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DATA ENVELOPMENT ANALYSIS 
AS A TOOL FOR IDENTIFYING 
REFERENCE SCHOOLS: A STUDY IN 
THE CONTEXT OF HIGH SCHOOL IN A 
BRAZILIAN STATE

ABSTRACT
To ensure compliance with students’ educational rights and monitor education systems, many 
countries have developed indicators that assign statistical value to the quality of education. 
The Basic Education Development Index (Ideb) is widely used in Brazil as a strategic management 
tool. This study proposes using Ideb, weighted by contextualized educational measures, to identify 
schools that excel compared to others with similar characteristics (referred to as reference schools). 
The study employs the output-oriented Variable Returns to Scale approach of Data Envelopment 
Analysis, along with the Malmquist Index, to assess changes in outcomes over two editions of 
the indicator. The findings show that, in 2017, 17 schools operated on the production frontier and 
had at least one partner of excellence. By 2019, this number increased to 18 out of the 222 schools 
analyzed. Applying the Malmquist Index further indicated that most schools experienced modest 
improvements in technical efficiency during the analyzed period, effectively utilizing resources 
to achieve similar or better outcomes. This study underscores the importance of understanding 
successful school strategies, providing valuable insights for educational improvements, and 
facilitating the adoption of effective methods in comparable institutions.
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Highlights

• The article presents an alternative to using the Basic Education Development Index in Brazil to identify reference schools, 
weighting it by educational measures to evaluate the context of basic education.

• The study reveals that in 2017, 17 schools operated on the production frontier and had at least one partner of excellence. 
By 2019, this number had increased to 18 out of the 222 schools analyzed.

• The application of the Malmquist Index revealed that most schools experienced a modest improvement in their technical 
efficiency during the analyzed period, managing to use resources more effectively to achieve similar or better outcomes.

• This study emphasizes the need to understand successful school strategies, offering vital insights for educational 
improvements and facilitating the adoption of effective methods in comparable institutions.

INTRODUCTION
The educational landscape has significantly transformed the role 
and importance attributed to external assessments in recent 
years. These have become instruments for measuring school 
performance and a fundamental component in formulating and 
implementing educational policies at national and international 
levels. In this context, external evaluation has transcended its 
traditional role, acquiring strategic relevance in implementing 

initiatives to guarantee the right to education (Rutkowski et al., 
2020; Jimenez and Modaffari, 2021; Ehren, 2021).
In Brazil, the pioneering initiative for a comprehensive analysis 
of the educational system emerged in the 1990s with the creation 
of the Basic Education Assessment System (Saeb). It is worth 
noting that the Brazilian Federal Constitution, promulgated in 
1988, recognizes education as a universal right (Brasil, 1988). 
Saeb’s performance and learning outcomes provide the state 
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with evidence of the fulfillment of this right, especially regarding 
the training of students through the standardized assessments 
that comprise it, but also considering the academic trajectory 
of these subjects based on information produced through 
contextual questionnaires applied since 1995. As expressed by 
Soares and Xavier (2013), in the absence of a system like this, 
the subjective public right established in the constitutional text 
cannot be monitored and, eventually, demanded.
In fact, the emergence of Saeb allowed society to better 
understand Brazilian educational outcomes in a general context. 
However, due to its initially sample-type nature, it was impossible 
to highlight the particularities of each school and municipality, 
limiting the development of public policies that could meet their 
specificities. The system underwent a substantial restructuring in 
2005 to overcome this situation, resulting in the creation of the 
National Assessment of School Performance (known as Prova 
Brasil), which assumed a census application, i.e., with universal 
coverage for all students in their final years of each cycle of 
elementary education in public schools (Brasil, 2005). 
Thus, Prova Brasil was created to produce metadata on 
the education offered by schools and municipalities, assisting 
educational managers in decision-making and allocating 
technical and financial resources. In light of this assessment, in 
the national context, there was the establishment of an educational 
policy based on the accountability of schools and the actors who 
work in them, who now have to be held accountable (Fernandes 
and Gremaud, 2020; Jerrim and Sims, 2022) of the outcomes 
achieved for society, a practice materialized by the document that 
established the Education Development Plan (PDE), officially 
launched by the MEC on April 24, 2007. According to Brasil 
(2007: 11), the PDE established ‘unprecedented connections 
between evaluation, financing, and management, which invoke 
a concept that was previously absent from our educational 
system: accountability and, as a result, social mobilization’.
Among the actions proposed by the PDE, we highlight the Target 
Plan Compromisso Todos pela Educação, implemented through 
Decree No. 6,094, of April 24, 2007 (Brasil, 2007). From it, 
and inspired by the United States Educational Responsibility 
Law (No Child Left Behind) (Soares et al., 2023), it was 
possible to outline measurable parameters for the quality of 
education in Brazil, given the consolidation of targets for 
all teaching modalities and in all administrative spheres, 
supporting the creation of the Basic Education Development 
Index (Ideb) for its follow-up and monitoring. In the words of 
Soares (2016: 149), from this movement, ‘Brazilian society 
understood that education has outcomes and that rights without 
learning outcomes are mere utopia’.
Ideb is a statistical indicator that combines student performance 
in the Saeb with flow indicators (promotion, retention, and 
dropout) produced by the School Census. The biennial 
publication of its outcomes, together with the pre-established 
targets, gave rise to a practice that, although unofficial, 
encouraged the ranking of educational units based solely on 
the performance achieved in the indicator, as advised in several 
studies in the specialized literature (Richter and Vieira, 2021; 
Akkari, 2021; Ranieri, 2024).
In summary, in the Brazilian context, schools with the highest 
scores began to be recognized as a reference for the others, 

