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Abstract
The Brazilian Symposium on Software Engineering (SBES) reaches
its 40th edition in 2026, marking nearly four decades of contribu-
tions to Software Engineering research in Brazil. To celebrate this
milestone, this paper investigates the evolution of the Brazilian
Software Engineering community through the analysis of the SBES
coauthorship network. Using bibliographic data from 1,337 papers
published across all 39 editions of the event (1987–2025), we con-
structed and analyzed the complete collaboration network from a
Social Network Analysis (SNA) perspective. The study examines
structural properties at the network, individual, edge, and group
levels, including network evolution, prominent researchers, collab-
oration ties, and community structures. Additionally, we perform
a thematic classification of the largest collaboration community
according to SWEBOK knowledge areas. The results reveal the
continuous growth and increasing integration of the SBES commu-
nity, the emergence of a giant component encompassing more than
80% of all authors, the presence of small-world characteristics, and
the coexistence of strong collaboration cores with multiple special-
ized communities. The findings provide a historical perspective on
the development of scientific collaboration in Brazilian Software
Engineering and contribute to understanding the structure and
evolution of its research community over nearly four decades.
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1 Introduction
The Brazilian Symposium on Software Engineering (SBES, in Por-
tuguese) is one of the main initiatives of the Brazilian Software
Engineering community, with its first edition held in 1987. Since
then, the event has been continuously organized, totaling 39 edi-
tions until 2025 and reaching its 40th edition in 2026. Over nearly
four decades, the symposium has consolidated itself as an important
forum for disseminating research results, promoting knowledge
exchange between academia and industry, and discussing emerging
trends in the field. Its trajectory reflects the evolution of Software
Engineering in Brazil, as well as the growth and diversification of
the scientific community itself.

In a scientific event with such a long and continuous trajectory,
it is essential to understand how the scientific community has been
structured and evolved over time within the national Software Engi-
neering context. Across dozens of editions, the event accumulated

a significant volume of scientific collaborations among researchers,
reflecting interaction patterns, the formation of research groups,
and the consolidation of collaboration networks.

In this context, bibliometric analysis based on coauthorship net-
works makes it possible to investigate structural aspects of the
scientific community, such as connectivity, collaboration intensity,
community formation, researcher centrality, and the evolution of
collaborative relationships over time [17, 19]. Besides providing a
historical perspective on the evolution of scientific collaboration
in the field, studies of this nature contribute to understanding the
maturity and integration level of the research community, highlight-
ing how coauthorship relationships are associated with patterns
of knowledge circulation, partnership formation, and the scientific
development of the field [1].

To investigate the evolution of the Brazilian Software Engineer-
ing research community, we analyzed the scientific collaboration
network that emerged across the 39 editions of SBES (1987–2025).
The study adopts a Social Network Analysis (SNA) perspective [25]
and examines the collaboration network at network, individual,
edge and group levels. Additionally, a thematic classification of
publications associated with the largest collaboration community
was performed based on SWEBOK knowledge areas.

The study addresses five research questions concerning: (1) the
evolution of the collaboration network structure; (2) the most col-
laborative and strategically positioned researchers over time; (3)
the collaboration tie strength; (4) the characterization of collabora-
tion communities; and (5) the predominant Software Engineering
knowledge areas represented within the largest community.

The main contributions of this paper are: (i) the first longitu-
dinal analysis of the SBES coauthorship network covering all 39
editions of the symposium; (ii) a comprehensive characterization
of the evolution of the SBES collaboration network through multi-
level analyses; (iii) a publicly available curated dataset containing
bibliographic metadata, coauthorship network data, and associated
network measures to support future research; and (iv) evidence-
based implications and recommendations for strengthening scien-
tific collaboration within the SBES community.

The remainder of this paper is organized as follows. Sections
2 and 3 present the background and related work. Section 4 de-
scribes the research methodology. Section 5 reports the results of
the coauthorship network and thematic classification. Section 6 dis-
cusses the findings, while Section 7 outlines the threats to validity.
Finally, Section 8 concludes the paper and presents future research
directions.
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2 Bibliometric Analysis and Scientific
Collaboration

Bibliometric analysis applies quantitative methods to investigate
scientific production through publication metadata, such as author-
ship, citations, and collaboration patterns [21, 22]. These methods
provide valuable insights into the development of scientific fields,
enabling the identification of publication trends, influential actors,
and patterns of scientific interaction. Among the different biblio-
metric approaches, coauthorship analysis has become one of the
most widely adopted methods for studying scientific collaboration
[19].

Scientific collaboration is a fundamental aspect of knowledge
production, fostering the exchange of expertise, resources, and
ideas among researchers. Since collaborative relationships are often
reflected in joint publications, coauthorship data provide an ob-
servable and measurable representation of scientific collaboration.
Consequently, coauthorship networks have been extensively used
to investigate how scientific communities are structured, how re-
searchers interact, and how collaboration evolves over time [17, 19].

2.1 Coauthorship Network Analysis
Coauthorship network analysis models scientific collaboration as a
graph 𝐺 = (𝑉 , 𝐸), in which authors are represented as nodes and
coauthorship relationships are represented as edges connecting
pairs of researchers. This representation enables the application
of Social Network Analysis (SNA) techniques to investigate the
structural organization of scientific communities and the dynamics
of collaboration [25].

The study of coauthorship networks gained prominence with the
work of Newman [17], who demonstrated that scientific collabora-
tion networks exhibit characteristic structural properties, including
high clustering and small-world behavior. In such networks, re-
searchers tend to form cohesive local collaboration groups while
remaining connected to the broader community through relatively
short collaboration paths. These properties make coauthorship
networks particularly suitable for investigating how scientific com-
munities emerge, evolve, and organize themselves over time [1, 8].

