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ABSTRACT 

Access to free basic education has increased substantially in the past 25 years in Brazil. 

Nevertheless, the country is certainly lagging behind regarding quality of education: Brazil 

ranked 58 (out of 65 economies) in the Program for International Student Assessment (PISA) 

2012, only one year after it had reached its highest economic output (in terms of GDP) in 

history and ranked as the world’s 8th largest economy. Drawing on the literature on teacher 

quality, this study uses data from Brazil’s National System of Basic Education Assessment to 

observe 26,363 schools in both 2013 and 2015 in order to investigate the relationship between 

teacher credentials and the Math test scores of ninth graders. I estimate that a one percentage-

point increase in the proportion of qualified instructors teaching sixth, seventh, eighth, and 

ninth graders is associated with an average increase in test scores of low and middle 

socioeconomic status schools by 1.406 test score points on a scale that ranges from 0 to 100. 

This relationship increases to 2.455 for high socioeconomic status schools. Additionally, a one-

percentage point increase in the proportion of Math teachers with a Math degree is associated 

with a test score increase by 0.569 points. Finally, using these factors as proxies for teacher 

quality, I show that high-performing teachers are not equally distributed across states, and that 

wealthier and urban schools tend to have a higher proportion of qualified teachers than poorer 

and rural schools. 
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Introduction 

Since the current Federal Constitution was enacted in 1988, considerable effort 

has been directed at making Brazil’s education system accessible to more children. Via 

Article 208 of the Constitution, Brazil managed to universalize education for children 

between the ages of 7 and 14. This provision was expanded by Constitutional Amendment 

Number 59 of 2009, which reinforced the state’s duty to offer basic education to children 

between the ages of 4 and 17. 

As a result, school enrollment has increased rapidly. In 2015, 71% of Brazilian 

15-year-olds were enrolled in grade 7 or above, a 15 percentage-point increase in 

comparison to 2003 (OECD 2015). In addition, the percentage of Brazilians at least 25 

years of age or older that had studied for at least 11 years increased from 33.6% to 43.7% 

from 2007 to 2015, while the illiteracy rate of those older than 25 decreased from 10.1% 

to 8% during the same period (IBGE).  

Despite such an increase in the access to education, it seems that Brazil is still 

lagging behind in regards to quality of education. Out of 65 economies that participate in 

the Program for International Student Assessment (PISA), Brazil ranked number 58 in 

2012, only one year after the country had reached its highest GDP output in history while 

ranking as the world’s 8th largest economy according to data from the World Bank. In 

addition, middle schools1 and high schools have performed below the government’s target 

in the Basic Education Development Index (IDEB) since 2013. 

In order to improve the equity and quality of education, Brazil’s Ministry of 

Education launched the National Education Plan (NEP) in 2014, which contains goals 

                                                             
1 In Brazil, grades one through five correspond to the “Fundamental Education I”, while grades six through 

nine form the “Fundamental Education II.” Also, “High Schools” are comprised by grades one through 

three. Even though ninth graders study in high schools in the United States, I am going to call “middle 

schools” those entities that supply education to ninth graders in Brazil given that ninth grade correspond to 

the “Fundamental Education II.”  
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related to educational policies for the following ten years (MEC 2014). Among other 

provisions, several of NEP’s targets are related to teacher policies due to the Ministry’s 

goal of increasing the supply of education and having all teachers hold a college degree. 

Given the learning crisis observed particularly in middle schools and the weight 

of teacher policies in the NEP, this study utilizes data from the National Assessment of 

School Learning (ANRESC) from 2013 and 2015 to investigate the relationship between 

teacher credentials and Math test scores of ninth graders. In this context, the present study 

attempts to contribute to the literature on teacher quality in Brazil by examining if and 

how the government’s measurements of high-performing2 teachers is associated with 

better student performance in Math tests among ninth graders. In addition, this study 

provides a descriptive analysis of the distribution of qualified teachers based on these 

characteristics in order to evaluate if access to high quality education is equitable across 

regions. 

Background 

During most of Brazil’s almost 200 years as an independent country, access to 

education was a privilege limited to few, and thus educational attainment was a symbol 

of prestige and social class distinction (MEC & OEI 2003). Not surprisingly, attendance 

rates were substantially low in 1940, when only 21.5% of Brazilians aged between 5 and 

19 were in school (MEC & OEI 2003). 

It was only through Article 208 of the Federal Constitution of 1988 that Brazil 

managed to universalize education for children between the ages of 7 and 14, a provision 

                                                             
2 High-performing teachers are instructors that promote student learning after taking into account a number 

of factors, including the student’s prior abilities. In this study, observable characteristics are used to identify 

which teachers are high performers. 
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that has been expanded3 to oblige the state to provide free education for all from preschool 

to high school. 

In comparison to 1940, enrollment has dramatically increased in Brazil. In 2015, 

71% of Brazilian 15-year-olds were studying in grade seven or above, a 15 percentage-

point increase in comparison to 2003 (OECD 2015). In addition, results from the PISA 

2012 show that Brazil was the country that had improved the most since 2003, while the 

report from the PISA 2015 shows that higher enrollment in Brazil was not followed by 

worse performance. 

However, Brazil ranked 60 (out of 76 economies) in the PISA 2015, and Brazilian 

students scored considerably less on all tested areas (Reading, Math, and Science) than 

the OECD average (OECD 2015).  Additionally, 70% of Brazilian 15-year-olds did not 

manage to achieve a level 2 proficiency in Math, considered to be the most basic level 

(OECD 2015). 

Results from nationally-developed assessments are not better. Such assessments are 

coordinated by a semi-autonomous governmental agency linked to the Ministry of 

Education called National Studies and Research on Education “Anísio Teixeira” (INEP)4 

and, as of 2017, they entail three assessments:  

                                                             
3 The Constitutional Amendment Number 11 of 1996 registered the state’s effort to expand the supply of 

free high schools across the country, while the Constitutional Amendment Number 53 of 2006 prescribed 

as a state duty the provision of free kindergarten and preschool for all children. In addition, the 

Constitutional Amendment Number 59 of 2009 reinforced the state’s duty of offering basic education to 

children between the ages of four and 17. See article 208 of the Federal Constitution for more details. 
4 INEP was created in 1937 under the name of National Institute of Pedagogy with the initial goal of 

documenting, studying, and improving the pedagogical aspect of Brazil’s educational system. The 

institution has gone through several changes since then, from switching its mandate to research to almost 

being extinct in the 1980s. Today, INEP is an independent agency linked to Brazil’s Ministry of Education 

with a mandate related to developing reliable, independent, and evidence-based research on the Brazilian 

educational system, providing states and municipalities with technical assistance regarding education, and 

coordinating national assessments of students. Such assessments include evaluations of elementary, middle, 

and high school students as well as undergraduate students. INEP also develops the National Education 

Plan (a reference for the country’s goals and potential policies to improve education) in addition to the 

School Census (a yearly country-wide data collection exercise with schools, teachers, and students). 
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 the National Assessment of Basic Education (ANEB), which is based on a sample 

of fifth and ninth graders as well as high school seniors that study in public and 

private schools. 

 the National Assessment of School Learning (ANRESC), which is a census-based 

assessment conducted with fifth and ninth graders to assess Math and Portuguese 

skills.  

 the National Literacy Assessment (ANA), a census-based assessment conducted 

with third graders in order to evaluate students’ literacy level. 

The first two assessments are used to calculate the IDEB at the school, municipality, 

state, and national levels. This index encompasses test scores and the average time it takes 

for a student to conclude each grade. Despite being on a rising trend since its creation in 

2007, middle schools and high schools have performed below the government’s target for 

IDEB since 2013, and 32.5% of middle schools are considered at risk,5 while only 1% are 

considered as reference schools by IDEB6 (qEdu). 

Under a policy perspective, interventions to increase education quality are essentially 

focused on the main drivers of student performance, such as observable and unobservable 

characteristics of students, their households, teachers, schools, and principals, in addition 

to school finance, among others. In order to better understand the context in which the 

high enrollment but low performance framework is inserted and justify the focus of this 

study on teachers, the following section provides a brief description of teacher policies in 

Brazil 

. 

                                                             
5 This means that the school did not improved in 2015 in comparison to 2013, it did not reach its own 

targets, and its overall score was below 6.0 (qEDU). 
6 This means that the school improved in 2015 in comparison to 2013, it reached its own targets, and its 

overall score was above 6.0 (qEDU). 
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Teachers and the Approach of this Study 

Several studies have provided evidence on the profile of those aspiring to be 

teachers.7 Gatti (2010) used survey data on students majoring in Pedagogy in 2009 to 

show that 39.2% had a household income of up to 3 minimum salaries8, 10% had illiterate 

parents, nearly 50% had parents who dropped out of school before finishing fifth grade, 

and 68.4% had graduated from a public high school. On the same token, INEP’s 

economist Geraldo Andrade da Silva Filho has shown that 45% of the first-year Pedagogy 

students in 2013 had high school scores9 in the lowest quartile of the distribution (Fraga 

2017). 

In order to select future teachers from a pool of candidates with that profile, 

Brazil’s Ministry of Education provides guidelines regarding minimum teacher 

qualifications to states and municipalities, which have the responsibility of implementing 

and potentially expanding them. This dynamic may pose a challenge to equity across 

regions given that some municipalities or states may have weaker requirements than 

others. In this context, the current National Education Plan (NEP) contains several goals 

regarding improving teacher qualifications.  

Given all these challenges related to teachers and NEP’s current targets, a focus on 

teachers is justifiable due to the following: 

 Brazil will be hiring a considerable amount of instructors in the following years 

given the government’s goals to expand the supply of education by universalizing 

access to pre-school (ages 4 to 5) as well to elementary and middle schools (ages 

6 to 14) and to high schools (ages 15 to 17). Therefore, research on teacher 

                                                             
7 A large number of people pursuing a Pedagogy degree in college or taking pedagogic-based classes after 

pursuing a degree in Math, Chemistry, Biology, among others, may be interested in a teaching career. 
8 The minimum salary in Brazil is calculated by month. In 2009 one minimum salary corresponded to BRL 

465 (before taxes) or approximately 2017 USD PPP 682. 
9 Such scores refer to ENEM, the National High School Assessment Exam. 
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characteristics can provide decision-makers with better tools when designing 

future policies on teacher hiring with the goal of improving quality of education. 

