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Abstract
Interdisciplinary collaborations have recently attracted the attention of scholars, since they help bridging academic
relationships and contribute to make scientific collaboration networks even stronger. However, previous works on
this subject have mainly focused on characterizing such interdisciplinary collaborations in specific research groups
or scientific communities. In this article, we start from a previous work in which we characterized the interdis-
ciplinary collaborations within the entire Brazilian scientific community, as defined according to the upper level
of the knowledge area classification scheme proposed by CNPq, the Brazilian National Council for Scientific and
Technological Development, considering the following eight major areas: Agrarian Sciences, Applied and Social
Sciences, Biological Sciences, Engineering, Exact and Earth Sciences, Health Sciences, Humanities, and Linguis-
tics, Letters and Arts. Based on this interdisciplinary collaboration network, we conducted a geographic analysis
that characterizes how these collaborations have been spread across the Brazilian geographic regions. Overall, our
results show strong collaborative ties involving the triad formed by the three main Brazilian geographic regions
(Southeast, South and Northeast) for all major areas. Besides, three of the eight major areas (Agrarian Sciences,
Biological Sciences, and Health Sciences) show a massive participation in interdisciplinary collaborations across
all regions. Despite that, geographic proximity is an important factor, since the proportion of interdisciplinary col-
laborations involving researchers from the same region is high. Finally, we analyze the patterns of interdisciplinary
collaboration by regions and by major areas, thus showing that the Brazilian interdisciplinary network is highly
connected.

Keywords: Interdisciplinary Collaborations, Coauthorship Networks, Scientific Communities, Geographic Analysis,
Lattes Platform

1 Introduction
In recent years, interdisciplinary collaborations have at-
tracted the attention of the scientific community as ameans to
aggregate knowledge from different domains to better under-
stand and address real problems. For instance, in a pioneering
effort researchers from different knowledge fields and asso-
ciated with institutions from the nine states of Brazil’s North-
east region team up together with the aim to promote scien-
tific solutions to attenuate the global spread of the COVID-
191. Coordinated by the physicist Sérgio M. Rezende and
the neuroscientist Miguel Nicolelis, this effort is a refer-
ence in terms of interdisciplinary collaborations, since it in-
volves researchers from distinct areas such as infectology,
biodiversity, sociodemography, biomathematics, among oth-
ers. It also emphasizes the importance of observing specific
problems from distinct perspectives, as well as of applying
new techniques already known from other contexts to solve
them (Haythornthwaite, 2006). Another example that illus-
trates this kind of effort in a distinct scenario is the use
of drones for smart agriculture automation (Kulbacki et al.,
2018). Initially idealized for defense projects, this kind of
technology aggregates distinct research efforts ranging from
chemistry to machine learning.
Due to an enormous academic mobility and the rapid

1The Scientific Committee of the Northeast Consortium: https://www.
comitecientifico-ne.com.br/.

growth of the Internet, global scientific collaborations have
become highly connected. As reinforced by the Royal So-
ciety (Wilsdon et al., 2011), interdisciplinary collaborations
bring several benefits to researchers such as (i) the opportu-
nity to apply new theories that allow them to view problems
from a new perspective, (ii) access to funding available exclu-
sively for interdisciplinary research and (iii) the expansion of
their respective collaboration networks. Indeed, Adams et al.
(2005) have shown that research teams from US universities
that have collaborations with other departments, companies
and foreign institutions tend to have higher productivity in-
dicators, as well as that researchers who earned prestigious
awards usually participate in large teams.

Previous studies regarding interdisciplinary collaborations
in scientific coautorship networks (Abramo et al., 2018; Iglič
et al., 2017; Jones et al., 2008; Mena-Chalco et al., 2014; Shi
et al., 2018) have focused on external collaborations (e.g.,
cooperation among research groups (Freire and Figueiredo,
2011), knowledge exchange (Haythornthwaite, 2006), role
of geography (Hoekman et al., 2010; Pan et al., 2012), mi-
gration of researchers (Kato and Ando, 2013) and influence
from distinct research areas (Lima et al., 2013)) as being
an important factor in the evolution of scientific commu-
nities. In this article, instead of characterizing specific re-
search groups or knowledge areas, we address a complete
and robust scientific community. Particularly, we study the
Brazilian scientific collaboration network based on the upper
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level of the knowledge area classification scheme proposed
by CNPq2, the Brazilian National Council for Scientific and
Technological Development, which considers the following
eight major areas: Agrarian Sciences, Applied and Social Sci-
ences, Biological Sciences, Engineering, Exact and Earth
Sciences, Health Sciences, Humanities, and Linguistics, Let-
ters and Arts.
In this regard, in a previous work (Pessoa Junior et al.,

