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Abstract. Brazil has an educational evaluation system that covers all levels of
education. Each level of education has its own system that collects data from the
schools, and applies exams and questionnaires to verify the academic level of
the students. This paper applies a methodology for the analysis of exams by con-
tent knowledge, to two national Brazilian exams: ENEM and ENADE, in order
to verify its applicability and adaptation needs. A prototype was implemented
to understand the challenges in automatizing the analysis. The methodology
showed flexibility and adaptability and shows potential to be adapted to any
evaluation exam.

Resumo. O Brasil possui um sistema de avalia¢do educacional que abrange
todos os niveis de ensino. Cada nivel de educagdo tem seu proprio sistema,
que coleta dados das escolas, e aplica exames e questiondrios para verificar o
nivel académico dos alunos. Este artigo aplica uma metodologia para a andlise
de exames por conhecimento de conteiido, a dois exames nacionais brasilei-
ros: ENEM e ENADE, permitindo uma comparagdo entre as duas aplicacoes
da metodologia. Um prototipo foi implementado para entender os desafios em
automatizar a andlise. A metodologia mostrou flexibilidade e adaptabilidade e
mostra potencial para ser adaptada a qualquer exame de avaliacdo.

1. Introduction

Educational assessment systems collect and store detailed information, concerning tests,
students and their results, and generate reports that inform and sustain decisions at several
levels [Dias et al. 2006]. In Brazil, the National Institute of Educational Studies and Re-
search Anisio Teixeira - Inep promotes studies, research and evaluations on the Brazilian
Educational System with the objective of subsidizing the formulation and implementa-
tion of public policies for the educational sector based on quality parameters and equity,
as well as producing clear and reliable information to managers, researchers, educators
and the general public. The evaluation system implemented by Inep covers all levels of
education. It collects a large amount of data, related to tests, students and performance,
data that are not always explored in the official evaluation. The analysis made available
by Inep generally refer to descriptive data statistics that describe and summarize the in-
formation collected. This information is used to subsidize changes in curricula, teaching
methodologies, concepts, training practices, management, among others [Da Silva 2012].

Each level of education has its own system that collects data from the schools
regarding structure and staff, including teachers, and applies exams and questionnaires to
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verify the academic level of the students. Students finishing high school take the Enem
exam, which in addition to verifying students achievements is also used by most public
universities as a selection criteria. The Sinaes system (Sistema Nacional de Avaliacdo da
Educagao Superior) evaluates higher education. Part of this evaluation is the Enade exam,
taken by students beginning and/or finishing undergraduate courses.

Grades are often given for specific parts of the exams, but content analysis of
exams, that analyze how students did regarding the general topics covered by the exams,
are not always explored in official evaluations, often due to the difficulty of generalizing
analysis procedures and standardizing a methodology applicable to all domains. Even-
tually, punctual content analysis are made by researchers interested in perfecting specific
exams [Razmjoo e Tabrizi 2010] [Expert 2018], [Hypolito 2016], in improving pedagogi-
cal projects [Costa e Martins 2014], in training teachers [De Lara 2007] [Novossate 2010]
[Schwengber 2013], but do not present a generalized methodology and are not part of a
systematized analysis.

Lima [Lima et al. 2018] proposes a methodology that allows classification of
exam questions into knowledge domains represented in tests and identify analysis that
can be performed using this classification. The methodology applies general procedures
that allow it to be implemented by a software system. The mechanism separates student’s
results by themes, that represent general topics covered in the exams, and generates re-
ports that provide a better understanding of the test structure and student outcome by
knowledge domain. The information provides decision makers with a new perspective
that can have a wide impact, as procedures can be defined for reporting results that allow
to understand the student’s performance based on the domain knowledge represented in
the exam.

In this study we will apply the methodology proposed in [Lima et al. 2018] to
the ENEM and ENADE exam, to verify its applicability to national exams and the effort
required to adapt the methodology. The article is structured in 6 sections. It starts by
presenting the ENEM exam in section 2, followed by a description of the Enade exam in
section 3, to allow a comparison between the two applications of the methodology. Then,
the methodology for content analysis is discussed. Section 5 shows the applicability of the
methodology using ENEM and ENADE data, giving rise to the implemented prototype.
Finally, conclusions on the application of the methodology were discussed.

