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Abstract: Accreditation and continuous assessments are crucial for ensuring quality and standards in
higher education. In Brazil, the federal government also conducts an annual student assessment called
Enade. This paper presents a scoping review that identifies and discusses the techniques employed in
analyzing Enade data and implementing diagnostic actions to monitor the necessary competencies of
graduates. The research encompassed 32 articles covering machine learning (ML), statistical techniques,
and system development dedicated to the Enade exam. ML articles primarily focused on analyzing
factors that impact student scores, utilizing classification and clustering approaches. Descriptive statistics
emerged as the most commonly used technique in articles focusing on statistical techniques. The
identified systems primarily revolved around exam administration and result analysis, with only one
article exploring the implementation of gamification.
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Resumo: Acreditacdo e avaliagdes continuas sdo cruciais para garantir a qualidade e os padrdes no
ensino superior. No Brasil, o governo federal também realiza uma avaliacdo anual dos estudantes
chamada Enade. Este artigo apresenta uma revisdo de abrangéncia que identifica e discute as técnicas
empregadas na analise dos dados do Enade e na implementagdo de acdes de diagndstico para
monitorar as competéncias necessarias dos formandos. A pesquisa abrangeu 32 artigos que cobrem
aprendizado de maquina (ML), técnicas estatisticas e desenvolvimento de sistemas com foco no Enade.
Os artigos de ML se concentraram principalmente na analise dos fatores que afetam as notas dos
estudantes, utilizando abordagens de classificagdo e agrupamento. Estatisticas descritivas surgiram
como a técnica mais comumente utilizada nos artigos que se concentraram em técnicas estatisticas. Os
sistemas identificados se dedicam principalmente na administracdo de exames e na andlise de
resultados, com apenas um artigo explorando a implementacao de gamificacao.

Palavras-chave: acreditacdo; Enade; avaliagdes; revisdo de escopo; técnicas estatisticas; técnicas de
aprendizado de maquina.

Resumen: Acreditacién y evaluaciones continuas son fundamentales para garantizar la calidad y los
estandares en la educacion superior. En Brasil, el gobierno federal también lleva a cabo una evaluacion
anual de los estudiantes llamada Enade. Este articulo presenta una revision de alcance que identifica y
discute las técnicas utilizadas en el andlisis de los datos de Enade y en la implementacion de acciones
de diagndstico para monitorear las competencias necesarias de los graduados. La investigacién abarco
32 articulos que abordan el aprendizaje automatico (ML), técnicas estadisticas y el desarrollo de
sistemas. Los articulos de ML se centraron principalmente en el analisis de los factores que afectan las
calificaciones de los estudiantes, utilizando enfoques de clasificaciéon y agrupamiento. Las estadisticas
descriptivas surgieron como la técnica mas cominmente utilizada en los articulos que se centran en
técnicas estadisticas. Los sistemas identificados se centraron principalmente en la administracion de
exdmenes y el andlisis de resultados, con solo un articulo explorando la implementacién de la
gamificacion.

Palabras clave: acreditacion; Enade; evaluaciones; revisién de alcance; técnicas estadisticas; técnicas de
aprendizaje automatico.
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1 Introduction

Accreditation in higher education plays a crucial role in ensuring the quality,
accountability, and continuous improvement of educational institutions worldwide. It
serves as a means of assuring various stakeholders, including students, parents,
employers, and the public, that a particular institution meets recognized standards of
excellence across a range of critical aspects, including its mission, programs, support
services, faculty, and facilities. There are various models and experiences around the
world for this type of assessment.

In the United States, for example, accreditation is carried out by private, non-
governmental organizations specifically established for the purpose of evaluating
higher education institutions (HEIs) and their programs to ensure quality. These
accrediting bodies are recognized by authoritative entities such as the Council for
Higher Education Accreditation (CHEA) and the United States Department of Education
(USDE).

In Europe, Poland follows a similar path, where university accreditation reports
are published by the accreditation agency Polska Komisja Akredytacyjna (PKA)
(Rybinski, 2020), which is an accredited member of the European Association for
Quality Assurance in Higher Education (ENQA) and adheres to European standards and
guidelines (ENQA, 2015). In the United Kingdom, the independent body responsible
for verifying standards and quality in higher education institutions is the Quality
Assurance Agency (QAA). The QAA introduced the Quality Code for Higher Education,
which became effective starting in the academic year 2011-2012 (Rybinski, 2022).
These agencies serve as watchdogs, conducting assessments of colleges and
universities to ensure they are in compliance with established standards and are
providing high-quality education.

