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ABSTRACT | Purpose: To investigate the profile and behavior of scientific
production and social network structures on the topic of artificial intelligence
published in Brazilian academic journals from the SPELL database perspective
between 1988 and 2023. Design/Methodology/Approach: A bibliometric and
sociometric survey of 89 Brazilian articles was used. Findings: A growing trend
for the topic of artificial intelligence in the national academic panel; the Journal of
Information Systems and Technology Management and Revista Gestao & Tecnologia
were the most productive journals; the Federal University of Rio Grande do Norte,
the Federal University of Uberlandia, and the University of Sdo Paulo were the most
productive institutions. The actors’ social networks were all measured with low
density. Regarding the social networks of the keywords, the terms that stood out
were: artificial intelligence, digital transformation, technology, machine learning,
neural networks, Industry 4.0, artificial neural networks, and COVID-19. Practical
implications: The most relevant conceptual approaches to AI may prove useful,
as they will be more widely recognized in the administration and decision-making
of business managers and public policymakers. Originality/Value: This research
presents the state of the art on Al in the Brazilian academic literature context from
the perspective of SPELL and sociobibliometrics, thus providing contemporary
data, information, and knowledge on AI for researchers, especially those new to
this field.
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1.INTRODUCTION

Industry 4.0 is characterized as the Fourth Industrial Revolution, and Artificial Intelligence (AI) is integrated
into this process (Atamanczuk & Siatkowski, 2019), the term AI was first introduced in 1956 by John McCarthy
and has since been recognized as a disruptive technology developed throughout the 20th century (Cabrera, 2023).
In this context, digital transformation is highlighted, defined as the adoption of innovative digital technologies,
among which AI stands out (Borges, Leroy, Carvalho, Lima & Oliveira, 2020; Rocha & Kissimoto, 2022). That said,
AT has undergone an evolution, aiming to support solutions to complex problems within organizations and,
consequently, in the business world (Piccolo, Pereira, Katahira, Vidotti & Rodas, 2021; Ruiz-Real, Uribe-Toril,
Torres & De Pablo, 2021; Dwivedi, Nerur & Balijepally, 2023).

With the development of big data, computer science, cloud computing, the internet of things, robotics,
blockchain, autonomous vehicles, 3D printing, nanotechnology, synthetic biology, biomimetics, energy storage,
neural networks, machine learning, deep learning, and other technologies (Mendonca, Andrade & Sousa Neto,
2018), the term Al has appeared with increasing frequency and, consequently, has gradually become integrated
into all aspects of social life (Hu, Wang & Deng, 2020), that is, it emerges as the main source of advancement
and technology for the market (Neves, Silva & Carvalho, 2019; Barcelos & Santos, 2023), directly impacting the
increase in the number of publications across diverse fields of knowledge (Gontijo & Ferreira de Aratjo, 2019).

National and international longitudinal studies, as state-of-the-art research on the topic of AI, have already been
published in scientific journal (Gontijo & Ferreira de Aratjo, 2019; Hu, Wang & Deng, 2020; Cavalcanti, Tavares &
Castro Junior, 2021; Gontijo & Ferreira de Araujo, 2021; Kirtil & Askun, 2021; Piccolo et al., 2021; Ruiz-Real et al., 2021;
Anayat & Rasool, 2022; Carvalho, Gouveia & Ramos, 2022; Groenner, Faria, Perissini & Gracioso, 2022; Pinheiro &
Oliveira, 2022; Sofyan, Abdullah, Hammood & Roslan, 2022; Ullrich, Vladova, Eigelshoven & Renz, 2022; Yang, Zhao,
Du & Yang, 2024). These studies specifically focused on various fields of knowledge, namely: Information Science,
Economics, Education, Sports, and Health. Consequently, it is evident that the pursuit of Al has impacted numerous
areas of knowledge (Bickley, Chan & Torgler, 2022). At this point, it should be noted that the most commonly used
databases by the authors for searches on Al studies in the international scientific context were Web of Science and
Scopus; while in the national context, brazilian journals indexed in the CAPES database were utilized.

Therefore, this fact, contributed to AI emerging as an interdisciplinary topic, since its theoretical approach
is related to and simultaneously present in various fields of knowledge. In this way, its applications have provided
significant contributions to the areas of knowledge to which Al is devoted (Gontijo & Ferreira de Araujo, 2021).
Thus, it is observed that academic interest in the topic of Al has been growing since the mid-20th century (Gontijo
& Ferreira de Aradjo, 2021), with the academic influence of its scientific output potentially assessed through
bibliometric studies (Cajazeira & Silva, 2021). In this context, it emerges and is emphasized that bibliometric
research substantially contributes to the mapping of science. This contribution has been demonstrated through
studies that depict trends, areas of thematic concentration, research fronts, networks of scientific collaboration
among actors, elite researchers, core scientific journals in a given field of knowledge, among others (Oliveira &
Ferreira de Aratjo, 2020).

Having said that, the research question guiding this study is highlighted: What is the profile and behavior
of the scientific production and social network structures on the topic of Artificial Intelligence published in
Brazilian academic journals from the perspective of SPELL? The objective was: To investigate the profile and
behavior of the scientific production and social network structures on the topic of Artificial Intelligence published
in Brazilian academic journals from the perspective of SPELL.

Thus, the relevance of this study lies in: (i) the fact that AT has become one of the most recent and important
concerns for researchers and faculty studying in the field of administration and related areas (Yang et al., 2024);
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and (ii) its novelty, as no studies were found in the global academic literature that focused on investigating AI in
the field of Administration, while also emphasizing the SPELL electronic library (Scientific Periodicals Electronic
Library) prominently. In view of this, the aforementioned research question, as well as the objective that underpins
it, aims to confirm and strengthen, as well as generate state of the art knowledge on the topic of Al in the national
scientific context, contributing to mapping its evolution in the mentioned landscape and providing guidance for
future scientific studies (Di Vito & Trottier, 2022).