 The NEP states that by 2024 teachers should have subject-knowledge granted 

through an appropriately-related college degree (target 15) and 50% of basic 

education teachers should have a post-graduate degree (target 16). Such changes 

will demand a considerable amount of resources from candidates, but also from 

states and municipalities. However, insufficient research has been conducted in 

regards to the role of degrees and certification in learning outcomes in the 

Brazilian context. 

 The role attributed to education as a driver of economic growth and poverty 

reduction may be undermined if high-poverty schools have a larger proportion of 

low-performing teachers. Therefore, a closer look at the distribution of qualified 

teachers is paramount for an equitable access to education. 

In this context, the present study attempts to contribute to the literature on teacher 

quality in Brazil by examining if and how the government’s measurements of high-

performing teachers is associated with better student performance in Math tests among 

ninth graders in 2015. In addition, this study will provide descriptive analysis of the 

distribution of qualified teachers based on these and other teacher characteristics. 

Literature Review 

Teacher Quality 

Teachers are an important factor in the education production function. As Das et 

al (2007) have shown in a randomized control trial conducted in Zambia in 2002, an 

increase in teacher absenteeism by 5% yielded a decrease in learning between 4% and 

8%. 
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Nevertheless, several studies have provided evidence that teachers are not equally 

effective, and thus assuring high teacher attendance may not be a guarantee that students 

will achieve their highest potential. In addition, the fact that there is a distribution of 

teachers in terms of their effectiveness (Park & Hannum 2001, Rivkin et al 2005) 10 not 

only means that learning may be compromised in general, but also that some students 

may end up being assigned to low-performing teachers. 

Identifying potential high-performing teachers in a pool of applicants can be 

daunting. Indeed, research has shown that different teacher characteristics matter more 

than others for teacher effectiveness (Boyed et al 2008), such as post-graduate degrees 

and teaching experience. 

The effort for improving ways to successfully identify the main drivers of high-

performing teachers is, however, highly pertinent. A study conducted by Chetty et al 

(2011) provides evidence that a one standard deviation improvement in teacher value-

added in one grade increases earnings by 1% at the age of 28, while having a low-

performing teacher decreases students’ lifetime income by more than $250,000. 

Finally, identifying what observable characteristics (if any) are determinant for 

teacher performance is highly relevant in a context where states and countries choose 

different requisites to hire teachers. In other words, if high-performing teachers can be so 

impactful, being able to identify them in a pool of applicants and hire them is of utmost 

importance. 

Park and Hannum (2001) use quasi-experimental data on Chinese students in 

several grades to construct a model that accounts for most unobservable factors. Their 

results show that within-school teacher differences explain 24% of the variation in Math 

scores and 23% of the variation in language scores.  

                                                             
10 Essentially all the studies mentioned in the “teacher distribution” section make that claim. 
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In a paper also on developing countries, Carnoy et al (2016) use data from the 

Southern and Eastern Africa Consortium for Monitoring Educational Quality (SACMEQ) 

for sixth graders from Kenya, South Africa, and Swaziland. They estimate the impact of 

teacher characteristics on students’ performance in 2007 and use a student and teacher 

fixed-effects model. The paper shows that teacher subject knowledge, a higher teacher 

Math score, and having a college degree have positive effects on student achievement in 

different segments of the sample and for different countries. 

In studies using data from U.S. schools and value-added models with fixed effects, 

some observable teacher characteristics appear to be more significant than others. First, 

holding a master’s degree does not seem to matter according to studies on student 

outcomes in North Carolina (Clotfelter et al 2007), Texas (Rivkin et al 2005), and Los 

Angeles (Buddin & Zamarro 2009). Second, having less than three years of teaching 

experience is associated with lower student performance (Rivkin et al 2005, Clotfelter et 

al 2007, Buddin & Zamarro 2009). Third, the impact of high-performing teachers is larger 

for African Americans and those who scored poorly during the previous year (Aaronson 

et al 2007), while teacher effectiveness could compensate for shortcomings derived from 

students’ low socioeconomic status (Rivkin et al 2005).  

Other suggestive results include a study in Florida using data from 1995 to 2003, 

which shows that in-service training affects Math performance of middle and high school 

students, but having a teacher with an undergraduate degree in Math does not affect 

learning (Harris & Sass 2006). In addition, a study with ninth graders in Chicago 

estimates that a one standard deviation increase in teacher effectiveness results in a 22% 

higher Math scores (Aaronson et al 2007).  

Furthermore, Clotfelter et al (2007) uses data from North Carolina from 1994 and 

2003 on grades three to five and provides evidence that experience, full teacher 
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certification, and teachers having studied in a competitive college affect students’ 

performance. Finally, using data from Los Angeles between 2000 and 2005 for grades 

two to five, Buddin and Zamarro (2009) find evidence that high-performing teachers are 

spread across schools and that teacher effects are larger than school effects.  

Teacher Distribution 

The distribution of effective teachers across schools is policy-relevant, mainly 

under two perspectives. The first one is related to the concepts of social justice and equity, 

according to which all students have the right to good-quality education unconditioned 

on social status or ethnicity (Clotfelter et al 2007). Therefore, an equitable distribution of 

effective teachers is instrumental to guaranteeing that all students get to the finish line.  

The second perspective is related to the fact that some students are already behind 

in the beginning of the race. Under this point of view, a distribution of effective teachers 

disproportionally benefitting low-performing students can help them catch up with their 

advantaged peers, so that everybody arrives together at the finish line. As an example of 

how teacher distribution fits the debate on social justice and equity, the Education Trust 

(2008) mentions a study conducted in Texas by Rivkin et al (2005) where high-

performing teachers “can substantially offset or even eliminate the disadvantage of a low-

socioeconomic background” (Education Trust 2008, Rivkin et al 2005). 

In this context, extensive literature on teacher distribution has been developed in 

the United States starting with papers using observable teacher characteristics as proxies 

for teacher quality. As Caroll et al (2000) point out, despite their imperfections, such 

proxies are related to requirements for teachers to be hired in California (as well as in 

many other U.S. states), and thus they embody policymakers’ guidelines for what they 

believe to be associated with high-performing teachers. Therefore, any teacher that does 
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not meet such guidelines is technically underqualified according to the government’s own 

stipulations.  

In their study, Caroll et al (2000) describe how the combination of a class size 

reduction policy and an increasing student enrolment rate in 1996 led to a shortage of 

qualified teachers and ultimately to a trend of hiring underqualified instructors rather than 

leaving the position vacant in California. However, instead of being equally distributed 

across districts, underqualified teachers were more likely to be hired in districts with a 

higher rate of Hispanic and African American students.  

Similarly, Lankford, Loeb, and Wyckoff (2002) calculate the rate of teachers in 

each school in New York state that lacked prior teaching experience or certification, 

attended a competitive college, failed a subject-knowledge test, among other proxies for 

teacher quality. Their study covers the period between 1984 and 1999 and shows that 

qualified teachers are not evenly distributed across locations (schools, districts, or 

regions) or student characteristics (race, income, and ability). More specifically, better-

qualified teachers tend not to teach poor, nonwhite, or low-performing students, 

especially in urban areas.  

Instead of looking at different teacher credentials, Presley et al (2005) create a 

school-level Teacher Quality Index (TQI) for Illinois, where weights were assigned to 

several observable teacher characteristics, such as average teacher ACT composite scores, 

average teacher undergraduate college competitiveness rankings, and percent of teachers 

with three or fewer years of experience, among others. The correlation between the TQI 

and the percentage of students with free or reduced lunch (a proxy for students’ income 

level) at the school level is -0.63, which means that high-poverty schools are associated 

with a lower concentration of highly qualified teachers. 
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Several other studies use rigorous methods to depict observable teacher 

characteristics that matter for student learning, and then observe the distribution of 

teachers based on those characteristics across geographic areas.  

Clotfelter et al (2007) relies on results of a study of their own to show that high-

poverty schools are underserved with high-performing teachers in North Carolina. On the 

same token, Goldhaber et al (2007) investigate the distribution of NBPTS (National 

Board for Professional Teaching Standards) certificate holders across North Carolina 

between 1996 and 2000. Their results show that certified teachers are more likely to work 

in affluent schools. 

Alternatively, Glazerman and Max (2011) calculated the value added of teachers 

in 10 school districts and, after identifying who the high-performing teachers were, they 

showed how unevenly distributed they were across schools. While low-poverty schools 

had an average proportion of 32% of high-performing Math teachers, this proportion was 

equal to 12% for their high-poverty peers. Isenberg et al (2013) uses a similar approach 

in their study with a sample of 29 U.S. districts to show that the “effective teaching gap” 

between poor and non-poor students was different from zero in 27 districts for English 

and Language Arts (the largest gap is 0.106) and in 19 districts for Math (the largest gap 

is 0.081). 

Conceptual Framework 

Correctly depicting the impact of observable teacher characteristics on student 

learning entails mitigating two major sources of bias that are very particular to studies on 

education.  

The first challenge is related to proxies for student learning or teacher quality that 

may be flawed or not fully measure what they propose to measure. A more thorough 

discussion on measurement error in students’ test scores is beyond the scope of this study, 
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but it should be noted that, despite potentially being imperfect, standardized tests have 

long been the norm to gauge student learning across countries. To account for this source 

of bias, researchers may rely on tests that have been rigorously developed and applied, in 

addition to searching for outliers or scores out of the correct range. 

The second challenge is related to omitted variables. Researchers may fail to 

control for key factors either because they are difficult to measure (such as teacher or 

student abilities) or because it is hard to collect data on them (such as student income).  