2.2 Social Network Analysis Measures
Social Network Analysis provides a set of measures that allow the
characterization of collaboration networks from complementary
perspectives. In this study, the analysis is organized into network-
level, individual-level, edge-level, and group-level measures.

2.2.1 Network-Level Measures. Network-level measures describe
the overall structure and cohesion of the collaboration network.
Density measures the proportion of existing connections relative
to all possible connections, providing an indication of the overall
level of collaboration within the network. Diameter and average
path length capture the distances between authors and provide
insights into the efficiency of information flow across the network.
Connected component analysis identifies subnetworks in which
authors are directly or indirectly connected. In particular, the giant
component, corresponding to the largest connected subnetwork, is
commonly used to assess the degree of integration of a scientific
community [25].

In addition, clustering coefficient and average path length can be
used to investigate small-world behavior [26]. A network exhibits
small-world characteristics when it combines high local clustering
with short global distances between nodes, enabling efficient com-
munication and knowledge dissemination across the community.

2.2.2 Individual-Level Measures. Individual-level measures focus
on the position and importance of researchers within the network.
Degree centrality corresponds to the number of collaborators di-
rectly connected to an author and is frequently used to identify
highly collaborative researchers. Weighted degree extends this con-
cept by considering the frequency of collaborations, capturing the
intensity of collaborative relationships. Betweenness centralitymea-
sures the extent to which a researcher acts as an intermediary con-
necting different parts of the network, revealing authors who play
strategic roles in integrating collaboration groups [9].

2.2.3 Edge-Level Measures. Edge-level measures focus on the rela-
tionships between pairs of researchers. In weighted coauthorship
networks, edge weights represent the frequency of collaboration be-
tween two authors. These measures allow distinguishing between
strong and weak collaborative ties, providing insights into the in-
tensity, persistence, and stability of scientific collaborations [10].
Edge-level analyses are particularly useful for identifying long-term
partnerships and core collaboration structures within a scientific
community.

2.2.4 Group-Level Measures. Group-level measures investigate the
existence of collaboration communities within the network. Com-
munity detection techniques identify clusters of authors who col-
laborate more frequently with one another than with the rest of the
network [20]. Such communities often reflect research groups, insti-
tutional collaborations, advisor–student relationships, or thematic
affinities. The analysis of communities provides insights into the
internal organization and specialization of scientific communities.

3 Related Work
Scientific collaboration networks have been extensively studied to
understand how research communities are structured and evolve
over time. Pioneering work by Newman [17, 19] established many
of the foundations of coauthorship network analysis, characterizing
collaboration patterns across scientific disciplines and demonstrat-
ing the presence of structural properties such as giant components,
small-world behavior, and highly connected researchers. Since then,
coauthorship network analysis has become a widely adopted ap-
proach for investigating scientific communities, collaboration dy-
namics, and the dissemination of knowledge.

Several studies have analyzed scientific collaboration networks
at different levels, including institutions, research areas, and sci-
entific venues. In the Brazilian context, Mena-Chalco et al. [15]
investigated the Brazilian scientific collaboration network through
topological and bibliometric indicators, while Lima et al. [6] an-
alyzed the coauthorship network of the Brazilian Symposium on
Databases (SBBD), examining its structural evolution over three
decades. Their study investigated network growth, collaboration
patterns, central researchers, and community formation, providing
a view of the Brazilian database research community.
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Within Computer Science, several venue-centered studies have
explored the evolution of scientific communities through coauthor-
ship networks. Maia et al. [14] analyzed the collaboration network
of the Brazilian Symposium on Computer Networks and Distributed
Systems (SBRC), identifying collaboration communities and inves-
tigating structural properties over its first thirty editions. Similarly,
Carvalho et al. [5] studied the Brazilian Symposium on Multimedia
and the Web (WebMedia), examining both collaboration patterns
and thematic evolution. Internationally, studies have also analyzed
the coauthorship structures of major conferences such as ACM
SIGMOD [16], SIGIR [23], and Digital Libraries conferences [13],
revealing how collaboration networks evolve and mature within
specific research communities.

Software Engineering has also been the subject of bibliometric
investigations. Neto et al. [7] analyzed the internationalization of
SBES by examining the participation of foreign researchers and
institutions during its first twenty-four editions. However, to the
best of our knowledge, no previous study has conducted a compre-
hensive longitudinal analysis of the SBES coauthorship network
covering its entire history.

In contrast to previous work, this paper investigates the scien-
tific collaboration network formed throughout the 39 editions of
SBES, spanning the period from 1987 to 2025. We analyze the evo-
lution of the network at multiple levels, including network-level
properties, researcher centrality, collaboration intensity, connected
components, and community structures. Furthermore, we examine
how collaboration patterns evolved across four decades, identify-
ing influential researchers, long-term collaboration dynamics, and
the emergence of collaboration communities within the Brazilian
Software Engineering research network. By providing a historical
and structural perspective on scientific collaboration in SBES, this
study contributes to understanding the development, integration,
and maturity of the Brazilian Software Engineering community.

4 Methodology
This section describes the methodological procedures adopted to
construct and analyze the SBES coauthorship network. The study
follows a quantitative, bibliometric approach based on Social Net-
work Analysis, and is organized into four stages, summarized in
Figure 1: (i) data collection, (ii) dataset preparation, (iii) coauthor-
ship network analysis at the network, individual, edge, and group
levels and (iv) thematic classification of the largest collaboration
community. The first three stages describe the structure and evolu-
tion of scientific collaboration, while the last examines the research
content underlying the most cohesive collaboration core.