2019, 2020), we provided a detailed analysis of the interdis-
ciplinary collaborations in the Brazilian scientific scenario.
For this, we collected from the CNPq’s Lattes Platform3 data
related to 263,264 Brazilian researchers holding a PhD de-
gree and generated two academic social networks: one con-
sidering all collaborations involving the researchers and an-
other one considering only interdisciplinary collaborations
among them. As our main contribution in that work, we in-
vestigated the intensity of the interdisciplinary collaborations
across each one of the major areas considered, thus empha-
sizing their role for strengthening the entire network.We also
analyzed the interdisciplinary collaborations along the time
by focusing on the researchers’ academic age and on the tem-
poral evolution of the collaboration rates per major area (Pes-
soa Junior et al., 2020).
In this article, we focus on a more specific analysis and

consider the geographic dimension as an additional layer of
complexity. Although communication technologies have di-
minished spatial distances, Pan et al. (2012) argue that ge-
ography remains an important factor that affects the dynam-
ics of science. Specifically, we investigate how collaborative
are the major research areas among the five Brazilian geo-
graphic regions. In summary, the main contribution of this
article is a geographic analysis of the interdisciplinary col-
laborations in the Brazilian scientific community as defined
by the eight major areas of the CNPq knowledge area classi-
fication scheme.
Thus, the remaining of this article is organized as follows.

Firstly, Section 2 reviews the current literature, whereas Sec-
tion 3 describes how we acquired and prepared the data we
use in our analysis, thus providing some preliminary figures
about them. Then, Section 4 presents a detailed discussion of
the results of our analysis, highlighting the interdisciplinary
collaboration patterns in the coauthorship networks by con-
sidering the eight major areas defined by the CNPq knowl-
edge area classification scheme and the five Brazilian geo-
graphic regions. Finally, Section 5 presents our conclusions
and provides some insights for future work.

2 Related work
Various studies have explored different features when char-
acterizing academic collaborations. For example, Silva et al.
(2017) addressed this issue by considering the following five
scientometric dimensions: (i) focus of the study (e.g., individ-
ual scholars or research groups), (ii) geographic coverage
(e.g., a country or a specific region), (iii) adopted metrics

2This classification scheme is organized into four levels: major area (e.g., Exact
and Earth Sciences), area (e.g., Computer Science), subarea (e.g., Theory of Compu-
tation) and specialty (e.g., Formal Languages and Automata). For more details, refer
to de Siqueira et al. (2020).

3Lattes Platform: http://lattes.cnpq.br

(e.g., citation counts and venues’ quality), (iv) scope of the
analysis (e.g., network properties, collaboration patterns or
ranking assessment), and (v) researchers’ profile (e.g., men-
tored students, career length or gender). Yet, Morillo et al.
(2003) presented a bibliometric methodology that aimed to
provide a general overview of several scientific disciplines,
with special attention to their interrelation. In such a work,
the authors established a tentative typology of disciplines and
research areas according to their degree of interdisciplinarity.
Here, we focus on an analysis of interdisciplinary collabora-
tions, considering the geographic factor as an additional layer
of complexity.
As discussed by Sonnenwald (2007), scientific collabora-

tion is the interaction between scientists with the purpose of
sharing activities in order to achieve common goals as a fi-
nal result. In this context, complex network analyses have
been carried out to understand the meaning of such collab-
orations in different scenarios (Garay et al., 2016; Hua and
Haughton, 2012; Jiang et al., 2017; Liu et al., 2005; Mooney
et al., 2013; Morillo et al., 2003). By analyzing successful
collaborations, Wagner et al. (2002) listed motivating fac-
tors for understanding why researchers collaborate, such as
to gain access to foreign structures, access information in
real time and increase research creativity. In fact, by work-
ing with new collaborators, researchers can enhance the qual-
ity of their work (Adams et al., 2005; Jones et al., 2008;
Silva et al., 2016). Specifically, with respect to the Brazil-
ian computer science community, Silva et al. (2016) investi-
gated how academic mobility affects productivity, showing
that researchers with foreign ties tend to publish in more pres-
tigious publication venues. Likewise, Kato and Ando (2013)
concluded that international collaboration improves the over-
all research performance in Chemistry.
Regarding the geography of the scientific collaborations,

Sidone et al. (2017) studied the geographic patterns of Brazil-
ian scholarly publications and scientific collaborations over
six triennia (1992–2009). They revealed that such publica-
tions and collaborations have an intense spatial heterogene-
ity across the country, which is concentrated in the South-
east and South regions. In addition, they showed that geo-
graphic proximity plays an important role in determining in-
terregional collaboration in Brazil (e.g., an increase of 100
km between two researchers reduces the likelihood of col-
laboration by an average of 16%). Considering research ar-
eas, Mena-Chalco et al. (2014) carried out a pioneering study
within the Brazilian scientific community. In their study, they
characterized the eight major areas that we address in this ar-
ticle, but considering only topological metrics. As a result,
they contributed to a better understanding of how Brazilian
researchers collaborate to each other.
Similarly to us, other initiatives have analyzed the impor-

tance of interdisciplinarity. For example, Porter et al. (2008)
report the results obtained by a team responsible for evaluat-
ing a program for supporting interdisciplinary research in the
United States, the NAKFI4. In such a work, they proposed
and tested two quantitative metrics, integration (dispersion
among the areas of the publications cited by a research) and
specialization (dissemination of the areas in which the re-

