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ABSTRACT

In Brazil, the main exam for evaluating the educational
performance of basic education is the Ezrame Nacional do
Ensino Médio (ENEM), which is also used for the admission
of students to higher education. In 2020, with the arrival of
the COVID-19 virus, basic education institutions needed to
change their educational model with face-to-face teaching to
the use of remote teaching methodologies. This work aims to
identify the main impacts caused by the pandemic on ENEM
in the states of Ceara, Maranhao and Piaui. Therefore, an
analysis of ENEM data was carried out in 5 different years,
using the 2017, 2018, 2019, 2020 and 2021 editions of the
exam, in order to understand the pre-pandemic years and
the first two years of the pandemic. The analysis aimed at
making a comparison of the years and discover the impacts
caused in the editions that occurred during the pandemic
period. The results show that students with higher incomes
perform better, private schools have a higher average per-
formance than other types of schools, and the number of
present and absent in the exam was lower in the years dur-
ing the pandemic.
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1. INTRODUCTION

On March 11, 2020, the World Health Organization (WHO)
declared that the COVID-19 epidemic had become an inter-
national pandemic. Studies on the COVID-19 virus showed
that the virus was highly contagious and can cause serious
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harm to humans [8]. According to Jill Robbin [23], the high
social, educational and economic costs of school closures af-
fect people in all communities, but disproportionately hit
vulnerable groups and their families.

With the arrival of the COVID-19 pandemic, educational
institutions began to create methods to avoid the education
to be compromised, and the teaching process could con-
tinue [10]. The COVID-19 pandemic has directly affected
the lives of students and teachers in different ways, regard-
less of educational level or course. The closing of schools
has changed the structure of learning and teaching, as well
as teaching and assessment methods [2]. By increasing the
ability to teach remotely, schools have had to adapt to us-
ing remote and distance learning methods, so requiring stu-
dents and teachers to adapt and learn about these methods
quickly |11].

In Brazil, there are several education evaluation programs,
from early childhood education to higher education. Pro-
grams such as the Basic Education Development Index (in
Portuguese language, Indice de Desenvolvimento da Edu-
ca¢@o Bdsica - IDEB), Basic Education Assessment Sys-
tem (in Portuguese language, Sistema de avalia¢iao da Edu-
ca¢@o Bdsica - SAEB), School Census, National High School
Exam (in Portuguese language, Exame Nacional do Ensino
Meédio - ENEM), National Student Performance Exam (in
Portuguese language, Fxame Nacional de Desempenho dos
Estudantes - ENADE), among others, serve as support for
states and cities in the decision-making process. ENEM is
an exam created and applied by the Ministry of Education
of Brazil to measure the performance of students who have
completed high school. It was originally conceived as a final
exam to evaluation students at the end of basic education.
However, in 2009, the exam was intended to replace the en-
trance exam of federal universities, and today it is already
used as an entrance exam in several higher education insti-
tutions.

This paper is an extended version of our initial study
published in 19|, which presented a process of exploratory
analysis of ENEM microdata in the years 2019 and 2020 in
Maranhéao, Ceara and Piaui, aiming to identify whether the
pandemic impacted ENEM. The states of Ceard, Maranhao
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and Piaui are located in the northeast region of Brazil, di-
rectly affecting the provision of quality education [20]. The
studied states were also selected due to the synergy between
them, which allowed the creation of the FEscola Regional de
Computacao Ceard, Maranhao e Piaui (ERCEMAPI). This
is an extended version of our study because we have deep-
ened our article in the following points:

1. Inclusion of a background section covering topics re-
lated to our study;

2. Addition of 3 editions of the exam, thus analyzing 3
years before the pandemic (2017, 2018 and 2019) and
2 years after the pandemic (2020 and 2021)

3. Comparative and more in-depth analysis for each state.

The remaining of this paper is organized as follows. Sec-
tion |2 provides a foundation on the topic addressed by this
research. Section [3| presents the related work. Section E|
explains how the analysis was conducted, while Section [f
presents the results found for each state analyzed. Section [f]
discusses the results found. Finally, Section [7] brings the
final remarks.

