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Abstract. Educational management is present and necessary in contemporary times, given the ability of the
techniques and dynamics proposed to guide education systems and maximize the investments made. Given this
fact,  conclusions about  social  phenomena that  can be guaranteed by analyzing academic trajectories  are  of
significant relevance, since they reveal information regarding the effectiveness of education centers, the means
of  re-establishing training paths  that  have been broken and the  variables  in  the  context  of  individuals  that
influence  the  teaching-learning  route.  In  view  of  this,  this  work  aims  to  carry  out  a  case  study  with  an
educational  institution,  so  that  results  can  be  extracted  from the  investigation  of  educational  histories  that
collaborate with the institution's strategies. Based on CVs from the CNPq's Lattes Platform, the research was
structured around the stages of Data Selection, Filtering, Summarization and Stylization, with interpretations of
educational  profiles,  geographical  mobility  for  academic  and  professional  purposes,  migration  between
institutions and other related data, from an understanding that ranges from high school to doctoral level. In this
way, conclusions were reached, in the first phase of the work, regarding the scope of the institution's pedagogical
projects and the spatial retention of qualified individuals by the campuses.
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1 Introduction

Given  the  countless  areas  of  society  that  are  impacted  by  education,  the  definition  of  “quality”  is
ambiguous  and  relative  to  the  different  views  and  interests  involved  [1].  Understanding  the  meaning  of
“excellence”  presupposes  a  socioeconomic  and  cultural  analysis  of  a  country,  so  that  the  interaction  and
representativeness of educational policies in the government’s portfolio are observed in conjunction with the
local and global economic contexts [2]. With the justification of obtaining the best returns for society, during the
last two decades, states and multilateral organizations have been involved in the establishment of regulatory
agencies  and verification processes  for  higher  education courses  on a  global  scale  [1].  This  unprecedented
categorization  was  also  accompanied  by  social  transitions  that  still  demand  transparency,  democracy  and
excellence arising from the process of globalization and massification [2].

With regard to Brazilian higher education,  the 1990s were a landmark decade for the development of
epistemological systems that measured the effectiveness of educational institutions. It is fitting to consider as a
symbol of this new national movement the implementation at the time, by the National Institute of Studies and
Educational Research Anísio Teixeira (INEP), of the provão, a test intended for students who were completing
their  respective  courses,  and  of  the  Assessment  of  Offer  Conditions  (ACO),  the  in-person  inspections  of
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infrastructure,  pedagogical  projects  and  teachers  that  aimed at  regulation  and  restructuring  [1].  In  order  to
improve these already established metrics, the National Higher Education Assessment System (SINAES), from
2004, emerged with the objective of contemplating a global, incorporated and comprehensive analysis regarding
the  diversity  and  particularities  of  the  influences,  structures,  relationships,  activities,  purposes  and  social
responsibilities  of  Higher  Education  Institutions  (IES)  and  the  courses  offered.  The  SINAES  includes
institutional assessment, based on self-assessment carried out by the Permanent Assessment Committee (CPA),
course assessment, which in addition to peer assessment on site, considers responses from various structural
positions of the HEI, and the assessment of the performance of new and graduating students through the National
Student Performance Exam (ENADE), a test with questions on general education (25%) and specific content
(75%) that aims to assess basic, academic and professional skills, in addition to interdisciplinarities [3]. Since
then, several government education plans have followed one another, supported by different political leaders,
which culminated in the concept of “quality” sometimes supported by humanist principles, in order to privilege
the autonomy and citizenship of  the subjects,  sometimes aligned with interests  that  seek an education that
integrates individuals into the dynamics of the market, sometimes guided by other sets of ideas that guided and
guide, directly and indirectly, republican decisions [4]. 

However, despite the disagreement about which qualitative factors guide educational primacy, there is a
need  for  management  instruments  whose  application  is  viable  and  capable  of  implementing  and  operating
necessary transformations in education systems in the organization of Brazilian education, since educational
management establishes directions and mobilizations that structure and stimulate the methodology of student
entities and tend to avoid time-consuming and harmful expenditures for the whole [5]. Therefore, educational
management can be seen as the process of managing the dynamics of the education system [6] in line with
educational  guidelines  and  policies.  The  logic  of  management  is  guided  by  democratic  precepts,  since  its
conception assumes that large-scale obstacles require collective action and, therefore, is characterized by the
dialogue  of  agents  in  decisions  about  guidance,  organization,  planning  and  articulation  of  the  pillars  that
determine actions. In this sense, the differentiation between management and administration is relevant due to
the confusion between the terms and the distinct natures of which they are part. Management is based on a
rational,  linear,  fragmented  and  hierarchical  process,  whose  distant  and  objective  command  and  control
maintains the focus on the use of instruments and resources with utilitarian and mechanistic biases. The action of
management establishes assumptions such as the predictability of human behavior and the environment, crises as
dysfunctions to be avoided and success as a goal that does not require subsequent maintenance [5]. Thus, the
manager  must  be  the  one  who  overcomes  dimensional  restrictions  and  decontextualization  and  builds,
systematized by the criteria of interactivity and broad vision, the image of the group that develops articulated and
more consistent actions.

