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Abstract 

It is recognized that teachers have a crucial role in improving learning outcomes. Because 
quality differs by teacher, their potential impact on student outcomes may also differ. However, 
measuring teacher quality and its influence on learning has been challenging in educational 
research. In this paper I explore the effect of teacher qualifications on the rate of learning in 
Mathematics and Portuguese in Brazil. Drawing on longitudinal data from the Fundo de 
Fortalecimento da Escola (FUNDESCOLA) program from 1999 to 2003 and using a dose-
response analysis and a latent trait model, I conclude that teacher qualifications positively 
influence the pace of learning in Mathematics. However, results for Portuguese were not 
significant, which may indicate that subjects require different models of teacher effectiveness. 
Also, I find that students’ socioeconomic status does not enhance the effect of teacher 
qualifications on the pace of learning in Mathematics and Portuguese.  

1. Introduction  

The increasing quest for development, both economic and social, has intensified concern around 
the world about the importance of human capital accumulation. This issue is especially 
appropriate to developing countries, which lag behind in terms of the level of schooling of their 
populations (Benhabib and Spiegel 1994). Even though there has been significant improvement 
in terms of expanding access to education in many countries (Barro and Lee 1993; Behrman 
1987), quality enhancements are not prevalent across developing societies (Hanushek and 
Woessmann 2008). In other words, more widespread effort is necessary to improve the quality of 
education in order to promote development. 

The need to enhance the quality of education has intensified in Brazil since the end of the 
1990s (Rios-Neto and Guimaraes 2010). Despite being a major economic power and having 
universalized access to primary education, Brazil still stagnates in cross-country comparisons of 
poor students’ achievement, as shown by PISA results (OECD 2011). Consequently, there is an 
emerging government agenda aimed at improving the quality of education, notably in public 
schools (Soares, 2007). 

For these policymakers, quality means that students are succeeding on standardized tests. 
In this context, teachers are assigned a central role in delivering a high-quality education by 
policymakers and international organizations (OECD 2005; UNESCO 2006). Therefore, 
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increasing the quality of education requires understanding the means to increase teacher quality 
and how teachers can be effective in promoting learning. 

Amongst education researchers, teacher quality is widely considered an important school 
factor – and maybe even the most important factor – of student learning (Ladd 2008; Rivkin, 
Hanushek, and Kain 2005).  In the large body of research that has addressed the importance of 
teacher quality and effectiveness in the learning process, the United States educational system 
appears most prominently (Boyd et al. 2008; Aaronson, Barrow, and Sander 2007; Desimone and 
Long 2010; Ladd 2008), and to a lesser extent studies include other countries, such as South 
Africa and Botswana (Carnoy et al. 2011). In Brazil, research has mainly explored the influence 
of school factors on student achievement (Soares 2006; Soares 2007), but there are only a few 
studies that have conducted a systematic analysis of teacher effects (Fonseca 2011; Menezes-
Filho and Pazello 2007). 

This study explores the role of teacher qualifications in enhancing the pace of learning in 
Brazil from the schools participating in the Fundo de Fortalecimento da Escola 
(FUNDESCOLA), or School Improvement Plan1 from 1999 to 2003. This program, funded by 
the World Bank, started in 1997 and aimed to improve schools in six states in the country with 
some the lowest educational indicators: Rondônia, Pará, Pernambuco, Sergipe, Mato Grosso do 
Sul, and Goiás. In order to evaluate the effectiveness of the FUNDESCOLA program, a 
longitudinal survey was then carried out from 1999 to 2003.2 

Scholars have benefited from the FUNDESCOLA data to analyze the impact of the 
program (Carnoy et. al., 2008) and the factors associated with school achievement (Macedo 
2004; Pereira 2006) and school retention (Luz 2008). Yet, a more specific analysis of distinct 
aspects of teachers and their effects on the pace of student learning in the FUNDESCOLA 
schools was not yet been explored.  

Taking advantage of the FUNDESCOLA survey and drawing on an Educational 
Production Function (EPF) framework, this study examines the relationship between teacher 
qualification and pace of learning in Portuguese and Mathematics for students in fourth to eight 
grade by testing two hypotheses. First, I test whether students who learned faster are the ones 
who, on average, were exposed to high-quality teachers, that is, those with higher qualifications. 
By assuming that teacher qualification is an exogenous variable, it is possible to infer whether a 
teacher with higher qualifications predicts larger student achievement gains. Next, I test whether 
the socioeconomic status (SES) of a student enhances the effect of teacher qualifications on 
his/her pace of learning, as those from lower SES groups may require greater teacher 
effectiveness in order to achieve the same achievement gains as their higher SES counterparts 
(Brophy 1986).  

 In order to test these hypotheses, I propose two methodological innovations. First, I 
estimate "teacher qualifications" and socioeconomic indexes using a latent trait model under the 
Item Response Theory approach. Next, I employ a dose-response analysis as an identification 
strategy to derive the causal effect of teacher qualifications on the pace of learning in Portuguese 
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and Mathematics. This study, therefore, provides an important contribution for the assessment of 
teacher effects in Brazil. 

2. Overview of Brazil and FUNDESCOLA states' teaching force at the elementary 
level 

Starting from the 1980s, teachers assumed a central role in Brazilian education policy as agents 
responsible for improving the quality of education in the country (Brasil 1988; Brasil 1996).  
Since then, the Brazilian government has strived to improve the quality of elementary school 
teachers and their working conditions. For instance, the Brazilian Law for Basic Education of 
1996 required a college degree for teachers of basic education. In 2009, the government released 
the National Policy on Teacher Education, which aimed to organize the initial and continuing 
training of basic education teachers (Brasil 2009). Basic education teacher training is recognized 
as a public commitment of the State, seeking to ensure the rights of children, youths, and adults 
to a high-quality education (Brasil 2009, sec. 2). 

Despite its importance and government intentions, the teaching profession in Brazil 
remains unattractive: poor working conditions and low levels of earnings and prestige prevent 
the best students from choosing teaching careers (Louzano et. al., 2008). This situation is even 
worse in the public sector, where teachers must also address demands that are beyond their 
training, due to the needs of the students (Oliveira 2004).  

Given the centrality of teachers in the learning process in Brazil and because this paper 
focuses on specific states in the country (those evaluated by the FUNDESCOLA survey), it is 
important to investigate whether there are vast differences in teacher qualifications and in their 
distribution based on their quality. From this evidence, I can conclude to what extent the teachers 
assessed by the FUNDESCOLA survey are more or less qualified than the average Brazilian 
teacher. 

Drawing on Brazil's National Household Survey (PNAD) from 1992 to 2009 and on the 
national assessment of public school students (Prova Brasil) in 2007, I describe the main 
characteristics of the elementary-level teachers in FUNDESCOLA and non-FUNDESCOLA 
states: their educational composition, wages and qualifications. 

Figure 1 shows the average number of years of schooling for elementary-level teachers3 

from 1992 to 2009 in FUNDESCOLA and non-FUNDESCOLA states using PNAD data. It can 
be drawn from the figure that the proportion of teachers with a college degree has increased 
significantly. This has resulted from a change in the educational law (LDB) in 1996, which 
required a minimum tertiary education level for elementary school teachers. Although both 
regions had improved the average qualification of their teachers, FUNDESCOLA states 
consistently have, on average, teachers with lower levels of schooling than the rest of the states. 
This may indicate that FUNDESCOLA teachers have lower quality when compared to their 
other Brazilian counterparts. However, the gap in average schooling between the states has 
decreased since 2005. 
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Figure 1. Average years of schooling of elementary-level teachers in FUNDESCOLA states and in the 
rest of Brazil,  1992 to 2009. 

