities of these cameras in terms of automatic data extraction, 
including whether real-time facial recognition has been implemented 
by the state’s public security authorities. The price quotations in the 
procurement documents (Ceará, 2017, 2017b) indicate that the IPQ 
SYS consortium had considered purchasing cameras from the Chinese 
manufacturer Hikvision.

In 2017, an electronic bidding process was initiated (Ceará, 
2017c) to establish a price registration system for future and possible 
services related to implementing, operating and maintaining an inte-
grated video surveillance solution. One of the items included was the 
acquisition of fifteen PCI 4 devices, designed for indoor surveillance 
and equipped with facial recognition capabilities – all supplied by 
Hikvision. It is important to note facial recognition technology is 
not widely used for automatic data extraction in Ceará, and it is only 
used indoors. Additionally, the procurement records reveal that the 
IPQ SYS consortium purchased data storage servers from the US 
company Dell.

Among the analytical software responsible for data processing 
were systems developed by US multinational Intelligent Security 
Systems. They read number plates of high-speed and stationary 
vehicles, detect the absence of movement, count objects and people, 
classify people and vehicles, detect crowds, recognise faces and more.5 
All these systems represent a development that Lee (2019) calls as 
“perception AI”, a field largely based on computer vision technologies 

4  The information regarding the model of camera purchased and its context of use is 
described in the price registration minutes. 

5  These are the functions provided for in item 23 of the public notice.
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to extract and process information from captured or provided real-
world images to assess characteristics and contextual elements.

One notable requirement embedded in this bidding process 
was the inclusion of a “blacklist” feature in the acquired facial recog-
nition service. Despite the absence of a specific definition in the bid 
document, a subsequent document describes this as follows: “When 
detecting a face on the blacklist, the system must tigger an alarm 
indicating where the face was identified. The same alarm must be 
displayed on the client platform”.6 Facial recognition systems have 
proven to be highly unreliable considering their significant error rates, 
especially when applied to racialised individuals (Silva, 2022).

In 2018, the Ceará Civil Police released an electronic bidding 
process through which the IPQ SYS Consortium was once again 
selected. This process expanded the PCI network, further embedding 
monitoring cameras across Ceará’s urban fabric – now covering exter-
nal building areas, public sidewalks and indoor spaces. In addition 
to the Civil Police, various other secretariats and state agencies have 
signed contracts with this consortium. 

In 2020, ETICE launched a new bidding process (Ceará, 2020), 
including the same items from the previous tender and introducing 
two important new requirements. The first was the PCI 15 device 
designed for facial recognition across streets, stadiums, airports, bus 
terminals, open and enclosed indoor and outdoor environments with 
a high flow of people. A total of 320 devices were ordered in total. The 
second was the Additional Outdoor Face Detection and Recognition 
system, along with the expansion of surveillance capture points. We 
should note that the substantial increase in cameras and services for 
facial recognition could indicate a strategic shift in their application. 
In 2017, these cameras had limited coverage in the urban fabric 

6  Items 4.1.4.78.6 and 4.1.4.78.7 of the public notice (Ceará, 2020).
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whereas, by 2020, the number of devices and technologies for facial 
recognition had increased significantly. 

This electronic bidding process was the subject of a judicial review, 
following a suspension request filed by the company L8 Service Providers 
Redes e Energia S/A. The latter claimed that the processed unfairly 
favoured Chinese company Dahua because: 1) the specified technical 
requirements could only be met by a single manufacturer; 2) a clause 
demanded that the numerous items in the bid could only be sourced from 
a single manufacturer; and 3) a demanded for SVAC video format was 
added – a protocol used exclusively by the Chinese government. The case 
was reviewed by the Ceará State Court of Auditors, which recommended 
that the tender be annulled on the grounds of “technical bias”. In 2022, 
another judicial decision restated and allowed the original tender to 
proceed. In the meantime, however, Dahua had already managed to 
form partnerships with the state of Ceará via other channels.

The ties between the Ceará government and the Dahua 
company began in 2019, marked by formal visits from then-governor 
of Ceará Camilo Santana to the company’s headquarters in China. 
During one of these visits, Camilo said:

Here [in China] we’ve learnt about the most modern 
security technology in the world, with state-of-the-art 
cameras, software and integration services. In Ceará, we 
already have exemplary work being carried out by our 
teams, with the support of UFC (Federal University of 
Ceará) and the PRF (Federal Highway Police). I have no 
doubt that this partnership with Dahua will make the 
work even more effective. The state has to be increasingly 
prepared to confront crime and guarantee the safety of 
the population. And I will spare no effort to achieve this 
(Ceará, 2019, author’s translation).
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Although a direct partnership between the government and 
the Chinese company has not been officially identified, an indirect 
relationship clearly exists. Brazilian companies, such as the IPQ SYS 
Consortium, act as intermediaries between Dahua and the Ceará 
government. The year in which relations between the government 
and the company intensified coincided with a change in security 
technology providers – from Hikvision in 2017 to Dahua in 2020-
2022. Between 2017 and 2018, the consortium managed a total of 
BRL 177,918,396.51 across the 15 contracts signed. Additionally, the 
company IPQ Tecnologia Ltda secured 37 contracts signed between 
2017 and 2023, totalling BRL 551,475,685.59.7

Identifying the companies responsible for producing these 
technologies allows us to examine possible implications of the 
relationship between the government’s procurement of private 
technologies – beyond public security. As Majerowicz and Carvalho 
(2024) argue, Chinese surveillance companies seek to establish a 
long-term presence in the technological ecosystem, which is essential 
for sustaining surveillance networks. In Brazil’s Northeast, different 
Chinese companies operate across multiple layers of information 
and communication technology (ICT), filling infrastructure gaps to 
support digital surveillance. The development of fibre-optic networks 
is also a means for strengthening this infrastructure. However, Ceará 
seems to pursue a different path: while Hikvision and Dahua operate 
in Ceará, they mainly supply cameras and analytical software for 
surveillance. Besides this, Ceará takes part in the Digital Belt project, 
a public-private network infrastructure connecting all 184 munici-
palities in the state. Public security is the third-largest beneficiary of 
this fibre-optic network, reducing opportunities for companies from 
other sectors to enter.

7  Information from the Ceará Transparente platform.
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Chief Scientist Programme in Public Security: political and 
institutional infrastructure

Coinciding with the expansion of video surveillance tech-
nologies in Ceará has been the development of an interconnection 
model between public agencies, researchers and university groups. 
According to the SSPDS (Ceará, 2020), it aims to create a “technology 
ecosystem” that manages the “infinite amount of data, which is often 
neither analysed, explored or studied for the purposes of conducting 
research that would help shape short- and medium-term strategies” 
(Ceará, 2018). This ecosystem has positioned Ceará as a hub for the 
development of technologies designed for public security policies – 
emerging from the interconnection between the state government, 
university research groups and funding agencies.

Two institutions have played a key role in establishing this 
ecosystem. The first is the Superintendency of Research and Strategy 
in Public Security (SUPESP), which was created in 2018 and is linked 
to the state’s Public Security and Social Defence initiatives. Its mission 
is to “conduct studies to support the development, monitoring and 
evaluation of public policies to prevent violence and contribute to 
the formulation of public security strategies as well as the Pact for a 
Peaceful Ceará”. This body is also responsible for producing, analysing 
and disseminating public security statistics and information. 

The second institution, the Chief Scientist Programme, oper-
ates in partnership with SUPESP, integrating researchers into the state 
agencies to provide scientific guidance for public security policies. 
Established in 2018 as a pioneering effort within the SSPDS, the 
programme is structured as a meta-project led by a coordinating 
researcher –8 with other sub-projects led by designated coordinators. 

8  The specifics of the Chief Scientist Programme are available in the full text of Law 
No. 17.378 of 4 January 2021 (Ceará, 2021) regulating the programme.
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This structure has fostered a systematic approach to developing and 
implementing surveillance technologies for public security.