On the same token, assignment of teachers to students is rarely random. Better 

educated, high-performing teachers may be concentrated in more affluent schools due to 

personal preferences or given that parents relocate in order to have their kids attend a 

better school (Park & Hannum 2001). In addition, principals may strategically allocate 

their teachers to specific classrooms as a consequence of students’ prior achievement or 

parents’ preferences. Regardless, the result is that high-performing teachers might end up 

teaching strong students, and thus the estimated impact of teachers’ credentials on 

learning outcomes may be upwardly biased (Kane & Staiger 2008).11 

To account for this source of bias, researchers can rely on randomization (either 

induced through an experiment or naturally occurring) to account for unobservable 

characteristics and solve the teacher-student assignment problem, and thus the bias driven 

by unobservable teacher and student charavteristics. Kane and Staiger (2008) provide an 

example of a randomized experiment conducted in Los Angeles, while Park and Hannum 

(2001) present a study based on quasi-experimental data on Chinese students of several 

                                                             
11 Kane and Staiger (2008) persuasively explain this dynamic in their paper, as follows: “Teachers may be 

assigned classrooms of students that differ in unmeasured ways—such as consisting of more motivated 

students, or students with stronger unmeasured prior achievement or more engaged parents—that result in 

varying student achievement gains. If so, rather than reflecting the talents and skills of individual teachers, 

estimates of teacher effects may reflect principals’ preferential treatment of their favorite colleagues, 

ability-tracking based on information not captured by prior test scores, or the advocacy of engaged parents 

for specific teachers” (p. 1) 



13 
 

grades. On the other hand, the study developed by Menezes-Filho (2007) using 2003 

administrative data from Brazil provides an example of a model that does not account for 

such unobservable characteristics, and thus cannot make a strong claim about the drivers 

of student performance given that the coefficients on teacher characteristics would not 

have an “independent relationship” (Presley et al 2005) with students’ outcomes. In other 

words, the coefficients would be biased. 

In the absence of randomization, researchers can rely on several other tools to 

estimate teacher effects on student learning. As Rivkin (2007) carefully explains, 

students’ abilities can be controlled for by adding their test scores from the previous year 

in the right-hand side of a value-added model where the dependent variable is students’ 

test scores and the key independent variable is factors related to teacher quality.12 

In other words, given that this measurement is correlated with students’ abilities, 

the model will be accounting for unobservable characteristics related to students, 

provided that there is no measurement error in test scores (Rivkin 2007, Clotfelter 2006). 

A more sophisticated version of this model relies on panel data in order to depict students’ 

abilities through several observations of previous test scores. Therefore, the same student 

would be observed several times as he or she moves to the next grade, while data on his 

or her schools and teachers are also collected. 

In addition, an analysis based on datasets at the student level may include school 

fixed effects (to account for non-random allocation of teachers between schools) or 

                                                             
12 To verify if teacher value-added models can accurately gauge teachers’ effect on student performance 

despite the shortcoming of non-random teacher assignment, Kane and Staiger (2008) conducted an 

experiment in Los Angeles between 2003 and 2004 with students from grades three to five. In this 

experiment, half of a pool of elementary school classrooms was randomly assigned to teachers, while the 

other half was not. The estimates of teacher value added that yielded from each of these groups proved to 

be very similar, which is evidence that value-added models using non-experimental data can be a powerful 

method to calculate teacher effects on learning. 
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student fixed effects (to account for non-random allocation of teachers and students in 

general).  

Figure 1 illustrates the relationship between potential key independent variables 

related to teachers, the controls, and the key dependent variable in teacher value-added 

models found in the literature. It is not uncommon that such models include a large list of 

controls due to the simultaneous relationship between such controls both with the key 

independent and the dependent variable. For example, principals with teaching 

experience might fight for better qualified Math teachers or pressure their current teachers 

to perform better, indirectly affecting test scores. On the same token, better educated 

parents with few children might pressure schools to assign their child to a highly qualified 

teacher, another type of behavior that could affect both the dependent and the independent 

variables. 

Figure 1: Relationship Between Controls and the Dependent Variable 

It should be noted that Figure 1 represents student or student-year models, in 

which each observation corresponds to a student in a given year. However, successfully 
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matching students with their teachers and schools across years is often challenging when 

using administrative data. An approach that some authors have used is to aggregate 

students at the cohort level (Rivkin et al. 2005). This study relies in a similar technique 

as it aggregates students at the school level. 

In regards to teacher distribution, it should be noted that the literature underlying 

this study assumes that observable teacher characteristics constitute a reliable proxy for 

teacher effectiveness. Since the objective of studies on teacher distribution is to verify 

whether disadvantaged students are assigned to low-performing teachers or not, the 

literature using U.S. data has normally calculated the percentage of students under the 

reduced or free lunch program to determine if a given school is high- or low-poverty. 

Other measurements include the rate of students that are Hispanic or African American. 

In order to test if high-performing teachers are equally distributed across schools, papers 

published in the early 2000s normally use bar charts, histograms, and simple tabulations. 

Data and Empirical Strategy 

Data 

This study uses data from the National Assessment of School Learning 

(ANRESC), one of the assessments administered by INEP in the context of Brazil’s 

National System of Basic Education Assessment (SAEB). 

ANRESC is a census-based assessment of Math and Portuguese skills conducted 

with fifth and ninth graders every two years. In addition to taking both tests, students fill 

out a socioeconomic questionnaire containing questions on gender, ethnicity, parental 

education, among other items. Teachers and principals also answer questions on their 

level of education, wages, school infrastructure, and the school learning environment. 
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Datasets on students, teachers, schools, and principals are available on INEP’s website 

and can be matched through unique school identification numbers. 

In the context of INEP’s datasets, while student identifications are not 

standardized over time, schools can indeed be tracked across different editions of the 

assessment as INEP maintains them uniquely identified. Therefore, the unit of analysis in 

this study is middle schools that can be identified both in the 2013 and the 2015 editions 

of the assessment. Because of a recent debate on a learning crisis among students in 

grades preceding high school, this study focuses on ninth graders and their Math test 

scores in both 2013 and 2015. Finally, it should be noted that participation in the 

assessment is voluntary, and thus this study refers to participating schools only.13 

Given that this study is conducted at the school-level, variables of datasets on 

principals and schools were simply recoded, while factors related to students and teachers 

were aggregated at the school level to express rates. Therefore, if a variable such as 

“students’ gender” is equal to 0.52 for a given school, 52% of ninth graders are female. 

The dataset on students includes all ninth graders from participating schools, even 

though not all of them actually took the test. Average test participation per school at the 

country level was equal to approximately 82.9% in 2013 and 83.63% in 2015, while 

average participation per school at the state level ranged from as low as 77.8% in Sergipe 

to 93.5% in Ceará (for 2013), and 72% in Acre to 95% in Ceará (for 2015).14 

The datasets on schools list all participating entities in both recorded years. As 

such, one filter was used to maintain only middle schools. An additional filter was used 

with the 2015 school dataset in order to maintain entities where more than 50% of ninth 

                                                             
13 Refer to Appendix I for a complete description of the challenge of working with INEP’s publicly available 

datasets. 
14 Refer to Appendix I for why dropping missing students does not yield selection bias to this study. 
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graders took the math test. Finally, the datasets on principals and teachers include only 

those who filled out the questionnaire. 

Missing values for variables on students, teachers, principals, and schools are not 

abundant, and thus relying on the slightly incomplete datasets that were available was a 

preferred method over imputing data.  

However, a more significant contributor to missing values derives from the fact 

that some schools could not be matched with their students, teachers, and/or principals. 

Table 13 of Appendix I shows the number of unmatched schools per merge. Note that 

some schools might have been unmatched to more than one entity (i.e., students and 

teachers). The missing values from unmatched schools will be further discussed in the 

Results section. 

In regards to the variables, the measurement used for students` outcomes (the 

dependent variable) is the average Math test score of ninth graders at middle school s.  

The preferred key independent variable is the percentage of middle school 

teachers that are qualified to teach the subject they have been assigned to teach. According 

to INEP, teachers have been categorized into five levels of qualification conditional on 

the teacher’s current credentials and the subject she or he currently teaches. Teachers that 

fall in category 1 hold a degree in the same discipline they teach, while those in category 

5 have not completed tertiary studies. In this context, the key independent variable of this 

study is the percentage of instructors teaching sixth, seventh, eighth, and/or ninth grade 

that belong to group 1 in the adequacy categorization. This variable has been included by 

INEP in the dataset on schools. 

An overarching measurement of teacher quality for middle school grades as a 

whole might be a good proxy for the general effort the school is making to attract qualified 

teachers, which may be related to test scores in ninth grade. In addition, it can be argued 
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that test scores in a given year are also the result of what students learned before, and thus 

including a proxy for teacher quality that relates to all four previous years of education 

may be pertinent. 

The second key independent variable relates to the percentage of Math teachers 

that have a Math degree and teach ninth graders.  

Table 1 presents a more detailed explanation on the dependent and key 

independent variables. In addition, Table 14 of Appendix II contains a complete 

description of the others controls that have been added to the models in order to avoid 

omitted variable bias in both of the key independent variables. Note that the variables 

related to students and teachers correspond to the percentage of those individuals with 

such characteristics at the school level, while school and principals have indicator or 

continuous variables. 

Table 1: Key Variables and Controls 

Dependent Variable 

sch_averagemath100 Average school’s math test score for ninth graders in 2015. Test scores range from 

0 to 100. 15 

Key Independent Variables 

sch_teacherquali Rate of middle school teachers that are qualified according to INEP’s scale. Values 

range from 0 to 1. A higher proportion of qualified teachers is expected to be 

associated with larger test scores. 

t_mathlic 0 = Teacher has no college degree or a degree in Pedagogy 

1 = Teacher has a Math degree 

Teachers with a Math degree have better subject knowledge on Math, and thus 

holding such degree is expected to have a positive relationship with students’ test 

scores. 

sch_highses* 

sch_teacherquali 

Because the percentage of qualified teachers at a given school may change 

according to the socioeconomic status of the school, an interaction term of both 

factors has been included in the model. 

 

 

 

 

                                                             
15 In order to make the interpretation of coefficients easier, I rescaled test scores so that they range between 

0 and 100, in contrast to INEP’s scale of 0 and 450. 