 

Wages reflect an important aspect of teacher quality. In general, high-quality teachers 
would be attracted to work in schools that pay the highest wages (Loeb and Page 2000). In 
Brazil, the wages of public school teachers at the elementary level are set by the local 
government (either at the state or municipal level) according to the teachers’ qualifications. 
Therefore, it can be expected that the higher the wage of teachers in one region, the more it 
attracts high skilled teachers. Figure 2 shows the log of standardized (hourly) wages for 
elementary-level teachers from 1992 to 2009 in FUNDESCOLA states and in the rest of Brazil 
using PNAD data. It can be drawn from the figure that FUNDESCOLA states pay, on average, 
lower standardized wages for their elementary-level teachers and the differential between 
FUNDESCOLA and non-FUNDESCOLA states remains relatively stable over time. This 
evidence also indicates that FUNDESCOLA teachers may have lower quality when compared to 
their Brazilian counterparts.  

Teacher qualifications, one important aspect of teacher quality, also differ among 
FUNDESCOLA and non-FUNDESCOLA states. The proportion of teachers who have a college 
degree, who have completed postgraduate studies, and who have participated in a professional 
development program are good predictors of the quality of the instruction provided to students in 
each region. Also, the type of higher education institution that the teacher attended and the level 
of experience are important correlates. Using data from Prova Brasil 2007, I compute these 
indicators for FUNDESCOLA and non-FUNDESCOLA states. 
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Figure 2. Average years of the log-hourly wages of elementary-level teachers in FUNDESCOLA states 
and in the rest of Brazil. 1992 to 2009 

 

As shown in Table 1, the proportion of teachers with a college degree is higher for non-
FUNDESCOLA states in fourth and eighth grade. Also, the proportion of teachers who attended 
public federal higher education institutions is higher in non-FUNDESCOLA states than in 
FUNDESCOLA states. In addition, the proportion of less experienced teachers is slightly higher 
for the FUNDESCOLA states. The proportion of teachers with some postgraduate study and 
professional development is similar for both regions. 

In sum, Brazilian policymakers have recognized the role of teachers in the learning 
process and attempted to increase teacher quality. However, disparities and challenges still 
persist in the promotion of the teaching profession. In regards to regional disparities, 
FUNDESCOLA states have, in general, a less qualified teaching workforce than non-
FUNDESCOLA states. This may influence my results: as teachers are less qualified, the effect of 
teacher qualifications on the pace of learning may be underestimated if contrasted with the 
average effect in Brazil. However, if the effects are significant for FUNDESCOLA states, then it 
can be inferred that they might be larger for Brazil as a whole, which raises the importance of 
investments in teacher qualifications. 
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Table 1: Teacher quality measures for 4th and 8th grade public school teachers in FUNDESCOLA and 
non-FUNDESCOLA states, 2007 

 
4th grade 

 
8th grade 

 
FUNDESCOLA 

states 

Non-
FUNDESCOLA 

states 
 

FUNDESCOLA 
states 

Non-
FUNDESCOLA 

states 
Highest level 
of schooling 

Less than High 
School 0.2 0.1 

 

0.1 
0.1 

High School 
degree 68.2 61.5 

 

8.0 
7.9 

College degree 31.7 38.4 
 

91.9 92.1 
Type of HE 
institution 

Public - 
Federal 14.4 9.5 

 
28.2 13.3 

Public - State 28.3 23.3 
 

25.7 21.3 
Public - Local 2.6 2.1 

 
1.2 1.0 

Private 44.4 55.4 
 

43.0 62.3 
Not completed 
college 10.3 9.7 

 
2.0 2.1 

Post-graduate 
studies 

Yes 41.6 40.9 
 

58.5 55.5 
No 58.4 59.1 

 
41.5 44.5 

Professional 
Development 

Yes 85.4 85.0 
 

76.4 76.1 
No 14.6 15.0 

 
23.6 23.9 

Experience Less than 2 
years 31.8 28.5 

 
22.4 21.2 

3 to 4 years 20.3 20.2 
 

17.6 17.8 
5 to 6 years 11.7 13.1 

 
13.2 13.1 

7 to 8 years 7.3 8.1 
 

9.9 9.7 
More than 8 
years 28.9 30.1 

 
37.0 38.2 

Note: Author's own elaboration from Prova Brasil data (INEP/MEC), 2007  

 

3. Teacher effectiveness and student learning 

In this section, I present the current state of research in the areas of teacher effectiveness and 
teacher quality. First, I review studies that explore the relationships between teacher 
characteristics and student achievement. Then, I analyze research on teacher quality by 
describing the main determinants of teachers' effectiveness as well as measurement issues.  

3.1. Challenges in the estimation of teacher effects 

When considering school inputs to the learning process, it is widely accepted today that teachers 
are an important determinant of student achievement (Clotfelter, Ladd, and Vigdor 2007a; Boyd 
et al. 2008; Clotfelter, Ladd, and Vigdor 2007b; Ladd 2008; Nye, Konstantopoulos, and Hedges 
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2004). In the past, inadequate data and methodological limitations may have obscured the 
relevance of teacher effects.  

The challenges that researchers find in the estimation of teacher effectiveness are not 
trivial. Ladd (2008), for instance, addressed the methodological limitations in assessing teacher 
effectiveness and argued that it is complex to isolate teacher effects from other potential 
confounders, such as family background, school resources, and unobserved traits of the student.  

In the past decades, scholars have benefited from significant advances in methodology 
and the increased availability of longitudinal data for the estimation of teacher effects. By 
systematically controlling for student heterogeneity and for selection bias in the matching of 
students to teachers and schools, teacher effectiveness is now assessed in a more robust and 
consistent manner (Boyd et al., 2008; Clotfelter et al., 2007a; Ladd, 2008).  

The literature on teacher effects is vast for the United States, perhaps as a result of a wide 
availability of longitudinal data. Taken together, the reviewed studies provide reasonable 
evidence that teachers' characteristics tend to be positively associated with student achievement 
(Clotfelter, Ladd, and Vigdor 2007a; Desimone and Long 2010; Rivkin, Hanushek, and Kain 
2005).  

However, this consensus ends when considering which are the most relevant predictors of 
teacher quality. Some authors found that teachers' experience, test scores, and regular licensure 
were positively associated with student achievement and that variations in teacher credentials 
had more explanatory power when considering students’ performance (Clotfelter, Ladd, and 
Vigdor 2007b). However, some studies showed no predictive value of teacher credentials on 
variance of teacher effects (Rivkin, Hanushek, and Kain 2005; D. J. Boyd et al. 2009; Nye, 
Konstantopoulos, and Hedges 2004; Aaronson, Barrow, and Sander 2007).  In the next section, I 
review the debate on the determinants of teacher quality. 

3.2. How to define a high-quality teacher? 

Given that teacher characteristics do influence student performance, it can be predicted that 
higher levels of teacher quality are positively associated with better student performance (Loeb 
2001; Hanushek and Rivkin 2006). It is not surprising that this prediction is widely agreed upon. 
Yet, as teacher quality is a latent trait, some difficulties have arisen when researchers have 
attempted to estimate the real effect of teacher quality on students’ proficiency. These difficulties 
in general are related to the choice and relevance of the variables used to approximate teacher 
quality (Eide, Goldhaber, and Brewer 2004; Brophy 1986; Hanushek et al. 2005; Hanushek and 
Rivkin 2006). 

Overall, the studies reviewed differ on which proxy variables of teacher characteristics 
should be used to predict teacher quality. Some scholars focused on teacher credentials and 
experience as proxy variables for teacher quality (Boyd et al., 2009; Clotfelter et al., 2007b; 
Ladd, 2008). However, this approach is not without criticism because teacher effects, as 



 
 

8 
 

measured by teacher degree level and experience, have presented relatively small effect sizes 
(Ladd 2008). 