In this context, the AI development partnerships for public 
security between the state and Ceará’s universities are concentrated in 
a few labs, including InsightLab affiliated with the UFC’s Department 
of Computing, the Data Science and Artificial Intelligence Laboratory 
at the University of Fortaleza (UNIFOR) and the Laboratory for 
Processing Images, Signals and Computer Science (LAPISCO) at the 
Federal Institute of Ceará (IFCE). Additionally, the Innovation and 
Data Laboratory run by the Government of Ceará plays a significant 
role as well, though it is not directly linked to a university.

The programme came about from an initial demand of the 
public agency, aiming to put “science at the service of public secu-
rity” (Ceará, 2023). As such, the social context within which the 
corresponding technologies are developed and inserted has had a 
profound influence on their design. This becomes evident when the 
government’s priorities drive an internally funded institutional organ-
isation dedicated to addressing pre-defined issues. This organisational 
structure is particularly crucial considering the broader context of AI 
technologies. If we view the algorithms (the fundamental operating 
unit for AI) as formally specified sets of instructions used to analyse 
data and automate decisions (Brayne, 2021), it is clear that these 
instructions are designed specifically to address pre-defined challenges.

Another factor that influences the direction of technology 
development is criminological theory, which, together with ICTs, 
inform predictive policing (Selbst, 2017) – as exemplified by big data 
policing. The criminological theory underpinning the technological 
development of the SSPDS led by Ceará’s Superintendent of Research 
and Strategy in Public Security of Ceará, Aloísio Lira, is centred on 
the concept known as “crime mobility”. This approach assumes that 
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criminal behaviour has changed in tandem with the greater access to 
cars among the population, resulting in more serious crimes being 
committed in stolen, illegally obtained or cloned vehicles. Conse-
quently, the aim is to enhance control over the flow of vehicles, as 
reflected in the adopted policing strategy. 

The crime mobility strategy integrates AI technologies, such 
as Spia, which operates by generating alerts and identifying vehicles 
via sensors (cameras) distributed throughout the city. Moreover, 
operators from the Integrated Security Operations Centre establish 
“intelligent encirclements”, directing patrol vehicles through the video 
surveillance of streets. At the same time, an expansion of motorcycle 
patrol units has enhanced the mobility of law enforcement when 
responding to this more mobilised crime (Barbosa, 2019).

The present study analysed two projects within the Chief Scien-
tist Programme in the field of public security between 2018 and 2023. 
One of the projects, titled “Scientific and technological intelligence 
applied to public security”, was coordinated by researcher José Macêdo 
from the UFC’s Computer Science Department and linked to the 
InsightLab and the Íris laboratories. Conducted between 2018 and 
2020, its main objective was “to develop scientific studies with the aim 
of applying technological solutions for human identification (civil and 
criminal), vehicle identification, the monitoring of people and vehicles 
by public security agencies (SSPDS and PRF)”.9 To achieve this, the 
project was organised around three specific objectives: 1) developing 
technology for identifying people using biometric elements (finger-
prints, facial analysis and movement analysis), 2) identifying vehicles 
using number plates, models and colours using state surveillance 

9  Information on the laboratory’s other partnerships with the state is available at: https://
www.insightlab.ufc.br/projeto/inteligencia-cientifica-e-tecnologica-na-seguranca-pu-
blica/. Accessed on: 01 May 2024.
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cameras and 3) creating analytical dashboards drawing from AI-driven 
analyses. The outcome of this project was the establishment of the 
“Big Data Platform for Public Security”.10

On account of its ability to integrate previously fragmented 
systems, the platform serves as the central apparatus for all the other 
security technologies within the department, thereby enhancing 
potential correlations necessary for artificial intelligence to work. Built 
upon a big-data piece of infrastructure called Odin that consolidates 
over 60 (non-publicised) data sources, the platform also features a 
search engine for police information, such as an analytical panel 
called Cerebrum. Other systems have been developed within this 
platform, including: a crime event analyser called Crime Watcher 
capable of creating heat maps from statistics; a police report extractor 
that utilises AI techniques to extract data from the text of police 
reports; the Advanced Command Portal, a mobile application used 
by police forces for facial recognition and biometric data collection; a 
fingerprint search engine called Afis; Agilis, an analytical application 
coupled to Spia capable of detecting the make and model of cars; 
and, finally, a system that maps and delineates crime zones based on 
georeferenced violence indicators, such as intentional lethal violent 
crimes (CVLI) and violent crimes against property (CVP). 

In 2020, the Analytical and Technoscientific Security Environ-
ment Project of Ceará (Ceará, 2020) was launched, coinciding with 
the appointment of Emanuele Marques (a researcher and lecturer at 
the UFC’s Computer Science Department) to the post of Chief Public 
Security Scientist. The project’s primary objective is to oversee and govern 
scientific and technological development of projects at SSPDS. It seeks to 
integrate SSPDS information and systems – strengthening the analytical 

10  The information on the platform in question was from the presentation by the Chief 
Public Security Scientist to the legislative chamber on 23 October 2019.
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capacity of existing technological tools to facilitate decision-making for 
policy-makers – and to introduce a module for analytical data visualisation 
to track individuals monitored by electronic ankle bracelets.

Two complementary sub-projects are associated with this 
initiative. Sub-project I, led by researcher Fernando Trinta, focuses 
on adapting and integrating existing tools within the Secretariat. It 
proposes scientific studies for improving the usability and integrat-
ing new functionalities into the Cerebrum system, such as crime 
mapping, statistical visualisations and patrol routes, as well as creating 
solutions to integrate services and data across multiple tools – such as 
Cerebrum, the Technological System for Security Unit Monitoring 
(Status), the Criminal Factions System (SFC) and Integrated Secu-
rity Operations Coordination, which is responsible for centralising 
emergency response services.

Sub-project II, titled “Multibiometric Platform and Intelligent 
Monitoring”, is coordinated by researcher Paulo Rego and focuses on the 
development of applications and software for handling biometric data. 
This sub-project aims to incorporate new functionalities within existing 
tools, including the Advanced Command Portal (PCA), Cerebrum and 
AFIS (Automated Fingerprint Identification System). The technologies 
planned for development include a facial recognition search engine, video 
surveillance solutions, a new civil registration system and a digital identity 
platform. In addition, it seeks to integrate data from facial recognition 
and video analysis solutions into Cerebrum.

Discussion

Being a relatively recent phenomenon, a deeper understanding 
of how AI technologies are being used in public security in Ceará 
is still needed. This integrated network of systems functions in a 
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manner comparable to the big data and AI technologies used in other 
sectors. The process begins with the collection and generation of 
data via sensing mechanisms, carried out in the context of Ceará 
using cameras and software integrated in them. These data are then 
stored on big data platforms and processed using AI techniques and 
related technologies.

The two main technologies used to monitor the urban fabric in 
Ceará, Spia and Agilis, rely on automated number plate reading – as 
discussed in our analysis of the contracts signed between SSPDS 
and private the companies. These systems employ computer vision, 
a subfield of artificial intelligence mediated by machine learning and 
they operate in accordance with the criminology theory of crime 
mobility underpinning their development, one in which motor 
vehicles play a central role. Agilis, a system developed during the 
second Chief Scientist’s public security project, is capable of carrying 
out 5 million recognitions per day, processing the colour, model, 
number plate and owner of a vehicle, as well as trace its movement 
via the video monitoring infrastructure. It is regarded as a key system 
for “identifying motor vehicles that have been used in criminal 
activities or that are linked to a person in conflict with the law” 
(Ceará, 2021). Additionally, the programme mentions “confidential 
and intelligence-related functions”. Both Spia and Agilis are integrated 
into Cerebrum, allowing the latter to add filters to identify vehicle 
number plates or facial biometrics of individuals being sought by the 
security forces. 