19 
 

Empirical Strategy 

This study approaches the research question in three different ways. First, an 

Ordinary Least Squares (OLS) model is applied based on middle school data from 2015, 

including a control for the school’s average Math test score in 2013. The expression below 

represents this model mathematically: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑎𝑡ℎ 𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒𝑠𝑡 = 𝛽0 +  𝛽1𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑂𝑓𝑄𝑢𝑎𝑙𝑖𝑓𝑖𝑒𝑑 𝑇𝑒𝑎𝑐ℎ𝑒𝑟𝑠𝑠𝑡 +

                                                              𝛽2PercentageOfTeachersWithMathDegree𝑠𝑡 +

                                                           𝛽3AverageMathTestScoreIn2013𝑠𝑡−2 +

                                                           πStudents𝑠𝑡 +  ϕHousehold𝑠𝑡  φSchools𝑠𝑡 +

                                                           τPrincipals𝑠𝑡 + µ𝑠𝑡     

where s is related to a given middle school in time t (2015), while π, ϕ, φ, and τ represents 

vectors of variables related to students, households, schools, and principals at the school 

level, with error term µ𝑠𝑡. The key independent variables are expressed by 𝛽1 and 𝛽2, 

while 𝛽3 is the control for the students’ prior abilities at the school level. 

However, given that ninth graders that took the test in 2015 are different than ninth 

graders that took the test in 2013, controlling for the Average Math Test Score in 2013 

may not suffice to account for the students’ prior abilities at the school level. Therefore, 

a second model is run in which schools from 2013 and 2015 are pooled together. The 

expression below represents this pooled OLS model mathematically: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑎𝑡ℎ 𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒𝑠𝑡 = 𝛽0 +  𝛽1𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑄𝑢𝑎𝑙𝑖𝑓𝑖𝑒𝑑 𝑇𝑒𝑎𝑐ℎ𝑒𝑟𝑠𝑠𝑡 +

                                                              𝛽2PercentageOfTeachersWithMathDegree𝑠𝑡 +

                                                             𝛽3Year 2015 + πStudents𝑠𝑡 +  ϕHousehold𝑠𝑡 +

                                                           φSchools𝑠𝑡 +  τPrincipals𝑠𝑡  + 𝑎𝑠 + µ𝑠𝑡     

where s is related to a given middle school in time t (2013 or 2015), while π, ϕ, φ, and τ 

represents vectors of variables related to students, households, schools, and principals at 
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the school level. In addition, 𝑎𝑠 represents time-constant, unobservable school 

characteristics, while µ𝑠𝑡 is the “idiosyncratic error or time-varying error” (Wooldridge 

2009, p. 444).  

The pooled OLS model has one important drawback: for the key independent 

variables not to be biased, they cannot be correlated either with 𝑎𝑠 or µ𝑠𝑡. Therefore, 

pooling data from two different time periods may not improve the cross-sectional model 

given that unobservable characteristics are still not being accounted for.  

In order to mitigate that problem, Wooldridge (2009) points out that fixed-effect 

models can be used in panels with two time periods or more to account for time-invariant 

unobservable characteristics. This is because the cross-sectional equation from t=2 is 

subtracted by the cross-sectional equational from t=1, a process through which time-

invariant unobservable factors (which have the same value in each period) disappear, as 

follows: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑎𝑡ℎ 𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒𝑠2 = 𝛽0 +  𝛽1𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑄𝑢𝑎𝑙𝑖𝑓𝑖𝑒𝑑 𝑇𝑒𝑎𝑐ℎ𝑒𝑟𝑠𝑠2 +

                                                            πStudents𝑠2 +  ϕHousehold𝑠2 +  φSchools𝑠2 +

                                                            τPrincipals𝑠2 + 𝑎𝑠 +  µ𝑠2    (t=2) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑎𝑡ℎ 𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒𝑠1 = 𝛽0 +  𝛽1𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑄𝑢𝑎𝑙𝑖𝑓𝑖𝑒𝑑 𝑇𝑒𝑎𝑐ℎ𝑒𝑟𝑠𝑠1 +

                                                            πStudents𝑠1 +  ϕHousehold𝑠1 +  φSchools𝑠1 +

                                                            τPrincipals𝑠1 + 𝑎𝑠 +  µ𝑠2     (t=1) 

(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑎𝑡ℎ 𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒𝑠2 − 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑎𝑡ℎ 𝑇𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒𝑠1) =   𝛽0 +    

𝛽1(𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑂𝑓𝑄𝑢𝑎𝑙𝑖𝑓𝑖𝑒𝑑 𝑇𝑒𝑎𝑐ℎ𝑒𝑟𝑠𝑠2 − 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑂𝑓𝑄𝑢𝑎𝑙𝑖𝑓𝑖𝑒𝑑 𝑇𝑒𝑎𝑐ℎ𝑒𝑟𝑠𝑠1) +

                                     π(Students𝑠2 − Students𝑠1) +  ϕ(Household𝑠2 –  ϕHousehold𝑠1 ) +

                                       φ(Schools𝑠2  − Schools𝑠1)  +  τ(Principals𝑠2 − Principals𝑠1)  +

                                       (𝑎𝑠 − 𝑎𝑠) + (µ𝑠2 − µ𝑠1)    (Fixed-Effects Model) 
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Descriptive Statistics 

All tables presented in this section correspond to the same sample of 26,363 

schools observed in two different editions of SAEB, 2013 and 2015. Given that some 

schools could not be matched with their students, teachers, and/or principals, as described 

in the Data and Methods section, some statistics were abstracted from a smaller pool of 

schools. Furthermore, all tables below provide statistics for schools separated by year, 

socioeconomic status, and location. 

Table 2 provides information on the average percentage of students with a given 

characteristic in a certain pool of schools. It is interesting to note that the average 

proportion of fathers with a college degree is higher than the average proportion of 

mothers with such a degree. In addition, the proportion of White and Asian students jumps 

from an average of 26% in low and middle socioeconomic status schools to 44% in 

schools where students are wealthier, which is evidence of the correlation between 

income and ethnicity. Finally, a large proportion of students in rural schools have larger 

families, with five or more individuals, while grade repetition is also higher in this type 

of school. 
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Table 2: Descriptive Statistics - Students 

Student Characteristics 
2013 

Schools 

2015 

Schools 

Low/Mid. 

SES 2015 

Schools 

High SES 

2015 

Schools 

Rural 2015 

Schools 

Urban 

2015 

Schools 

All Schools 

(2013 and 

2015) 

 

Female Student 

 

0.524 

 

0.517 

 

0.528 

 

0.505 

 

0.527 

 

0.516 

 

0.521 

 (0.0889) (0.0895) (0.0946) (0.0813) (0.112) (0.0857) (0.0893) 

        

White or Asian Student 0.364 0.345 0.261 0.441 0.286 0.353 0.355 

 (0.189) (0.177) (0.133) (0.172) (0.189) (0.174) (0.183) 

        

Student with a Large Family 0.421 0.409 0.455 0.357 0.510 0.395 0.415 

 (0.131) (0.128) (0.131) (0.101) (0.154) (0.117) (0.129) 

        

Mother has a College Degree 0.164 0.198 0.200 0.195 0.198 0.198 0.181 

 (0.0702) (0.0781) (0.0822) (0.0731) (0.0991) (0.0746) (0.0762) 

        

Father has a College Degree 0.282 0.331 0.340 0.321 0.316 0.333 0.307 

 (0.0897) (0.0967) (0.0997) (0.0920) (0.120) (0.0926) (0.0964) 

        

Repeated a Grade 1+ Times 0.339 0.320 0.364 0.268 0.389 0.310 0.329 

 (0.150) (0.156) (0.152) (0.143) (0.170) (0.151) (0.153) 

        

Attended Preschool 0.798 0.801 0.796 0.807 0.746 0.809 0.799 

 (0.136) (0.135) (0.137) (0.132) (0.183) (0.124) (0.135) 

        

Observations 26,298 26,314 13,904 21,2307   3,303 23,011 52,612 

Note: mean coefficients with standard deviation in parentheses. 

 

  In regards to teacher characteristics, Table 3 provides evidence of an increased 

effort to hire Math teachers with better credentials: the average proportion of teachers 

with a Math degree increased from 73.5% in 2013 to 79.3% in 2015. Conversely, the 

proportion of teachers with a post-graduate degree is roughly similar across different 

types of schools. It is also interesting to note that the average proportion of teachers with 

high salaries increased by three percentage points, which may be driven by the fact that 

Brazilian teachers are older, and thus collecting gains from a career in teaching. 

Furthermore, the average proportion of White or Asian teacher more than doubles from 

low and middle socioeconomic status schools to wealthier schools. Finally, rural schools 

have, on average, a larger proportion of younger, male, and underqualified teachers that 

belong to a minority ethnical group in comparison to urban schools. 
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Table 3: Descriptive Statistics - Teachers 

Teacher Characteristics 
2013 

Schools 

2015 

Schools 

Low/Mid. 

SES 2015 

Schools 

High SES 

2015 

Schools 

Rural 2015 

Schools 

Urban 

2015 

Schools 

All Schools 

(2013 and 

2015) 

 

Female Teacher 

 

0.578 

 

0.563 

 

0.490 

 

0.649 

 

0.436 

 

0.580 

 

0.570 

 (0.443) (0.452) (0.454) (0.434) (0.465) (0.448) (0.448) 

        

White or Asian Teacher 0.542 0.510 0.347 0.700 0.329 0.534 0.526 

 (0.459) (0.466) (0.438) (0.422) (0.450) (0.462) (0.463) 

        

Older Teacher (40+ years old) 0.474 0.521 0.461 0.591 0.391 0.539 0.498 

 (0.448) (0.455) (0.452) (0.447) (0.460) (0.451) (0.452) 

        

Teacher with 3+ Years of Exp. 0.912 0.946 0.926 0.934 0.914 0.931 0.929 

 (0.249) (0.202) (0.233) (0.220) (0.259) (0.223) (0.227) 

        

Teacher has a Math Degree 0.735 0.793 0.753 0.841 0.668 0.810 0.765 

 (0.389) (0.360) (0.385) (0.321) (0.439) (0.345) (0.376) 

        

Teacher has a College Degree 0.191 0.153 0.172 0.131 0.199 0.147 0.172 

 (0.340) (0.316) (0.330) (0.296) (0.364) (0.308) (0.328) 

        

Teacher has a Post-Gr. Degree 0.634 0.674 0.669 0.681 0.617 0.682 0.655 

 (0.433) (0.428) (0.430) (0.427) (0.459) (0.423) (0.431) 

        

Teacher has a High Salary16 0.190 0.221 0.167 0.285 0.111 0.236 0.206 

 (0.357) (0.386) (0.346) (0.418) (0.301) (0.393) (0.372) 

Observations 22,451 23,019 12,307 10,626   2,745 20,274 45,470 

Note: mean coefficients with standard deviation in parentheses. 