 On the other hand, some authors proposed the use of academic performance and teacher 
skills as proxies for teacher quality (Hill, Rowan, and Ball 2005; Eide, Goldhaber, and Brewer 
2004). Debates persist about the appropriate balance between teachers’ conceptual and 
procedural instruction when approximating teacher quality; it has not yet been determined which 
mix of content with which groups of students has what effect over what duration of time and 
under what circumstances (Nye, Konstantopoulos, and Hedges 2004). I concur with the studies 
cited above that pedagogical skills, that is, how teachers teach students, appear to be crucial for 
ensuring achievement gains. Nevertheless, it should be highlighted that teachers’ pedagogical 
skills are not easily or often measured on surveys, which makes it difficult for researchers to 
evaluate and predict their real impact on student performance gains. 

Altogether, these studies demonstrate that teacher credentials and academic knowledge 
are necessary but not sufficient conditions for student learning. In this paper I test whether 
teacher qualifications positively affect the pace of learning for students evaluated by the 
FUNDESCOLA data. 

3.3. Teacher quality: inequality of access and effectiveness 

As I have argued, teachers are considered to be an important (or the most important) determinant 
of student learning, even though there is no consensus on which characteristics define a high-
quality teacher.  However, how students are differently affected by a teacher quality is a relevant 
question for educational policy. For a given teacher quality, students from different social classes 
and ability levels may be not equally affected. For instance: are less advantaged students more 
sensitive to high-quality instruction than their high advantaged peers? Or are students from upper 
social strata more privileged when it comes to the effect of a high-quality teacher? Despite its 
relevance, there are few strong theoretical or empirical perspectives on how the effect of a high-
quality teacher might differ according to students' background.  

Some scholars posit that students from higher social strata benefit more from high-quality 
teachers than students from lower social classes. These researchers argue that the students’ social 
and cultural background, which define their pre-instructional understanding of the subject, shape 
their understanding of information presented in classrooms by teachers (McDiarmid, Ball, and 
Anderson 1989, 88:19). Therefore, social background is a proxy for differentiated demands of 
the students of teacher support. For instance, high-SES students are more likely to be 
participative and self-confident in class and often do not need encouragement. On the other hand, 
low-SES students are more likely to demand attention and support from their teachers in addition 
to good instruction (Brophy 1986, 1073). 

On the other hand, some researchers contend that students from low socioeconomic strata 
may benefit more from high-quality teachers. If high-quality teachers are able to identify 
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children's needs and adapt their teaching skills, then disadvantaged students may benefit more 
from teacher quality (Darling-Hammond 2006). 

In this paper, I test whether students with high SES, as a proxy for social background, 
benefit more when it comes to the effect of a high-quality teacher than their low-SES 
counterparts. 

3.4. Teacher effectiveness in Brazil 

In Brazil, only a few studies have offered systematic analyses of teacher effects. By exploring an 
exogenous change in the resource allocation for teacher wages in the Brazilian public sector, 
Menezes-Filho & Pazello (2007) found that an increase in teacher salaries had a positive impact 
on proficiency. Using a national assessment, Fonseca (2011) showed that public school students 
in Brazil had higher achievement when exposed to teachers who studied in public institutions of 
higher education, instead of private institutions. 

The scarcity of studies on teacher effects in Brazil may be explained by the lack of 
longitudinal data in the country. As presented in the last section, an accurate assessment of 
teacher effects requires longitudinal data following students throughout the school year (Ladd 
2008). In this paper, I contribute to the existing literature by assessing teacher effects in Brazil on 
students’ pace of learning using FUNDESCOLA data and a measure of teacher quality based on 
teacher qualifications.  

4. Methods and data 

In this study, I seek to understand the effect of teacher qualifications on changes in student 
achievement gains. My first hypothesis is that higher levels of teacher qualifications improve the 
average rate of learning. During the school trajectory from fourth to eighth grade, students can 
be exposed to teachers of different quality. Therefore, one interesting question would be whether 
the exposure to a specific level of teacher qualifications are related to a change in achievement 
gains. The second hypothesis in my study is that students’ SES enhance the effect of teacher 
qualifications by improving the average rate of learning. The outcome of interest in this study is 
the growth in students’ scores in Portuguese and Mathematics.  

4.1. Identification strategy 

This study aims to assess whether having a teacher with high qualifications affects the pace of 
students’ learning in Portuguese and Mathematics. In order to achieve this goal, I address two 
issues: measurement of teacher quality and causal inference.  

The first methodological challenge in this paper is measurement. Teacher quality is a 
latent trait. In surveys, information was collected on a set of teacher characteristics, such as 
schooling, content knowledge, experience and certification. However, these variables try to 
capture what is underlying teacher qualifications. I solve this problem by building a teacher 
qualifications index based on relevant variables present in the questionnaire. If modeling 
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assumptions are satisfied, this latent trait variable has the advantage of summarizing relevant 
information on teacher qualifications in a continuous scale. I discuss this method in more detail 
below. 

The second challenge of this paper is to assess the causal effect of teacher qualifications 
on the pace of learning. For this task, experiments are recommended because they avoid bias 
caused by omitted variables and model specification (Krueger 1999). However, FUNDESCOLA 
data collection was conducted using an observational design, as students were not randomly 
assigned to high- or low-quality teachers. Despite its observational nature, causal inference using 
FUNDESCOLA data is possible by employing quasi-experimental design (QED). QED has been 
widely used by researchers as an alternative to experiments. However, this design requires that 
certain assumptions are met as well as that appropriate models are used (Stuart and Rubin 2008). 

In this study, selection bias plays a central role in limiting causal inference. This bias 
occurs because, in general, students are not randomly assigned to teachers. Even though Brazil 
does not have an institutional system of student tracking in public schools, it is probable that 
school managers and teachers do assign students to classrooms based on certain decision rules.  
Moreover, students may be sorted by principals into classrooms according to their achievement. 
Also, parents may contest teacher assignments if they believe that these are related to their 
children’s academic performance (Rothstein 2009). If these conditions hold, it is extremely 
difficult to isolate the effect of a teacher from pre-existing differences among students.  

Also, the choice of the specification of the Educational Production Function in which 
student achievement gains are used as dependent variable may induce a downward bias in the 
estimates. First, it is worth mentioning that this strategy solves an important limitation of VAM, 
as regressions on current achievement on baseline achievement usually lead to misleading 
estimates of the parameters of interest: in the presence of measurement error, the observed final 
and initial scores are a poor estimate of the correlation between the true final and initial scores 
(Rogosa 1988). However, by using gains as a dependent variable, the effect of teacher 
qualifications will be biased downward. Clotfelter, Ladd, and Vigdor (2007) demonstrated that, 
in the gains equation, the estimated coefficients will be biased downward if there is not perfect 
correlation between initial and final test scores. Therefore, the effect of teacher qualification on 
students’ pace of learning in this study is likely underestimated. 

4.2. Empirical specification 

4.2.1. Latent trait model for teacher qualifications and SES 

The use of Item Response Theory (IRT) to model latent traits has been increasingly popular 
among scholars in various fields, and there is substantial evidence that it can be appropriately 
applied in educational research (Stout 2007; De la Torre and Douglas 2004; Yen 2005). IRT 
stands for a collection of mathematics and statistical methods suited to analyze items and scales, 
to create ability measures, and to measure individuals on latent constructs (Reise, Ainsworth, and 
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Haviland 2005). In regards to construct building, measures obtained by Item Response Theory 
present at least two advantages: they provide an adjustment to the continuous latent trait 
distribution, and they reduce dimensionality by offering relevant information about the trait of 
interest (Kolen and Brennan 2004; Samejima 1969; Stout 2007; Yen 2005). 

Given a set of relevant variables that explain teacher qualifications and SES, I used a 
continuous latent trait IRT approach to build continuous indexes. Item response theory (IRT) 
models are designed to relate a subject's response on each of the items of a questionnaire to a 
single underlying latent trait (Kolen and Brennan 2004; Stout 2007). In this study teachers’ 
responses to each item were intended to provide a piece of information about their qualifications, 
and students' responses to each item provided information about their SES. If these items are 
capturing the same latent trait (unidimensionality assumption), then it is possible to aggregate 
item responses into a single continuous variable that measures the latent trait. 