4.1 Data Collection
Data were collected through web scraping from the SBES proceed-
ings available in the SBC OpenLib (SOL) and the DBLP Computer
Science Bibliography. Proceedings from the first to the twenty-
second editions of the event (1987–2008) and from the thirty-third
to the thirty-ninth editions (2019–2025) were collected from the
SOL platform. Proceedings from the editions held between 2009 and
2018 were collected from DBLP. In total, 1,337 publications from
the 39 editions of the symposium were retrieved and analyzed.

4.2 Dataset Preparation
4.2.1 Author Name Deduplication. Semantic duplication of author
names is common in bibliographic datasets and may result from
inconsistent use of initials, inclusion or omission of name parti-
cles (e.g., “de”, “da”), abbreviation of middle names, or differences
in author name standardization across publications. The dedupli-
cation process was performed using both automated and manual
procedures. During the manual validation stage, two researchers in-
dependently examined potential duplicates using external sources
such as the Brazilian Lattes Curriculum Platform. After the dedupli-
cation process, a unique canonical identifier was assigned to each
author.

4.2.2 Generation of Coauthorship Pairs. After author names were
normalized, all coauthorship relationships were processed to iden-
tify pairs of coauthors and the frequency of collaboration between
them. As a result, a GEXF file was generated containing the list of
unique authors (identifier and name) and the weighted coauthor-
ship relationships between author pairs.

4.3 Coauthorship Network Analysis
The structural analysis of the SBES coauthorship network was per-
formed using the Gephi software [2], which provides a set of Social
Network Analysis (SNA) metrics for investigating the organiza-
tion and evolution of collaboration networks. The analysis was
conducted at four complementary levels: network-level, individual-
level, edge-level and group-level.

At the network level, structural measures such as density, diam-
eter, connected components, and giant component were calculated
to characterize the overall connectivity and cohesion of the scien-
tific collaboration network. In addition, longitudinal analyses were
performed by dividing the dataset into four temporal periods of
approximately ten years each, enabling the investigation of how
the network structure evolved over time.

At the individual level, centrality measures were computed to
identify influential and strategically positioned researchers within
the collaboration network. Specifically, degree centrality, weighted
degree centrality, and betweenness centrality were analyzed to
investigate collaboration breadth, collaboration intensity, and inter-
mediary roles in the network. Temporal analyses of these measures
were also conducted to identify changes in researcher prominence
and collaboration dynamics across different periods.

An edge-level collaboration tie strength analysis was addition-
ally performed using weighted edges representing the frequency of
coauthorship relationships between pairs of researchers. This anal-
ysis allowed us to examine strong and recurrent collaboration ties,
which may indicate stable scientific partnerships and consolidated
collaboration groups.

Finally, at the group level, we applied community detection tech-
niques based on modularity optimization to identify densely con-
nected collaboration groups within the network’s giant component.
These communities reflect cohesive research groups, institutional
partnerships, or thematic clusters within the Brazilian Software
Engineering community. We performed community detection us-
ing the Louvain algorithm [3], which maximizes the modularity
metric (𝑄). Modularity evaluates whether the density of connec-
tions within communities exceeds what a random network layout
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Figure 1: Overview of the methodological procedures, from data collection and coauthorship network analysis to the thematic
classification of the largest community.

would yield, where values closer to 1 indicate well-defined, distinct
substructures.

We executed the analysis in Gephi software, defining the coau-
thorship frequencies as edge weights and maintaining a default
resolution of 1.0 to balance community granularity. To optimize
performance and ensure robustness against local optima, we en-
abled both the fast local moves and random walk options. Upon
convergence, the algorithm assigned a modularityClass attribute to
each node, mapping every author to their respective community.

4.4 Thematic Classification of the Largest
Community

While network analysis characterizes the structure of collaboration,
it does not reveal the scientific content that holds each group to-
gether. To address this gap, we conducted a thematic classification
of the largest community identified within the network’s giant com-
ponent, which comprises 273 papers. This community represents
the main collaboration core identified in the SBES network.

We used the paper titles as the textual unit of analysis. To support
the extraction and organization process, we utilized the ChatGPT
large language model (GPT-5.5, OpenAI, May 2026), followed by
thorough manual validation by two researchers. We structured
this individualized analysis of each title into four distinct extrac-
tion levels. First, we identified literal terms by directly extracting
words from the title related to technical objects, methods, models,
artifacts, practices, and SE activities. Second, we interpreted and
translated these terms into broader thematic concepts. Third, we
synthesized these concepts into an intermediate category describ-
ing the main thematic focus of the paper. Finally, we classified each
paper according to the 18 knowledge areas of the most recent Soft-
ware Engineering Body of Knowledge (SWEBOK v4) guide [24],
assigning a primary SWEBOK knowledge area.

To ensure traceability and methodological rigor, we recorded a
justification for each association. In cases where the title did not
allow a reliable connection to a SWEBOK area, we left the classifi-
cation blank. Additionally, the researchers assigned a confidence
indicator (High, Medium, or Low) for each classification, based on
the semantic clarity of the title in relation to the assigned area.
Finally, a third researcher reviewed the complete classification to
ensure and further reinforce the rigor of the process.

5 Results
This section presents the results organized according to the research
questions introduced earlier: (1) the evolution of the collaboration
network structure; (2) the most collaborative and strategically po-
sitioned researchers over time; (3) the collaboration tie strength;
(4) the characterization of collaboration communities; and (5) the
predominant Software Engineering knowledge areas within the
largest community.

