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RESUMO

The ongoing evaluation of graduate programs (GP) is an important tool
for improving the landscape of scientific knowledge and technological
development in Brazil. The objective of this article was to develop
a model for analyzing the scientific production of GP, based on
interaction network resources with a focus on environmental sciences,
for the purpose of detecting patterns and connections existing among
these networks. The scope of the analysis was broad, encompassing
all 112 GP, in addition to courses in the field of Environmental
Sciences offered by the Coordination for the Improvement of Higher
Education Personnel (CAPES), during the period from 2013 to 2016.
The methodology was divided into four stages: 1. data collection and
database construction (public information obtained by consulting the
Sucupira Platform — CAPES); 2. data mining and processing, and
the creation of an overarching network to represent the most relevant
terms and themes common to all GP materials produced (theses,
dissertations, research projects, articles, books, and book chapters); 3.

Aavaliagdo permanente dos Programas de Pos-Graduacgdo (PPG) constitui
importante instrumento para melhoria no cenario de conhecimento
cientifico e no desenvolvimento tecnolégico no Brasil. O objetivo do
artigo foi desenvolver um modelo para andlise da produgdo cientifica
dos PPG, utilizando recursos de redes de interagdo, com recorte para
as ciéncias ambientais, visando detectar padrées e conexdes entre eles.
O recorte da pesquisa abrangeu todos os 112 PPG e os cursos da Area de
Ciéncias Ambientais da Coordenagdo de Aperfeicoamento de Pessoas
de Nivel Superior (CAPES), no periodo de 2013 a 2016. A metodologia
foi dividida em quatro etapas: 1. coleta de dados e construgdo de um
banco de dados (informagGes publicas obtidas em consulta a Plataforma
Sucupira — CAPES); 5. mineragdo e processamento dos dados e a
producdo de uma rede geral para representar os termos e os temas
de maior relevdncia comuns a todas as produgbes dos PPG (teses,
dissertagbes, projetos de pesquisas, artigos, livros e capitulos de livros);
3. andlise das redes semanticas; 4. gera¢do de produtos. Os resultados
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analysis of semantic networks; and 4. generation of outcomes.
The analysis yielded results such as geographical proximity and cluster
maps, which allowed for an integrated analysis of GP production in
the field of Environmental Sciences with respect to their central
themes. The methodology employed proved to be robust and suitable
for evaluating graduate programs in Brazil, as well as for identifying
research gaps and emerging areas on a national scale, culminating in
a proposed model based on semantic networks that analyze scientific
production for four-year periods.

Keywords: evaluation of graduate programs; Sucupira Platform;
semantic networks.

Introduction

Although development and education are abstract concepts,
they include practical aspects that make them suitable for applica-
tion in real-world contexts. The concept of development assumes
the pursuit of well-being in specific areas with the aim of improving
the quality of life for humans and the environment across various
timeframes. This requires the establishment of a sustainable envi-
ronment that encompasses multiple dimensions (Sachs, 2004; Max-
Neef et al., 2012; Florit et al., 2021). Conversely, education, more
precisely higher education in the form of graduate programs (GP),
plays a pivotal role in the training of skilled individuals capable of
generating intellectual contributions that impact the scientific com-
munity (Brasil, 2010).

The Coordination for the Improvement of Higher Education Per-
sonnel (Coordenagio de Aperfeicoamento de Pessoal de Nivel Superi-
or — CAPES) exists to promote and consolidate Stricto Sensu Post-
graduate Programs (GP) in all Brazilian states. Its mission is to aid in
the training of highly qualified professionals for work in both the ac-
ademic and non-academic sectors of the Brazilian economy (CAPES,
2022). The quality of GP is evaluated according to criteria established
by CAPES, guided by instructions from the National Postgraduate Plan
(PNPG) (Cabral et al.,, 2020), and field-specific documents (CAPES,
2022). The evaluation carried out in 2017 covered the four-year period
from 2013 to 2016 (CAPES, 2017a).