The first step in the latent trait modeling was to select relevant variables. Variables 
should capture one single latent trait. Having selected the variables, the next step was to analyze 
the correlations between them. Statistical procedures, such as factor analysis of the polychoric 
matrix, provided validation diagnosis of variables that satisfied the unidimensionality 
assumption.4 I estimated the polychoric matrix using the polycor package available in R (Fox 
2010). The usual procedure for the validation of the unidimensionality assumption for a set of 
chosen variables consists of verifying two conditions are met: 

− All the variables should have the same direction of the biserial correlations5 in the 
polychoric matrix. Discrepant variables should be dropped; 

− Examination of the relative sizes of the eigenvalues associated with the principal 
components analysis of the polychoric matrix. A rule-of-thumb suggests that as 
many latent traits are present as there are eigenvalues greater than one (Loehlin 
1998). 

Having selected the variables according to the checks described previously, the next step 
was to estimate the IRT model. The Graded Response Model (GRM) proposed by Samejima 
(1969) is suitable for items with graded or ordinal responses, which is usually the case of teacher 
characteristic variables. In this paper I used the Latent Trait Model package (ltm) available in R 
to estimate the GRM (Rizopoulos 2006). Then, it was necessary to check the unidimensionality 
assumption of the IRT model. For this purpose, the Cronbach's alpha provided an adequate 
measure of internal consistency and unidimensionality (Sijtsma 2009). In the literature, a rule-of-
thumb regarding whether the IRT latent trait model has a good fit is to verify if the Cronbach's 
alpha is greater than 0.80 (DeVellis 2012). 

4.2.2. Individual dose-response analysis under the mixed-effects approach 

Individual dose-response modeling is commonly used in epidemiology and clinical studies and 
provides an appropriate causal framework for understanding the relationship between dose and 
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response (Edler 2008; Holmgren and Koch 1997). The proof of the existence of a dose-response 
relationship is a basic element of the proof of causality in experimental sciences (Edler 2008). 
This method is widely used in toxicology and clinical studies. In this paper, this framework is 
applied to understand the how the pace of learning in Portuguese and Mathematics (the 
responses) are related to the amount of exposure to teacher quality (the dose provided).   

This study addresses the problem of selection bias by estimating individual dose-response 
models. In this approach, the relationship between teacher quality and achievement gains is 
estimated for each student: during the longitudinal follow up, the student was exposed to 
different teachers, who may have had different qualifications. Assuming that there is no sorting 
mechanism based on student gains, each student was randomly exposed to teachers of different 
qualifications during his/her trajectory. Therefore, each student trajectory serves as his or her 
own natural experiment.     

The basic requirements for dose-response modeling are the availability of dose-response 
data and an assumption in regards to the functional form of the relationship. For this study, I 
assume a linear function of the dose-response. This means that teacher quality does not have a 
threshold, that is a specific level of exposure below or above which no effect occurs (Cox 1987). 

To test these hypotheses, I employ a linear mixed-effects model. Mixed-effects models 
are appropriate when a researcher wants to study the dependence of a response on covariates and 
the unexplained variation in the response (Bates, 2005). The fixed-effects coefficients represent 
the average rate of change in student achievement gains with respect to teacher qualifications. 
Also, it is possible to account for the effect of time-invariant covariates to induce changes in the 
response of the time-varying covariate by the inclusion of random-effects terms. 

Under the mixed-effects approach, I estimate two specifications: 

Unconditional model: 𝑔𝑖𝑡 = 𝛾00 + 𝛾10𝑇𝑄𝑖𝑡 + 𝜖𝑖𝑡 +  𝑢0𝑡 +  𝑢1𝑡  

Conditional model: 𝑔𝑖𝑡 = 𝛾00 + 𝛾10𝑇𝑄𝑖𝑡 + 𝛾11𝑇𝑄𝑖𝑡 × 𝑆𝐸𝑆𝑖𝑡 + (𝜖𝑖𝑡 + 𝑢0𝑡 +  𝑢1𝑡 ×
𝑆𝐸𝑆𝑖𝑡) 

Where 𝑔𝑖𝑡 is the gain in equalized test scores for student i between time t and time t-1; 
𝑇𝑄𝑖𝑡 refers to the teacher qualifications index of student i at time t; 𝑆𝐸𝑆𝑖𝑡 refers to the SES index 
of student i at time t; 𝜖𝑖𝑡 gives the residual variance; 𝑢0𝑡 gives the variance of the intercept 𝛾00. 
In the unconditional model, and 𝑢1𝑡 gives the variance of the slope 𝛾10. In the conditional model, 
this variance is given by 𝑢1𝑡 × 𝑆𝐸𝑆𝑖𝑡. 

The models can also be written in a multilevel form: 

Unconditional Model: 

Level 1: 𝑔𝑖𝑡 = 𝛼0𝑡 + 𝛼1𝑡𝑇𝑄𝑖𝑡 + 𝜖𝑖𝑡 

Level 2: 𝛼0𝑡 = 𝛾00 + 𝑢0𝑡 
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 𝛼1𝑡 = 𝛾10 + 𝑢1𝑡 

Conditional Model: 

Level 1: 𝑔𝑖𝑡 = 𝛼0𝑡 + 𝛼1𝑡𝑇𝑄𝑖𝑡 + 𝜖𝑖𝑡 

Level 2: 𝛼0𝑡 = 𝛾00 + 𝑢0𝑡 

 𝛼1𝑡 = 𝛾10 + 𝛾11𝑆𝐸𝑆𝑖 + 𝑢1𝑡 

 

The first equation in each model in the multilevel form refers to the individual dose-
response regression of gains on the teacher qualifications index. The second equation postulates 
that the intercept of the individual dose-response curve, 𝛼0𝑡  -- the mean student improvement 
when teacher quality is equal zero, may vary across students. Finally, the third equation posits 
that the gradient of teacher qualifications on student gains, the slope 𝛼1𝑡, can vary across 
students. The unconditional model is the baseline specification, in which the increment in gains 
given a level of teacher quality 𝛼1𝑡 and the mean student improvement when teacher quality 
equals zero 𝛼0𝑡 are randomly distributed. The gradient of teacher qualifications for student gains, 
𝛼1𝑡 , is the key parameter of my interest, and 𝛾11 represents the average gradient in teacher 
qualifications for all the students. 

In the conditional model, I used SES as a predictor of change in the variability in the rate 
of improvement in learning given a certain level of teacher qualifications. Therefore, the 
conditional model allowed me to test whether context-specific effects enhance or minimize the 
effect of teacher qualifications on student achievement gains.  

To interpret 𝛾11 as the average causal effect of teacher qualifications on student gains in 
each grade, I assumed that students are assigned to teachers on the basis of their time-invariant 
characteristics (for example, race, parents’ education) rather than on qualities that vary with time 
(such as their performance). Some authors criticize this assumption by arguing that school 
managers may assign students to classrooms on the basis of dynamic evaluation of student 
performance (Rothstein 2007; Rothstein 2009; Rothstein 2010). Because it is not possible to 
predict the criteria that school managers employ when assigning students, I assumed that 
assignments were made on the basis of students’ time-invariant characteristics. However, I 
relaxed this hypothesis by allowing the rate of improvement to differ according to student's SES 
as expressed in the conditional model. 

For the estimation of the mixed-effects models, I used the lme4 package in R (Bates, 
Maechler, and Bolker 2011). 