disregarding the multiple facets of the Brazilian educational 
system, assumed to be standardized and uniform. On the other 
hand, units with lower grades were marginalized and discredited 
in society, bringing dire and harmful consequences to education.
Contrary to this movement, we start from the hypothesis 
that reconceptualizing this pre-existing idea of reference 
schools, starting to consider the characteristics of students, 
the plurality of educational contexts, and the tensions that 
shape school reality, can corroborate a more systemic analysis 
of the outcomes of indicators such as Ideb. This practice has 
been defended by researchers in different countries and at 
different times, who demonstrated, in their studies, that school 
performance reflects these factors in a considerably direct way, 
requiring controlling their heterogeneities before proposing 
any comparison between the schools in the quest to verify 
the success of specific educational policies (Henry et al., 2020; 
Liu et al., 2020; Brown, 2022; Vermunt et al., 2023).
In this regard, this study seeks to answer the following 
question: Which schools have better educational outcomes 
in the Ideb than expected, considering their contextual and 
general working conditions? To answer this question and guide 
this investigation, this article aims to develop a final reference 
indicator capable of classifying the relative performance 
of a set of schools considered as units of analysis. This 
classification will take into account not only the Ideb of these 
units but also educational measures that assess the context 
of basic education. The empirical case of this study includes 
all high schools administered by the State of Espírito Santo, 
located in the southeast region of Brazil, using cross-sectional 
data from the 2017 and 2019 school years. Data Envelopment 
Analysis (DEA) was used as the methodological approach.
It is important to highlight that, as noted by Koronakos (2019), 
the use of DEA to evaluate school effectiveness, particularly when 
schools are treated as Decision-Making Units (DMUs), remains 
relatively uncommon, especially within the Brazilian context. 
This perspective is further supported by Soares et al. (2022), who 
observes that no previous studies in Brazil employ DEA to analyze 
school effectiveness at the level of basic education schools. This 
endows our study with a pioneering character due to the innovative 
application of DEA in a new context and for fostering a deeper 
understanding of how contextual variables influence school 
effectiveness. This understanding has the potential to assist in 
the formulation of more effective educational policies.
In addition to this introduction, the article is structured 
into four sections. First, a brief theoretical reference is 
provided on the Ideb, the Educational Indicators for Context 
Assessment in Basic Education used in the study, and DEA. 
Next, the materials and methods are detailed. The subsequent 
sections present the results obtained, followed by a discussion. 
The article concludes with a summary of the key findings and 
the implications drawn from the study.

