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A B S T R A C T

We provide experimental evidence from an education program in Brazil that empowers public school teachers,
through a combination of technical assistance and earmarked funding, to design and introduce locally adapted
pedagogical innovations. While the study encompasses grades 5, 6, and 10, we find consistent and pronounced
impacts on learning and school progression in 6th grade, a critical transition year from primary to lower-
secondary education. Positive effects are concentrated in schools where teachers are most affected and where
the rate of in-school project implementation was highest. We argue that program components are likely
complementary and that education projects designed to tackle multiple constraints simultaneously can improve
service delivery and child outcomes.
1. Introduction

Over the last three decades, many countries have succeeded in
putting children in school yet learning gains have been limited (Angrist
et al., 2021). Improving the quality and years of education is a priority
for many countries given its role in building human capital, affecting
individual earning prospects and long-term growth (Hanushek and
Woessmann, 2008). Despite increasing resource allocation to education,
governments have struggled to substantially improve education out-
comes (McEwan, 2015; Glewwe and Muralidharan, 2016). The recent
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World Development Report points to both a ‘‘learning crisis’’ faced by
many countries and the urgent need for solutions (World Bank, 2018).

Attempts to improve student outcomes often focus on increasing
teacher effectiveness due to their central role in the education pro-
duction function (Chetty et al., 2014; Araujo et al., 2016; Jackson,
2018; Bau and Das, 2020). This goal can be pursued by improving
teacher skills and pedagogy and/or by providing (monetary or non-
monetary) incentives to strengthen teacher motivation (World Bank,
2018). We present experimental evidence of an education policy in
Brazil that provided teachers with support to autonomously design and
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implement a local project to tackle their specific issues instead of a
centrally defined curriculum (‘‘prescribing solutions’’). The program
encouraged teachers to propose pedagogical innovations relevant to
their specific context, with the goal of improving both student pro-
gression and learning outcomes through increased teacher and student
engagement.

However, the effect of giving local civil servants more incentives,
such as autonomy, on the quality of service delivery is an empirical
question. On the one hand, increasing the autonomy of local staff could
lead agents to exert low effort due to the limited ability of the central
government to observe and reward effort accordingly. For example, de-
centralization of the decision-making process may backfire if resources
are captured by local entities or used inefficiently (Burgess et al.,
2012; Banerjee et al., 2021). On the other hand, greater autonomy
could improve service delivery by providing a non-monetary incentive
for agents and adding meaning to the job (Cassar and Meier, 2018) or
by leveraging their superior knowledge of local context (Duflo et al.,
2018; Rogger and Somani, 2018).1 Rasul and Rogger (2018) and Rasul
et al. (2021) find that more autonomy is positively correlated with the
quality and completion of public projects delivered even in contexts
of low government capacity. While Bandiera et al. (2021) suggests
autonomy can reduce the misalignment of incentives between officials
and taxpayers with potential welfare benefits for society.

We study the Pedagogical Innovation Project (Projeto de Inovação
Pedagógica—PIP), which encouraged teachers to propose pedagogi-
cal innovations relevant to their specific context, with the goal of
strengthening student–teacher interactions. The program was envisaged
combining teachers and pedagogy, two critical ingredients in the educa-
tion production function (Banerjee et al., 2016).2 The implementation
of such a program is particularly interesting in the context of the
Brazilian education system, in which most public schools continue
to embrace the ‘‘traditional pedagogical method’’, characterized by a
hierarchical relationship between teachers and students, with only a
passive role for students, a centrally defined curriculum (‘‘prescribed
solutions’’), and a limited degree of freedom for teachers to experiment
with different pedagogical activities (Carvalho, 2016).

The program was implemented by the State Secretariat of Education
(SEE) of Rio Grande do Norte (RN) in Brazil. RN consistently scores
at the bottom of the Brazilian Education Development Index (Índice de
Desenvolvimento da Educação Básica—IDEB).3 While its cornerstone was
to provide teachers with autonomy, the program was designed as a
comprehensive package, including technical assistance and a limited
grant, to support teachers in the design and implementation of the
proposed activities. Through seminars and support from a dedicated
mentor, teachers developed a diagnostic of their main pedagogical
challenges and context-specific innovations to address them. Schools
were encouraged to introduce innovative pedagogical projects and
expose students to non-curricular competencies and learning opportu-
nities outside the classroom, such as the development of school radio
and video production, the setup of theater plays or book fairs, and
robotics classes. Mentors complemented local capacity while ensuring
close ties with central government, possibly reducing moral hazard

1 The association between autonomy and intrinsic motivation is at the
oundation of Self-Determination Theory in the social psychology litera-
ure (Deci and Ryan, 1985). Seminal studies have focused on how monetary
ewards might crowd out motivation, as they undermine autonomous decision-
aking (Deci, 1971), and how non-monetary incentives, which give greater

utonomy, can enhance motivation (Zuckerman et al., 1978).
2 Unlike remedial education programs, such as teaching at the right level,

hat tend to directly address reading and math skills, the PIP’s pedagogical
nitiatives were designed to be entertaining and engaging as explained below.

3 IDEB is a national indicator for the quality of education and combines
nformation on student test scores and passing rates. Established in 2007, it has
ecome one of the principal outcomes for the design of Brazilian educational
olicy, setting targets for schools, municipalities, and states.
2

concerns associated with the strategic behavior of local staff. Approved
proposals were awarded financial support to implement the projects,
ranging from about 7500 to 11,000 US dollars (USD),4 or median USD
139 per student, i.e., 3.6 percent of average annual expenditure per
student in Brazil (OECD, 2016).

Our experiment focuses on the 2016 iteration of the program, which
targeted the final grade of primary education (5th grade), the first
grade of lower-secondary education (6th grade), and the first grade of
upper-secondary education (10th grade), with the latter two generally
being the most problematic in terms of repetition and dropout rates,
according to the school census (INEP, 2015). Of 299 schools eligible
for the program in 2016, 130 schools were randomly invited to par-
ticipate and submit a proposal. Schools were included in the selection
with the highest participating grade they offered, and the pedagogical
projects were only implemented in that grade. Randomization was then
stratified by grade.

We first show that the program positively impacted student learning
and school progression, the outcomes targeted by the program. To
assess the program’s effects on student learning, we use the state’s
standardized exam that was introduced in 2016 and extended to grades
selected for the impact evaluation. The intent-to-treat (ITT) estimates
show no overall impacts, but splitting the analysis by grade reveals sub-
stantial impacts in grade 6: a 0.18 SD improvement to math scores and
a 0.16 SD improvement to Portuguese scores. Slightly lower impacts
are observed on humanities (0.10 SD) and natural sciences (0.12 SD).
We estimate the average impact on learning to be equivalent to half an
extra year of schooling, or 0.36 years per USD 100 spent.