 While automated number plate recognition may appear to be 
a less intrusive form of surveillance, it represents a shift in how data 
and policing are handled – constituting another type of surveillance 
altogether. Regarding the use of automated number plate recognition, 
Pereira and Raetzch (2022, p. 267) argue that such systems are similar 
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to facial recognition technologies, as they automate a previously 
established pattern based on a machine-readable data point (i.e. the 
aforementioned cameras, mediated by computer vision). Unlike 
other forms of video surveillance, these technologies automatically 
transform specific, pre-defined details from the recorded images 
(i.e. car number plates) into identifiable data that can be stored and 
subsequently analysed. 

In line with Brayne (2021, 2022), the authors assert that, when 
integrated with other existing data sources, automated license plate 
recognition (LPR) systems can be considered surveillance dragnet 
tools – reading everyone who passes through the camera network, 
not just those considered suspicious. According to the authors, such 
systems rely on infrastructure – as in the case of Ceará – that includes 
cameras, algorithms and database storage, as well as a time for analysis 
and an interface for police officers to access.

This method of surveillance differs from the simple AI-based 
analyses, which are merely an extension of pre-existing practices. 
Dragnet surveillance methods fundamentally reconfigure police oper-
ations. In the context of Ceará, technologies based on the automated 
reading of vehicle number plates mark the inception of the dragnet 
surveillance chain, the effectiveness of which is amplified through 
the use of platforms that integrate data from various sources. These 
platforms guide policing strategies through tools such as heat maps 
and other analytical systems. This reconfiguration is associated with 
three key transformations in policing:

(1) the shift from query-based to alert-based systems 
makes it possible to systematically surveil an unprece-
dentedly large number of people; (2) individuals with no 
direct police contact are now included in law enforcement 
systems, lowering the threshold for inclusion in police 
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databases; and (3) institutional data systems are integrated, 
with police now collecting and using information gleaned 
from institutions not typically associated with crime 
control. (Brayne, 2021, p. 21).

This is evident in the integration of vehicle number plate data 
with other datasets, facilitated by Odin and Cerebrum, along with an 
expansion of data sources – which rose from 60 in 2019 to over 100 
systems among state public security agencies and partner institutions 
(Ceará, 2021). This integration guides police operations, rendering the 
big data platform for public security a crucial tool for decision-making 
based on the available data. The large-scale digitisation of records 
enables a fusion of data from different institutions – previously sepa-
rated but now integrated and cross-referenced to identify individuals. 
Data from Institutions not directly related to public security has come 
to be integrated into Ceará’s state security system. While access to 
the databases used by the SSPDS in Cerebrum (in conjunction with 
Odin) is only partial, some are available in documents produced 
by SUPESP.11 This includes civil and criminal databases, data from 
the Department of Transit (DETRAN), the energy company Enel, 
the Ceará Foundation for Meteorology and Water Resources, the 
State Secretariat for Penitentiary Administration and the planned 
integration with data from the Ceará Department of Finance.

Concurrently, the alert system is enabled by artificial intelli-
gence technologies applied in the realm of security. Integrating systems 
such as automatic LPR and facial recognition, combined with a data 
visualisation platform (Cerebrum), enables the creation of “blacklists” 
that trigger alerts when a match occurs with registered data. In the 
2020 electronic bidding process, alert systems were specified to detect 

11  Available at SUPESP (2022).



99

number plates or blacklisted faces, triggering alarms and indicating 
identification locations.

Another technology that aims to facilitate police decision-mak-
ing by integrating into the broader surveillance system is called Status, 
introduced in 2021. Its application:

consists of the use of analytical intelligence for criminal 
data, using data science, statistics, geoprocessing and Arti-
ficial Intelligence. Through it, managers will direct their 
actions based on the identification of “crime hotspots” in 
each territory (Ceará, 2021b).

Hotspot policing is a fundamental characteristic of predictive 
policing, the premise of which rests on the advancement of the 
temporal density of big data, i.e. collecting data over increasingly large 
windows of time and with greater frequency. The use of AI to aid in 
decision-making touches on a fundamental aspect of human-machine 
interaction. In this regard, we must ask whether AI-mediated decisions 
are made automatically or not. According to Cavalcante and Moscato 
(2021, p. 318-319), from the moment we trust the data provided by 
AI systems, “we transfer decision-making processes about our lives 
to machines”. In regard to AI-generated decisions, the state of Ceará 
has established legal measures through law 17.611 of 2021 (Ceará, 
2021a), proposed by deputy Queiroz Filho (PDT). This law sets out 
guidelines and responsibilities for the use of technology; however, its 
application is restricted to companies based or operating within the 
state. In summary, the legislation ensures human oversight of AI prac-
tices, but it does not directly address issues related to public security.

AI technologies come into play at a second stage of policing 
practices, especially in police stops. One notable technology is the 
facial recognition system developed by the Ceará Department of 
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Public Security. Accessed via police officers’ mobile phones, this system 
is primarily operated through the Advanced Command Portal (PCA). 
Exclusively for state security forces, the mobile application has features 
such as facial and biometric recognition, developed in collaboration 
with organisations such as the Information and Communication 
Technology Coordination Office and at LAPISCO lab at IFCE. 
Facial recognition, which compares images captured by agents with 
a database of more than 8 million profiles,12 is highlighted as an 
essential support tool for police forces, especially in situations where 
suspects do not have identification documents or if these present signs 
of forgery. Additionally, efforts are underway to develop a fingerprint 
recognition system, expanding the collection of biometric and sensi-
tive data during police stops. This technological advancement initiated 
by public security reflects a broader digitalisation movement in the 
Ceará government, encompassing multiple government departments.

The Ceará Department of Public Security attributes the 
reduction in rates of Intentional Lethal Violent Crimes and Violent 
Crimes against Property to this technological ecosystem. However, 
such purported direct and causal correlations between the adoption 
of this technology and the reduction in crime indicators corrobo-
rate the narrative of technological solutionism.13 The department’s 
communication regarding the reduction in these indices is segregated, 
displaying decreases or increases from month to month.

12  Information taken from the government’s response to a request for information (No. 
5779183) on the Ceará platform called Transparente.

13  Evegny Morozov (Morozov, 2014) addresses the concept of “technological solutionism”, 
describing it as the tendency to simplify complex social problems into well-defined 
issues with computable solutions or optimisable processes, with potentially unforeseen 
and harmful consequences. He characterises solutionism as an ideology that supports 
these aspirations.
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With the support of technology, Ceará reduced its rate 
of vehicle theft between January and September 2021, 
which fell from 9,843 to 8,845, compared to the same 
period in 2020. This drop was 10 per cent, according to 
the Statistics and Geoprocessing Department (GEESP) 
of the Superintendency of Public Security Research and 
Strategy (SUPESP). Also, according to data compiled by 
the institution linked to the SSPDS-CE, Ceará currently 
reports an 11% drop in the number of Violent Crimes 
Against Property (CVP), decreasing from 40,938 to 
36,424 between January and September 2020 compared 
to the same months in 2021 (Ceará, 2021d).

However, when analysing aggregated indicators (Table 1), the 
difference between the years does not appear to be that significant. 
There was a near 50% reduction in Intentional Lethal Violent Crimes 
in 2019, coinciding with greater use of technologies, followed by an 
increase in 2020 – bringing the figures nearly back to 2018 levels – and 
a less pronounced drop in 2021. The only data that show a consistent 
decline are those related to Violent Crimes Against Property.

TA BLE 1 - INTENTIONAL LETHAL VIOLENT CRIMES AND 
VIOLENT CRIMES AGAINST PROPERTY IN THE STATE OF CEARÁ

Type of 
crime

2016 2017 2018 2019 2020 2021 2022 2023

CVLI 3.407 5.133 4.518 2.257 4.039 3.299 2.970 2.970

CVP 72.661 76.047 64.513 49.579 53.956 48.141 45.930 4.2607

Source: SUPESP (2023)

The rationality behind a solutionist approach inherently 
simplifies the complex social (and criminal) contexts underlying 
these indicators. Gabriel Feltran et al. (2022) offer a nuanced analysis 
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of lethal violence in Brazil, highlighting the shared governance of 
violence between various armed actors, such as criminal factions. 
They emphasise that the dynamics of faction conflicts have been the 
primary cause of remarkable fluctuations in homicide rates in the 
country over the last few decades. Although factors such as political 
and economic shifts may exert some diffuse influence, the authors 
argue that faction dynamics and organisation play a more significant 
role in explaining specific variations in homicide rates. This perspec-
tive suggests that, although they may have some scattered impact on 
rates, the adoption of AI technologies in public security in Ceará is 
not the main explanation for variations in Intentional Lethal Violent 
Crimes; rather, factional dynamics are the key determinant.