In Brazil, the evaluation and accreditation of universities, faculties, and courses
in Higher Education Institutions (HEls) fall under the purview of the National Institute
for Educational Studies and Research Anisio Teixeira (Inep). Inep is a federal agency
that operates under the Ministry of Education (MEC) and is responsible for overseeing
this crucial process. An integral part of this evaluation is the National Student
Performance Exam (Enade), which distinguishes Brazil's evaluation system.

In the year 2003, during the government of Luiz Inacio Lula da Silva, in response
to criticisms directed at the former "Provdo," the higher education evaluation system
in Brazil underwent significant transformations (Dias Sobrinho, 2010). These changes
were guided by two fundamental goals of the academic community: promoting
democratic participation and establishing a more comprehensive evaluation system.
As a result, the National Higher Education Assessment System (SINAES) was conceived
and subsequently implemented in 2004. This initiative was designed as a state policy,
aiming to encompass all higher education institutions, whether public or private, while
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simultaneously respecting their diverse and distinct identities (Dias Sobrinho, 2010).
The Enade is an integral part of SINAES.

Enade is an annual assessment that rigorously scrutinizes higher education
courses in Brazil, encompassing both in-person and distance learning programs. This
assessment has been in existence and managed by Inep since 2004 (Inep, 2023). Enade
functions by evaluating students' performance based on the curriculum content
outlined in the National Curriculum Guidelines (DCN) relevant to their specific
undergraduate programs, as established by the Brazilian government in 2004 (Brasil,
2004). This comprehensive evaluation is conducted periodically, with no more than a
three-year gap between assessments, and it is a mandatory component of the
undergraduate curriculum.

Enade employs a range of assessment tools, including questionnaires and
examinations, to gauge students' academic performance. The results obtained from
these assessments provide valuable insights for educators, students, and
administrators (Lima et al., 2018). These findings allow for the refinement of teaching
practices and course curricula, ultimately leading to improvements in the overall quality
of education. By providing a systematic and data-driven evaluation, Enade plays a
pivotal role in enhancing the educational landscape in Brazil.

In this paper, we present a scoping review (SR) (Ralph; Baltes, 2022), which aims
at identifying and discussing the methods used to analyze Enade data. Our focus was
on the microdata provided by Inep, and on works that implement diagnostic actions
to track the competencies needed by the undergraduate student who takes the exam.
This SR aims to benefit HEl and researchers who intend to conduct studies using Enade
data or learn about tools proposed by the scientific community for monitoring students
who take the exam. After searching the databases, we found a total of 129 studies.
Applying the selection criteria, we selected 32 studies described in this paper in detail.

The evaluation of undergraduate education in Brazil, as in many other countries,
plays a fundamental role in the pursuit of improving educational quality. This study is
particularly relevant in educational research as it focuses on the critical analysis of the
methods used to assess students' competencies and skills across various fields of
knowledge. This evaluation encompasses not only students' performance but also the
effectiveness of courses and higher education institutions (HEIs) as a whole.

Through an analysis of these methods, it becomes possible to identify both the
strengths and areas in need of improvement in courses and HEls. These findings
provide valuable insights that can be used to enhance curricula, teaching practices, and
assessment strategies. This, in turn, contributes to elevating the quality of education,
ensuring that students are acquiring the competencies and skills necessary to face the
challenges of an ever-evolving job market and society.
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Other research studies, such as Lima et al. (2019), have conducted a systematic
literature review with the aim of identifying how the data collected by the Enade and
Enem assessments are used, highlighting the need for more in-depth analyses beyond
the descriptive statistics provided by the National Institute for Educational Studies and
Research Anisio Teixeira (Inep). However, Lima et al. (2019) found articles published
between 2013 and 2016, and the research points to the necessity of exploring other
types of analysis, such as data mining, to make the most of the vast volume of available
data and gain a better understanding of student profiles and the Brazilian education
system, enabling preventive actions. This work aims to delve further into this subject.

The remainder of this paper is organized as follows: Section 2 presents the SR
methodology, Section 3 provides the SR results regarding the included studies and
addressing the research questions. In Section 4, the findings are discussed in detail,
and finally, Section 5 offers the concluding remarks and future work.

2 Method
2.1 Protocol

We based the protocol for this scoping review (SR) on Keele at al. (2007). The
guidelines suggest three main phases: planning, conducting, and reporting the review.
In the first planning phase, we intended to identify the study's needs to define its
research questions (RQ). Inep provides datasets containing detailed information about
the Enade, such as students' responses to the questions, student's answers to the
student questionnaire, institution data, and other relevant information. Our research
seeks to comprehend how this Enade data is analyzed and to identify the
computational and statistical tools researchers employ in these studies. Additionally,
we have focused on identifying educational resources that aim to prepare students for
the Enade assessment.

