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Abstract
The popularization of large-scale assessments in education, such as PISA in Europe and ENEM in Brazil,
and the availability of their related data on contemporaneous government open data repositories, have
fostered the creation of public value. Much of the current research aims to analyze education at a student
level and focuses on high school education, and few studies on earlier educational stages at the municipal
level can be found. This paper presents a study focused on analyzing Brazilian educational open data
for assessing public education on a municipal level for elementary and middle school education to
understand the correlations between contextual indexes and expenditures and educational achievement.
For this, we have applied a data mining-based approach and statistical methods to correlate the features
and student performance from 2013 to 2019. The main educational results indicate that the highest
positive correlations with students’ performance are related to teacher training, followed by financial
investments. With regard to the Brazilian open data scenario, certain improvements were identified, such
as a large amount of available, updated data. However, historical challenges such as a lack of standards
and available machine-readable data are still present.
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1. Introduction

Since the 1950s [1], governments and society have agreed that transparency, ”the right to know,”
and Open Government Data (OGD), which is verified and used by the general population, may
bring about many benefits, such as increased accountability and citizen participation. At the
beginning of the 2010s, the movement resurfaced with the possibility of usingWeb 2.0 to publish
and consume data, and many initiatives for publishing open data portals were launched. Thus,
new benefits such as delivering better public services and increasing government efficiency
and effectiveness have been indicated, especially due to the possibility of society analyzing the
publicized data for value generation [2]. These benefits are strongly related to the educational
context. Since the 1960s [3], research using educational data aimed at the effects of policies
has become standard in educational assessment, and the popularization of OGD has provided a
boost to this kind of research, thereby promoting the potential of the findings.
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Within this context, one important data source is related to large-scale educational assessment
(LSA). The databases of these exams are a relevant data source for scientific studies, and enable
governments to plan, define and validate educational policies. Although exams at higher
educational stages are mostly used to analyze educational performance in LSA [4], elementary
and secondary stages, when children learn to read and write, and develop their critical and
logical thinking, play an essential role in this process. Moreover, most studies either analyze
data on the student level, aiming to analyze and predict student performance [4]. Despite being
of value, this analysis nonetheless has limits regarding the use of results for understanding and
creating policies and actions at higher levels, such as a municipal or state level. Additionally,
being able to characterize the relationship between student performances at municipal/state
levels and government policies and expenditures at these levels could identify any gaps and
thereby help to support the creation of new policies and validations of those that already exist
[5].

Within this context, this paper aims to use the Brazilian open educational data from ele-
mentary and secondary education on a municipal level in order to understand the relationship
between contextual indexes and expenditures, and Brazilian educational achievements from a
longitudinal perspective. We have specifically considered the period from 2013 to 2019, and
have applied a data mining process and classical statistical methods to seek correlations that
could provide a national perspective on how the characteristics and investments of municipali-
ties are correlated with the performance of early-stage students within the complex Brazilian
educational system. The analysis includes educational results and a discussion regarding the
challenges of the current Brazilian open data scenario.

The remainder of this paper is organized as follows. Section 2 presents the background to the
subject. Section 3 presents the methodology, including the research questions and hypotheses,
and an overview of the data mining process carried out to answer the questions. Section 4
presents the experiment, followed by Section 5, which contains the results and evaluation.
Lastly, Section 6 presents the concluding remarks.

2. Background and Related Works

Understanding the power of educational policies and the performance of educational systems is
a permanent research topic [6]. The research arose as a reaction against the pioneering Coleman
study [1], which was the first to identify the predominance of student backgrounds in their
outcomes and how factors related to schools and policies have a lesser influence. The essential
characteristic that differentiates the current from earlier research is the vast amount of available
open data on the educational process [7]. One important branch of research is studying the role
played by budgets in the educational system. Although there is a sense that more investment
implies better outcomes, some studies, such as [5], have shown that, at least for the higher
economies, the manner in which resources are used is more important than the amount spent.
In fact, some educational systems, as in the case of Brazil, have increased the budget without,
however, changing the outcomes [8].

By considering the Brazilian scenario, some studies have attempted to understand the re-
lationship between contextual variables and educational achievement from Brazilian educational



open data, such as [9, 10]. They have often relied upon statistical predictive models through
the use of regression coefficients and feature importance in order to unravel how variables
are correlated with school achievement. They have also focused on predicting the academic
performance of individual students in a specific exam. However, these studies often fail to
discuss their model assumptions and how this could verify them in practical scenarios. Also,
there is no consensus on an appropriate set of variables to be included in their models. Choices
are often arbitrary and may suffer certain influences, mainly due to the lack of standards and
the decentralized Brazilian open data scenario, as discussed in Subsection 5.3. Moreover, very
few studies regarding the Brazilian scenario have explored the expenditure variables, mainly
because this information is not easily gathered. In this direction, [11] and [12] found that
expenditure has no or little contribution to increasing test scores, but [13] found that ”financial
resources are paramount in producing performance.”