 

In regards to test scores, none of the pools of schools presented in Table 4 have 

an average that is higher than 60, which means that, on average, students get slightly more 

than half of the Math test correct. Conversely, the average proportion of qualified teachers 

at a given school ranges from 39% in rural schools to almost 69% in high socioeconomic 

status schools, a striking 30 percentage point difference. Rural schools also lag behind in 

terms of infrastructure as only 39% and 6.8% of them have fast internet and a science lab, 

respectively, in comparison to 65.8% and 28% of urban schools. Finally, it is noteworthy 

that more than 90% of the schools in all columns have a program to combat grade 

repetition, and that the proportion of schools with a high socioeconomic status increased 

by almost 12 percentage points between 2013 and 2015. 

                                                             
16A high salary corresponds to USD 107,517.00/year (in 2017 PPP U.S. dollars). 
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Table 4: Descriptive Statistics - Schools 

Teacher Characteristics 
2013 

Schools 

2015 

Schools 

Low/Mid. 

SES Schools 

High SES 

Schools 

Rural 

Schools 

Urban 

Schools 
All Schools 

 

Average Math Test Score 

 

53.99 

 

56.53 

 

54.89 

 

58.43 

 

54.11 

 

56.87 

 

55.26 

 (4.672) (3.740) (3.334) (3.224) (4.113) (3.551) (4.418) 

        

Rate of Qualified Teachers 0.558 0.578 0.483 0.688 0.391 0.605 0.568 

 (0.219) (0.222) (0.224) (0.159) (0.250) (0.203) (0.220) 

        

High SES Schools 0.353 0.469 - - 0.0936 0.523 0.411 

 (0.478) (0.499)   (0.291) (0.500) (0.492) 

        

School has a Science Lab 0.251 0.253 0.158 0.363 0.0681 0.280 0.252 

 (0.434) (0.435) (0.364) (0.481) (0.252) (0.449) (0.434) 

        

School has Fast Internet 0.678 0.624 0.527 0.737 0.390 0.658 0.651 

 (0.467) (0.484) (0.499) (0.441) (0.488) (0.474) (0.477) 

        

State Government School 0.552 0.551 0.486 0.628 0.228 0.598 0.552 

 (0.497) (0.497) (0.500) (0.483) (0.420) (0.490) (0.497) 

        

Program  - Grade Repetition 0.964 0.969 0.959 0.981 0.934 0.974 0.967 

 (0.186) (0.172) (0.198) (0.135) (0.249) (0.158) (0.179) 

        

School is in the Urban Area 0.875 0.874 0.788 0.975 - - 0.874 

 (0.331) (0.332) (0.409) (0.156)   (0.331) 

        

Observations ~26,363 ~26,363 ~ 13,940 ~12320 3,315 23,048 ~52,726 

Note: mean coefficients with standard deviation in parentheses. 

 

Table 5 provides a synthetized overview of the states where the schools of this 

study are located. As expected, more populous states, such as Bahia and São Paulo, have 

a larger proportion of schools being represented. Similarly, the two most populous 

regions, the Northeast and the Southeast, also have a larger proportion of schools. 
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Table 5: Number of Schools by State and Region 

State Name/State Initial Frequency Percent 

North 

Acre/AC 97 0.4 

Rondônia/RO 258 1.0 

Roraima/RR 72 0.3 

Amazonas/AM 484 1.8 

Amapá/AP 100 0.4 

Tocantins/TO 300 1.1 

Pará/PA 1080 4.1 

Total 2,391 9.1 

Northeast 

Bahia/BA 1858 7.0 

Ceará/CE 1110 4.2 

Paraíba/PB 576 2.2 

Pernambuco/PE 1138 4.3 

Piauí/PI 560 2.1 

Maranhão/MA 1094 4.1 

Sergipe/SE 326 1.2 

Alagoas/AL 405 1.5 

Rio Grande do Norte/RN 460 1.7 

Total 7,527 28.3 

Southeast 

Minas Gerais/MG 3176 12.0 

Espírito Santo/ES 566 2.1 

Rio de Janeiro/RJ 1577 6.0 

São Paulo/SP 4839 18.4 

Total 10,158 38.5 

Centerwest 

Mato Grosso do Sul/MS 421 1.6 

Mato Grosso/MT 530 2.0 

Distrito Federal/DF 160 0.6 

Goiás/GO 911 3.5 

Total 2,022 7.7 

South   

Paraná/PR 1425 5.4 

Rio Grande do Sul/RS 1608 6.1 

Santa Catarina/SC 1232 4.7 

Total 4,265 16.2 

Observations 26363 100 

 

Table 6 on principals shows similarities to the statistics on teachers. High 

socioeconomic status schools have a proportion of White or Asian principals that is twice 

as large as that shown by poorer schools. In addition, the average proportion of principals 

with at least three years of teaching experience is above 90% across the board, which 

suggests that nearly all principals teach for at least three years before taking on a 

leadership role at their school. Finally, high socioeconomic status and urban schools have 

a proportion of principals with high salaries that is twice as large in comparison to poorer 

and rural schools, respectively.  
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Table 6: Descriptive Statistics - Principals 

Principal Characteristics 
2013 

Schools 

2015 

Schools 

Low/Mid. 

SES 2015 

Schools 

High SES 

2015 

Schools 

Rural 2015 

Schools 

Urban 

2015 

Schools 

All Schools 

(2013 and 

2015) 

 

Female Principal 

 

0.748 

 

0.741 

 

0.712 

 

0.775 

 

0.676 

 

0.750 

 

0.744 

 (0.434) (0.438) (0.453) (0.418) (0.468) (0.433) (0.436) 

        

White or Asian Principal 0.542 0.519 0.350 0.714 0.338 0.545 0.530 

 (0.498) (0.500) (0.477) (0.452) (0.473) (0.498) (0.499) 

        

Principal has a College Degree 0.976 0.979 0.969 0.990 0.938 0.985 0.977 

 (0.154) (0.144) (0.172) (0.0998) (0.241) (0.123) (0.149) 

        

3+ Years of Exp. as a Teacher 0.960 0.958 0.944 0.975 0.918 0.964 0.959 

 (0.196) (0.201) (0.231) (0.156) (0.274) (0.187) (0.199) 

        

3+ Years of Exp. as a Principal 0.615 0.719 0.688 0.754 0.674 0.726 0.668 

 (0.487) (0.449) (0.463) (0.431) (0.469) (0.446) (0.471) 

        

Principal has a High Salary 0.482 0.515 0.378 0.676 0.267 0.551 0.499 

 (0.500) (0.500) (0.485) (0.468) (0.443) (0.497) (0.500) 

        

Principal was Elected 0.385 0.368 0.346 0.395 0.204 0.392 0.376 

 (0.487) (0.482) (0.476) (0.489) (0.403) (0.488) (0.484) 

Observations 22,936 24,198 12,878 11,228 3,051 21,147   47,134 

Note: mean coefficients with standard deviation in parentheses. 

 

Finally, Table 7 provides descriptive evidence of the relationship between the proportion 

of qualified teachers at a given school (or the average proportion of teachers with a Math 

degree) and the average Math test score in the 25th and in the 75th percentile. For both 

years and in the pooled sample, schools whose average Math test score fell in the 25 th 

percentile of the distribution had a smaller proportion of qualified teachers (by both 

proxies). Schools that had an average score ranked in the 75th percentile had a much larger 

average proportion of qualified teachers. 
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Table 7: Relationship Between Key Independent and Dependent Variables 

 
2013 2015 All Schools 

 

School Average Math Test Score in the 25th Percentile 

 

50.80 

(4.67) 

 

53.96 

 (3.74) 

 

52.34 

 (4.42) 

Observations 26,363 

    

School Average Math Test Score in the 75th Percentile  53.96 

(4.67) 

58.81 

 (78.79) 

58.05 

(4.42) 

Observations 26,363 

    

Average Rate of Qualified Teachers -  

Schools in the First Quarter of the Test Score Distribution 

0.44 

(0.24) 

0.45 

 (0.24) 

0.45 

 (0.24) 

Observations 6,590 6,587 13,188 

    

Average Rate of Qualified Teachers -  

Schools in the Fourth Quarter of the Test Score Distribution 

0.64 

    (0.17) 

0.65 

 (0.1866895) 

0.65 

 (0.18) 

Observations 6,589 6,589 13,179 

    

Average Rate of Teachers with a Math Degree -  

Schools in the First Quarter of the Test Score Distribution 

0.65 

(0.43) 

0.72    

(0.4025774) 

0.68 

     (0.42) 

Observations 5,547 5,722 11,272 

    

Average Rate of Teachers with a Math Degree - Average  

Schools in the Fourth Quarter of the Test Score Distribution 

0.79 

(0.36) 

0.83     

 (0.33) 

0.82 

    (0.34) 

Observations 5,920 5,860 11,773 

 

Results 

OLS Models 

Table 8 shows four different specifications of regressions of test scores on teacher 

credentials with controls for student, principal, and school characteristics using the 

sample of schools from 2015. 

The coefficient on the percentage of qualified teachers is positive, large, and 

statistically significant at the 1% level in specification one, which does not include a 

control for schools’ previous test scores or controls for socioeconomic status or states. 

This coefficient gets substantially smaller and not significant as schools’ average Math 

score in 2013 is added as a control, corroborating the literature in regards to the 

importance of controlling for prior performance in this type of model. Finally, it is 

suggestive that the addition of state indicator variables in specification four flips the sign 
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of this coefficient, which is positive and significant at the 5% level. In this last and most 

complete specification, a one-percentage point increase in the rate of qualified teachers 

at a middle school is associated with an average increase in student Math scores of 0.262 

percentage points (or 0.262 points in an exam where scores can range from 0 to 100). 