After identifying these aspects, we defined the research protocol, encompassing
the mapping objectives, research databases, search string, and selection criteria. The
protocol underwent an incremental construction process and was reviewed by all
authors involved in this research.

We executed the defined protocol in the second phase. Firstly, we conducted
searches in the databases using the search string. Then, we read only the abstracts of
the papers and evaluated them based on the selection criteria. With a reduced number,
we performed a comprehensive reading of the documents, reviewing them against the
selection criteria. Following this step, we selected the final articles and completed a full
reading of them. Subsequently, we created a shared spreadsheet that included the title,
document type, year, and detailed research questions. This allowed all authors to
monitor the completion of all items effectively.
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Finally, in the third phase, we analyzed the results by generating graphs and
tables based on the data extraction form. Subsequently, we wrote the report, presented
in this paper, and incrementally validated it.

2.2 Research questions

The research questions (RQ) to guide this work were defined using the PICO
strategy (Population Intervention Control Outcomes) (Stone, 2002), which helped
structure this mapping and select relevant RQ. Figure 1 presents the process of
constructing the RQ. The population of our study is composed of undergraduate
students and higher education institutions (HEI). Software and data analysis methods
related to the Enade belong to the intervention. Enade microdata and studies
conducted with students are the control. Finally, the algorithms, statistical solutions,
and developed software focus on Enade assessment are the outcomes.

The main research question of our study is: What are the software, statistical
techniques, and machine learning methods commonly used to analyze Enade data
from HEIs?

2.3 Search string

Based on the definition of the PICO elements for this research, we determined
the keywords composed of three parts: (I) Enade; (Il) Assessments; and (lll) Computer
and Statistical Techniques. We used synonyms and subtopics of them to enlarge the
search string. The final search string used in the databases was: ("High education” OR
“Large-scale assessment” OR “Higher education assessment” OR “ltem Response
Theory” OR “Classical Test Theory” OR “Knowledge assessment”) AND “Enade” AND
(“Data mining” OR “Machine Learning” OR “Data analysis” OR “Algorithm” OR “Analysis
tool” OR “Learning analytics”)".

After defining the search string, we conducted tests on Google Scholar? to assess
the relevance of the results, allowing the authors to refine the string if necessary. The
databases used for the automated search in this research were Google Scholar and
Periodicals Capes®. The choice of these databases is related to this research topic, which
is focused on a specific assessment by the Brazilian MEC. We conducted the search
between March 15th and 18th, 2022. Table 1 presents the six derived research
questions.

" In Portuguese: (“educacado superior” or “avaliacdo de larga escala” or “avaliacdo educacional superior”
or "teoria de resposta ao item” or “teoria classica dos itens” or “avaliacdo do conhecimento”) and
“enade” and (“mineracdo de dados” or “aprendizagem de maquina” or “andlise de dados” or
"algoritmo” or "ferramenta de analise” or "analitica da aprendizagem”)

2 https://scholar.google.com/

3 httes://www—Eeriodicos—caBes—gov-br.ezl.eeriodicos.caees.gov.br
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Table 1 — Research Questions

Description

RQ1 - Which areas of Enade were the primary focus of the research?

RQ2 - What were the studies' approaches and goals?

RQ3 - Which statistical techniques were employed in the data analysis?

RQ4 - What were the data mining or algorithmic techniques utilized in the studies?

RQ5 - What were the key characteristics of the systems focused on Enade preparation?

RQ6 - What are the benefits and limitations of those systems highlighted by the authors of the
papers?

Source: Own elaboration

2.4 Study Selection and Data Extraction

The inclusion criteria (IC) used in this research were: IC1- articles presenting
algorithms or machine learning techniques for conducting investigations on Enade;
IC2- papers using statistical techniques for conducting investigations on Enade; and
IC3- documents proposing Web or mobile systems using Enade questions to prepare
students or simulate the assessments.

Figure 1 - RQ build process and search string.

Research need ,
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/";,J> Initial searches | Main RQ Search string < h
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R/Q refinement v [ J\i V

Search string
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Analysis of
results
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Source: Own elaboration

The exclusion criteria (EC) were: EC1- studies published more than ten years ago
(before 2012); EC2- articles that do not have Enade as the central object of study; EC3-
studies not written in Portuguese or English; EC4- studies that are short papers (less
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than two pages); EC5- preliminary studies; EC6- unavailable studies; EC7- duplicate
studies; and EC8- secondary studies.

To perform the data extraction from the articles, we chose to use a shared
Google Sheet* with all authors. The spreadsheet contains a list of articles in its rows
and the answers to essential questions for this research in its columns. These questions
include, among others, the method used in the study, the source of the data used, the
areas in which the study was applied, and the techniques employed to analyze the
Enade data. The results of this analysis are presented in the next section.