LITERATURE REVIEW
Overview of the Brazilian Basic Education 
System

In Brazil, the Ministry of Education (MEC) is the federal 
body responsible for formulating policies and guidelines 
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for basic education. In contrast, the implementation and 
management of these policies are shared between state and 
municipal governments. The Brazilian basic education system 
is structured into three main stages: early childhood education, 
elementary school, and high school. Early childhood education 
serves children up to 5 years old and includes day care and 
preschool. Elementary school is divided into two segments: 
the early years (1st to 5th grade) for children aged 6 to 10 and 
the final years (6th to 9th grade) for students aged 11 to 14. High 
school serves students aged 15 to 17 and spans three years. 
Public schools account for the majority of enrollments in basic 
education, although private institutions also play a significant 
role, particularly in urban areas (Brasil, 2021).
Despite educational advancements, such as increased 
enrollment rates and the implementation of conditional 
cash transfer programs like Bolsa Família (Gangopadhyay, 
2020), the Brazilian education system continues to face 
substantial challenges in ensuring quality education for 
all students. Regional and socioeconomic disparities still 
profoundly impact access to education and educational 
outcomes, highlighting the need for more effective public 

policies adapted to the diverse realities across the country 
(Ernica et al., 2024).
The recent release of the 2023 IDEB results has brought 
critical reflections on the educational performance of Brazil. 
The data revealed that the national goal set for the first cycle of 
the indicator (2007-2021) was only achieved in the early years 
of elementary school. However, in the final years of elementary 
and high school, the results fell short of the projected targets 
(Brasil, 2024). This discrepancy signals a challenging scenario, 
indicating that there is still a long way to go to improve the quality 
of education in the more advanced stages of basic education.
This challenge is also evidenced by Brazil’s performance 
in the Programme for International Student Assessment 
(PISA), conducted by the Organisation for Economic Co-
operation and Development (OECD). PISA, conducted 
every three years, assesses 15-year-old students in the areas 
of Reading, Mathematics, and Science. The results of PISA 
2022, presented in Figure 1, reflect the performance of South 
American countries, comparing them with the OECD average, 
and underscore the urgent need for educational reforms to raise 
the quality of education in Brazil (OECD, 2023).

Figure 1: PISA 2022 Results for South American Countries and the OECD Average by Subject (own elaboration based on data 
provided by the OECD, 2023)

Figure 1 reveals Brazil’s poor performance in PISA 2022, 
where the country ranks last in Science and Mathematics among 
the South American countries evaluated. This result reflects not 
only the educational system itself but also the deep social inequality 
present in the country, which translates into educational inequality. 
Indeed, numerous studies indicate that the context in which 
schools are embedded—including factors such as socioeconomic 
level, access to resources, and school infrastructure—directly 
influences their educational outcomes (Carvalhaes et al., 2023; 
Queiroga et al., 2024; Oliveira et al., 2024; Soares and Santos, 
2024). Schools tend to face greater challenges in more vulnerable 
regions, where living conditions are more precarious, resulting in 
lower performance (Queiroga et al., 2024).
Acknowledging this reality, there is a growing movement among 

Brazilian researchers aimed at analyzing the effectiveness of 
schools operating in these adverse contexts (Paschoalotto et al., 
2020; Moraes et al., 2021; Silva, 2021; Dias and Zouain, 2023). 
The goal is to identify schools that, despite the difficulties, 
manage to achieve superior educational outcomes. These 
analyses are crucial for understanding how these schools 
overcome the barriers imposed by their contexts and how 
their practices can be replicated in other institutions to reduce 
educational inequality and improve national performance.

Applications of DEA in Efficiency Evaluation
DEA is a non-parametric methodology used to evaluate 
the relative efficiency of DMUs that convert multiple 
inputs into multiple outputs (Ferreira and Gomes, 2020). 
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Initially developed by Charnes et al. (1978), DEA is based 
on mathematical models of linear programming to create 
an efficiency frontier against which the performance of DMUs 
is assessed.
The main value of DEA lies in its ability to evaluate the efficiency 
of DMUs holistically, considering multiple inputs and outputs 
without the need to specify a predetermined functional form 
between them (Flegl et al., 2023). Unlike parametric methods, 
such as linear regression, which require an explicit assumption 
about the relationship between variables, DEA allows the data 
to “speak for itself”, identifying the most efficient units 
operating on the efficiency frontier (Wyszynski, 2024).
In the scientific literature, DEA has been widely used to 
evaluate the efficiency of organizations and institutions, 
including hospitals (Pereira et al., 2021; Hajiagha et al., 2023; 
Zubir et al., 2024), airports (Özsoy and Örkcü, 2021; Zeng 
et al., 2024), banks (Li et al., 2022; Ullah et al., 2023), local 
governments (Ryan et al., 2021; Yin et al., 2021), and sports 
organizations (Guzmán-Raja and Guzmán-Raja, 2021; Gökgöz 
and Yalçı, 2022; Wyszynski, 2024), among others. This broad 
applicability highlights the flexibility of DEA in assessing 
performance across a wide range of sectors, each with its 
unique set of inputs and outputs.