5.1 Evolution of the collaboration network
structure

The coauthorship network across the thirty-nine editions of SBES
consists of 2,298 authors (nodes) and 6,927 coauthorship relation-
ships (edges). The network has a diameter of 11 and a density of
0.003. The network comprises 145 connected components, includ-
ing a giant (core) component with 1,864 nodes and 6,424 edges, as
shown in Figure 2. This shows that a single component accounts
for approximately 81.1% of all nodes in the network, suggesting
a high level of structural integration in which most authors are
indirectly connected through collaboration paths.

In contrast, the remaining 144 components are considerably
smaller, as shown in Table 1 that presents the distribution of con-
nected components according to their size (number of authors/nodes).
In particular, components composed of only two authors represent
the largest proportion of components in the network (31.72%), fol-
lowed by components with three authors (22.76%) and isolated
authors (20.69%). Together, these small structures account for most
of the connected components identified in the network. This distri-
bution suggests that, despite the existence of a highly integrated
collaboration core, the network also contains a large peripheral
region formed by isolated research groups. Such a pattern is com-
monly observed in scientific communities, where a dominant giant
component coexists with numerous small and episodic collabora-
tion groups[17, 19].

To assesswhether the SBES coauthorship network exhibits small-
world behavior, we compared its giant component with an equiv-
alent random graph containing the same number of nodes (1,864)
and edges (6,424). A small-world network is characterized by the
coexistence of two seemingly contradictory properties: high local
clustering and short global distances between nodes [26]. In sci-
entific collaboration networks, this means that researchers tend
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Figure 2: Giant component from SBES Coauthorship Network (1987–2025)

Table 1: Distribution of connected components by size

Authors/Nodes Nu. of Components Proportion (%)

1864 1 0.69
19 1 0.69
17 1 0.69
11 2 1.38
10 1 0.69
7 3 2.07
6 4 2.76
5 8 5.52
4 15 10.34
3 33 22.76
2 46 31.72
1 30 20.69

to form tightly connected collaboration groups, while remaining
connected to the broader community through relatively few inter-
mediate collaborators [19].

The giant component presented an average clustering coefficient
of 0.839, whereas the random graph exhibited a coefficient of only
0.004. Thus, the observed clustering is approximately 210 times
higher than expected by chance. Similarly, the giant component
contained 14,408 triangles, compared with only 59 triangles in the
random graph, indicating a strong tendency for authors to form
cohesive collaboration groups.

At the same time, the average path length of the SBES giant com-
ponent was 4.54, only slightly higher than the 4.12 observed in the
random graph. Consequently, although researchers are organized
into densely connected local communities, the overall network re-
mains highly integrated, allowing any two authors to be connected
through a relatively small number of collaboration steps.

Using the small-world coefficient proposed by Humphries and
Gurney [11], the SBES giant component achieved a value of ap-
proximately 190.7, far exceeding the threshold of 1 typically used
to characterize small-world networks. These results indicate that
the SBES collaboration network exhibits a pronounced small-world
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structure, combining high local cohesion with efficient global con-
nectivity. Such a configuration may favor knowledge circulation,
collaboration opportunities, and community integration.

5.1.1 Longitudinal analysis of network structure. The longitudinal
analysis reveals a clear evolution of the coauthorship network over
time, as shown in Table 2. The number of authors (nodes) and collab-
orations (edges) increases substantially across periods, with a par-
ticularly sharp growth in the most recent years. This expansion is
accompanied by changes in network cohesion.While earlier periods
are characterized by fragmentation (number of components) and
low collaboration intensity (average degree), the network reaches
its highest level of cohesion in the 2007–2016 period, as indicated
by the peak in density and average degree, and the lowest number
of components.

Although the number of components increased again in the last
period, this result is likely associated with the rapid expansion of
the community and the emergence of new collaboration groups.
Similarly, the decline in density observed after 2016 should be
interpreted in light of the substantial increase in network size,
since according to Newman [18], density tends to decrease in large-
scale networks despite continued growth in collaborative activity.
Overall, these results indicate the evolution of SBES from a relatively
fragmented community into a large and highly interconnected
collaboration network.

5.2 Most Collaborative and Strategically
Positioned Researchers

At the individual level, we identified the most collaborative and
strategic (“bridge”) authors using centralitymeasures. Table 3 presents
the most collaborative authors ranked by weighted degree (WDeg),
along with their degree centrality (Deg). The table includes 11
entries because two authors are tied at rank 9. Weighted degree
captures both the number of collaborators and the frequency of
collaboration. Alessandro F. Garcia has the highest value (235), fol-
lowed by Carlos J. P. Lucena (156), José C. Maldonado (153), and
Tayana Conte (137). These results are consistent with the presence
of strong and recurrent collaboration ties, long-term scientific part-
nerships and cohesive research groups. Degree centrality, in turn,
measures the number of distinct collaborators connected to each
researcher. Alessandro F. Garcia also occupies the first position
according to this metric (120 collaborators), followed by Carlos J.
P. Lucena (89), Tayana Conte (85), Jaelson Brelaz de Castro (80),
and Sérgio Soares (77). These results indicate that these researchers
established collaborations with a large number of distinct authors
throughout the history of SBES, suggesting broad visibility and
extensive participation within the scientific community.

