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1 Introduction 
 

The municipality of Sobral has been for the past years the role model for improvement in 

public education in Brazil. This municipality is located in the northeast of Brazil in the poorest of 

the country’s regions. Yet, it has dramatically improved its score on the Brazilian Basic 

Education Quality Index (IDEB) for fifth grade students over the last two decades. In 2000, after 

a diagnostic test finding that 48% of 7-year olds were still illiterate, Sobral’s mayor took the 

ambitious goal to literate every student by the age of eight. Image 1 depicts the improvement of 

Sobral on a national Portuguese test—IDEB—for 5th graders from 2005 to 2015, compared to 

Brazil’s average improvement. 

 

 

Inspired by the success of the municipality of Sobral, education officials in the state of 

Ceara (where Sobral is located) decided to replicate the most acclaimed of Sobral’s policies, the 

Literacy in the Right Age Program (PAIC) in 2007. The program set forward—Programa pela 

Alfabetização na Idade Certa (Program for Literacy in the Right Age, PAIC)—had four main 

pillars: (i) teacher and principals training; (ii) provision of courseware for students and teachers; 

(iii) creation of goals and external evaluation and (iv) bonus for best performing schools (and 

financial help for the worse performing ones). 



Fast forward to 2011, and the state of Ceara was also showing impressive improvements 

in the national exam. In the most rigorous impact analysis of the program, Carnoy and Costa 

(2015) found the impact of the program in fifth graders’ test scores to be approximately 0.10 

standard deviations (SDs) in Portuguese and 0.18 SDs on Mathematics between 2007 and 2011 

(Carnoy and Costa, 2015). Image 2 depicts the average improvement on scores for municipalities 

in the state of Ceara (where the PAIC was implemented) and in bordering states. One can see 

clearly that municipalities in Ceara improved on average more than their counterparts in 

bordering states, which corresponds to the positive average effect found by Carnoy and Costa. 

 

 

Despite the average improvement, one can also see from image 2 that there was a great 

variation on improvement of scores in Ceara. While some municipalities saw negative 

improvement on average scores, others faced an incredible improvement of above 1 SD. In this 

article, I will first replicate Carnoy and Costa’s work to find the impact of PAIC on Ceara’s 

students test scores and then analyze the variation of PAIC’s impact per municipality to 

understand the challenges that scale imposed to the program. 
 



In exploring the variation of the impact of PAIC on all 184 municipalities of the state of 

Ceara, I hope to contribute with empirical evidence for two debates—one theoretical and one 

practical. On the theoretical side, the problem of extrapolating an outcome of one policy in one 

environment to another, when scaling up or simply replicating a policy, is one of increasing 

concern in recent years. With the increasing spread of randomized controlled trials, finding the 

impact of a policy in one specific environment has become an attainable benchmark. Yet, one 

still wonders “to what population, settings, and variables can this effect be generalized?” 

(Campbell 1957). This is specially the case in Brazil, where the decentralization brought primary 

education to the control of 5570 municipalities. Policy makers hope to learn from successful 

municipal programs and replicate them, but others fear that what worked in one municipality 

might not work in others. This study contributes by providing evidence on which factors 

explained the variation of impact of PAIC in different contexts (e.g. richer and poorer schools). 

On the practical side, I conclude the article with some policy recommendations for the program. 

This can be not only interesting to the state government, but also to the federal government, 

which decided in 2013 to scale up the same program to the federal level (together with the 5570 

municipalities). 



To gain insight into the variation of PAIC’s impact per context, I will use a panel of 

student-level data that includes years 2007 and 2011 to address (a) how PAIC performed in 

different school environments (b) with different teacher characteristics (e.g. teachers with and 

without college degrees) (c) with different students’ characteristics (e.g. students whose parents 

have and have not a college degree) (d) with mayors from different political parties (coalition 

versus opposition) and (e) in different implementation units. To interpret PAIC’s impact as 

causal, I follow Carnoy and Costa’s (2015) method, in which we use three control groups— 

fifth graders in Ceara that took the Prova Brasil exam in 2007, fifth graders in neighboring 

states who took the exam in both 2007 and 2011 and ninth graders from Ceara who took the 

exam in both years—who didn't go through the effects of PAIC. 

Before moving on to the next sections, it will prove useful to provide a roadmap to the 

organization of this paper. In Section 2, I introduce the program (PAIC) and the challenges to 

scaling it up to the entire state. Section 3 summarizes the literature for comparable literacy 

programs and scale up policies. Section 4 presents the conceptual framework that I’ll use for 

understanding the challenges of scaling up a policy. Section 5 gives details about the data 

collected. Section 6 explains the methodology used to test for the predictions and Section 7 

summarizes the results. Section 8 then concludes by highlighting the key findings and recalling 

the importance of the research for PNAIC and other municipalities interested in replicating 

PAIC. 

Section 2 – Introduction to PAIC’s and challenges to scale-up: 

PAIC’s ambitious goal is to bring the literacy rate for 8-year-old students to 100%. To 

achieve that, it has four channels of action: (i) teacher and principals training; (ii) provision of 

courseware for students and teachers; (iii) creation of goals and external evaluation and (iv) 

bonus for best performing schools (and financial help for the worse performing ones). The 

program is celebrated as a pact between the state government and the 184 municipalities to 

cooperate and share the responsibilities for education. 

Picture 2 illustrates the implementation of the program. The state of Ceara created 20 

Regional Organizations for Municipal Organization (CREDE), which are responsible for 

supervising the implementation of each municipality, sending the results from the external 

evaluation and even visiting each municipality every two months and during the teacher 



training sections. CREDEs are also responsible for hiring specialized-employees to train 800 

implementation agents (64 hours per year), who will later be responsible for leading the  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

training section for the 20,242 math and Portuguese teachers in Ceara (64 hours per year as 

well). The mayor and the municipal secretary of education are free to choose the team that will 

work locally on PAIC—that includes administration staff and the 800 implementation agents. 
 

Ahead, I highlight the main differences from PAIC’s to Sobral’s program and predict 

the three challenges that could lead to a failure in scale-up and a variation on impact: (i) the 

political challenge of integrating state and municipal level governments; (ii) challenge of 

providing the same program to 184 different municipalities, each with different teachers and 

students from different backgrounds and (iii) challenges due to lower quality of 

implementation workers (teacher trainers). 



2.1 Political challenges of coordinating the state government and 186 municipal 

governments: 

Mayors can select both a team that supervises the implementation of the program 

and the implementation agents, which are responsible for training the teachers. Both can be a 

good patronage resource—implementation agents earn R$765.00 (around U$250.00) and 

coordinators earn R$1,200.00 (around U$ 400.00). If we suppose that a mayor from an 

opposition party can get less credit for the improvements in education led by PAIC, then we 

should conclude that she has a smaller incentive to commit the resources from the state 

government to productive investments for the program and PAIC should have a worse 

performance. 

When visiting Ceara’s state Department of Education government, I asked about 

whether the party of the mayor affected the mayors’ commitment to PAIC, and the team 

responded that fortunately it didn’t. They argued that PAIC creates a direct incentive for the 

commitment of every mayor because the state of Ceara linked 18% of the Circulation Tax of 

Goods and Services (ICMS), which is transferred from the state government to the municipal 

governments, to the average performance of each municipality on the national test Prova 

Brasil (Brazil Exam). They also argued that there was a big effort from the team to visit every 

municipality and sign a commitment contract with each mayor, irrespective of each mayor’s 

party. 

Nonetheless, the team from the Department of Education from the state of Ceara 

acknowledged that there were non-committed mayors were (i) not providing the necessary 

support for the program and (ii) committed corrupted practices when hiring the implementation 

agent (responsible for leading the training program to the teachers), such as hiring family 

members. One of the leaders of the program during its initial phase mentioned trying to 

implement an objective hiring process for the implementation agent, but her proposal was 

rejected by the mayors. Whether the lack of commitment and corrupt practices were related to 

the mayor’s party, however, they were not sure. 
 

Municipal officials from Ceara’s capital, Fortaleza, on the other hand, seemed to blame 

the mayor’s party for a lack of commitment. During a visit to the Board of Education from 

Fortaleza, the team responsible for implementing PAIC complained that the Board started 

giving them strong and real support only after the 2008 election, when a mayor from Ceara 



governor’s party won the election, replacing the previous mayor which was from an opposition 

party. According to them, “politics” was blocking the necessary support. 