Analyzing the studies, it is clear that there are two types of research. One group used the
student and school characteristics to analyze student and school performances, and the other
group used financial and expenditure data to analyze the municipal performance. However,
some school characteristics may be aggregated to a municipal level, such as teacher data. Hence,
these characteristics may be studied jointly with financial data to provide a new viewpoint,
capable of supporting policies at different levels.

3. Methodology

The main objective of this research is to use open and publically available data to analyze the
characteristics of municipalities and school management, seeking to find correlations between
these characteristics and the performance of public-school students. For this, we defined three
research questions: RQ1: Is it possible to define and apply a data mining methodology over open
data to find correlations between the main characteristics and investments of municipalities and
student performance in large-scale assessments in Brazil?; RQ2: What are the main correlations
between the characteristics and investments of municipalities and student performance in large-
scale assessments?; and RQ3: How have the correlations between the characteristics and investments
of municipalities and student performance varied over time?

To answer RQ2 and RQ3, we defined a DM process inspired by the well-known CRISP-DM
method [14]. Thus, if these questions can be answered, it implies that RQ1 is also answered.
The defined process contains five phases: (i) domain understanding; (ii) data collection and
understanding; (iii) data preparation; (iv) modeling and analysis; and (v) results reporting
and evaluation. Section 4 presents the experiments, with details and implementation of the
methodology, from domain understanding to modeling and analysis. The last step is presented
in Section 5.

4. Experiments

Domain Understanding: In Brazil, when considering the teaching stage, they may be elemen-
tary school (1st to 9th grades) and high school (10th to 12th grades). The elementary school is
divided in two stages: initial years (1st to 5th grades) and final years (6th to 9th grades). For a



clearer comprehension, in this paper we have named the stages as elementary school, middle
school, and high school. With a few minor exceptions, it is mainly the municipalities that are
responsible for elementary and middle schools, while state governments are responsible for
high schools, and the federal government is responsible for universities. The private sector may
be present at any level, but it is not the subject of this study. The most studied LSA in Brazil
is the ENEM, which is used for entry to most universities. However, the assessment of early
education is still underexplored. For this, there is the IDEB, an education development index. It
is based on two main metrics: each school’s pass and abandonment rates and the performance
of students in a specific exam, called ”Prova Brasil”. The IDEB has three distinct indexes, one for
elementary school, one for middle school, and one for high school. Thus, in order to evaluate
municipal education, which is responsible for elementary and middle schools, we have used the
respective IDEB index for these two stages.

Data Collection and Understanding: We have focused data collection on the granularity of
municipalities, rather than students, and relevant data were divided into two groups, educational
data and economic data. The educational data, including school data and IDEB indicators, were
collected from the INEP portal [15]. Economic data were collected from the National Treasury
website and the SIOPE website [16]. Figure 1 presents a list of the collected data used as features.
In addition, the performance indicator, IDEB, was also collected from the INEP portal. Most
features presented in Figure 1 have two values, one for the elementary stage and another for
the middle stage. The corresponding value will be used in the analysis of each stage. Also,
some of the features are continuous and may be directly understood, such as the number of
students per class (SPC). However, some of the features are divided into subcategories and
present discrete values for each of the subcategories. These categories are defined according to
metrics defined by the Brazilian government. The ATT classifies schools into 5 groups, ranging
from G1 (percentual of teachers who have a teaching degree in the same subject they teach)
to G5 (teachers without a college degree). The SMC ranges from G1 (low complexity) to G6
(high complexity)., TEI ranges from G1 (low effort) to G6 (high effort), and TRI ranges from G1
(low regularity) to G6 (high regularity). As the IDEB is calculated every two years, data were
collected for the years 2013, 2015, 2017 and 2019 for each of the 5,568 Brazilian municipalities.
Each feature presented in Figure 1 is published as a different dataset for each year. The Brazilian
government provides all of the indicators over its open data portals already listed.
Data Preparation: INEP data is in spreadsheet format (XLSX and ODS) and, despite being