The comparison between Weighted Degree and Degree pro-
vides insights into the collaboration profiles of the most central

Table 2: Network structural properties over time

Period Nodes Edges Components Avg. Degree Density

1987–1996 323 381 82 2.3 0.007
1997–2006 478 935 75 3.9 0.008
2007–2016 539 1840 38 6.8 0.013
2017–2025 1353 4037 65 5.9 0.004

Table 3: Top authors by Weighted Degree

Author’s Name WDeg Rank WDeg Deg Rank Deg

Alessandro F. Garcia 1 235 1 120
Carlos J. P. Lucena 2 156 2 89
José Carlos Maldonado 3 153 8 66
Tayana Conte 4 137 3 85
Uirá Kulesza 5 119 6 68
Jaelson Brelaz de Castro 6 113 4 80
Ivan Machado 7 104 16 51
Igor Steinmacher 8 99 12 60
Christina Chavez 9 97 9 65
Paulo César Masiero 9 97 11 61
Sérgio Soares 10 95 5 77

researchers. Alessandro F. Garcia, Carlos J. P. Lucena, and Tayana
Conte exhibit high values in both measures, indicating a combina-
tion of broad collaboration networks and strong long-term part-
nerships. In contrast, authors such as José Carlos Maldonado and
Ivan Machado present Weighted Degree values that are dispro-
portionately high relative to their Degree Centrality, suggesting
collaboration patterns characterized by frequent interactions within
cohesive research groups. Conversely, researchers such as Sérgio
Soares and, to a lesser extent, Jaelson Brelaz de Castro display high
Degree Centrality combined with comparatively lower Weighted
Degree values, indicating broader collaboration diversity with less
repeated interaction.

To identify the most strategic authors, we used betweenness
centrality, which measures the extent to which an author acts as
a bridge between different collaboration communities, facilitating
collaboration across the network. Table 4 shows the top ten authors
with the highest betweenness centrality, normalized such that the
maximum possible value is 1.0.

Table 4: Top authors by Betweenness Centrality

Rank Name Betweenness Centrality

1 Alessandro F. Garcia 0.097
2 Carlos J. P. Lucena 0.083
3 Tayana Conte 0.059
4 Silvio Meira 0.056
5 Eduardo Figueiredo 0.040
6 Sérgio Soares 0.039
7 Cláudia M. L. Werner 0.038
8 José Carlos Maldonado 0.037
9 Jaelson Brelaz de Castro 0.036
10 Guilherme H. Travassos 0.036

First, Alessandro F. Garcia (0.097) and Carlos J. P. Lucena (0.083)
stand out, presenting the two highest betweenness centrality val-
ues in the network. The relatively small difference between these
two values suggests the presence of co-leading brokers rather than
a single dominant intermediary. Both authors occupy positions
compatible with important brokerage roles, linking multiple sub-
communities within the network. Their positions indicate not only
high visibility but also structural and strategic importance for the
integration of the scientific community.

A noticeable gap separates the two leading authors from the
third-ranked author, Tayana Conte (0.059), indicating a second tier
of brokerage. Tayana Conte still occupies an important intermedi-
ary position, with a more localized brokerage position compared
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with the two leading authors. This pattern suggests a hierarchical
brokerage structure, in which a small number of highly central
actors appear to concentrate much of the inter-group connectivity.

Another relevant aspect is the presence of historically influen-
tial researchers such as Silvio Meira (0.056), Cláudia M. L. Werner
(0.038), José Carlos Maldonado (0.037), and Guilherme H. Travassos
(0.036). These authors are associated with different periods of the
SBES history and likely contributed to connecting research groups
across generations of the community. Their intermediary positions
suggest a long-term structural role across different periods of the
network.

Overall, the distribution of Betweenness Centrality indicates
that the SBES coauthorship network exhibits a structured and par-
tially centralized collaboration pattern. A relatively small set of
authors appears to act as key intermediaries between otherwise
weakly connected groups. This configuration is consistent with a
mature community characterized by the coexistence of consolidated
collaboration clusters and bridging actors that may contribute to
knowledge circulation and network cohesion over time.

5.2.1 Longitudinal individual analysis. The longitudinal analysis of
authors’ weighted degree across the four analyzed periods reveals
a dynamic pattern of scientific collaboration, with different authors
occupying leading positions over time. Figure 3 shows the top five
authors per period. Only three authors (Alessandro Garcia, Carlos
Lucena, and José Maldonado) appear among the top contributors in
multiple periods, while all other authors appear in the ranking of top
collaborators in only a single period. Overall, there is a substantial
increase in collaboration intensity in recent years, with a noticeable
concentration of high values in the 2017–2025 period. This finding
suggests both the persistence of a small group of highly influential
researchers and the continuous renewal of prominent contributors
within the SBES scientific community.

Figure 3: Authors’ weighted degree by period

5.3 Collaboration Tie Strength
The presence of an edge in the network indicates that two authors
collaborated, but it does not capture the intensity of that collabo-
ration. The weight of each edge, defined by the number of joint

publications, allows us to distinguish single-occurrence partner-
ships from more consolidated collaborations. The distribution of
these weights reveals a pattern characteristic of scientific networks:
many single-occurrence interactions and relatively few long-lasting
relationships [19].

The results confirm the strong predominance of single-occurrence
collaborations (Table 5). Of the 6,927 edges, 5,993 (86.51%) corre-
spond to single-occurrence co-authorships between two authors,
indicating that most partnerships occur only once. Collaborations
with higher recurrence are significantly less frequent: 632 edges
(9.12%) have weight 2 and 156 (2.26%) have weight 3. Edges with
weight greater than 3, which characterize continuous and consol-
idated collaborations, account for only 2.11% of all connections,
totaling 146 edges, with a maximum weight of 16. This pattern
reveals a network largely characterized by sporadic interactions, in
which sustained collaboration remains the exception rather than
the rule.

Table 5: Distribution of edge weights in the co-authorship
network.