Overall passing rates increased by 4.70 percentage points (pp), a
6.6 percent improvement over the control mean of 71 percent. When
disaggregating the results, we find these are also driven by improve-
ments in grade 6, with passing estimated to increase by 8.46 pp, a 13
percent improvement compared to the control mean of 63.6 percent.
A back-of-the-envelop calculation of the combined effect of increased
learning and higher probability of finishing high school for 6th graders
suggests a net present value (NPV) of the expected years of schooling on
future earnings ranging between USD 7–13,000, or 28 to 52 times the
annual Brazilian minimum wage. Compared to the cost of the program
per student (USD 139), the estimated NPV suggests that PIP was a
high-return investment for the state.

We try to unpack which program components and mechanisms
might be driving these results and their concentration in grade 6. First,
we hypothesize that the program increases teacher retention if teachers
feel more committed to implementing their own pedagogical projects
during the academic year. Pooling all grades, the ITT estimate on
teacher retention is positive but not statistically significant. However,
in line with learning and progression results, we find a 15.5 percent
increase in teacher retention for grade 6, which is driven by schools
with low teacher retention at baseline. A similar, though less precisely
estimated, pattern is observed for grade 10.

Second, using administrative data, we find that in-school project
implementation was higher in 6th-grade schools yet is particularly poor
in 10th-grade schools with low teacher retention at baseline.

Third, we leverage the fact that most 6th-grade teachers also teach
other grades. Mechanically, we find a similar increase in 7th-grade
teacher retention, yet do not find any (positive or negative) spillover
impacts on the progression rates of 7th-grade students. This provides
suggestive evidence that increased teacher engagement may not neces-
sarily spillover to other grades in the absence of the in-school developed
projects.

Taken together, our findings indicate that a teacher-led approach
can work, particularly if complemented with other inputs; the targeted

4 Equivalent to 30,000 to 45,000 Brazilian reais (BRL), using the exchange
rate on December 31, 2015.
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scope of the projects and technical assistance to support operational-
ization might be instrumental for success. Conversely, lack of school
budget is unlikely to be a key driver of our main results given that
most treated schools implemented the projects with existing resources
during the school year due to substantial delays in the transfer of the
allocated grant and they typically struggle to disburse all the federal
funding they have available. However, the potential of the operational
support is highlighted by the fact that treatment schools were able to
overcome general administrative hurdles. In fact, we find substantially
higher general funds disbursement in the year following the program.

Given the program’s emphasis on changing student–teacher interac-
tions through innovative pedagogical approaches, we also test whether
the program impacted students’ socio-emotional skills, as these could be
either directly impacted through improvements to both teacher–student
interactions and students’ motivation or indirectly impacted through
changes to cognitive skills (Cunha and Heckman, 2007). To do so, we
measure the Big Five personality traits. Pooling all grades, we find that
the program had a positive effect on conscientiousness and extrover-
sion. For grade 6, we find conscientiousness increased by 0.17 SD., the
trait most commonly associated with the acquisition of cognitive skills
(Poropat, 2009; Ivcevic and Brackett, 2014), and extroversion increase
by 0.20 SD. Our results indicate that the intervention was mostly
successful for students in grade 6, a critical grade for students as they
transition from primary to lower-secondary education when students
move from having a single teacher to multiple teachers (Bedard and
Do, 2005; Hanewald, 2013; Santos et al., 2017). Improving teacher and
student motivation might therefore counterbalance the weakening of
student–teacher interaction at this stage.

Our results indicate that efficiency gains in education delivery can
be obtained by leveraging mostly existing systems and resources. We
show that combining the autonomy of civil service providers with
targeted technical assistance and funds can improve outcomes of in-
terest even in a low-capacity environment.5,6 Recent attempts to im-
prove traditional teaching practices predominantly relied on training
and structured approaches, including remedial education programs
(e.g., Banerjee et al., 2007; Banerjee et al., 2017; Marinelli et al., 2021),
technology-aided instruction (Muralidharan et al., 2019; Beg et al.,
2022), and standardized lesson scripts (Gray-Lobe et al., 2022). The
pedagogical interventions we study harness teacher-led innovations,
which are customized to address school-specific issues. Complementing
local capacity on how to design and operationalize pedagogical projects
may be critical, as teachers’ autonomy alone has had limited success in
the Brazilian context (Almeida et al., 2016; Oliveira et al., 2016).

Second, our paper highlights the importance of thinking about
bundled educational policies that accommodate the multi-faceted con-
straints students face in their specific context and provide comprehen-
sive support to local implementers. Our exploration of the mechanisms
reveals that the distinct components of the program likely comple-
mented each other in achieving positive impacts on cognitive and socio-
emotional learning in 6th grade. This aligns with growing evidence
on the importance of complementarities between school inputs and
teacher incentives in education production (Mbiti et al., 2019, Gilligan
et al., 2022).

Finally, while previous experimental evaluations of school grants
have shown mixed results, such programs hide a wide degree of het-
erogeneity in terms of grant size, design features, and decision-making

5 For example, disbursement rates of federal funds allocated for investments
n school infrastructure and pedagogy are, on average, as low as 30.5 percent
n this context.

6 The paper does not speak to the wide literature on school decentralization,
hich involves allowing local management of resources and/or curriculum.
3

xisting studies on autonomy in the public sector are reviewed above.
responsibilities within the school.7 The key novelty of the intervention
examined in this paper is that the allocation of funds was bound to
pedagogical activities designed and implemented by teachers as op-
posed to school management or specific items mandated by the central
government. The one-time grant was conditional, i.e., the money could
not be spent on other school expenses, such as teacher salaries or
infrastructure improvements.

The remainder of the paper is organized as follows. Section 2 details
the context and intervention. Section 3 describes the experimental
design and data sources. Section 4 presents the empirical strategy and
main results, while Section 5 explores potential mechanisms driving
the main findings. Section 6 provides back-of-the-envelope estimates
for the impact of the program on school quality indicators and in-
dividuals’ expected earnings. Lastly, Section 7 concludes with policy
recommendations.

2. Context and intervention

2.1. Education in Brazil and Rio Grande do Norte

While Brazil has made significant strides to guarantee universal
access to primary education, reaching a 99 percent enrollment rate
for children aged 6–14 in 2018 (IGBE, 2018), substantial challenges
remain to keep children in school and ensure the quality of education.
Grade repetition and dropout rates in primary and secondary schools
are among the highest in the Latin America and the Caribbean (LAC)
region (UNESCO, 2020). Despite the largest improvements in math
scores in the Program for International Student Assessment (PISA)
between 2003 and 2012, Brazil still ranks below all LAC countries
except for Peru and the Dominican Republic (OECD, 2015).

These national figures hide a high degree of regional variation. In
this paper, we study an education program implemented by the RN
state government, one of Brazil’s poorest states. In the 2015 national
standardized exam,8 RN state schools scored at the bottom of the learn-
ing distribution in both primary and lower-secondary education.9 The
difference in 5th-grade proficiency levels between the average student
in RN and the best-performing state is the equivalent of 2.5 years
of education.10 The low level of learning is reflected in the state’s
progression indicators. In 2015, the average school dropout rate in
upper-secondary education was 12.4 percent compared to the national
average of 8.8 percent (INEP, 2015). The combination of high dropout
rates and low learning outcomes puts RN state schools near the bot-
tom of the Brazilian Index of Development of Basic Education (online
Appendix Figure B1).

