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Abstract—The computing field has a low level of gender diver-
sity, being predominantly male. This diversity gap is reflected at
different academic levels, ranging from undergraduate degrees
to master’s and doctoral qualifications. As in other parts of the
world, the University of Brasilia, one of the top 10 universities
in Brazil, has a low rate of women in Computing in its graduate
programs. According to data from CAPES (Coordination for
the Improvement of Higher Education Personnel in Brazil), the
computing area is one of the areas of Exact Sciences with
the lowest number of women proportionally in Brazil. In this
context, this paper aims to present an analysis of the number of
publications and scientific collaborations related to the gender of
researchers in the Graduate Program in Informatics (PPGI) at
the University of Brasilia. To develop this research, technologies
such as scraping were used to collect data from the program’s
professors, articles published (only full papers in conferences
and academic journals) by them and names of the people who
collaborated in the preparation of the articles, a database graph-
based noSQL was used to generate the relationship networks. A
relationship network was created, in which it was possible to
analyze the relationship level of each professor in the program.
As initial results, the average number of articles published is the
same by gender, we did not find significant differences in the
number of publications between men and women. In the study
we only counted the number of publications, we did not analyze
the impact of the publications. Regarding collaborations, initial
results indicate that women are more collaborative than men
in the program, with a higher degree of collaboration than the
average for male researchers. In general, in the partial results,
collaboration networks for journals and conferences present the
same result, that female researchers proportionally collaborate
more than men, both internally (publications co-authored with
members of the University of Brasilia) and externally (publica-
tion with co-authorship outside the University of Brasilia), in
academic publications.

Index Terms —NoSQL, Graphs, DB, Women in Computing,
Graduate, Master, PhD
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I. INTRODUCTION

The computing field is still largely dominated by men [1],
[2]. In 2019, women represented only 13.6% of graduates in
courses focused on computing and information technology,
according to INEP (National Institute of Educational Studies
and Research) in Brazil [3]. To try to combat this lack of
diversity, there are several initiatives to encourage women to
enter the field, such as female groups that come together to
teach computing in high schools, an example of this is the
Meninas.comp (in English, Girls.comp) at the University of
Brasilia [4].

Another initiative is research that aims to disseminate the
actions of women in the area, such as the research carried
out by the authors in [5]. Even so, the number of women
enrolled in graduate programs in Computing continues to be
one of the lowest in Exact Sciences programs [6]. This lack
of gender diversity is reflected in the academic environment
in the number of publications by researchers in computing.

This paper aims to characterize the work of advisor pro-
fessors in the Graduate Program in Informatics (PPGI) at the
University of Brasilia, at master’s and doctoral levels, in order
to understand whether the gender of professors is related to
the production of papers and the creation of collaboration
networks. For this, data collected from the University of
Brasilia PPGI website [7] and the professors’ Lattes Curricu-
lum are used for analysis through graphs and collaboration
networks. Lattes Curriculum is a platform with curricula vitae
of people associated to Brazilian scientific communities. The
Brazilian National Council for Scientific and Technological
Development (CNPq) manages the Lattes platform [8].

The remainder of this paper is divided into the following
sections: Section II, where theoretical references are presented;



Section III, where related works are presented; Section IV,
where the applied methodology is explained; Section V, where
results are presented; and, finally, Section VI, which contains
the conclusions.

II. THEORETICAL REFERENCE

This section presents some of the methods and technologies
used in the research, which involve collaboration networks and
graph databases.

A. Collaboration networks

Collaboration networks are defined as an intra- or inter-
organizational set with a common objective, obtaining collec-
tive solutions [9]. One of the main objectives of collaborative
networks is the sharing of knowledge and learning by individ-
uals in the network. An application of this concept serves to
study interactions between individuals.

Collaboration networks are interesting subjects for research
as they allow us to understand the behavior of the study
sample. It is important to generate the collaboration network
of the desired context, which in this case would be scientific
production in the aspect of authorship and co-authorship,
which involves external and internal collaboration networks.

Internal collaboration networks mean, in the case of re-
search, collaborations between professors advising the PPGI
at the University of Brasilia, while external collaboration
networks would mean collaborations between professors from
the PPGI with people who are not professors advising it.

B. NoSQL Database

For a long time, relational databases were the main option
for data storage. However, the popularity of non-relational
databases, called NoSQL (not only SQL) databases is increas-
ing as they present an alternative with great scalability and
flexibility [10].

There are several non-relational storage alternatives on the
market today, which use data model approaches, such as
document (such as MongoDB), graph (such as Neo4j), key-
value (such as Redis), among others.

