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La pérdida y recuperacion del aprendizaje por COVID-19 en Brasil: Evaluacion de las
brechas entre grupos sociales

Resumen: Los estudiantes de mas de 150 paises experimentaron el cierre de escuelas durante la
pandemia de COVID-19. En los afios siguientes, ha ido creciendo un cuerpo de literatura que
busca estimar los impactos de estas interrupciones educativas en un conjunto diverso de
resultados, incluido el aprendizaje de los estudiantes. Este articulo afade a este cuerpo de
investigacion examinando la evidencia causal a través de un marco de diferencias-en-diferencias
(DID). Los resultados sugieren que el cierre de escuelas provoco pérdidas de aprendizaje en
matematicas para los estudiantes de ultimo afio de secundaria en escuelas publicas del Distrito
Federal en Brasil. Aunque todos los grupos raciales experimentaron pérdida de aprendizaje, los
estudiantes blancos y asiaticos experimentaron pérdidas mas significativas en 2020. No
encontramos evidencia de recuperacion del aprendizaje entre 2020 y 2021 para ningtin grupo
racial, lo que sugiere que las pérdidas de aprendizaje persistieron en la reapertura de las

escuelas. Sin embargo, encontramos posibles signos de recuperacion en estudiantes mujeres del
ultimo afio en comparacion con los estudiantes varones. No obstante, las diferencias del
desempefio entre hombres y mujeres siguen siendo prominentes al analizar los datos de 2016 a
2021. La utilizacién de analisis criticos de politicas y de marcos de desigualdad mantenidos
eficazmente puede ofrecer informacién sobre las importantes disparidades de aprendizaje
experimentadas por los estudiantes.

Palabras-clave: pérdida de aprendizaje; COVID-19; diferencia-en-diferencias; recuperacion

Perda e recuperagao de aprendizagem devido a COVID-19 no Brasil: Avaliando
lacunas entre grupos sociais

Resumo: Estudantes de mais de 150 paises vivenciaram o fechamento das escolas durante a
pandemia da COVID-19. Nos anos seguintes, foram publicados diversos estudos que
procuraram estimar os impactos destas interrupc¢des educacionais em um conjunto
diversificado de resultados, incluindo a aprendizagem dos alunos. Este artigo contribui para
este corpo de pesquisa examinando evidéncias causais ao aplicar a metodologia de
diferencas-em-diferencas (DID). Os resultados sugerem que o fechamento de escolas levou a
perdas de aprendizagem em matematica para alunos do ultimo ano do ensino médio em
escolas publicas do Distrito Federal no Brasil. E embora todos os grupos raciais tenham
sofrido perdas de aprendizagem, os estudantes brancos e asiaticos sofreram as perdas mais
significativas em 2020. Nao encontramos provas de recuperac¢ao da aprendizagem em 2020 e
2021 para nenhum dos grupos raciais, sugerindo que as perdas de aprendizagem persistiram
ap6s a reabertura das escolas. Encontramos, no entanto, possiveis sinais de recupera¢ao para
estudantes do ultimo ano do ensino médio do sexo feminino em comparagao com
estudantes do sexo masculino. No entanto, as diferen¢as de desempenho entre homens e
mulheres ainda sdo proeminentes quando comparamos dados de 2016 a 2021. A utilizacdao
das teorias da analise critica de politicas e da desigualdade efetivamente mantida podem
oferecer esclarecimentos sobre as significativas disparidades de aprendizagem vivenciadas
pelos alunos.

Palavras-chave: perda de aprendizagem; COVID-19; diferencas-em-diferencas; recuperacao
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COVID-19 Learning Loss and Recovery in Brazil: Assessing Gaps Across
Social Groups

In March of 2020, the novel coronavirus was declared a global pandemic by the World
Health Organization (Cucinotta & Vanelli, 2020). This pandemic sparked what the United Nations
Children’s Fund (UNICEF, 2021a) would call “the largest disruption to schooling in the history of
the world.” One of the most common policy measures implemented by countries in response to the
COVID-19 pandemic was to close the doors of their physical school buildings, thus cutting students
off from in-person instruction. Data from the United Nations Educational, Scientific and Cultural
Organization (UNESCO) shows that, on average, from February 2020, schools were either fully or
partially closed for up to 35 weeks in a total of 151 countries UNESCO (2022). These closures
affected over 81% of enrolled learners—a number representing almost 1.3 billion students
wotldwide. Globally, the typical student had 224 of his/her school days affected by either complete
or partial school closures (UNICEF, 2021b), for a total average of 10 weeks of in-person instruction
lost (Meinck et al., 2022).

In the years since these widespread COVID-19 school closures, a growing body of literature
seeks to estimate the impacts of these education disruptions on a diverse set of outcomes, including
student learning. Such shocks to the typical student experience have been linked to increases in
student absence and dropout (Moscoviz & Evans, 2022; Southall et al., 2021), decreases in teacher
retention (Carver-Thomas et al., 2021), and increases in stress and trauma for everyone within the
education system (students, teachers, and staff; Storey & Zhang, 2021).

Other studies have shown some of the health-related impacts of the COVID-19 school
closures. Rajmil et al. (2021) find associations between school closures and decreased physical
activity in school-age children and an increase in symptoms of depression. In findings from Duraku
and Hoxha (2021), students express an increase in sadness, anger, grief, sleep disorders, and a lack of
motivation. Similar results around student emotional outcomes (hyperactivity, anxiety, frustration,
loneliness, and sadness) as well as an increase in child BMI and obesity are found by Chaabane et al.
(2021). Furthermore, closures increased absenteeism, especially in marginalized populations
(Azevedo et al., 2021; Neidhoéfer et al., 2021). Multiple authors have noted that disadvantaged
students are disproportionately impacted by school closures for several reasons, including how their
parents are unable to support online learning (Azevedo et al., 2021; Maldonado & De Witte, 2022;
Neidhofer et al., 2021).