4National Academies Keck Futures Initiative. More information at
https://www.keckfutures.org.
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search is published), to evaluate the research results of the
NAKFI program. By using thesemetrics, they concluded that
the degree of research interdisciplinarity (i.e., integration) in
the evaluated programwas surprisingly high and that special-
ization reflected the concentration of a researcher’s publica-
tions on a specific topic or research area. On the other hand,
Huang and Chang (2011) carried out a study to investigate
interdisciplinary changes in the area of information science
between 1978-2007 based on direct citations and coauthor-
ships. For this, they used the Brillouin’s index (Peet, 1975)
to measure the degree of interdisciplinarity in that area for
each year of the period of study. Their results show that the
degree of interdisciplinarity in direct citations and coauthor-
ships grew over the years, with coauthorships having a more
evident growth rate than direct citations. Based on data from
the Journal Citation Reports5, Silva et al. (2013) also show
quantitatively that science fields are becoming increasingly
interdisciplinary.
More specifically, Abramo et al. (2018) conducted a

study aiming at verifying the influence of multidisciplinarity
among the researchers involved in a same research project
and how scientific production can be affected by this type
of collaboration. In their study, they analyzed the publica-
tions of all Italian faculty members during a period of five
years, from 2004 to 2008. Like us, they also adopted a classi-
fication scheme and stratified the Italian researchers accord-
ing to their specialties in eight major areas of knowledge
(Biology, Earth Sciences and Space, Engineering, Physics,
Mathematics, Clinical Medicine, Biomedical Research and
Chemistry). The results obtained in such a study show that
scientific publications on specific topics are produced by re-
searchers from the same knowledge area, while the most di-
versified ones come from multidisciplinary groups. Another
aspect addressed by the authors is how diverse a publication
is, since the greater the number of areas involved, the greater
the diversity of that specific scientific production. In another
work, Shi et al. (2018) carried out a study aimed at evaluating
whether the degree of reputation of a scientific institution in-
fluences interdisciplinarity in the knowledge production pro-
cess. To measure the prestige of an institution, they took into
consideration its scientific production. A metric based on
the IDR (Irreproducible Discovery Rate) approach (Li et al.,
2011), combined with the P-rank indicator (Yan et al., 2011),
was used to analyze the level of importance of an institution’s
scientific output. The results showed that more prestigious
institutions provide a greater interdisciplinarity to the knowl-
edge flow.
Finally, looking closer at regional aspects, Chiarini et al.

(2014) investigated bibliographic production by Brazilian
states from 2000 to 2010, considering a total of 147,638
researchers registered in the CNPq Directory of Research
Groups. They identified three states in the southeast region
(São Paulo, Rio de Janeiro and Minas Gerais) and one in the
south region (Rio Grande do Sul) as those with the highest
productivity. In addition, they showed that the researchers in
these states focused mainly on the major areas of Agrarian
Sciences, Biological Sciences and Health Sciences.

5https://clarivate.com/webofsciencegroup/solutions/
journal-citation-reports

3 Background
In this section, we first introduce our dataset, which was used
in our previous work to characterize the interdisciplinary col-
laborations in the Brazilian scientific community (Pessoa Ju-
nior et al., 2019, 2020). Then, we present an overview of such
interdisciplinary collaborations, upon which we carry out our
geographic analysis.

3.1 Our dataset
Our dataset covers 263,264 Brazilian researchers and more
than 10 million publications. In addition, the researchers’
expertise are identified in terms of the eight major ar-
eas derived from the CNPq knowledge area classification
scheme (de Siqueira et al., 2020). In order to identify re-
searchers in different collaborations, we adopted a strategy
proposed by Dias and Moita (2015), which generates a kind
of collaboration identifier. This strategy first removes all spe-
cial characters and stop words from the publication titles.
Then, it concatenates all generated tokens and adds the pub-
lication year to the final string, thus creating a hash key for
each publication. Finally, the hash keys are used as an iden-
tifier for the authors’ collaborations, i.e., there is a collabora-
tion involving two or more researchers if they share the same
hash key. As reported by their authors, this strategy is very
effective, providing average precision and recall values for
distinct scientific areas of 100% and 98.08%, respectively,
thus making it very suitable for our purposes. We also no-
tice that, in the analyses that we carry out in this article, we
only consider those collaborations that correspond to coau-
thorships identified from journal articles, since this type of
publication is the most common and the most relevant for
the majority of the research areas.
Tables 1 and 2 list the eight major areas considered and