Research conducted within the scope of the Environmental Scienc-
es GP fundamentally focuses on understanding and generating solu-
tions to contemporary challenges that are inherently socio-economic
and technological. The adoption of an interdisciplinary perspective is
an essential aspect of the nature of this field since such a perspective
stimulates the formation of research networks (both intra- and in-
ter-institutional) that collectively address complex environmental phe-
nomena and avoid redundancies (CAPES, 2019; Sampaio and Phillip
Junior, 2021).
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da pesquisa retornaram como produtos mapas de proximidade
geografica e de agrupamentos, que permitiram analisar a produgdo
dos PPG das Ciéncias Ambientais em relagdo aos seus temas centrais,
de forma integrada. A metodologia empregada se mostrou bastante
robusta e apropriada para contribuir na avaliagdo dos programas de pds-
graduagdo brasileiros, bem como para identificar lacunas na pesquisa
e areas emergentes em escala nacional, culminando em uma proposta
de modelo que, a partir das redes semanticas, analisem as produgGes
cientificas nas avaliagbes quadrienais.

Palavras-chave: avaliagdo de Programas de Pds-Graduagdo, Plataforma
Sucupira, rede semanticas.

The current study demonstrates the value of semantic analysis
tools for guiding strategic actions and formulating public policy. Such
tools provide extensive resources to identify significant patterns and
attributes, which in turn, support meaningful studies (Pereira et al.,
2011; Farifia Garcia et al.,, 2021; Yang et al., 2022). When combined
with spatial analysis techniques, these resources can significantly aid
in comprehending the intricate relationships inherent to multidisci-
plinary fields such as Environmental Sciences and evaluating their im-
pact on society (Nobrega et al., 2018).

The objective of this article is to develop a model for analyzing
scientific and technological output from GP, a process that involves
the utilization of interaction network resources to identify patterns
and connections among various elements. The scope of the study in-
cludes 112 GP classified by CAPES as being within the field of Envi-
ronmental Sciences. Data was extracted from the Sucupira Platform.
Since the research began mid-term within the 2017-2020 quadren-
nium, a comprehensive dataset from the preceding quadrennium
(2013-2016) was employed.

The study resulted in fresh insights that revealed the need for met-
rics to assess the impact of the GP on society in order to identify which
areas are a priority for introducing new programs, allocating human
talent and financial resources to vulnerable sectors, fomenting new re-
search networks and collaboration among GP, and providing meaning-
ful social feedback on theses and dissertations that frequently involve
communities and organizations (both public and private) as subjects
or objects of study.

Literature Review

Within the context of the National Postgraduate System
(SNPG), the field of Environmental Sciences (CiAmb) is located
within the larger domain of multidisciplinary studies, which com-
prises eight other fields. It is part of the College of Exact Sciences,
Technology, and Multidisciplinary Studies (Exact Sciences, Earth

Sciences, and Engineering), the Colleges of Life Sciences (Agricul-
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ture, Biology, and Health) and Humanities (Humanities, Applied
Social Sciences, and Linguistics, Letters, and Arts) (Sampaio and
Phillip Junior, 2021).

As of 2023, a total of 141 GP were included in CiAmb, dis-
seminated across all Brazilian states. These incorporate 101 aca-
demic master’s programs, 33 professional master’s programs, 47
academic doctoral programs, two professional doctoral programs,
and three collaborative network programs (Graduate Program in
Development and Environment [PRODEMA], Stricto Sensu Mas-
ter’s Degree in Management and Regulation of Water Resources
[PROFAGUA], and National Network for Teaching Environmen-
tal Sciences Master’s Program [PROFCIAMB]) (Sampaio and
Phillip Junior, 2021; CAPES, 2022). Most of these programs are
distributed across the states, a situation that transformed the field
of Environmental Sciences into a laboratory suitable for experi-
menting with methodologies to assess the impact of GP on soci-
ety while bridging the gap between education and development
(CAPES, 2019).

Data from CAPES (2017b) revealed that during the 2013-2016
quadrennium (the period studied in this work), Environmental Sci-
ences GP were present in all regions of the country (Southeast: 31%;
South: 21%; Northeast: 20%; Central-West: 26%; North: 12%). A total
of 2,252 permanent faculty members (20.8% of whom were research
or technological development and innovative extension grant recip-
ients) and 4,709 graduate students were involved in these programs
(Figure 1) (CAPES, 2017b).