In other words, there are two possible outcomes. One the one hand, if we assume that a 

mayor from the opposition party can get less credit for the improvements in education led by 

PAIC, we should conclude that she has a bigger incentive to use the resources from the state 

government as patronage resources and PAIC should have a worse performance. On the other 

hand, PAIC’s officials have created financial incentives through the Circulation Tax of Goods 

and Services (ICMS), which could lead to every mayor being incentivized to commit to PAIC. 
 

2.2 Challenges due to different characteristics of target populations when operating 

at scale. 

 
Different target populations could lead to different outcomes for PAIC. By reaching out 

to 186 municipalities, PNAIC faces the challenge of providing the same program for teachers 

and students from very different backgrounds. We see indeed great variation in teacher and 

students characteristic. I predict that inexperienced teachers (5 years or less of experience) will 

adopt the program teaching strategies with more fidelity and will therefore have a higher impact. 

Moreover, teachers with college degrees should be more prepared and gain less from the 

program. I also predict that teachers that have a higher trust in their student’s performance will 

have a bigger impact. 

In regard to attending a broader and different set of students, I do not have any a priori 

expectations on differences in the impact, but it is important to highlight that PAIC provides 

administration assistance to municipalities that are underperforming and encourage 

municipalities to also provide assistance to schools in underprivileged neighborhoods. Thus, 

government officials argue that PAIC should reduce the inequality of opportunity between 

students of different backgrounds. I test whether the program helps to decrease the gap in grades 

of students with privileged and underprivileged backgrounds (I test for parent’s education, race 

and students’ previous scores). Due to the design of the program, we are far from being able to 

make any causal conclusions. However, it is an important test to check the arguments from the 

state government. 
 
2.3 Challenges due to lower quality implementation workers. 



 

Assuming the average quality of the workers must decrease with scale (see section 4.1), 

then the average outcome should decrease holding average costs constant. This is especially 

true in PAIC, where the structure and the scale of the program limits the ability of Ceara to hire 

the best workers. While Sobral has its own School for Permanent Continuing Education, Ceara 

hires specialized teachers to train 800 municipal implementation agents, who are selected by the 

municipal government to implement the program. PAIC also invests less per teacher trainer—

while the average salary for the trainers is R$1,200.00 (around U$400) in Sobral and teachers 

receive 96 hours per year of training, the average salary is R$765.00 (around U$250.00) for 

PAIC and teachers receive 64 hours of training per year. 

While we do not have data to test the effect of all these changes in the implementation of 

the scaled version, I take advantage of the fact that PAIC created a partnership in 2007 with the 

federal university of Fortaleza, to implement the program in its bordering municipalities, to 

compare the effect of the program in students where the program was implemented by the agents 

chosen by the mayor, to students where the program was implemented by the federal university. 

This is especially relevant because the federal scale up version of PAIC uses federal universities 

for the implementation of the national version of the program. 

3. Literature Review: Empirical Evidence on Similar Programs 

In this section, I summarize the evidence from the literature on similar literacy programs to 

PAIC, and the findings from the literature on the challenges of scaling up a program. 

3.1 Comparable Literacy Program 

Early grade literacy interventions became popularly known as effective to improve 

educational systems, and specially literacy scores. Many teacher training programs have been 

implemented throughout the world, but the most closely related to PAIC was the No Child Left 

Behind (NCLB) in the U.S. NCLB was applied for kindergarten through third grade in school 

districts in a number of U.S. states in 2003 and funded by the national government. The funds 

could be used by the state officials for teacher coaching, as well some other activities. The goal 

of NCLB, similarly to PAIC, was to have all children read at or above grade level by the end 

of third grade. 
 



Evaluations of the NCLB show mixed results. The national evaluation of Reading First 

(Gamse et al., 2008), using a regression discontinuity method, found that at the national level the 

program has a large impact on teacher practices, but that did not translate into significant impact 

on average student reading comprehension scores in Grades 1, 2, or 3. Baker et al. (2011), on 

the other hand, found later that in Oregon, where implementation was stronger than in other 

states, NCLB had positive impacts on students’ scores. 
 

Overall, while we have overwhelming evidence that early grade interventions can have 

substantial long-term effects, the evidence is unclear for the closest program to PAIC—the No 

Child Left Behind in the U.S. The evidence also indicates that the effect could be dependent 

on the quality of the implementation and could vary across different regions. 

3.2 Scale up 

Scaling up a successful small-scale program involves changes to the program. In some 

cases, a shift in provider can lead to lower performance of the program. In other cases, a 

reduction on available inputs might have a negative effect. Thirdly, scale-up brings the program 

to a new setting, to students and teachers with different backgrounds. 

A shift in providers reduces the average quality of the program provider, by decreasing 

both the ability of the provider (e.g. moving from specialists to generalist civil servants) and by 

sometimes hiring less motivated providers. Cameron and Shah (2017) call this change in 

providers the implementation agent effect. Using a randomized control trial, they evaluate the 

impact of a sanitation intervention— the Community Led Total Sanitation (CLTS)—in rural 

East Java in Indonesia, whose goal is to increase demand for sanitation by sending CLTS 

facilitators to villages to discuss the negative consequences of lack of sanitation. They then 

analyzed the scale up of the program in some villages where the local government took over the 

implementation from professional resource agencies and found that all of the positive impact 

was coming from villages where professional resource agencies implemented the program. Why 

did the shift in providers nullified the effects of the program? They argue that the demographic 

context of the scaled-up version of the program was unchanged, and that both the smaller and 

scaled up version were simultaneously implemented, which indicates that what caused a 

decrease in the impact was the shift in provider from the professional resource agencies’ 

workers to the local government’s providers. 



In other cases, a constraint on budget can lead to reduced inputs (e.g. fewer textbooks on 

a school intervention), which may decrease the overall quality of the program. Kerwin and 

Thornton used a randomized experiment to compare two versions of an early primary literacy 

program in Northern Uganda—one was a full version while the second was a reduced-cost 

version, which used government employees and less materials, to simulate a scale up. The 

program provided a revised curriculum, with teaching materials, support and training for teachers 

and parent engagement. When they analyzed the effects on the overall reading score index, the 

lower cost had no statistically significant effect, while the full version had a significant increase 

on average of 0.63 SD. Here, a shift in providers and a reduction on inputs (school material) 

seemed to simply vanish all of the program’s impact. 

The scale up of a program also brings it to a new setting context, with students and 

teachers with different characteristics and backgrounds. Stein et al., in a study funded by the 

U.S. Department of Education, analyzed the scale up of Kindergarten Peer Assisted Learning 

Strategies (K-PALS), which had the goal of changing class structure for Grades 2 through 6 in 

the U.S. The program required teachers to pair students that were weak readers with strong 

readers to work through structured activities for approximately 35 minutes, three times a week, 

while teachers supervised them. They use several randomized field trials in schools at Nashville, 

Minnesota and South Texas to test for teacher fidelity of implementation (defined as how close a 

program implementation is from the idealization of the policy) and the impact on students’ 

performance. According to them, many teachers can immediately go back to their mode of 

teacher after the program is over. After creating fidelity scores for each teacher in the program, 

Stein et al. find that on the one hand the variation on the effects of the K-PALS program is 

highly explained by teacher fidelity, but on the other hand the only teacher characteristic that 

affected teacher fidelity was a teacher's belief that students could succeed, independent of 

students’ attitudes and habits. As I argue later on, PAIC also faced the challenge of convincing 

teachers to adopt the new teaching strategies taught in PAIC. 

4. Conceptual Framework for Scaling Up Policies 

 On the previous section, we have discussed the evidence presented on the literature for 

when scaling up a project can fail. We have seen that a shift in the provider of a service, a 

reduction on the inputs and materials, or a new population receiving the program can decrease 



the impact caused. I now discuss the theoretical framework to explain why scale up versions of 

successful policies fail. Davis et al. (2017) provide an economic and theoretical framework to 

understand the challenges of scale-up, dividing the effects between “supply” and “demand” 

effects. Supply effects represent changes in the way the program is provided at scale while 

demand effects represent changes in the type of receiver to whom the program is provided. To 

illustrate how these effects apply to PAIC, Picture 2 organizes the four main challenges of 

PAIC’s scale up discussed in Section 1 according to Davis, Guryan, Hallberg and Ludwig’s 

“supply” and “demand” effects. 
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4.1 Supply side: How heterogenous quality of implementation workers lead to less effective 

scaled results 

Still according to Davis et al. (2017), effectiveness of a program must decrease with scale 

because governments attempt to hire the best workers for the small-scale version, which leaves 

out workers for the scaled version who have on average a lower quality. More formally, suppose 

a program is set to serve n participants at a cost of m dollars per participant. Then the program’s 



total impact is ∆ = p * F(H(L; w), K) where F (·) is a constant returns to scale production 

function which takes workers’ human capital, H(L;w), and capital, K, as inputs and p is the 

market price or social value of the program’s output. The average impact, ∆/n, at a cost-benefit 

ratio will be p * F(H(L; w), K)/(wL+rK). If we assume that human capital is inelastic, meaning 

that for a 1% change in L, production will increase by less than 1%, then the cost-benefit ratio 

will decrease, and the government will have to increase wages to create the same average 

impact, ∆/n (Davis et al., 2017). 
 