Additionally, a number of studies have explored the potential economic effects of COVID-
19 school closures, driven primarily by the loss of student learning (Azevedo et al., 2021; Engzell et
al., 2021; Maldonado & De Witte, 2022; Souza et al., 2020; Yarrow et al., 2020). For instance, Dorn
et al. (2020) estimate that COVID-driven learning losses could lead to a decrease of one year in
lifetime earnings (between $61,000 to $82,000). Hanushek and Woessmann (2020) estimate the
national-level impacts of losses in student learning on individual education rates of return as well as
national economic growth.

The authors’ estimates suggest that a loss of 0.3 years of learning are linked to a 3% decrease
in lifetime earnings, which could potentially reduce national GDP by 1.5% over the course of those
students’ lives. A range of these economic costs range from $504 billion for South Africa to over
$15.5 trillion for China. Azevedo et al. (2021) estimate that the learning loss associated with a school
shutdown of five months could result in combined economic losses of $10 trillion for those students
whose learning experience was disrupted by the pandemic. Prior research (i.e., studies conducted
prior to the COVID-19 pandemic) on the links between student performance and economic
outcomes also suggest that lower learning outcomes could be predictive of lower future
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employability (Currie & Thomas, 2001). This paper contributes to the evolving global knowledge
base by analyzing school closures, measuring their impact on student learning at the end of school
lockdowns and one year after school reopening. This study also explores disparities by student
gender and race. Understanding how worldwide school closures affected these populations can
inform future policies, better preparing affected countries for future scenarios. Our findings suggest
learning losses experienced by nearly all students following school lockdowns in 2020, with no sign
of recovery despite schools reopening. However, we find possible signs of recovery among female
students despite the documented historical difference concerning gender-based performance. In the
following sections, we offer a brief overview of the literature on learning loss associated with
COVID-19 throughout the world and in Brazil. We also present the data and methodology
employed for this study. In the final section, we present our findings and discuss their implications.

Literature Review

The Global Experience with COVID-19 and Learning Loss

In the three-plus years since the COVID-19 pandemic first impacted schooling provision,
there have been “dozens of studies” on the learning impacts of school closures across a range of
country income levels (Moscoviz and Evans, 2022, p. 1). Overall, the body of research tends to
show that the temporary disruptions to in-person schooling are related to significant reductions in
student learning (Azevedo et al., 2020; Engzell et al., 2020; Maldonado & De Witte, 2020; Yarrow et
al., 2020). Recently publicized research from the United States found that students in the average
school district lost roughly 52% of a year’s worth of learning in math and 23% in reading; moreover,
5% of students were in districts where achievement fell by more than one full grade level (Fahle et
al, 2022).

Recently, a few systematic reviews of the global findings on COVID-related learning loss
have been published. The first, by Donnelly and Patrinos (2021), offered a self-described “early
systematic review” of the global evidence (of the studies published between March 2020 and March
2021). These authors found eight studies, all of which were focused on high-income countries.'
Seven of the eight studies found significant evidence of learning loss, with the largest impact being
roughly 0.3 SD or 2 months of learning. In total, this systematic review presents the results of 32
measures of students learning. Of these, eight were not statistically significant (i.e., showing no
difference in learning after school closures), two were negatively significant (i.e., showing learning
growth after school closures), and 22 were positively significant (i.e., showing learning loss after
school closures). Overall, the results from this systematic review show a general trend of significant
learning loss resulting from COVID-19 school closures.

A 2021 meta-analysis by Storey and Zhang (2021) identified 16 studies that use a 2019
cohort of students as a counterfactual to compare performance and thus estimate the impact of
school closures on learning loss for 2020 students. The studies again come only from high-income
contexts.” Results from the meta-analysis suggest that students lost, on average, 0.16 SDs of learning
as a result of the pandemic-driven school closures. Moscoviz and Evans (2022) provide the most
recent systematic review of the COVID-19 learning loss research. A notable characteristic of this
study is that the results include findings from a set of low- and middle-income countries (MICS)
(32% of the included studies) to complement the previous research from high-income contexts

! Australia, Belgium, Germany, Netherlands, Spain, Switzerland, and the United States (two studies).
2 Belgium, Netherlands, Switzerland, United Kingdom, and United States.
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(68% of the included studies).” This systematic review includes results from 29 studies of learning
loss (in addition to 15 studies that assess the impacts on student dropout). The authors find that, on
average, most estimates of student learning are negative (suggesting COVID-driven learning loss);
although there are some exceptions to this, particularly in the low- and middle-income countries. In
some contexts, the amount of learning loss was equivalent to the amount of learning that students
would have experienced over the time length of the closure (e.g., 0.08 SD in the Netherlands over an
8-week closure; Engzell et al., 2021). A few highlights regarding learning in low and middle income
countries (LMICs) include the following: in Bangladesh, students in Grades 7 and 8 experienced
learning loss of 5% to 6% (Amin et al., 2021). For secondary students in Brazil, student learning in
2020 compared to 2019 was down 0.32 SDs (Lichand et al., 2021). In Mexico, learning loss was
between 0.34 and 0.45 SDs in reading and between 0.62 and 0.82 SD in math (Hevia et al., 2022).
Early grade primary students in South Africa only learned between one-half and one-quarter of what
they normally would have learned (i.e., compared to students in the previous year’s cohort;
Ardington et al., 2021; Shepherd et al., 2021).