To address the research question and, simultaneously, achieve the study’s objective, bibliometric research
techniques were employed (Ferreira, Baidya & Dalbem, 2018; Pereira & Cezar, 2022), and sociometry, also known
as Social Network Analysis (SNA) (Walter, Bach & Barbosa, 2012; Machado Junior, Souza & Parisotto, 2014),
contributing to systematizing the publication profile and characterizing the structures of the actors’ collaboration
networks (Dal Vesco & Beuren, 2012) involved in the process of generating academic knowledge within the
brazilian scholarly literature on the topic of Al

In summary, the bibliometric procedures (Urbizagastegui-Alvarado, 2022), and sociometry were applied
together (Ribeiro, Costa, Ferreira & Serra, 2014) they are used in quantitative studies (Bufrem & Prates, 2005)
and are essential for enhancing the context, deepening the discussion and the investigated content, while also
promoting the visibility of studies aimed at exploring the scientific production on a given topic (Ferreira & Silva,
2019), as is the case with Al

The motivation for choosing SPELL to conduct this study lies in the fact that it is an electronic, open-access
database that encompasses and selects scientific production (Durante, Veloso, Machado, Cabral & Santos, 2019),
in the fields of Administration, Accounting, and Tourism in Brazil (Ferreira, Baidya & Dalbem, 2018; Neves,
Nascimento, Felix Jr., Silva & Andrade, 2018). Consequently, it is impossible to deny the relevance of SPELL
in promoting fairer conditions for Brazilian scientific journals, as all of them have the same level of visibility,
with access primarily determined by content rather than the status of the academic jornal (Rossoni, 2018), thus
justifying its preference and use in this study.

Another factor reinforcing the choice of SPELL as the database for this research is that SPELL ranks among
the TOP Five databases most frequently used by researchers in academic studies focusing on bibliometric and or
sociometric research techniques in the national scientific literature. This statement is complemented by noting
that the other platforms within the top five most used by academics are: Web of Science, CAPES Journals, Scopus,
and ANPAD (Ribeiro & Corréa, 2022).

This study may contribute to promoting a greater understanding of the topic of Al in the fields of
Administration, Accounting, and Tourism, aiming to influence the increased participation of scholars in these
areas of knowledge regarding the topic under investigation, in doing so, it creates opportunities to improve the
themes that underpin and guide Al in academia, consequently impacting its publication dynamics, proliferation,
dissemination, and socialization within the brazilian academic literature.

Finally, withinthe contextofbibliometricandsociometricindicators, thisscientificinvestigation demonstrates
academic contributions by focusing on its actors (researchers and their respective home institutions), who are
essential for generating knowledge through the creation of studies on the topic under investigation in Brazilian
academia, as reflected in the scientific journals indexed in SPELL.

2. ARTIFICIAL INTELLIGENCE

Digital technologies have led to tremendous and rapid changes in nearly all areas of life (Kureljusic & Karger,
2023). Thus, the inclusion of digital technologies, such as ubiquitous data collection and big data analytics, cloud
computing, and Al (Silva Neto, Bonacelli & Pacheco, 2020), is transforming organizations (Dwivedi, Nerur &
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Balijepally, 2023) through their business, social, and educational processes, influencing the dynamics, application,
development, and advancement of technologies (Cavalcanti, Tavares & Castro Junior, 2021; Ullrich et al., 2022).
It is further emphasized that among the digital technologies comprising Industry 4.0, Al has been extensively
investigated, possibly due to its great importance in the economic and social spheres (Groenner et al., 2022), as
well as being the hallmark of the Fourth Industrial Revolution, developing day by day on a global scale (Yang
et al., 2024).

Thus, the advantages derived from Al strongly contribute to the processing of large volumes of information
in the digital environment, as it enables the uniform handling of different documents within short periods of
time. In this context, machine learning is highlighted as a subcategory of AI, which has proven to be promising
as a resource that allows computers to develop pattern recognition, learn systematically, make predictions
based on data, and even adjust their behavior without requiring new programming (Nascimento, Martins &
Albuquerque, 2023).

Some global events, such as the Covid-19 pandemic, have also impacted the implementation, execution, and
improvement of A, creating a new urgent situation for organizations and forcing a shift for companies to become
more technological (Ullrich et al., 2022). In general, AI compelled organizations to rethink their strategies while
simultaneously presenting opportunities to outperform their competitors (Dwivedi, Nerur & Balijepally, 2023). It
is further noted that Covid-19 influenced the scientific production on the topic of AI at a global level (Hernandez,
Diaz & Salvador, 2024).

In Brazil, the adoption of AI technology by brazilian companies and the availability of scientists and machine
learning specialists are in line with european countries. It is also noteworthy that adoption by governmental
organizations is significant. With regard to research on the topic of Al, it is observed that the United States and
China are leading this competition, that is, in terms of scientific production in AI, with Brazil lagging behind most
developed nations (Kubota & Rosa, 2023).

It is further highlighted that AI can be characterized into three types: Narrow AI, which consists of specific
algorithms designed to solve problems in a particular area; General Al, which refers to algorithms developed to
be as capable as humans by employing machine learning techniques; and Superintelligent AI, which focuses on
algorithms that are significantly more capable than humans in almost all tasks. In this regard, the development
of AI generates major opportunities for academic studies across many fields of knowledge, contributing to the
dissemination and consolidation of greater representativeness of Al within scientific research (Ludermir, 2021).

Consequently, the amount of scientific literature on AI has been rapidly increasing since its emergence,
enhancing both theoretical understanding and practical application. Thus, AI has been increasingly occupying
a prominent role in the landscape of technological evolution, with significant contributions across various fields
of knowledge, thereby influencing a marked growth in the number of scientific studies in recent years (Gontijo
& Ferreira de Aratjo, 2019; Ullrich et al., 2022).

As a result, researchers have been publishing longitudinal studies on the topic of AI (Gontijo & Ferreira de
Arayjo, 2019; Cavalcanti, Tavares & Castro Junior, 2021; Gontijo & Ferreira de Aradjo, 2021; Piccolo et al., 2021;
Carvalho, Gouveia & Ramos, 2022; Groenner et al., 2022; Pinheiro & Oliveira, 2022) in order to better understand
the different nuances of the term AI. Thus, the following section presents the research question and or objective,
along with their respective findings, of some of these contemporary scientific studies published in national
academic journals.