3 Results

After defining the SR protocol, we conducted the research. The database
searches yielded 129 studies, of which 32 met the selection criteria outlined in the
protocol and were included in this research. The remaining 97 studies were excluded.

Among the 32 studies, 14 met EC1 criterion, 14 met EC2, and 4 met EC3. It is
worth noting that the number of studies included in this research is lower than the total
number of studies found by Lima et al. (2018) related to this topic. This difference could
be attributed to the research timeframe and the search string's structure. Lima et al.
(2018) examined studies from 2005 to 2016, whereas our study focused on 2012 to
2022.

Regarding the distribution over the years, we found 1 study from 2022, 8 studies
from 2021, 7 studies from 2020, 3 studies from 2019, 5 studies from 2018, 3 studies
from 2017, 3 studies from 2016, 1 study from 2014, and 1 study from 2013. It is
important to note that the number of studies from 2022 is small due to the timeframe
of the search conducted.

3.1 RQ1 - Which areas of Enade were the primary focus of the research?

Figure 2 presents the knowledge areas on which the studies were focused and
the number of studies in each knowledge area. In the field of exact and earth sciences,
twelve studies were found: Silva et al. (2017), Piton-Goncalves (2020), Fonseca et al.
(2013); and the papers Silva et al. (2019), Vista et al. (2017), Lima et al. (2021), Landes e
Magalhaes (2018), Figueiredo et al. (2018), Rosa et al. (2021), Lima et al. (2018), Charao
et al. (2020), e Cunha et al. (2021, which are specific to the field of computer science.

In our review, we identified two studies within the field of Humanities, those by
Medeiros Filho (2019) and Silva et al. (2017). Similarly, in the field of Engineering, we
came across two studies: one by Melguizo and Wainer (2016) and another by Nunes
(2018). However, in the fields of Biological Sciences, Health Sciences, and Applied Social

4 httes://docs.googIe.com/sereadsheets/u/O/
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Sciences, we found only one study in each. The study in Biological Sciences was
conducted by Alves (2020), while Silva et al. (2020) contributed to Health Sciences, and
Camargo et al. (2016) to Applied Social Science.

Figure 2 - Total articles by area of knowledge.
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Source: Own elaboration

Nine studies did not focus on a specific field. Some studies merged multiple
areas, such as Melguizo and Wainer (2016), which combined mathematics, social
sciences, and biological sciences courses, and Coelho (2014), which combined chemical
engineering, administration, and statistics courses. Other studies used data from all
undergraduate programs in a single state (Martins, 2021) or from a specific region such
as Matos et al. (2020), which used data from all courses in the Northern Region of Brazil.
The remaining studies presented data from all undergraduate programs in a specific
year (Casitaghi, 2021; Araujo, 2019), while others covered a particular period
(Rodrigues, 2021; ARAUJO, 2020; Leado, 2018).

The studies by Barbosa and Carvalho (2020), Franca et al. (2021), Ribeiro and C.
Junior (2022), and Santos et al. (2016) did not utilize Enade data directly. Those authors
propose instead information systems specifically focused on Enade preparation (i.e.,
Web simulators, exercises similar to Enade questions).

3.2 RQ2 - What were the studies' approaches and goals?

Aval. (Campinas, Sorocaba, online), v. 29, 024030, 2024. 10



The studies included in this research used mainly three approaches. Two of
them focused on analyzing Enade data: the first group uses machine learning
techniques, as depicted in Figure 4; and the second approach applies statistical
methods, as presented in Figure 3. The third approach in this SR involved the
development of systems focused on Enade preparation. The main characteristics of
these systems are outlined in Table 2. Some studies combined the first and second
approaches, often utilizing descriptive statistics with some machine learning methods
(Silva et al., 2020; Vista et al., 2017).

Regarding statistical techniques, we noted the included studies have more
heterogeneous objectives (Figure 3), even those using the same statistical method.
Thirteen objectives were identified. The most recurring goal among these studies was
to describe the Enade dataset using descriptive statistics.

Regarding the studies that utilized machine learning techniques, we identified
five objectives (Figure 4). The most recurring goal was to identify factors associated
with scores, and for this purpose, most of the algorithms used were classification
algorithms. Some studies focused on clustering the data to assess the performance of
HEI according to the Enade Concept (EC)> (INEP, 2020). In contrast, others aimed to
investigate patterns among the Student Questionnaire (SQ) questions.