2. BACKGROUND
2.1 Educational Data Mining

Educational data mining focuses on the development of
methods that seek to extract insights using data collected
in educational environments. Its main objective is to un-
derstand education, and then developing methods that help
academic trajectory. According to Pena Ayala [21], the re-
sults of the application of data mining can provide immea-
surable support for the decision-making process of school
management.

The use of different data mining techniques can be seen
as a potential basis for educational change and have a sig-
nificant impact if seen as a tool that can help educational
institutions at all levels. Certainly, data mining techniques
can provide education policymakers with data-driven models
that may serve to support their goals of improving the effi-
ciency and quality of education. According to Sainath Aher
and Louis Lobo [1], data mining can be used in educational
systems to predict student dropout rates, relationship be-
tween students’ college entrance exam scores and their suc-
cess, predict student academic performance, find evidence
about influencing factors in grades, and improving the man-
agement of education-oriented policies.

The application of data mining techniques to extract knowl-
edge from educational systems has been treated by Rosa Ar-
ruabarrena et al. [3] as a formative evaluation technique with
the purpose of continuously improving the evolution process
of educational systems. All knowledge discovered through
these techniques can be used by people involved, from stu-
dents, teachers, educational management, and even those
responsible for creating educational policies. Therefore, the
knowledge generated can be seen differently by each point
of view.

2.2 Open Data on Brazilian Basic Education

According to [14], ENEM is an assessment created and ap-
plied by the Ministry of Education of Brazil to measure the
performance of students who have completed high school.

The ENEM was originally conceived as a final exam to as-
sess students at the end of basic education. However, in
recent years, it has been revised as an admission test for
public and private universities. Currently, the ENEM grade
is composed through knowledge in different areas, namely:
Human Sciences and their Technologies (History, Geogra-
phy, Philosophy and Sociology); Natural Sciences and their
Technologies (Chemistry, Physics and Biology); Languages,
Codes and their Technologies (Portuguese Language, Litera-
ture, Foreign Language — English or Spanish, Arts, Physical
Education and Information and Communication Technolo-
gies); Mathematics and its Technologies. However, not only
the data related to the tests can be interesting to be ana-
lyzed. During the registration, students answer a question-
naire with 25 questions containing information about their
socioeconomic level, family, education and work, in addi-
tion to the participants’ data, including age, gender, year of
completion of high school, type of school (public or private),
among other information that can generate knowledge.

2.3 COVID-19 Pandemic

In December 2019, an outbreak of pneumonia of unknown
cause broke out in Wuhan, Hubei Province, China. A few
weeks later, in January 2020, the WHO declared the rapidly
spreading COVID-19 outbreak a Public Health Emergency
of International Concern. According to Ciotti et al. |7], the
coronavirus pandemic spread rapidly and affected about 213
regions and countries around the world. The coronavirus
disease 2019 (COVID-19) pandemic hit Latin America later
than other continents. On February 25, 2020, Brazil regis-
tered its first case [26].

According to the Federal Government’s COVID-19 Epi-
demiological Bulletin of Brazil, since the confirmation of the
first case in February 2020 until the beginning of Novem-
ber 2022, Brazil has recorded about 34.9 million cases and
688.735 thousand deaths, one of the highest in absolute
numbers of deaths [6]. The United Nations Educational,
Scientific and Cultural Organization (UNESCO) has recog-
nized that the outbreak of the coronavirus pandemic has
affected the world’s education systems [23]. According to
Robbins [23], the high social, educational and economic costs
of school closures affect people in all communities, but dis-
proportionately affect vulnerable groups and their families.
The Centers for Disease Control and Prevention (CDC) also
expressed concern about the impact of school closures [30].