Grade repetition is particularly high in grade 6, peaking at nearly
32 percent (online Appendix Figure B2a). Grade 6 marks the first year
of transition from primary to secondary school. Children move from
having one dedicated teacher to having one per subject. On the other
hand, grade 10, which is the first year in upper-secondary (high school),
is when most dropouts occurs (online Appendix Figure B2b).

A major constraint to school quality and student achievement in
Brazil is principal and teacher turnover, which is around 21 percent
nationally (Akhtari et al., 2022). In the RN public school system, 30
percent of teachers leave their schools each year, with little varia-
tion across grades (online Appendix Figure B3), potentially disrupting

7 Glewwe et al. (2009) in Kenya, Das et al. (2013) in India (for anticipated
rants), Blimpo et al. (2015) in The Gambia, Beasley and Huillery (2017)
n Niger, and Mbiti et al. (2019) in Tanzania found null results on student
earning, as measured by test scores. In contrast, Das et al. (2013) in India
for unanticipated grants), Carneiro et al. (2020) in Senegal, and Andrabi et al.
2021) in Pakistan reported promising improvements in student outcomes.

8 Sistema de Avaliação da Educação Básica (SAEB).
9 2015 is the year prior to the roll-out of the interventions we study in this

aper.
10 This uses the calculation proposed by Alves et al. (2016).
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school operations and compromising personnel collaboration.11 Using
school-level data from INEP, we find that teacher permanence is pos-
itively correlated with student passing rates and negatively correlated
with age-grade distortion, repetition, and dropout, for both primary and
secondary schools (online Appendix Table D1).12

2.2. The Pedagogical Innovation Project (PIP)

The Pedagogical Innovation Project (Projeto de Inovação Pedagóg-
ica—PIP), developed by the RN SEE, aimed at improving both student
progression and learning outcomes by increasing child and teacher
engagement. The intervention has four main components: (i) a high
degree of autonomy for teachers to design and implement a project
based on their diagnostic of the context-specific challenges; (ii) the in-
troduction of pedagogical innovations in the classroom; (iii) continuous
technical support to teachers during the design and implementation
of the project, with the SEE having only an advisory role to assure
minimum quality standards; and (iv) a grant specifically earmarked to
implement the project.

The approach of PIP sought to ensure the relevance of the inter-
ventions and motivate teachers and students. The program design is
based on the premise that: (i) school staff are better equipped than
central-level bureaucrats to identify solutions to school-specific prob-
lems using local knowledge; (ii) allowing autonomy over the selection
and development of interventions motivates teachers by giving them
the opportunity to implement activities that leverage their local knowl-
edge; and (iii) innovative projects can engage students and improve
student–teacher interactions.

PIP targets primary and secondary state schools—16 percent of pri-
mary schools, 41 percent of lower-secondary schools, and 94 percent of
upper-secondary schools in the public education system. The program
has been implemented in grades 4, 5, 6, and 10, the grades with the
most critical dropout and repetition rates. PIP was launched in 2014
and between the 2015 to 2018 school years covered 397 of the 639
state schools.

The SEE supported teachers during project development and imple-
mentation. Here we detail the support in each of these phases.

2.2.1. Project development
To initiate the design phase, schools are invited to participate

in a three-day workshop on innovative and project-oriented teaching
practices. During break-out sessions, participants identify the main ped-
agogical challenges they face and discuss how the innovation concepts
would fit their context. Each school is provided with an individualized
report card comparing its test scores and passing grades with the
average of the state, region, and city.

Following the workshop, each school is assigned a mentor (professor
orientador) to support the development of the innovative project. The
mentors are part of the SEE central team and each is assigned to
10 schools on average.13 First, teachers prepare a diagnostic of their
challenges, such as low academic performance, grade repetition, indis-
cipline, lack of motivation, or school dropout. Based on the diagnostic,
teachers identify possible drivers and propose an innovative and action-
able plan to improve the targeted education outcomes. The mentor then
works with the school to translate the diagnostic and proposed project
into a detailed implementation plan that is reviewed by the SEE of RN.

11 One reason for the high turnover relates to how the placement of teachers
s organized in Brazil. Teachers are initially placed at any school with a
acancy, with limited consideration of their location preferences. Then, every
ear, teachers are allowed to compete for new vacancies.
12 Teacher permanence is an index produced by INEP. It averages, at the
chool level, the number of years a teacher stays in a given school over a five-
eriod period, weighting for the number of teachers in a school. The index
anges from zero to five, where a higher number indicates more regularity of
he teacher pool in a school.
13 Mentors are selected based on their experience with implementing
edagogical projects in schools and all are existing staff of the state secretariat.
4

2.2.2. Implementation support and monitoring
Schools with approved proposals are awarded a fixed amount of

funding to execute their projects. Schools can only spend the operating
funds on inputs directly related to their proposed project. The grant
amount depends on the number of classes included in the project and
ranges from BRL 30,000 to 45,000, i.e., USD 7576 to 11,364 (online
Appendix Figure B4). The median transfer per enrolled student was BRL
555.55, the equivalent of USD 139, which represents about 3.6 percent
of average annual expenditure per student in Brazil (OECD, 2016).

Through subsequent visits and remote follow-up, mentors closely
support the implementation of the projects. Mentors help schools obtain
the necessary paperwork to access the funding and prepare procure-
ment of materials.

2.2.3. Characteristics of sub-projects
Schools were encouraged to explore teaching settings beyond tradi-

tional lecture-style lessons to improve student–teacher interactions and
to embed their project across disciplines, increasing coordination across
subjects. Proposed projects were evaluated by the SEE. The project had
to demonstrate an innovative methodology for that school’s context,
and not necessarily a frontier methodology. All submitted proposals
were approved. Most proposals fell into one of the following three
categories:

⋅ Writing and reading : These sub-projects were designed to improve
students’ literacy and oral communication skills. They included activ-
ities such as studying Brazilian literature classics, publishing school
newspapers, broadcasting a school radio, setting up theater plays, or
organizing book fairs and poetry contests.

⋅ Communication, media, and culture: The focus of this type of sub-project
was to introduce students to modern-day digital tools and give teachers
the opportunity to use new technologies and social media. Examples
include developing video games and robotics classes.

⋅ Culture and arts: The goal of these sub-projects was to explore different
forms of cultural and artistic expressions, such as painting, graffiti,
dance, theater, cinema, and music. Examples of pedagogical projects
are detailed in online Appendix A.

Project activities were usually integrated into normal school hours
to not create any supplemental time burden for teachers. The treatment
dosage was also the autonomous decision of the teachers.

3. Experimental design and data

The PIP was first launched in 2014 with implementation taking
place in the 2015 school year. Each year, a subset of state schools
were invited to join the program. Our study focuses on the cohort
of schools that were eligible to initiate design in 2015 for project
implementation in the 2016 school year. That year, only grades 5,
6, and 10 were included. This section further details the selection of
participating schools and data sources.