2. ENEM

The National Exam of Upper Secondary Education (ENEM) was created to assess indi-
viduals. It consists of four tests, encompassing several fields of knowledge around which
basic education pedagogical activities are organized in Brazil, plus an essay [Brasil 2018].
The exam covers general knowledge domains: Human Sciences and their Technologies
(History, Geography, Philosophy and Sociology); Natural Sciences and their Technolo-
gies (Chemistry, Physics and Biology); Languages, Codes and their Technologies (Portu-
guese Language, Literature, Foreign Language — English or Spanish, Arts, Physical Edu-
cation and Information and Communication Technologies); Mathematics and their Tech-
nologies (Mathematics). Each test has 45 multiple-choice questions [Silva et al. 2014].

Participants’ proficiency is calculated based on answers to the multiple choice
test questions using Item Response Theory (IRT). To calculate the average proficiency
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by knowledge domain, a simple average of the performance of students participating in
the exam by school is used, taking into account those who did the tests and the essay,
obtaining proficiency above 0 (zero) in all tests [Brasil 2014]. A report is given to each
student containing five independent grades, one for each major area covered by the exam
and one for the essay test. Grades go from 0 to 1000.

3. ENADE

The National Assessment of Student Achievement (ENADE) — is an exam used in the
assessment of undergraduate programs in higher education institutions throughout Bra-
zil. It consists of an exam administered to students who are entering or finishing their
undergraduate courses. The programs are grouped in three representative areas (Agri-
culture/Health, STEM, Social Sciences) and each year one group is assessed, meaning
that programs in these areas are assessed every three years. Each program has its own
test, with domain specific questions to evaluate how students perform nation wide, which
allows comparisons between equivalent courses offered in different institutions.

ENADE is comprised of two instruments: a socioeconomic questionnaire, used
to define student profile, and a test, composed of multiple-choice and essay type questi-
ons, divided into two parts. The first part, "general formation (GF)", presents itself as a
"common component"to the tests of the different domains being evaluated in that year,
investigating general skills and knowledge expected from undergraduate students inde-
pendent of their course. The second part, "specific component (SC)", contemplates the
specificity of each domain, both in the field of knowledge and in the skills expected for
the professional profile. The specific component of the tests is defined by the guidelines
and matrices prepared by the domain’s assessment advisory committee and the ENADE
general assessment advisory committee. These matrices comprise content in accordance
to the national curricular guidelines for undergraduate courses.

The test structure is the same for all courses and contains 40 questions: 10 general
formation questions (2 being essay type questions) and 30 specific component questions
(3 being essay type questions). Questions with low discrimination power are annulled
and are not used in the grading process [Brasil 2005]. In addition, the calculation of the
grades also considers the nature of the question, assigning different weights to multiple
choice and essay type questions. Using these percentages, ENADE generates, for each
student, one grade for GF and one grade for SC. Student’s final score is the weighted ave-
rage obtained in each part, with 25% for the general formation, and 75% for the specific
component [Santos et al. 2017].

4. Content Analysis

To perform exam content analysis one must understand the exam structure and the domain
knowledge being verified by the exam. Often, widely applied tests release documents sta-
ting the content that will be evaluated, as well as its structure and type of questions. Infor-
mation is also given as to how scores are calculated, including maximum score for each
question and weight in the final grade. The methodology proposed by [Lima et al. 2018]
takes into account all these factors and can be applied to any large-scale assessment. It is
structured in three phases detailed below.
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Phase 1 - Identification/Cataloging

This phase includes the identification of the exam questions to be analyzed and their
classification in previously defined themes. These themes should be non-overlapping and
complementary subsets of the programmatic content of the exams, or may be created by
domain knowledge experts based on their analysis interests. These themes correspond to
the sub-domains in which analysis will be undertaken. Therefore, they must be specific
enough to be representative of the important content domains, but generic enough to allow
several questions do fall into that theme.

Phase 2 - Group by theme

In this phase, a grade for each theme is calculated for each student. This is done by
identifying the student’s result for each exam question, grouping the questions by theme
and calculating a score obtained by that student in that theme. If questions have different
weights in the test’s final grade, it may be advisable to maintain these weights when
calculating the scores by theme. How this grade is calculated can be defined according to
the situation, but they must be normalized as to allow comparison between themes. Other
aspects of data transformation must also be taken into account, such as missing values
and outliers. If the dataset has not been pre-processed to treat these aspects, this must be
done before proceeding to calculating the score by theme.