Application of DEA in Education
The DEA approach has been widely adopted in the educational 
field, particularly due to its simplicity and effectiveness in 
contexts involving multiple inputs and outputs, which are typical 
of the educational environment (Johnes, 2006). The theoretical 
foundation of these studies holds that school inputs are crucial 
determinants for achieving educational outcomes (Lima, 2011). 
Furthermore, Liu et al. (2013) identified that the application of 
DEA in education ranks among the top five utilization domains, 
underscoring its relevance and popularity in this field.
For instance, recent publications in the educational field 
have extensively explored the efficiency of higher education 
institutions using DEA as a methodological tool. Studies have 
examined institutions across various countries, including Spain 
(Salas-Velasco, 2020), Mexico (Moncayo–Martínez et al., 
2020), Brazil (Santos Tavares et al., 2021), Canada (Ghimire 
et al., 2021), China (Jiang et al., 2020; Chen et al., 2021), 
Colombia (Zuluaga et al., 2023), Turkey (Mammadov and 
Aypay, 2020; Doğan, 2023), and the Czech Republic (Hančlová 
and Chytilová, 2023).
Additionally, Popović et al. (2020) used a combination of 
DEA and Multi-Criteria Decision-Making Methods to evaluate 
professors’ performance at the Faculty of Organizational 
Sciences, University of Belgrade, Serbia. On the other hand, 
De la Hoz et al. (2021) applied DEA to assess and predict 
academic efficiency across 256 engineering programs at 
universities in Colombia.
From an international comparative perspective, Torres-
Samuel et al. (2020) employed DEA to analyze fifteen Latin 
American countries, considering factors that reflect their 
progress in research and development, science and technology, 
education, and innovation. In the context of the European 
Union, the studies by Dincă et al. (2021) and Halásková et al. 
(2020) offer valuable insights. The first study seeks to analyze 

the efficiency of the educational sector at different levels of 
education. In contrast, the second focuses on evaluating 
the efficiency of research and development in the public and 
private sectors in the region. Additionally, from a comparative 
perspective, Sinuany-Stern and Hirsh (2021) assess the relative 
efficiency of higher education in OECD countries, considering 
how these countries utilize their public resources to achieve 
results compared to their peers.
Regarding basic education, DEA analysis has also been used to 
evaluate the efficiency of different educational systems around 
the world. Ramzi et al. (2016) analyzed the efficiency of primary 
and secondary education in 24 provinces of Tunisia. Halásková 
et al. (2022) investigated the efficiency of 26 public and private 
secondary schools in Slovakia. In the Latin American context, 
Delprato and Antequera (2021) applied a DEA model to compare 
the efficiency between public and private secondary schools, 
highlighting the gaps existing in the region. In Mexico, Flegl 
et al. (2023) explored the efficiency of the educational system 
and its impact on regional, economic, and social development. 
In Portugal, Silva et al. (2020) evaluated the performance of 
secondary schools based on students’ outcomes at the end of 
their first year of university, using data from the University of 
Porto and the Catholic University of Porto.
These studies collectively emphasize the value of DEA in 
identifying best practices and areas for improvement within 
the education system. By providing a comparative analysis 
of school efficiency, DEA enables policymakers and 
educators to better understand the factors contributing to 
successful educational outcomes, even in contexts marked 
by adversity.