It is important to note that COVID-19-driven school closures have not been uniformly
associated with student learning loss. In some cases, students have been found to experience no
change in learning and, in a few, students have increased their learning levels. In the United States,
2.5% of COVID-impacted students were in school districts that experienced increases in math
achievement and 14.8% of students were in districts where reading achievement increased (Fahle et
al., 2022). In Spain, higher education students experienced learning growth following a school
closure of 10 weeks (Gonzalez et al., 2020). In Belgium, students experienced learning losses in three
out of four test subjects—an average test score reduction between 0.17 and 0.19 standard deviations
Maldonado and De Witte (2022). In middle-income schools in Australia, Grade 3 students
experienced improvements in math performance after an 8-10-week-long school closure (Gore et al.
2021). According to the systematic review results of Moscoviz and Evans (2022), students in
Burkina Faso, Burundi, Cote d’Ivoire, Pakistan, Senegal, and Zambia showed no evidence of
learning loss (UNESCO Institute for Statistics, 2022).

5

Inequality Exacerbates Learning Losses

One of the most consistent findings across studies of post-pandemic learning is that results
are heterogenous across important socioeconomic characteristics, driven in part by the fact that
households with fewer resources are less able to support remote learning opportunities (Azevedo et
al., 2021; Dorn et al., 2020; Maldonado & De Witte, 2021). According to the United Nations
International Children’s Emergency Fund report (UNICEF, 2020), about 1 in 3 children were left
out of remote learning opportunities, due to the lack of (i) policies supporting remote education and
(i) family access to remote instruction. Among students that did not receive instruction, almost 70%
lived in rural areas, and 40% were underprivileged families without internet access (UNICEF, 2020).
The same report showed that disadvantaged students faced difficulties attending online classes or
using online content. The World Bank (2020) observed: “The crisis was not equally distributed—the
most disadvantaged children and youth had the worst access to schooling, highest dropout rates, and
the largest learning deficits” (p. 5).

According to Fahle et al. (2022), learning losses were significantly larger in higher poverty
school districts (e.g., high-poverty districts lost 0.66 grade levels of learning compared to a loss of
0.45 grades of learning for low-poverty districts). According to Moscoviz and Evans (2022), a

3 The full set of included countries includes the following: Australia, Bangladesh, Belgium (2), Brazil, Burkina
Faso, Burundi, Cote d’Ivoire, Germany, Ghana, India, Italy, Kenya, Mexico, Netherlands (2), Pakistan (2),
Senegal, South Africa (2), Switzerland, Uganda, United Kingdom (5), United States (4), and Zambia.
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consistent finding across studies was an increase in learning inequality, with learning loss being
“consistently much higher among students with lower socioeconomic status in high-, middle-, and
low-income countries, even in contexts with little or no average learning loss” (p. 1). In virtually
every country, learning loss is “concentrated among the poorest children” (p. 2). Such results were
found in the Netherlands, United States, Mexico, Bangladesh, Ghana, Uganda, Pakistan, and others,
with learning loss differences as large as 200% for the poorest students (compared to the wealthiest).

Other authors also found minority groups to be more impacted. Dorn et al. (2020) estimated
that while White students would earn $1,348 a year less over a 40-year working life, such earning
losses would be $2,186 a year for Black students. According to Hanushek and Woessmann (2020),
disadvantaged students are more impacted by school closures because their parents cannot support
their online school learning.

In Honduras, Paz-Maldonado et al. (2021) illustrated how student dropout increased during
COVID-19, arguing that the government should reduce disparity of access to the internet, increasing
students’ participation to promote learning. In a study of the most significant challenges Brazilian
parents faced with pandemic-era online classes, Lunardi et al. (2021) found that parents reported
issues with internet access, time management, student concentration, and conciliation between
school demands and work. The authors suggested that such parents needed more support to deal
with these pandemic-era educational scenarios. Many parents also reported lacking technological
fluency, devices in the home sufficient for multiple children, or cell phone access to classes in the
absence of computers. Other authors found that girls were especially vulnerable to these pandemic-
related losses (Burzynska & Contreras, 2020). These authors identified two important concerns
related to gitls, challenging gender equality in educational access: sexual health and socioeconomic
burdens. The authors found that teenage gitls disproportionately dropped out of school, due to an
increased risk of sexual exploitation, pregnancy, and forced marriage. During the 2014 Ebola
outbreak in West Africa, school closures were associated with an increase in teenage pregnancies.

Education and Inequality in Brazil

Brazil has frequently faced challenges of inequality. The southern region of the country
accounts for over 53% of Brazil’s GDP, while the northeast contributes only 14% of GDP (IBGE,
2019). Such inequality manifests in its education system. Valente (2017) notes that Brazil suffers
from high levels of socioeconomic inequality, impacting access to higher education. Brazil has a
heterogeneous higher education system, with both private and public universities relying heavily,
often exclusively, on a single standardized test—the Exame Nacional do Ensino Médio (ENEM)—
as their sole mechanism for admitting students. In Brazil, public universities are highly ranked and
tuition-free, enrolling over 1.7 million students, according to Schwartzman and Knobel (2016).

Recognizing this gap between supply and demand for public higher education in Brazil,
several authors have noted public universities’ tendency to select highly privileged students from
wealthier households at an excessive rate. Valente (2017) assessed relationships between race and
higher educational access from 2004 to 2008, finding that nonwhite students have lower scores on
the ENEM, and that mother’s education and parental income atre highly correlated with student
scores. Likewise, the odds of a student from a public school scoring high in the examination is
68.3% lower compared to a private school student.

Learning Before and During the Pandemic

In March of 2020, at the onset of the COVID-19 pandemic, Brazil closed its school doors
and kept them closed through the end of 2020 (UNESCO, 2022). In January of 2021, schools
partially reopened. Overall, Brazil endured 38 weeks of total school closure and about 40 weeks of
partial closure. School closure onset and duration varied significantly throughout the country, as
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each state had autonomy to reopen at its own discretion. During closure, over 95% of schools
across Brazil implemented some form of online learning methodology. Brazil’s Center for the
Development of Informational Society (CETIC) studied the context of the country’s entry into the
pandemic: in 2019, about 39% of its public-school students lacked access to any computers or
tablets at home. In private schools, that percentage was 9%. Likewise, 21% of public-school
students accessed the internet via cell phone, compared to only 3% of private school students
(CETIC, 2020). Lunardi et al. (2021) found that Brazilian students and parents reported problems
with accessing the internet during the lockdown.