A qualitative and semi-quantitative analysis of common themes
in the programs was conducted during the initial preparations for the
quadrennium assessment involving program coordinators. The anal-
ysis considered terms extracted from research line descriptors, which
were then used to categorize the GP along four thematic axes: 1. “Tech-
nology, Modeling, Geoprocessing” (77%); 2. “Planning, Management,
Environmental Public Policies” (53%); 3. “Development, Sustainability,
and Environment” (46%); and 4. “Natural Resource Utilization” (37%)
(CAPES, 2016). The recognition of these thematic axes, in conjunc-
tion with the analysis of other indicators, aids in the understanding
of trends and identification of thematic gaps (such as ecological eco-
nomics, environmental education, environmental law, and appropriate
technologies) that can be integrated into existing program research
lines or proposed for new courses (CAPES, 2016).

Since its inception, CiAmb has undergone various evaluation
cycles within CAPES, experiencing changes that resulted from the
maturation of assessment criteria (Bilotta et al., 2022). As the eval-
uation of PG conducted by CAPES analyzes scientific production
by both faculty and students as evaluation dimensions, the fostering
of initiatives that optimize such production is of vital importance.
Such initiatives should be empowered by and conditioned to a com-
prehensive planning and understanding of what is generated within
the programs. Reflecting on the evolution and history of CiAmb, as
well as the effects of modifications to GP assessment cycles, poses a
substantial challenge, but the use of semantic networks can aid in

interpreting the data.

Figure 1 - Overview of Environmental Sciences graduate programs during the 2013-2016 quadrennium.

Source: CAPES (2017)
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The term “semantic network” refers to the graphical systemiza-
tion of information (data, concepts, ideas, events, etc.), linked by
means of linguistic symbols (words), with the goal of representing
connections (van Eck et al., 2006, 2010; van Eck and Waltman, 2007,
2011; Pereira et al., 2022; Kirby, 2023). Thus, a semantic network is a
graphical representation model in which vertices (nodes) represent
concepts (words or terms) and edges depict the relationships that ex-
ist between these concepts (Lehmann, 1992; van Eck and Waltman,
2007, 2010, 2011). Graphs employ binary logic between vertices and
edges, utilizing elements that primarily describe two categories of in-
formation: 1. the “concept” and 2. the “conceptual relation” (Santos
Junior et al., 2014).

Hence, semantic networks aim to visually express identified re-
lationships among objects of inquiry (position, importance, signifi-
cance) (Santos Junior et al., 2014; Pereira et al., 2022) and ascertain the
intensity of existing connections by observing the clustering coefficient
— the number of links to neighboring vertices (Garg and Kumar, 2018;
Tiirker and Sulak, 2018; Shimada et al., 2019; Quispe et al,, 2021). A
higher coefficient indicates more significant clustering and stronger
connections (Rosa, 2016).

This tool has found applications across a diverse range of fields (ed-
ucation, chemistry, biology, physics, psychology, engineering, mathe-
matics, and computer science) (Santos Junior et al., 2014; Pereira et
al,, 2022). It models the interaction of domain objects in systems char-
acterized by high complexity and interrelationships across time and
space. Networks facilitate the construction of nonlinear, open, decen-
tralized, dynamic, and non-hierarchical connection structures (Cal-
deira, 2005). Some authors (Rosa, 2016; Garg and Kumar, 2018; Tiirker
and Sulak, 2018; Shimada et al., 2019; Pereira et al., 2022; Quispe et al.,
2021) classify semantic network relationships into four main types: 1.
“is-a” (connects a subcategory with a supercategory); 2. “instance-of”
(connects a field with a supercategory); 3. “part-of” (connects a part
to a whole); and 4. “is-capable-of” (connects a category with a cor-
responding attribute). Supercategories represent broader concepts,
whereas subcategories encompass more specific concepts.