MATERIALS AND METHODS
Data Envelopment Analysis

Data Envelopment Analysis (DEA) is a multivariate 
technique based on non-parametric mathematical models 
designed to evaluate the performance of a group of entities 
known as Decision-Making Units (DMUs). Utilizing linear 
programming tools, DEA calculates the performance of each 
DMU in comparison to all other DMUs in the set, establishing 
an efficient frontier that delineates the top-performing 
units (Flegl et al., 2023). This analysis identifies necessary 
adjustments for DMUs operating below this frontier to achieve 
efficiency through radial projection.
Mathematically, the problem of maximizing the efficiency of 
a DMU can be expressed as follows:
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Where:
• θ0 is the relative efficiency of the DMU under evaluation.
• yrj is the quantity of the r-th output produced by the j-th 

DMU.
• xij is the quantity of the i-th input used by the j-th DMU.
• ur and vi are the weights assigned to the outputs and 

inputs, respectively.
The goal is to maximize the efficiency θ0  for each DMU under 
the constraint that all other DMUs’ efficiency is less than or equal 
to 1. When the efficiency θ0 = 1, the DMU is considered efficient 
relative to the others in the set. Otherwise, it is considered inefficient.
Two classical DEA approaches stand out: Constant Returns 
to Scale (CRS) and Variable Returns to Scale (VRS). These 
approaches differ concerning the proportionality axiom. In 
the CRS model, any variation in inputs results in a proportional 
variation in outputs, whereas in the VRS model, this 
proportionality may not hold true (Ferreira and Gomes, 2020). 
Both approaches allow for two radial orientations to determine 
the efficient frontier: input-oriented and output-oriented. 
The input-oriented approach aims to identify the extent to 
which inputs can be reduced while maintaining the same level 
of outputs. In contrast, the output-oriented approach seeks to 
maximize outputs without increasing the amount of inputs 
used (Avilés-Sacoto et al., 2021).
Given that relationships in the educational field often do not 
exhibit constant returns to scale and that, due to budgetary 
constraints, there is a frequent emphasis on maximizing outputs 
with existing inputs, this study adopts the DEA-VRS approach, 
which is focused on outputs.

Malmquist Index
The Malmquist Index is a productivity measure used to assess 
the performance changes of Decision-Making Units (DMUs) 
over time. Named after the Swedish economist Sten Malmquist, 
this index is particularly useful for analyzing DMUs’ efficiency 
changes between two periods by decomposing the total factor 
productivity change into two components: efficiency change 
and technological change (Xu et al., 2021).
Mathematically, the Malmquist Index is calculated as follows:
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Where:
• M(t, t + 1) is the Malmquist Index between periods t and 

t + 1.
• Dt(xt, yt) represents the distance function at time t, which 

measures the efficiency of a DMU using the technology 
available at time t.

• Dt(xt + 1, yt + 1) represents the distance function at time 
t, measuring the efficiency of a DMU in the future period 
but using the technology available at time t.

• Dt + 1(xt, yt)and Dt + 1(xt + 1, yt + 1) are the corresponding 
distance functions at time t + 1.

The Malmquist Index can be decomposed into two primary 
components: Efficiency Change (EC), which captures the shift 
in the relative efficiency of a DMU between two periods, 
reflecting whether the DMU has moved closer to or farther 
from the efficiency frontier, and Technological Change (TC), 
which measures the shift in the technology frontier itself, 
indicating whether the overall production possibility set has 
improved or regressed (Er-Rays and M’dioud, 2024). 
If the Malmquist Index is greater than 1, it indicates 
an improvement in productivity; a value below 1 suggests 
a decline in productivity. This index is particularly valuable in 
longitudinal studies, where the goal is to assess the progress or 
regression of DMUs over time. In this article, the Malmquist 
Index was used to analyze the changes in the efficiency of 
school units between the years 2017 and 2019.

Data
This study encompasses an empirical analysis of 222 schools 
administered by the State of Espírito Santo, Brazil, which 
offered at least one high school class during the years 2017 and 
2019 and had scores in the Basic Education Development Index 
(Ideb) for this stage. According to the School Management 
System, these 222 schools represent approximately 79% of 
the total institutions administered by the State.
The data utilized were obtained from the electronic portal of 
the National Institute for Educational Studies and Research 
Anísio Teixeira (Inep), a federal agency linked to the Ministry of 
Education of Brazil (Inep/MEC) (Brasil, 2024). For the analysis, 
four educational indicators developed by Inep/MEC were 
considered as inputs: age-grade distortion rate (TDI), percentage 
of students declared as white (PCB), socioeconomic level of 
the school (INSE), and teaching effort (IED).
The TDI refers to the proportion of students who are two 
or more years behind in their studies. The INSE reflects 
the socioeconomic level of the students, considering 
information on family income, parental education, and 
possession of durable goods collected through contextual 
questionnaires from the Basic Education Assessment System 
(Saeb). The PCB measures the proportion of students who self-
identify as white. Meanwhile, the IED assesses teaching effort, 
taking into account variables such as workload, the number 
of schools where teachers work, and the stages of education 
in which they are involved. Table 1 presents the descriptive 
statistics of these contextual indicators.