Catanante et al. (2020) noted that cultural differences, inadequate access to technology, and
lack of family support resulted in low online educational participation. In their study, the authors
found that only 36% of students in a senior high school class participated actively in online learning;
54% did not participate. The authors also observed that mere access to online classes is insufficient;
students need family support and an adequate location to study. Unfortunately, many students lack
this support at home.

In response to the lack of internet access for certain households, some schools implemented
non-internet strategies. For example, some broadcasted their school content via television or printed
materials. However, inequality in Brazil is not restricted to internet access. Costa & Sousa (2020)
reported large portions of the population lacking access to television. Television, they found, is
absent in many low-income households. For example, in 2019, in northeastern Brazil, 34% of
households lacked access to TV, demonstrating that these educational programs were unavailable to
many students in the region. Overall, the pandemic exacerbated many of Brazil’s structural
challenges in education.

Research Questions

This study attempts to estimate the causal impact of school closures on student learning in
math and post-pandemic learning recovery one year following the pandemic. We aim to answer the
following research questions:

1. What is the causal impact of school closures on student math achievement?

2. Is there evidence of post-closure recovery in learning loss?

3. Is there evidence of differential learning loss and recovery across student racial

groups (White, Asian, Black, Brown)?

The authors hypothesize that school closures will be significantly linked to drops in student
learning. We also expect, despite schools reopening, learning losses to persist into the school year
following the pandemic. As is consistent with extant work, we expect inequality to play a role in
learning losses in the context of school closures and learning loss recovery. As such, we anticipate

school closures to impact students more deeply within disadvantaged social groups (i.e., females and
Blacks).

Data

To answer these research questions, we utilize government data from the Exame Nacional
do Ensino Médio (ENEM, or “The National High School Exam”) from 2016 through 2021. The
ENEM is a non-mandatory test that includes a written essay and roughly 180 questions divided into
four subjects: language, mathematics, human sciences, and natural sciences. Participants answer
these questions over the course of a two-day testing period. Public universities use ENEM scores as
part of their admissions decisions, similar to SAT or ACT exams in the United States. Private
universities also accept these scores, using them to grant tuition waivers or student loans.
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Given that universities require the ENEM for university access and many public and private
universities across the country require the exam scores as a requirement of admission, it is taken
annually by a vast range of test-takers, including enrolled secondary students (sophomores, juniors,
and seniors), graduates students, and even former high-school dropouts. To register for the ENEM,
applicants provide their socioeconomic status, gender, race, age, parents’ education, profession, and
more. This data, in addition to students’ scores, is accessible within the ENEM dataset.

This study analyzes data from Distrito Federal (DF), a Federal Brazilian district, similar to
the District of Columbia in the United States. In this district are located Brazil’s capital (Brasilia), the
Brazilian president’s office, the National Congress, and many federal governments agencies. The
Federal District in Brazil is not part of any state, but it is a special political and administrative
division. Many people from different states migrate to Distrito Federal, especially from the
northwest and southwest. Data from this district was selected due to it meeting the requirements for
the difference-in-differences methodology used by the authors (i.e., parallel trends between treated
and comparison units before and up to the start of the pandemic). The data set includes information
from 251,691 17-to-22-year-old test takers, 57% of whom were graduates and 43% of whom were
high school seniors. We analyzed six years of data, from 2016 to 2021, including four years prior to
the pandemic and two years following school reopening.

As of 2017, Brazil’ 207 million residents identified across the following racial groups: 46.7%
Brown or mixed-race, 44.2% White, 8.2% Black, and 0.9% Asian or Indigenous (Rubin et al., 2020).
Within the ENEM dataset, we observe the following breakdown across these racial groups for the
251,691 test-takers: 49% Brown, 29% White, 15% Black, 3% Asian, and 0.4% Indigenous. The
median pet-capita income* of these populations was calculated based on the information provided
by each test taker: R$ 1,177 for White students, R§ 679 for Asian students, R§ 674 for Brown
students, R§ 596 for Black students, and R$ 523 for Indigenous students. These per-capita incomes
suggest that roughly 32% of White, 46% of Asian, 46% of Brown, 50% of Black, and 56% of
Indigenous students live below the international poverty line of $1.90 per day.

Methods

The key challenge in estimating the causal impact of school closures on student learning is
accounting for selection bias. The COVID-19 pandemic disrupted the formal school experience of
all students in the country; and thus, all students experienced a similar truncated educational
experience. To account for potential temporal variations across year-to-year samples, we apply a
counterfactual-based approach in the form of a difference-in-differences (DID) estimation.

The DID model compares group means in cases where one group is affected by an
intervention (or event) and the other is not (Angrist & Krueger, 1999). In the context of this study,
the intervention of interest is COVID-19-driven school closures that took place during the 2020
school year, and the subsequent reopening of schools. The treatment group consists of public-
school students who were in their final year of education (i.e., high-school seniors) when they took
the ENEM exam—the year that was shortened by the pandemic-driven school closures.

The counterfactual group is comprised of students who graduated prior to taking the
ENEM exam (also prior to the COVID-19 pandemic), and thus whose schooling experience was
not cut short. While we acknowledge that the pandemic had a widespread impact on everyone’s life,
it’s important to note that those who graduated prior to the onset of COVID-19 did not experience
the direct consequences of school closures. Any learning losses they may have incurred due to

4 Family income divided by the number of people living in the household.
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leaving school have likely remained consistent over the years as we compare those who took the
ENEM as graduates versus those who took the exam as seniors since 2016.