4.2.3. Dataset 

The FUNDESCOLA longitudinal study included six rounds of data collection, following 
students by grade and year, starting in fourth grade in 1999 and continuing until eighth grade in 
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2003. In 1999, students were evaluated at the beginning of the school year (April) and at the end 
of the school year (November). For the next rounds, students were evaluated in November of 
each year (2000, 2001, 2002 and 2003). The sample included schools from six states, namely 
Rondônia, Pará, Pernambuco, Sergipe, Mato Grosso do Sul and Goiás, which were in the regions 
served by the FUNDESCOLA program. To be selected in the sample, schools needed to meet the 
following requirements: they were public schools; all their elementary classes were held during 
the day; they had at least 200 students; and they were located in the regions of the capital with 
administrative facilities belonging to each state. 

The FUNDESCOLA survey included information on test scores in Mathematics and 
Portuguese and on socioeconomic characteristics of students (Student Questionnaire), teachers 
(Teacher Questionnaire), and schools (School Questionnaire). In regards to students' testing, 
items were based on those from the National Assessment of Basic Education (SAEB). During the 
longitudinal study, different populations were examined with different forms, but with some 
common items.6 In order to ensure comparability, scores in each round were equalized using 
statistical equating methods.7 

During the longitudinal follow-up, information was collected on all students present in 
the classrooms at the time of the application of the instruments, regardless of their participation 
in the previous rounds. Thus, in addition to students observed across all included grades (fourth 
to eighth grade), it is possible to identify students who were present in one, two, or three of the 
rounds. 

4.2.3.1. Sample and statistical filters 

A potential problem in longitudinal studies is attrition, and the FUNDESCOLA data is not an 
exception. The survey was carried out in six rounds, and many students dropped out of the 
dataset because of migration (schools or towns), grade repetition, and death. Also, students may 
have been missing information on test scores because they did not attend class the day of the 
assessment. In addition, there was a considerable non-response rate among teachers, and 
therefore, information gaps may be even more pronounced. In this section I present details on the 
sample and the filters needed to carry out my analysis. 

In this study I analyzed two different datasets according to the subject evaluated: 
Portuguese and Mathematics. For these subjects, the number of students in the longitudinal panel 
was 29,778.  This number reflects students who were evaluated by the FUNDESCOLA survey at 
least in one of the six rounds. Next, I applied filters to carry out the statistical analysis. Those are 
analyzed hereafter: 

− The first filter applied was to select individuals who have non-missing 
information on test scores. Of this number, 23,288 students had information on 
Mathematics test scores and 24,633 on Portuguese.  



 
 

15 
 

− The second filter consisted in the selection of students who were evaluated in at 
least two adjacent rounds, as a requirement for the computation of the gains 
variable. 9,733 students satisfied this requirement in Mathematics and 11,476 in 
Portuguese.  

− The third filter was applied to satisfy the dose-response model: for a within-
student regression model, at least two observations on the dependent variable 
(gains) with no missing observation for the independent variable (gains). Hence, 
2,178 students in Mathematics and 2,563 students in Portuguese were selected. 

− The fourth filter was intended to keep in the sample only students who had some 
variability in teacher quality. If students did not have variability in the treatment 
condition, exposure to teacher quality, then it would not be possible to estimate 
the dose-response relationship. Hence, I computed a within-student indicator of 
the teacher qualifications variability during the longitudinal follow-up -- the 
range.8 From the students who remained in the sample after the third filter, 927 
students had no variability in teacher quality (42.56%) for Mathematics and 1,133 
students in Portuguese (44.21%). Therefore, my final sample is 1,251 students in 
Mathematics and 1,430 students in Portuguese.  

From the description above, it is clear that the final sample of this study has important 
characteristics that make it unique in relation to the students assessed by the FUNDESCOLA 
survey. First, they are students who survived many risks: the risks of grade retention, death, and 
migration. Therefore, it is necessary to investigate whether my final sample is a non-random 
sample from the initial one. 

Students who were selected in the final sample (fourth filter) did not differ from students 
who had participated in at least two adjacent rounds (second filter) in terms of their gains in 
Mathematics and Portuguese, as shown in the kernel density curve for gains by group in Figure 4 
for Mathematics and Figure 5, for Portuguese. Therefore, I conclude that students in my final 
sample did not have significant differences in the outcome that may bias my results. 

However, students who were selected in the final sample did have in general lower scores 
in the SES index obtained by Item Response Theory9 than students who had participated in at 
least two adjacent rounds (2nd filter). Results show that this condition is true for Mathematics 
(Figure 6) and Portuguese (Figure 7), since the kernel density curve for the final sample is 
shifted to the right compared to students selected in the second filter. This may indicate that, 
despite lower SES, students in my final sample had a similar pace of learning to the students who 
had participated in at least two adjacent rounds.  

In sum, sample restrictions were necessary to carry out the dose-response model. Those 
restrictions seem to affect the representativeness of students for those with similar gains and 
lower SES conditions. This may indicate, therefore, that students in my final sample have higher 
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ability than their counterparts because they had similar gains distributions in a more adverse SES 
condition. 

 

 

Figure 3. Kernel density estimator of the gains in Mathematics for students present in at least two adjacent 
tests (second filter) and students selected for the final sample (fourth filter). 

 

Figure 4. Kernel density estimator of the gains in Portuguese for students present in at least two adjacent 
tests (second filter) and students selected for the final sample (fourth filter). 
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Figure 5. Kernel density estimator of the SES index for students present in at least two adjacent tests 
(second filter) and students selected for the final sample (fourth filter) in Mathematics 
 

 

Figure 6. Kernel density estimator of the SES index for students present in at least two adjacent tests 
(second filter) and students selected for the final sample (fourth filter) in Portuguese 
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5. Findings 

In this section I present the key findings of this paper. I first show results of the estimation of the 
latent variables -- teacher qualifications and SES index -- using Graded Response Models under 
the Item Response Theory approach. Then, I present the results of the dose-response model for 
the effect of teacher qualifications on the rate of improvement in Portuguese and Mathematics. 

5.1. Latent trait models using Item Response Theory 

I first discuss the results of the stepwise procedure for selecting the variables to be included in 
the teacher qualifications and socioeconomic indexes. In order to be selected for the preliminary 
model, variables needed to satisfy the single latent trait assumptions. First, all the variables 
needed to have the same direction as the biserial correlations.10 The majority of the variables 
were positive, so variables with negative correlation coefficients were dropped.  Next, the 
indicator needed to be indicative of a single latent trait, and the decomposition of the polychoric 
matrix of teacher qualifications proximates had to indicate that the first eigenvalue was greater 
than one and the second eigenvalue was less than zero. 

For the teacher qualifications index, the first step included six variables present in the 
questionnaire that indicated teacher qualifications: highest level of schooling, type of higher 
education institution attended, postgraduate studies, professional development, experience and 
certification. Of these variables, type of higher education institution attended, postgraduate 
studies and professional development were dropped because of negative biserial correlations. 
Thus, the final IRT baseline model included three variables: highest level of schooling, 
experience and certification, which also had the first eigenvalue of the polychoric matrix greater 
than one. Table 3 presents the categories of each variable included in the IRT baseline model for 
the teacher qualifications trait. 

Table 2: Variables and categories selected for the preliminary Item Response Theory Model: Teacher 
qualifications trait 
Variable Label Category Description 
Highest level of schooling hlschooling 1 Not completed elementary/Completed elementary 
  2 Completed high school 
  3 Completed college 
Experience experience 1 Less than 2 years 
  2 2-5 years 
  3 6-10 years 
  4 11-15 years 
  5 16-20 years 
  6 More than 20 years 
Certification certification 1 No 
  2 Yes 
Notes: Source is FUNDESCOLA Survey, 1999-2003. 
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For the SES index, the first step included twelve variables that indicated the ownership of 
assets in the household. All the variables indicated positive biserial correlations, and the first 
eigenvector of the polychoric matrix was greater than one. Thus, all the variables were included 
in the IRT baseline model for SES. Table 4 presents the categories of each variable included in 
the IRT baseline model for the SES trait.  