3. RELATED WORK

Data analysis has been used to study Brazilian basic edu-
cation [28|. In Brazil, there are several studies that use data
analysis techniques in the educational context, by analyzing
the entire national territory. Alessandro Aparecido Barcel-
los et al. [5] used data mining techniques in the ENEM mi-
crodata of the year 2018 to correlate participants’ financial
data with their performance in the exam. Augusto Simon
and Silvio Cazella |27] used decision tree techniques to gen-
erate a predictive model with the results of ENEM data from
the year 2015, and improve the average performance indi-
cator of the participants in the knowledge area of Natural
Sciences and its technologies. Eduardo Yoshinori Nakazone
and Luis Marcelo Bortolotti [18] analyzed the ENEM micro-
data from the years 2015 to 2019 to understand the differ-
ences between tests over the years. The study carried out by
Moraes et al. [9] comprised the factors and relationships of
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the variables presented in the ENEM microdata 2017, then
comparing with data during the pandemic and evaluating
the performance of students in the Mathematics test and its
technologies.

Several studies around the world have focused on the im-
pact of the pandemic on education. For example, to empha-
size the importance of the topic, the editorial [22] presented
a proposal by the United Nations International Children’s
Emergency Fund (UNICEF) in response to the COVID-19
pandemic. Pereira Junior et al. |16] presented an analysis of
student profiles during the pandemic. In the distance educa-
tion modality, students with better financial infrastructure,
that is, those who had access to the Internet and higher
quality computers, has dealt better with this modality of
education.

Our first effort was in [29], in which an analysis was made
of ENEM data from the years 2019 and 2020 covering the
entire Brazilian national territory. In this study, we used
correlation analysis to understand which characteristics were
most correlated with the participants’ mean score. From the
correlation, we noticed that the social class was the charac-
teristic with the highest correlation with the grade. In ad-
dition, there was a disparity in grades between public and
private schools.

We performed a more detailed analysis in the states of
Ceard, Maranhdo and Piauf [19]. We used data from 2019
and 2020, which were the data available by INEP [13]. In
this study, we have expanded that first analysis, as explained
previously.

There are several works using educational data analysis
to understand educational issues [21, 28]. However, to the
best of our knowledge, there is no article published in the
scientific literature that has conducted a study to compare
5-year data of the states of Ceard, Maranhao and Piaui, in
order to understand the impact of the COVID-19 pandemic
on ENEM. This work therefore used 3 years before the pan-
demic and 2 years during the pandemic to improve the un-
derstanding of the educational situation of states during the
pandemic period.

4. METHODOLOGY

This study aims to analyze ENEM data from the states
of Ceard, Maranhao and Piaui for 2017, 2018, 2019, 2020
and 2021. ENEM microdata provides educational data for
all states and territories in Brazil, by administrative depen-
dency (Municipal, State, Federal and Private), candidates’
average grades by year of academic completion, and other
information about participants and their educational insti-
tutions.

For this study, the methodology Cross-Industry Standard
Process for Data Mining (CRISP-DM) |4} [25] was used to
measure the quality of results in a data mining project. The
project life cycle in the CRISP-DM methodology is divided
into six phases: business understanding, data understand-
ing, data preparation, modeling, evaluation and distribu-
tion |4} [25]. CRISP-DM allows an exploratory analysis to
be carried out following only the first three phases, based on
this principle. We used this methodology in this study. Also,
in this work, we used the Python programming language,
Pandas, NumPy, and Matplotlib libraries, with Google Co-
laboratory as the development environment.

4.1 Business and Data Understanding

By following the CRISP-DM methodology, the first phase
is to understand the business, in which the available re-
sources, problems and objectives were identified. For this
study, an analysis of the changes and impacts that occurred
in the ENEM in the years 2017, 2018, 2019, 2020 and 2021
was performed.