The DID approach measures the difference in ENEM scores between treatment and
counterfactual groups in the years leading up to the intervention year, and the year following the
pandemic. The trend in these mean differences from year-to-year offers an expected difference in
treatment-counterfactual means in the years after the intervention. Observed variation from this
expected difference in the treatment year provides an estimate of the treatment effect. The 2020
ENEM exam occurred on January 17, 2021, almost 10 months after school closures (mid-March
2020). The 2021 ENEM version was administered on January 16, 2022. As such, the data comprises
two years of analysis on the effects of school closure.

To employ DID, we must meet the primary assumption that both control and treatment
groups demonstrate similar or parallel trends in the pre-intervention period. Trends for this study
were analyzed using an event study approach (Borusyak & Jaravel, 2017; Clarke & Tapia-Schythe,
2021; Schmidheiny & Siegloch, 2019). Clarke & Tapia-Schythe (2021) noted that:

By considering the variation in outcomes around the adoption of the event

compared with a baseline reference period, both event lags and leads are estimated,

allowing for a clear visual representation of the event’s causal impact provided that

key identifying assumptions are met. (p. 2)

The event study research design is helpful for treatment effects analysis and the effect of an
event on a specific dependent variable (Woon, 2004). Researchers use this method for the intent of
causal inference across many disciplines, including economics, education, other social sciences, and
medicine (Sun & Abraham, 2021).

In our case, the event study captures the differences between treatment and control groups
over the years, with the regression analysis in Table 1 demonstrating that no significant differences
between those who took the test as graduates and those who took it as seniors, at a p-value of 0.05.
Our baseline period is 2019, the year before COVID-19. We use OLS regression to calculate the
interaction between the dummy variables of year and seniors, including fixed effects for year and
senior status in these models (see Table 1).

Table 1

Regression Analysis Between the Dumimy variables of Y ear and Seniors

Estimate Std. Error Pr(>|1|)
Interaction Senior and Year 2016 0.68 1.21 0.58
Interaction Senior and Year 2017 -0.51 1.25 0.69
Interaction Senior and Year 2018 0.37 1.26 0.77
Interaction Senior and Year 2020 -19.34 2.02 0.00%#*
Interaction Senior and Year 2021 -18.27 1.56 0.00%**

Note. This table presents results from the event study analysis to demonstrate that there are no statistical
differences between those students who took the test as graduates and those who took it as seniors in the
years before the pandemic, but that the difference in learning between these groups started to appear after
2020 (the pandemic year) when schools in Brazil were closed to avoid spreading the virus. We included years
and status (seniors and graduates) as fixed effects in this model. The baseline year is 2019, which was the year
before the pandemic.

*p < 0.05. ¥%p < 0.01. **¥¥p < 0.001.
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We plot the results as suggested by Borusyak and Jaravel (2017). Values close to 0 show that
the differences among groups were constant over time (see Figure 1).

Figure 1
Event Study
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Notes. The math event study shows that the difference between groups before school closure was close to
zero. Following school closures (2020), the difference displayed on the graph illustrates the effect of school
closures on learning.

Additionally, we performed a complete analysis of group differences before and after
COVID-19, making sure that test-takers’ compositions did not change due to the pandemic (Cohen
1988, Ferguson, 2016). We present the results in standardized mean differences (SMD) in test takers’
composition between 2019 and 2020, and 2019 and 2021. Those results are presented in Appendix
A. We obsetve that none of the demographic characteristics’ analyzed had SMD larger than 0.15—
values that are considered small for both benchmarks suggested by Cohen (1988) and Ferguson
(2010).

As seen in Figure 2, the trends in exam scores for math are perfectly parallel between seniors
and those who took the test as graduates. Thus, the control group can be reasonably used as a
counterfactual of what we would have expected to happen to the treatment group, the seniors, in the
absence of school closures.

> We tested for senior status, gender, race, age group, family size, SES, and Below Poverty Line variables.
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Figure 2
Math Trend Lines
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Notes. The plot displays the trend lines between graduates and senior test takers in math. The vertical dash
line separates the trends prior to school closures (2016 to 2019) and following school closures (2020 and
2021). The grey line represents possible trends without school closure.

Having confirmed the suitability of our data for the DID methodology, we apply a fixed
effects model to estimate the DID. Formula 1 includes the main effect of senior and year. We
calculate one model for 2019 and 2020, and one model for 2019 and 2021. To calculate the effect of
the pandemic on gender and race, we regressed a three-way interaction with year, interest group, and
senior, to study the differential effect that treatment has on these groups (Formula 2).

Math; = By + f, * Senior + B, * Year + 3 * Senior * Year + e
M
Math; = Bo + 1 * Seniors + B, *x Race + [3 * Gender + B,Seniors * Race * Year +
BsSeniors * Gender * Year + e

2
Results

As presented in Table 2, senior high school students experienced losses of 19.34 points in
math in 2020 (p <0.001, Cohens’ 4 of 0.13 SD), and 18.27 points in 2021 (»p < 0.001, Cohens’ d of
0.16 SD). In Table 2, we note no discernible change in mean differences between seniors and
graduates in the years that preceded the pandemic, specifically from 2016 to 2019 (the reference
period). The 95% confidence intervals for learning loss in 2020 was between -23.1 to -15.6 points.
The gap between treatment and counterfactual groups in 2021 was between -21.4 and -15.2 points,
suggesting roughly no recovery in learning loss between 2020 and 2021.
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Table 2

Difference in Differences Between the Pre- and Post-Pandemic Period

Estimate S.E. p-value

2020
(Intercept) 544.28 0.55 <2e-16 ***
Senior -36.71 0.81 <2e-16 ***
Year 2020 14.51 1.33 <2e-16 *F**
Year 2020 x Senior -19.34 1.92 <2e-16 ***

2021
(Intercept) 544.28 0.54 <2e-16 kK
Senior -36.71 0.80 <2e-16 ook
Year 2021 23.11 1.07 <2e-16 ook
Year 2021 x Senior -18.27 1.58 <2e-16 ok

Note. The results presented in this table demonstrate that in 2020, senior students scored 19.34 points less
than those students who graduated prior to taking the ENEM exam (also prior to the COVID-19 pandemic).
In 2021, senior students scored 18.27 points less than graduate test takers. The results in this table confirm

that learning loss occurred during the pandemic and persisted after school reopening.
*p < 0.05. ¥Fp < 0.01. ¥*p < 0.001.