Relationships within a semantic network can be categorized un-
der the headings hierarchy, inclusion, equivalence, or opposition. A
straight line signifies a symmetric connection in the representation of
the network, while an arrow denotes an asymmetric connection (van
Eck and Waltman, 2007, 2010, 2011). Labels describe network attri-
butes, namely, how the information of one edge relates to other edges
(van Eck and Waltman, 2007, 2010, 2011; Rosa, 2016).

A specific type of semantic network, known as a co-occurrence
term network, functions as a connection indicator; it is commonly
employed to identify emerging topics, explore related research areas,
and deepen the understanding of knowledge structures within a spe-
cific field (Pereira et al., 2022). These networks map the interconnec-
tion between terms based on their co-occurrence frequency within a

given text corpus. In co-occurrence term networks, nodes represent
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terms, and edges indicate the joint occurrence of terms in documents.
By analyzing these networks, it is possible to identify term association
patterns and obtain valuable insights into the dynamics and interre-
lationships of concepts within a specific knowledge domain (Van Eck
et al.,, 2006, 2010; van Eck and Waltman, 2010).

Co-occurrence term networks are crucial in identifying term clus-
ters that exhibit high frequencies of common occurrences across a set
of documents. Co-occurrence term frequencies are used in the elabo-
ration of these networks, capturing proximity and association between
terms based on their joint occurrence within a specific context. An
analysis of these networks allows for visualization and comprehension
of term interconnections, as well as the identification of significant
co-occurrence patterns, thus revealing implicit and insightful relation-
ships among studied concepts (van Eck et al., 2006, 2010; van Eck and
Waltman, 2010).

Metodology

This study is analytical and descriptive, employing data mining
techniques applied to a set of qualitative secondary data (textual ex-
pressions) in order to determine semantic relationships in text. Con-
sistent with the nature of the present study, the data mining method
is useful for identifying patterns, establishing significant relationships,
and predicting behaviors within extensive information sets (Avelar
et al,, 2017). The research stages, primarily supported by data mining
and semantic text relationships (clusters and word clouds), are outlined
in Figure 2 and elaborated upon below.

The first stage consisted of building the database with terms and
words extracted from the defined search strategy. The second stage
(Figure 2) involved data processing, beginning with a preprocessing
substage that edited terms and words within GP outputs in order to
prepare the database for subsequent analyses. The following criteria
were applied: 1. exclusion of articles (both definite and indefinite) and
pronouns; 2. standardization of terms and words (uppercase, low-
ercase); 3. removal of characters such as accents, periods, quotation
marks, exclamation marks, commas, umlauts, parentheses, brackets,
and other punctuation-related characters, including special characters
and derivatives; 4. exclusion of Roman and Arabic numerals and/or
any nominal derivations; 5. removal of blank spaces; 6. indentation
(line spacing) of production associated with each GP; and 7. exclusion
of derivative forms of the same term in distinct verb tenses within the
same sentence.

Subsequently, two .txt files were generated in a textual format,
allowing for the observation of morphological, syntactical, seman-
tic, and discursive aspects of the outputs. In the first file, all GP
information was aggregated by entity, creating a semantic network
of words and terms describing the main themes addressed in their
outputs. In the second file, a structure was established in which the
general production of each GP was associated with an identifier (in-

stitution of origin).

RBCIAMB | v.58 | n.3 | Sep 2023 | 405-416 - ISSN 2176-9478



Analysis model of scientific production in Postgraduate Programs based on Interaction Networks: A Case Study in Environmental Sciences

Figure 2 - Research stages.

The third stage (Figure 2) involved the construction of networks de-
rived from combining all CiAmb outputs from the 2013-2016 quadren-
nium. This resulted in the creation of two networks: one with nodes and
edges (nodes representing terms and/or words, and edges denoting con-
nections between nodes), forming sets with similar and distinct colors in
order to emphasize the occurrence of shared terms or thematic groups of
similar and distinct production; and another network derived from the
same dataset and analysis, in which data was visualized differently, using
a density map of themes associated with chromatic patterns. In this type
of density map (also known as a heat map), warm colors symbolize more
significant themes, whereas cold colors represent the opposite extreme.
Chromatic patterns are expressed in terms of a scale that emphasizes the
importance of each word or theme in network construction.