One of the advantages of a graph-oriented database is, as
concluded in the article [11], a shorter query time compared
to relational databases when it is necessary to perform deep
queries that have data crossing from the same entity, since
a relational database requires several joins between entities,
while the graph-oriented database uses the relationships be-
tween graphs to perform such queries. Furthermore, graph-
oriented databases are useful for data that is interconnected and
also for visualizing the connection between each item of data,
that is, it greatly values the relationship, which is essential for
creating a collaboration network.

Among these approaches, the graph approach was cho-
sen for this study, specifically, the Neo4] DBMS (database
management system). Neo4] was chosen for the following
reasons: Neo4]J is one of the largest and most active graph
communities [12], it has good performance and is easy to
use with the Cypher language. Cypher is an SQL-based graph

query language created for use with the Neo4J non-relational
database. In addition to being a very intuitive language,
providing a visual way to create patterns and relationships,
it also has extensive online documentation, starting with the
guide provided by Neo4] itself [20], as well as guides from
the community.

In Neo4J, nodes represent entities. A node would be similar
to a row in a relational database. Two nodes can be connected
through a relationship, where the relationship can be of the
type incoming or outgoing, i.e. arriving from the node and
leaving the node. Although there are no clear rules regarding
the use of these types of relationships [21], nodes with
relationship outgoing are the ones that execute the action, or
the node with the greatest importance for the scenario.

For example, Figure 1 has the Tom Hanks node and the
Cloud Atlas node. These nodes have the relationship Acted_In,
meaning “acted in”, which is incoming to the Cloud Atlas
node and outgoing for the Tom Hanks node. In this study
we used the nodes ‘authors’ and ‘articles’ that have the
relationship ‘wrote’. This relationship would be outgoing for
the node ‘author’ and incoming for the ‘article’ node. This
approach benefits the study because its focus is on the authors
themselves, and not on other nodes such as research and
institution.

Tom Hanks \CTED_IN

Fig. 1. Example of incoming and outgoing relationship.

III. RELATED WORK

In the literature it is possible to find several papers that
present the disparity of the male gender in different sectors of
computing. These topics are necessary for creating the research
collaboration networks that are the focus of this article.

Paper [14] presents a digital platform with data from all over
Brazil to disseminate the panorama of female performance in
computing, such as data from women enrolled in computing
courses, women employed in the area, women who work in
the area and are satisfied, among others. It is shown that there
are still differences between female and male performance in
the area, such as admissions, graduates and average salary.

Paper [6] aims to discover the state of female representation
in graduate programs in the areas of Exact Sciences at the
University of Brasilia. For this, open data from CAPES was
used, choosing data from 2007 to 2017 referring to the Uni-
versity of Brasilia. There was a selection of interesting fields
to be analyzed, and, finally, the average number of students
studying master’s degrees in exact sciences areas divided by
gender and year was obtained. With this, the proportion of
postgraduate women in each course was obtained, and showed
that computing is the area in the sample with the lowest
proportion of women.



Similar to [6], [17] used graduate program data from the
University of Brasilia, but focused on the area of computing.
They obtained the proportion of women in each graduate
program and the areas that seem to attract more women in
professional and academic master’s degrees. This study also
observed a gender discrepancy in the master’s and doctorate
degrees in computing at the University of Brasilia, with less
than 15% of women included.

In [15] an assessment of the female presence in computing
areas is presented based on participation in computing event
program committees. To do this, they selected events held by
the Brazilian Computing Society (SBC), choosing the study
period between 2011 and 2019. The research concludes that
the percentage of women in national and international events is
similar, which confirms that there is low female representation
in computing worldwide.

For data storage, paper [11] analyzes database approaches,
comparing a relational database and a graph-oriented database.
It concluded that for queries of great depth and that require
the crossing of data from the same entity or node, a graph
database would be a better alternative compared to the rela-
tional method, in terms of execution time requirement.

Finally, paper [16] provides ways to use graph databases
to obtain interesting information from a relationship. The
study focuses on investigating collaboration networks between
professors from graduate computing programs at five Brazilian
universities, aiming to generate recommendations for partner-
ships based on work already published by researchers.

Unlike the other papers presented, this paper aims to create
a gender-based collaboration network to analyze the partici-
pation of PPGI faculty advisors at the University of Brasilia
in the publication of articles and in internal and external
collaborations.

IV. METHODOLOGY

The development of this research consisted of the following
steps: definition of the data model, data collection, identifica-
tion of professors’ genders, ETL process (Extract, Transform,
Load) for the graph database (Neo4j) and data analysis, which
was divided into journal data, conference data, and combined
journal and conference data.