3.1. Experimental design

To ensure enough operational capacity, only a sub-sample of schools
was selected to participate each year. To determine the pool of eligible
schools for implementation during the 2016 school year, three filters
were applied. First, only schools that would not change principals
between the 2015 and 2016 school year were included to ensure
continued buy-in for the prepared projects. State legislation requires
directors to change schools every two years, resulting in about half
the schools changing directors each year.14 Second, the 2016 edition

14 Mechanically, none of the schools from the first 2015 cohort were
considered, since those were not change between the 2014 and 2015 school
years but would between the 2015 and 2016 school years. This legislation has
since slightly changed to allow for directors to stay on longer.
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targeted the final grade of primary education (5th grade), the first
grade of lower-secondary education (6th grade), and the first grade
of upper-secondary education (10th grade).15 Only schools offering at
least one of those three grades were considered. Finally, schools that
participate in the Federal program ProEMI (Ensino Médio Inovador)
were excluded.16 As a result, of the 639 state schools, 299 were eligible
to receive the PIP program in 2016.

The final selection of participating schools was done randomly
among eligible schools, which forms the basis of our identification
strategy. The RN SEE aimed to support a total of 130 schools in the
2016 school year. The randomization was stratified by school grade and
region. From the 2015 PIP cohort, we learned that schools participate
in just one grade. The SEE preferred to focus on higher grades, which is
typically where schools experience more challenges. Therefore, schools
offering several of the target grades (5, 6, and 10) are included in the
randomization only with the highest target grade they offer.17

The state is divided into four regions and, combined with the three
rade levels, this resulted in a total of twelve strata. In each stratum,
round 40 percent of the schools were allocated to the treatment group.
arger schools may have more than one class in a grade, in which
ase all classes, and thus students, in the selected grade participated.
ot all teachers of a grade necessarily participated. The selection of

eachers to include in the program is decided within schools and is
nlikely random. When analyzing student and teacher outcomes we
lways consider all students and all teachers of the selected grade.

The randomization resulted in 130 eligible schools in the treatment
roup and 169 in the control group (Panel A in online Appendix Table
1). All 130 selected schools were invited to the workshops held in
he final months of the 2015 school year. The randomization was
erformed using the 2015 school census. After the start of the 2016
chool year, a few schools had closed or no longer offered the grade
hat had been selected for the intervention.18 This leaves us with a final
ample of 280 schools effectively allocated to the experiment at the
eginning of the 2016 school year (Panel B in online Appendix Table
1)—126 in the treatment group and 154 in the control group. The
eographical distribution and treatment assignment of these schools are
hown in the online Appendix Figure B5. Across the selected grades in
ach school, 19,899 students were included in the experiment—9432
n treated schools and 10,467 in control schools (Panel C in online
ppendix Table B1).

.2. Data

To assess the impact of the PIP, we leverage three main sources of
ata. We use administrative data, such as the Brazilian school census
nd information from the SEE, and collect data on cognitive and
ocio-emotional skills.

dministrative Data. We use administrative data from both the state’s
ducation monitoring system and the annual national school census to
btain school, teacher, and student characteristics and progression. The
tate’s monitoring system, the Sistema Integrado de Gestão da Educação

15 Other editions of the program included 4th grade.
16 Ensino Médio Inovador (Innovative High School project – ProEMI) was
stablished in 2009 by the Ministry of Education as a policy aimed to support
nnovative curricular projects in upper-secondary schools through technical
nd financial assistance.
17 For example, schools offering both grades 6 and 10 are only included with

heir grade 10 to the relevant stratum for randomization. Grade 6 in this case
oes not participate in the program and is not considered in the evaluation
ample.
18 Eight schools had closed, six were not offering regular classes anymore,

our were selected for the 5th-grade experimental group but were not offering
th grade anymore, and one was in the 6th-grade group but was not offering
th grade anymore.
5

(SIGEduc) portal, provides data on passing, dropout, and repetition
rates at the grade level.19 The school census is carried out on an
annual basis by the Instituto Nacional de Estudos e Pesquisas Educacionais
Anísio Teixeira (INEP) of the Brazilian Ministry of Education. It contains
information on overall school characteristics, such as location, presence
of a library, science lab, and internet, as well as information on the
number of teachers, students, and classes.20 The census also allows us
o track individual teachers and students over time, even if they move
o other schools within the state.21 Where possible, the analysis of the
esults uses both sources.

Using the census data, we define ‘‘teacher retention’’ for a given year
s a dummy of whether a teacher is in the same school in the following
ear. The dummy is one if a teacher is still teaching in the same school
in any grade) and zero otherwise.

Finally, the SEE provided data on school directors and on the im-
lementation of the PIP, such as the proposal score, resources allocated
o schools, and execution of the projects. The rate of implementation
f the proposed plan is assessed by the mentor at each visit.

earning Outcomes. To measure student learning, we use the state
tandardized external assessment in math, Portuguese, human sciences,
nd natural sciences. The standardized exam was introduced at the
tate level in 2016. While it typically includes 5th and 10th grades,
he exam was expanded to 6th grade for the purpose of the evaluation.
t is administered yearly in October/November, i.e., at the end of the
chool year, and comparable to the national standardized test (SAEB).22

All students are encouraged to take the exam as the school (and the
municipality) only has its average grade considered for state-level
reporting if at least 80 percent of students complete the assessment.
However, the exam is not high-stakes for the students. We discuss
potential issues related to student participation in online Appendix C.
The test is scored on a 0–400 scale. We standardize the test score
(within grade) so that the regression coefficients can be interpreted in
terms of standard deviations from the control group.

In addition to the standardized measure of learning, we obtained
students’ final-year GPAs from SIGEduc. These are cross-subject scores,
as evaluated by their teachers, on a 10-point scale. Importantly for
the attrition analysis featured in the next sub-section, this variable is
reported for each single student in our experimental sample and is not
restricted to the sample who remain in schools until the end of the year
and so participates in the standardized assessment.

Socio-Emotional Skills. To analyze the impact on socio-emotional
learning, we measure the Big Five personality traits (neuroticism, ex-
troversion, conscientiousness, agreeableness, and openness). We use
an off-the-shelf self-reported test developed and adapted to younger
students in Brazil by the Instituto Ayrton Senna.23 This test, and its
equivalent, are widely used in the literature to assess socio-emotional
skills.24,25 The test was administered at the end of the 2016 school year

19 Progression rates are reported at the end of the school year (i.e., February–
March) by principals, and then validated by INEP.

20 We extract school location and distance from the state’s capital, Natal, by
scraping the Google Maps API with school names.

21 The Brazilian Education Census is implemented in two stages. At the
beginning of the school year (i.e., May–July) initial student enrollment data
are collected, and the survey of school, teacher, and students’ characteristics is
administered. In February–March of the following year, data are collected on
passing/retention and on ‘‘movement’’, which includes dropouts and transfers.

22 For math and Portuguese, we obtain the scores rescaled to SAEB, which
allows us to put the impact on student learning in the Brazilian-wide context.
Sciences are not included in the national exam.

23 The test is generic and does not reference PIP-related or promoted
activities.

24 See Kautz et al. (2014) for a review of the recent advances in measuring
socio-emotional skills.

25 Research has shown that individuals with the same level of a trait may
assess themselves at very different levels on a Likert scale (Primi et al.,
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to the grade that entered the randomization (see Section 3.1). In case a
school had multiple classes in the same grade, one class was randomly
chosen for the test.