Table 3 demonstrates the differences between 2020 and 2021 when comparing with the pre-
pandemic period for race and gender. The estimated learning loss for senior test takers, Whites,
Asians, Blacks, and Browns result from the interaction between senior * race * year. As observed, all
races, except Indigenous, experienced learning losses, with White students experiencing the largest
losses 36.35 points (p<0.001) and 95% CI [-41.9, -30.8]. The same pattern was observed in 2021,
with all races, except Indigenous, maintaining their 2020 learning loss levels—suggesting no learning
recovery from 2020 to 2021. White students experienced the largest maintained learning loss of
29.42 points (p<0.001) and 95% CI [-33.8, -25.1] in 2021. When analyzing gender, we observe that
senior male test takers gained 14 points more than females test takers, in 2020 (p < 0.001, and 95%
CI [8.8, 19.2]); however, the difference reduced to 4.4 points in 2021 (p < 0.001, and 95% CI [0.2,
8.6]), potentially suggesting that female students recovered from much of the learning loss they
experienced in 2020.

Table 3
Group Learning Loss Differences

2020 2021
Estimate SE. » Estimate S.E. p
(Intercept) 562.02  0.82 0.00 561.35  0.79 0.00 ***
Senior -36.06  0.78 0.00 ek -36.09  0.77 0.00 Ak
Asian -38.87 236 0.00 ek -37.37 227 0.00 kxk
Black -58.55 1.16 0.00  *** -58.07  1.11 0.00 ***

Brown -44.92 0.86 0.00 -43.46  0.81 0.00 ***
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2020 2021

HEstimate SE. » Estimate S.E. »
Indigenous -80.31 573 0.00  #kx -80.87  5.61 0.00 H**
Unknown -1296 2.61 0.00 Ak -10.95 250 0.00 Ak
Males 3713 0.76  0.00 36.67  0.73 0.00 kX
Year 14.34 1.29 0.00 19.14  1.04 0.00 H**
Senior x White x Year -36.35 2.81 0.00 e -29.42 223 0.00 ek
Senior x Asian x Year -22.17 743 0.00  ** -23.08  7.23 0.00 **
Senior x Black x Year -11.24 3.65 0.00 ** -8.29  3.06 0.01 **
Senior x Brown x Year -16.29 2.41 0.00 e -11.74 2.05 0.00 Ak
Senior x Indigenous x Year 1.87 18.11 0.92 1511 1829 0.41
Senior x Unknown x Year -35.15 9.03 0.00  *kx -26.69  7.18 0.00 Ak
Senior x Male x Year 14.00  2.65 0.00 440 212 0.04 *

Note. This table demonstrates the differences between the 2020 and 2021 regression analysis when comparing
race, gender, and senior students’ results from 2020 and 2021. The first part of the table demonstrates the
results for 2020 (compared to 2019), and the second part the 2021 results (compared to 2019). The reference
group for the model is those who took the ENEM exam as graduates.

*p < 0.05. ¥Fp < 0.01. ¥*p < 0.001.

Following our initial analysis of learning loss across groups, we delve deeper into the
distinctions among senior students in their math performance over the years, using Cohen’s 4. The
effect sizes (Cohen’s d) presented in Table 4 and Figure 4 represent zero-order differences between
males and females, between White students and all other racial groups. Note that the group means
look slightly different from the DID results in Table 3, as there are no included covariates or control
groups as we have in the DID analysis. While effect size is valuable for describing the group
differences, it falls short in establishing causation due to the lack of control for confounding factors.
Therefore, the results presented in Table 4 are not used to quantify learning loss but to compare
math achievement over the period analyzed in this paper. The results shed light on the historical
disparity across different social groups. Our analysis reveals a consistent trend since 2016, where
male students have consistently outperformed their female counterparts in math achievement. The
effect size, categorically moderate, ranged from 0.33 SD in 2017 to 0.52 SD in 2020, notably during
the pandemic year. In 2020, there was a significant increase in the difference between male and
female scores, which, however, started to reduce in 2021.

Table 4
Seniors Students Differences in Effect Size

Females Males Cohens’ 4 Cohens’ 4 CI

2016 462.80 498.25 -0.40 [-0.43, -0.38]
2017 490.62 520.00 -0.33 [-0.36, -0.30]
2018 504.99 540.37 -0.41 [-0.44, -0.38]
2019 492.55 528.77 -0.40 [-0.45, -0.38]
2020 485.39 537.02 -0.52 [-0.57,-0.47] *
2021 496.63 538.53 -0.45 [-0.49, -0.42]
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Black Whites Cohens’ 4 Cohens’ 4 CI
2016 473.58 490.75 -0.42 [-0.406, -0.37]
2017 494.31 517.13 -0.31 [-0.35, -0.26]
2018 512.07 533.34 -0.40 [-0.45, -0.36]
2019 495.36 525.33 -0.39 [-0.43, -0.36]
2020 488.79 522.20 -0.43 [-0.50, -0.36]
2021 493.07 531.24 -0.42 [-0.47, -0.36]

Browns Whites Cohens’ 4 Cohens’ 4 CI
2016 47417 490.75 -0.43 [-0.46, -0.39]
2017 499.34 517.13 -0.34 [-0.37,-0.31]
2018 515.38 533.34 -0.42 [-0.45, -0.38]
2019 502.05 525.33 -0.40 [-0.42, -0.37]
2020 495.76 522.2 -0.55 [-0.60, -0.49] *
2021 504.5 531.24 -0.47 [-0.51, -0.43]

Indigenous Whites Cohens’ 4 Cohens’ 4 CI
2016 459.25 490.75 -0.47 [-0.53, -0.41]
2017 499.27 517.13 -0.30 [-0.35, -0.24]
2018 497.8 533.34 -0.43 [-0.49, -0.37]
2019 488.27 525.33 -0.39 [-0.43, -0.35]
2020 478.89 522.2 -0.45 [-0.53, -0.37]
2021 494.17 531.24 -0.44 [-0.57, -0.38]

Note. The table shows differences in average ENEM math scores for the last 6 years between females and
males, Blacks and Whites, Browns and Whites, and Indigenous and Whites high school seniors. It does not
include data on test takers who have already graduated from high school. The (*) highlights the largest
differences between groups based on SD distance.