The database model is based on the one proposed in
“Scientific Collaboration Network Analysis as a Tool in the
Management of Postgraduate Programs” [16], however in our
paper the gender field was added to the authors, represented
by Figure 2. The model presents three entities: the Author,
the published Articles (Paper) and the Institution. The Author
has the attributes name, lattes (which would be the link to
the author’s Lattes resume) and gender. The Institution has its
name, and the Article has its title.

After designing the database model, data collection begins.
The names of the PPGI professors at the University of Brasilia
were obtained from program website [7], using webscraping,
with the Python BeautifulSoup library!, to automate the pro-
cess.

Uhttps://pypi.org/project/beautifulsoup4/
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Fig. 2. Database Model.

With the list of professors, the next step is to create the
gender role. Initially, the gender-guesser? library was used, as
in the [15] search, but it was noted that this library was not
very effective for Brazilian names. To remedy this, Brazilians
from the 2010 Census and classified by gender, were added to
the dataset of names, as guided by [18]. The function to infer
gender based on name helps automate the task of defining the
gender of authors of academic articles, a fundamental point
for the objective of this research.

The next step is to obtain the published articles of each
professor advising the program. The webscraping process was
not carried out on the Lattes web page, since the page’s firewall
blocks such operations. The solution found was to manually
download the professors’ Lattes curriculum from the Lattes
platform in the .xml extension, which allows the data scrapping
process with the same libraries used to extract the names of the
professors from the program. In this way, the articles published
by the program’s professors and the people they collaborated
with were obtained, as well as the relationship between the
authors and the articles.

Now that we have data on the program’s professors, articles
published in journals and full papers published in conference
annals by these professors and the names of the co-authors
of these articles, the accuracy of the gender function for
the sample can be verified, obtaining the results present in
Table I. This table is made up of four columns, namely
hits, errors, unidentified and total; and by 4 lines of authors
by affiliation, these being the University of Brasilia, other
authors who appear in journals, other authors who appear in
conference data and Total. From the University of Brasilia, 29
professors were correctly classified and 2 were not identified.
In other affiliations, 3,009 authors were classified correctly,
1 was misclassified, and 237 were not identified. This totals
3,038 hits, 1 error and 239 unidentified authors from the
3,269 authors, which made the function accurate to around
93%. Names not identified, or incorrect, by the function were
inserted manually, after confirming the author’s gender on

Zhttps://pypi.org/project/gender-guesser/



Google.

TABLE I
TABLE WITH THE RESULTS OF THE FINAL GENDER FUNCTION.

Author by Affiliation  Hits Errors  Unidentified  Total

University of Brasilia | 29 0 2 31

Others (Journals) 1105 1 126 1217
Others (Conferences) 1904 O 111 2015
Total 3038 1 239 3269

To insert the data obtained into Neo4], files were created
to store the Cypher commands generated by a script in
Python. These Cypher commands were inserted through the
Neo4j Desktop interface, obtaining the graphs represented in
Figures 3 and 4, which represent the journal and conference,
respectively.

The journal graph is composed of 2004 nodes and 3,092
relationships, represented in Tables II and III. The conference
graph is composed of 4,859 nodes and 7,682 relationships,
represented in Tables IV and V.

Nodes classified as ‘Author’ represent both the professors
advising the program and the authors who collaborated with
the professors in the program. The ‘Institution’ node represents
the University of Brasilia and, finally, the ‘Paper’ node repre-
sents all articles published by professors from the program. All
these nodes can be seen in Tables II, and IV, which represent
the journals and conferences respectively.

The ‘Authoring’ relationship represents the relationship of
the ‘Author’ node with the ‘Paper’ node, representing the
authors who were involved in creating the article. The rela-
tionship ’Associated_to’ represents the relationship between
the node ’Author’ and the node ’Institution’, representing the
relationship between the advising professors and the PPGI at
the University of Brasilia. As there are 31 professors in the
program, there are only 31 ’Associated_to’ relationships. All
these relationships can be seen in Tables III and V. This node
and relationship information is illustrated in Figures 3 and 4.

TABLE I
NODES IN THE GRAPH GENERATED FROM ARTICLES PUBLISHED IN
JOURNALS.

Label Quantities
Author 1282
Institution 1

Paper 729

Total 2004

TABLE III
RELATIONSHIP TABLE IN THE GRAPH GENERATED FROM ARTICLES
PUBLISHED IN JOURNALS.

Label Quantities
Authoring 3061
Associated_to 31

Total 3092

With the generated graphs, it is possible to create Cypher
queries to check the research carried out by the University of
Brasilia researchers, filtering by gender. However, to obtain

Fig. 3. Graph generated with sample data from articles published in journals.

Fig. 4. Graph generated with sample data from papers published in confer-
ences.