Statistic INSE TDI PCB IED
Minimum 4.070 4.100 4.023 0.000
Average 4.810 25.900 33.548 25.130
Standard deviation 0.279 10.418 17.531 16.148

Coef. of variation 5.810% 40.220% 52.260% 64.260%
Maximum 5.460 60.400 88.000 70.000

Table 1: Descriptive statistics of related context indicators (own elaboration)
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The Ideb scores for high schools from 2017 and 2019 were 
used as outputs in two applications of the DEA model, both 
employing the same inputs. The goal was to assess the variations 
in the overall efficiency growth of the analyzed school units using 
the Malmquist Index.
In both these editions of Ideb, schools in the State of Espírito Santo 
achieved the highest scores for high school among Brazilian states. 
In 2017, the state’s score was 4.400, compared to the national 
average of 3.800. By 2019, the state’s Ideb rose to 4.800, while 
the national average increased to 4.200. However, despite these 
improvements, the results fell short of meeting the targets set for 
the respective years, which were 5.100 and 5.300.

It is important to highlight that the input indicators used 
in this analysis were selected based on the study by Soares 
and Santos (2024), which demonstrated through multiple 
linear regression analysis that these variables collectively 
explain 50.8% of the variations in the 2019 Ideb.
Additionally, all indicators showed a statistically 
significant correlation with Ideb, as illustrated in Figure 
2, which presents the frequency distribution of these 
contextual indicators, scatter plots and correlation 
coefficients, showing pairwise relationships among the 
indicators and between each indicator and the Ideb of the 
evaluated school units.

Figure 2: Graphs of frequency distribution, dispersion, and correction coefficients between context indicators related to schools and Ideb 
(own elaboration based on data provided by the Brasil, 2024)

Notably, the negative sign attributed to TDI and IED indicates 
an inverse linear relationship with Ideb. Thus, the higher 
a school’s TDI or IED, the lower its Ideb tends to be, on 
average, as expected. On the other hand, the relationship 
between the INSE and PCB indicators is direct.

Computational Workflow and Data Transparency
The analyses were conducted using R software, version 4.4.2 (R 
Core Team, 2023), widely recognized for its statistical analysis 
and modeling robustness. A significance level of 5% was adopted, 
ensuring that the results obtained were statistically significant. 
All source codes used in this study and the database are available 
in a GitHub repository (https://github.com/denilsonjms/PhD-
Thesis/tree/master/Chapter%204). This availability aims to 

facilitate the replication of the results and allow further analyses 
by other researchers interested in the topic.

RESULTS
Overall Performance of the Analyzed Schools

The analysis using the DEA method revealed that the schools 
investigated could potentially increase their 2017 Ideb scores 
by up to 19.400% while maintaining the same contextual 
characteristics (ϕ ≈ 1.194). The efficiency of the Decision-Making 
Units (DMUs), under the variable returns to scale approach, 
ranged from 58.550% to 100%, with an average of 84.990% and 
a standard deviation of 9.970%. Figure 3 shows the distribution of 
efficiency scores among the analyzed units in 2017.

https://github.com/denilsonjms/PhD-Thesis/tree/master/Chapter%204
https://github.com/denilsonjms/PhD-Thesis/tree/master/Chapter%204
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Figure 3: Efficiency scores distribution using 2017 Ideb results as output (own elaboration)

For the model that utilized the 2019 Ideb results as the output, 
the DEA analysis indicated that the schools could achieve 
an increase of up to 14.200% in their results while maintaining 
the same contextual characteristics (ϕ ≈ 1.142). The efficiency 

of the DMUs in this scenario ranged from 67.320% to 100%, 
with an average of 88.333% and a standard deviation of 
8.111%. Figure 4 presents the distribution of efficiency scores 
among the analyzed school units in 2019.