The results indicate potential improvements in learning outcomes for female students,
though the medium effect size disparity between male and female senior students in math persisted
at 0.45 SD, with a 95% confidence interval of [-0.49, -0.42]. Similatly, this pattern extends to Brown
students, who exhibited a substantial gap compared to White senior students in 2020, equivalent to
0.55 SD and a 95% CI of [-0.60, -0.49], but started to exhibit some reduction in math achievements’
effect size by 2021 with an effect size of 0.47 SD and a 95% CI of [-0.51, -0.43].

Table 4 also underscores that the gap between White students and all other racial groups
remains historically wide. The moderate effect size between Black and White senior students ranges
from 0.31 SD in 2017 to 0.43 SD in 2020. The differences in math scores between White and Brown
senior students have ranged from 0.34 SD in 2017 to 0.55 SD in 2020. For Indigenous students, the
difference ranges from 0.30 SD to 0.47 SD.
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Figure 4
Effect Size Comparison Between Groups
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Note. The plot compares Blacks and Whites, Browns and Whites, females and males, and Indigenous and
White senior students’ differences in SD. The graph suggests possible improvements for females and Brown

students. On the other hand, there are no improvements for Blacks compared to the pre-pandemic period
(2019 and before).

Finally, the analysis from our DID results (Table 3) shows that from 2020 to 2021, White,
Black, Asian, and Brown public-school students’ learning losses remained consistent with the
pandemic period, suggesting no improvement. Thus, our results did not find evidence that any racial
groups are recovering differently than others, but that all racial groups are still subject to the effect
of school closures (with the one exception of Indigenous students, who did not experience post-
pandemic learning loss). Conversely, we observe that in 2021, the difference in learning between
male and female test-takers decreased from 14 to 4.4 points. The confidence intervals show no
overlap, implying that senior female students may be on the path to recovering from their learning
setbacks.

Limitations

Some limitations of this paper include the use of only one Brazilian location. As such, we
cannot apply our results on a national level. In addition, the outcomes we observe from ENEM
2020 derive from when students took the test in January 2021, almost ten months after COVID-19
began, during a pandemic peak. When we analyzed the composition of test-takers in both years, we
found a similar demographic composition, as observed in Appendix A. As observed, none of the
values are superior to 0.15 SD when comparing gender, race, age group, family size, and
socioeconomic status. However, we cannot rule out the possibility that the pandemic affected
people’s willingness or ability to take the test.

Finally, our learning loss analysis conducted in the present study includes high school seniors
who are motivated to use ENEM scores to apply to higher educational institutions in Brazil. The
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results of this study cannot be applied to freshmen, sophomores, or juniors, who do not have the
same motivation as senior students.

Policy Implications

The results of this study offer contrary evidence to the overwhelming majority of learning
loss studies globally, which find disadvantaged students to be most deeply impacted by COVID-
related school closures. Indeed, these findings suggest that the most economically privileged racial
group in Brazil’s Federal District—White students, who have an average household income neatrly
double that of the next closest group—experienced the greatest levels of learning loss. At first blush,
this conclusion may seem to suggest that Brazil implemented a more equitable response to school
closures than many other countries. However, closer examination of the school context in Brazil and
its Federal District indicate that the learning losses experienced across racial groups may actually be
indicative of deeper social inequalities within the education system. In fact, we suggest that the
learning losses experienced by White students are evidence of differential access to quality learning
opportunities within the formal school system in Brazil.

Opverall, we know that Brazil has demonstrated low learning levels by secondary-age
students. On the 2018 PISA exam, Brazil scored 71st out of 79 countries in secondary mathematics.
The country’s score of 384 was one full standard deviation below the international mean of 489.
According to estimates by the World Bank, Brazilian 15-year-olds won’t reach the current OECD
average math score for 75 years (World Bank, 2018). Furthermore, data from the ENEM exam
suggest that the learning taking place in the Brazilian education system is not spread evenly among
schools. Specifically, White students, on average, attend significantly higher performing schools than
students from any other demographic group. The school-level ENEM score for schools attended by
White students in 2019 in DF was 547.9, compared to 525.7 for schools attended by Black students,
528.8 for Brown students, 527.8 for Asian students, and 500.4 for Indigenous students. Put
differently, there is a gap of 0.37 standard deviations in performance between the schools attended
by White and Black students. There is a performance gap of 0.79 standard deviations in the schools
attended by White and Indigenous students.

Combining evidence of low overall school quality in the Brazilian education system and
systematic advantages for White students in accessing the highest quality schools, it is perhaps not
surprising to observe a greater loss of learning for White students after their time in these schools
was cut short. The school closures in Brazil’s Federal District removed a structural advantage for
one of the more privileged social groups, thus reducing that group’s higher learning achievement.
Further evidence of this conclusion is highlighted by the fact that the racial group that historically
has access to the lowest performing schools in DF—Indigenous students—experienced no learning
loss after school closures.