Phase 3 - Analysis and results

In this last phase, the data is already transformed and grouped. Data analysis techni-
ques such as descriptive and inferential statistics can be applied [Howell 2010]. Another
powerful analysis technique, data mining proposes to abstract relevant information from
large volumes of data, allowing to establish relationships and interpretations that serve
as the basis for the construction of new knowledge [Kulkarni et al. 2013]. Data mining
techniques also provide predictability of the outcome of a future observation. What type
of analysis is best will depend on users’ expectations and the available data.

5. Applying the Methodology

The methodology was applied according to the general structure of section 4, taking into
account characteristics of the national exams. Each phase was subdivided into three ac-
tivities each (Figure 1). All data used in this research are open and made available by
Inep'.

Available in: http://www.inep.gov.br/. Accessed in: 03/25/2018.
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Phase 1 Phase 2 Phase 3
A A A
Download Descriptive
Set Themes Exams ript
. Statistics
micro-data
B B B
Extract
Download Students’ Inferential
Tests answer to Statistics
questions
C [+ C
Classification Calculate
of questions score by Data Mining
by theme theme

Figura 1. Methodology phases applied to Inep exams

To help study the application of the methodology to the Inep exams, two study
cases were selected. For ENEM, data from the 2017 exam was analyzed. For ENADE,
data from the specific component of the 2014 Computer Science exam was analyzed.

A proof of concept prototype was developed to verify the viability of automating
the analysis process. It was implemented in Java, using JFreeChart3, Commons Math4
and JRIS to do the statistical analysis.

Phase 1 - Identification/Cataloging

ENEM evaluates high school student’s domain knowledge (e.g. Portuguese, Mathematics,
Geography, History, etc). The set of questions for each year is the same for all students,
however, there are six versions of the test where the order of the questions are different.
Thus attention must be payed to the version taken by the student in the classification step.

ENADE assesses undergraduate students from different courses. As discussed be-
fore, the test is divided between general knowledge and domain knowledge, since ENADE
seeks to evaluate mainly the academic area of the student (e.g. Computer Science, Psy-
chology, Engineering, Medicine etc). There is a set of common questions to all exams
in a given year (general formation), and a set of questions exclusive to the course being
evaluated (specific component). Therefore, themes can be defined for the common com-
ponent which can be analyzed for all exams in a given year, or for the specific component,
in which case themes will be defined for each course exam.

This difference in the structure of the exams brings a diversity in the analysis
of ENADE. If the researcher wants to analyze the general knowledge, it is possible to
consider all years of application of the test. Otherwise, if the researcher wants to analyze
a specific course it is necessary to consider the years when the application of the test was
performed for this particular course.

However, the most important is that although there are differences between the
exams like the structure of the tests, the volume of information, the level of the students
evaluated etc., the steps taken in the applied ENEM methodology are the same to the
methodology applied to ENADE.
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Step A) Set Themes

Eleven themes were identified and used in the cataloging process of the ENADE exam
in Computer Science: (1) Algorithms, Data Structure and Programming; (2) Computer
Architecture and Digital Circuits; (3) Database; (4) Computer Graphics and Image Pro-
cessing; (5) Software Engineering; (6) Ethics, Computer and Society; (7) Artificial Intel-
ligence; (8) Formal Languages and Automate, Compilers and Computability; (9) Mathe-
matical Logic, Discrete Mathematics, Statistics and Graphs; (10) Computer Networks,
Distributed Systems and Telecommunications; and (11) Operating Systems.

For ENEM, 14 themes were identified and used in the classification process: (1)
History; (2) Geography; (3) Philosophy; (4) Sociology; (5) Chemistry; (6) Physics; (7)
Biology; (8) Portuguese Language; (9) Literature; (10) Foreign Language — English or
Spanish; (11) Arts; (12) Physical Education; (13) Information and Communication Tech-
nologies; (14) Mathematics. In addition, students write an essay test.

Both ENADE and ENEM themes were defined based on the content matrices for
the courses that have remained constant for several years. This means that the themes,
once defined, can be used for subsequent tests with little or no change.