3.3 RQ3 - Which statistical techniques were employed in the data analysis?

Figure 3 presents the statistical techniques identified in the studies included in
this research. A large portion of the studies made use of descriptive statistics (DS)
(Casitaghi & Aragao, 2021; Charao et al.,, 2020; Landes & Manhaes, 2018; Lima et al.,
2021; Lima et al., 2018; Medeiros Filho, 2019; Silva et al., 2020). Some of them used DS
to describe the Enade microdata (Landes & Manhaes, 2018; Lima et al,, 2021; Vista et
al, 2017), others to describe questions (Lima et al., 2018), others to discover factors
that impact student scores (Casitaghi & Aragao, 2021; Medeiros Filho, 2019), others to
improve the course pedagogical project (CPP) based on the data description (Charao
et al,, 2020), as well as to make comparisons using the Enade concept (EC) (Silva et al,,
2020).

ltem Response Theory (IRT)® (Camargo et al,, 2016) was also present in some
analyses (Alves et al., 2020; Coelho, 2014; Fonseca et al., 2013; Piton-Goncalves, 2020).
The authors applied it for measuring student performance, with all studies utilizing the
Three-Parameter Logistic Model (3PL). Other techniques used include entropy
balancing (Araujo et al., 2020), confirmatory factor analysis (Santos et al., 2017), Cohen's

> Enade Concept is a quality indicator that evaluates courses based on student success on the Enade
exam.
® IRT allows for the evaluation of students' performance based on the complexity of the subject

covered bx each exam guestion
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d (Melguizo & Wainer, 2016), Cronbach's alpha, Mann-Whitney U, and Kruskal-Wallis
tests (Medeiros Filho, 2019).

Figure 3 - Statistical techniques by goal
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Source: Own elaboration

3.4 RQ4 - What were the data mining or algorithmic techniques utilized in the
studies?

Figure 4 presents the studies using data mining or algorithmic techniques. It
displays the objective, the technique, and the number of studies using a specific
method for a particular goal. 14 studies of our SR used machine learning algorithms
(Araujo et al., 2019; Cunha et al., 2021; Figueiro et al., 2017; Ledo et al., 2018; Martins et
al, 2021; Matos et al., 2020; Nunes, 2018; Rodrigues & Gouveia, 2021; Rosa et al., 2021;
Silva et al., 2020; Silva et al., 2021; L. Silva et al., 2017; Vista et al.,, 2017). The studies of
Silva et al. (2020) and Vista et al. (2017) employed statistical techniques too.

A significant portion of the algorithms (68.18%) aimed at classification, and the
most commonly employed technique was Decision Tree, which was implemented in 5
studies (Araujo et al., 2019; Martins et al., 2021; Rodrigues and Gouveia, 2021; Rosa et
al,, 2021; Silva et al., 2021).

Martins et al. (2021) used C4.5 algorithm to generate decision rules and predict
an increase in EC in subsequent years of Enade based on these rules. Hierarchical
clustering was employed by both Vista et al. (2017) and Figueiro et al. (2017) to group
institutions with excellent and poor ECs. Nunes (2018) utilized Enade microdata for
training an artificial neural network (ANN) capable of predicting the EC of HEls.
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Additionally, Silva et al. (2020) employed K-means clustering to group the data based
on EC and identify which administrative categories and regions of HEIs have lower and
higher EC.

Six studies examined the factors associated with student performance in Enade.
Rosa et al. (2021) conducted a study to determine which algorithm—Decision Tree,
Random Forest, or Support Vector Machine (SVM)— provided a better classification of
the factors influencing student performance. They determined these factors using
socioeconomic data. In the authors' studied scenario, the C4.5 algorithm achieved the
highest accuracy (71.54%). On the other hand, Silva et al. (2021) employed Decision
Tree, Random Forest, Gradient Boosting Tree, and Naive Bayes algorithms, and Naive
Bayes performed the best in classifying factors associated with grades, achieving an
accuracy of 98.21%. Silva et al. (2021) utilized selected questions from the Student
Questionnaire (SQ) as the factors.

With the same purpose of investigating the characteristics related to student
performance in Enade, Silva et al (2019) used the Apriori algorithm and presented ten
association rules with a confidence level greater than 80% with a lift greater than three.
For this purpose, the authors used ten questions from the SQ. Similarly, Ledo et al.
(2018) employed association rules and identified 30 rules based on the SQ. The authors
found that attributes Q46, Q52, Q60, Q61, and Q627 had the highest occurrence in the
rules. Based on this, they concluded that these attributes should be focused on for
further development in the Higher Education Institution (HEI) to improve the quality of
education and enhance student satisfaction. On the other hand, Silva et al. (2017) used
linear regression to identify variables associated with student grades. The authors
identified 13 out of 31 selected variables that impacted student grades.