3.3. Validity of the experiment

Balance. To examine whether the randomization resulted in balanced
amples across control and treatment groups, we compare observable
haracteristics prior to the roll-out of the program. Online Appendix
able C1 shows several characteristics at the school, grade, teacher, and
tudent levels, including some of the key outcomes of the intervention,
uch as repetition and dropout rates. For grade, teacher, and student
omparisons, we only consider the classes in the eligible grade for that
chool (see description in Section 3.1). Columns (2) and (4) show the
eans in the treatment and control groups. In column (5), we report

oth standard p-values based on t -test of differences in the means and
-values computed using randomization inference. Generally, we find
o statistical differences when comparing the treatment and control
roups. A joint significance test of school and student characteris-
ics confirms that these variables do not jointly predict treatment
ssignment (F-stat of 0.69 and 1.76, respectively).

Randomization was done by grade level: to test the validity of the
ub-group analysis, we also report p-values for the comparison in each

grade in columns (6)–(8).26 We find a statistically significant, yet small,
difference in the age of 6th graders. The control group is, on average,
0.25 years older than the treatment group. In the analysis, we check the
robustness of the results to the inclusion of this unbalanced variable as
a control.

Compliance with treatment assignment. All 130 initially selected schools
were invited to participate in the workshop, which occurred in late
2015. Of the 128 schools that attended, all prepared and submitted
a proposal. All submitted proposals were approved, some after mod-
ifications. At the beginning of the 2016 school year, which starts in
January, four of the 130 selected treatment schools had closed or did
not offer the target grade anymore, resulting in a final sample of 126
schools, all with approved projects. Following approval, all schools
received the first mentor visit at the beginning of the school year.
Throughout the year, schools were meant to receive quarterly visits.
Of the 126 schools, 109 received at least three visits during the school
year, and 39 received all four visits. To receive the allocated funding,
the schools had to provide proof that they did not have outstanding
balances with federal, state, or municipal tax collection agencies.27 The
ack of this documentation delayed the transfer of operating funds for
ost schools. Transfers were supposed to occur toward the beginning

f the school year in February, but the first transfers were only made
n July. By the end of the 2016 school year, 90 schools had received
he funding.28 Despite the challenges with the transfer of resources,

2016). To address this issue, we administered a set of anchoring vignettes
that help reveal the respondent’s latent scale and response style, allowing us to
calibrate individual responses following the method suggested in Primi et al.
(2016). The vignettes describe three hypothetical individuals that represent
three distinct points on a scale (low, medium, and high). Students are asked
to assess the personality trait of each of the characters along a 1–5 Likert
scale. The student self-evaluation is then calibrated to a 1–7 scale according
to her response to the vignette. In the analysis, we standardize these indicators
(within grade): the resulting coefficients can be interpreted in terms of
standard deviations from the control group.

26 Firpo et al. (2020) show that, in stratified experiments, balance tests based
on fixed effects regressions may not be sufficient to detect relevant imbalances
because of lack of power. In that case, it is preferable to run balance checks
at the stratum level.

27 Although public schools do not pay taxes, they do need to file that they
are exempt.

28 Eight schools received the funding in the following year.
6
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mentors worked with the schools to continue the implementation of
the activities proposed in their work plan. By the end of the school
year, 74.6 percent of schools had completely implemented the planned
activities. All analysis takes into consideration the original assignment
in the experiment and should therefore be interpreted as ITT effects.

Missing Data. Not all schools and students participated in the socio-
emotional and proficiency test: 94 percent of schools in the evaluation
sample participated in the state standardized tests and 84 percent in
the socio-emotional test; among the participating schools, on average,
69 percent of enrolled students took the proficiency tests and 55
percent the socio-emotional test. We discuss attrition in test-taking
and the resulting missing data on student-level outcomes in detail in
online Appendix C and summarize the results and robustness checks
in Section 4. We also explore whether changes in class composition as
a result of the intervention, for example by reducing drop-out rates,
might drive the results.

4. Empirical strategy and results

4.1. Empirical strategy

We estimate the effect of randomly assigning schools to the inter-
vention on our outcomes of interest with the following reduced-form
specification,

𝑦𝑖𝑠𝑏 = 𝛼 + 𝛽 ⋅ 𝑇𝑠𝑏 + 𝛴𝑏 + 𝜀𝑖𝑠𝑏 (1)

where 𝑦 is the outcome of interest for student 𝑖 in school 𝑠 and strata
(or block) 𝑏, 𝑇𝑠𝑏 is the indicator variable of treatment assignment, 𝛴𝑏 is
a vector of strata dummies, and 𝜀𝑖𝑠𝑏 is the error term. Standard errors
are clustered at the school level, the level of randomization.29

There are three potential sources of non-compliance with the treat-
ment. First, not all assigned schools received all components of the
program, as discussed in Section 3.1. Second, not all teachers at an
assigned school participated in the program. Finally, while participat-
ing teachers were supposed to apply the pedagogical projects in all
their classes, there might be variation in treatment exposure/intensity
due to variation in the number and types of teachers participating.
To account for this, we include all schools, teachers, and students
of the assigned grade, per their original assignment. Therefore, the
parameter 𝛽 identifies the ITT effect. To estimate treatment-on-the-
treated (TOT) effects, we use the school random assignment as an
instrumental variable to account for non-random variation in teacher
participation in the program.

We provide estimates of program impact for all schools pooled
as well as for each grade separately. For grade-specific estimations,
we present p-values corrected for multiple hypothesis testing across
grades, following the step-down procedure described in Romano and
Wolf (2005, 2016). To examine sensitivity to imbalance in missing
learning and socio-emotional data, we bound treatment effects by
adjusting for differential attrition, as proposed by Lee (2009), and
we estimate confidence intervals around such bounds, which capture
both uncertainties about potential selection bias from missing data and
sampling error, following Imbens and Manski (2004). To check the
robustness of the results, we then estimate the model by adding con-
trols,30 and we use blocked difference-in-means, interaction-weighted
and regression-weighted estimators (IWE and RWE, respectively).31

29 Some estimates are obtained at the school level. In these cases, we employ
robust heteroskedasticity-consistent (Eicker-Huber-White) standard errors.

30 The covariates included are student’s age, gender, and race dummies
(white, indigenous, black, or pardo), whether they receive Bolsa Família, and

hether they use school transportation.
31 The blocked difference-in-means approach uses strata sizes, instead of

ixed effects, to weight the treatment effects estimates within each stra-

um. Gibbons et al. (2018) show that, in the presence of heterogeneous
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To explore the potential distributional effects of the program, we es-
timate unconditional quantile treatment effects (UQTE) following Firpo
et al. (2009). Unlike the average effect, quantile treatment effects assess
whether the impact of the program differs at distinct points (quantiles)
of the outcome distribution. The UQTE has a similar interpretation
as the average effect and is estimated by computing the horizontal
difference between accumulated (or marginal) distributions of treated
and control outcomes for a given quantile.