shows, respectively, the distribution of researchers and pub-
lications in each one of them. As we can see in Table 1, the
number of researchers in each major area (second column) is
quite uneven and basically reflects the popularity of each one
of them. However, looking at the third column, it shows that
a large number of researchers (151,664, 57.6% of the total)
has at least one interdisciplinary collaboration, i.e., such re-
searchers have published at least one article in coauthorship
with one or more researchers from another major area, which
clearly indicates that the Brazilian researchers are quite open
to this kind of collaboration.
Regarding publications by major area (see Table 2 where

figures between square brackets correspond to percentages
with respect to the overall numbers in the second column), we
can see that the number of interdisciplinary publications6 per
major area varies from 1.3% and 5.5% (Linguistics, Letters
and Arts) to 24.1% and 24.5% (Biological Sciences), when
we consider, respectively, only the interdisciplinary collabo-
rations (figures between parentheses) and all publications to-
gether, i.e., non-interdisciplinary and interdisciplinary ones
(figures between brackets). Looking closer to such figures,
although in general the number of interdisciplinary collabo-
rations in each major area is related to its total number of

6Interdisciplinary publications are those that have at least two coauthors
from distinct major areas.

https://clarivate.com/webofsciencegroup/solutions/journal-citation-reports
https://clarivate.com/webofsciencegroup/solutions/journal-citation-reports
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Table 1. Distribution of Researchers by Major Area.
Major Area Researchers Interdisciplinary

Researchers
Agrarian Sciences 26,953 (10.2%) 19,328 (12.7%)
Applied and Social Sciences 29,146 (11.1%) 13,289 (8.8%)
Biological Sciences 36,356 (13.8%) 25,095 (16.5%)
Engineering 24,746 (9.4%) 13,925 (9.2%)
Exact and Earth Sciences 39,231 (14.9%) 21,414 (14.1%)
Health Sciences 45,990 (17.5%) 28,844 (19.0%)
Humanities 44,743 (17.0%) 23,294 (15.4%)
Linguistics, Letters and Arts 16,099 (6.1%) 6,475 (4.3%)
Total 263,264 (100.0%) 151,664 (100.0%)

Table 2. Distribution of Publications by Major Area.
Major Area Publications Interdisciplinary

Publications
Agrarian Sciences 1,416,249 (14.0%) 252,616 (15.6%) [17.8%]
Applied and Social Sciences 768,179 (7.6%) 83,431 (5.1%) [10.9%]
Biological Sciences 1,598,303 (15.8%) 391,000 (24.1%) [24.5%]
Engineering 958,899 (9.5%) 185,772 (11.5%) [19.4%]
Exact and Earth Sciences 1,395,113 (13.8%) 271,423 (16.7%) [19.5%]
Health Sciences 2,297,864 (22.7%) 285,359 (17.6%) [12.4%]
Humanities 1,306,579 (12.9%) 131,625 (8.1%) [10.1%]
Linguistics, Letters and Arts 386,728 (3.8%) 21.161 (1.3%) [5.5%]
Total 10,127,914 (100.0%) 1,622,387(100.0%) [16.0%]

publications, there are cases where this pattern does not ap-
ply as, for example, in the major areas of Engineering and
Health Science. Moreover, Health Sciences is the major area
with the largest number of publications (2,297,864), but it
appears only in the fifth place when we consider the interdis-
ciplinary publications (285,359).

3.2 Interdisciplinary collaborations
Since interdisciplinary collaborations play an important role
in the Brazilian scientific community (Mena-Chalco et al.,
2014; Pessoa Junior et al., 2019, 2020), we now present an
overview of the structure of its two networks. The first one,
called Global, includes a node for each one of the 263,264
researchers in our dataset, with an edge being created be-
tween two nodes whenever the respective researchers have at
least one scientific collaboration. The second network, called
Interdisciplinary, also includes a node for each researcher,
but its edges represent only interdisciplinary collaborations,
which are identified according to the first major area indi-
cated by the researchers as the closest related to their research
activities. Figure 1 shows the evolution of the two collabora-
tion networks over the years. As we can see, after the year
2000 both networks present an intensive growth in the num-
ber of scientific collaborations involving PhD researchers,
but the intensity of such collaborations starts to decelerate
from 2015 onwards, tending to some stability from 2017 on-
wards.