Having selected relevant variables for the baseline models, I estimated IRT latent trait 
models for teacher qualifications and SES. The model for SES with twelve variables presented 
Cronbach's alpha of 0.90. Therefore, this was considered the final model for the estimation of the 
SES index.   

As described above, the baseline IRT model for the teacher qualifications variable was 
composed of three variables: highest level of schooling, experience and certification. In the 
baseline, the Cronbach's alpha for the Graded Response Model was 0.41. Stepwise procedures 
indicated that experience should be removed from the index. However, as the literature predicts 
that experience is an important indicator for teacher qualifications, I created a dichotomous 
variable for experience, which equals one if the teacher had six or more years of experience and 
zero otherwise. This new graded response model, which included a dummy variable for 
experience, certification and highest level of schooling, had a Cronbach's alpha of 0.67, still not 
adequate according to the literature. Then, I excluded experience, leaving the final graded 
response model for teacher qualifications to include certification and highest level of schooling, 
whose Cronbach's alpha was 0.80. 

Table 3: Variables and categories selected for the preliminary Item Response Theory Model: SES trait 
Variable Label Category Description 
How many bathrooms do you have in your home? nban 0 Do not have 

 1 Have one 
 2 Have two or more 

How many radios do you have in your home? nrad 0 Do not have 
 1 Have one 
 2 Have two or more 

How many TVs do you have in your home? ntv 0 Do not have 
 1 Have one 
 2 Have two or more 

How many VCRs do you have in your home? nvcr 0 Do not have 
 1 Have one 
 2 Have two or more 

How many refrigerators do you have in your home? ngela 0 Do not have 
 1 Have one 
 2 Have two or more 

How many washers do you have in your home? nmqlv 0 Do not have 
 1 Have one 
 2 Have two or more 
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How many vacuum cleaners do you have in your home? naspo 0 Do not have 
 1 Have one 
 2 Have two or more 

How many phones do you have in your home? ntel 0 Do not have 
 1 Have one 
 2 Have two or more 

How many mobiles do you have in your home? ncel 0 Do not have 
 1 Have one 
 2 Have two or more 

How many PCs do you have in your home? npc 0 Do not have 
 1 Have one 
 2 Have two or more 

How many cars do you have in your home? ncar 0 Do not have 
 1 Have one 
 2 Have two or more 

How many housemaids do you have in your home? nedom 0 Do not have 
 1 Have one 
 2 Have two or more 

Notes: Source is FUNDESCOLA Survey, 1999-2003. 

After generating the final models for teacher qualifications and SES, I computed the 
scores for each variable, which provided continuous variables for each trait. As the scores ranged 
from negative to positive values, I rescaled each variable so their values were in the 0-10 range, 
where zero indicates the lowest score (lowest SES, lowest teacher qualifications) and 10 the 
highest (highest SES, highest teacher qualifications).  

In order to provide an understanding of the distribution of the IRT scores, I first present 
the interpretation of the teacher qualification index in Table 5 and its absolute and relative 
frequency in my final sample for Portuguese and Mathematics. It shows that teachers with low 
scores in the teacher qualification index tended, for instance, not to have completed elementary 
level or are elementary graduates with no teacher certification. On the other hand, teachers with 
the highest scores had college degrees and certification. Also, the relative frequency of teachers 
in regards to teacher qualification was similar for both subjects: the category most prevalent in 
the final sample was the one with the highest score category (college degree and certified).  

Table 4: IRT Score for teacher qualification index and descriptive statistics 

Qualification IRT Score 

Portuguese  Mathematics 

Absolute 
Frequency 

Relative 
Frequency 

(%) 

 
Absolute 

Frequency 

Relative 
Frequency 

(%) 
Elementary graduate/Not 
completed elementary level and not 
certified 

0.00 105 2.38 
 

138 3.64 
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High School graduate level and not 
certified 

0.04 523 11.86 
 

430 11.35 

Missing information on schooling 
and not certified 

0.17 26 0.59 
 

34 0.9 

College graduate and not certified 0.23 1,221 27.69 
 

997 26.33 

High School graduate and missing 
information for certification 

5.19 36 0.82 

 

45 1.19 

Missing information on schooling 
and certification 

5.74 42 0.95 
 

28 0.74 

College graduate and missing 
information for certification 

5.94 36 0.82 
 

30 0.79 

Elementary graduate/Not 
completed elementary level and 
certified 

9.73 87 1.97 
 

108 2.85 

High School graduate level and 
certified 

9.79 811 18.39 
 

670 17.69 

Missing information on schooling 
and certified 

9.93 112 2.54 
 

76 2.01 

College graduate and certified 10.00 1,411 32.00  1,231 32.51 

Notes: Source is FUNDESCOLA Survey, 1999-2003. 

As shown in Figure 5 presented previously, the SES index distribution was 
approximately normal [0,10].  

5.2. Individual dose-response analysis 

In this section I first present descriptive statistics for my final sample. As described in the section 
5.2.3.1, the final sample size was 1,251 students in Mathematics and 1,430 students in 
Portuguese. The total number of observations was 3,787 in Mathematics and 4,410 in 
Portuguese. The sample presents information on 431 Mathemattics and 427 Portuguese teachers.  

Table 6 presents information on student achievement gains from students in each school 
transition from fourth through eighth grade. Gains are based on equalized scores, so the between-
grade growth has a meaningful interpretation. As shown in the table, FUNDESCOLA students in 
my final sample gained an average of 2 points per school transition in Mathematics and 1.6 in 
Portuguese. On average, students had the highest gains in their scores in sixth grade for 
Mathematics (3.68) and fifth grade for Portuguese (3.37), whereas they made their lowest gains 
in eighth grade for Mathematics (1.07) and fourth grade for Portuguese (-0.33). 
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Table 5: Descriptive statistics for the student achievement gains in Portuguese and Mathematics by school 
transition 

School transition Reference date 
Mathematics  Portuguese 

Mean Std. Dev. Abs. Freq.  Mean Std. Dev. Abs. Freq. 

4th grade April/1999-Nov/1999 1.51 4.84 79  -0.33 4.85 387 

5th grade Nov/1999-Nov/2000 2.48 5.20 183  3.37 6.03 232 

6th grade Nov/2000-Nov/2001 3.68 5.31 536  3.15 6.07 446 

7th grade Nov/2001-Nov/2002 1.29 4.74 708  0.55 6.72 813 

8th grade Nov/2002-Nov/2003 1.07 5.81 481  2.50 6.17 563 

Total 2.00 5.32 1987  1.60 6.29 2441 

Note: Source is FUNDESCOLA Survey, 1999 to 2003 

 

I present in Table 7 the average gain and standard deviation in Portuguese and 
Mathematics according to the level of the teacher qualification index. The analysis of this table 
allows us to speculate about sorting mechanisms based on gains, that is, whether students who 
had high or low gains were assigned to teachers with a specific qualification index. As is 
revealed by the table, there is not a clear pattern of increasing or decreasing gains as the teacher 
qualifications index increases or decreases. Therefore, I have no evidence that there is a non-
random sorting mechanism of students to teachers based on their achievement gains.  

Table 6: Descriptive statistics for the student achievement gains in Portuguese and Mathematics 
according to the level of the teacher qualification index 

Teacher qualification index score 
Mathematics  Portuguese 

Average gain Std. Deviation  Average gain Std. Deviation 
0.00 3.03 4.52  2.49 5.71 
0.04 1.49 4.88  0.86 4.91 
0.17 2.91 4.22  -0.06 8.39 
0.23 1.38 5.36  1.48 6.23 
5.19 -0.73 5.73  1.12 5.55 
5.74 1.57 6.81  1.25 4.32 
5.94 1.77 3.52  0.39 6.86 
9.73 4.66 5.22  4.99 6.51 
9.79 2.22 5.49  -0.14 5.72 
9.93 2.21 3.60  -0.02 7.05 
10.00 2.16 5.35  2.24 6.52 

Total 2.00 5.32  1.60 6.29 
Note: Source is FUNDESCOLA Survey, 1999 to 2003 
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Despite some evidence of random assignment of students to teachers in my sample, the 
individual dose-response model is still preferred because it has a clear and rigorous identification 
strategy for the estimation of causal effects. By assuming random variation in teacher assignment 
to learning gains by student, this method simulates a natural experiment and provides strong 
evidence for the effect of teacher qualifications on the pace of learning.11 I expect that the higher 
the teacher quality, the higher the pace of learning for the student. 