The definition process was quite straight forward as the content for these tests are
clearly defined and organized by levels of abstraction. As to obtain themes that would
aggregate several questions, higher levels of abstraction were used. However, the list of
themes is intimately related to the analysis that will be undertaken. Therefore, this list can
be defined using other criteria, as long as the themes are clearly defined. Questions will
be allocated to only one theme.

Step B) Download Tests

ENADE exams are available in the Inep/ENADE website 2 and were downloaded from
the Inep/ENEM website * for ENEM. Both exams have tests in Portable Document Format
(PDF) format.

As discussed before, the ENEM has 6 (six) different versions of the same exam.
However, Inep standardizes the results adopting the question order of version 1 of the
exam, ie, even-though the students answered the questions in different orders, the answer
vector in the micro-data follows the order of version 1 of the exam. Therefore only version
1 of the tests need to be downloaded and classified, remembering that parts of the ENEM
exam are taken on different days and there are more than one test involved.

Step C) Classification of questions by theme

In both cases, each question was associated to a theme. Association was performed by
reading the question and linking it to a theme. The result of this classification process is

2Available in: http://portal.inep.gov.br/web/guest/provas—e-gabaritos3. Ac-
cessed in: 03/25/2018.

3Available in: http://portal.inep.gov.br/web/guest/provas—e-gabaritos. Ac-
cessed in: 11/03/2018.
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a file containing for each question, the year of the exam, the question, its number in the
exam, the theme to which it was associated, and if it was used in the final score or if it
was annulled. If necessary, additional information may be included in the file.

Phase 2 - Group by theme

This phase of the methodology, despite having the same applicability for both tests, was
more costly for ENEM due to the amount of data. In 2017, the ENEM edition had approxi-
mately 6.7 million subscribers [MEC 2018]. Manipulating this data computationally and
generating the correct response vector required high computational performance. Howe-
ver, generating the score by theme was more difficult for ENADE. Because of the essay
questions and the weights associated to the questions.

Step A) Download micro-data

Inep micro-data constitute the lowest level of data desegregation collected by surveys,
evaluations and examinations. The information is available in ASCII format, and contains
inputs for reading through statistical softwares. These files contain data for all students
who completed ENADE and ENEM in that year. ENADE and ENEM micro-data was
downloaded through the Inep # website. The micro-data provided by Inep is standardized
which facilitates manipulation. This standardization allows the use of this methodology
and also allows it to be applied to other Inep exams, enabling the perspective of a unique
automatic system of educational analysis.

The files contain data on all students that registered for the tests. However, many
did not take the tests or did not complete them. For the analysis, only completed tests
were taken into account. To identify completed tests, one of the variables contained in the
micro-data was used. For both exams, students that did not answer the social-economic
questionnaire were also excluded. This way, entries with missing values were eliminated.

Furthermore, in the case of ENADE, the downloaded worksheet contains data
on all students that took the test on that given year. Therefore, to analyze data from
the Computer Science course, it was necessary to use the information contained in the
worksheets to identify the domain and sub-domains, where appropriate, of the student’s
course, selecting the data relevant to our analysis. For ENADE, the number of participants
in the 2014 Computer Science course that completed the exam and the questionnaire was
8266 students.

Step B) Extract students’ answer to questions

The ENADE micro-data worksheets contain a column with vectors that indicate the cor-
rectness of the multiple choice part of the specific component questions in the exam. Each
position in the vector identifies a specific component question in the exam. The number
of the question in the exam identifies its position in the vector. The possible values for
each position in the vector are: 0 = Wrong, 1 = Right, 8 = anulled by the commission, 9 =
anulled by the discrimination index. When a student does not answer a certain question,

4Available in: http://portal.inep.gov.br/microdados. Accessed in: 12/24/2018.
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it is considered a wrong answer, that is, O is assigned to the question. Essay questions
have separate columns containing the score for that question. Scores vary from 0 to 100.
To extract the students’ response to questions it was necessary to dismember this vector,
group the questions that belong to the same theme and calculate the grade by theme for
each student.