Cavalcanti, Tavares, and Castro Junior (2021) presented the state of the art of research on AI applications
in Higher Education. The authors found that Intelligent Support for Collaborative Learning and Intelligent Tutoring
Systems were the most commonly used interventions, aiming to improve learning processes, provide feedback,
or create models to help predict possible student failure or even course dropout. Gontijo and Ferreira de Aratjo
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(2021) analyzed the scientific production on Al in open-access scientific articles in the field of health. The authors
observed a growing temporal distribution of studies on AI, with 2019 showing the highest concentration of articles
within the period from 2014 to 2019.

Piccolo et al. (2021) they presented a systematic literature review on the topic of user experience in the
context of Al. The researchers observed that there are still few published studies addressing issues related to user
experience in the Al context. Carvalho, Gouveia, and Ramos (2022) mapped scientific research within dissertations
and theses conducted in graduate programs related to AL. These scholars concluded that researchers and their
respective research groups on Al in Brazil have apparently experienced a period of growth.

Groenner et al. (2022) they conducted a survey on Al research in Brazil. The authors found that Brazil holds
a peripheral yet growing position in relation to publications on AI, with public institutions playing a fundamental
role in this process. Pinheiro and Oliveira (2022) analyzed the last 20 years of Brazilian scientific production on
AL The authors concluded that, despite the increase in the volume of publications in recent years on Al, scientific
production on Al applications in Information Science remains low and indicates a trend toward further studies
in “information organization and representation” and “machine learning.”

Upon reviewing the highlighted studies, it is evident that these works present findings that enable a better
understanding of the nuances underlying and guiding the information and knowledge addressed in the scientific
literature on Al, thereby explaining and affirming its relevance in academia within the field of Administration
and related areas moreover, they emphasize the need to continue improving scientific research on this topic in
future studies, given the growing interest in this subject within the Brazilian academic context (Gontijo & Ferreira
de Aratjo, 2019; Gontijo & Ferreira de Araujo, 2021).

However, none of these academic studies published in national scientific journals aimed to investigate the
scientific production on Al and the characteristics of the collaboration network structures of the actors involved
in its process of constructing scientific knowledge within the Brazilian academic context from the perspective of
SPELL. Therefore, this is the purpose of the present study, which will support the consolidation of information
and knowledge on the topic under investigation in the Brazilian academic environment and, in doing so, will
contribute to diagnosing its evolution within this framework while outlining pathways for future academic
research (Di Vito & Trottier, 2022).

3. METHODOLOGICAL PROCEDURES

The objective of this research was to investigate the profile and behavior of the scientific production and
social network structures on the topic of Artificial Intelligence published in Brazilian academic journals from
the perspective of SPELL. To achieve this objective, this study was grounded in documentary research (Vecchia,
Mazzioni, Poli & Moura, 2018), which involves the collection of edited material, such as studies published in
scientific journals.

Bibliometrics was also employed, focusing on the quantitative aspects of disseminated and published
scientific production, as well as sociometry (SNA), which explores the interactions of actors involved in the
process of constructing scientific knowledge through relationship matrices (Nascimento & Beuren, 2011). It is
worth emphasizing here that social network theory is also used to study how the social ties among actors within
a given social network may affect the performance of an institution (Balestrin, Verschoore & Reyes Junior, 2010).

From this perspective, sociometry contributes to the process of identifying research groups, the most
central actors, preferred themes, among other possibilities. In this sense, studies that apply bibliometric and
SNA techniques (Schmidt & Tolotti, 2019) are organized under the concept of socio-bibliometric maps (Machado
Junior, Souza & Parisotto, 2014), highlighting and reinforcing the importance of the complementarity of these
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two techniques (Walter & Bach, 2013; Pereira, Faria, Lamenza & Pereira, 2014) for the investigation of scientific
production on academic themes (Ribeiro, 2023).

Returning to the focus on bibliometrics, it is emphasized that this technique is grounded in three main laws
(Machado Junior, Souza, Parisotto & Palmisano, 2016), namely: Lotka’s Law, or the Inverse Square Law, which
identifies and measures author productivity, highlighting the most prolific scholars in specific academic fields;
and Bradford’s Law, or the Law of Dispersion, which examines and assesses the productivity of scientific journals
by establishing core sets of periodicals on defined scientific subjects (Maia & Bezerra, 2020).

Zipf’s Law, or the Law of Least Effort, calculates the frequency of word occurrences in scientific texts,
generating a list of terms related to a specific topic under investigation (Vanti, 2002; Fonseca & Gomes, 2020).
Also derived from Lotka’s Law is Price’s Law, which measures and highlights the elite of researchers (Peleias,
Wahlmann, Parisi & Antunes, 2010) within the scientific production of a given academic field (Pessoa Aratjo,
Mendes, Gomes, Coelho, Vinicius & Brito, 2017).

It now extends to Social Network Analysis (SNA), which is one of the fundamental methods used in
bibliometrics (Varandas Junior, Miguel, Carvalho & Zancul, 2015). Accordingly, in SNA there are important
elements to better understand it (Parreiras, Silva, Matheus & Brandio, 2006), that is, ways of examining the
structure and connections of a social network, among which the following stand out: graph, giant component,
nodes, ties, small-world, structural holes, density, and centrality (Rossoni, Hocayen-da-Silva & Ferreira Junior,
2008; Rossoni & Guarido Filho, 2009; Nascimento, Pereira & Toledo Filho, 2010; Bordin, Goncalves & Todesco,
2014; Welter, Souza, Trajano & Behr, 2021).

It is complemented, by stating, that the interactions carried out by the actors allow the elaboration of
sociograms, as well as calculations of parameters such as degrees of density and centralities (Quandt, 2012).
Here it is added by informing that density shows that the more consistent the social network is, the closer its
measurement will be to 1.0, that is, the more standardized are the contacts among the actors. Therefore, a low
density has a measurement lower than 0.2, indicating a spread social network with low internal connection
(Williams dos Santos & Farias Filho, 2016).

When considering centralities, which allow identifying the most central actors (Ouro Filho, Olave & Barreto,
2020), in reference to the general structure of social networks, degree centrality stands out, which is the property
that reflects an actor’s knowledge exchange activity, by measuring the number of connections of each of these
actors in a graph, impacting their influence, level of prestige, and relevance within the social network (Balestrin,
Verschoore & Reyes Junior, 2010; Ribeiro & Corréa, 2022).