Table 3 shows the figures of some usual metrics and statis-
tics for the Global and Interdisciplinary networks. First, we
highlight that 35.2% of the edges (900,992 out of 2,563,017)
correspond to interdisciplinary collaborations and 57.6% of
the nodes (151,664 out of 263,264) correspond to researchers

who have at least one interdisciplinary collaboration. These
are very expressive numbers, since they refer to the network
of the entire scientific community from a whole country.
In addition, the fact that a large number of the edges from
the giant component7 of the Global network, which includes
95.5% of all edges, are kept in the Interdisciplinary network
is also very relevant, since 87.8% of such edges belong to its
giant component. Moreover, this reinforces how important
such collaborations are in an academic context.
As expected, the number of edges and the average de-

gree of the nodes is smaller in the Interdisciplinary network,
whereas the total number of isolated components is higher.
Despite that, the diameters and the average path lengths in
both networks are very close. Regarding the density of the
networks (ratio between the number of existing edges and
the number of possible edges in the complete graph), the In-
terdisciplinary one naturally tends to be less dense. Finally,
we also calculated the Assortative Mixing Coefficient (New-
man, 2003) of the Global network. The value of this metric
(0.8375) evidentiates a high level of connectivity involving
the nodes of the Global network, thus corroborating the im-
portance of the interdisciplinary collaborations in the context
of the Brazilian scientific community.

4 Interdisciplinary collaborations
across geographic regions

Why should we analyze interdisciplinary collaborations
across geographic regions? Since Brazil is a continental coun-

7Maximal subgraph that includes a path connecting each pair of nodes
of a network.
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Figure 1. Temporal Evolution of the Collaboration Networks.

Table 3.Metric Figures of Both Networks.
Metric Global Interdisciplinary
Number of Nodes 263,264 263,264
Number of Connected Nodes 211,594 151,664
Number of Isolated Nodes 51,670 111,600
Number of Edges 2,563,017 900,992
Average Degree 11.9 6.8
Size of the Giant Component 207,583 145,255
% of Nodes in the Giant Component 78.8% 55.2%
% of Edges in the Giant Component 95.5% 87.8%
Average Path Length 5.2 7.1
Network Diameter 15 18
Network Density 3.98E-5 1.30E-5

try, addressing this issue is fundamental to understand how
scientific collaborations occur inside and outside the Brazil-
ian regions when considering the major areas involved. Do-
ing so, we are able to reveal, for example, what are the main
collaboration patterns in our community and evidentiate the
role played by geography in this regard.
Thus, given that there is an expressive number of inter-

disciplinary collaborations involving researchers of all major
areas, in this section we investigate how such collaborations
occur across the five Brazilian geographic regions8. Brazil is
composed of 26 states and a Federal District that locates its
capital, Brasília, which means that characterizing such scien-
tific collaborations in terms of its geographic regions is very
important to better understand how scientific knowledge dis-
seminates across the country.
For better understanding the importance of each one these

regions, Figure 2 presents some demographic data about each
one of them, as provided by IBGE, the Brazilian Institute
of Geography and Statistics, according to its lasted official
report9. As we can see, there is a large gap in the gross
product among the geographic regions, being the respec-

8See: https://en.wikipedia.org/wiki/Regions_of_Brazil
9IBGE: https://www.ibge.gov.br/en/home-eng.html

tive per capita values much smaller in the North and North-
east regions (US$3,256 and US$4,714, respectively) than in
the Central-West, Southeast and South ones (US$ 11,333,
US$11,234 and US$10,659, respectively). Thus, these un-
even figures by region affect how investments in science and
technology are carried out across the country, thus impact-
ing the collaborations among research groups and, therefore,
the scientific growth and development in Brazil. To illustrate
this, we can observe the discrepancy in the number of re-
searchers in the Southest and North regions, which have, re-
spectively, 856 and 103 researchers per million inhabitants.
Moreover, according to data from CAPES10, the Ministry of
Education Graduate Studies Agency, 75.3% of the graduate
programs with the highest grade of excellence, i.e., gradu-
ate programs graded 711, are located in the Southeast region,
whereas in the North region there is not a single programwith
such a grade (see NGP7 values in Figure 2).
Next, we divide our analysis into two parts. First, in Sub-

section 4.1, we look at interdisciplinary collaborations by
considering a more general context and highlighting how

10http://www.capes.gov.br
11The CAPES evaluation system rates the graduate programs in Brazil

from grades 3 to 7, being grades 6 and 7 assigned to programs of high ex-
cellence.
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Figure 2. The Brazilian Geographic Regions (data according to the lasted official report by IBGE as of 2018).

such collaborations occur between geographic regions and
major areas. Then, in Subsection 4.2, we analyze separately
the scenarios per region and per major area, thus providing
a characterization of the interdisciplinary collaboration pat-
terns.