Regarding student grades, Araujo et al. (2019) used decision trees to predict
student performance. The classification model that achieved the highest accuracy in
their study was CART, which reached an accuracy of 79.78% using 70% of the instances
for training and 30% for testing. To investigate the relationships between the questions
in the SQ, Matos et al. (2020) employed the Apriori algorithm and successfully
identified 20 associations for the year 2014, 72 associations for 2015, and 84 for 2016.
It was possible to verify, for example, that 79% of the students have the same profile,
consisting of Brazilians who studied their entire high school years in public schools and
did not participate in academic programs abroad Matos et al. (2020). These discovered
rules exhibited a confidence level above 75%.

Rodrigues and Gouveia (2021) examined models considering factors related to
students' length of stay. The study found that XGBoost models consistently performed
well across all scenarios. The analysis used 30 attributes from the Enade microdata in a

7 https://www.gov.br/inep/pt-br/areas-de-atuacao/avaliacao-e-exames-

educacionais/enade/ﬂuestionario—do-estudante
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classification model. The difference between the year of high school completion and
the year of the student's graduation start was calculated to determine the length of
stay.

Figure 4 - Machine learning techniques by objective
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3.5 RQ5 - What were the key characteristics of the systems focused on Enade
preparation?

Table 2 presents the main characteristics of these systems. Two systems are web
platforms Barbosa and Carvalho (2020) and Franca et al. (2021), one study focused on
a desktop system (LIMA et al., 2018), and the work by Ribeiro and Costa Junior (2020)
was designed for both web and mobile platforms.

The works Barbosa and Carvalho (2020), Ribeiro and Costa Junior (2020), Lima
et al. (2018), Franca et al. (2021) and Santos et al. (2016) proposed datasets of Enade
questions. The intention is to use this database of questions to propose mock exams
and preparation exercises for students to practice before the Enade tests.

In Barbosa and Carvalho (2020) and Ribeiro and Costa Junior (2020), for
example, teachers or system administrators carry out the registration of questions. In
Lima et al. (2018), those managing the platform register the questions; in Franca et al.
(2021), teachers and students can register questions. However, if a student registers a
question, it requires validation by a teacher. In the works of Ribeiro and Costa Junior
(2020), Barbosa and Carvalho (2020), the questions are associated with Enade
competencies and contents. In the work of Lima et al. (2018), the questions are
classified by themes associated with word dictionaries. Santos et al. (2016) proposed a
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desktop system that stored a database of questions entered by teachers and generated
the test in the format of Enade.

In the works of Barbosa and Carvalho (2020), Ribeiro and Costa Junior (2020)
and Franca et al. (2021), the organization of questions into practice exams is possible,
and students can provide their responses within the system. Performance reports are
generated for both teachers and students. Barbosa and Carvalho (2020), Ribeiro and
Costa Junior (2020) and Franca et al. (2021) offer dashboards for students to present
their performance in a specific assessment, while teachers can assess the class
performance through indicators. We did not find in the work of Lima et al. (2018) the
use of dashboards.

We identified gamification elements in Franga et al. (2021). In this platform, each
quiz is presented as a game board with a path to be followed, and the board contains
different difficulty levels in its spaces.

The study by Lima et al. (2018) Inep's microdata to create a system. This system
enables users to select and process specific microdata, automatically categorizes exam
questions into predefined themes using dictionaries, calculates individual student
scores based on these themes, and performs statistical analyses. The system generates
reports as the final output. Aradjo et al. (2019) introduced an automated exploratory
analysis tool for Enade microdata, which, along with a classification model, could
predict student performance and compare courses and HEI.

Table 2 — Computational systems features.

Barbosa Ribeiro and | Limaetal. | Francaet | Santos et | Araljo et
Features and Costa (2018) al. (2021) al. 2016) | al. (2019)
Carvalho Junior
(2020) (2020)
Questions X X X X X
Dashboard X X X X
Gamification X
Machine learning X
Microdata X X
Desktop X X
Mobile X
Web X X X X
Test Online X X X X

Source: Own elaboration.

3.6 RQ6 - What are the benefits and limitations of those systems highlighted by
the authors of the papers?
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Barbosa and Carvalho (2020) and Lima et al. (2018) identified the system's
benefits as the ease of diagnosing student competencies and content. Ribeiro and
Costa Junior (2022) indicated that the system could support the teaching-learning
process and evaluation in both virtual and face-to-face environments. Additionally,
Franca et al. (2021) highlighted the benefits of using gamification, which enhanced the
tool's interactivity.