complete, contains unnecessary data, such as a header with the INEP logo and merged lines and
columns. Hence, we manually cleaned spreadsheets before they could be processed. INEP data
is also usually presented in different granularities, such as aggregations of the country/region-
s/states, aggregations of municipalities, and individual schools. It also contains data for each
separate stage, such as elementary, middle, and high school. For the objectives of this study, we
filtered and used the aggregations by municipalities, and data regarding the elementary and
middle stages. The National Treasure data are presented with two values, the value initially
transferred plus a correction that may be available later. In the study, we considered the sum of
both as the absolute value of spending. For SIOPE data, it was not necessary to edit the data
since each one has only the value of each municipality. Fortunately, municipalities are identified
by a unique and equal ID across the different datasets. Thus, after cleaning and filtering the
data from the three different sources, it was possible to create a unique database joining all of



them together.

Figure 1: Features Description

Modeling and Analysis: All features were analyzed individually and correlated with the
two performance features: IDEB elementary school (IDEB-E) and IDEB middle school (IDEB-M).
We used the Spearman’s correlation, which evaluates the monotonic relationships between
the variables. It is most suitable in this context since it is not affected by global changes, for
example, an increase in IDEB results due to changes in methodology or an overall improvement
of education in the country [17]. It is well known that results in exams are the result of several
factors, including a diversity of topics such as financial status, parents’ level of scholarity and
personal effort, as presented in Section 2. Thus, it not expected to find that municipality indexes,
characteristics or investments in education present high correlation values. There are also
several types of interpretations for the correlation values, and we decided to follow the same
interpretations as the Mukaka study [18], i.e., to be a considerable correlation, the absolute



value must be greater than 0.3. Moreover, due to the expected low values, we also present and
analyze the variable with at least the 5 highest positive and negative correlations.

In order to answer RQ2, we calculated the correlations of every feature for every year to
analyze which features were relevant in each year. We then averaged the results for each
feature to have a consistent value among the years. Next, to answer RQ3, we calculated a linear
regression on the values over the four years, and identified the percentage of the slope compared
to the mean of the values. The result is the assessment of the strength, or ”the velocity”, in
which the correlation increases or decreases during the period.

5. Results and Evaluation

5.1. Correlation results and discussion

As planned, we calculated the Spearman correlations coefficient for each feature in relation to
the performance indicators, IDEB-E and IDEB-M, and averaged the results obtained over the
years. Unsurprisingly, most of the features with high correlations, both positive and negative,
are the same for both elementary and middle schools. Figure 2 presents the data.

Figure 2: Average Correlations

When considering the positive correlations, the data indicated that student performances in
a municipality were better when the teachers were more highly qualified: the percentage of



teachers with higher education (THE) and the adequacy of teacher training (ATT) at a higher
level (G1), presented the higher correlations. It is followed by investment: first the investment
per student (INVS), then the investment per teacher (INVT). On the other hand, the feature
presenting a high negative correlation in both scenarios was the age-grade distortion (AGD), i.e.,
in a municipality where a high number of students was out of the expected class, the educational
performance was worse. It is important to note that, as correlation is not causality, it may not
be assured whether the age-grade distortion is the cause or, most probably, the consequence of a
bad student performance. The second higher negative correlation is the opposite of the positive
correlation, the number of teachers with no college degree (ATT_G5), followed by the number
of schools with a high management complexity (SMC_G4 and SMC_G5). Lastly, also associated
with the teacher, (TRI) at the lower level, representing municipalities where the turnover is
high, also presented a negative correlation with student performance.

As planned, we also analyzed the behaviour of features over time. Taking the correlation
values for each year, considering both the IDEB-E and IDEB-M, we calculated the slope of their
linear regression and analyzed the trend of each feature over time. With this, we calculated the
percentage of variation in relation to the mean, thereby obtaining the tendency if the correlation
is consistently increasing or decreasing. To be able to get more insights, we broadened the
analysis all variables with p > 0.10. Figures 3 and 4 present the data.

Figure 3: Evolution of correlations over time, IDEB-E



Figure 4: Evolution of correlations over time, IDEB-M

By analyzing data in Figures 3 and 4, most of the features present a non-monotonic variation,
i.e., they neither strictly increase nor decrease, and do not strictly present a trend. Also, none
of the five features with the highest correlations (positive or negative) presented a percentage
slope variation higher than 10%, demonstrating that the most correlated features remained
stable. However, some trends may be found, allowing additional analysis. The percentage of
schools in a city (SMC) with a low management complexity (level 2 of 6) presented a monotonic
increase in relation to IDEB-E, suggesting that having more schools with less students (50-300)
is increasing its importance. Also, the TRI_G1 presented an absolute monotonic decrease. This
signifies that, if the trend continues, the negative correlation of the teacher regularity indicator
(TRI) will soon no longer exist. Additionally, the result of a positive correlation of TEI_G4,
a high effort group, consistently increasing, in opposition to the negative correlations of the
TEI at lower levels, was unexpected. This result must be carefully assessed in further studies,
although an initial reason may be put forward. The lower level groups include teachers working
only one daily period, which may indicate that teaching may not be their primary activity.