Edge weight Frequency Percentage (%)

1 (single collaboration) 5,993 86.51
2 632 9.12
3 156 2.26
> 3 146 2.11

Total 6,927 100.00

To further examine recurrent collaborations based on edgeweights,
we filtered the data to include only edges with high weights (≥ 10).
This procedure identified eight relationships within this range
(spanning 10 to 16 coauthorships).

Table 6: Co-authorship ties with weight ≥ 10 and their rela-
tion to network centrality

Co-authorship Weight Centrality pattern

Alessandro F. Garcia and Carlos J. P. Lucena 16 Both central
José C. Maldonado and Mário Jino 13 One central
José C. Maldonado and Márcio E. Delamaro 12 One central
Auri M. R. Vincenzi and José C. Maldonado 11 One central
Ivan Machado and Larissa Rocha 11 One central
Márcio Ribeiro and Rohit Gheyi 11 Neither central
Angelo Perkusich and Mirko B. Perkusich 10 Neither central
Carlos J. P. Lucena and Uirá Kulesza 10 Both central

Table 6 presents the eight strongest coauthorship ties in the SBES
collaboration network, considering edges with weight greater than
or equal to 10. These ties involve 13 authors. Two pairs include
authors who also rank among the top researchers by weighted
degree (Table 3), while four ties involve one top-ranked author.
The remaining two pairs involve authors outside this ranking, sug-
gesting strong but more localized collaboration patterns. Overall,
high-weight ties reveal both globally central partnerships and con-
solidated collaborations within specialized cores.

5.4 Characterization of collaboration
communities

At the group level, we applied community detection to the giant
component of the SBES coauthorship network to identify clusters
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of researchers who collaborate more intensively with each other
than with the rest of the network. In this context, a community
corresponds to a set of authors densely connected internally, with
sparser connections toward other groups. These communities may
reflect consolidated research groups, recurring thematic lines, or
long-established institutional ties.

Community detection using the Louvain algorithm identified 30
communities in the giant component of the SBES coauthorship net-
work. The largest community comprises 304 authors, representing
16.31% of the giant component. Its size is more than twice that of
the second-largest community, which includes 141 authors. The
eight largest communities together concentrate more than half of
the authors in the giant component (57.8%), while the remaining
twenty-two communities account for the other 42.9%.

This asymmetric distribution indicates that scientific collabo-
ration within SBES is concentrated around a limited number of
large collaboration communities, while a long tail of smaller and
more specialized groups remains active. Such a pattern is com-
monly observed in scientific collaboration networks and suggests
the coexistence of established research communities and more lo-
calized collaboration structures, reflecting both the consolidation
and diversification of the Brazilian Software Engineering research
community.

Table 7 presents the eight largest communities identified, ordered
by number of authors, with the top-10 authors in each community
ranked by weighted degree centrality, which indicates the volume
of recurrent collaborations. For example, Uirá Kulesza (WDeg =
119), Alessandro F. Garcia (WDeg = 235), Christina Chavez (WDeg
= 97), Tayana Conte (WDeg = 137), José Carlos Maldonado (WDeg
= 153), Sabrina Marczak (WDeg = 54), Cláudia M. L. Werner (WDeg
= 73), and Silvio Meira (WDeg = 77) occupy the top positions in
their respective communities. The identified communities and their
most prominent researchers can also be observed in Figure 2. While
the rankings reveal the presence of highly active researchers in
all eight communities, the concentration of collaborative activ-
ity varies considerably among them. Some communities exhibit a
stronger dominance of a few researchers, whereas others display a
more balanced distribution of weighted degree values among their
leading members.

5.5 Knowledge areas within the Largest
Community

To understand both the collaborative structure of the largest com-
munity (304 authors) and the research themes underlying these
coauthorship relationships, we conducted a thematic classification
of the 273 papers authored within this group, which represents the
primary collaboration core within the SBES network.

Among these 273 papers, the initial classification assigned High
confidence to 135 papers (49%), Medium confidence to 108 (40%),
and Low confidence to 10 (4%), while 20 papers (7%) remained un-
classified because their titles did not provide sufficient evidence for
a reliable assignment. A third researcher independently reviewed
the 118 papers that fell into the Medium or Low confidence cate-
gories. This review led to a change in the primary assigned area
for 18 papers (15.3%), while the remaining 100 cases confirmed

the generated classification. Overall, the final dataset maintained a
disagreement rate of approximately 7% relative to the entire sample.

Figure 4 presents the number of studies per SWEBOK area.
The Software Engineering Models and Methods area concentrated
the highest number of papers (n=38), which prompted additional
scrutiny during our analysis. We observed that papers in this cate-
gory contained terms associated with empirical research methodol-
ogy, such as threats to validity, grey literature, and human-oriented
experiments, rather than software engineering methods themselves.
Consequently, we revised these classifications or left the area blank
according to our agreed-upon criteria. The remaining prominent
areas included Software Requirements (n=30), Software Testing
(n=27), Software Construction (n=25), and Software Engineering
Professional Practice (n=24).

Figure 4: Distribution of publications by SWEBOK area in
the largest community of the coauthorship network.

Figure 5 shows the thematic evolution of the largest coauthorship
community across decades, measured by the number of publications
per SWEBOK area. The temporal analysis reveals a clear shift in
the community’s research focus over time.

In the 1980s and 1990s, production concentrated on SE Models &
Methods (n=16 in the 1990s), reflecting a period marked by formal
specification, modeling, and system refinement. In the 2000s, the
community diversified significantly, with SW Construction (n=19),
SW Requirements (n=18), and SW Design (n=14) taking center stage,
a period that coincides with the consolidation of aspect-oriented
programming (AOP) as the community’s central paradigm. In the
2010s, SE Models & Methods reclaimed the lead (n=18), accompanied
by the growth of SW Testing (n=14), signaling a methodological
maturation with greater emphasis on verification and quality.