The next phase of the methodology consists of under-
standing the data. For this purpose, additional documents
(i.e., ENEM Reference Matrix, Technical Notes, Data Dic-
tionary) in the ENEM database were read in order to un-
derstand each column of the dataset. In this study, we used
five datasets: the ENEM microdata of the years 2017, 2018,
2019, 2020 and 2021, both provided by INEP in its open
data portfolio. Each row corresponds to a participant, and
the columns present various information about the partic-
ipant, such as the state where he/she lives, year of high
school completion, gender, race, age group, grade in each
area of knowledge, socioeconomic data, among others. The
ENEM microdata from 2020 has changed when compared
to previous years due to the General Data Protection Law
(in Portuguese language, Lei Geral de Prote¢iao de Dados -
LGPD). Information such as school identification code, re-
quests for specialized care, among other data were removed
from 2020.

4.2 Data Preparation

The preparation phase includes selecting, cleaning, and
transforming the data to be used in the project. At this
stage, it is decided whether to use the entire dataset or a
subset to include certain columns and rows [24]. The first
process is to create a new column containing the average
grades achieved by participants.

Then, an average is calculated based on the five knowledge
area grades, as the dataset only had the grade averages for
each of the knowledge areas. After the column with the
grade averages of all areas of knowledge and essay was cre-
ated, the rows with empty data in the grade average were
removed, in which these rows represented absent partici-
pants, either on one exam day only, or both days. Subse-
quently, numerical data were transformed into categorical
data, which improves understanding. In this step, ENEM
microdata dictionary was also used, which is a tool made
available by INEP to assist in understanding the columns to
be explored. It is worth mentioning that the data prepara-
tion was the same for all the years analyzed.

4.3 Exploratory Analysis

In this step, preliminary data investigation was carried
out to discover patterns, detect anomalies, test and validate
hypotheses with the help of descriptive statistics and graph-
ical representations [17]. The purpose of this study step
was to explore data that could be translated into important
information to understand the impact of the pandemic on
ENEM. In addition to exploratory data analysis, the main
focus of this step was to generate comparative information
and analyze whether there was an impact on ENEM. Dur-
ing this phase, the analysis was done by filtering one step
at a time, but keeping the other variables, so we used the
same data predefined in the preparation phase in all states.
To filter only the columns of each state, the Boolean index-
ing available in the Pandas library was used. This type of
indexing is used to filter values from a column in the dataset.

Revista de Sistemas e Computagdo, Salvador, v. 12, n. 3, p. 35-44, set./dez. 2022 37
https://revistas.unifacs.br/index.php/rsc



Selected columns in the dataset have been defined to al-
low for a more comprehensive analysis. For this purpose,
columns on socioeconomic issues, information about the par-
ticipants’ high school and their performance were selected.
For all analyses, we considered only present participants,
who are characterized by their presence in the two days of
the test, which is the way INEP determines to be considered
present. After selecting the variables, we generated an ex-
ploratory analysis using notebook in Google Colaboratory,
using graphs and tables from the three states.

S. RESULTS

The results of the analyses are presented individually for
each state in the following subsections. From these results,
we will discuss, and we will compare the results of the states.

5.1 Ceara

Figure [1| shows the number of absent and present partici-
pants in Ceard state. In the years 2017, 2018 and 2019, the
number of participants present was higher than the number
of absentees. In the first year of the pandemic, this pattern
changed, and the number of absentees exceeded the number
of present participants. In 2021, it is clear that the number
of present candidates was higher than the number of absen-
tees, a pattern seen in the pre-pandemic years that changed
only in the first year of the pandemic. However, the number
of subscribers to take the test was the lowest in the 5 years
analyzed. Therefore, this leads us to believe that students
who signed up in 2021 felt safer to go to the test location to
take it.

CEARA 2017

CEARA 2018

>
g
P
g
3
]

CEARA 2020

CEARA 2021

©Present  ® Absent

Figure 1: Number of candidates registered in Ceara state:
present (blue) and absent (red).