 Regarding Violent Crimes Against Property, especially those 
involving motor vehicles, Feltran et al. (2023) associate these crimes 
with a range of factors, including shifts in the illegal market for 
stolen vehicles, regulatory changes in the dismantling industry, 
transformations in criminal behaviour and macroeconomic shifts. 
They argue that the reduction in the associated crime rates is more 
closely linked to exogenous transformations in policing rather than to 
direct interventions by law enforcement. These analyses underscore 
the complexity of crime indicators, which reflect not only police 
actions but also factional contexts and broader factors. As such, they 
debunk the idea that artificial intelligence can serve as a stand-alone 
solution, independent of the social context in which it is applied.

Final considerations

Considering the elements discussed, it is evident that artificial 
intelligence has become central to technological development of 
Ceará’s Secretariat of Public Security and Social Defence (SSPDS) 
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– especially within the framework of its New Public Security Strategy 
(NESP). For its part, the Chief Scientist Programme has played a 
crucial role in the design and implementation of AI systems that 
underlie drive big data-driven policing.

The synergy between Ceará’s SSPDS – particularly its Super-
intendency of Public Security Research and Strategy – and the Chief 
Scientist Programme has acted as a catalyst for the emergence and 
deployment of AI technologies in the state’s security landscape. These 
technologies are constructed on the basis of a specific criminology 
theory aimed at building predictive policing.

This development also aligns with what Brayne defines as 
dragnet surveillance, using technologies such as Spia and Agilis. Both 
employ automated number plate recognition, serving as entry points 
for this type of surveillance. The dragnet approach is characterised by 

 ÿ a change from query-based to alert-based systems, enabled by 
the possibility of adding filters of suspect number plates or 
facial biometrics of wanted persons to the Cerebrum analyti-
cal dashboard

 ÿ the inclusion of individuals without prior police contact, facili-
tated through automatic number plate reading systems that read 
everything and everyone

 ÿ the integration of institutional databases and the collection of 
information by institutions not typically associated with crime 
control (Brayne, 2021)

Automated number plate recognition systems may receive less attention and public scrutiny 
as their expansion is linked (at least on the surface) to less sensitive data. However, 
it is precisely this lack of public oversight that has enabled their expansion. Public 
discourse surrounding biases present in facial recognition has, to some extent, 
curtailed its expansion. Automated number plate recognition, on the other hand, 
continues to advance in Ceará.
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 Chapter 4 

 AN ANALYSIS OF ARTIFICIAL INTELLIGENCE 
ADVANCES APPLIED TO THE COURT OF 

JUSTICE OF THE STATE OF CEARÁ

Fabyola de Cássia Alves

Introduction

Rapid transformations in contemporary capitalism have placed 
technological advancements at the centre of discussion across academic 
circles, the media, private corporations and government bodies. Artificial 
intelligence (AI), in particular, has been subject of intense interest and 
debate. This technology has found applications in a variety of fields, 
including industry, robotics, services, health, entertainment and public 
administration worldwide. The emergence of generative AI, marked by 
the launch of ChatGPT in November 2022, has significantly revitalised 
contemporary debates on AI. The big leap ushered in by this technology 
lies in its ability to uses advanced algorithms to analyse large datasets, learn 
patterns and styles, and subsequently apply this “learning” to generate 
new and original content.

Despite these significant recent advancements, artificial intel-
ligence is not a novel concept, and it has, in fact, been part of our 
daily lives for years. Since its inception, AI has been employed in a 
wide variety of fields, from voice recognition and computer vision to 
complex decision-making and process automation. It has also been 
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widely used in public administration, especially in the context of opti-
mising processes and personalising customer service, such as chatbots 
and service systems that recommend solutions based on a citizen’s 
history of interactions with the government (Savério; Nicolas, 2022).

The integration of AI in the judiciary has raised concerns about 
ethics, transparency and justice. While the technology promises to 
streamline processes and reduce human workload, it also presents risks 
of algorithmic bias and a lack of explainability for decisions generated 
by AI systems. We should also recognise an important point: these issues 
are intrinsically intertwined with the pre-existing social dynamics of 
capitalism, encompassing relations of oppression and discriminatory 
practices inherent to its social structure. However, such debates are often 
neglected in mainstream debates, which tend to restrict their view to 
generic ethical dilemmas, technological competitiveness and improved 
productivity – without adequately considering the implications of AI in 
the broader context of contemporary capitalism.

Incidents of discrimination in algorithms have already been 
documented, such as in the case of the COMPAS (Correctional 
Offender Management Profiling for Alternative Sanctions) software, 
which is used in the United States to assess the risk of criminal recid-
ivism. Studies have shown that the system assigns higher recidivism 
and violence scores to African American individuals, despite the 
exclusion of the “race” variable from the questionnaire used to collect 
data for the analysis (Li, 2017). This suggests that the unconscious 
bias of developers can manifest itself in algorithms, even if it is not 
explicitly coded. Such biases can lead to social, gender and racial 
discrimination, lending the results a false appearance of scientific 
legitimacy. Failing to acknowledge this tendency can result prejudiced 
automated judicial decisions – perpetuating class, gender, ethnic or 
religious biases (Brito; Fernandes, 2020). In a more current study, 
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Rutinowski et al. (2023) even identified the presence of political biases 
in ChatGPT’s artificial intelligence model.

Given this context, the objective of the present study is to explore 
the main artificial AI that have been adopted by the State Court of 
Justice of the State of Ceará (TJCE). It seeks to identify the teams 
and programmes spearheading these initiatives, examine how these 
technologies are being applied and understand the associated purposes 
and preliminary impacts. The study employed a bibliographical review 
methodology that analysed sources including official judicial portals, 
academic publications, documents, reports, literature, conferences docu-
ments and news websites. Through this approach, the study describes and 
analyses the operations of the AI systems being introduced in Brazilian 
courts, with a particular focus at the TJCE. This investigation serves as a 
foundation for future research on the broader effects of such initiatives.

The chapter is structured into three parts. The first discusses the 
fundamentals of AI, its role in contemporary capitalism and its impli-
cations. The second presents a global overview of AI applications in the 
judicial sector, emphasising key objectives and ethical considerations. 
The third undertakes a survey of the most relevant AI tools used by both 
Brazilian federal courts and the TJEC, detailing their functionalities, 
operating procedures, purposes and significant results, along with the 
legal provisions guiding the application of AI at federal and state levels.

Artifi cial intelligence: defi nitions and how it works

Despite finding itself in the spotlight, consensus around the exact 
definition of artificial intelligence is still absent. The term is broad, 
including a variety of approaches and techniques designed to enable 
computer systems to perform tasks that typically require human intelli-
gence. Dyer-Witheford, Kjosen and Steinhoff (2019, p. 2) state defining 
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artificial intelligence is no easy task. Since the Summer Research Project 
on Artificial Intelligence at Dartmouth College in 1956 – considered 
to be the starting point for studies on AI – numerous, albeit vague, 
conceptualisations have emerged on the subject. As the authors note, 
for warehouse workers or the military, artificial intelligence is embodied 
in robotic delivery vehicles or semi-autonomous drones used in combat 
operations. However, the majority of AI applications operate discreetly, 
acting behind the scenes on mobile devices, internet search algorithms, 
social media feeds, video games, personalised adverts, bank credit analyses 
or social benefits, call centre operations or in checks carried out by police 
or border authorities. 