In the contemporary world, Information and Communication Technologies (ICT) have an indispensable
presence in the fields of human life and especially in education, since new forms of knowledge acquisition take
advantage  of  technological  instruments  for  their  perpetuation  [7].  In  line  with  this  fact,  for  educational
management to be carried out fully, the presence of ICT is essential in the development of better administrative
practices with expanded and dynamic procedures [8]. Especially with regard to the focus, positioning and control
stages  of  strategic  planning  [9],  the  relevant  role  that  technologies  play  in  data  collection  and  analysis  is
identified [10]. In this context, academic trajectories are used as a parameter of social phenomena, including for
insertion in the job market and for positioning in the social  structure.  There are efforts to understand what
educational  trajectories  reveal  and  how their  understanding  enables  the  transformation  of  certain  realities.
However, it is known that student trajectories are capable of providing information on the effectiveness of the
educational system, on demographic and socioeconomic variables, and on necessary interventions that enable the
resumption of the educational path [9].

Therefore, faced with an object of analysis that allows the understanding of educational formation as a
social phenomenon, the present production aims, from the perspective of a case study, to analyze information
regarding the academic trajectories of individuals who passed through the Federal Center for Technological
Education of Minas Gerais (CEFET-MG) and the institution's relationships with other agents and environments.
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2 METHODOLOGY

To achieve the objective of this production, the team used a database containing resumes from the Lattes
Platform in XML format.  The application in question emerged as an initiative of  the National  Council  for
Scientific and Technological Development (CNPq) and aims to unite academic resume databases from public
and private institutions in a single location. Seen as a Brazilian standard for evaluation, Lattes resumes guarantee
the history of academic and professional activities of registered researchers [10]. 

In total, 1,041,206 resumes were explored, which corresponds to practically all masters and doctorates in
Brazil.  The  processing  of  the  cluster  was  subdivided  into  four  stages,  namely:  Selection,  Filtering,
Summarization and Stylization, as shown in the flowchart in Figure 1.

Figure 1: Overview of Project Operation

Data Selection:

Initially, the Data Selection sought to establish the delimitation of the theme by defining a subgroup of
those who built part of their academic career at CEFET-MG. Secondary and technical-vocational education and
undergraduate, master's, doctoral and specialization degrees were considered. The other levels of education were
disregarded  due  to  technical  obstacles  in  obtaining  the  content  of  these  categories  and  the  focus  initially
proposed by the work. With the segmentation performed, data whose relevance is notorious for understanding
the scope and influence of the federal  institution in society were extracted, such as the complete academic

CILAMCE-2024
Proceedings of the joint XLV Ibero-Latin-American Congress on Computational Methods in Engineering, ABMEC 

Maceió, Brazil, November 11-14, 2024



Template file for CILAMCE-2024 full-length paper (double-click here to enter the short title of your paper)

history, place of birth and the most recent institution of professional, academic or scientific activity of those
involved.  The  extraction  results  were  stored  in  Comma-Separated  Values  (CSV)  format  files.  Given  the
considerable presence of a scientific processing and data analysis community that is adept at technology, Python
is one of the most important programming languages in data science in professional and university environments
[11]. Therefore, to execute a significant part of what is proposed in this work, this resource was used and,
especially in the step in question,  XPath (XML Path Language) was inserted,  since it  is  a  tool  capable of
accessing different points of an XML document in a suggestive and structured manner.

Data Filtering:

It is expected that, since this is characterized as a database for free data insertion [10], certain spelling,
typing, grammatical and similar errors will be present in the records acquired from the resumes. To this end, the
solution  to  these  problems,  an  essential  factor  in  the  quality  of  the  desired  analyses,  is  tangible  with  the
Clustering process, which seeks to group similar objects through a pre-established similarity measure [12]. In
view of  the  above,  integration  with  an  IDT (Interactive  Data  Transformation  Tool)  allows  optimized  data
cleaning operations under a unified interface. When considering accessibility and practicality in implementation,
Openrefine and its matching parameters, such as Levenshtein Distance, were used to filter the data.

Data Summarization:

The  module  entitled  Data  Summarization  performs,  after  organizing  and  reducing  tabular  data,  the
quantification of certain occurrences and events, with a view to simplifying the processes of interpreting results
through more compact, direct, objective and pragmatic visualizations. In this context, more than being on the
path to becoming the most powerful and flexible open-source tool for data manipulation and analysis, the Pandas
library  fulfills  the  mission  of  being  a  fundamental  element  for  real  data  analysis  in  Python  [13].  Its
functionalities cover the manipulation of different types of data, such as tables and observational and statistical
data sets,  with the treatment of  missing data,  mutability,  cell  alignment,  indexing,  combination of sets  and
numerous tasks that precede analytical conclusions. The implementation of Pandas in the Data Summarization
stage aims to optimize and measure results obtained in previous stages. For this production, new records were
obtained that contained information on the number of graduates per course and per year, the number of graduates
per course and per year in the vicinity of CEFET-MG, the number and recurrence of cities of birth in common,
as well as the number of individuals who worked in the same place.