Presented data answers RQ2 and RQ3 by using the defined data mining methodology over
open data, thereby answering RQ1 affirmatively.



5.2. Open data discussion

Four years after being one of the founders of the Open Government Partnership (OGP), [19]
indicated some of the challenges of the Brazilian scenario. We may summarize these challenges
at that time as: (i) a lack of available data, because of the small quantity of datasets published in
the repositories; (ii) multiple and decentralized data sources, because although a national open-
data portal exists, it is incomplete and there are many other state and municipal repositories
not integrated within it; (iii) zombie data, without an update policy; (iv) a lack of standards for
publishing, because each variety of publisher chooses what and how to publish, as well as the
data format; and (v) one-way data, not allowing citizens to return data to the government.

In this study we have verified that, considering the current state of educational open data,
some of these challenges have been solved, and others still remain. As improvements, we
highlight that there is no lack of available educational data, since we were able to collect the
data easily with regard to all municipalities in Brazil. Also, we cannot consider the data as
zombie data, because despite a certain amount of delay in publishing, since they are released
annually, all the expected and updated data were found. As challenges, we indicate that there
are still multiple and decentralized data sources and a lack of standards for publishing. Even
being published by the Federal government, the gathered data was not found in the national
open data repository, but on three different, independent sources, each with a different format
and standards. In particular, the data gathered from SIOP is not even found on an open or
transparency portal: it was gathered from a system that must be operated by an individual
who has to access the ”management reports” option, filter the desired data, and then performs
the download. Moreover, most of the collected data is ”almost” machine readable, one of the
premises of open data. INEP data is in spreadsheet format (XLSX and ODS) and, despite being
complete, it contains unnecessary data, such as a header with INEP logo and a variety of merged
lines and columns. Hence, it is necessary to manually clean the spreadsheets before they may be
processed. Lastly, almost all the collected data can not be found or downloaded without human
intervention, and was not available to be accessed from an API (Application Programming
Interface).

Considering these challenges, we argue that many improvements still need to be implemented
in order to enhance the Brazilian open data scenario and foster the potential of using government
data.

6. Concluding Remarks

This paper has presented a data mining approach over educational open data for a longitudinal
assessment of municipal public education in Brazil, by finding correlations among the charac-
teristics and investments of municipalities and student performances in large-scale assessments.
For this, we defined a methodology which consisted of five steps: (i) domain understanding; (ii)
data collection and understanding; (iii) data preparation; (iv) modeling and analysis; and (v)
results reporting and evaluation. Data was collected from Brazilian open data portals, including
educational and financial data, and data from the performance of students at a municipal level,
including the 5,568 municipalities for the period from 2013 to 2019. Spearman correlations were
calculated in order to find correlations, and the regression slope over the period was calculated



and analyzed in order to verify the trends.
The main results indicate that the highest positive correlations are linked to teacher training,

followed by financial investments in students and teachers. On the other hand, the age-grade
distortion presents a high negative correlation. All of the highest correlations remained stable
over time, but correlations regarding the lower level of school management complexity and the
number of full-time teachers present a positive trend.

Some improvements were also identified in the Brazilian open data scenario, such as a
large amount of available, updated data. However, historical challenges, such as multiple,
decentralized data sources, the lack of standards for publishing, and the existence of datasets
that are not machine readable, and thus require human intervention, are still challenges.

We argue that correlation is not causality. Also, we recognize that many other features may
be correlated and influence student performance, not only those studied. Thus, the results of
this study must be analyzed with caution. Future work may focus on identifying why some
features present a higher correlation with student performance, and how public policy may
be modeled to boost this performance. Furthermore, Brazil is a large country, well known for
having regional differences, but data from all municipalities were analyzed together. Thus,
future studies focused on identifying the regional differences may be suitable, as well as studies
comparing Brazilian results with results of other countries, especially in Latin America. Lastly,
future studies using multivariate correlations and machine learning models for simulating the
prediction of student performance, based on the municipalities features, may be promising.
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