In other words, because the average quality of the workers must decrease with scale, 

then the average output will decrease holding average costs constant. Another important 

conclusion that can be drawn from this model is that if we assume that the government does not 

do a good job at selecting the best workers for the low-scale program, then human capital might 

not be inelastic, and the scale-up version of the program can have a similar performance. For the 

purpose of analyzing PAIC, that means that assuming the teacher trainers hired by the 

municipality of Sobral on the small-scale version of the program are more qualified than the 

ones hired by the other municipalities within PAIC, then we should expect the scaled up version 

of the program (PAIC) to be less effective on average. 
 

One problem with estimating the supply effects—changes in the quality of the policy 

provider—from a scale up is that it is usually accompanied by a change in demand (recipient of a 

policy) as well—e.g. the scale up policy is implemented to a broader and different set of 

students. Davis et al. (2017) provide the ideal way to isolate the demand from the supply effect 

when scaling a policy. Suppose that the small-scale program hires n workers, while the large-

scale version hires S*n workers. The key to their method is that the government form an implicit 

ranking of all applicants. If a government can create this list explicitly, then we can simulate the 

effects of the scaled-up version of the program (S*n participants), even with only n participants. 

All we would have to do is to run a test program with a random sample of n workers from the 

pool of workers that the government would choose at scale S*n. This allows us to simulate 

changes in the supply side for scale S*n (changes in the composition of workers), while making 

no demand-side changes (we do not need to change the type of recipient from the program 

because no scaling up is necessary). While the state of Ceara did not to run such an experiment, 

it is still a good benchmark to understand the biases of my analysis.  
 



4.2 Supply side: Why politics can influence the impact at scale 

 Besides the already discussed demand and supply effects, a change in the political 

environment or structure in a scaled-up version of the program could also cause a political effect. 

In PAIC, scaling up meant involving both the state of Ceara and 184 municipalities. Here, I 

assume that a mayor tries to maximize his chances of being re-elected, which I suppose to be a 

function of how the population perceives the improvement in social services and how a mayor 

can distribute patronage resources. In PAIC, mayors can distribute R$765.00 (around U$250.00) 

for the government workers to lead the training program and R$1,200.00 (around U$ 400.00) for 

each coordinator, which they could either choose the most efficient workers, or they could use 

the income for patronage. If we suppose that a mayor from an opposition party can get less credit 

for the improvements in education led by PAIC, then we should conclude that she has a smaller 

incentive to commit the resources from the state government to productive investments for the 

program and PAIC should have a worse performance. 
 

Before moving on to the next sections, where I analyze the data and the methodology 

used to test for the hypotheses, it will prove useful to clarify my organization of the different 

literatures— although in practice scaling up and replicating a policy might be very different, we 

can think about both problems in almost the same conceptual manner. Both policy makers that 

want to replicate or scale up a policy ask whether that policy will (i) work with different 

populations (demand effect) and (ii) work with different human capital (supply effect) (e.g. non-

specialized workers at the implementation of the program). The only challenge unique to scaling 

up a policy will therefore be the one of political integration between federal entities. 

Next, I will first describe PAIC’s structure and implementation, highlighting any major 

differences to the smaller scale version implemented in the municipality of Sobral. I then predict 

how these differences could lead to a worse impact on students’ improvement. 

4.3 Demand side: why different population characteristics can lead to different results 

 

Studies have over and over shown know students’ characteristics and family 

background have a huge impact on school performance. In one of the most influent of these 

studies for the Brazilian context, using data from 2003 from the System of Evaluation of 

Primary School (a predecessor of Prova Brasil), Naercio Filho (2007) finds that only between 

10 to 30% of students’ scores variation is due to school variation, while the rest of the variation 



occurs within schools, among students. He finds that the best predictors of a student’s grade in 

Brazil are the mother’s education level, race, previous grade repetition, number of books at 

home and adolescent labor. Although a student’s social-economics background can be a good 

predictor of its educational attainment, it is unclear whether the program should have different 

effects on them. Here I do not take a stance, but rather test for the argument from the state 

government, that PAIC should have a bigger impact on disadvantaged students.  
 

Previous research has also shown that teacher experience and self-perceived efficacy can 

affect teacher fidelity of implementation, and therefore the impact of the program. Why? 

Gersten, Chard, and Baker (2000) argue that new and inexperienced teachers are more likely to 

continue use of a program than experienced teachers, because teachers in the early stages of their 

careers are characterized by a “survival" orientation for instructional methods, which can lead to 

greater openness to trying new approaches. (Dusenbury et al., 2003; Ruiz-Primo, 2005). 
 

PAIC has, therefore, the challenge of scaling a teaching program to all teachers and 

students of the state of Ceara, which includes underprivileged students that have 

historically performed worse, as shown by Filho (2007) and teachers that could vary on 

how much they apply the lessons learned from PAIC. 

Following Stein et al. (2008), I predict that inexperienced teachers (5 years or less of 

experience) will adopt the program teaching strategies with more fidelity and will therefore have 

a higher impact. Moreover, teachers with college degrees should be more prepared and gain less 

from the program. I also predict that teachers that have a higher trust in their student’s 

performance will have a bigger impact.  
 

Section 5 - Data 

 

The data for this study are drawn from the National Assessment of Educational 

Achievement, which is publicly known as Prova Brasil (Brazil Exam). The Prova Brasil is a 

biannual school-level assessment of fifth and ninth graders created in 2005 to test all students 

(not a sample of schools) in public schools with a minimum of 20 students per class, although 

data is available as student-level microdata only for 2007, 2009, and 2011. This rich data set 

provides not only information about students’ mathematics and reading (Portuguese) exam 

scores, but also about the socio-economic background of students, teachers, and principals. The 

exam was structured so we can compare the scores over time and grades. We are able to follow 



the performance of states, municipalities, schools and grade cohorts but we can’t follow the 

performance of specific students because we do not have matchable students’ identifiers across 

years. For 2011, the data set contained information for 5,201,730 students from 55,924 schools 

in 27 states and in 2007 we have data for 4,109,265 students in 48,704 schools. 

For the data cleaning process, I followed the same methods that Carnoy and Costa 

(2015) used. To keep most schools that were affected by the PAIC in the data set, I keep only 

the urban municipal schools in the morning and afternoon shifts (I exclude rural schools, state 

and federal administered schools and schools that have night shifts). I also restricted our sample 

to schools that participated in both 2007 and 2011 exams in which we could identify the 

teacher’s subject (Portuguese or Mathematics). The final school-level panel contained data for 

275,072 students from 1,002 schools from five different states—Ceara, Piaui, Pernambuco, 

Paraiba and Rio Grande do Norte. 

Table 2 illustrates the means of outcome variables, important covariates and important 

demographic variables. My dependent variables are the math and Portuguese scores from 

individual students on the Prova Brasil. The scale of this variable ranges from 0 to 500 in both 

the fifth and ninth grades. For the analysis done later on, I normalized the grades with mean 

equal 0 and standard deviation 1 and used z scores, but in table 1 I still illustrate the data range 

from 0 to 500. 