For Kaplan (2016, p. 5-6), the essence of AI – and intelligence 
in general – lies in the ability to quickly formulate accurate generali-
sations from minimal data. The intelligence of a system is measured 
by the scope of its application and the speed with which it can reach 
such conclusions. Building on Kaplan’s definition, Dyer-Witheford, 
Kjosen and Steinhoff (2019, p. 9) argue that AI should not merely be 
understood as a subset of computer science but rather as a field with 
multiple variants, categorisable by their speed, data requirements and 
breadth of application. They emphasise the importance of differenti-
ating AI from robotics, as AI is software that operates independently 
of a physical form, despite relying on hardware for its operation.

To understand how AI works, we must be familiar with the 
concept of an algorithm – a series of steps designed to carry out a task 
(Cormen, 2013, p. 1). Algorithms are integral to our daily lives and 
fundamental to AI, which is developed through machine learning – a 
process in which algorithms learn from data without human intervention 
(Apeti, 2024). AI has been instrumental in solving complex problems 
in diverse areas, including voice recognition and fraud detection. Deep 
learning, an advanced subset of machine learning, uses neural networks 
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to learn from unstructured data. Practical examples of its applications are 
found in everyday technologies such as facial unlocking on smartphones 
and recommendations on streaming platforms (Goodfellow; Bengio; 
Courville, 2016 apud Pacheco; Pereira, 2018). 

The main machine learning methods include: supervised 
learning, in which algorithms are trained on labelled data to predict 
future results; unsupervised learning, which identifies patterns in 
unlabelled data; semi-supervised learning, which combines labelled 
and unlabelled data; and reinforcement learning, commonly used in 
robotics and games, in which the algorithm learns by trial and error 
to maximise rewards (Sas, 2022). 

Generative artificial intelligence is a subset of AI that relies on 
deep learning models trained on large datasets to create and generate 
new content. Unlike discriminative AI models that classify data based 
on differences, generative models have the ability to create something 
new. This technology is applied in a variety of areas, such as the text 
generation, image synthesis, coding and much more. Some common 
applications for generative AI include chatbots, image editing, 
programming assistance and scientific research. Its application has 
even extended to productivity enhancement in corporate settings as 
well as medical research and product design (AWS, 2024). Genera-
tive artificial intelligence applications include ChatGPT, OpenAI’s 
DALL-E, GitHub, CoPilot, Microsoft’s Bing Chat, Google’s Bard, 
Midjourney, Stable Diffusion and Adobe Firefly. 

As noted above, artificial intelligence already permeates numerous 
segments of contemporary society, despite still being at what is considered 
an early stage of development. However, discussions surrounding AI 
are often detached from the broader context of the capitalist mode of 
production. Moore and Woodcock (2021, p. 13) highlight that most 
current academic and political debate on AI focuses on technological 
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competitiveness between nations and the quest to understand how this 
apparent innovation can enhance productivity, while some analyses 
focus on its ethical implications. We should, however, recognise that AI 
transcends the technological sphere, constituting a social phenomenon 
warranting philosophical reflection.

Pasquinelli (2015, p. 7) argues that, from the inception of 
cybernetics to the evolution of artificial intelligence and algorithm-ori-
entated capitalism, both dominant technologies and the criticisms 
surrounding them have followed a deterministic and positivist 
model of thought – characteristic of instrumental or technological 
rationality. As such, in order to understand the potential impacts of 
AI advancements in various social spheres, an objective analysis of 
the reality and contradictions present in the context in which this 
technology has developed is critical.

Paraná (2022) asserts that capitalism is a dynamic and adaptable 
system rather than a static or immutable structure. He observes that 
the last half century has witnessed numerous cultural, political and 
economic transformations, ranging from the collapse of socialism and 
the end of the Cold War to the creation of economic blocs such as the 
Eurozone and the widespread adoption of representative democracy 
alongside liberal market economics. Additionally, the period has been 
characterised by the globalisation of industrial production and finance, 
as well as the emergence of technological giants in Silicon Valley, 
marking the beginning of the neoliberal era of financialisation and the 
technological advance of machines – phenomena that are interlinked. 

The history of capitalism is marked by alternating phases of 
expansion and recession, with technological innovations being one of 
the main drivers of these cycles. Today, technology is a key factor driving 
growth that diverges from the neoclassical economic paradigm. This 
technological progression is often described as the “Fourth Industrial 
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Revolution” (Schwab, 2016), one characterised by the dissemination of 
knowledge via ICTs (information and communication technologies), 
large databases and new generations of algorithms and digital platforms. 
It is within this context that AI has begun to develop.

AI emerged as an industrial sector in the 1980s, with small 
firms creating systems for business clients. While some large compa-
nies created in-house AI departments to develop expert systems, the 
technology was highly specialised and of limited use. During the 
1990s, commercial interest in AI waned, while machine learning 
gained ground in academia. By around 2010, advances in machine 
learning revitalised the interest and commercial application of AI 
(Dyer-Witheford; Kjosen; Steinhoff, 2019, p. 32).

At the turn of the century, significant advances in compu-
tational power fuelled progress across various areas of information 
technology. Among the most notable innovations were cloud comput-
ing and the intensive exploitation of large volumes of data (big data). 
Major technology companies such as IBM, Google, Meta, Microsoft, 
Apple and Amazon started to invest heavily in AI, driven by the aim 
of gaining a competitive advantage in the information technology 
services industry (Mattos, 2019). The sheer volume of data produced, 
collected and managed by large corporations, together with advances 
in artificial intelligence, have led to significant changes in society – be 
they political, social or economic (Walton; Nayak, 2021).

Engester and Moore (2020) point out that machines are an 
integral part of the social context and political economy, having been 
incorporated into work processes for decades in order to enhance 
living labour, socialise other machines and shape our experiences in 
capitalism. Karl Marx was one of the first to analyse this dynamic, 
identifying in the 19th century the contradiction between living 
and dead labour (Lohmann, 2021). This phenomenon is deeply 
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embedded in the structure of contemporary capitalism and essential 
for understanding the system’s recurring crises. Hughes and Southern 
(2019) emphasise that Marx provided a clear perspective on the role 
of technology in the means of production. 

For many Marxist interpreters, the passage known as “The 
Fragment on Machines”, found in the drafts of Capital (Grundrisse), 
is regarded as a fundamental analysis for understanding the contem-
porary phase of capitalism. In this text, Marx reveals that the general 
intellect – representing the collective advancement of science and 
technology, such as nanotechnology and robotics – consolidates into 
collective mechanical intellectual capital. This increases productivity 
and becomes fixed capital embedded within machines. Essentially, 
the general intellect converts the worker into a mere appendage of the 
machine in the workplace, underscoring that the worker’s presence is 
not essential to the commodity production process (Cornelli, 2018).

Amy Wendling (2009, p. 135) notes that Marx’s view of machines 
in Capital is more developed and refined than in his earlier writings in 
Grundrisse. In chapter XV of Capital, Marx offers a detailed historical 
analysis with a less optimistic perspective on technology, viewing it as a 
tool of capitalism designed to control and discipline human labour rather 
than replace it. Technology, according to Marx, is not an inherent good 
but a means of maximising profits within the capitalist system.

Moore and Woodcock (2021, p. 14) argue how, with the 
anticipated expansion of artificial intelligence, humans may become 
essential only for maintaining machines. They note that, although 
often associated with automation and job losses, the quality of the 
jobs AI replaces is rarely assessed. As such, AI should be seen as an 
“augmentative tool” that advances decision-making based on data 
analysis rather than functioning as an independent entity. As Nadal 
(2018) notes, Marx’s interpretation of the role of machines in the 
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capitalist system is not to alleviate the physical labour of workers but 
to maximise the extraction of surplus value.