The limitations identified are as follows: Barbosa and Carvalho (2020)
emphasized the lack of regular simulated assessments for diagnosing students and the
need for student training in answering Enade-format questions. Ribeiro and Costa
Junior (2022) mentioned the absence of a help interface to assist users in
understanding the system. Lima et al. (2018) highlighted the challenge of generalizing
their proposal to courses other than the one they studied (Computer Science). Finally,
Franca et al. (2021) noted that their tool lacked machine learning strategies, which
could have improved its performance.

4 Discussion

This section presents a discussion related to the 32 studies included in this
research.

4.1 The use of statistical techniques with Enade data

Figure 4 shows that the most common statistical techniques used are descriptive
statistics (CASITAGHI and ARAGAO, 2021; CHARAO et al., 2020; LANDES & MANHAES,
2018; LIMA et al., 2021; SILVA et al., 2020); and logistic regression (IRT) (ALVES et al.,
2020; CAMARGO et al, 2016a; COELHO, 2014; FONSECA et al, 2013; PITON-
GONCALVES, 2020).

This scoping review (SR) highlights the key role of statistical analyses in recent
studies on Enade data. These analyses help describe the data and provide clearer
insights from the available microdata. They also address important teaching concerns,
like improving the evaluation process and enhancing program curricula. The results
from these analyses contribute to valuable discussions on improving the quality of
courses offered by educational institutions, as noted by Charao et al. (2020) and Lima
et al. (2018).

Based on the analyses of the studies, statistical analyses have revealed insights
into the characteristics of Enade test-takers that are not included in Inep's official
report. Microdata was the key resource that enabled researchers to uncover these
valuable insights. Studies such as Lima et al. (2018) classified questions into knowledge
areas using microdata Landes and Manhdes (2018) identified score trends among
students across courses to assess educational quality, and Chardo et al. (2020)
conducted a detailed exploration of results by question in Enade exams with the aim
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of gathering insights for the Pedagogical Project review. These studies showcase how
leveraging microdata enhances researchers' understanding of various aspects related
to Enade test-takers.

Furthermore, one study employed Item Response Theory (IRT) to examine the
psychometric properties of the test; two studies utilized IRT to evaluate the feasibility
of adaptive testing; and another study examined item characteristics and scores. Two
studies advanced by combining statistical techniques with machine learning methods,
as highlighted by Silva et al. (2020) and Vista et al. (2017).

4.2 The use of machine learning with Enade data

In contrast to Lima et al. (2019), which identified only 2 studies that utilized
machine learning techniques, this study presented data from 14 studies that employed
these methods. The decision tree was the most commonly used technique, employed
in 35% of the studies. Furthermore, 71% of the studies aimed to investigate factors
associated with the test scores.

The results of this systematic review indicate that using machine learning
techniques allows for the identification of information in Inep's microdata that can
influence student performance, both positively and negatively. Moreover, these
techniques enable the analysis of students' social groups based on indicators such as
the administrative dependency of higher education institutions (HEIs). Institutions can
use this data to enhance their teaching and learning processes.

Additionally, the use of clustering techniques in some studies made it possible
to identify similarities among the analyzed instances and investigate the factors
influencing performance, whether positive or negative. This analysis provides support
for the development of more targeted educational interventions.

4.3 Proposed Systems with a Focus on Enade in Computing

The research has uncovered a limited number of system proposals dedicated to
Enade, with a total of six papers focused on this area. These proposals vary in their
approaches, primarily centering on the use of questionnaires featuring Enade-related
questions and the analysis of Inep microdata. Notably, only one of these systems
integrated gamification into its design.

These systems generate performance reports for both individual students and
entire classes. This data could offer valuable feedback for educators and institutions,
indicating content where students may need additional support. Only one study,
Barbosa and Carvalho (2020), demonstrated some type of impact of usage and
evaluation on students' performance throughout their undergraduate courses. More
research is required to identify the advantages and disadvantages of adopting this type
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of system during the undergraduate program and its impact on course performance in
Enade.

However, there is room for the evolution of these systems to provide more
comprehensive assessments of competencies. Incorporating models that can track
students' knowledge and demonstrate their progress would be a substantial step
forward. By doing so, these systems could not only provide feedback but also allow for
timely and targeted interventions in the teaching and learning process, in line with the
proposals by Franca et al. (2021).

One of the system proposals stands out by introducing gamification elements,
which has shown promise in enhancing student motivation to improve their
competencies (Franga, 2021). While the initial results are encouraging, the effectiveness
of gamification in this context warrants further investigation. Several studies have
suggested potential benefits of gamification in educational settings (Van Elderen and
Van Der Stappen, 2019), and exploring its impact within the Enade context can provide
valuable insights into the role of gamification in improving student engagement and
competencies.