The VOSviewer tool (van Eck and Waltman, 2009) was utilized
to visualize bibliometric networks. A color pattern was applied in
regions with cluster formation to accentuate the presence of jointly
used words or thematic groups of similar and distinct production. The
Ward’s method (Valli, 2012; Tokuda et al., 2022) was used to create
content clusters based on similarity and term sharing associated with
the search results on the Sucupira Platform database.

A dissimilarity matrix was also developed, featuring a function that
calculated the amount of dissimilarity between contents, taking into
account word frequency and presence. This substage was conducted to
avoid bias in the absence and frequency matrix calculation.

The fourth and final stage (Figure 2) involved the generation of prod-
ucts related to GP: cluster maps and geographical distribution maps.

A dendrogram was used for cluster production, highlighting group
formation among GP. Clusters were created based on the similarity and

409

sharing of words and terms from each GP. After analysis, quantitative
metrics were extracted in order to generate graphs and tables related to
the refined production. A function was developed based on the pres-
ence and frequency of words and terms to calculate the amount of dis-
similarities to avoid bias in calculating the matrix due to absences and
frequencies. The Ward’s clustering method was employed using the R
program (R Core Team) with the RStudio GUI (RStudio Team) and the
“hclust” function from the base package (R Core Team, 2013). Aiming
to evaluate the number of clusters and thereby generate the results, an
optimization function was established based on parsimony calculation,
in order to test the significance of the number of clusters (Cai et al.,
2023). More specifically, a recursive function was developed to test dif-
ferent cluster numbers, returning the most significant outcome.

A map was prepared for spatial visualization of GP production,
using the results table generated from cluster analysis to create an adja-
cency matrix based on cluster formation.

The geographical distribution network was elaborated using the Ge-
phi program version 0.92 (Bastian et al., 2009) and exported in vector
format. Subsequently, a map was generated to visualize the spatial net-
work associated with production from Environmental Sciences GP, using
the QGis program (version 3.26). GP from the same Higher Education
Institution (HEI) were grouped under a single network node to simplify

and refine the result visualization on the geographical distribution map.

Results and Discussion
this section presents the results and discussion regarding the patterns
identified using the semantic network map, density map, cluster analysis,

and geographical distribution network. The results of the semantic net-
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work for scientific production and research projects from the GP from
2013 to 2016 are shown in Figure 3. This figure presents the relationships
between the sentences extracted in the data mining stage. It may be seen
that the constructed network highlights the strong interdisciplinary na-
ture that characterizes the field of environmental sciences, as identified
by integrating clusters of high-frequency terms. Different colors indicate
the formation of distinct clusters of sentences, that is, the nucleation of
themes (words or terms) in the network. Similar colors demonstrate the
proximity of sentences that revolve around one or more central themes.
The vertex (node) size in the semantic network is proportional to the
number of times a specific sentence appeared in the data mining stage as
compared to other sentences. Therefore, the larger the vertex, the more a giv-
en sentence occurred in scientific production and research projects involving
Environmental Sciences GP during the period from 2013 to 2016. The edges,
in turn, indicate the presence of sharing between sentences, i.e., existing in-
teractions between nodes. These interactions are represented by the cluster-
ing coefficient, which indicates the number of connections between neigh-
boring vertices. The higher the coefficient, the greater the clustering and,

consequently, the stronger the connection between descriptors (Rosa, 2016).

Figure 3 - Semantic network applied to terms extracted in the data mining stage.

410

Clusters associated with significant themes can be observed in
Figure 3; these include themes such as “environmental vulnerabil-
ity” (identified by nodes in dark blue), “analysis of land use and
land cover dynamics (LULC)” (nodes in red), “use of new tech-
nologies” (yellow nodes), “biodiversity” and its relationship with
“human health” (green nodes), “Amazon” (orange nodes), which
includes not only the biome but also “chemical analysis” (in pur-
ple), “biomonitoring” and “genetics” associated with “aquatic eco-
systems” and “biochemical analysis of essential oils” (salmon-col-
ored nodes).