The results of the individual dose-response model with mixed-effects for the rate of 
improvement in Portuguese and Mathematics in the FUNDESCOLA sample are presented next. 
As described in section 5.2.2, I estimated two specifications. The unconditional model is the 
baseline specification, in which the gradient of teacher qualifications for student gains (𝛼1𝑡) and 
the mean student improvement when teacher qualifications are equal to zero (𝛼0𝑡) were 
randomly distributed. In the conditional model, students’ SES is a predictor of changes in the 
gradient of teacher qualifications in the pace of learning. 

Results of the conditional and unconditional model are presented in Table 8. For 
Mathematics, the effect of teacher qualifications on the average improvement in learning 𝛾�10 was 
found to be positive and statistically significant in the unconditional specification: a one-unit 
increase in the teacher qualifications index increased student gains by 0.07 points. This is a large 
effect, remembering that the average student gain per school transition was 2. The average gain 
in Mathematics for students exposed to teachers with qualification index equal zero12 was 1.6. In 
the conditional model, where I controlled for the influence of SES in enhancing the effect of 
teacher qualifications, 𝛾�10 was positive but not statistically significant. Also, there is no evidence 
that SES enhanced the effect of teacher qualifications on student achievement gains, as the 
coefficient for the interaction between SES and teacher qualifications 𝛾�11was found to be not 
significant.  

For Portuguese, the effect of teacher qualifications on the average improvement in 
learning 𝛾�10was found to be positive but not statistically significant in the unconditional 
specification: a one-unit increase in the teacher qualifications index increased student gains by 
0.04 points. The average gain in Portuguese for a student exposed to a teacher with qualification 
index equal zero13 was 1.4. In the conditional model, 𝛾�10 was positive (0.04) but again not 
statistically significant. Also, there is no evidence that SES enhanced the effect of teacher 
qualifications on student achievement gains in Portuguese, as 𝛾�11was found to be not significant. 

Table 7: Results of the linear mixed-effects model. Dependent variable: Student Achievement Gains. 

 
Unconditional Model 

 
Conditional Model 

 
Mathematics Portuguese 

 
Mathematics Portuguese 

Teacher Qualification Index 0.071** (0.026) 0.038 (0.027) 
 

0.090 (0.061) 0.044 (0.053) 

Teacher Qualification Index * 
SES  

- - 
 

-0.013 (0.014) 0.007 (0.012) 
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Intercept 
1.593*** 
(0.188) 

1.394*** 
(0.198)  

1.394*** 
(0.198) 

1.594*** 
(0.188) 

Variance of the intercept 2.42 2.36 
 

2.42 2.39 

Variance of the slope 0.09 0.10 
 

0.09 0.10 

Residual variance 26.16 37.18 
 

26.17 37.14 

Deviance 12267.79 15897.74 
 

13657 16104 

AIC 12287.7 15917.39 
 

13680 16128 

BIC 12321.27 15952.19 
 

13718 16167 

Number of observations 1,987 2,441 
 

1,696 2,009 

Number of students 1,182 1,361 
 

1,182 1,361 

Note: Source is FUNDESCOLA Survey, 1999 to 2003. *** p<0.01 ** p<0.05 *p<0.10 

In sum, this study shows that high levels of teacher qualification increased the pace of 
learning in Mathematics. For Portuguese, results were not statistically significant. However, it 
should be emphasized that, by using gains as dependent variable, my estimates are biased 
downward (Clotfelter, Ladd, and Vigdor 2007a). Therefore, the effects might be higher than 
those that I found, strengthening the relevance of teacher qualifications to the pace of learning. 

This analysis extends research on the influence of teacher qualifications on student 
achievement in Brazil in three ways. First, it draws on a rich longitudinal survey, the 
FUNDESCOLA data, which allows for a precise estimation of teacher effectiveness. Second, it 
introduces a single latent trait measure to capture teacher qualifications, a measure of 
effectiveness, under the Item Response Theory approach. Teacher qualifications were defined by 
credentials indicators: highest level of schooling and certification. Finally, this paper employs an 
individual dose-response model with mixed-effects. This model worked in two steps: first, it 
estimated the relationship between teacher qualifications and achievement gains of an individual 
student from fourth to eighth grade; next, results for all the students were pooled to assess the 
average effect of teacher qualifications. In addition, I considered an alternative specification for 
the model which included a measure of the interaction between students’ SES and teacher 
qualifications. This alternative specification tests whether SES would enhance teacher 
effectiveness in the learning process, serving as a context-specific catalyst for the interaction 
between teachers and students.  

6. Discussion 

During their school careers, students may be exposed to teachers of different quality. In this 
study I explore how students’ learning gains respond to different levels of teacher qualifications. 
In this section I discuss the results of this paper. First, I explore the difference found in this study 
in the significance of teacher qualifications on student gains according to the subject evaluated: 
the statistically insignificant influence of teacher qualifications on Portuguese gains, and the 
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significant and positive effect of teacher qualifications on Mathematics gains. Second, I discuss 
the lack of significance of SES in enhancing teacher effectiveness in the learning process. 
Finally, I conclude by explaining that this study’s findings in some instances confirm and in 
others contradict evidence from the pre-existing literature on teacher qualifications and by 
arguing that considering the relationship between the current study and earlier findings can 
provide valuable contributions to public policy. 

This study shows that teacher qualifications matter for enhancing learning gains in 
Mathematics for students evaluated in FUNDESCOLA data. This finding is statistically 
significant but not robust to specifications that include and exclude the interaction between SES 
and teacher qualifications. This result confirms the literature on the relevance of teacher 
credentials for student learning (Clotfelter, Ladd, and Vigdor 2007a; Clotfelter, Ladd, and 
Vigdor 2007c; Ladd 2008) and supports the Brazilian literature on the important impact of 
teacher characteristics on student achievement (Fonseca 2011; Menezes-Filho and Pazello 2007). 
On the other hand, the results show that the parameters are positive but not statistically 
significant for Portuguese, suggesting that teacher qualifications do not influence the rate of 
learning gains for this subject.  

Before speculating about the non-significance of the teacher qualifications index in 
regards to the pace of learning, it should be stressed that in this paper my estimates are biased 
downward, as there is no perfect correlation between initial and final test scores. Hence, true 
effects may be larger than those I was able to capture.  

However, this differential pattern of teacher effects may support the literature that argues 
that teacher effectiveness may differ according to the subject taught (Campbell et al. 2003; Muijs 
et al. 2005). These differences may be related to factors such as the hierarchical nature of the 
subject as well as to different forms and kinds of representation of ideas (McDiarmid, Ball, and 
Anderson 1989, 88:10). Therefore, Mathematics and Portuguese might require different models 
of teacher effectiveness. It could be the case that Portuguese credentials are not enough to ensure 
that a teacher will be effective at enhancing student gains, and therefore this may explain the 
insignificance of the parameters for this subject. Other unobservable variables, such as the 
instruction procedure, content knowledge and attitude may play a crucial role in determining 
teacher effectiveness for Portuguese (Hill, Rowan, and Ball 2005). Unfortunately, such data were 
not available in the FUNDESCOLA dataset, so I was not able to test this hypothesis. 