Table 8: OLS Models - 2015 Schools 

Dependent Variable: Math Test Scores (0-100) (1) (2) (3) (4) 

     

Percentage of Qualified Teachers at School 1.291*** 0.131 -0.0250 0.262* 

 (0.112) (0.0889) (0.115) (0.118) 

     

Teacher has a Math Degree 0.489*** 0.190* 0.175* 0.274*** 

 (0.102) (0.0804) (0.0809) (0.0750) 

     

Female Teacher 0.387*** 0.159*** 0.142*** 0.133*** 

 (0.0451) (0.0349) (0.0347) (0.0326) 

     

White or Asian Teacher 0.258*** 0.0905* 0.0548 0.128*** 

 (0.0494) (0.0378) (0.0379) (0.0362) 

     

Teacher with 3+ Years of Experience -0.170 -0.136 -0.126 0.00202 

 (0.0958) (0.0783) (0.0778) (0.0709) 

     

Older Teacher (40+ Years Old) -0.148*** -0.126*** -0.150*** -0.0835* 

 (0.0449) (0.0347) (0.0346) (0.0327) 

     

Teacher has a College Degree 0.372*** 0.219* 0.208* 0.201* 

 (0.113) (0.0894) (0.0898) (0.0829) 

     

Teacher has a Postgraduate Degree 0.169*** 0.167*** 0.192*** 0.0970** 

 (0.0471) (0.0371) (0.0370) (0.0353) 

     

Teacher has a High Salary  0.0285 0.0698 0.0447 0.227*** 

 (0.0526) (0.0402) (0.0400) (0.0402) 

     

     

Average Math Test Score in 2013 --- 0.462*** 0.457*** 0.401*** 

  (0.00516) (0.00523) (0.00564) 

     

School with High SES --- --- 0.612*** 0.551*** 

   (0.119) (0.119) 

     

Interaction Term: 

Rate of Qualified Teachers * High SES School 

--- --- -0.238 0.270 

   (0.175) (0.173) 

     

State Indicator Variables No No No Yes  

Observations 20516 20516 20439 20439 

R2 0.459 0.678 0.680 0.721 

Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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The coefficient on the proportion of teachers with a Math degree remains positive across 

specifications and it is also very sensitive to the control on the schools’ prior average test 

score. In addition, while the coefficient decreases by 0.015 when the interaction term and 

the control on socioeconomic status are added (falling to 0.175), it increased to 0.274 

when state indicator variables are included in the model. The coefficient in specification 

four shows that a one percentage point increase in the proportion of teachers with a Math 

degree at a given school is associated with an average increase by 0.274 percentage points 

(or 0.274 points out of 100) in the average students’ Math test score. 

Finally, the interaction term is only significant at the 15% level (p-value = 0.119), 

which suggests that this coefficient should not be completely ignored but interpreted with 

caution. 

As explained in the Conceptual Framework, results from Table 8 are biased 

essentially for three reasons. First, non-random teacher-student matching makes the 

estimates endogenous given that unobservable characteristics are not being account for, 

and thus teacher effects are upwardly biased. Second, a noisy measurement of prior 

abilities in addition to measurement error in test scores may bias the estimates of teacher 

effects in “hard-to-predict ways” (Clotfelter 2006). Finally, not all 26,363 schools from 

2015 were used to produce the estimates in specifications one through four. This is 

because more than 5,000 schools could not be matched with their students, teachers, 

and/or principals, as was explained in the Data and Methods sections. If the schools that 

were included in the regression are different than the schools that had missing values, 

then these estimates suffer from selection bias.  

In order to verify the bias of this sample selection, an indicator variable was first 

created for schools that were not in the sample of specification four. Then, the correlation 

between not being in the sample and five different variables was calculated. As Table 9 
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shows, despite being smaller than 4%, all correlations are different from zero, and thus 

the estimates in specification four are indeed biased. In addition, due to the sign of the 

correlations, missing schools are associated with higher socioeconomic status and a 

higher percentage of qualified teachers at school, but a lower proportion of teachers 

holding a Math degree and a lower average Math test score. This allows us to conclude 

that the estimates in specification four are slightly biased towards schools with lower 

socioeconomic status that have higher scores and a smaller proportion of qualified 

teachers. 

               Table 9: Correlation in OLS Models 

Correlation between not being in the OLS 

model number (4) and the following variables 

 

Percentage of Qualified Teachers at School 0.0193 

Average Math Test Score -0.0384 

School with High Socio-Economic Status 0.0360 

Teacher has a Math Degree -0.0059 

Brazilian State 0.0253 

 

Pooled OLS Model  

Table 10 shows specifications related to a pooled OLS model, a second approach 

that includes the same schools observed both in 2013 and 2015.  

Both key independent variables are positive and significant at the 1% level across 

specifications. The coefficient from the first line show that a one-percentage point 

increase in the proportion of qualified teachers at a given school is associated with an 

average increase of 1.157 percentage points (or 1.157 points out of 100) in the average 

students’ Math test score. In addition, the coefficient in the second line means that a one 

percentage point increase in the proportion of teachers with a Math degree is associated 

with an average increase by 0.398 percentage points (or 0.398 points out of 100) in the 

average students’ Math test score. 

As in the OLS model based only on 2015 schools, the interaction term is not 
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statistically significant, while the coefficient on high socioeconomic status has a much 

larger magnitude. Finally, the coefficient on year is positive and significant at the 1% 

level, which is evidence that, on average, schools’ average Math test score increased from 

2013 to 2015. 

Table 10: Pooled OLS Models – 2013 and 2015 Schools 

Dependent Variable: Math Test Scores (0-100) (1) (2) (3) 

    

Percentage of Qualified Teachers at School 2.018*** 1.914*** 1.157*** 

 (0.0939) (0.115) (0.118) 

    

Teacher has a Math Degree 0.485*** 0.459*** 0.398*** 

 (0.0824) (0.0827) (0.0760) 

    

Female Teacher 0.420*** 0.396*** 0.217*** 

 (0.0383) (0.0382) (0.0347) 

    

White or Asian Teacher 0.257*** 0.204*** 0.315*** 

 (0.0425) (0.0424) (0.0388) 

    

Teacher with 3+ Years of Experience 0.170* 0.186* 0.315*** 

 (0.0780) (0.0779) (0.0699) 

    

Older Teacher (40+ Years Old) -0.166*** -0.211*** -0.152*** 

 (0.0383) (0.0382) (0.0347) 

    

Teacher has a College Degree 0.153 0.128 0.114 

 (0.0905) (0.0907) (0.0832) 

    

Teacher has a Postgraduate Degree 0.114** 0.167*** 0.138*** 

 (0.0401) (0.0400) (0.0373) 

    

Teacher has a High Salary  -0.0714 -0.116* 0.277*** 

 (0.0460) (0.0457) (0.0442) 

    

    

Year Indicator Variable  

(0 = 2013, 1 = 2015) 

2.563*** 2.498*** 2.527*** 

 (0.0347) (0.0349) (0.0318) 

    

School with High SES --- 1.310*** 0.874*** 

  (0.134) (0.127) 

    

Interaction Term: 

Rate of Qualified Teachers * High SES School 

--- -0.796*** 0.288 

  (0.195) (0.184) 

    

State Indicator Variables No No Yes  

Observations 39231 39109 39109 

R2 0.461 0.466 0.569 

Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 
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Similarly to the non-pooled OLS model, correlations between not being in the pooled 

OLS model and key variables were calculated in order to verify the direction of the 

selection bias caused by the fact that some observations were not included in the model 

due to missing values. As shown in Table 11, all correlation values are non-zero and 

negative, and thus the estimates from table 10 are slightly biased towards schools with 

higher socioeconomic status, a higher proportion of qualified teachers, and a higher 

average Math test score.  

        Table 11: Correlation in Pooled OLS Models 

Correlation between not being in the OLS 

pooled model and the following variables 

 

Percentage of Qualified Teachers at School -0.0209 

Average Math Test Score -0.0818 

School with High Socio-Economic Status -0.0169 

Teacher has a Math Degree -0.0225 

Brazilian State -0.0600 

 

Fixed-Effects Model 

Finally, Table 12 shows estimates from fixed-effects models, and thus schools’ 

time-invariant, unobservable characteristics are being accounted for. The coefficients on 

both key independent variables are statistically significant in both specifications, and their 

magnitude is larger than in the non-pooled and pooled OLS models. In addition, given 

that the interaction term between qualified teachers and high socioeconomic status is 

significant at the 1% level, a one percentage point increase in the proportion of qualified 

teachers in low and middle socioeconomic status schools is associated with an average 

percentage point increase of 1.406. This figure jumps to 2.455 for high socioeconomic 

status schools. Finally, a one-percentage point increase in the proportion of teachers with 

a Math degree is associated with an average increase in Math test scores of 0.569 

percentage points. 
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Table 12: Fixed Effects Models 

Dependent Variable: Math Test Scores (0-100) (1) (2) 

   

Percentage of Qualified Teachers at School 2.034*** 1.406*** 

 (0.225) (0.270) 

   

Teacher has a Math Degree 0.559*** 0.569*** 

 (0.116) (0.115) 

   

Female Teacher 0.0491 0.0345 

 (0.0609) (0.0603) 

   

White or Asian Teacher -0.183** -0.172** 

 (0.0643) (0.0636) 

   

Teacher with 3+ Years of Experience 0.740*** 0.712*** 

 (0.0996) (0.0987) 

   

Older Teacher (40+ Years Old) 0.107 0.0789 

 (0.0591) (0.0586) 

   

Teacher has a College Degree   

 0.0362 0.0526 

 (0.126) (0.125) 

Teacher has a Postgraduate Degree   

 0.129* 0.127* 

 (0.0618) (0.0612) 

Teacher has a High Salary    

 0.294*** 0.278*** 

   

School with High SES --- 0.870*** 

  (0.246) 

   

Interaction Term: 

Rate of Qualified Teachers * High SES School 

--- 1.049** 

  (0.354) 

   

School Fixed Effects Yes Yes 

Observations 39231 39109 

R2 0.175 0.195 

   Standard errors in parentheses 
* p < 0.05, ** p < 0.01, *** p < 0.001 

 

Discussion 

Several targets expressed by Brazil’s current National Education Plan are related 

to teachers. By 2024, the government is committed to having all instructors in basic 

education hold a college degree and be assigned to teach subjects that they have been 

trained in. Less ambitious, target number 16 expresses that 50% of such teachers should 

have a post-graduate degree by 2024. In addition to targets related to teacher credentials, 

the NEP also states as a goal the universalization of preschool and high school as well as 
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guaranteeing that 95% and 85% of ninth graders and high school seniors, respectively, 

graduate. 