4.1 Interdisciplinary collaborations per geo-
graphic region

Figure 3 presents the interdisciplinary collaboration rates
involving the researchers of each two regions. It is worth
mentioning that, although the Interdisciplinary network in-
volves 151,664 researchers, for this specific analysis only
those 131,936 researchers that are actually associated with
an academic or research institution in Brazil, according to
information in their own curricula, were considered. As can
be seen, the Southeast region (in purple) is the one with the
highest rates of interdisciplinary collaboration in all scenar-
ios, reaching more than 46% in each one of them. A first
explanation for these figures is the fact that such a region is
the richest and most populated one in the country (see Fig-
ure 2) and, therefore, the one with the greatest access to re-
sources, both governmental and private, for research funding.
In fact, there is an intrinsic relation between the wealth and
the size of the population of the regions when considering the
distribution of interdisciplinary collaborations. In addition, it
should be noticed that in all scenarios the rates of interdisci-
plinary collaborations involving researchers from their own
regions is quite relevant, reinforcing that geographic proxim-
ity is also an important factor in this regard.
When we look at the pairwise comparisons of the collab-

oration percentages across the regions (Table 4), the con-

trast becomes even more evident. For instance, the propor-
tional participation of collaborations involving researchers
from the North region (total of 3.7%, first four lines) is al-
most 21 times lower than that involving researchers from the
Southeast region (total of 77.3%), despite having a popula-
tion 4.8 times smaller and a gross income 16.4 times lower,
as shown in Figure 2. On the other hand, such discrepancy in
the Northeast region (total of 44.7%) in relation to the South-
east region is smoother with a proportional share that is 1.7
times smaller, thus better reflecting the size of its popula-
tion and its per capita income, which are, respectively, 1.6
and 3.7 smaller. Again, as can be seen by such figures, the
proportional participation by region is strongly related to the
respective number of programs of high excellence (see Fig-
ure 2).

Table 4. Percentage of Interdisciplinary Collaborations Between
Brazilian Regions.

Regions % Collaborations
Central-West - North 0.3%
North - Northest 0.7%
North - South 0.8%
North - Southest 1.9%
Central-West - Northest 3.8%
Central-West - South 4.9%
Central-West - Southest 11.7%
Northest - South 12.2%
Northest - Southest 28.0%
Southest - South 35.7%
Total 100.0%

In order to present a more detailed view of the interdisci-
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Figure 3. Distribution of the Interdisciplinary Collaborations per Geographic Region.

plinary collaboration patterns, Figure 4 provides a visualiza-
tion of how they correlate across the country. In that figure,
there is a heat map with the proportional correlation matrix
of interdisciplinary collaborations according to their normal-
ized values, considering both regions and major areas. In this
way, bluer cells inform those regions and their respective
areas that have a strong collaboration compared to the oth-
ers, while lighter tones indicate low collaboration ones. Thus,
Figure 4 describes the intensity of the collaboration patterns
reflected by the distribution of the researchers per major area
in their respective regions. Also, note that the values are glob-
ally normalized, so we can compare cell by cell, as well as
region by region across the quadrants. Moreover, by defini-
tion, there are completely blank quadrants (i.e., when there
is no correlation) as, for example, the first eight rows and
columns that refer to the North region, since collaborations
within a same region are not considered.

Regarding the most relevant collaboration patterns in
terms of the number of researchers involved, there is a strong
collaboration between Biological Sciences researchers from
the Southeast region (row 27) and Health Sciences re-
searchers from the South region (row 38). Moreover, the re-
ciprocal is also true as showed by rows 30 and 35, i.e., even
having access to other researchers due to geographic prox-
imity (which, as already shown, facilitates collaborations),
there is an intensive search for knowledge from other do-
mains. Similarly, the Biological Sciences and the Exact and
Earth Sciences major areas have a considerable reciprocity
involving researchers from the Southeast and South regions
(cells 27 and 37, and 29 and 35). This evidence reinforces that
Brazilian researchers also look for establishing new scientific
collaborations, making the Brazilian collaboration network
more cohesive and the access to information more widely
available.
Figure 4 also describes the intensity of the collaboration

patterns with respect to the total number of researchers from

each region. In accordance with the percentage of interdisci-
plinary collaborations by regions (see Table 4), we can ob-
serve stronger tones in the quadrants that refer to collabora-
tions that involve the following regions: Northeast (quadrant
9 to 16), Southeast (quadrant 25 to 32) and South (quadrant
33 to 40). On the other hand, we can also observe that the
lightest tones in the figure are those that refer to the North re-
gion (quadrant 1 to 8) and the Central-West region (quadrant
17 to 24), the two regions with the smallest GDP rates in the
country.