Recent studies on gamification, such as those by Salman et al. (2024), reveal a
clear correlation between students' preferences for gamification components, such as
points and badges, and the need for adaptation and feedback to enhance the
effectiveness of the educational process. Dusmukhamedova et al. (2024) investigate
the integration of gamification with artificial intelligence, concluding that this
combination may provide a viable solution to the challenges students face regarding
motivation and retention. Rey (2024) emphasizes the transformative potential of
gamification, exemplified by the CodeQuest application, for online education in object-
oriented programming, addressing challenges related to students' comprehension and
engagement in technical disciplines.

Thus, exploring the impact of gamification in the context of Enade can offer
valuable insights into its role in improving student engagement and competencies,
complementing discussions on the effectiveness of gamification in educational
environments.

5 Final considerations

This study systematically reviewed the literature to identify techniques used in
analyzing Enade data and implementing diagnostic actions for the required
competencies of students taking the exam. Initially, 129 papers were found, and after
applying selection criteria, 32 studies were included. We observed that the analysis of
Enade data is essential for ensuring educational quality, monitoring student
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performance, identifying knowledge gaps, guiding the labor market, and promoting
academic research.

The implications of this study are significant, particularly in the context of
understanding the statistical methodologies and machine learning approaches
employed in the evaluation of Enade data and in preparing students for the exam.
These findings have the potential to provide valuable insights and benefits to both
higher education institutions (HEIs) and researchers. Specifically, they can aid HEls in
enhancing their strategies for student preparation and exam performance analysis.

For researchers interested in conducting studies related to Enade or those
exploring tools recommended by the scientific community for monitoring students'
progress in the exam, the findings of this study offer a foundation of knowledge. These
insights can guide the selection of appropriate statistical and machine learning
techniques for analyzing Enade data.

5.1 Limitations and threats to validity

This study has certain limitations, as it focuses on statistical techniques, machine
learning methods, and developed systems, including works published over the past 10
years, up to 2022.

To address validity threats, systematic methods were employed to minimize
biases and enhance result analysis objectivity. A research protocol was established and
discussed with domain experts at each stage of the process. However, the execution of
the protocol by two researchers may introduce a potential partial bias. It is possible
that important studies were not included in this analysis, possibly due to sources not
being indexed in the databases used, the search string not covering certain studies, or
studies being in languages other than English or Portuguese. To mitigate this threat,
we used relevant databases commonly used for systematic reviews and multiple
attempts were made to define the search string.

5.2 Perspectives and future directions

Our review covers only the period from 2012 to 2022, as mentioned in Section
5.1. However, a non-systematic search in 2023 and 2024 demonstrates the continued
relevance of Enade analysis and the application of computational and statistical
techniques. Research such as that of Castilho (2024) focuses on data mining in
Information Systems courses, while Sanchez Trujillo (2024) and Sakashita (2023)
explore similar subjects in Computer Science courses. Furthermore, Guilhen (2024)
investigates predictive analysis using machine learning algorithms based on data from
engineering students who took the Enade exam in 2019. This continuity of research
highlights the growing importance of these analytical approaches in education.
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In this context, a new perspective emerges with the adoption of Generative
Artificial Intelligences and Large-Scale Language Models, such as ChatGPT. These tools
have the potential to develop simulators, act as explanatory problem-solving machines,
and provide study references for students preparing for the exam. For example,
Mendonca (2024) demonstrated that version 4.0 of ChatGPT achieved scores
comparable to those of the best human participants in the 2021 Enade for the
Bachelor's degree in Computer Science, excelling in open-ended and multiple-choice
questions that included visual elements. This performance not only illustrates the
effectiveness of these technologies, but also highlights the potential of Al in Enade,
offering support for tasks such as advanced tutoring systems, educational assessments
aligned with student needs, and personalized learning experiences aimed at exam
preparation.

5.3 Future work

Future work involves the development of computational models aimed at
diagnosing students' performance based on the competencies assessed by Enade.
Leveraging machine learning techniques and data analytics, these models can provide
a deeper understanding of students' strengths and weaknesses, allowing for more
targeted interventions and support. Such models have the potential to enhance the
effectiveness of educational programs and interventions.

Another promising area for exploration is the application of natural language
processing (NLP) to automate the classification of exam questions. Automated
question classification can streamline the process of organizing and categorizing
questions based on their content and difficulty, making it easier for educators and
students to access relevant materials. This could significantly improve the efficiency of
exam preparation and enhance the overall learning experience.

Furthermore, this research suggests the evaluation of implementing adaptive
testing concepts in exam preparation systems. Adaptive testing involves tailoring the
difficulty of questions to the individual student's performance, ensuring a more
personalized and effective learning experience. Investigating the feasibility and
effectiveness of such adaptive systems can lead to the development of innovative and
student-centric exam preparation tools.
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