And betweenness centrality, which is the characteristic that highlights each actor’s ability to mediate, by
measuring how a given actor acts as a foundation and guide, contributing to stimulating interactions and the flow
of information and knowledge among the various actors in the collaboration network (Favaretto & Francisco,
2017). It is added by stating that these highlighted centrality measures are usually the most commonly used in
scientific research focusing on SNA (Cunha & Piccoli, 2017; Ribeiro, 2023).

The research universe highlighted studies published in journals indexed on the SPELL electronic platform.
It is reiterated that the choice of SPELL in this study was due to it being an innovative scientific database, as
it was specifically developed to index Brazilian academic journals in the fields of Administration, Accounting,
and Tourism, possessing its own journal impact indicators, with the prominence of these indicators for future
classification of academic journals being emphasized in the CAPES Evaluation Report itself (Rosa & Romani-
Dias, 2019).

It is further reinforced that the choice of SPELL is due to its alignment with the objective of this study,
considering that the aforementioned data platform has a large volume of indexed scientific journals and,
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simultaneously, academic works published in Brazil, particularly in the field of Applied Social Sciences and,
specifically, the scientific production in the areas of Administration, Accounting, and Tourism (Anjo, Brito & Brito,
2022). Thus, recent studies have already been published in journals using the SPELL database for longitudinal
research (Atamanczuk & Siatkowski, 2019; Anjo, Brito & Brito, 2022; Ribeiro, 2022), reinforcing and establishing
the legitimacy of this data platform for these types of scientific research within the national scientific context.

The procedure for selecting the sample of studies on the topic of AI occurred as follows: a) entering the
keywords in the “drop down boxes” search filter on the SPELL homepage (http://www.spell.org.br/); b) searching for
the keywords in the titles, abstracts, and keywords of the studies; c) selecting and choosing the scientific studies
in the SPELL database; d) defining the sample through the reading of the titles and/or abstracts of each study. It is
noteworthy that, in the SPELL database, a filter was applied with keywords in Portuguese, English, and Spanish,
respectively, as follows: “inteligéncia artificial’; “artificial intelligence”; “inteligencia artificial” These keywords
were searched in the title, abstract, and keywords of each study asynchronously, thus encompassing all scientific

studies supporting the topic of Al in this research.

It should be noted that the start and end dates for the search of studies were from 07/12/2023 to 07/15/2023.
Thus, the sample consisted of 89 articles, within a time frame from 1988 to 2023, that is, 36 years. It is further
emphasized that this time frame is directly conditioned and connected to the scientific texts published in the
SPELL database, meaning that the first study on the topic under investigation was found only in 1988. Therefore,
the years considered ranged from 1988 to 2023. The analyses of these 89 studies were conducted according to
bibliometric and sociometric indicators: (i) periods; (ii) journals; (iii) researchers; (iv) co-authorship networks;
(v) institutions; (vi) institutional collaboration networks; (vii) keywords; and (viii) social networks of keywords.

It should be noted that the aforementioned data and information were extracted from the selected articles,
and subsequently, the procedures for calculating the symmetric matrices and the graphical visualization of the
respective social networks of the actors (authors, institutions, and keywords) were initiated (Ribeiro, 2023). It is
emphasized that the start date for tabulating the bibliometric and sociometric indicators, as well as for constructing
the symmetric matrices of the actors’ collaboration networks and their respective graphical visualizations, was
07/18/2023, and the process was completed on 08/01/2023.

The bibliometric data and information were measured using software Microsoft Excel; and the SNA indicators
were assessed using UCINET software, while the graphical visualization of the networks was performed using
NetDraw software. It is emphasized that, to create the keyword cloud (Momo, Melati, Muniz & Behr, 2021), the
software WordArt.com was used (Nascimento, Santos, Meireles, Melo, Servilha & Panhoca, 2022). Figure 1 provides
a summary of the methodological pathway of this study.

Methodological Pathway

=>search for articles on the SPELL website => keywords used for the search of the studies: “inteligéncia artificial”; “artificial

”,

intelligence”; “inteligencia artificial” => entering the keywords in the SPELL “drop down boxes” search filter => search for the
keywords in: “article title”; “article abstract”; “article keywords” => selection and choice of articles in the SPELL database =>
definition of the sample through reading the titles and/or abstracts of each article => download of the 89 identified articles =>
tabulation and spreadsheet processing of the 89 articles => calculation of bibliometric indicators => calculation of sociometric

indicators => creation of social network matrices => graphical visualization of the social network matrices.

Figure 1. Methodological Pathway

Source: Research data (2023)
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4. ANALYSIS AND DISCUSSION OF RESULTS

This section addressed the analysis and discussion of the results regarding the 89 articles identified in this
research on the topic of Al in the Brazilian academic context from the perspective of journals indexed in SPELL.
Figure 2 highlights the periods in which publications on the topic of Al appeared in the national scientific literature.
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Observing Figure 2, a growth trend of the Al topic in the Brazilian academic context can be noted, from
the perspective of academic journals indexed in SPELL, reaching its peak in 2021, even though the volume of
Brazilian scientific production is not as significant compared to other countries worldwide, such as the United
States and China (Kubota & Rosa, 2023). It is noteworthy that the evolution of this topic occurred particularly
from 2020 onward, possibly due to COVID-19, which, in general, influenced initiatives and the development of
innovative technologies, such as AI (Ullrich et al., 2022).

This finding is similarly corroborated by research analogous to this study (Gontijo & Ferreira de Aradjo,
2019; Gontijo & Ferreira de Araujo, 2021; Carvalho, Gouveia & Ramos, 2022; Pinheiro & Oliveira, 2022; Ullrich
etal., 2022), thus demonstrating that the topic under investigation is a term with growing prominence in scientific
research (Nascimento, Martins & Albuquerque, 2023), drawing the attention of scholars from different fields of
knowledge (Bickley, Chan & Torgler, 2022) to the aforementioned and highlighted subject (Gontijo & Ferreira de
Araujo, 2021).