Looking now more closely at each major area in Figure 4,
we notice a quite uneven correlation among them. Although
this reflects the popularity of each major area, the chart en-
ables us to understand the intensity of the interdisciplinary
collaborations across the country. For instance, considering
the major areas of Engineering (rows 4, 12, 20, 28 and 36)
and Applied and Social Sciences (rows 2, 10, 18, 26 and
34), which are two comparable communities in terms of
the number of researchers (24,746 and 29,146, respectively),
they have quite different collaboration patterns. More specif-
ically, researchers from Engineering present strong ties with
those from Exact and Earth Sciences (rows 5, 13, 21, 29 and
37), whereas the collaborations between researchers fromAp-
plied and Social Sciences andHumanities (rows 7, 15, 23, 31
and 39) are less intensive. It is also worth noticing that Bio-
logical Sciences (rows 3, 11, 19, 27 and 35) is the major area
most involved in interdisciplinary collaborations. Although
it is only the third largest major area in terms of number of
researchers (see Table 1), it has a remarkable presence in all
scenarios. Additionally, we can also see that Agrarian Sci-
ences (rows 1, 9, 17, 25 and 33), Biological Sciences (rows
3, 11, 19, 27 and 35) and Health Sciences (rows 6, 14, 22,
30 and 38) are among the major areas most involved in in-
terdisciplinary collaborations across the regions (respective
arcs are much wider). In contrast, the rows and columns that
refer to the Linguistics, Letters and Arts major area (rows 8,
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Figure 4. Normalized Interdisciplinary Collaboration Patterns Between the Brazilian Geographic Regions.

16, 24, 32 and 40), the smallest major area in terms of re-
searchers (see Table 1), appears more isolated in the figure
with more milder tones.

Table 5 summarizes the ten most relevant collaboration
patterns in terms of the number of collaborations involved.
For example, the first line shows a strong collaboration be-
tween Biological Sciences researchers from the Southeast
region and Health Sciences researchers from the South re-
gion. In addition, the second line confirms that the recipro-
cal is also true, i.e., even having access to other researchers
due to geographic proximity (which, as already shown, facili-
tates collaborations), there is an intense search for knowledge
from other domains. Likewise, the major areas of Biologi-
cal Sciences and Agrarian Sciences have considerable reci-
procity involving the Southeast and Northeast regions. This
evidence reinforces that Brazilian researchers also seek to
establish new scientific partnerships, making the Brazilian
collaboration network more cohesive and the access to infor-
mation more widely available.

4.2 Interdisciplinary collaboration patterns

Having characterized the interdisciplinary collaborations
across the geographic regions and major areas, now we take
a closer look at them by considering two distinct perspec-
tives: regions subdivided by major areas and major areas
subdivided by regions. Doing so, we aim to provide a bet-
ter understanding of how such collaborations occur across
the country.

Interdisciplinary collaboration patterns between major
areas per region. Figure 5 shows the general collabora-
tion patterns involving the major areas for each one of the
five Brazilian geographic regions. The size of the nodes rep-
resent the percentage of researchers from each major area in-
volved in interdisciplinary collaborations and the thickness
of the edges expresses the percentage of collaborations be-
tween researchers from the major areas connected by them.
The graphs show that the major area most involved in in-
terdisciplinary collaborations in all regions is Biological Sci-
ences (black nodes), corroborating the previous finding that
this is the most collaborative major area (see Tables 1 and
2). In contrast, Applied and Social Sciences (orange nodes)
and Linguistics, Letters and Arts (beige nodes) appear among
the three less collaborative major areas in all regions, thus
corroborating the fact that they are among the major areas
with the smallest rates of collaboration overall, as already
shown in Tables 1 and 2. Looking more closely at Figure 5,
we note that Health Sciences (purple) has a great appeal in
the three wealthy and most populous regions of the coun-
try (Northeast, Southeast and South), whereas Agrarian Sci-
ences (red) appears as the second most popular major area
in the regions with the largest territorial extension (Central-
West and North).

With respect to the diversity of the collaborations, we note
that the Northeast and South regions are the most democratic
ones (largest nodes with more homogeneous sizes), i.e., in
these two regions there are more major areas involved in
interdisciplinary collaborations (Biological Sciences, Health
Sciences, Agrarian Sciences and Exact and Earth Sciences).
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Table 5. Top Ten Patterns of Interdisciplinary Collaborations Between Brazilian Regions
Major Area (Region) Major Area (Region) Nr. of Collaborations (%)
Biological Sciences (Southeast) Health Sciences (South) 6,217 (2.07%)
Biological Sciences (South) Health Sciences (Southeast) 5,667 (1.89%)
Humanities (South) Health Sciences (Southeast) 5,662 (1.89%)
Biological Sciences (Southeast) Agrarian Sciences (South) 5,467 (1.82%)
Biological Sciences (Southeast) Health Sciences (Northeast) 5,299 (1.77%)
Biological Sciences (Southeast) Agrarian Sciences (Northeast) 5,069 (1.69%)
Biological Sciences (Northeast) Health Sciences (Southeast) 4,909 (1.64%)
Biological Sciences (Northeast) Agrarian Sciences (Southeast) 4,749 (1.58%)
Biological Sciences (South) Agrarian Sciences (Southeast) 4,726 (1.57%)
Agrarian Sciences (Northeast) Health Sciences (Southeast) 4,396 (1.46%)

Figure 5. Normalized Interdisciplinary Collaboration Patterns Between Major Areas per Region.