Figure [2] shows different violin plots with the grade of
participants from Ceard state, in relation to declared family
income. The order of family income information presented
in the graph goes from ‘A’ to ‘Q’, where ‘A’ represents the
participants who declare having no family income, and ‘Q’
are the participants who declare a monthly family income
above R$19,000.00 (nineteen thousand Brazilian Reais) - the
highest range. We can note that the average of students who
reported higher family income have a higher grade average
than students from other social classes. In the year 2021,
22,347 participants declared that they did not have any type

of family income. In contrast, 1,405 participants declared
that their income exceeded R$22,000.00 (twenty-two thou-
sand Brazilian Reais) - the highest range. In Figure the
behavior of the graph shows that participants with higher
social class have higher average grades than the other can-
didates, regardless of the year.

Figure 3] displays the average grade in relation to the type
of administrative dependency in box plots. In the graph, we
can see the quartiles and analyze the performance of the stu-
dents. We can also analyze the difference between the grades
of private schools and public ones. As previously mentioned,
participants with higher social classes perform better, when
we analyze the graphs in Figures|3|and |2l We consider that
students from higher family income are in private schools.
In Ceard state, schools with the best performance in ENEM
are private, followed by federal, state, and municipal.

In 2019, the state had the top two positions with pri-
vate schools. We could only find one public school in the
680th position, which was a federal one. In the dataset for
the years 2020 and 2021, this analysis could not be per-
formed because INEP removed school identifiers from the
dataset due to containing data that may not comply with

the LGPD [15)].

5.2 Maranhao

Figure [d] presents a graph with the number of present and
absent candidates in Maranhao state. We can note that
Maranhao followed a pattern similar to Ceard state. The
year 2017 was the one with the highest number of regis-
tered students, and the year 2021 was the year with the least
number of registered students. In 2020, the high number of
absentees was also evident: about 68,771 participants more
than in 2019. In 2021, the number of presents decreased by
34,965 participants. When comparing the year 2017 with
2021, we can note that the difference in the number of reg-
istered students is 153,237 participants.

Figure [5| shows the average grade of the participants in
relation to the type of declared family income. From 2017
to 2021, we can note that the average grade of students
with the highest family income is always higher than the
other family incomes. The graph also shows that there is
no difference in the years presented: in all years, students
with higher income have the highest averages. The state of
Maranh&o also had an increase of 0.5 points in average grade,
from 493.81 in 2019 to 494.31 in 2020, in the first year of the
pandemic. It is worth mentioning that, by considering the
total number of people registered to take the exam in 2021,
14.713 declared they do not have any type of income, and
only 690 participants declared they have an income greater
than 22 thousand Brazilian Reais. This shows that, despite
the higher grades, the number of participants is lower than
for other types of family income.

Figure [f] shows box plots with the average grade of par-
ticipants from Maranh&o state in relation to the type of ad-
ministrative dependency of schools. The graph shows that
this state did not suffer a significant change in student per-
formance due to the type of administrative dependency of
the school. The graph shows that private schools in Maran-
héo state obtained better results in the exams compared to
the 3 other types of administrative dependency. Schools at
the federal dependency have the highest averages when com-
pared to public schools. Between the years 2017 and 2021,
little change can be noticed between students’ performance
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Figure 3: Average grade of students in relation to the type
Figure 2: Average grade of students in Ceara state in relation of administrative dependency of schools in Ceara state.
to family income.
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Figure 4: Number of participants registered in Maranhao
state: present (blue) and absent (red).

on the exam. The dependency in public schools remained
the same in 2020 and 2021, with federal schools with the
best performance, followed by state and municipal schools.

Among the schools with the best performance in ENEM
in the year 2019, a school from Maranh&o only appears in
the 102nd position, a private one. The first public school to
appear in the ranking is in the 2396th position, which is a
federal one.