It is reiterated that, for this study, the focus was on the fields of Administration, Accounting, and Tourism,
which underpin and guide the articles published in SPELL, which is “[...] a system for indexing, searching,
and providing scientific production, linked to the National Association of Graduate Studies and Research in
Administration (ANPAD)” (Ferreira, Baidya & Dalbem, 2018, p. 926), focusing on Brazilian scientific journals and,
consequently, the scientific production on the topic of Al

Thus, to examine the evolution of academic production, it was also considered essential to identify the
scientific journals in which the articles on the topic under investigation were published (Durante et al., 2019).
Accordingly, Figure 3 highlights the scientific journals detected in this study, emphasizing the seven most
productive ones.
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Scientific journals Acronym Qualis (2017-2020) Publishing institution Published articles
Journal of Information Systems and Technology Management  JISTEM A3 Universidade de Sdo Paulo 6
Revista Gestdo & Tecnologia G&T A4 Fundagdo Pedro Leopoldo 6
Revista Eletronica de Sistemas de Informagao RESI Bl Instituto Brasileiro de Estudos e Pesquisas Sociais 4
Revista Inteligéncia Competitiva RIC B2 Editora Alumni in 4
RAUSP Management Journal RAUSP A2 Universidade de Sao Paulo 3
Revista de Administragdo Mackenzie RAM A2 Universidade Presbiteriana Mackenzie 3
Teoria e Pratica em Administragéo TPA A4 Universidade Federal da Paraiba 3

Cadernos EBAPE.BR, Future Studies Research Journal: Trends and Strategies, Gestdo e
Sociedade, GESTAO.Org - Revista Eletronica de Gestdo Organizacional, International Journal of
Business & Marketing, International Journal of Professional Business Review, Perspectivas em

Gestdo & Conhecimento, Revista da CGU, Revista de Administragdo da UFSM, Revista de
Administragdo FACES Journal, Revista de Administragdo, Sociedade e Inovagdo, Revista de
Contabilidade e Organizagdes, Revista de Gestdo e Revista de Gestdo e Secretariado

14 scientific journals published 2 articles

BASE - Revista de Administragdo e Contabilidade da UNISINOS, Cadernos Gestdo Publica e
Cidadania, Contabilidade, Gestdo e Governanga, Contexto - Revista do Programa de Pds-
Graduacdo em Controladoria e Contabilidade da UFRGS, Desafio Online, Desenvolvimento em
Questdo, Estudos de Administragdo e Sociedade, REGEPE Entrepreneurship and Small
Business, Revista Académica do Observatdrio de Inovagdo do Turismo, Revista ADM.MADE,
Revista Brasileira de Gestdo de Negdcios, Revista Brasileira de Gestdo e Inovagdo, Revista
Brasileira de Inovagao, Revista Brasileira de Marketing, Revista Capital Cientifico — Eletrénica,
Revista Catarinense da Ciéncia Contabil, Revista de Administracdo Contemporanea, Revista de
Administragdo da Unimep, Revista de Administracdo de Empresas, Revista de Administragdo
Publica, Revista de Contabilidade do Mestrado em Ciéncias Contabeis da UERJ, Revista de
Gestdo Ambiental e Sustentabilidade, Revista de Gestdo em Sistemas de Salde, Revista de
Tecnologia Aplicada, Revista do Servigo Publico, Revista Economia & Gestdo, Revista Gestdo
Organizacional, Revista Interdisciplinar de Marketing, Revista Organizagdes em Contexto,
Revista Pensamento Contemporaneo em Administragdo, Sociedade, Contabilidade e Gestdo e
Turismo em Andlise

32 scientific journals published 1 article

Figure 3. Journals

Source: Research data (2023)

Thus, the journals that stood out were: JISTEM, G&T, RESI, RIC, RAUSP, RAM, and TPA. With regard to
the JISTEM journal, it is also highlighted in studies similar to this one, particularly for emphasizing the theme
of Industry 4.0, which is directly related to the subject under investigation in this research (Atamanczuk &
Siatkowski, 2019). According to Bradford’s Law, which measures the productivity of journals (Vanti, 2002), it was
found that seven scientific journals published between three and six articles; 14 academic journals published two
articles; and 32 journals published only a single study, thus confirming that many scientific journals still produce
very little on the subject under analysis (Maia & Bezerra, 2020).

In other words, from the perspective of Bradford’s Law, Figure 3 illustrates the existence of a small core
of scientific journals that address the subject under investigation more robustly, alongside a broad peripheral
region divided into two zones. In these two zones, there is an increase in the number of academic journals, which
simultaneously corresponds to a decrease in the productivity of studies published on the topic under analysis
(Machado Junior et al., 2016).

It is interesting to observe that the seven academic journals highlighted in Figure 3 are native to the field of
Administration, and the first three are more extensively linked to the domain of Technology. Furthermore, it is
noted that, among the 53 journals identified in this research (Figure 3), 43 are linked to Administration, eight to
Accounting Sciences, and only two are native to the field of Tourism. This finding demonstrates a predisposition
of researchers to publish their articles on the topic of Al in scientific journals that have adherence, scope, and
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focus on the field of Administration, particularly with ramifications in the technological area. On a broader scale,
it can be understood that AI has positively influenced various fields of knowledge, such as Computer Science,
Business, Management, and Accounting (Hernandez, Diaz & Salvador, 2024).

Still regarding the topic of Al and Accounting, from the perspective of journals indexed in the SPELL
database and that are related to this field of knowledge, it is observed that most of these studies are recent, that
is, published in the last five years, thus highlighting the importance that AI has for Accounting Sciences, its
impact extends not only to the academic sphere, but also to its influence on technologies and on the training and
practices of accountants, due to the automation of accounting processes, such as in the case of the internal audit
sector of companies, which is fundamental for mitigating possible accounting fraud (Neves, Silva & Carvalho,
2019; Borges et al., 2020).

It is also emphasized the focus on accounting information systems, which are mainly rule-based, with data
generally being available and well-structured. However, many accounting systems have not yet been able to keep
pace with the current evolution and technological development. Thus, Al in accounting is often applied only
in pilot projects. In this sense, it is observed that the use of Al-based forecasts in accounting enables proactive
management and detailed analyses. Nevertheless, there is still limited knowledge about AI in the accounting field
(Kureljusic & Karger, 2023).

Therefore, it is advisable and necessary that further academic research be conducted and subsequently
published regarding its results and contributions, aiming, for instance, at understanding the behavior of
accounting professionals, thus highlighting their paradigm shifts and new ways of practicing accounting through
emerging technologies, such as Al. In summary, this reinforces the importance of conducting more research on
Al in the accounting field, fostering potential benefits in its applicability within this domain, which is extremely
necessary and relevant for decision-making processes and business management, and consequently contributing
to the growth of scientific production on AI within the field of Accounting (Momo et al., 2021).