4.2. Results

We first present the estimates on the main student outcomes the
program targeted, student learning and progression. We then explore
which mechanisms might have contributed to these results.

4.2.1. Learning outcomes
Table 1 shows ITT estimates on overall test scores, by subject

and by grade-subject. We find a large, positive impact on learning
outcomes, but for 6th graders only. The intervention improved overall
test scores for 6th graders by 0.15 SD, or six points compared to the
control mean of 163. In the next section, we describe results on student
progression and explore whether changes in the composition of test-
takers might be affecting the estimates. The coefficients for 6th graders
survive multiple hypothesis corrections. For robustness, we re-estimate
the model controlling for a vector of student covariates and using
alternative estimation strategies, such as blocked difference-in-means,
IWE, and RWE. The results are very similar and are available in online
Appendix E.

Distributional impact analysis suggests significant gains are made
across the board with a more pronounced impact at the higher end
of the test score distribution (online Appendix Figures D1–D2). On
average, the intervention positively affected learning outcomes of both
female and male 6th graders (online Appendix Figure D3). However,
the estimates suggest that the program shifted the entire distribution
of boys’ test scores to the right, but for girls, it resulted only in
differences in the higher quantiles. The quantile estimates indicate that
the program helped boys catch up with the initially higher proficiency
level of girls.

To contextualize the magnitude of the impact on 6th graders, we
convert the learning gains from the program into additional years of
schooling. To do so, we use the state standardized test scores rescaled
to the national standardized exams (SAEB). The exam is taken in grades
5 and 9 and is constructed to allow for the comparison of levels on
a unique proficiency scale across grades and years.32 This enables the
calculation of the accumulated knowledge in math and Portuguese of
an average student between the tests taken in 5th and 9th grades. To
calculate the average gains in knowledge between those four years of
schooling, we compare the test scores of a cohort of students from RN
that took the 5th-grade exam in 2013 and the 9th-grade exam in 2017.
We find that the average gain in test score for this cohort was 60 points,
15 points per year on average. Based on the ITT estimates, we find that
PIP improved 6th graders’ math and Portuguese scores by 6.83 and 6.78
points, respectively, on the SAEB exams scale, the equivalent of a little
under half a year of additional schooling.33 In Section 6, we reflect on
the economic implications of these results.

treatment effects, fixed effects estimates are generally not a consistent esti-
mator of the average treatment effect. Therefore, they propose IWE and RWE
as alternatives to recover such parameter.

32 The exam uses item response theory (IRT) to express scores on a unique
scale for all grades of the national education system. This is achieved by
including test items from 5th-grade tests into 9th-grade tests. The same is done
from one edition to the next, making SAEB scores comparable over time. The
test takes place every two years.

33 Results using SAEB-rescaled test scores as the outcome variable are
7

presented in online Appendix Table D2. In our data, one SD improvement
4.2.2. Student progression
The positive results on learning outcomes across the distribution of

scores suggest that more students now pass the threshold to progress
to the next grade. In combination with potentially direct impacts
on motivation and engagement, this is expected to improve student
progression rates.

To test whether the program affected student progression, we esti-
mate impacts on grade passing, repetition, and dropout. Columns (1)
and (5) of Table 2 show the ITT effects across grades. We report results
using both data from SIGEduc, which are reported at the grade level
(column 1), and from tracking individual students using the 2016 and
2017 waves of the school census (column 5). We find positive impacts
on overall progression. Passing rates are estimated to increase by 4.70
pp, a 6.6 percent improvement over the control group mean, using
SIGEduc data, and by 4.51 pp (7.5 percent) using census data. The
impacts on grade passing mechanically result from either a reduction
in dropout or repetition or a combination of both. We find that the
general results are driven by a reduction in repetition.

When disaggregating the result we find that the overall results
in passing are largely due to substantial improvements in 6th grade
passing rates, which are estimated to have increased by 8.46 pp, a 13
percent improvement compared to the control mean of 63.56 percent.
The results using the census data are similar: a 7 pp increase among 6th
graders (12 percent). The estimates pass multiple hypothesis testing,
using either data source.

The SIGEduc data suggest that the 6th-grade result was mainly
achieved by reducing grade repetition, while census data point to a
reduction in dropout being the main driver. The discrepancy in the
results can be explained by the difference in the timing of defining a
student’s status—the SIGEduc data only captures students dropping out
during the school year, while tracking students into the next census
wave also captures dropouts of students over the summer break. This
suggests that some of the students reported as retained in SIGEduc drop
out by the beginning of the next school year. While we do not observe
significant impacts on overall passing in grade 10, census data point
toward a reduction in repetition.

The same robustness checks used for estimating the impact on
student learning can be found in online Appendix E and do not alter
our findings. Further, we find no evidence of differential impacts by
gender (online Appendix Table D3) or of heterogeneous effects by
baseline levels of passing rate (online Appendix Table D4), suggesting
that the scorecards distributed during the design workshop containing
information on schools’ relative performance (see Section 2.2.1) are not
influencing the results.

The reduction in 6th-grade repetition might have long-term impli-
cations for students’ years of education and likelihood of completing
school. To explore how much improving progression may affect stu-
dents’ school careers, we track all RN students who were in 6th grade
in 2011 up to 2017 using school census data. We find that students
who were promoted in 6th grade in 2011 are 40 pp more likely to be
in school in 2017 than students who were retained in 2011 (online Ap-
pendix Figure B6a). Similarly, after six years, they have completed 2.34
more years of schooling (online Appendix Figure B6b). We quantify the
correlation between retention in 6th grade and schooling outcomes by
estimating an OLS regression of dropout and completed years of school-
ing on grade repetition.34 We find that failing 6th grade is associated

in learning in 5th grade corresponds to 50 points, i.e., 3.3 years of schooling.
Comparing gains in literacy for a set of countries, Evans and Yuan (2019)
find that a one-SD improvement in test scores ranges from 4.7 to 6.5 years of
schooling.

34 We estimate the following cross-section regression: 𝑦𝑖𝑠𝑐 = 𝛼+𝛽 ⋅𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑𝑖𝑠𝑐+
𝜎𝑠 + 𝛾𝑐 + 𝜀𝑖𝑠𝑐 , where 𝑦𝑖𝑠𝑐 is the outcome variable, i.e., dropout dummy or years
of completed schooling, of student 𝑖 in school 𝑠 and class 𝑐, 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑𝑖𝑠𝑐 is a
dummy variable for students who repeated 6th grade in 2011; 𝜎𝑠 and 𝛾𝑐 are

school and class fixed effects. Standard errors are clustered at the school level.
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Table 1
Impact on student learning.