In contrast, the Central-West, North and South regions con-
centrate most of their interdisciplinary collaborations on just
three major areas: Biological Sciences, Agrarian Sciences
and Health Sciences.
Finally, the edge thickness in the graphs of Figure 5 show

that the collaborations between the major areas of Biologi-
cal Sciences (black) and Agrarian Sciences (red), as well as
those between the major areas of Biological Sciences (black)
andHealth Sciences (purple), are relevant in all scenarios. In
contrast, the collaborations between the major areas of Ex-
act and Earth Sciences (blue) and Engineering (sea green)
are more expressive in the Northeast, Southeast and South
regions, the three richest regions in Brazil. We also note that
in the Northeast and South regions the thickness of the inci-
dent edges coming from the major area of Exact and Earth
Sciences (blue) into the major areas of Biological Sciences
(black), Health Sciences (purple), Engineering (sea green)
and Agrarian Sciences (red) are very alike, showing a sim-
ilar collaboration pattern of their researchers in both regions.

Interdisciplinary collaboration patterns between regions
per major area. Looking now at Figure 6, it shows

well-defined collaboration patterns for each one of the ma-
jor areas, which includes an expressive Southeast-South-
Northeast triad with few variations of the South and North-
east regions appearance as the second more relevant one. In
contrast, the North region has a very low proportion of col-
laborations (small size nodes) and also very few strong rela-
tionships (thin edges) in all scenarios.

We can also highlight which major areas are the most
important ones according to each region. For instance, the
Central-West region has more relevant relationships in the
major areas of Agrarian Sciences and Linguistics, Letters
and Arts with the Southeast and South ones, whereas the
Northeast region shows very thick edges with the Southeast
one for the major areas of Biological Sciences, Engineering,
and Exact and Earth Sciences. Such numbers are in line with
the highest grade of excellence given by CAPES to the re-
spective graduate programs in these major areas. For exam-
ple, in the Northeast region, out of the nine graduate pro-
grams with the highest CAPES grade, four are from Exact
and Earth Sciences, four from Engineering and one from Bi-
ological Sciences.
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Figure 6. Normalized Interdisciplinary Collaboration Patterns Between Regions per Major Area.

5 Conclusions and future work

In this article, we provided a geographic analysis of the in-
terdisciplinary collaborations in the Brazilian scientific com-
munity. For this, we used data extracted from the curricula
vitae of 263,264 researchers holding a PhD degree collected
from the Lattes platform and grouped them in terms of their
contributions according to the eight major areas defined by
the CNPq knowledge area classification scheme. As a result,
we characterized how such collaborations have been spread
across the Brazilian geographic regions. Particularly, 35.2%
of all collaborations are interdisciplinary and 57.6% of the
researchers have at least one scientific collaboration of this
kind.
By considering the interdisciplinary collaborations across

geographic regions, we concluded that geography plays a key
role in favoring richer regions. Specifically, the total number
of high excellence programs and the rate of researchers are
quite unequal per million inhabitants (see Figure 2). Such
issues have resulted in a predominance in the distribution
of interdisciplinary collaborations, with the Southeast region
being responsible for practically half of all such collabora-
tions in each one of the regions. Although there are uneven
patterns between the regions, there is a strong Southeast-
South-Northeast triad for all major areas. On the other hand,
by exploring interdisciplinarity in terms of the major areas,
we observe distinct patterns that demonstrate the dynamics
and peculiarities of each one of them in different regions. In
general, Biological Sciences, the third most populous major
area, stands out as the most democratic in terms of interdisci-
plinary diversity, whereas the major area of Linguistics, Let-
ters and Arts, the less populous one, presents the lowest rates
of interdisciplinary collaborations overall.
As future work, we intend to extend our current results

by analyzing the researchers’ academic mobility across the
Brazilian geographic regions, thus characterizing their trajec-
tories over their academic education (Furtado et al., 2015;
Leydesdorff and Persson, 2010; Silva et al., 2016). Particu-
larly, an interesting issue to address is to verify whether geo-
graphical location and interdisciplinarity are related to each
other and what is the influence of the network structure in
this specific case. Another perspective is to make explicit
the group of researchers that make the coauthorship networks
more integrated by transferring additional knowledge (Leão
et al., 2018; Silva et al., 2019), therefore providing new indi-
cators in terms of both interdisciplinarity and inter-regional
collaborations (Dornbusch et al., 2013).
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