On the whole, these findings serve to highlight the deep socially based achievement gaps
across racial groups in Brazil’s Federal District. They also align with prior research from other
countries that finds disparities in the quality of education available across social classes—as
explained by Lucas’ (2001) effectively maintained inequality (EMI) hypothesis (Guetto & Vergolini,
2017; Marks, 2013). The EMI framework explains how the socioeconomic privileged in any society
leverage their social and economic advantages to obtain education that is quantitatively equivalent
(i.e., equal in number of years) but qualitatively superior (i.e., of a higher quality) compared to their
peers. From this perspective, disparities in access to quality schools and teachers, as well as stratified
educational curricula, result in differential levels of achievement, higher education access, and post-
schooling economic opportunities (Lucas, 2001; Marks, 2013). In the Brazilian context, hich ENEM
test scores allow examinees to access higher education learning opportunities, including scholarships.
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In addition to the results around systemic inequities in Brazil’s formal school system, our
findings provide evidence of learning loss for most students impacted by the COVID-19 school
closures, with little-to-no recovery in the following year. While differences between male and female
test-takers were reduced compared to 2020 and 2021 results, we note that in all models, females
scored lower than male test-takers, demonstrating achievement differences between these groups.
This reinforces the findings of Burzynska and Cotreras (2020), who report that COVID-19 school
closures may have widened the gender gap and compromised female empowerment.

In conventional policy analysis approaches, there is an expectation that policymakers will
follow a logical progression, which includes steps like problem identification, agenda setting,
implementation, and evaluation (Sabatier, 2019). However, these traditional methods primarily
emphasize a rational decision-making process and often disregard the social context in which
policies are formulated and put into action. Unfortunately, this approach tends to overlook the
social and cultural nuances of the issues at hand, as well as the intricate nature of policy decision-
making and execution (Chase et al., 2014; Sabatier & Jenkins-Smith, 1988). Chase et al. (2014)
observed that many policy frameworks fail to account for the needs and concerns of marginalized
populations.

In response to this critical gap, the theories of critical policy analysis (CPA) have provided a
valuable tool for addressing the challenges underrepresented communities face. CPA empowers
policymakers to examine policies in a manner that challenges established power structures and social
hierarchies. As Shaw (2004) pointed out, it is essential to recognize that “policy analysis is never
value-neutral” (p. 56), and often, it remains silent on issues related to marginalized groups.

The utilization of CPA and EMI framework can offer insights into the significant learning
disparities experienced by White students. As explained in this paper, one possible explanation lies in
the substantial economic inequalities that grant White students’ better access to educational
institutions, whereas Black and other demographic groups may encounter restricted access. It is
crucial to acknowledge that “our institutions, social structures, and even our very identities are
closely intertwined with the inequities that shape our society” (Apple, 2019, p. 277). Hence, we
cannot disregard the possibility that distinct educational experiences may yield disparities in learning
losses.

An important question raised by Diem and Brooks (2022), which is highly relevant to the
issue of educational inequality in Brazil presented in this paper, is “How much longer should
children, families, and educators wait before legislators and administrators craft, implement, and
enforce policies that provide equal opportunity for a quality school experiencer” The unequivocal
answer is that they should not wait any longer. However, the reality is that the wait has been far too
extended, as evidenced by this papet’s findings highlight significant disparities among minority
groups over the past years.

In responding to the learning loss experienced by students during the COVID-19 pandemic,
as well as addressing more systemic inequities in the formal schooling system in Brazil, we suggest
that public policy makers pay considerable attention to social, economic, and educational disparities.
In line with Zhang and Storey (2022), we argue that solutions for pandemic learning losses should
provide support to historically marginalized groups and that recovery plans should prioritize
vulnerable children and youth.
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Appendix A
Standardized Mean Differences from Test Takers in 2019 and 2020

Means Means Std. Mean  Var. eCDF eCDF

Treated Control Diff. Ratio Mean Max
Senior 0.49 0.45 0.07 . 0.04 0.04
Gender Female 0.67 0.60 0.15 . 0.07 0.07
Gender Male 0.33 0.40 -0.15 . 0.07 0.07
Race: White 0.33 0.30 0.07 . 0.03 0.03
Race: Asian 0.03 0.03 0.00 . 0.00 0.00
Race: Black 0.15 0.15 -0.02 . 0.01 0.01
Race: Brown 0.47 0.50 -0.05 . 0.03 0.03
Race: Indigenous 0.00 0.00 -0.01 . 0.00 0.00
Race: No Answer 0.02 0.02 0.00 . 0.00 0.00
Age Group 2.61 2.70 -0.13 0.94 0.03 0.06
Family Size 4.03 4.09 -0.04 0.92 0.00 0.03
SES 2998.88 3072.71 -0.02 1.11 0.02 0.10
Below Poverty Line 0.46 0.42 0.09 . 0.04 0.04

Standardized Mean Differences from Test Takers in 2019 and 2021

Means Means Std. Mean eCDF eCDF

Treated Control Diff. Var, Ratio Mean Max
Senior 0.46 0.45 0.02 . 0.01 0.01
Gender Female 0.63 0.60 0.07 . 0.03 0.03
Gender Male 0.37 0.40 -0.07 . 0.03 0.03
Race: White 0.39 0.30 0.19 . 0.09 0.09
Race: Asian 0.02 0.03 -0.04 . 0.01 0.01
Race: Black 0.13 0.15 -0.06 . 0.02 0.02
Race: Brown 0.43 0.50 -0.13 . 0.06 0.06
Race: Indigenous 0.00 0.00 -0.04 . 0.00 0.00
Race: No Answer 0.02 0.02 0.00 . 0.00 0.00
Age Group 2.59 2.70 -0.15 0.92 0.04 0.07
Family Size 3.97 4.09 -0.09 0.84 0.01 0.04
SES 3512.73 3072.71 0.10 1.31 0.03 0.07

Below Poverty Line 0.39 0.42 -0.05 . 0.03 0.03
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