(1) (2) (3) (4) (5)

Average Math Portuguese Human Natural
sciences sciences

All schools

Treatment 0.032 0.041 0.028 0.012 0.044
(0.044) (0.051) (0.057) (0.039) (0.039)

Number of observations 12 760 11 366 11 365 10 885 10 879
Number of clusters 264 264 264 264 264
Mean dep. var. control group 184.052 172.693 190.234 186.477 185.329
SD dep. var. control group 41.081 46.528 52.637 49.517 42.864

5th grade—Primary schools

Treatment −0.068 −0.067 −0.091 −0.070 −0.074
(0.087) (0.097) (0.091) (0.087) (0.084)
[0.584] [0.641] [0.407] [0.531] [0.417]

Number of observations 3179 2885 2885 2977 2978
Number of clusters 92 92 92 92 92
Mean dep. var. control group 157.452 157.540 173.368 154.288 149.499
SD dep. var. control group 36.022 43.798 60.456 37.359 28.700

6th grade—Lower secondary schools

Treatment 0.146** 0.177** 0.158** 0.103* 0.123**

(0.061) (0.073) (0.075) (0.054) (0.062)
[0.034] [0.026] [0.057] [0.070] [0.054]

Number of observations 4511 4014 4013 4134 4131
Number of clusters 99 99 99 99 99
Mean dep. var. control group 162.845 151.930 172.451 160.075 170.685
SD dep. var. control group 31.523 42.024 47.502 35.775 35.164

10th grade—Upper secondary schools

Treatment −0.011 −0.015 −0.016 −0.026 0.051
(0.078) (0.088) (0.112) (0.062) (0.053)
[0.884] [0.847] [0.878] [0.610] [0.417]

Number of observations 5070 4467 4467 3774 3770
Number of clusters 73 73 73 73 73
Mean dep. var. control group 215.446 198.009 214.086 233.701 223.680
SD dep. var. control group 26.923 38.838 41.371 26.369 23.650

Note: *Significant at 10 percent; **Significant at 5 percent; ***Significant at 1 percent using conventional inference (i.e., not adjusting for multiple
hypothesis correction). Unit of observation: student. Outcome variables in the column headers. All regressions are OLS with strata (i.e., region
and grade) fixed effects. Standard errors clustered at the school level are in parentheses. Romano–Wolf step-down adjusted p-values robust to
multiple hypothesis testing across grades are estimated using 10,000 bootstrap replications with stratified and clustered resampling and reported
in brackets. The coefficients are expressed in terms of standard deviations from the control group, while the unconditional mean and standard
deviation of the dependent variable refer to the raw values in the control group.
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ith a 21 pp higher likelihood of school dropout after six years, and a
eduction of 1.7 years of completed schooling (online Appendix Table
5). Taken at face value, our estimates provide suggestive evidence that

he reduction of 23 percent (or 7 pp) in repetition rate caused by the
IP might contribute to substantially reducing school dropout (by 4.83
p) and increasing years of schooling (by 0.4 extra years) of the treated
ohort of 6th graders.

.2.3. Robustness to attrition and changes in sample composition
The results on test scores we have described so far may be driven by

combination of actual improvements to cognitive skills or changes in
ample composition as a result of the impacts on progression or selec-
ive attrition into testing. To distinguish between these interpretations,
everal empirical tests are presented in online Appendix C. The results
uggest that attrition is likely not driving our findings.

First, while observing that schools and students participating in the
est are a selected sample of the study population, we do not find any
vidence of either differential or selective attrition between treatment
nd control schools. The share of schools and students participating in
roficiency tests is balanced across treatment and control, and balance
n baseline school and student characteristics is maintained in the sub-
ample of test-takers. The pattern of selection into treatment is the
ame among treatment and control groups: participating schools and
tudents appear to have better education outcomes at baseline, but such
8

election patterns are the same across experimental arms. Therefore,
ur results are likely unbiased estimates of program impacts among
ested schools, yet they may not extend to the non-tested schools.

Second, we find no program impact on dropout during the school
ear, limiting the likelihood of changes in the sample due to drop-outs
ot taking the exam in the control group. We leverage self-reported
PA and observe that students who drop out or repeat the grade
re typically those with the lowest test performance in their class.35

Hence, if anything, the program’s impact on reducing drop-outs in 6th
grade should reduce learning outcomes in treated schools and bias our
estimates on standardized test scores downwards.

Finally, the treatment effects are robust to attrition: bounding the
ITT estimates to account for potential bias due to missing test score
data slightly widens the confidence intervals but does not substantially
affect the significance level of the results (online Appendix Table C6).

5. Potential mechanisms and heterogeneous results

The results show that PIP had meaningful impacts on student learn-
ing and progression, but results are concentrated in 6th grade. In this
section, we explore potential mechanisms through which the program
may have affected these outcomes and assess whether they can explain
the treatment effect heterogeneity by grade.

35 This pattern is observed in each grade.
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Table 2
Impact on student progression rates.

Grade level Student level

(1) (2) (3) (4) (5) (6) (7) (8)
All 5th 6th 10th All 5th 6th 10th

Passing

Treatment 4.70** 2.44 8.46** 2.46 4.51** 1.29 7.00** 4.25
(1.83) (2.55) (3.30) (3.61) (2.21) (2.65) (3.10) (4.13)

[0.548] [0.032] [0.548] [0.520] [0.016] [0.335]

Number of observations 277 95 104 78 17 276 3629 5490 8157
Number of clusters 277 95 104 78
Mean dep. var. control group 70.97 83.55 63.56 66.22 59.91 79.60 58.73 52.81
SD dep. var. control group 18.04 13.64 17.05 16.23 49.01 40.31 49.24 49.93

Dropout

Treatment −0.20 −0.16 −1.61 1.60 −0.85 0.26 −4.35** 1.13
(0.83) (0.79) (1.27) (2.21) (1.39) (1.38) (1.82) (2.67)

[0.845] [0.492] [0.714] [0.822] [0.009] [0.822]

Number of observations 277 95 104 78 17 290 3637 5494 8159
Number of clusters 277 95 104 78
Mean dep. var. control group 6.19 2.09 6.84 10.17 16.83 8.19 13.55 22.40
SD dep. var. control group 7.96 3.87 7.15 10.17 37.42 27.43 34.23 41.70

Repetition

Treatment −4.49*** −2.28 −6.85** −4.06 −3.66** −1.55 −2.65 −5.38*

(1.70) (2.38) (2.91) (3.61) (1.69) (1.87) (2.81) (2.97)
[0.445] [0.053] [0.445] [0.390] [0.390] [0.066]

Number of observations 277 95 104 78 17 276 3629 5490 8157
Number of clusters 277 95 104 78
Mean dep. var. control group 22.84 14.37 29.59 23.61 23.25 12.20 27.72 24.78
SD dep. var. control group 15.27 12.86 14.91 13.71 42.25 32.74 44.77 43.18

Note: *Significant at 10 percent; **Significant at 5 percent; ***Significant at 1 percent using conventional inference (i.e., not adjusting for multiple
hypothesis correction). School-level data are from Sistema Integrado de Gestão da Educação (SIGEduc) and student-level data are constructed from
Rio Grande do Norte 2016 and 2017 censuses, respectively. Unit of observation: school and student. Outcome variables in the panel headers.
All regressions are OLS with strata (i.e., region and grade) fixed effects. Robust standard errors for school-level regressions and standard errors
clustered at the school level for student-level regressions in parentheses. Romano–Wolf stepdown adjusted p-values robust to multiple hypothesis
testing across grades are estimated using 10,000 bootstrap replications with stratified (and clustered resampling for student-level regressions)
and reported in brackets. The coefficients are expressed in terms of percentage points. The mean and standard deviation of the dependent
variable in the control group are unconditional.
The program’s key components – teacher autonomy, pedagogical in-
ovation, technical support, and financial resources – were designed to
ffect student outcomes through two main, potentially complementary,
echanisms:

1. Increasing teacher motivation and engagement through the pro-
vision of autonomy and resources to develop their own project
with technical support;

2. Enhancing students’ motivation and strengthening student-
teacher interactions through the implementation of innovative
pedagogical projects in schools.