Following Carnoy and Costa’s choice, I used to compare Ceara’s students grade 

improvements to students’ improvements in those four bordering states due to their geographic 

proximity, socio-economic similarity and historical similar grade results in education. In 

contrast, south and southeast states are much richer and have consistently performed better in 

Prova Brasil and other tests. Table 1 presents the averages for important variables on student 

characteristics, teacher characteristics and grades, for Ceara and the four bordering states 

 

 

 

 

 

 



 

 

 

 

Section 6 - Methodology 
 
Step1) Impact analysis 
 

Considering that the Prova Brasil is given every two years for fifth and ninth graders and 

that PAIC was implemented in many schools in 2007 and reached all schools in 2008, the 2011 

test was the first one that measured students that had gone through the policy for two or three 

Table 1 

Ceara and Bordering States: Summary Statistics for Students, Teacher, and School Variables, by Grade 2007 and 

2011of Prova Brasil 

 

2007 fifth grade 2011 fifth grade 2007 ninth grade 2011 ninth grade 

 

Ceara Bordering Ceara Bordering Ceara Bordering Ceara Bordering 

Variable M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

Portuguese 158.14 157.00 181.88 168.88 215.04 212.95 233.33 225.38 

 

(36.80) (35.87) (43.47) (40.25) (40.92) (41.18) (43.98) (43.49) 

Mathematics 173.49 173.97 198.58 185.64 225.01 224.67 238.20 232.21 

 

(37.36) (37.38) (44.07) (40.50) (39.01) (39.63) (45.85) (44.19) 

White 0.46 0.47 0.08 0.08 0.45 0.41 0.09 0.08 

 

(0.49) (0.50) (0.28) (0.28) (0.50) (0.49) (0.28) (0.27) 

Mother no 0.12 0.14 0.16 0.20 0.19 0.22 0.23 0.26 

Primary (0.33) (0.34) (0.37) (0.40) (0.39) (0.41) (0.42) (0.44) 

Mother  0.07 0.07 0.07 0.07 0.03 0.04 0.04 0.05 

Degree (0.26) (0.25) (0.26) (0.26) (0.18) (0.20) (0.20) (0.22) 

Father no 0.12 0.14 0.18 0.22 0.22 0.25 0.28 0.31 

Primary (0.33) (0.35) (0.39) (0.41) (0.41) (0.43) (0.45) (0.46) 

Father  0.07 0.06 0.07 0.07 0.02 0.02 0.02 0.03 

degree (0.25) (0.24) (0.25) (0.26) (0.14) (0.15) (0.15) (0.16) 

Low wage 0.48 0.56 0.22 0.25 0.41 0.33 0.25 0.23 

 

(0.50) (0.50) (0.42) (0.44) (0.50) (0.47) (0.43) (0.42) 

High wage 0.14 0.11 0.23 0.20 0.16 0.21 0.25 0.30 

 

(0.34) (0.32) (0.42) (0.40) (0.37) (0.41) (0.43) (0.46) 

No degree 0.12 0.19 0.08 0.13 0.05 0.03 0.03 0.03 

Portuguese (0.33) (0.39) (0.28) (0.34) (0.21) (0.16) (0.18) (0.16) 

No degree 0.13 0.19 0.09 0.13 0.06 0.05 0.04 0.03 

Mathematics (0.34) (0.39) (0.28) (0.34) (0.25) (0.22) (0.19) (0.16) 

N 32545.00 34595.00 30435.00 32274.00 24548.00 30068.00 27588.00 29156.00 



years. To measure the impact of PAIC on the grades of fifth graders in Ceara, I first replicate 

Carnoy’s methodology. Carnoy takes advantage of the fact that the policy did not affect students 

from bordering states, nor from older cohorts to construct a Difference-in-Difference-in-

Difference (DDD) model, in which we compare (i) Ceara’s fifth graders’ improvement in test 

scores (who were affected by PAIC) to bordering states fifth graders’ improvement in test scores 

and (ii) Ceara 5th graders’ improvement in test scores to Ceara 9th graders’ improvement in test 

scores (who haven’t been through the effects of the policy). A regular Difference-in-Difference 

(DD) model compares the improvement in scores of a treatment group (here the fifth graders in 

Ceara) and a control group (here the fifth graders in bordering states). The main assumption for 

inferring causality is that the change in grades for bordering states’ fifth graders between 2007 

and 2011 is a good proxy for what the change in grades for Ceara state’s fifth graders would 

have been if Ceara had not created PAIC. The DDD model relaxes this assumption by creating 

one more control group that also did not go through the policy (here the 9th graders in Ceara), 

and nets out their improvement as well, which controls for common policies and improvements 

in Ceara to both fifth and ninth grades. The DDD model is the difference between the two, 

taking the following conditional expectation function (CEF): 

(1) E(yistg|s, t, g, D, Xit) = αs + βt + δg + µst + γgt + θsg + ρstg + Xistg′B 

Where α represents state-level fixed effects, β is a time trend, δ is a dummy for the 

grade effect, µ represents state-specific time effects that are common across grade groups, γ is 

time-varying grade effects, θ is state-specific grade effects, and ρ is our coefficient of interest—

the effect of the PAIC on the achievement of students who attended fifth grade in 2011. 

For that, we’ll use data from the Prova Brasil, which has abundant data for control 

on students and teachers and is administered to all students in public schools with a 

minimum of 20 students per class. The coefficient of interest, ρ, is defined as follows: 
 

(2) DDD = DD1 – DD2 = 
 

(∆yce,5g - ∆ybo,5g) – (∆yce,9g - ∆ybo,9g) = ρstg 

While DD1 nets out the constant improvements throughout time of 5th graders on both 

Ceara and bordering states, DD2 nets out the constant improvement for 9th graders in Ceara. 

Equation 2 allows us to identify the effect of PAIC on the grades of fifth year students in 

Ceará, by taking the difference between the variation on the grades of fifth year students in 



Ceará (∆yce,5g), and the variation across bordering states (∆ybo,5g), and the difference between 

variation on the grades of 9th grade students in Ceara (∆yce,9g) and the variation on the grades 

of 9th grade students in bordering states (∆ybo,9g). The ∆ represents difference in time, so we 

are already taking into account time fixed effect from each cohort both in Ceará and the 

bordering states.  

This can be estimated by using the following regression framework: 

(3) Yit = μs +β2011it +δ5thgradeit +αCearait ⋅ 2011it +γ5thgradeit ⋅ 2011it + 

θCearait ⋅ 5thgradeit (3) + ρCearait ⋅ 5thgradeit ⋅ 2011it + εit, 

Where μs is the state-level fixed effect, 2011 is a dummy variable for the 2011 year of the 

Prova Brasil; 5thgrade is a dummy variable for the fifth-grade students in 2007 and 2011 

(within-state comparison); and Ceara is a dummy for Ceara state students differentiated from 

students in border states (cross-state comparison) 

Step 2: Analyze the variability. 

After replicating Carnoy’s impact methodology, I analyze whether the four factors 

mentioned in section 4 affect the variation on outcome for PAIC in the municipalities. 

Hypothesis 1 - School demographic context: Mayors from the governor’s coalition 

will be more committed to PAIC and therefore have a positive impact on the program’s 

outcome. 

To test for the first hypothesis, I will create a new difference method to analyze the interaction 

of the PAIC intervention and a dummy variable, named coalition, that represents whether a 

municipality mayor’s party is from the coalition from the state governors’ party. For this, I will 

need to change the DDD model to allow for a new difference. Here we are trying to estimate the 

difference of the impact of PAIC on students’ grades within municipalities from the coalition 

parties and opposition parties. I model this difference as ∆
2

COALITION (∆COALITIONyt - ∆COALITIONy(t-1)) = 

(yCOALITION(t) -ynoCOALITION(t)) - (yCOALITION(t-1) - ynoCOALITION(t-1)). In other words, we are looking at the 

change in the gap between the average grade of coalition municipalities and opposition 

municipalities. The model is the following: 

 



(4)            4D = DD1 – DD2 = 

 (∆
2

COALITIONyCE,5g - ∆
2

COALITIONyBO,5g) – (∆
2

COALITIONyCE,9g - ∆
2

COALITIONyBO,9g) = πtsgc. 

As usual, y represents the scores of the students in the Prova Brasil, where CE,5g indicates 

students from the 5h grade in the state of Ceara and BO,5g indicates students from the bordering 

states in 5th grade. Similarly, CE,9g represents students from Ceara in 9th grade, and BO,9g 

indicates students from bordering states in 9th grade. This model allows us to, besides netting out 

the constant effects across states, and across grades like the previous model, to also estimate πtsgc, 

which is the interaction of being in a “coalition” municipality and attending the fifth grade in 

Ceara state in 2011 (coalition and treatment variable).  

This can be estimated by the following regression: 

(5)  yit = μs + β2011it + δ5thgradeit + αCearáit ⋅ 2011it Coalitionm + γ5thgradeit ⋅ 2011it ⋅ 

Coalitionm + θCearáit ⋅ 5thgradeit ⋅ Coalitionm + ρCearáit ⋅ 5thgradeit ⋅ 2011it + π2011it ⋅ 

Cearáit ⋅5thgradeit ⋅ Coalitionm + εit 

Where Coalitionm is a dummy for whether the mayor’s party is part of the governor’s party and m 

shows that this variable is in the municipality level. Our variable of interest is π, which we 

interpret as the difference of the impact of PAIC in coalition and opposition municipalities. 