The most pronounced shift occurs in the 2020s, when SE Pro-
fessional Practice emerges as the dominant area (n=22), surpassing
all others. This growth may indicate a reorientation toward topics
such as software engineering education, developer productivity,
professional practices, and human factors in software development.
Concurrently, SW Quality (n=9) and SW Configuration Manage-
ment (n=7) grow in prominence, while SW Construction and SW
Design become far less frequent. Taken together, these shifts suggest
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Table 7: Top-10 authors by weighted degree in the eight largest communities detected in the giant component of the SBES
coauthorship network.

Com. 14 — Uirá Kulesza (304 nodes) Com. 3 — Alessandro F. Garcia (141 nodes) Com. 6 — Christina Chavez (136 nodes) Com. 16 — Tayana Conte (119 nodes)

R Author WD D R Author WD D R Author WD D R Author WD D

1 Uirá Kulesza 119 68 1 Alessandro F. Garcia 235 120 1 Christina Chavez 97 65 1 Tayana Conte 137 85
2 Jaelson B. de Castro 113 80 2 Carlos J. P. Lucena 156 89 2 Awdren de Lima Fontão 67 49 2 Igor Steinmacher 99 60
3 Paulo César Masiero 97 61 3 Anderson G. Uchôa 76 51 3 Davi Viana 66 46 3 Guilherme H. Travassos 70 48
4 Sérgio Soares 95 77 4 Márcio Ribeiro 75 49 4 Rodrigo P. dos Santos 59 45 4 Bruno Gadelha 51 35
5 Thaís Batista 84 60 5 Rohit Gheyi 69 44 5 Luis Rivero 41 31 5 Igor Wiese 48 36
6 Arndt von Staa 75 48 6 Juliana Alves Pereira 64 44 6 Paulo Meirelles 34 27 6 Marco Aurélio Gerosa 41 25
7 Paulo Borba 75 58 7 Baldoino Fonseca 46 30 7 Fabio Kon 24 19 7 Ana Carolina Oran 27 20
8 Carla T. L. L. Silva 70 51 8 Rafael M. de Mello 44 29 8 Maria Istela Cagnin 22 18 8 Williamson Silva 26 21
9 Eduardo Figueiredo 70 60 9 Daniel Coutinho 43 31 9 Fernando Ayach 17 13 9 Mairieli S. Wessel 23 19
10 Rosângela A. D. Penteado 65 44 10 Bruno B. P. Cafeo 42 30 10 Patrícia Matsubara 16 15 10 Maria A. C. Meireles 23 13

Com. 1 — José Carlos Maldonado (106 nodes) Com. 23 — Sabrina Marczak (91 nodes) Com. 5 — Cláudia M. L. Werner (85 nodes) Com. 13 — Silvio Meira (82 nodes)

R Author WD D R Author WD D R Author WD D R Author WD D

1 José Carlos Maldonado 153 66 1 Sabrina Marczak 54 43 1 Cláudia M. L. Werner 73 45 1 Silvio Meira 77 63
2 Márcio E. Delamaro 68 44 2 Edson A. de Oliveira Jr. 44 38 2 Leonardo G. P. Murta 37 29 2 Eduardo S. de Almeida 32 24
3 Rafael S. Durelli 48 34 3 Rafael Prikladnicki 43 34 3 Regina Braga 31 23 3 Daniel Lucrédio 26 23
4 Auri M. R. Vincenzi 45 21 4 Cleidson de Souza 33 31 4 Márcio de O. Barros 27 19 4 Alexandre M. L. Vasconcelos 18 13
5 Mário Jino 33 10 5 Anna B. S. Marques 23 22 5 Marcos R. S. Borges 24 19 5 Sandro R. B. Oliveira 16 11
6 Vinicius H. S. Durelli 27 21 6 Rafael Chanin 19 14 6 José Maria N. David 19 14 6 Augusto C. A. Sampaio 13 12
7 Simone R. S. de Souza 24 16 7 Caio Steglich 19 14 7 Marta Mattoso 18 14 7 Ana Cristina Rouiller 13 9
8 Adenilso da S. Simão 24 13 8 Gislaine C. L. Leal 18 16 8 Victor Ströele 16 12 8 Carlos E. A. da Cunha 12 10
9 Sandra C. P. F. Fabbri 20 13 9 Itana M. S. Gimenes 15 13 9 Robson Pinheiro de Souza 15 13 9 Iuri Santos Souza 12 8
10 Marcos Lordello Chaim 16 8 10 Cássio A. W. Trindade 14 9 10 Catarina de Souza Costa 14 11 10 Gecynalda S. S. Gomes 9 7
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Figure 5: Thematic evolution by SWEBOK area per decade in the largest community of the coauthorship network.

that the community transitioned from a technical and construc-
tive focus, prevalent in the 2000s, toward a people-, process-, and
quality-oriented agenda in the 2020s.

6 Discussion
The results provide a comprehensive picture of how the Brazilian
Software Engineering research community evolved through sci-
entific collaboration over nearly four decades of SBES. Five main
findings emerge from the analysis, from which we derive a set of
implications and recommendations for the SBES community.