AI is expanding beyond the private sector and being adopted on 
a large scale by governments, reflecting Engels’ (2017, p. 87) assertion 
that the modern state “[…] is an essentially capitalist machine”, the 
perfect collective capitalist, operating in the interests of capitalists. 
Consequently, AI has become a political priority, with China and the 
U.S. leading the technological race – while Europe seeks to utilise AI 
without neglecting its social impact (Verdegem, 2021, p. 6-7). Sérgio 
Amadeu da Silveira (2018) warns that AI may obscure transparency 
in public management, as the transfer of data to the private sector 
and the influence of consultants and market managers increase, 
while companies protect their algorithmic solutions for reasons of 
intellectual property and competitiveness. 

Finally, Hughes and Southern (2019, p. 61) note that tech-
nology within capitalism is not a product of the market or “simply a 
resource allocated through market efficiency”. Rather, technological 
innovations arise from capitalism’s need to reduce costs and assert 
ever-greater control over labour. The authors caution against techno-
logical determinism and the notion of the neutrality of technology, 
emphasising that social relations must remain at the centre of analyses 
of the so-called “Fourth Industrial Revolution”.

Global scenario of artifi cial intelligence in the judiciary 

Against this backdrop, public administration has increasingly 
adopted a variety of artificial intelligence tools, often promoted 
under the premise that such solutions will increase the effective-
ness of government services and improve procedures. Some of the 
most notable initiatives implemented in the public sector are the 
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applications of AI in the judiciary. These are notable not only due to 
their widespread adoption by the sector but also on account of the 
concerns they raise as to use of AI in judicial decisions, raising ethics 
and accuracy-related questions. 

Most AI initiatives in the judicial sector aim to accelerate legal 
proceedings. This technology is already capable of performing functions 
previously exclusive to humans, such as processing and analysing docu-
ments, images and speech, as well as predicting outcomes and making 
decisions (Sokolova, 2021). When used in decision-making, intelligent 
software incorporates functional modules such as guidance, notifica-
tion and deviation, which assist judges in sentencing during trials and 
automatically generate litigation documents – thereby reducing costs 
and improving trial efficiency (Aini, 2020). According to Abiodun and 
Lekan (2020, p. 25), AI in the judiciary is primarily used for predictive 
justice systems, predictive policing, natural language processing (NLP) 
for lawyers and judges, surveillance and recognition via computer vision, 
judicial analysis and document automation. 

Judicial automation based on machine learning and AI is in its 
early stages. Countries such as Canada, the UK and Ireland, as well 
as the Court of Justice of the European Union, have already adopted 
technologies such as e-filing, e-conferencing and predictive systems. 
However, China is widely recognised as the leader in advances in 
judicial system automation (Arias, 2020). 

In 2015, China’s Supreme People’s Court first announced a 
proposal to establish “smart courts”. Since then, this initiative has 
led to several digital transformations in the Chinese judiciary. Under 
this system, judges are required to consult AI for each case, and any 
deviation from the AI recommendations must be justified in writing 
for recording and auditing purposes. This methodology has reduced 
the workload of judges by more than a third, resulting in savings of 
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1.7 billion working hours and over 300 billion yuan from 2019 to 
2021 (Conjur, 2023).

In the U.S., chatbots support judges and provide public 
services, while the UK has proposed installing online courts focussed 
on dispute resolution and control. The University of Sheffield has 
developed an AI system to help resolve cases and Imperial College 
London employs PROLOG, a language reasoning programme for 
human-machine interaction. The European Union has facilitated the 
free circulation of non-personal data, and the European Commission 
for Legal Affairs is working to regulate advanced robots, granting these 
specific rights and responsibilities. In Japan, efforts are underway to 
regulate autonomous vehicles due to the frequency of accidents (Cui, 
2020, p. 22-23). Austria employs NLP and autonomous systems for 
document analysis and case anonymisation. In France, legal tech-
nology firms (“legaltechs”) are developing AI tools that offer legal 
support, forecasting and analysis. Meanwhile, in the Netherlands, 
AI systems are being created to advance process automation, voice 
recognition, trial anonymisation and the analysis of rulings and debt 
cases (Council of Europe, 2018).

In response to advances in AI implemented within the judiciary, 
the European Commission for the Efficiency of Justice introduced 
the European Ethical Charter on the use of artificial intelligence (AI) 
in judicial systems and their environment. This charter aims to guide 
policymakers, legislators and legal professionals when navigating the 
development of AI in the judiciary. The document emphasises the 
need of enhancing judicial efficiency and quality while upholding 
fundamental rights. It establishes five principles: respect for funda-
mental rights, prevention of discrimination, data quality and security, 
transparency and fairness, and user control over artificial intelligence 
tools (Council of Europe, 2021).
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Artifi cial intelligence applications in the judiciary: the Brazilian 
and Ceará scenarios

Among the three branches of government in Brazil, the judiciary 
stands out for its extensive application of artificial intelligence initiatives, 
particularly in the implementation of case management systems in courts 
across the country. Torres (2020) states that the AI solutions employed 
in the Brazilian judiciary are mainly aimed at improving the judicial 
efficiency. Government institutions such as the Federal Supreme Court 
(STF) and the Federal Court of Accounts (TCU) have already adopted 
AI systems that help automate various judicial processes. 

Reusing, A. V. Silva and G. L. Silva (2019) highlight the 
challenge faced by the Brazilian judicial system, which deals with an 
overwhelming volume of cases. The available workforce often proves 
insufficient to meet the immense demand for judicial services. Faced 
with this at times hectic scenario, technology is increasingly viewed 
as a potential solution for improving judicial efficiency and speeding 
up the progress of cases – supporting both the public authorities and 
legal professionals. In light of this, the Brazilian judiciary has initiated 
various AI-driven actions throughout the country.

A study by the National Council of Justice (CNJ) revealed a nota-
ble increase in the number of AI projects within the Brazilian judiciary 
in 2022. Presented by the president of the CNJ, Justice Luiz Fux, on 14 
June 2022, the report recorded 111 AI projects in progress or already 
developed in the courts, representing a 171 per cent increase compared 
to the 41 projects reported in 2021. In addition, the survey showed an 
increase in the number of judicial bodies engaged in AI projects – having 
risen from 32 courts in the previous year to 53. The report also highlights 
that courts without their own AI projects – mainly electoral and labour 
courts – are already benefiting from solutions implemented or under 
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study by their superior courts or governing councils, demonstrating the 
positive impact of national efforts. Among the newly identified projects, 
85 were entirely new, while 12 registered in the previous year had been 
cancelled or suspended. Of the initiatives, over half (63) were operational 
or ready for use. Meanwhile, 18 were in advanced development stages, 
20 in the early stages and 10 were yet to start. Most of these projects 
have substantial reach, affecting more than a thousand court cases, which 
accounts for 90 per cent of the total (National Council of Justice, 2022).

In February 2021, the CNJ announced the launch of the Justice 
4.0 Programme, encompassing a series of projects such as the Sinapses 
platform for cooperative AI development, the Digital Judiciary Plat-
form and “[…] initiatives aimed at sanitising and qualifying databases, 
strengthening DataJud – National Database of the Judiciary” (Brazil, 
2021a). Justice 4.0 is an initiative in partnership with the United Nations 
Development Programme (UNDP), with the support of the Federal 
Justice Council, the Superior Court of Justice (STJ), the Superior Labour 
Court (TST) and the Superior Council of Labour Justice. Its objective 
is to make the Brazilian judicial system more efficient, accessible and 
closer to society through the implementation of new technologies and 
AI, thereby optimising court activities and enhancing process productivity 
and governance (Conselho Nacional de Justiça, 2024). 