Hypothesis 2 - School demographic context: PAIC had a larger effect on schools that 

had (i) higher percentage of white students; (ii) were already performing worse and (iii) 

had a higher percentage of parents with university degree 

Here I am going to run the same 4D regression, but this time the treatment effect (2011it ⋅Cearáit 

⋅5thgradeit) will interact with a set of school demographic variables—a dummy for whether a 

school’s percentage of white students is above the median for, a dummy that indicates whether a 

school’s performance is above the median of its state and finally a dummy for whether the 

school’s percentage of students that have at least one parent with an university degree is above 

the median. 

(6) yit = μs + β2011it + δ5thgradeit + αCearáit ⋅ 2011it School Demographicj + γ5thgradeit ⋅ 

2011it ⋅ School Demographicj + θCearáit ⋅ 5thgradeit ⋅ School Demographicj + ρCearáit ⋅ 

5thgradeit ⋅ 2011it + π2011it ⋅ Cearáit ⋅ 5thgradeit ⋅ School Demographicj + εit 



Hypothesis 3 - Student demographic context: PAIC had a larger effect on (i) non-

white students; (ii) students that were performing worse before the impact and (iii) 

students that did not have parents with university degree. 

Here I test for average differences on the impact of PAIC on students with 

different characteristics. Again, we run our 4D model, but this time the treatment effect 

(2011it ⋅Cearait ⋅5thgradeit) will interact with a set of student demographic variables—a 

dummy that indicates if a student is white (white), a dummy that indicates if a student had 

grades above the median of his state (best) and a dummy that indicates if at least one of the 

student’s parents have a college degree (paren univ). 

Notice the difference from hypothesis two and three. While on the former we are 

testing for the difference on PAIC effects for different school environments (e.g. 

percentage of white students in a school), on the latter we are testing for the difference on 

PAIC effects for different students, independent of their school (e.g. the impact for white 

student compared to the impact for non-white students). It is important to test again that I 

do not have any a priori expectations for these differences, but it is important to test the 

government’s argument that it gives special attention to underprivileged students. The 

model is the following: 

(7)  yit = μs + β2011it + δ5thgradeit + αCearáit ⋅ 2011it Student Demographicit + γ5thgradeit ⋅ 

2011it ⋅ Student Demographicit + θCearáit ⋅ 5thgradeit ⋅ Student Demographicit + ρCearáit ⋅ 

5thgradeit ⋅ 2011it + π2011it ⋅ Cearáit ⋅ 5thgradeit ⋅ Student Demographicit + εit 

Where, again, teacher demographics represent the dummies for students’ (i) race; (ii) previously 

better performing (iii) parents’ university degree. 

Hypothesis 4 - Teacher demographic context: PAIC had a higher impact on students 

with teachers that (i) had five years of experience or less; (ii) had a high confidence in 

their students’ performance and (iii) did not have a university degree. 

Prova Brasil reports on each teacher’s year of experience, so we use it to construct a dummy for 

students that have five years of experience or less. Prova Brasil also asks teachers the 

proportion of their students they think will finish primary school. I create a dummy for all 



teachers that answered “most students” or “all students” as a proxy for confidence in students’ 

performance. I also create a dummy for teachers that had a university degree. 
 

I then create a 4D model, similar to the previous ones, that test the difference in the 

impact of PAIC for these three dummies: 

(8)  yit = μs + β2011it + δ5thgradeit + αCearáit ⋅ 2011it Teacher Demographicit + γ5thgradeit ⋅ 

2011it ⋅ Teacher Demographicit + θCearáit ⋅ 5thgradeit ⋅ Teacher Demographicit + ρCearáit ⋅ 

5thgradeit ⋅ 2011it + π2011it ⋅ Cearáit ⋅ 5thgradeit ⋅ Teacher Demographicit + εit 

Where, again, teacher demographics represent the dummies for teachers’ (i) five years 

of experience or less; (ii) confidence on students and (iii) university degree. 

Hypothesis 5 - the quality of implementation workers: the impact of PAIC will 

be higher for students surrounding the federal university of Fortaleza. 

Here, we are trying to test for if the quality of the workers implementing the teacher training 

affected the students’ grades, as predicted in section 2.3. Unfortunately, we do not have data 

on the implementation workers. However, I take advantage of the fact that the federal 

university of Fortaleza was responsible for implementing the program for municipalities 

bordering it. This estimate will be especially important because the federal scale up version of 

PAIC uses federal universities for its implementation. At first, I would assume that the quality 

of the implementation agents in these universities were higher. However, oficials from PAIC 

complained that these universities were not particularly trained for leading teacher training 

programs, and therefore performed worse1. To test for whether implementation of the 

university was better or worse, I ran a 4D regression like in the previous cases, this time 

creating a dummy variable for students in the municipalities bordering the federal university 

(UFC). 

(9)  yit = μs + β2011it + δ5thgradeit + αCearáit ⋅ 2011it UFCit + γ5thgradeit ⋅ 2011it ⋅ UFCit + 

θCearáit ⋅ 5thgradeit ⋅ UFCit + ρCearáit ⋅ 5thgradeit ⋅ 2011it + π2011it ⋅ Cearáit ⋅ 5thgradeit ⋅ 

UFCit + εit 

                                                                 
1 The partnership with the federal university was indeed ended in 2012. 



Finally, I also run our initil 3D regression (3), but limiting the data for students in each 

CREDE, which are responsible for coordinating and supervising the implementation of each 

municipality (see section 2). The results have a very practical significance to the administration 

of PAIC, because it might point to areas where the implementation might be weak and could be 

improved, despite the average positive effect for the state. 

Robustness check 

In all of these regressions, we can hardly move beyond description to a causal link. The 

appendix tries to isolate some potential biases in order to allow us better conclusions. First, for 

all regressions that I have divided between top 50% and bottom 50% (e.g. the effect of PAIC on 

reducing the gap between top 50% and below 50% students), I have also ran the regression with 

different percentiles (e.g. top 5% against bottom 95%), to ensure that the results persist.  

Second, I attempt to isolate demand and supply side effects similar to Davis (2017), 

although I can’t use the same randomization tool he does. Thus, I run all the 4D regressions 

again for the demand side (demographic effects), but this time I limit my sample size to only the 

data within the biggest implementation unit—CREDE 19—where I assume that the supply side 

(implementation provider quality) is constant. 

Section 7 - Findings 

In section 1, I argued that the improvement on Ceara students’ average scores in the on 

the Brazilian Basic Education Quality Index (IDEB) for fifth grade students led the politicians to 

conclude that PAIC was successful at improving students’ performance. Using the 3D 

methodology described in the previous section to estimate a causal relationship between PAIC 

and the improvement on average scores, I found that PAIC improved average student math 

scores by 0.16 standard deviations and Portuguese scores by 0.12 standard deviations (SD). My 

results are very similar to Carnoy and Costa’s. 
 

Table 2 shows the result for the variable of interest in the DDD model, which includes 

state fixed effects, student covariates and teacher covariates. Table 8 in the appendix shows 

the complete results for all the variables. PAIC’s effect is estimated by the interaction of the 

dummies Ceara, fifth grade and 2011. Columns 3 and 6 are controlling for student and teacher 

variables, but the effect stays fairly constant (0.11 - 0.10 SDs for Portuguese and 0.15-0.16 

SDs for Mathematics). The estimated impact is also statistically significant at the 99% 

confidence level for all regressions. One could also argue that this is a lower bound for the 



estimate considering that some of the schools were not exposed to the full 3 years of the 

program. 

TABLE 2  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement Scores, DDD 

State-Level Fixed-Effects Model 

 Portuguese  Mathematics 

Dependent variable (1) (2) (3)    (4) (5) (6) 

Ceara × Fifth grade × 0.115*** 0.105*** 0.114*** 0.156*** 0.149*** 0.158*** 

2011 (0.013) (0.014) (0.015) (0.014) (0.014) (0.016) 

Studen characteristics No Yes Yes  No Yes Yes 

Teacher characteristics No No Yes  No No Yes 

N 241209 218891 185318 241209 218891 185551 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; DDD = Difference-in-Difference-in-Difference.  
Values in parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. 