Figure 4: Efficiency scores distribution using 2019 Ideb results as output (own elaboration)

A descriptive analysis of the overall performance efficiency of 
the analyzed units in each case reveals a slight improvement in 
average efficiency over time. However, a significant potential 
for further improvement remains evident among the schools.

Reference Schools
The conducted DEA analysis identified the units operating 
on the efficiency frontier, meaning those that achieved 
the maximum technical efficiency score (ϕ =1). In 2017, 21 
schools were identified in this condition, representing 10.810% 
of the analyzed DMUs. Among these, 16 schools (75%) stood 
out as reference units (reference schools), being considered 
benchmarks or peers for at least one other school. These schools 
serve as models of efficiency, offering practices and strategies 
that can be replicated by other institutions seeking improvement.
In 2019, the analysis revealed an increase in the number of 

efficient units, with 24 schools located on the production 
frontier, again representing 10.810% of the analyzed DMUs. 
Among these, 18 schools (75%) were identified as reference 
units (reference schools), reaffirming their prominent role as 
benchmarks for other institutions. It is important to highlight 
that of the 21 schools on the efficiency frontier in 2017, 13 
maintained this status in 2019, demonstrating significant 
consistency in their practices and results over time.
Table 2 presents the schools operating at the efficiency frontier 
based on the model that uses the 2019 edition of the Ideb. These 
reference schools are identified along with the number of partner 
schools. Additionally, the table includes the municipality 
where these schools are located, the Regional Education 
Superintendency (SRE) to which they belong, the Ideb scores 
achieved in the referenced year, and the educational context 
indicators used as inputs in the analyses.
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Table 2: High school reference schools in the State of Espírito Santo (own elaboration)
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The reference schools identified in Table 2 obtained a 2019 
Ideb for secondary education ranging from 3.300 to 6.100, with 
an average of 4.920, surpassing the State’s state schools (4.600) 
and the proposed target for the year (4.700). The coefficient of 
variation between grades is classified as medium, according to 
the classification proposed by Gomes (1985). Of the 14 units 
that had targets projected for 2019 Ideb, we found that ten 
achieved or exceeded the objectives, representing a percentage 
of 71.430%.

Malmquist Index
The Malmquist Index showed a minimum value of 0.864, 
indicating that some units experienced reduced productivity. In 
contrast, the maximum value of 1.402 suggests that other units 

increased their productivity by up to 40.200%. The median of 
1.012 reflects a slight productivity gain for most school units. It 
is observed that 25% of the units maintained their productivity 
constant (1st quartile equal to 1), while another 25% showed 
significant improvement, with a productivity increase of more 
than 5.999% (3rd quartile). Figure 5 illustrates the distribution 
of the Malmquist Index, highlighting these variations.
The decomposition of the Malmquist index revealed 
considerable variation in the technical efficiency of the school 
units over the analyzed period, as indicated by the Efficiency 
Change Index, which ranged from 0.863 to 1.147. A median of 
1.005 suggests that most schools saw a modest improvement in 
their technical efficiency, managing to utilize resources more 
effectively to achieve similar or better outcomes.

Figure 5: Distribution of the Malmquist Index (own elaboration)

However, the minimum value of 0.863 indicates that some 
schools experienced a decline in efficiency, likely due to 
internal challenges or contextual factors they could not address.
Meanwhile, with a median of 1, the Technological Change 
Index points to a general stabilization in the technological 
production frontier, with half of the units showing no significant 
technological changes.
Overall, the findings suggest a slight improvement in schools’ 
technical efficiency over time, with some units making 
noteworthy progress. However, technological progress was 
uneven, with certain schools advancing more rapidly than 
others. This indicates that while there is a general trend towards 
improvement, disparities remain that need to be addressed to 
ensure more uniform progress across all schools.