This paper shows that there is no evidence that students’ SES enhances the effect of 
teacher qualifications on the rate of improvement in learning in Portuguese and Mathematics. 
This finding contradicts the argument proposed by Brophy (1986) that heterogeneity in students' 
learning demands according to their SES would require a different response by teachers, 
resulting in a differentiated effect of a given teacher according to the students’ socioeconomic 
background. In other words, teacher qualifications are particularly important for students less 
likely to overcome bad instruction. This unclear result may be explained, first, because 
FUNDESCOLA students may have poor socioeconomic background in general and because 
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teachers do not need to cater to their individual needs. Therefore, differences observed in SES 
may not induce differences in demands and expectations by these students and, therefore, do not 
require different levels of teacher qualifications. Second, it is possible that the teacher traits 
captured by my teacher qualifications index do not enable teachers to identify and meet students’ 
differentiated expectations according to SES groups. 

In the interpretation of the results of this paper, it is worthwhile to mention that this study 
faces some limitations. First, my final sample is relatively small compared to the initial 
population of study, and this limits the generalizability of my results. Second, the estimate for the 
effect of teacher qualifications on student achievement gains may be biased if students are not 
assigned at random to teachers of different quality. For instance, if students are assigned to a 
certain level of teacher qualifications based on their gains, then the effect estimated in this paper 
is not causal. However, it is unlikely that principals assign teachers based on individual students’ 
performance. It is more likely that principals do assign teachers to classrooms according to some 
criteria, but it would not be feasible to assign based on individual performance. Therefore, I 
believe that this limitation is unlikely to strongly affect my results. 

Despite having found mixed results for the effect of teacher qualifications on student 
learning gains according to the subject taught, I argue that this paper suggests that highly-
qualified teachers are an important school factor in determining student learning in Brazil. The 
use of individual dose-response analysis as an identification strategy for assessing the effect of 
teacher qualifications on student achievement gains is robust, although it provides some 
downward bias. Hence, even if my results show that teacher qualifications are not statistically 
associated with student learning gains in Portuguese, it does not mean that teachers do not matter 
for the pace of learning in this discipline.  

Moreover, the positive and significant result of the effect of teacher qualifications on the 
rate of improvement in Mathematics learning represents strong evidence of teacher effectiveness 
for public school students at the elementary level. Also, because my estimates are biased 
downward, this effect may be larger. Therefore, this evidence suggests the important role of 
teachers in inducing learning gains in poor areas of Brazil, in this study represented by the states 
evaluated by the FUNDESCOLA survey. 

7. Conclusion 

The relationship between teacher quality and student achievement gains may be very obvious to 
a non-specialist. However, the task of assessing the causal effect of teacher quality on the rate of 
student learning is not easy. There is a boom of papers and research that try to infer the real 
impact of teacher quality on student learning using different research designs, statistical methods 
and datasets. Despite the mixed evidence for the influence of observable teacher characteristics 
on student learning gains, there is consensus that teachers matter for student achievement.  

Drawing on the education production function framework, a rich longitudinal data, and a 
causal framework -- dose-response modeling -- I analyze the influence of teacher qualifications, 
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as a proxy for teacher quality, on the rate of improvement in Portuguese and Mathematics for 
students evaluated from fourth to eighth grade. I measure teacher qualifications as a latent trait 
composed by teacher credentials: highest level of schooling and certification. By employing an 
individual dose-response and assuming that the assignment of students to teachers did not occur 
in FUNDESCOLA schools based on students’ time-varying characteristics, I could identify the 
causal effect of teacher qualifications on changes in students’ scores.  

My study strongly contributes to the literature on teacher effectiveness in Brazil. The 
causal inference about the influence of teacher qualifications on student learning gains would be 
impossible using cross-sectional data and standard regression techniques. This research advances 
the literature by employing a rich longitudinal dataset, the FUNDESCOLA survey, and a novel 
empirical strategy. Dose-response analysis is estimated under a mixed-effects approach and 
allows us to characterize the dependence of the pace of improvement in Portuguese and 
Mathematics on teacher qualifications. This estimation has only been possible after the 
development and availability of computational algorithms, for instance, the lme4 package in R, 
which was used in this study (Bates, Maechler, and Bolker 2011). 

The findings of this study confirm the Brazilian literature on teacher effectiveness 
(Fonseca 2011; Menezes-Filho and Pazello 2007) that teachers matter for student achievement in 
Brazil. My study reveals that teacher qualifications positively influenced the rate of learning in 
Mathematics.  

The results of this paper also challenge existing literature by showing that the effect of 
teacher qualifications was not significant for Portuguese. Additionally, this paper challenges 
studies that explore the role of SES in shaping student demands for teacher qualifications 
(Brophy 1986; McDiarmid, Ball, and Anderson 1989): I found no evidence that students’ SES 
enhances the effect of teacher qualifications on the rate of improvement in learning in Portuguese 
and Mathematics. This finding, however, may reflect the fact that socioeconomic conditions of 
students in schools evaluated by FUNDESCOLA survey are in general poor and thus are unable 
to enhance the learning process given teacher qualifications. Further research in these areas is 
greatly encouraged to provide insights about the role of social origins in shaping learning 
outcomes. 

The results of this study can significantly influence educational policy in Brazil aimed at 
improving the educational achievement indicators of public school students at the elementary 
level. By showing that teacher qualifications positively influence students' pace of learning, I 
recommend that greater resources should be allocated to improving and enhancing teacher 
quality in Brazilian public schools, for instance, by attracting and retaining highly-qualified 
teachers through a restructuring policy of positions and salaries.  

In sum, Brazil has universalized access to primary education, but its achievement 
indicators are extremely poor. In order to overcome this situation and ensure every child the right 
to learn, this study reveals that strong investments in teacher qualifications may represent the 
most effective resource. 
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Notes
 
1. Unless otherwise stated, all translations are my own. The program was designed in accordance 
with Loan Agreement Number 4311-BR. 
2. The survey was first carried out by the Brazilian National Institute of Educational Statistics 
(INEP) and later by the Center for Regional and Development Planning (CEDEPLAR). In the 
earlier stages of the survey, schools were divided into treatment and control groups to provide 
impact evidence. These findings were presented by Carnoy et. al. (2008) and show that the 
program had a positive impact on school spending and student outcomes. However, during the 
longitudinal follow-up, all the schools ended up participating in the PDE program, which 
prevented further impact evaluations. 
3. Elementary-level teachers were identified using compatible occupation codes in the PNAD 
series. For a description of the compatibility procedures, see Dias (2008). 
4. The polychoric correlation matrix is an advancement of the Pearson correlation matrix and 
assumes that the response categories are proxies for unobserved and normally distributed 
variables. 
5. Used to measure the association between an item and the test.  
6. For the FUNDESCOLA data, ability differences for students taking different forms are 
confounded by differences in test difficulty. This is so called non-equivalent groups design 
(Kolen and Brennan 2004). 
7. Statistical equating defines a functional relationship between multiple test score distributions. 
For the non-equivalent groups design, common items are also required. Statistical equating 
methods have some advantages over IRT equating methods because they require fewer 
assumptions (Kolen and Brennan 2004). I equalized the scores using the equipercentile equating 
under the chained method. Computations were conducted using the equate package in R (Albano 
2011). 
8. The range is defined by the difference between the maximum and the minimum. 
9. More details about the construction of this index are provided in the Findings section. 
10. Used to measure the association between an item and the test.  
11. Note that this assumption may be violated as I discussed in the literature review and 
conceptual framework. However, the majority of empirical work also assumes that students are 
randomly sorted across teachers, and because I am not able to observe the mechanisms by which 
students are assigned to teachers, it is reasonable to assume they were assigned at random. 
12. That is, Elementary graduate/Not completed elementary level and not certified. 
13. Elementary graduate/Not completed elementary level and without teacher certification 
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