*** Statistically significant at 0.1% significance level 

 

Let’s now analyze the variability of PAIC’s impact among the 184 municipalities of 

Ceara. I have hypothesized that, assuming that a mayor from an opposition party to the 

governor’s party can get less credit for the improvements in education led by PAIC, it should be 

less committed to the program and therefore PAIC should have a smaller effect. PAIC officials, 

on the other hand, argued that the financial incentive created by the Circulation Tax of Goods 

and Services (ICMS) would incentivize every mayor to commit to PAIC. My results indicate 

that the incentive created by the ICMS was indeed enough to incentivize both mayors from the 

coalition and the opposition. Table 3 shows the result for the variable of interest in the 4D model 

where the treatment group (2011 × Ceara × Fifth grade) interacts with the coalition dummy 

variable on the last row. Again, table 9 in the appendix presents the results for all variables. The 

results even show that students from municipalities outside the coalition had higher 

improvements on scores (-0.11 SDs for Mathematics and -0.15 SDs for Portuguese). We should 

not make great inferences from this, given the lack of theoretical background to why 

municipalities outside the coalition should perform better, but nonetheless it seems that the fiscal 

incentive provided by the state of Ceara to all municipalities to join the PAIC did nullified any 



political counter incentives to boycott it. Furthermore, as we’ll see below, this could explained 

by the quality of implementation in these different municipalites. 

 

TABLE 3 

Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement 

Scores, 4D (With Coalition Interaction) State-Level Fixed-Effects Model 

 Mathematics  Portuguese 

Dependent variable (1) (2)    (3) (4) 

Ceara × Fifth grade × 2011 -0.0938**     -0.114***     -0.138***    -0.150*** 

× Coalition (3.12) (3.39) (4.81) (4.67) 

Student characteristics No Yes  No Yes 

Teacher characteristics No Yes  No Yes 

N 241209 185551 241209 185551 

 Number of schools 1,097 1,097        1,097      1,097 
Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; Coalition = dummy 

that indicates whether the mayor at from each municipality is in the coalition from the governor. Values in 

parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** Statistically 

significant at 0.1% significance level 

 
 

Table 4 shows the results for the variables of interest for the 4D regression, which 

interacts the treatment group (2011 × Ceara × Fifth grade) and dummies for teacher 

characteristic variables: (i) university degree; (ii) high expectation for its students and (iii) 

five or less years of experience. Table 10 in the appendix shows the results for all variables. 
 

We do not find much difference in the impact between groups of students with different 

teachers, but the results reinforce the literature’s argument that the impact should be bigger for 

teachers with higher expectations for their students, considering that teachers with low 

expectations might not adopt the recommendations—the impact was 0.041 SDs higher in 

Portuguese and 0.062 SDs in Mathematics for teachers that (description of expectation). This 

suggests that the government should not only provide a technical training, but also an 

encouraging support for these teachers. Moving on, the program also had higher effects for 

teachers that did not have university degree but was only statistically significant for Portuguese 

(0.08 SDs). We can hope that PAIC is a means to correct the low formal preparation in 



universities that teachers receive in Brazil and therefore has a higher effect for teachers that do 

not have a university degree.  

 

TABLE 4  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement Scores, 4D (With 

Teacher Characteristic Variables Interaction) State-Level Fixed-Effects Model 

 Portuguese  Math 

Teacher variable No Univ. degree Expectation Inexperience  No Univ. degree Expectation Inexperience 

Dependent variable (1) (2) (3) (4) (5) (6) 

Ceara × Fifth Grade × 2011 0.08* 0.0413* -0.0231 0.0115 0.0618** 0.113 

× Teacher variable (2.05) (2.06) (-0.19) (0.26) (2.80) (0.97) 

Student characteristics Yes Yes Yes Yes Yes Yes 

Teacher characteristics Yes Yes Yes Yes Yes Yes 

Observations 218891 218891 218891 218891 218891 218891 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; Univ. degree = dummy indicating that 

the teacher has a university degree. Expectation: dummy indicating that the teacher believes that all or most of his/her students 

will complete the primary school; Inexperience = dummy indicating that the teacher has five or less years of experience. Values 

in parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** Statistically significant at 

0.1% significance level 

 

One of PAIC’s goal was to reduce inequality between schools, as it gave special attention 

to worse performing schools and constantly visited municipalities that were performing worse. 

Table 5 shows the result for the 4D model where the treatment group (2011 × Ceara × Fifth 

grade) interacts with school demographic dummy variables. Better performing schools in 2007 

had a lower impact from PAIC than lower performing schools for both Portuguese and 

Mathematics—0.060 SDs for Portuguese and 0.121 for SDs Mathematics (columns 2 and 5). 

However, we do not find much difference for the other group of schools, similarly to our teacher 

regressions. Again, table 11 illustrates the result for all variables in the appendix. 

 

 

 

 

 

 



TABLE 5  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement 

Scores, 4D (With School Demographic Variables Interaction) State-Level Fixed-

Effects Model 
 Portuguese  Math 

School variable White Best Univ. parent  White Best Univ. parent 

Dependent variable (1) (2) (3) (4) (5) (6) 

Ceara × Fifth Grade × 2011 -0.0534 -0.0604* -0.0282 -0.00226  -0.121*** -0.0643 

× School variable (1.77) (2.01) (0.94) (0.07) (3.89) (1.95) 

Student characteristics Yes Yes Yes Yes Yes Yes 

Teacher characteristics Yes Yes Yes Yes Yes Yes 

Observations 185551 185551 185551 185551 185551 185551 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; White = dummy 

indicating that a school’s percentage of white students is above the median; Best = dummy indicating 

that a school’s average grade is above the median in 2007; Univ. parent = dummy indicating if a schools’ 

percentage of students whose parents have a university degree is above the median. Values in 

parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** 

Statistically significant at 0.1% significance level  

 

As discussed in section 4.2, students’ background and characteristics largely affect 

students’ performance and therefore create inequality from an early point. However, as argued 

in section 2.2, PAIC focuses its attention on underprivileged schools and therefore argues that 

it works to reduce the inequality of opportunity for students from different backgrounds. While 

we can’t causal tests for these arguments, we can test whether there was a reduction on the gap 

between students’ grades from underprivileged and privileged backgrounds. Table 6 shows the 

result for the 4D model where the treatment group (2011 × Ceara × Fifth grade) interacts with 

student demographic dummy variables. However, we find no statistical significant difference 

for the improvements of grades of white or black students, or students whose parents have 

university degrees and students whose parents do not. 

 

 

 

 

 



TABLE 6  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement 

Scores, 4D (With Student Demographic Variables Interaction) State-Level Fixed-

Effects Model 
 Portuguese Math 

Student variable White Parent Univ. White Parent Univ. 

Dependent variable (1) (2) (3) (4) 

Ceara × Fifth grade × -0.05 -0.06 -0.03 -0.05 

2011 × Student variable (-1.06) (-0.96) (-0.62) (-0.82) 

Student characteristics Yes Yes Yes Yes 

Teacher characteristics Yes Yes Yes Yes 

Observations 185551 185551 185551 185551 
Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; White = dummy indicating that 
a is white; Best = dummy indicating that a student is above the median for his/her state; Univ. parent = dummy 
indicating that at least one of the students’ parents have a university degree. Values in parentheses are standard 
errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** Statistically 
significant at 0.1% significance level 

 

 

In regard to differences in the implementation of the program, table 7 shows that the 

improvement in scores was lower for students bordering the federal university of Fortaleza was 

lower than for the other students from Ceara, -0.0883 SDs for Portuguese and SDs -0.235 for 

Mathematics. This is good news for PAIC, which has canceled its partnership with the Federal 

University of Fortaleza, but it indicates that the federal scale-up version of the program might 

face challenges for its implementation, considering that it relies on federal universities around 

the country for it. 

Finally, despite the high average effect of PAIC (0.015 SDs for Portuguese and 0.016 

SDs for Mathematics), it seems that the effect varied a low depending on the implementation 

unit. Graph 1 illustrates the 3D coefficient when run for each one of the implementation units 

(CREDEs). While 11 of them had improvements much higher than the average, the other 9 did 

not have any effect significantly different from 0. Although we are not able to test for channels 

of why these CREDEs seem to be performing so much better, this has immediate consequences 

for the state government, who could provide assistance to the ones performing worse, or 

promote partnerships between better performing CREDEs and worse performing ones, 

similarly to how they do with schools. I then analyzed descriptive statistics for these two 



different groups (successful implementation units and non-successful), but did not find major 

differences. The one thing that was revealing, was that most opposition parties were 

municipalities were in the group of successful implementation unites, which could explain our 

counter-intuitive finding on the coalition regression. 