AI has been applied in the Brazilian judiciary to automate tasks, 
analyse cases, predict decisions, fight fraud, prevent corruption and 
provide chatbots and virtual assistants (Souza, 2023). The STJ has 
implemented tools such as Sócrates, Athos and e-Juris, which assist 
in transcribing hearings, drafting legal documents and conducting 
preliminary admissibility assessments of appeals. Other examples 
include VICTOR developed by the STF, the TST’s RADAR and the 
Electronic Judicial Process (PJe) platform that uses AI to manage court 
cases electronically across various courts (Brazil, 2021b). 
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In terms of regulating the use of AI in the Brazilian judiciary, a 
legislative proposal establishing an AI regulatory framework was presented 
to the Federal Senate in 2023. This proposal, the result of work by a 
commission of jurists led by STJ minister Ricardo Villas Bôas Cueva, 
sets out general guidelines for the responsible development, implemen-
tation and use of AI systems, with the aim of safeguarding fundamental 
rights and ensuring secure and reliable AI applications (Brazil, 2023). 
Previously, in 2020, the CNJ regulated the use of AI in the judiciary 
through Sinapses, a virtual platform that centralises technology initiatives 
(National Council of Justice, 2020). CNJ Resolution No. 332/2020 
establishes ethical, transparency and governance standards for the 
production and application of AI in the judiciary, while Ordinance No. 
271/2020 regulates its use within judicial processes (Cardoso, 2021). 

In the context of this significant increase in AI initiatives in the 
judiciary in Brazil, the Ceará State Court of Justice (TJCE) has also 
begun experimenting with the use of this technology, more precisely 
with the aim of improving procedural speed. In 2019, Justice Nailde 
Pinheiro Nogueira introduced the tool LEIA (Legal Intelligent Advi-
sor) to judges at the Clóvis Beviláqua Forum. Originally designed to 
merely read initial petitions, the aim was to expand the programme 
to the entire judicial process. Cláudio Ibiapina, assistant judge of the 
Vice-Presidency at the time, explained that LEIA would analyse key 
words in initial petitions and suggest links to existing precedents in 
higher courts. The tool initially focused on 50 legal topics, with plans 
for future expansion (Ceará, 2019). LEIA was implemented under 
the coordination of the TJCE’s Precedent Management Centre, in 
collaboration with the courts of the states of Ceará, Amazonas, Acre, 
Alagoas and Mato Grosso do Sul, and it was developed by the software 
company Softplan. Its objective is to reduce time spent on analysing 
cases, alleviate workload pressures in judicial offices, increase equality 
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in judging similar cases and decrease the stock of cases in progress 
(Ceará, 2021a).

Another AI initiative implemented by the TJCE involves 
robotic processes automation for repetitive tasks. Since October 
2020, the 5th and 6th Appeals Courts –responsible for reviewing 
requests for a reassessment of prior ruling – have been utilising robotic 
systems capable of resolving demands in 13 minutes, compared to 
120 required by a human. This has allowed legal professionals to 
dedicate their time to intellectual needs (Robôs..., 2020). in one 
instance, the robot processed 176 cases onto the 5th Appeals Panel’s 
docket within 13 minutes. In another test, it processed 262 cases 
for the 6th Panel and 20 for the 5th Panel within an hour. The task 
consisted of forwarding the judgements for digital signature. The 
robotic systems were developed using the Electronic Judicial Process 
(PJe) software – the result of a partnership between the Postgraduate 
Programme in Applied Informatics at the University of Fortaleza 
(Unifor) and the TJCE. According to Gilberto Souza, an official at the 
Secretariate for Information Technology, the main aim of the initiative 
is to automate repetitive mechanical tasks, as the high case volume 
poses risks of burnout and fatigue for judicial workers (Ceará, 2021a).

Since February 2020, the TJCE has been one of the strategic 
institutions represented within the Chief Scientist Programme, 
organised by the Ceará Foundation for Support to Scientific and 
Technological Development (FUNCAP). The initiative fosters closer 
relations between academia and the technologies developed in or by 
the Ceará judiciary. It aims to identify solutions in science, technology 
and innovation across various fields to improve the quality of services 
provided (Ceará, 2021a). The programme focuses on two main 
areas: developing natural language processing for court documents 
and analysing structured data with machine learning techniques. 
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Currently, it is in the data exploration phase and is putting a corpus 
specifically for legal language. This is happening within the expecta-
tion that, in the future, AI models will be widely applied within the 
judiciary (Salomão, 2021, p.102).

Researchers in this area are engaged in interpreting and preparing 
data to analyse cases, as well as identifying problems in procedural work-
flows. The initiative is connected to the Ceará Judiciary Modernisation 
Programme (PROMOJUD), enabling researchers from the University 
of Fortaleza (UNIFOR) to exchange experiences with international 
universities such as Harvard and Stanford. The projects developed by 
the Chief Scientist Programme within the Ceará judiciary mainly focus 
on artificial intelligence and judicial research. To facilitate this, a working 
group was set up under the coordination of Professor Vasco Furtado, the 
Director of Research, Development and Innovation at UNIFOR. The 
group comprises TJCE staff, undergraduate and graduate students and 
professors from UNIFOR, the Federal University of Paraíba and the 
Federal Institute of Ceará (Ceará, 2021a).

On 14 and 15 October 2021, the third international edition of 
the Artificial Intelligence and Law Seminar was held, organised by the 
Ibero-American Association of Law and Artificial Intelligence (AID-IA). 
Researcher and Chief Scientist of Justice Vasco Furtado provided an 
overview of the technological and AI initiatives at the TJCE. According to 
information available on the FUNCAP portal (Ceará, online), Professor 
Vasco Furtado coordinates the Data Science and Artificial Intelligence 
Laboratory at UNIFOR. He has published over 150 scientific articles 
in the field of computing with a focus on AI, particularly in multi-agent 
simulation, semantic web, machine learning and data mining. His 
research has been applied to public security, justice and smart cities.

During the seminar, Professor Vasco Furtado discussed the 
Chief Scientist Programme, stating that it “places scientists in public 
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bodies so that they can identify challenges and propose approaches 
to address them with the help of scientific knowledge”. He also said 
that the programme’s objectives are to identify opportunities for 
technological innovation in the TJCE’s computing area, seeking to 
increase the productivity of judicial services. Additionally, it aims to 
develop software and methods that assist in the processing of cases 
and judicial decision-making by leveraging AI to explore RPA (robotic 
process automation), justice quality indicators and legal knowledge 
bases (Furtado, 2021).

Vasco Furtado (2021) highlights that one of the challenges 
within Ceará’s judiciary relates to increasing procedural productivity. 
To this end, the TJCE employs two systems: the Electronic Judicial 
Process system (PJe) and the Justice Automation System. These 
manage on repetitive tasks that do not require a technical or legal 
analysis by court staff. The research initiative aimed at solving this 
challenge focuses on automating mechanically executed procedures 
handled by TJCE personnel, which involve a large volume of cases. 
By deploying robotic automation, employees are freed to engage in 
more complex activities, thereby improving procedural efficiency. 

Another initiative seeking to enhance productivity is process 
mining. According to Furtado (2021), lengthy processing times can 
be reduced by applying this technique, which involves constructing 
“process graphs” to identify tasks suitable for automation. With the 
help of robotisation, it also extracts time indicators between proce-
dural movements, identifying bottlenecks and analysing their causes.

In the research line of the project called Quality of Justice, 
the objective is to evaluate and develop quantifiable indicators to 
assess the quality of justice. It aims to understand what constitutes 
“fair justice”, identify the indicators that reflect good justice and 
define how data can be used to evaluate it. Existing evaluation models 
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are being applied for this, with the CNJ Quality Award and the 
World Bank’s judicial process quality index serving as references. The 
researchers are also defining input, processing and output dimensions, 
ensuring these indicators contain certain characteristics, in addition 
to analysing factors such as efficiency, quality and performance. A 
series of dashboards have already been produced for these indicators, 
including metrics such as decision time on merit, the percentage of 
cases in specialised courts and the time to form a case relationship 
(Furtado, 2021).