Growth and Integration of the Community. The evolution
of the coauthorship network reveals a continuous expansion of the
SBES community, reflected in the increasing number of authors,
collaborations, and publications over time. The presence of a giant
component encompassing more than 80% of all authors suggests
that the community has become progressively integrated, allowing
researchers from different institutions and collaboration groups

to connect through scientific partnerships. This pattern is consis-
tent with the maturation process commonly observed in scientific
communities, where initially fragmented groups gradually become
part of a larger and more cohesive collaboration structure [17].
Particularly noteworthy is the sharp increase in the number of
authors during the most recent period (2017–2025), which may
reflect the expansion of Software Engineering research in Brazil,
the consolidation of graduate programs, and the incorporation of
new researchers and institutions into the community.

Emergence of a Small-World Collaboration Structure. The
small-world analysis indicates that the SBES collaboration network
combines strong local cohesion with efficient global connectivity.
Researchers tend to collaborate within tightly connected groups
while remaining only a few collaboration steps away from most
other members of the community. As noted by Newman [17], such
a structure may favor knowledge circulation, the exchange of ideas,
and opportunities for new collaborations.
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Persistence and Renewal of Scientific Leadership. The lon-
gitudinal analysis of centrality measures reveals the coexistence
of continuity and renewal among the most prominent researchers.
While a small number of authors, such as Alessandro Garcia, Carlos
Lucena, and José Maldonado, maintained central positions across
multiple periods, most highly connected researchers appeared only
in specific decades. This finding suggests that the SBES community
has continuously incorporated new influential actors while preserv-
ing the contributions of established leaders. Such a balance between
persistence and renewal may be an important factor in sustaining
the vitality and long-term development of the community.

Collaboration Communities and Research Specialization.
The identification of multiple collaboration communities within
the giant component indicates the existence of well-defined collab-
oration clusters. These communities likely reflect a combination
of institutional collaborations, advisor–student relationships, the-
matic affinities, and long-term research partnerships. At the same
time, the presence of researchers occupying high betweenness posi-
tions highlights the importance of cross-community connections in
maintaining network cohesion. The unequal distribution of commu-
nity sizes, characterized by a small number of large communities
and numerous smaller ones, further suggests the coexistence of
consolidated collaboration structures and more specialized research
groups within the SBES ecosystem.

Strong and Persistent Collaboration Relationships. The
edge-level analysis revealed a highly heterogeneous pattern of
scientific collaboration. While most coauthorship ties were charac-
terized by a single or a small number of joint publications, a limited
set of author pairs maintained strong and recurrent collaborations
over extended periods. This finding is consistent with patterns
commonly observed in scientific collaboration networks, where
numerous weak ties coexist with a smaller number of strong and
persistent partnerships [12]. Such enduring collaborations likely
contribute to the stability of research communities, the continuity
of research agendas, and the formation of cohesive collaboration
cores that sustain long-term scientific productivity.

Recommendations for the SBES Community. The structural
properties observed in the SBES collaboration network suggest
that preserving—and, where possible, further expanding—the in-
tegration of the scientific community should remain an important
objective for future editions of the symposium. In particular, main-
taining a large giant component and the favorable balance between
local cohesion and global connectivity may help sustain an envi-
ronment that supports knowledge exchange and the formation of
new scientific collaborations.

To this end, SBES could continue promoting opportunities for
interaction among researchers from different collaboration com-
munities while encouraging the participation of newcomers in the
main collaboration network. Possible initiatives include networking
events, collaborative workshops, interdisciplinary sessions, mentor-
ing activities, and other community-building actions that facilitate
interactions between experienced participants and first-time au-
thors or researchers from previously disconnected collaboration
groups. These initiatives may represent potential mechanisms for
strengthening the long-term integration of the SBES research com-
munity.

7 Threats to Validity
This study is subject to some limitations that should be considered
when interpreting the results. Data Collection. The coauthorship
network was constructed from bibliographic metadata collected
from SBC OpenLib (SOL) and DBLP. Errors or omissions in the
original records may affect dataset completeness. Data Prepara-
tion. Author name disambiguation and thematic classification may
introduce inaccuracies. To mitigate these threats, author names
were normalized and manually validated, while SWEBOK classifi-
cations were reviewed by the researchers. Network Analysis. The
study adopts coauthorship as a proxy for scientific collaboration,
which may not capture all forms of interaction among researchers.
In addition, community structures were identified using the Lou-
vain algorithm, whose results may vary slightly under different
parameter settings. Interpretation. The findings are limited to
collaborations represented in SBES publications and may not gen-
eralize to the entire Brazilian Software Engineering community.

8 Final Remarks
This paper presented a longitudinal analysis of the SBES coauthor-
ship network covering all 39 editions between 1987 and 2025. Using
Social Network Analysis measures, we investigated structural, indi-
vidual, edge-level, and group-level aspects of scientific collaboration
within the Brazilian Software Engineering community. The results
revealed a continuous growth of the network, the emergence of a
highly integrated giant component, and the presence of small-world
characteristics that combine local cohesion with efficient global
connectivity.

As future work, we intend to extend the thematic analysis be-
yond the largest collaboration community by investigating the
research topics represented in the remaining communities. Such
an analysis may provide a more comprehensive understanding of
the thematic diversity, specialization patterns, and knowledge dis-
tribution. Furthermore, we plan to complement the collaboration
network analysis with bibliometric indicators related to scientific
productivity and impact, including publication output and citation-
based measures. Combining several bibliometric perspectives may
provide a richer characterization of the evolution, influence, and
scientific contributions of the SBES community over time.

Artifact Availability
The artifacts are publicly available on Zenodo [4]. The repository
includes the raw bibliographic dataset, the curated coauthorship
data and edge list, the metadata-collection scripts, the coauthorship
network and Gephi metrics files, and the thematic-classification
dataset for the largest collaboration community. The artifacts are
distributed under the Creative Commons Attribution 4.0.
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