Given the above, it is important to highlight the relevance of identifying the researchers who contribute
the most to a specific field of knowledge and, simultaneously, to the development of the scientific literature on a
given topic (Schmidt & Tolotti, 2019). That being said, Figure 4 presents the researchers identified in this study,
emphasizing the eight most prolific ones, with their respective years of publication shown in parentheses.

240 autores publicaram 1 artigo ] 1

Matheus Eurico Soares de Noronha ] 2
Somayya Madakam ] 2
Rajesh M. Holmukhe 12
Neri dos Santos ] 2
Ludano Frontino de Medeiros ] 2
Lidio Mauro Lima de Campos ] 2
Cleonir Tumelero ] 2
Ariel Behr ] 2

0 0.5 1 1.5 2 25

Figure 4. Researchers

Source: Research data (2023)
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Thus, the following scholars stand out: Ariel Behr (2021 and 2022), Cleonir Tumelero (2022 and 2023),
Lidio Mauro Lima de Campos (2020 and 2021), Luciano Frontino de Medeiros (2008 and 2015), Neri dos Santos
(2008 and 2015), Rajesh M. Holmukhe (2019 and 2022), Somayya Madakam (2019 and 2022), and Matheus Eurico
Soares de Noronha (2022 and 2023), each with two publications. Regarding the years of publication of the most
prolific authors, it is observed that the vast majority began publishing on the topic of AI in Brazilian academia
only recently, which can be understood as an opportunity to disseminate a contemporary subject in Brazilian
scientific literature.

In general, it is observed that, under the prism of Lotka’s and Price’s Laws, the productivity of researchers
(Bufrem & Prates, 2005) on the topic of Al in Brazil is revealed, and that there is an “elite” of scholars dedicated
to this subject (Pessoa Aratjo et al., 2017), this demonstrates that knowledge on the aforementioned topic is more
consistently concentrated among the eight most prolific authors identified in this study (Peleias et al., 2010).

In summary, eight researchers published two articles on the topic of AI in Brazilian academia, while 240
published only one article each, corresponding to approximately 97% of the total number of authors. In this
context, the existence of occasional scholars—those who publish only a single study on a given subject within a
defined research group—and permanent researchers—those who have produced more than one publication on
the same topic within an already established research group—becomes evident (Parreiras et al., 2006).

Consequently, understanding co-authorship networks makes it possible to analyze how researchers on
the subject under investigation establish partnerships and with whom they collaborate (Ribeiro et al., 2014).
Accordingly, Figure 5 illustrates the co-authorship networks of this study, which are composed of 248 nodes and
646 ties, with a measured density of 0.0106, corresponding to 1.06% of the interactions effectively established
among the authors. It is also noted that this social network highlights the betweenness centrality of the 248
researchers identified in this study.

= = @Ariel Behr
T = Y o= D
.ﬁ % *Lidio Mauro Lima de Campos
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Figure 5. Co-authorship networks

Source: Research data (2023)

Regarding the density value of the co-authorship networks in this study, it reveals that the mentioned
collaboration network among researchers is dispersed and has low internal cohesion (Williams dos Santos &
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Farias Filho, 2016). This can be explained by the predominance of publications with only one co-author, which
simultaneously reduces interactions and, consequently, the exchange of information and knowledge among authors.

Thus, Figure 5 presents a dispersed collaboration network, with many “weak ties,” that is, a predominance
of only one connection between the nodes (Cajazeira & Silva, 2021). Therefore, it is feasible to state that such a
fact may lead to difficulties in the spontaneity of the flow of information and knowledge, while simultaneously
hindering the structuring of scientific studies (Vecchia et al., 2018) on the subject of Al. Consequently, this
highlights the so-called “structural holes,” which reveal the existence of gaps in the flow of information and
knowledge (Rossoni & Guarido Filho, 2009) in Figure 5, influencing, at the same time, the development of the
topic under investigation in Brazilian scientific literature.

In the case of the most central authors, the following stand out: Ariel Behr, Cleonir Tumelero, Lidio Mauro
Lima de Campos, Luciano Frontino de Medeiros, Neri dos Santos, Rajesh M. Holmukhe, Somayya Madakam, and
Matheus Eurico Soares de Noronha. It is worth emphasizing that all of these scholars also appear among the most
productive in this research; however, only Neri dos Santos, Luciano Frontino de Medeiros, and Matheus Eurico
Soares de Noronha stood out with the highest degree, showing themselves, in this study, to be the most influential
authors in terms of value, as well as the most traditional in the field of AI, since they remained consistent and
representative in publications on this subject within the Brazilian scientific literature (Balestrin, Verschoore &
Reyes Junior, 2010; Walter & Bach, 2013).

It is also possible to understand that the researchers with greater centrality reflect their respective
importance for both the intermediation and the scientific production on the theme of AI within the Brazilian
academic context. Thus, in the case of this study, centrality is observed and reinforced when the authors establish
interactions with several other scholars; however, they still present many structural holes among themselves,
which hinders the sharing of information with other research institutions. Therefore, the authors highlighted in
Figure 5 became central because they are responsible for the existence of several weak ties within their respective
research group (Nascimento, Pereira & Toledo Filho, 2010; Walter & Bach, 2013).

Given the observations, it is considered paramount to identify the institutions that the authors were
affiliated with when publishing their respective articles, also aiming to determine which institutions concentrate
publications related to AI within the Brazilian academic landscape (Pereira & Cezar, 2022). Accordingly, Figure 6
highlights the institutions identified in this research, emphasizing the 10 most productive ones.