Furtado (2021) elaborates on the line of research called text 
processing, describing it as perhaps one of the most challenging 
areas, particularly with regard to classifying cases. This technique 
involves the initial classification of cases into macro-groups (unified 
procedural tables), the development of a domain-specific language 
model and topic identification. Efforts so far have focused on laying 
the foundations for these systems to operate. The project seeks to 
enable the creation of AI systems that can suggest case law, classify 
and summarise cases, suggest settlements and more. The collection 
of legal documents will be searchable via semantic search algorithms 
trained on court cases. The priority classifications include ordinary 
civil proceedings, tax enforcement, small claims court procedures, 
extrajudicial enforcement and criminal action (ordinary cases). 

To support these efforts, a “Golden Collection” has been 
created, for which a team of 40 court staff labelled different entities 
across a large number of legal documents, including petitions, indict-
ments, rulings, interlocutory decisions etc. As a result, a large volume 
of data will be available for the algorithms to train on. Additionally, 
the development of a Portuguese version of the LEGAL-BERT system 
(Bidirectional Encoder Representations) is underway, in which around 
10,000 legal documents have already been compiled for training the 
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algorithms with data from the processes in these documents. The 
ultimate goal is to scale these efforts with the algorithms being trained 
on a database of hundreds of thousands of legal documents.

Another initiative mentioned in the text processing research 
line is the use of AI for topic identification in legal documents. The 
system aims to recognise topics in a document based on keywords 
associated with various existing topics, determining their location 
within the analysed case. This can allow for grouping documents to 
trace connections between processes, for example. Another tool being 
developed is the Legal Knowledge Base based on Brazilian legislation. 
This database integrates information from the Planalto portal and 
LexisNexis, comprising approximately 221,000 pieces of connected 
legislation. This structure makes it is possible to identify when one 
law amends, repeals, cites or regulates another – forming a network 
of connections between these laws and allowing for automatically 
understanding legal processes (Furtado, 2021).

More recently, other AI tools have been developed at the TJCE, 
such as the Jurisdictional Service project, which aims to automate 
recurring routines and demands, including procedural documents 
and decision standards. Three pilot projects were selected for the 
development of models: I) Case inventory classification by subject – 
organisation of repetitive demands and recognition of parties involved 
in initial petitions, promoting consistency in court decisions and 
assisting judges in identifying and adjudicating similar cases more 
uniformly; II) Precedents – implementing a solution to assist judges 
in finding relevant precedents for cases under analysis, allowing them 
to compare and contrast central arguments; III) Predicting the risk 
of re-victimisation in domestic violence – developing a model to 
determine the level of risk of violence that a victim may face and 
predict the possibility of future violence by the same aggressor.
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Within the scope of Case inventory classification by subject, 
we may highlight a partnership established between the TJCE and 
the Goiás State Court of Justice (TJGO) for adopting the Berna tool, 
an AI innovation developed by the latter. This technology has been 
integrated into the TJCE’s electronic platform and database to speed 
up court proceedings. The tool identifies and groups together cases 
that share similar factual and legal arguments in their initial petition, 
speeding up the processing of lawsuits. 

The first area covered by this project involved the Public Trea-
sury Courts of Ceará, where documents were collected, processed and 
organised into groups based on similarity – following the guidelines 
created by the model. The second area includes the special courts, 
which adopted the same process of collecting, processing and grouping 
documents. The third area involving a justice chamber is currently 
underway. The groups formed are displayed on a dashboard that 
categorises them by area, providing information such as group name, 
number of related cases and procedural status, with data also available 
for downloaded as a spreadsheet. 

In terms of the Precedents pilot, the Vice-Presidency was 
the first area selected with a focus on suspended cases; this pilot 
is currently in the development phase. After being presented to a 
panel, the model will subsequently be expanded to cover more topics 
within the Vice-Presidency. Furthermore, tests are being carried out 
to verify the effectiveness of the case grouping using documents from 
controversial case ruled on by higher courts (STJ and STF). 

Finally, in the Domestic violence re-victimisation risk pilot is a 
tool being developed to predict the risk of re-victimisation in cases of 
domestic violence against women. It is based on responses from the 
national risk assessment form within the Proteção na Medida system 
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and historical information from court cases, establishing statistical 
criteria that calculate the risk of re-victimisation (Costa, 2023). 

It is also important to highlight an aforementioned initiative 
that has been key in promoting technological development and 
artificial intelligence in the Ceará judiciary: the Ceará Judiciary 
Modernisation Programme (PROMOJUD). In 2021, under the 
management of Justice Washington Luis Bezerra de Araújo, the TJCE 
received approval from the Ministry of Economy to obtain a loan 
from the Inter-American Development Bank (IDB) and the state 
government to implement the programme. In August 2021, studies 
and research work commenced to structure PROMOJUD and, the 
following month, the programme received authorisation from the 
state government. This programme represents an unprecedented 
initiative in Brazilian courts, focusing on digital transformation and 
AI for improving the provision of judicial services. Its main axes are 
“[…] digital transformation to improve citizen services and strengthen 
governance and management. It involves the investment and technical 
development necessary for a broad and deep digital transformation, 
referred to within the Judiciary as Justice 4.0” (Ceará, 2021b). The 
PROMOJUD contract was signed in December 2021, with an 
expected investment volume of USD 35 million over the next five 
years through a pioneering credit operation with the IDB, approved 
by the federal government (Pereira, 2021).

Final considerations

In light of the discussion above, it is evident that the Brazilian 
judiciary has made significant efforts to adopt AI systems to address 
the challenges of managing a growing volume of court cases. The 
motivation behind this initiative is clear: a need to enhance efficiency 
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and reduce the procedural delays that characterise the country’s legal 
system. AI has emerged as a promising tool for improving produc-
tivity, automating repetitive tasks and potentially reducing the risk 
of occupational injuries among public servants.

Although AI is primarily being used to support and accelerate 
the work of judges, it has not yet been given a decision-making role 
in Brazil. At the TJCE, for example, AI initiatives focus on expedit-
ing cases. However, there is a growing awareness of the ethical and 
regulatory implications of implementing AI in the judiciary. While 
global standards and guidelines are being established, uncertainties 
remain about how to monitor and mitigate the discriminatory biases 
that may arise in algorithms.

 Cases such as the use of COMPAS software in the United 
States illustrate the potential dangers of algorithmic bias in the public 
sphere. Such systems can reflect the unconscious prejudices of their 
programmers, influencing judicial decisions in unintended ways. Katz 
(2020) highlights that computer systems employed both in policing 
and within the US judicial system exhibit discriminatory biases, which 
can potentially influence the rules of judges. Smith (2016) recounts 
a famous case in which a man named Eric Loomis was arrested 
in 2013 on charges of driving a vehicle used in a shooting. The 
judge’s sentencing was heavily based on the high recidivism risk score 
generated by COMPAS, leading to the denial of parole and a six-year 
prison sentence. This case demonstrates how algorithms can inherit 
and perpetuate the biases of the programmers who trained them.

In the end, what do technological initiatives such as artificial 
intelligence have to do with the social sciences? This question can be 
answered by reflecting on the discussion presented earlier regarding 
AI in contemporary capitalism: any technological advancement that 
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occurs in the context of the capitalist mode of production is inherently 
a social issue. 

As observed above, overlooking the societal impact of these 
technologies would be a critical oversight, particularly in a capitalist 
society that leverages such innovations to extract surplus value, render 
labour conditions more precarious and increase workers’ subordina-
tion to machines. Moreover, we have seen that algorithmic biases 
can be present in AI systems, with the potential to exacerbating 
existing discriminatory practices, whether in the public or private 
sector. Decisions made by AI systems can be unjust, especially if these 
systems are trained on biased data. 

Assigning responsibility for harmful actions taken by AI is 
likewise complex, particularly with a capitalist system in which the 
responsibility of the companies that develop and distribute these 
systems can be diffuse. It is therefore imperative for the social sciences 
to devote even greater attention to the issues raised here – issues that 
are of a social nature and that directly impact social relations. This 
analysis opens the door for future in-depth sociological research on 
the subject of AI, as advancements in this technology are unfolding 
rapidly and are directly inserted into our daily lives – across all 
social spheres.
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