5.3 Piaui

The state of Piaui also shows the impacts on the number of
absentees and presents as seen in Figure[7] In pre-pandemic
years, the state maintained an average of 98.990 attendees,
while in 2020 and 2021, the average of presents at 63.293.
The year 2021 had the lowest number of absentees. However,
it also had the only 77.299 participants - the number of en-
rolled in the test does not even reach the number of presents
in the year 2019. 2020 was the year with the highest per-
centage of absentees, i.e., about 3 times more absentees than
the previous year. This is still below the national average,
which is about 52% abstention . This high percentage
of abstentions in the state indicates that, in the first year
of the pandemic, those enrolled chose not to take the exam
due to the risks of the pandemic.

The state of Piaui, similarly to the states of Maranhao
and Ceard, maintained the same behavior in both graphs:
from 2017 to 2021, participants with a “Q” family income
had a higher grade than the other participants, as shown in
Figure[§] Piauf, in turn, had about 10.135 participants with
income type “A” and 485 with income type “Q”. The grade
averages have not changed much over the years. However, if
we compare the years 2017 and 2021, the number of partic-
ipants who declare to be in the income classes “A”, “B” or
“C” is 108.411 in 2017, and it is 55.474 in 2021.

The state of Piaui shows a disparity in performance be-
tween state, federal and municipal participants. Figure [J]
shows that the top participants came from private depen-
dency schools. When analyzing outliers, we can see that
public schools are rarely close to reaching the maximum
grade. This type of behavior is repeated in all five years ana-

Maranhao - 2017

A

A B C D E F G H I |J K L M N O P 0

Average Grade
5 -]
- % & 8

Maranhao - 2018

i

A B €D EF GHI J] KLMUNTG OGP o
Maranhao - 2019

i

A B CDEF GH I J KL MNOP Q

Average Grade
[ -] @
- & & 8§ 8

Average Grade
o
E 3

8

Maranhao - 2020

(L

A B C D E F G H I J K L M N O P Q

Average Grade
4 o @
5 & B8 B

Maranhao - 2021

900
800
700
o

B 600
o

& 500 4
i

o

<>‘400
300
200
100

A B €CDEF G H I J KL MMHNOTP 0

Family income

Figure 5: Average grade of students in Maranhao state in
relation to family income.
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Figure 7: Number of participants registered in Piaui state:
present (blue) and absent (red).

lyzed. When analyzing the graph, we can also note that the
general performance of the students did not change during
the pandemic, that is, participants, regardless of dependency
school they studied, kept the grade averages very similar to
previous years. Because the exam uses the Item Response
Theory (IRT) , the test can be leveled in comparison to
the performance of all other participants who also took the
exam.

6. DISCUSSION

We found that the presence of participants in the ENEM
in 2020 was greatly affected by the pandemic in both states.
The number of participants in 2021 has dropped sharply in
all three states. Taking into account the 3 states, all of them
had the highest number of abstentions in 2020, which was
the first year of the pandemic. Knowledge about the disease,
high transmission rates, economic concerns and insecurities
about the difficulty of accessing the necessary knowledge
may have been the factors that led participants not to take
the exam. Another reason could be the change in the date
that the exam usually took place, which are October and
November. Due to the pandemic, the exam of 2020 was
applied in January 2021.

In 2021, states had the lowest number of participants
among the 5 years analyzed. We believe that, in 2021, stu-
dents had already been taking remote classes for a long time,
so students preferred not to register for the exam. There-
fore, in 2020, high abstention in all states leads us to believe
that students who took the test were better prepared, and
participants who enrolled in 2021 would also feel more com-
fortable taking the test, as they were well-prepared. The
increase in student performance during the pandemic pe-
riod leads us to believe that students who took the exams
in the pandemic could be studying for the test in advance,
making their performance better.

All states had many absentees in 2020 and a very low
number of participants in 2021. This leads to the hypothe-
sis that absentees and those who did not participate (people
who did not register for the exam) may be from more vul-
nerable social groups and are more likely to be absent in the
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Figure 8: Average grade of students in Maranhao state in Figure 9: Average grade of students in relation to the type
relation to family income. of administrative dependency of schools in Piaui state.
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