The research question of this study is embedded in this context of concentrated 

efforts towards bettering teacher policy in Brazil.  In this regard, the debate posed by this 

research project is relevant for at least three reasons.  

First, a large amount of resources will be necessary for states and municipalities 

as well as candidates, to adjust their strategies to meet such standards for teacher 

qualifications. Therefore, understanding which credentials matter for student learning is 

paramount in order to allow civil service exams to be designed in a way that high-

performing teachers can be selected from the pool of applicants. 

In addition, due to the objectives of expanding the schooling supply over the next 

years, a large number of teachers will be hired, especially taking into account that about 

half of current middle school Math teachers are at least 40 years old. This challenge also 

presents an opportunity for Brazil to renew the pool of instructors in the country by 

changing requirements and minimum qualifications. 

Finally, in such an unequal country like Brazil, the debate on the distribution of 

qualified teachers across schools and cities is of high importance under a social justice 

perspective. Therefore, it is instrumental that the way in which teachers are distributed 

across geographies is embedded in the debate on teacher quality policies. 

Through OLS models controlling for observable characteristics of students, 

teachers, schools, and principals, it has been estimated that the relationship between test 

scores and the percentage of qualified teachers in middle schools and the percentage of 

teachers with a Math degree teaching ninth grade is positive and significant.  

The model that pools schools both from 2013 and 2015, and that also controls for 

time-invariant school unobservable characteristics provides the best estimate of the 
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relationship between teacher credentials and student performance. This is because this 

model controls for more factors than the non-pooled and pooled OLS models by reducing 

omitted variable bias deriving from unobservable characteristics related to schools. 

This fixed-effects model estimates that a one-percentage point increase in the 

number of qualified teachers is associated with an average increase in test scores by 1.406 

test points for low or middle socioeconomic status schools. This relationship increases to 

2.455 for high socioeconomic status schools. Given that the gap, in test points, between 

the schools that fell in the 25th and 50th percentiles of the average score distribution is 

only of 2.33 in 2015, this relationship certainly can be considered large. Similarly, a one 

percentage point increase in the proportion of teachers with a Math degree is associated 

with an average increase in test scores by 0.569 points, a relationship that is also large.  

The first objective of this study was to verify whether high-performing teachers 

can be identified through observable characteristics. If my models yielded unbiased 

positive estimates of the relationship between teacher credentials and student learning, I 

would then describe where such teachers currently work in order to verify whether high-

performing teachers are equally distributed or not across geographic areas. 

Because my estimates are not shielded from bias driven foremost from other 

unobservable characteristics and selection bias, my models do not depict a causal 

relationship between teachers’ degrees and test scores.  

Nevertheless, I still can use both of my key independent variables to identify high-

performing teachers for two reasons. First, the estimates for both variables remained 

positive and significant across different methods (OLS and fixed-effects) and samples of 

schools (2015 only or pooled). 

In addition, it is currently the understanding of Brazil’s government that holding 

a college degree and teaching a subject in which the instructor has training are among the 
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most prominent proxies for teacher performance. Based on the constitutional principle of 

equity and the state’s duty to provide high quality education to all, it should be expected 

that teachers that fall in the category of “qualified” are equally distributed across schools, 

most notably in reference to socioeconomic status. In order words, given the 

government’s commitment to providing high quality education for all, qualified teachers 

should be available in all school settings when using the proxies suggested by the 

government itself. 

Figures 2, 3, and 4 depict the distribution of the average proportion of qualified 

teachers in schools of different SES levels, across states and regions as well as between 

urban and rural areas. The sample used in all three figures correspond to the 2015 pool of 

schools. 

Figure 2 shows that the proportion of qualified teachers rises as the school’s 

socioeconomic status increases. This relationship can be better visualized through the 

smaller graphs given that the area under the curve (the higher this area, the more schools 

there are) is much larger below the median for schools with lower socioeconomic status. 

Thus, most schools with the worst proportions of qualified teachers belong to the groups 

of very low, low, middle-low or middle socioeconomic status. 



 

 
 

3
7
 

 

Figure 2: Qualified Teachers and School SES
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On the same token, Figure 3 provides evidence that the proportion of Math 

teachers that hold a Math degree is not uniform across states. States colored in different 

tones of red, such as most of Northeastern states, have a lower rate of Math teachers with 

a Math degree. 

 

Figure 3: Rate of Qualified Teachers by State and Region 

Finally, Figure 4 shows how the average proportion of qualified teachers is larger 

in urban than in rural schools in nearly all states of the country. In addition, while no 

urban schools have an average proportion of qualified teachers below 30%, rural schools 

of more than one fifth of the states do. 

In the U.S. context, Lankford, Loeb, and Wyckoff (2002) and Darling-Hammond 

(2004) suggest several factors that may be driving such a difference. First, principals and 

parents might have specific preferences regarding teachers’ credentials, and thus push for 
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certain teachers to be assigned to that particular school. Second, different regions (in this 

case, states and municipalities) may have different levels of hiring capacity, both in terms 

of identifying talent and attracting qualified teachers. Working conditions may attract or 

repel highly qualified teachers, who may have clear preferences for working in affluent 

neighborhoods or cities.  

 

Figure 4: Rate of Qualified Teachers in Urban and Rural Schools 

These factors may certainly be applicable in the context of Brazil, and thus they 

are equally alarming when considering that a poor state such as Ceará has a proportion of 

Math teachers with a Math degree that is 30 percentage points lower than that of Rio de 

Janeiro. If one believes that holding such a degree makes a teacher more effective in the 

sense of improving students’ Math test scores, then this dynamic is certainly contributing 
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to the state of Ceará systematically lag behind in comparison to a wealthier state such as 

Rio de Janeiro. This inequality across states (as well as municipalities and, ultimately, 

schools) are not in accordance with the constitutional principle of equity or the right for 

high quality education to all. 

Conclusion 

This study aimed at investigating the relationship between teacher credentials and 

ninth graders’ Math test scores by using school-level data from Brazil’s National 

Assessment of School Learning (ANRESC). The proxies for teacher credentials were the 

percentage of qualified teachers at a given middle school and the percentage of instructors 

teaching ninth graders that hold a Math degree. 

An analysis that included 26,363 schools observed both in 2013 and 2015 shows 

that a one-percentage point increase in the proportion of qualified teachers is associated 

with an average increase in test scores of 1.406 points on a scale that ranges from 0 to 

100 for low and middle socioeconomic status schools. This relationship increases to 2.455 

for high socioeconomic status schools. Additionally, a one percentage point increase in 

the proportion of teachers with a Math degree is associated with a test score increase by 

0.569 points.  

Despite the large number of controls added to the model, the estimates are highly 

susceptible to omitted variable bias. As the literature shows, using non-experimental data 

to study drivers of student performance may yield unbiased estimates only if 

unobservable characteristics of students, teachers, schools, and principals are accounted 

for. This can be cumbersome given that such characteristics may not be fully correlated 

with observable factors, and thus cannot be directly controlled for. I attempt to mitigate 

some if this by running a school fixed-effects model. 
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In addition, the datasets present several limitations for the results of this study. 

First, measurement error in both the independent and the dependent variables may have 

occurred, causing attenuation bias and large standard errors, respectively. Furthermore, 

INEP’s data does not allow for a study at the student level given that students cannot be 

tracked over time. The drawback of conducting a study at the school level is that the bias 

derived from non-random teacher-assignment cannot be reduced by using student fixed 

effects. 

Finally, the results of this study are limited only to participating schools that could 

be found in both the 2013 and 2015 datasets and schools where more than 50% of the 

ninth graders took the test. In addition, the fact that half of the schools had a participation 

rate approximately below 80% is a concern regarding the level at which the sample of 

test-takers represents the whole population of ninth graders at that school. 

While there are significant doubts around the estimates of the relationship between 

observable teacher credentials and Math test scores resulting from this study, Brazil’s 

government relies on both of these proxies to identify high-performing teachers. In this 

regard, Tables 3 and 7 as well as Figures 2 and 3 provide evidence that the distribution 

of such teachers are skewed to high socioeconomic schools, urban schools, and the 

wealthiest states of the country. Therefore, descriptive data does allow for inferences 

regarding teacher distribution in Brazil, providing evidence that a more targeted teacher 

policy might be as necessary as a policy to increase the general proportion of qualified 

teachers in the country. 

With these results in mind, future research on teacher quality in Brazil is 

instrumental in a time of rising education supply through the universalization of more 

grades, a concerted effort to reduce drop-out rates and an increase in the number of hours 

students spend at school. Furthermore, the debate on the distribution of highly qualified 
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teachers across geographic areas is still nascent in Brazil, and thus it could be expanded 

to include elementary and high schools as well as other subjects, such as languages and 

Science. 

However, it should be noted that future research on education in general in Brazil 

is conditional on building a more research-targeted data collection system on educational 

inputs. While the School Census and the socioeconomic questionnaires from SAEB allow 

for rich descriptions of the school environment, students’ test scores are collected only at 

the end of each educational phase (elementary, middle, and high school), in addition to a 

literacy assessment conducted while students are in the third grade. While a more periodic 

observation of students’ performance has indeed occurred at the state level for states such 

as Ceará and São Paulo, this is certainly not a widespread practice. 

In a country with 200 million inhabitants, more than half a million teachers, and 

2 million ninth graders alone, it is paramount that data is put to work to better inform 

policymakers in the realm of education in Brazil in order to allow for investments with a 

high return. In this context, additional evidence-based research could provide more 

reliable guidance in the portfolio of teacher policies available to policymakers. 
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Appendix I: Challenges of INEP’s Datasets 

This study was first attempted at the student level. However, this proved 

impossible as students cannot be tracked over time using INEP’s publicly available 

datasets. This challenge is caused by the fact that students are assigned to different 

identification numbers in each edition of the assessment, and thus it is impossible to 

identify a student that was in the ninth grade in 2015, but in fifth grade in 2011. This 

challenge makes finding a particular student’s proxy for previous abilities (represented 

by his or her math test score in fifth grade in 2011) impossible, and thus any model 

produced would be incomplete. As pointed out in the conceptual framework, a possible 

approach to counteract this type of obstacle involves aggregating students (i.e., at the 

cohort or school level).  