DISCUSSION
In this study, we applied the Variable Returns to Scale (VRS) 
output-oriented Data Envelopment Analysis (DEA) approach 
to assess the efficiency of 222 high schools administered 
by the State of Espírito Santo. The Ideb was considered 
the primary output, while contextual variables such as the age-
grade distortion rate, the socioeconomic level of students, 
the percentage of white students, and teacher effort were used 
as inputs. The results revealed significant differences between 
the reference schools and the other units analyzed, providing 
important insights for educational policy formulation.
The findings indicate that, in 2017, 17 schools were identified 
as efficient, serving as benchmarks for other units located in 
similar contexts but with lower performance. In 2019, this 

number increased to 18, suggesting a slight improvement in 
the overall efficiency of the schools over time.
The literature has emphasized that efficiency is not only 
a function of the resources available but also of the management 
capacity and quality of teaching offered, especially in adverse 
contexts (Komalasari et al., 2020; Ainscow, 2020; Cheng, 
2022; Cox and Mullen, 2023). This aspect is supported by 
the contextual indicators observed in the reference schools, 
which, despite higher age-grade distortion rates, lower 
socioeconomic levels, and a lower percentage of white 
students, achieve superior results in the Ideb.
This suggests that the effectiveness of educational policies 
significantly depends on the schools’ ability to adapt strategies 
to their specific realities, as Cox and Mullen (2023) noted. 
An exemplary case identified in this study is that of EEEM 
Gomes Cardim, which, as indicated in Table 2, despite having 
an Ideb below the average of reference schools, exceeds 
expectations given its highly vulnerable conditions.
It is important to note that many current public policies 
tend to underestimate the impact of context on school 
performance, focusing exclusively on performance indicators 
without considering the conditions under which schools 
operate. By emphasizing the significance of contextual 
variables, this study contributes to a deeper understanding 
of how these factors influence school efficiency. This 
approach suggests that future research should adopt a more 
contextualized perspective, as advocated by various scholars 
in the educational field (Paschoalotto et al., 2020; Creemers 
et al., 2022; Dias and Zouain, 2023).
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Moreover, identifying reference schools and understanding 
the practices that lead to greater efficiency, even in adverse 
contexts, provide valuable insights for replicating these 
strategies in other educational institutions. This may include 
developing training programs for school managers focused 
on optimizing the use of limited resources and implementing 
strategies to engage and motivate teachers, even in challenging 
environments, as previously indicated by Creemers et al. (2022).
In the context of this study, reference schools were identified in 
15 of the 78 municipalities in Espírito Santo. Serra, Colatina, 
and Muniz Freire stand out for hosting two reference schools 
each. According to the geographical division proposed by 
the Brazilian Institute of Geography and Statistics (IBGE), 

three of these schools are located in the North Coast Region, 
three in the Northwest Region, seven in the South Region, 
and five in the Central Region of Espírito Santo, with four 
belonging to the Metropolitan Region of Greater Vitória.
Regarding the Regional Education Superintendencies 
(SREs), reference schools were identified in 9 of the 11 
SREs (81.820%). All mesoregions of the state have at least 
one reference school, and about 60% of the analyzed schools 
have at least one partner school managed by the same SRE. 
This can facilitate the creation of spaces dedicated to sharing 
experiences, which are essential for driving educational 
progress. Figure 6 provides a more detailed visualization of 
the location of these schools.

Figure 6: Location of reference schools (own elaboration)

Nonetheless, it is important to acknowledge that DEA assumes 
all units can learn from and adopt the best practices of 
reference schools, a premise that may not always be realistic 
or applicable in practice. Therefore, it is essential to carefully 
evaluate the feasibility of these best practices and adapt them 
to each school’s unique needs and constraints. This flexible and 
adaptive approach is critical to ensuring that strategies aimed at 
improving educational quality are both effective and relevant.
This study also opens avenues for further research. Future 
investigations could benefit from applying mixed methods and 
integrating DEA with qualitative approaches such as interviews 
and case studies to better understand the complexities that 

influence school performance in challenging environments. 
Additionally, employing more comprehensive longitudinal 
data could reveal long-term trends and assess the sustained 
impact of specific interventions over time.

Limitations of the Analysis
It must be acknowledged that the study has certain limitations. 
The analysis was based on data from only two cycles of 
the Ideb, which may not fully capture the long-term dynamics 
of school performance. Future studies could expand this 
analysis to include additional Ideb cycles and consider other 
contextual factors that might influence school efficiency, 
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