While the themes mentioned above form a core of relevant top-
ics and approaches, the less-represented peripheral clusters indicate
the inclusion of new themes, areas of knowledge, and/or develop-
ment. This can be observed in the connection of less relevant nodes
with more relevant nodes or clusters, such as the blue cluster asso-
ciated with “production systems” and “biofuels” (Figure 3). These
emerging themes need validation and should be subjects of analysis
for future maturation regarding emerging topics in literature or in-

tellectual production.
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The density map of themes in scientific production and research
projects related to Environmental Sciences GP from 2013 to 2016 is
shown in Figure 4. The brighter the yellow color, the higher the fre-
quency of sentences identified through data mining. In other words,
the most recurrent terms in the density map (quantitative indicator)
are those most researched by Environmental Sciences GP faculty, re-
sulting in a larger volume of scientific production recorded on the
Sucupira Platform.

The following terms stood out in the density map: water, cli-
mate change, environmental vulnerability, Amazon, aquatic eco-
systems, genetics, essential oils, biodiversity, Cerrado (savanna),
new technologies, LULC, environmental impact, and land degra-
dation. Therefore, these are the most recurrent themes among En-
vironmental Sciences GP in Brazil. Identifying these predominant
themes makes it possible to associate them with United Nations
Sustainable Development Goals numbers 6 (Clean Water and Sani-
tation), 13 (Climate Action), 14 (Life Below Water), and 15 (Life on
Land) of the 2030 Agenda, as well as to the thematic axes of “De-
velopment, Sustainability, and Environment” and “Use of Natural
Resources” in the predominant lines of research in Environmental
Sciences GP.

Figure 4 - Density map of terms extracted in the data mining stage.
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The density map also shows the intensity of relationships among dif-
ferent terms researched by faculty and identified in the data mining stage.
A denser clustering indicates closer proximity between themes; in other
words, terms that occur closer on the map appear together more often
in the same research project or publication. For instance, sentences such

» «

as “environmental vulnerability;

»

climate change,” “risk analysis,” and
“public health” demonstrate significant interaction among themselves, as
may be seen by the fact that they cluster together. The clustering feature
allows for the extraction of information that is valuable for interdisci-
plinary research since it identifies the most relevant facets surrounding
the analysis of a specific subject. The results of this analysis are supported
by the study conducted by Schmitt et al. (2022), who demonstrated the
connection between interdisciplinarity and Environmental Sciences, in
the context of preventing future pandemics.

These results are significant since they provide an understanding of
how lines of research in the field of Environmental Sciences GP address
the vast diversity of topics stemming from the relationship between the
environment, economy, society, institutions, and their regional specifici-
ties. Moreover, by identifying and analyzing clusters and their hierarchy
of importance, it is possible to gain a detailed view of already established
trends and emerging themes, which appear as marginal clusters.
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According to Farifia Garcia et al. (2021), the results obtained from
semantic network analysis align with qualitative analyses conducted by
experts. To validate this assertion, the results of this method were com-
pared with those of a previous qualitative analysis carried out by CiAmb
Coordination (CAPES, 2016) that grouped the GP into thematic axes.
Although the qualitative analysis conducted by experts within CiAmb
indicated that the Environmental Sciences GP is predominantly concen-
trated on the “Technology, Modeling, and Geoprocessing” thematic axis
(CAPES, 2016), these terms were not evident in either the density map
or the semantic network. This can be explained by the fact that geotech-
nologies are generally used as data analysis tools and, therefore, are only
described in the methodology of articles or research projects, being in-
frequently mentioned in academic work titles or keywords.

The density map and the semantic network can be very useful
tools for funding agencies for identifying socio-environmental themes
of great regional or national interest that require induction, as well as
for guiding research support grant announcements and providing the
basis for the development of indicators to assess the impact of academ-
ic work on society and plan strategies for the Environmental Sciences
field in the coming years.

In the final block of analyses, network diagrams were produced to
study the relationships between the GP and the analyzed descriptors.

The dendrogram resulting from clustering Environmental Sciences
GP by institution is represented in Figure 5. Each identified cluster is
highlighted in the same color, indicating substantial similarity among
the themes researched by faculty from those institutions. Eighty-five
higher education institutions offering Environmental Sciences GP

were identified by 2016, forming 30 content similarity clusters.