 

TABLE 7  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement 

Scores, 4D (With Federal University (UFC) variable) State-Level Fixed-Effects 

Model 

 

Portuguese 
 

Mathematics 

 

(1)  (2) 

Ceara × 2011 × Fifth Grade  -0.0883* 
 

  -0.235*** 

× UFC (2.52)  (6.38) 

Observations 185318  185883 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; UFC = dummy indicating a 
municipality bordering the federal university. Values in parentheses are t values of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** Statistically 
significant at 0.1% significance level 

 
 

 

 



Section 8 – Conclusion 

With the decentralization of Brazilian education system, leaving out the administration of 

primary school to the 5570 municipalities, policy makers hope that innovative and successful 

education policies in one municipality can be replicated or scaled to many others. However, 

previous evidence shows that the same policy can have smaller effects when scaled or 

implemented on new sites, due to three main theoretical reasons: (i) providing the same program 

populations with different characteristics (schools context, teachers and students); (ii) the quality 

of the implementation workers (who led teacher training sessions) should decrease with scale 

and (iii) integrating municipal and state level entities could lead to mayors from the governor’s 

opposition parties to commit less to PAIC and therefore decrease PAIC’s impact. 

Nonetheless, PAIC was able to improve students’ scores on average by 0.11 SDs in 

Portuguese and 0.16 SDs in Mathematics. When compared to the findings of other programs in 

the literature, the effects are larger than the ones found in programs that are solely focused on 

improving teaching (Carrasco, 2014). Especially if we compare it to the closest program in the 

U.S.—the No Child Left Behind (NCLB)—which found no impact on the national level (Gamse 

et al., 2008). 
 

Against this backdrop and assuming that the 3D model gives us the impact of PAIC, I 

have analyzed how PAIC’s impact varied across the municipalities and schools of Ceara to 

understand which of the three factors explained the difference in effects. The foremost takeaway 

was that differences in student and teacher characteristics did not seem to matter much for the 

success of the program as did the quality of the implementation units (see graph 1). We found 

that the improvement in scores was lower for students bordering the federal university of 

Fortaleza was lower than for the other students from Ceara. This indicates that the training 

performed by PAIC was better than the training performed by the federal university of Fortaleza. 

We reinforce this assumption by observing that the municipalities attended by the federal 

university were negatively correlated to satisfaction with PAIC. When we split the effects for 

different implementation units (CREDEs), we found that while 11 of them had effects much 

higher than the average, the other 9 did not have improvements statistically significant. 

Second, I found that being part of the state’s coalition did not benefit students, which 

reinforces the argument that the program was successful in building strong relationships with 

every municipality, independent of their party. This indicates that PAIC’s financial incentives, 



along with the state government officials attempt to create equal incentives for every mayor to 

commit to the program was successful. Will PNAIC (the federal scale up of PAIC) also create 

the same incentives for every mayor of the 5570 municipalities of Brazil? Perhaps. However, the 

federal government has not created a financial incentive for municipalities like the state 

government of Ceara did with PAIC, and federal government officials are not able to give as 

much attention to municipalities as the PAIC did, by constantly visiting municipalities that were 

underperforming. 
    

This break down of PAIC’s impact for different student, teacher, and school populations 

is especially important in Brazil, where the administration of the primary school system is 

mainly left to the municipal governments. It also has direct implications for the state 

government, because it indicates that it should focus its attention to find why some 

implementation units are performing so much better than others. Of course, most of my break 

down of the impact is descriptive and, unfortunately, we can’t draw strong causal links between 

the social context variables and the impact of PAIC due to how the program was run. However, 

I hope that it has become clear throughout the text that if we ought to predict the impact of the 

scale up or replication of an education policy, we ought to go beyond an impact analysis of 

average scores and understand how it varies depending on the context applied. 
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Appendix 

 

TABLE 8  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement Scores, DDD 

State-Level Fixed-Effects Model 

 Portuguese  Mathematics 

Dependent variable (1) (2) (3)    (4) (5) (6) 

Ceara -0.096*** -0.092*** -0.079*** -0.147*** -0.146*** -0.129*** 

 (0.009) (0.009) (0.010) (0.009) (0.009) (0.010) 

2011 0.246*** 0.227*** 0.247*** 0.154*** 0.137*** 0.144*** 

 (0.007) (0.007) (0.008) (0.007) (0.007) (0.008) 

Fifth grade -1.119*** -1.132*** -1.117*** -1.057*** -1.067*** -1.057*** 

 (0.006) (0.007) (0.007) (0.007) (0.007) (0.007) 

Ceara × 2011 0.120*** 0.110*** 0.106*** 0.120*** 0.111*** 0.111*** 

 (0.010) (0.010) (0.011) (0.010) (0.011) (0.012) 

Fifth grade × 2011 -0.006 0.016 -0.011 0.091*** 0.109*** 0.093*** 

 (0.009) (0.009) (0.010) (0.010) (0.010) (0.011) 

Ceara × Fifth grade -0.018 -0.004 -0.019 -0.015 -0.006 -0.018 

 (0.009) (0.010) (0.010) (0.010) (0.010) (0.011) 

Ceara × Fifth grade × 0.115*** 0.105*** 0.114*** 0.156*** 0.149*** 0.158*** 

2011 (0.013) (0.014) (0.015) (0.014) (0.014) (0.016) 

Studen characteristics No Yes Yes  No Yes Yes 

Teacher characteristics No No Yes  No No Yes 

N 241209 218891 185318 241209 218891 185551 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; DDD = Difference-in-Difference-in-Difference.  
Values in parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. 

*** Statistically significant at 0.1% significance level 

 

  
 

 

 



 

 

TABLE 9 

Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement 

Scores, 4D (With Coalition Interaction) State-Level Fixed-Effects Model 

 Mathematics  Portuguese 

Dependent variable (1) (2)    (3) (4) 

Ceara 0.03* 0.04**     0.07***     0.09*** 

 (2.30) (2.70) (5.84) (6.75) 

2011      0.153*** 0.150***     0.257***     0.254*** 

 
(18.60) (15.75) (32.80) (27.87) 

Fifth grade    -1.053*** -1.051*** -1.113***  -1.113*** 

 (133.34) (122.53) (148.06) (135.89) 

Coalition -0.01 -0.003 -0.02 -0.009 
 (1.06) (0.25) (1.88) (0.80) 

Ceara × 2011 × Coalition -0.06** -0.05 0.015 0.04 

 (2.78) (-1.85) (0.73) (1.79) 

Fifth grade × 2011 × Coalition -0.01 0.03 0.03      0.06** 

 (-0.50) (1.11) (1.73) (2.78) 

Ceara × Fifth grade × Coalition 0.0598** 0.0405    0.0466* 0.0378 

 (2.80) (1.78) (2.30) (1.74) 

Ceara × Fifth grade × 2011 0.226***     0.229***       0.195***      0.192*** 

 (10.92) (9.92) (9.89) (8.70) 

Ceara × Fifth grade × 2011 -0.0938**     -0.114***     -0.138***    -0.150*** 

× Coalition (3.12) (3.39) (4.81) (4.67) 

Student characteristics No Yes  No Yes 

Teacher characteristics No Yes  No Yes 

N 241209 185551 241209 185551 

 Number of schools 1,097 1,097        1,097      1,097 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; Coalition = 
dummy that indicates whether the mayor at from each municipality is in the coalition from the 
governor. Values in parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** 
Statistically significant at 0.1% significance level 

 

 

 

 



 

 

TABLE 10  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement Scores, 4D (With Teacher 

Characteristic Variables Interaction) State-Level Fixed-Effects Model 

 Portuguese  Math 

Teacher variable No Univ. degree Expectation Inexperience  No Univ. degree Expectation Inexperience 

Dependent variable (1) (2) (3) (4) (5) (6) 

Ceara 0.0816*** 0.0827*** 0.0833 0.0287** 0.0262* -0.0927 

 
(7.99) (7.36) (1.00) (2.67) (2.22) (-1.09) 

2011 0.257*** 0.227*** 0.227* 0.155*** 0.135*** -0.0492 

 
(30.21) (22.95) (2.46) (17.47) (13.09) (-0.54) 

Fifth grade -1.113*** -1.155*** -0.918*** -1.044*** -1.086*** -1.032*** 

 
(-144.43) (-121.14) (-12.35) (-128.42) (-108.30) (-13.58) 

Teacher variable 0.0111 0.0489*** 0.200** 0.0341** 0.0741*** -0.0204 

 
(0.92) (4.58) (2.67) (2.68) (6.65) (-0.27) 