When calculating average test scores at the school level, INEP did not consider 

students whose registry at the School Census did not match the information provided at 

SAEB or those who simply did not take the test. In addition, given that students that 

participated in the sample-based assessment ANEB (which also include private school 

students) are also included in this dataset, I dropped private school students. Therefore, 

all these students were dropped from the dataset without biasing the estimates of this 

study. One evident shortcoming from having a low and unequal participation rate in the 

test derives from the fact that test takers, whose scores are used to calculate the school’s 

average score, may not reflect the abilities from all ninth graders.  

In addition, approximately 0.5% of the students both in 2013 and 2015 either did 

not answer at least three questions of the test (and thus are not considered proficient under 

INEP’s standards) or did not fill out the socioeconomic questionnaire. I decided to drop 

these students due to the incompleteness or inaccuracy of the data related to them, 

predicting that this will not considerably bias my estimates because of the small number 

of students in this situation. 
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Finally, after dropping all these students, I kept and recoded key variables and 

calculated rates at the school level for both years. 

From the dataset on teachers, I only kept instructors teaching ninth graders, along 

with those who claimed to teach either only math or “more than one discipline” according 

to question 105 of the teacher’s questionnaire. Given that only Math and Portuguese 

teachers were supposed to have filled out SAEB forms, I interpreted “more than one 

discipline” as “Math and Portuguese,” and thus kept those teachers as well. Finally, after 

selecting the teacher sample this way, I kept and recoded key variables and calculated 

rates at the school level for both years. 

The dataset on principals was already at the school level and includes principals 

of elementary, middle, and high schools. Therefore, the selection of principals of middle 

schools happened when merging this dataset with the school dataset, which only 

contained schools with ninth grades after I using a filter for that. A second filter was used 

in the school dataset to keep schools where the participation rate in the test was higher 

than 50%, and thus the final total of middle schools is equal to 29,620 in 2015. 

When merging datasets, some schools ended up unmatched, and thus with missing 

information either on their students, teachers, or principals. Table 14 shows the number 

of unmatched schools per merge. Note that some schools might have been unmatched 

with more than one entity (i.e., students and teachers), and thus the total number of 

schools with at least one unmatched entity equals 5,225. 

Table 13: Unmatched Schools 

 
Number of Unmatched 

Schools in 2013 

Number of Unmatched 

Schools in 2015 

Merging Students with Schools 289 58 

Merging Teachers with Schools 3,240 3,268 

Merging Principals with Schools 1,084 578 

Merging Schools from 2013 & 2015 - 8,132 

Total Number of Unmatched Schools 4,397 (of 31,238) 3,787 (of 29,620) 
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Appendix II: Complete List of Variables 

Table 14: Complete List of Variables 

Dependent Variable 

sch_averagemath

100 

Average school’s math test score for ninth graders in 2015. Test scores range from 0 to 100.  In order to make 

the interpretation of coefficients easier, I rescaled test scores so that they range between 0 and 100, in 

contrast to INEP’s scale of 0 and 450. 

Key Independent Variables 

sch_teacherquali Rate of middle school teachers that are qualified according to INEP’s scale. Values range from 0 to 1. A 

higher proportion of qualified teachers is expected to be associated with larger test scores. 

t_mathlic 0 = Teacher has no college degree or a degree in Pedagogy 

1 = Teacher has a Math degree 

Teachers with a Math degree have better subject knowledge on Math, and thus holding such degree is expected 

to have a positive relationship with students’ test scores. 

sch_highses* 

sch_teacherquali 

Because the percentage of qualified teachers at a given school may change according to the socioeconomic 

status of the school, an interaction term of both factors has been included in the model.  

Key Controls 

t_female 0 = Male 

1 = Female 

Female teachers supposedly perform better than their male peers, and thus they are supposedly associated 

with larger test scores. 

t_whiasi 0 = Black, Pardo, Indigenous 

1 = White, Asian 

White or Asian teachers normally perform better than their male peers given that these ethnicities are 

correlated with higher income and better life opportunities. 

t_older 0 = Teacher is 39 years old or younger 

1 = Teacher is 40 years old or older 

Older teachers tend to have more teaching experience, and thus perform better than younger teachers. The 

cutoff was chosen arbitrarily. The questionnaire does not provide the precise age of the teacher. 

t_college  

 

 

t_post 

0 = Teacher has no college degree or a degree in Pedagogy 

1 = Teacher has a college degree 

0 = Teacher does not have a post-graduate degree 

1 = Teacher has a specialization, master’s, or PhD degree 

Teachers with a college degree (other than Pedagogy or Math) or with a post-graduate degree and that teach 

Math probably hold a degree in Chemistry or a related topic, and thus a positive association with test scores 

is expected. 

t_highwage 0 = Teacher makes less than $107,517.00/year 

1 = Teacher makes more than $107,517.00/year 

The wage bins provided by the questionnaire were expressed in 2013 or 2015 BRL. Therefore, I used the 

OECD USD/BRL PPP conversion rate to estimate the 2013 or 2015 USD equivalent to the bins. Then, I 

adjusted such dollar values to 2017. The cutoff was chosen arbitrarily. 

Teachers with high wages tend to have better incentives to perform better, and thus a positive relationship 

with test scores is expected. 
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Table 14: Complete List of Variables (cont.) 

sch_averagemath

100_2013 

Average school’s math test score for ninth graders in 2013. Test scores range from 0 to 100.   

sch_highses 0 = School’s SES is between 1 and 4 

1 = School’s SES is equal to 5, 6, or 7 

This variable is included in INEP’s school dataset, and thus school categorization is based on the institution’s 

methodology. Higher SES schools are expected to have a higher average test score. 

Other Controls 

Teachers’ Characteristics 

t_jobsec 0 = Teacher is not a public servant 

1 = Teacher is a public servant 

Public servants in Brazil enjoy a high level of career stability and higher benefits, and thus teachers hired 

through a public contest have higher job security, and thus a positive relationship with test scores is expected. 

Students’ characteristics 

s_female 0 = Male 

1 = Female  

Female students supposedly perform better than their male peers, and thus they are supposedly associated 

with larger test scores. 

s_whiasi 0 = Black, Pardo, Indigenous 

1 = White, Asian 

White or Asian students normally perform better than their male peers given that these ethnicities are 

correlated with higher income and better life opportunities.. 

s_mothercollege 

s_fathercollege 

0 = Mother/Father has a lower level degree or none 

1 = Mother/Father has a college degree 

College educated mothers/fathers tend to value education more, and thus students get more support at home 

and score better in tests. 

s_preschool 0 = Student started school in first grade 

1 = Student started school in nursery or preschool 

Students that started school earlier tend to have better test scores. 

s_largefam 0 = Student’s household has up to four people 

1 = Student’s household has five or more people  

The larger the family, the less support at home, and thus the lower the test scores. 

s_repeated 0 = Student has never repeated a grade 

1 = Student has repeated a grade once or more times 

Students that have repeated a grade may be weaker,  and thus they tend to have lower test scores. 

Principal characteristics. 

p_female 0 = Male 

1 = Female 

Female principals supposedly perform better than their male peers, and thus they are supposedly associated 

with larger test scores. 

p_whiasi 0 = Black, Pardo, Indigenous 

1 = White, Asian 

White or Asian principals normally perform better than their male peers given that these ethnicities are 

correlated with higher income and better life opportunities. 

p_college  

 

 

p_post 

0 = Principal has no college degree or a degree in Pedagogy 

1 = Principal has a college degree 

 

0 = Principal does not have a post-graduate degree 

1 = Principal has a specialization, master’s, or PhD degree 

 

Principals with a college or post-graduate degree are better prepared, and thus are expected to attract, retain, 

and train better teachers. 

p_highexpt2 

p_highexpp2 

0 = Principal has two or less years of teaching experience/as a principal 

1 = Principal has at least three years of teaching experience/as a principal 

Principals with teaching experience are more concerned about teacher quality, while principals with 

leadership experience tend to know the system better. Both variables are expected to have a positive 

relationship with test scores. 
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Table 14: Complete List of Variables (cont.) 

p_highwage 0 = Principal makes less than $107,517.00/year 

1 = Principal makes more than $107,517.00/year 

Principals’ wages were calculated the same way as teachers’. Principals with high wages tend to have better 

incentives to perform better. 

p_election 0 = Principal was appointed or became a principal through a public call or a civil service exam 

1 = Principal was Elected (with or without a Public Call) 

Teachers hired through a public contest have higher job security, while those who were elected by have the 

trust of the school’s teachers.  

Schools’ characteristics 

sch_urban 0 = School is located in the rural area 

1 = School is located in the urban area 

Students in urban schools tend to perform better in test scores. 

sch_stateadm School is managed by the state (in contrast to being managed by the municipality or federal government). 

 

0 = School is managed by the federal or state government 

1 = School is managed by the municipality government 

Schools managed by the municipality tend to perform worse than those managed by the federal or state 

government. 

sch_sciencelab 

sch_internet 

0 = The school does not have a science lab/fast internet available 

1 = The school has a science lab/fast internet available 

Schools with a science lab or fast internet available tend to have better infrastructure, which is associated 

with better test scores. 

sch_repet 0 = Such program is not offered at school 

1 = Such program is offered at school 

Schools that offer such program  

27 State Indicator 

Variables 

One indicator variable per Brazilian state (there are 27 of them) given that some states perform better than 

others in tests. 
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Appendix III: Alternative Regression Models 

Alternative versions included proxies for household income, namely, the number 

of cars and computers at home. Nevertheless, both variables were highly correlated with 

the school’s socioeconomic status. In addition, given that the study was conducted at the 

school level, I decided to drop both variables. 

In addition, I ran alternative versions specification four of all three regression 

tables based on two variables. First, I recoded the variable on teacher experience, so that 

high experience meant a teaching career of at least 20 years, in contrast to three years. 

My key independent variables had larger coefficients, so I decided to follow the U.S. 

literature and code this variable considering high teaching experience as three years or 

more.  

Finally, alternative specifications that split the variable on post-graduate degree 

for teachers into short and long degrees yielded small changes in the key independent 

variables, while the coefficient on master’s and PhD programs remained statistically 

significant in roughly all specifications. 
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