73 institui¢des publicaram 1 artigo 11
13 instituigdes publicaram 2 artigos ] 2
Universdade Federal do Para (UFPA) ]3

Univers dade Federal de Minas Gerais (UFMG) 13

Escola Superior de Propaganda e Marketing (ESPM) 13

Universidade Federal de Santa Catarina (UFSC) ] 4
Universdade Federal do Rio Grande do Sul (UFRGS) ] 4

Universidade Federal da Paraiba (UFPB) ] 4

FundagZo Getulio Vargas (FGV-SP) ] 4
Universidade de S3o Paulo (USP) ] 5

Universdade Federal de Uberl andia (UFU) 15

Universidade Federal do Rio Grande do Norte (UFRN) 15

Figure 6. Institutions

Source: Research data (2023)
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That said, the Higher Education Institutions (HEIs) UFRN, UFU, USP, FGV (SP), UFPB, UFRGS, UFSC, ESPM,
UFMG, and UFPA stand out as the most productive in publications on the topic of AI within the Brazilian academic
context, based on journals indexed in SPELL. It is noteworthy that many of these institutions also excel in other
topics related to the field of Management in Brazil (Balestrin, Verschoore & Reyes Junior, 2010), directly influencing
their Graduate Programs (PPGs) — particularly the Stricto Sensu programs — as well as their respective research
groups and, in parallel, their cooperation networks with other HEIs (Welter et al., 2021).

In this regard, Figure 7 graphically portrays the social networks of the institutions in this study, which is
composed of 148 ties and 96 nodes, with its density calculated at 0.0162, corresponding to 1.6% of the connections
among the HEIs identified. It is emphasized that this collaboration network highlights the betweenness
centrality. In light of this, it becomes relevant to understand the social networks of institutions in order to better
comprehend how authors interact to produce scientific research on the topic under investigation, contributing
to the identification of the dynamics of the HEIs’ network, which emerges through the connections between
Graduate Programs (PPGs) and their respective research groups (Welter et al., 2021).

Thus, the HEIs highlighted in Figure 7 were: UFRN, USP, ESPM, Federal Institute of Paraiba (IFPB), Federal
University of Lavras (UFLA), and University of Brasilia (UnB). Regarding centrality, even though not emphasized
in Figure 7, the institutions UFU and UFSC are also noteworthy. Therefore, among the ten most productive
institutions, five are among the most central in this research, namely: UFRN, USP, ESPM, UFU, and UFSC.
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Figure 7. Collaboration networks of the institutions

Source: Research data (2023)

Still analyzing Figure 7 of the collaboration networks among HEIs, the emergence of small-world structures
can be observed, in which institutions are more consistently connected locally, however, these institutions do
not establish ties outside their respective research groups, preventing a more cohesive interconnection with
other institutions, this hinders the rapid interaction of these various local research groups (Rossoni, Hocayen-
da-Silva & Ferreira Junior, 2008), thereby influencing the flow of information and knowledge on the subject
under investigation.
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It is also possible to once again detect the social network phenomenon known as structural holes, since the
absence of relationships between institutions mitigates the exchange of knowledge among them (HEIs), however,
when these “missing ties” among the research groups of the institutions, as shown in Figure 7, are filled, greater
dynamism in the flow of information and knowledge may occur and, consequently, be promoted to the benefit
of research groups, in terms of productivity and scientific synergy (Pereira et al., 2014), in this case regarding the
topic of Al in the national scientific literature.

Returning to the focus on the most central HEIs, it is observed that the findings of this section show
that partnerships, through their respective native researchers, are paramount in determining the influence
and importance of these HEIs as “bridges” and “paths” (Balestrin, Verschoore & Reyes Junior, 2010; Cunha &
Piccoli, 2017; Favaretto & Francisco, 2017; Ribeiro & Corréa, 2022) for the scientific production on the AI topic,
subsequently impacting its dissemination, socialization, and growth within the Brazilian academic context.

This fact is underpinned by terms and themes that are researched and published by authors, which are
harmonious from the perspective of the Al topic, influencing the creation of scientific value and, simultaneously,
the construction of academic knowledge on the aforementioned subject within academia (Ribeiro, 2023).

In consideration of this, it is essential to highlight the relevance of identifying the most frequently used
keywords to address a given topic, as determined by Zipf’s Law, since they are employed in the indexing of studies,
thereby expanding the possibilities of the article being found in future research (Fonseca & Gomes, 2020). It is
also worth noting that:

One of the functions performed by keywords is to serve as a central element in the formulation of research
questions and problems, delimiting the scope of the study. Moreover, it is through them that the search for existing
knowledge in the scientific literature is carried out, in order to build a theoretical framework that supports the
proposed investigation. Therefore, the definition of the words, their spelling, and the language used are essential
in selecting the studies and, consequently, the authors who will be chosen for the dialogue between the existing
literature and the ongoing research (Fonseca & Gomes, 2020, p. 672).

Therefore, Figure 8 shows the keyword cloud of the 89 articles identified in this study.
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Figure 8. Keywords

Source: Research data (2023)
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It is reinforced that Zipf’s Law allows observing the frequency of the most commonly used words in a given
set of texts, where the same word can be used multiple times, and, consequently, the iteration of the terms can
validate the theme under investigation (Nascimento et al., 2022). Therefore, the keyword cloud shown in Figure 8
was composed of 293 keywords, with the most prominent being: intelligence, artificial, system, digital, networks,
neural, management, analysis, technology, machine, person, resources, information, algorithms, process, data,
covid, intelligent, and audit.

In view of the above, it is observed that the word cloud shows a strong concentration around words related
to the theme under analysis, in line with what is emphasized by Zipf’s Law (Vanti, 2002), which focuses on
establishing, from the set of keywords, the central theme addressed and published in the articles investigated in
this study.

Figure 9 complements Figure 8 by depicting the social networks of the keywords in this research. However,
it should be noted that the keyword social network observed from left to right is composed of 1.416 links and
293 nodes; and the highlighted keyword network (detected from right to left) consists of 1.164 links and 211
nodes. This social network emphasizes degree centrality. It is worth clarifying that the 89 studies investigated
contained, in total, 293 occurrences of unique keywords, “[...] maintaining only the criterion of not differentiating
between uppercase and lowercase letters - singular and plural words were kept distinct” (Favaretto & Francisco,
2017, p. 376).

Figure 9. Keyword social networks

Source: Research data (2023)

That said, it is established that centrality is a measure that expresses the relationships of a set with other
sets, indicating the extent to which a subject is influential and central in the research field under investigation.
Consequently, if a group of keywords has a high centrality measure, it means that this group of keywords has a
strong influence over the other analyzed themes (Urbizagastegui-Alvarado, 2022).