Data Styling:

However, it is known how important it is to create data visualizations for the dissemination of university
production to society, as well as for the extension of activities [14]. Therefore, in order to take advantage of the
benefits of visual and scientific resources, three main visualizations of the data processed during this production
will be created. The tree map will be used to understand the course conclusions by level of education and its
construction will be done using Flourish, a data visualization tool. Gephi, a network visualization software, is
suitable for observing the relationship between CEFET-MG and other national and international educational
institutions. Furthermore, based on the strengths of the Python ecosystem, the Folium library allows the creation
of geographic heat maps based on the number of students born by region and the locations of those who have a
history at CEFET-MG.

 

3 Results

From the initial database, 1,393 CVs were selected from students who had some level of education at
CEFET-MG. Of these individuals, approximately 54% were from the city of Belo Horizonte/MG, followed by
Contagem/MG and Divinópolis/MG, with 5% and 2.4%, respectively. Regarding the most recent location of
work, the capital of Minas Gerais maintained its predominance, guaranteeing the employment of 55% of those
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who at some point studied at CEFET-MG, together with Divinópolis/MG and Betim/MG, with two shares of
2.4%. Figures 2 and 3 elucidate this set of percentages.

Figure 2: Geographic heat map based on the incidence of municipalities as places of birth.

  

 Figure 3: Geographic heat map based on the incidence of municipalities as locations of action.

From the data analysis, it is possible to verify the recurrence of course completion according to the level of
education. The areas that  had the most graduates registered in the CEFET-MG undergraduate courses were
electrical,  civil  and mechanical  engineering and the Special  Program for  Pedagogical  Training of  Teachers
(Figure 4); in the case of the doctorate degree at the same institution, Mathematical and Computational Modeling
and Language Studies gained notoriety (Figure 5). Data on professional technical courses and master's degrees
were also collected and are represented in Figure 6.

       Figure 4: Number of individuals who completed a degree at CEFET-MG according to the course.
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    Figure 5: Number of individuals who completed a doctorate at CEFET-MG according to the area.

      Figure 6: Number of individuals who completed a professional technical course at CEFET-MG.
Regarding relations between universities, Figure 7 shows a significant exchange of students from CEFET-

MG to the Federal University of Minas Gerais (UFMG). In addition, there is a significant flow of students from
UFMG and  the  Pontifical  Catholic  University  of  Minas  Gerais  (PUC Minas)  to  the  institution  that  is  the
protagonist of this work.

     Figure 7: Network of edges directed according to the origin and destination of student exchange.

4 Conclusion

Regarding the relationship between place of birth and place of work, Belo Horizonte (BH) stood out for
being the origin and final location of a significant portion of the new students at CEFET-MG. A result that
would take this form was expected, given the fact that the city encompasses the central governance of the state
and the history of the federal institution, which began in 1909, dating back to the inauguration of the first unit
based in the capital of Minas Gerais. As for the other municipalities that have CEFET-MG units, despite the
different  orders  of  magnitude  compared  to  BH,  Divinópolis  and  Contagem  stand  out  with  regard  to  the
permanence of students in the geographic region. In the first, in particular, the institution of predominant activity
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is  the  Federal  Center  for  Technological  Education  of  Minas  Gerais.  However,  even  though  the  unit  has
suppressed intermunicipal migrations of qualified citizens, the 2022 Management Report of the Directorate of
Extension and Community Development (DEDC) [15] indicates that only 7.6% of the extension actions of the
entire network, that is, the execution of courses, events, programs and projects, are aimed at Campus V.

There is a disparity between the number of graduates of the technical course in the area of chemistry and
the number of graduates of the undergraduate course in the area of chemistry within the CEFET-MG units. In
line  with  this,  it  is  attested  that  the  higher  education  course  in  question,  with  a  much  smaller  number  of
graduates, is only available at the Nova Gameleira Campus. According to the official platform, the modality was
implemented in 2006 under the justification of meeting regional demands and, therefore, was shaped by the
environmental, food, energy and mineral pillars. To solve this problem, it is necessary to consider expanding the
Technological  Chemistry  course  as  a  way  of  serving  all  citizens  who  aim  for  training  and  subsequent
specialization.  Furthermore,  the number of  graduates,  at  higher levels  of  education,  of  courses that  address
Language Studies suggests a need to implement, also in professional technical courses, education that guarantees
linguistic knowledge and its adjacent aspects.

Of  the  possible  relationships  between  educational  institutions,  CEFET-MG,  UFMG  and  PUC  Minas
establish a  connection in  which the Catholic  university,  for  the most  part,  sends students  to  the other  two
educational  centers.  When also  considering the  large  number  of  students  from CEFET-MG to  UFMG, the
demand  for  ICT-related  courses  observed  in  the  tree  maps  obtained  in  this  work  and  the  international
recognition, the continuous investment and dedication to the basic areas of Computer Science, Engineering and
related fields corroborate the dynamics of the next generations and agree with the needs addressed.
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