Figure 5 - Dendrogram of Environmental Sciences graduate programs production.
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The dendrogram (or tree diagram) is a graphical representation
of data grouped by level of similarity. The connection between two or
more fields denotes similarity in content (words, terms, sentences). For
example, the group represented by the color pink exhibits a high degree
of similarity among the themes researched by the faculty. However, the
Federal University of Ouro Preto (UFOP) and the Federal University of
Minas Gerais (UFMG) form a subgroup, identified by the branching that
unites these two institutions. Likewise, the Federal University of Alfenas
(UNIFAL) and the Federal University of Itajuba (UNIFEI) form another
subgroup. This means that within the same cluster (color designation),
faculty research may show varying degrees of content similarity.

As shown in Figure 5, the interpretation of the cluster analysis for GP
based on the similarity of words and terms found in their production re-
vealed seven well-defined groups. These clusters form entities that repre-
sent distinct groups. This result shows that such GP share and/or interact
and exchange knowledge regarding common or complementary themes
and approaches. These clusters can also be explained by both the age of the
programs and their geographic isolation. One example is the formation
of a group of institutions in the Southeastern and Southern regions of the
country and the more complete isolation among GP in the Northeastern
and Northern regions. This pattern may also indicate greater exchange
within each region of the country and an inverse relationship between in-
ter-regional sharing. Regarding the spatialization of GP based on the net-
work associated with word, term, and theme similarities, the most striking
isolation of the Northern and Northeastern regions is evident compared to
the South, Southeast, and even the Central-West regions.

The dendrogram is helpful, allowing one to visualize the potential for
interaction among Environmental Sciences GP focusing on mutually in-
teresting topics. The establishment of collaboration among GP researching
similar themes should certainly be strongly encouraged since it facilitates
faculty and student exchange (joint courses, projects, and scientific produc-
tion), resource sharing among institutions (laboratory equipment, research
materials, access to licensed software, etc.), and the acquisition of data and
information. Thus, the results presented in Figure 5 show that inter-institu-
tional approximations exist among Environmental Sciences GP. However,
these need to be strengthened and new partnerships encouraged, as seen
in the ongoing initiative to analyze and promote the formation of thematic
clusters (USP, 2022). The observed institutional interaction in the field of
environmental sciences may be supported by the fact that GP spontaneous-
ly seek alternatives to meet their requirements for specialists in areas that
exceed the capacity of their faculty and physical infrastructure, due to the
much greater complexity of interdisciplinary studies in analyzing human
and biotic—abiotic interactions. In this regard, the periodic holding of na-
tional events can stimulate new institutional partnerships, as seen in the
case of the UrbanSus I Academic Meeting on the Impact of Environmental
Sciences on the UN 2030 Agenda, held in March 2021 by the Institute of
Advanced Studies (IEA) of the University of Sao Paulo (USP) (Sampaio and
Phillip Junior, 2021), as well as the IT Academic Meeting, held in June 2022,
and the ITT Meeting scheduled for November 2023.
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Figure 6 presents the main clusters formed involving the distribu-
tion of scientific production and research projects by Environmental
Sciences GP faculty for the 2013-2016 quadrennium.

The analysis shown in Figure 6 highlights the formation of five large
clusters around several institutions that offer postgraduate courses in envi-
ronmental sciences, with the predominance of three GP groups represent-
ing the South, Southeast, and Northeast regions having the highest number
of programs in the field. These results reinforce the perspective of sponta-
neous proximity between themes researched by faculty from different GP
and regions of the country. Inter-institutional partnerships promoted within
the clusters, such as the ongoing formation of 14 thematic clusters around
teaching, research, and extension activities that reconcile academic excel-
lence and fulfillment of Sustainable Development Goals (SDGs) included in
the 2030 Agenda (USP, 2022), have various types of positive impact on soci-
ety. They enhance the exchange of experiences, the sharing of human talents
(faculty) and infrastructure (laboratories, equipment, etc.), and student ex-
change (the development of new skills), taking into account the natural, eco-
nomic, social, and cultural differences found across the Brazilian territory.