TABLE IV
NODES IN THE GRAPH GENERATED FROM PAPERS PUBLISHED IN

CONFERENCES.
Label Quantities
Author 2783
Institution 1
Paper 2075
Total 4859

TABLE V

RELATIONSHIP TABLE IN THE GRAPH GENERATED FROM PAPERS
PUBLISHED IN CONFERENCES.

Label Quantities
Authoring 7651
Associated_to 31

Total 7682

the collaboration network, it was necessary to create a new
relationship, the co-authorship relationship, which links an
Author node regardless of its affiliation with an Author node
affiliated with the University of Brasilia, as long as these two
have collaborated somehow. In the case of two University of
Brasilia authors who have collaborated together, the relation-
ship is created twice, so that each author has an outgoing
relationship.

The relationship generated 2,891 connections for journals,
7,090 connections for conferences. This makes it possible to
analyze author collaborations.

V. RESULTS

As the objective of the research is to verify whether,
regardless of the participant’s gender, the number of articles
produced is similar, the average search metric by gender is
important. The average of a graph can be calculated by its
average degree, represented by Equation 1. The equation pre-
sented calculates the average degree of the nodes, represented
by d(G), dividing the graph nodes, represented by the symbol
n and ’nodes’ in the equation, by the number of relationships
that these nodes have, represented by the symbol 'rn’ and by
’Relationships(nodes)’ in Equation 1.

relationships(nodes ™
(@) = pelnodes) _ 0 ()

nodes n

It starts by looking for the average by gender. The first query
created retrieved the list of Participants (PPGI professors),
filtering by gender, and their research.

For journals, the data present in Table VI. For this type of
paper, the average graph degree of women is slightly higher
than that of men, but this difference is not very significant. For
conferences, the data presented in Table VII. For conferences,
the average number of searches per woman is 107 while that
of men is 67.4.

To understand the Participants’ co-authorship pattern, the
external collaboration network and the internal collaboration
network are obtained. For the external network, all authors
related to the Participant must not be associated with the
University of Brasilia. The internal network is only the authors

TABLE VI
LIST OF PARTICIPATING AUTHORS AND THEIR RESEARCH PUBLISHED IN
JOURNALS.
Female Male
University of Brasilia 10 21
Researches 256 523
Authorship Relationships | 294 548
d(G) 29,4 26,1
TABLE VII
LIST OF PARTICIPATING AUTHORS AND THEIR RESEARCH PUBLISHED AT
CONFERENCES.
Female  Male
University of Brasilia 10 21
Researches 908 1300
Autorship Relationships | 1070 1416
d(G) 107 67,4

associated with the University of Brasilia and related to the
Participant. Based on the results of the journals’ internal
network, only 17 of the 21 male Participants collaborate
internally to the program, while 9 out of 10 female Partic-
ipants collaborate internally. In other words, with reference
to journals, of the program participants, 5 do not contribute
internally to the program, and only one of these five is female.

Table VIII was generated from all the results obtained
throughout this section, both from collaboration networks and
research. With these data, it is clear that of the 10 women in
the PPGI program, only one does not collaborate internally
at all, in either journals or conferences. For men, only 1
does not contribute internally to the program at all, 2 do not
contribute internally to conferences and 4 do not contribute
internally to journals. Analyzing the collaboration networks,
it is clear that, in all cases, female networks have a greater
degree of collaboration than male networks, which implies that
the average number of female collaborations is proportionally
greater than that of men.

TABLE VIII

D(G) RESEARCH AND COLLABORATION NETWORKS

Female Male
Journal | Conf. [ Total [ Journal [ Conf. | Total
Researches | 29,4 107 136,3 | 26,1 67,4 93,6
Internal 23,8 77,6 101,8 12,5 42 54,5
External 102 310 412 77,1 175,3  242,1
General 141,2 4153 452.8 101,3 2419 352

VI. CONCLUSION

This work presented an analysis of data from the Graduate
Program in Informatics at the University of Brasilia, using a
graph-oriented NoSQL database to generate the collaboration
network of the PPGI faculty advisors at the University of
Brasilia.

As shown, the average production of journals for PPGI’s
female advisors is numerically similar to the production of
male advisors, while internally for journals, the proportion of
contributions from men is also lower.



For conferences and in the case of all data, the average
number of articles produced by women is higher than that
of men for this sample. Therefore, for these data, women
contribute proportionally more than men.

Collaboration networks for journals, conferences and gen-
eral data present the same result, which is that women pro-
portionally collaborate more than men, both internally and
externally, in academic productions.

Internally, for the types of articles studied, only two partic-
ipants did not collaborate internally, one of them being a man
and the other a woman.

For future work, this study will be expanded to other
Brazilian universities to verify whether the average amount
of research and collaborations is similar for women and men
in the computing area.
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