Still observing Figure 9, it is possible to notice the existence of a giant component (seen from left to right),
understood as the largest component (cluster) of a social network, symbolizing a greater body of scientific research
on the theme under investigation, carried out through the collaboration among the keywords (Bordin, Gongalves
& Todesco, 2014; Favaretto & Francisco, 2017). This component is more robustly highlighted through Figure 9
(observed from left to right), which emphasizes degree centralities.

In view of this, the keywords that stood out in terms of degree centrality were: artificial intelligence, digital
transformation, technology, machine learning, neural networks, Industry 4.0, artificial neural networks, and
covid-19. It is worth emphasizing that these focused keywords were able to stand out due to the number of
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direct and indirect partnerships (Francisco, 2011). Thus, it is possible to measure that these prominent keywords
represent those that were cited most frequently and, at the same time, exert the greatest influence in the referred
keyword social network (Ouro Filho, Olave & Barreto, 2020).

In general, the keyword social network highlighted the high-frequency terms, and thus those considered
most important from the perspective of degree centrality (Favaretto & Francisco, 2017), discussed in the sample
of the 89 articles of this study. Therefore, it is possible to understand that these prominent keywords represent
the concepts contained in the textual corpus of the 89 articles identified and investigated in this research, allowing
the deduction of the probable existing, consolidated, legitimized, and or emerging lines of scientific research
(Urbizagastegui-Alvarado, 2022) on the topic of Al in light of the journals indexed in SPELL.

Further examining Figure 9, regarding its density, it was measured at 0.0169, equivalent to 1.69% of the
interactions that actually exist between the keywords in the network out of the total possible links (Varandas
Junior et al., 2015). It is thus understood that, since the mentioned social network has low density (Williams
dos Santos & Farias Filho, 2016), this means that these words interact with many aspects of the AI theme, but
these terms (words) are not well developed, as they are general, unstructured, and transversal to the investigated
theme, nonetheless, they (the words) have the potential to become the central focus of scientific study on the
subject under investigation (Urbizagastegui-Alvarado, 2022) of this research.

5. CONCLUSION

The objective of this research was to investigate the profile and behavior of scientific production and the
social network structures on the topic of artificial intelligence published in Brazilian academic journals from the
SPELL perspective between 1988 and 2023. Methodologically, it was an exploratory, quantitative study, based on
documentary research and guided by bibliometric and sociometric investigation techniques, which revealed that
research on Al is still in an initial phase, researchers have not yet formed more cohesive study groups capable of
robustly exploring the interdisciplinary research potential of the Al topic (Yang et al., 2024) within the Brazilian
academic context.

The main findings emphasize that: there is a growth trend of the AI topic in the fields of Administration,
Accounting, and Tourism, according to the conceptions of the scientific journals indexed in SPELL; JISTEM, G&T,
RESI, RIC, RAUSP, RAM, and TPA were the most productive academic journals; Neri dos Santos, Luciano Frontino
de Medeiros, and Matheus Eurico Soares de Noronha stood out in productivity and as the most central authors
(degree and betweenness) in this study; UFRN, UFU, and USP were prominent in terms of productivity and as the
institutions with the highest degree and betweenness centrality.

Artificial intelligence, digital transformation, technology, machine learning, neural networks, Industry 4.0,
artificial neural networks, and covid-19 were the most central keywords in this research, in line with what is
observed in the scientific literature on the AI topic at the national level (Gontijo & Ferreira de Araujo, 2019;
Cavalcanti, Tavares & Castro Junior, 2021; Gontijo & Ferreira de Araujo, 2021; Piccolo et al., 2021; Carvalho,
Gouveia & Ramos, 2022; Groenner et al., 2022; Pinheiro & Oliveira, 2022).

Regarding the social networks of the actors (researchers, institutions, and keywords), all were measured
with low density, influencing the dynamics of the flow of information and knowledge on the AI topic. However,
this result may be due to the fact that their academic production appears to be minimally multidisciplinary
(Carvalho, Gouveia & Ramos, 2022), especially concerning the fields of Administration, Accounting, and Tourism
in Brazil.

It is also worth noting that this result may represent an opportunity for a greater proliferation of studies
on the investigated subject, as it could mitigate the “structural holes” in the actors social networks, directly
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influencing the maximization of “small worlds”, subsequently leading to a higher density in the mentioned social
networks and contributing to greater accessibility of information and knowledge on the Al topic in the national
academic literature.

In general, the investigation of social networks confirmed the existence of few co-authorship networks,
as well as networks of collaboration among institutions researching the AI topic, impacting and contributing to
the number of publications on this subject in the national academic literature in light of the scientific journals
indexed in SPELL. The research agenda of this study focused on contributing by investigating the state of the art
of academic production and the social network structures of the actors (researchers, institutions, and keywords)
involved in the creation of scientific knowledge on the AI topic in the Brazilian academic scenario, aiming to
mitigate gaps and establish pathways for greater expansion, strengthening, and understanding of the subject in
the national scientific literature, consequently contributing to the development of its debate, dissemination, and
socialization as a relevant topic in the field of Technology.

This research has theoretical and practical implications, as it provides insights for scholars on the theoretical
evolution and the intellectual structure to guide future research in this field, regarding the Al topic in the national
scientific context in light of the scientific journals indexed in SPELL. Secondly, it clarifies the identification of the
actors (researchers and HEIs) engaged in the creation, dissemination, and socialization of the AI topic within the
Brazilian academic context, thus contributing to a greater understanding of the investigated subject in academia,
additionally, the identification of keywords, and consequently the most important conceptual approaches on the
Al topic, may prove crucial, as they will be more prominently known, aiding management and decision-making
for business managers and public policy makers.

The limitation of this study was the search and selection of academic works on the Al topic using the SPELL
database. Therefore, for future studies, it is recommended to improve this research by using other national and
international data platforms, such as CAPES Journals, ANPCONT Journals, SciELO, Web of Science, Scopus, EBSCO.
Regarding databases, conference or scientific event repositories can also be used to identify gray literature studies
that have been published in academia. It is advisable to use other fields of knowledge, such as Information Science
and Technology. It is also suggested to extend the bibliometric indicators, and especially the SNA, emphasizing
other network indicators, such as clustering coefficients, closeness centrality, co-citation analysis, and geodesic
analysis. Another recommendation is to conduct a systematic literature review of the studies identified in this
research, developing an evaluation of these investigations and highlighting guidance points and gaps regarding
the AI topic.
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