Figure 6 - Clusters of Environmental Sciences graduate programs.
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Figure 7 presents the GP geographical distribution map ob-
tained from the terms identified in data mining (sentences or
words). Each “node” (point) represents all Environmental Scienc-
es GP in a particular state. At the same time, the “edges” (lines)
indicate the interactions among various GP, observing similarities
among the themes researched by their faculty. This map, in addition
to showing the geographical distribution of GP, also presents the
themes and interactions among the programs, regardless of their
geographic proximity.

The Southeast, South, and Central-West regions concentrate on
forming GP networks, while the Northern region exhibits a more com-
plete isolation of GP. For example, the PRODEMA network stands out
in the Northeast, demonstrating strong interaction among GP in this
region around shared research themes.

There is evidence that the formation of collaborative networks
benefits programs in isolated regions, such as the GP in the state of
Rondénia which is linked to a network based in the Southern region

and compensates for its geographic isolation.
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Figure 7 - Geographical distribution map of themes researched by
Environmental Sciences graduate programs.

Conclusions

The results presented regarding the prospecting of impact indi-
cators in society, based on density maps, semantic networks, clus-
ter analysis, and geographical distribution networks in the analysis
of scientific production in Environmental Sciences GP, indicate
that postgraduate education assessment programs can make use
of such tools to correlate, or rather measure the development of
higher education.

As demonstrated in the above discussions, and in view of the re-
sults of this study, the proposed analysis model based on semantic
networks is promising and should be expanded to include a broader
range of data intersections, such as international projects and part-
nerships, information regarding faculty members (such as education
and field of expertise), and students (background, education, inte-
gration in society), and types of products generated by theses and
dissertations, among others.

The results obtained in this study can aid the Environmental

Sciences field in fostering new research networks among postgrad-
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uate programs, collaboration with programs located in more vul-
nerable regions, allocation of human talents and financial resourc-
es toward preferred areas (those showing greater socio-economic
and environmental fragility), and determination of territories that
should be considered a priority for the introduction of new courses.
Moreover, the study of semantic networks in the territorial analy-
sis can provide the appropriate social feedback from undergradu-
ate, master’s, or doctoral (both academic and professional) theses,
whose object or subject of research is often communities and both
public and private organizations.

Finally, some of the weaknesses of this methodology may be
associated with semantic networks when a large dataset is used
in the territorial analysis, such as the excessive amounts of time
required for data preprocessing, the lack of a formal structure
that hinders the representation of more complex domains (being
unsuitable for objects with many relationships), and the inheri-
tance of attributes that visually represents the only way to make
inferences about the representation. These limitations should be
studied in greater detail in order to minimize their impact on the
tool’s applicability.

The proposed analysis model, based on semantic network
analyses, has proven to be a tool with much potential for diag-
nosing the impact of research, extension courses, and education
of postgraduate programs on society. This model preserves the
dominance and physical, social, and political integrity of the
studied area, making it possible to identify key concepts and re-
lationships between different areas of study in the Environmental
Sciences, as well as the connections that exist between research-
ers, institutions, and countries involved in this type of scientific
production. The authors recommend that this analysis method be
improved by incorporating new analyses and extracting indexers
to produce more robust analysis elements based on more sophis-
ticated statistical treatments. The authors plan to continue their
research, incorporating data from more than one analysis period
in order to obtain comparison and identification parameters of
the effects of policies and actions that have been introduced. In
this regard, it is also recommended that an automation system be
developed and implemented to reduce errors and streamline the
process as a whole.

Other network initiatives in environmental sciences are current-
ly underway, such as 1. the inclusion of new evaluation indicators
for GP Territorial Excellence for the 2021-2024 quadrennium; 2. the
construction of evaluation indicators for the impact of GP on soci-
ety through research involving participatory action; 3. the systemat-
ic and participatory formation of thematic clusters associated with
teaching, research, and extension activities related to GP and their
connection with the various dimensions of SDGs; and 4. formula-
tion of an eco-formative proposal based on the systemic analysis of
GP-PROFCIAMB.
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