Ceara × 2011 × Teacher variable 0.025 -0.04 -0.07 0.04 -0.04 -0.29** 

 
(0.83) (-1.70) (-0.57) (1.38) (-1.52) (-2.59) 

Fifth Grade × 2011 × Teacher -0.0428 -0.00193 0.00640 0.00315 -0.0161 -0.139 

variable 
(-1.56) (-0.09) (0.08) (0.11) (-0.73) (-1.59) 

Ceara × Fifth Grade × Teacher 0.00757 0.0413 0.0400 0.0400 0.0618** -0.140 

variable 

(0.26) (1.96) (0.42) (1.34) (2.80) (-1.48) 

Ceara × Fifth Grade × 2011 0.106*** 0.0892*** 0.131 0.163*** 0.118*** 0.0363 

 
(6.48) (4.00) (1.08) (9.59) (5.04) (0.31) 

Ceara × Fifth Grade × 2011 0.0796* 0.0413* -0.0231 0.0115 0.0618** 0.113 

× Teacher variable (2.05) (2.06) (-0.19) (0.26) (2.80) (0.97) 

Student characteristics Yes Yes Yes Yes Yes Yes 

Teacher characteristics Yes Yes Yes Yes Yes Yes 

Observations 218891 218891 218891 218891 218891 218891 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; Univ. degree = dummy indicating that the 

teacher has a university degree. Expectation: dummy indicating that the teacher believes that all or most of his/her students will 

complete the primary school; Inexperience = dummy indicating that the teacher has five or less years of experience. Values in 

parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** Statistically significant at 

0.1% significance level 

 



 

 

TABLE 11  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement Scores, 4D (With School 

Demographic Variables Interaction) State-Level Fixed-Effects Model 
 Portuguese  Math 

School variable White Best Univ. parent  White Best Univ. parent 

Dependent variable (1) (2) (3) (4) (5) (6) 

Ceara 0.0695*** 0.0947*** 0.0562*** 0.0223 0.0727*** 0.00205 

 (5.52) (7.60) (4.63) (1.71) (5.45) (0.16) 

2011 0.222*** 0.219*** 0.231*** 0.141*** 0.0737*** 0.134*** 

 (20.46) (21.02) (21.61) (12.50) (5.95) (11.96) 

Fifth grade -1.146*** -1.103*** -1.119*** -1.062*** -1.026*** -1.046*** 

 (-112.62) (-122.80) (-114.44) (-100.23) (-97.95) (-102.30) 

School Variable -0.109*** 0.244*** 0.0774*** -0.0670*** 0.306*** 0.0799*** 

 (-10.83) (23.37) (7.72) (-6.39) (29.38) (7.63) 

Ceara × 2011 × School variable 0.0218 0.0167 -0.0886*** 0.0220 0.00837 -0.0835*** 

 (0.97) (0.75) (-3.97) (0.94) (0.36) (-3.59) 

Fifth Grade × 2011 × School 0.0243 -0.0177 -0.000740 0.0443* 0.0270 0.0439* 

variable 
(1.21) (-0.88) (-0.04) (2.10) (1.30) (2.08) 

Ceara × Fifth Grade × School -0.0304 -0.0198 -0.00143 -0.0378 -0.0263 -0.0118 

variable 

(-1.46) (-0.95) (-0.07) (-1.74) (-1.22) (-0.54) 

Ceara × Fifth Grade × 2011 0.142*** 0.0757*** 0.134*** 0.167*** 0.0943*** 0.198*** 

 (6.73) (3.62) (6.21) (7.59) (4.11) (8.83) 

Ceara × Fifth Grade × 2011 -0.0534 -0.0604* -0.0282 -0.00226 -0.121*** -0.0643 

× School variable 
(1.77) (2.01) (0.94) (0.07) (3.89) (1.95) 

       

Student characteristics Yes Yes Yes  Yes Yes Yes 

Teacher characteristics Yes Yes Yes  Yes Yes Yes 

Observations 185551 185551 185551 185551 185551 185551 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; White = dummy indicating that a school’s 

percentage of white students is above the median; Best = dummy indicating that a school’s average grade is above the median in 

2007; Univ. parent = dummy indicating if a schools’ percentage of students whose parents have a university degree is above the 

median. Values in parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** Statistically significant at 0.1% 

significance level 



 

 

TABLE 12  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement Scores, 4D (With 

Student Demographic Variables Interaction) State-Level Fixed-Effects Model 
  Portuguese   Math  

Student variable White Best Parent Univ. White Best Parent Univ. 

Dependent variable (1) (2) (3) (5) (6) (7) 

Ceara  0.10***  -0.22*** 0.09*** 0.03** -0.13*** 0.03** 

 
(9.01) (-22.64) (8.90) (2.81) (-9.49) (2.88) 

2011 0.18*** 0.03**  0.24***   0.23*** -0.05***    0.15*** 

 
(19.86) (3.23) (31.16) (25.34) (-3.47) (17.57) 

Fifth grade -1.12*** -0.48*** -1.11*** -0.99*** -0.78*** -1.05*** 

 (-122.57) (-68.02) (-153.29) (-103.45) (-79.69) (-138.43) 

Student variable -0.175*** 1.310*** 0.226*** 0.224*** 0.631*** 0.288*** 

 (-17.16) (179.25) (8.11) (21.03) (61.50) (9.87) 

Ceara × 2011 × 0.03 0.09*** 0.07 0.04 0.13*** 0.06 

Student variable (0.92) (4.92) (1.56) (1.27) (5.48) (1.19) 

Fifth grade × 2011 × 0.03 0.01 0.04 0.02 0.06** 0.04 

Student variable (1.65) (0.76) (1.06) (1.00) (2.81) (0.94) 

Ceara × Fifth Grade × -0.08* -0.07*** -0.02 0.17*** -0.13*** 0.00 

Student variable 
(-2.47) (-4.12) (-0.50) (5.18) (-5.53) (0.01) 

Ceara × Fifth grade × 0.14*** 0.07*** 0.116*** 0.16*** 0.18*** 0.16*** 

2011 
(7.86) (3.94) (7.41) (8.52) (7.52) (9.91) 

Ceara × Fifth grade × -0.05 -0.08*** -0.06 -0.03 -0.13*** -0.05 

2011 × Student variable 
(-1.06) (-3.54) (-0.96) (-0.62) (-3.83) (-0.82) 

Student characteristics Yes Yes Yes Yes Yes Yes 

Teacher characteristics Yes Yes Yes Yes Yes Yes 

Observations 185551 185551 185551 185551 185551 185551 
Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; White = dummy indicating that a is white; Best = 
dummy indicating that a student is above the median for his/her state; Univ. parent = dummy indicating that at least one of the 
students’ parents have a university degree. Values in parentheses are standard errors of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** Statistically significant at 
0.1% significance level 

 

 

 



 

 

TABLE 13  
Ceara: Estimates of PAIC Effect on Portuguese and Mathematics Achivement 

Scores, 4D (With Federal University (UFC) variable) State-Level Fixed-Effects 

Model 

 

Portuguese  Mathematics 

 

(1)  (2) 

Ceara 0.05***  0.013 

 

(4.80)  (1.23) 

2011 0.24*** 
 

0.15*** 

 

(27.80)  (16.90) 

Fifth Grade -1.12*** 
 

-1.05*** 

 

(142.06)  (128.49) 

UFC 0.153***  0.128*** 

 

(11.88)  (9.50) 

Ceara × 2011 × UFC -0.168*** 
 

-0.0789** 

 

(6.26)  (2.80) 

Ceara × Fifth Grade × UFC -0.0203 
 

0.0674** 

 

(0.86)  (2.70) 

2011  × Fifth Grade × UFC 0.0509*  0.123*** 

 

(2.01)  (4.65) 

Ceara × 2011  × Fifth Grade 0.142*** 
 

0.229*** 

 

(8.19)  (12.66) 

Ceara × 2011 × Fifth Grade  -0.0883* 
 

-0.235*** 

× UFC (2.52)  (6.38) 

Observations 185318  185883 

Source. Prova Brasil, 2007 and 2011, microdata.  
Note. PAIC = Pacto Nacional pela Alfabetizacao na Idade Certa; 4D = four difference; UFC = dummy indicating a 
municipality bordering the federal university. Values in parentheses are t values of the estimated coefficients.  
*Statistically significant at 5% significance level. ** Statistically significant at 1% significance level. *** Statistically 
significant at 0.1% significance level 

 



 