The ENEM micro-data worksheets do not contain a column with vectors that in-
dicate the correctness of the multiple-choice questions in the exam. These worksheets
contain the students’ answers and a correct answer vector. It was necessary to create a
vector like the one in ENADE that indicates if the student got a question right or not (hit)
and then dismember it. In order to create the hit response vector, the vector of responses
was confronted with the correct answer vector. When they matched, it was assigned 1
and otherwise, assigned 0. To annulled questions a 9 was assigned. When a student does
not answer a certain question, it is considered a wrong answer, that is, 0 is assigned to the
question. The Essay test has a separate column containing its score. Scores vary from 0
to 1000.

Step C) Calculate score by theme

Having identified the student’s score for each multiple-choice question in the exams, it
is possible to calculate a raw score for each theme in these exams, adding the number
of questions associated with the theme that they answered correctly and dividing by the
number of questions in that theme. This information is stored in a new column added to
the worksheet. Annulled questions are not considered in this calculation.

In ENADE, another column was used to store the student’s average for the essay
questions. If no essay question was associated to a theme, the value 0 was attributed to
all students. Finally a column was also added containing the final score for that theme,
calculated using the weighted average considering 85% for the objective/multiple-choice
questions and 15% for the essay questions, adopting the same proportion used to calculate
the final score in the exam. As ENEM only has objective questions, to generate the score
by theme it was enough to group the questions by theme and calculate the grade. The
essay test is not classified by theme and the grade is assigned in a separate column.

This generates a general worksheet where each line contains the year of the exam,
selected information about the student from the original micro-data file, and information
about theme scores. This file compiles the information obtained from all the downloaded
exams, including socio-economic data, institution where the student did the course, etc.

Phase 3 - Analysis and results

For ENADE, the report’ provided by Inep for the 2014 exam was also downloaded. These
reports contain statistical analysis of students’ profile and outcomes. Based on these
results, facility and discrimination indexes are calculated for each question and detailed
in the reports. These reports provided insight into what specialists expected in a report
and how information could be described to complement this report. ENEM however does
not provide updated reports. The only report available was from 2011-2012.

SAvailable in: http://portal.inep.gov.br/web/guest/relatorios. Accessed in:
12/24/2018.
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There are several techniques for analyzing educational data that can be applied,
such as Descriptive Statistics, that will be used to analyze the exam structure and student
outcome; and Inferential Statistics that allows analysis of correlation between variables,
differences between groups or differences in different moments in time [Martins 2011].
Data Mining will be used mainly to predict outcomes.

This phase generates a report containing the results obtained from the diffe-
rent analysis procedures applied to the transformed data. It is hoped that the analysis
and results presented complement other reports provided by Inep and together subsidize
political-pedagogical redefinitions to the training paths in the Brazilian educational sce-
nario.

6. Conclusion

This paper applies the methodology for the analysis of exams by content knowledge,
proposed by [Lima et al. 2018], to two national Brazilian exams: ENEM and ENADE,
to verify the complexity of the approach. A prototype was implemented to understand
the challenges in automatizing the analysis. The methodology showed flexibility and
adaptability and shows potential to be adapted to any evaluation exam.

The implementation showed that phases 2 and 3 of the methodology can be al-
most completely automated. The only part that still required human intervention was the
download of the micro-data. However, once this is done for all the required data or direct
access is given by Inep, these phases will be automated. Phase 1 was the more human de-
manding. Although the definition of the themes was done based on the content matrices
used in the exams, the list was defined based on human expertise. This is also true for the
classification of the exam questions within a theme. Implementing an automatic approach
to phase 1 would require other technologies including text analysis.

Reuse of software to implement the analysis of both tests was easy due to the
use of similar rules and patterns used by Inep in the definition and creation of the tests
and resulting data. Furthermore, Inep micro-data has already been pre-processed, one of
the more demanding activities in the data analysis process, requiring only filtering of the
desired data, and manipulation of the result vectors to calculate grades for each theme.

Although this is an exploratory study of the methodology, results encourage a
more extensive application not only of the implementation aspects, but also of the results
obtained from the exam content analysis. It would be interesting to apply the methodology
to all exams offered by Inep as some themes, such as portuguese and mathematics, appear
in several exams which would allow longitudinal studies. For this, strategies would have
to be defined to join these results as the data is anonymous and it is not possible to identify
records of exams taken by the same person.
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