We hypothesize that teacher autonomy over the design of the
rojects and use of the grant can affect outcomes through both mech-
nisms, as it may crowd in teacher intrinsic motivation and lead to
etter locally tailored projects. The second mechanism suggests that in-
ovative projects, aimed at strengthening student–teacher interactions,
ould generate positive results regardless of teacher autonomy.

Although we did not collect information on some of the hypothe-
ized impact mediators, such as teacher autonomy and motivation or
he quality of teacher–student interactions, we present suggestive evi-
ence using non-experimental variation in each component, qualitative
vidence from the implementers, and the existing literature.

.1. Impact on teacher engagement

We proxy teachers’ engagement by their decision to remain in
he school, measured as teacher retention (see Section 3.2).36 Low

36 We note that there are other channels, besides enhanced autonomy and
otivation, that we do not directly observe through which the program might
9

teacher retention might affect students’ achievement and motivation,
particularly in 6th grade. Mentors stated that 6th graders face sig-
nificant shocks when transitioning between levels of education. In
primary school, students have a single teacher, which allows for a
close student–teacher relationship. These ties are weaker in lower
secondary education, as students have multiple teachers (at least five
in our sample). The potential negative impact of this transition is
well documented in the United States (Bedard and Do, 2005; Cook
et al., 2008; Hanewald, 2013) and has been recently investigated in
Brazil (Santos et al., 2017). The latter study evaluates the impact
of a pilot in municipal schools in Rio de Janeiro, Brazil, which ex-
panded primary schools to include grade 6. They find that having 6th
grade in the primary school increases learning by 0.16 SD and they
provide suggestive evidence that strengthened student–teacher rela-
tionships mediated some of the effects on learning. This might imply
that enhancing teacher retention in 6th grade could be particularly
effective in improving student outcomes, in line with recent evidence
from Ronfeldt et al. (2013), Fagernäs and Pelkonen (2020), Zeitlin
(2021), and Akhtari et al. (2022)—the latter in the Brazilian context.

Pooling all grades, the ITT estimate on teacher retention is positive
but not statistically significant (column 1 in Panel 1 of Table 3).
Splitting the analysis by grade, we find that teacher retention increased
by 6.4 pp in grade 6, i.e., a 20.7 percent increase in teacher retention

affect teacher retention. For example, if the program was perceived as a
signal that the government has increased the degree of resources that will
be provided to the school. We explore the role of the grant in the mechanism
section.
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over the control mean of 30.9 percent (column 3).37,38 We also recover
TOT estimates for participating teachers as the program did not re-
quire all teachers to participate and the decision for which and how
many teachers to include was at the discretion of the schools. Since
primary schools have class-specific teachers, while secondary schools
have subject-specific teachers, teacher participation was mechanically
higher in 5th grade. We find similar rates of participation in 6th and
10th grades, where roughly one third of the teachers complied with
treatment assignment (Panel 1 of online Appendix Table D6).39 In 6th
grade, the TOT estimate for teacher retention is equal to 19 pp, or
61 percent over the control mean (Panel 2 of online Appendix Table
D6). Moreover, we find that observable differences between participant
and non-participant teachers are small in magnitude and mostly not
distinguishable from zero (online Appendix Table B2). This suggests
that the differential selection across grades along these characteristics
is not likely driving the heterogeneous results.

Since 6th grade has the largest teacher turnover at baseline, we ex-
plore first whether the impact on teacher retention varies with baseline
levels of turnover. We define ‘Low teacher retention’ at the grade level
as a dummy that equals one if the school has a retention rate below
the sample median of that grade in the year before the intervention,
and zero otherwise. Panel B in Table 3 suggests that the increase in
teacher retention is concentrated in schools with low teacher retention
rates at baseline (column 1): in these schools, the program increased
teacher retention by 10.1 pp, i.e., a 15.5 percent increase in teacher
retention over the control mean of 35 percent, almost closing the gap
in teacher retention between low and high-retention schools, across
grades. Generally, impacts on retention seem limited to low-retention
schools, and the same patterns and magnitudes are observed in both
6th and 10th grades (columns 3 and 4, respectively).

In the next sub-section, we combine the results on teacher retention
and implementation to verify whether we observe similar patterns on
student outcomes.

5.2. Implementation of innovative pedagogical projects

Project overall quality. We first explore whether the heterogeneous
results by grade are driven by better-designed projects in grade 6.
However, we find no differences across grades in the average quality
of proposals, measured by their score (online Appendix Figure B7).
Moreover, these scores do not seem to have any predictive power
on either the rate of project implementation or student outcomes,
such as progression and learning (online Appendix Table D7 and D8,
respectively).

Rate of overall project implementation in schools. We compare admin-
istrative data to assess whether project implementation varied across
grades. We report three measures of school-level implementation: (i)
obtaining the clearance certificate, which is a necessary requirement for
schools to receive funding from any state-level educational program40;
(ii) percentage of project funds received by the end of the school year;

37 The coefficient remains statistically significant at conventional levels after
djusting for multiple hypothesis testing and when using alternative average
reatment effect estimators (online Appendix Table E10).
38 The lower teacher retention in control schools is driven by more teachers
oving to other schools rather than leaving the state education system.
39 In our sample, there are an average of 1.9 teachers in 5th grade, 7.5 in
th grade, and 11.6 in 10th grade. This translates to 1.3, 3, and 5.6 teachers
articipating in PIP, on average, in grades 5, 6, and 10, respectively.
40 We indeed find that obtaining the clearance certificate is what most
redicts the rate of implementation (online Appendix Table D7). We find that
eing assigned to receive the treatment increases the likelihood of schools
btaining the clearance certificate during the year of the intervention by 41
p. This impact does not differ by grade (online Appendix Table D9). By the
nd of the year, all schools had the clearance certificate and were therefore
ntitled to receive the grant transfer.
10
and (iii) percentage of planned activities that were implemented by
the end of the year. We observe substantial differences in rates of
implementation across the three grades (Fig. 1). Each of the indicators
shows higher rates in 6th grade, on average 83 percent of activities
were implemented. Moreover, we find that implementation was partic-
ularly poor in 10th-grade schools with low teacher retention, where the
average share of activities implemented was only 60 percent (online
Appendix Figure B8). These results are in line with the positive and
larger impacts we find in grade 6.

5.3. Role of teacher retention and project implementation

We first investigate whether the increase in teacher retention de-
scribed in the previous section is driving the results, by exploiting
the fact that many 6th-grade teachers also teach other grades, where
no innovative pedagogical projects are implemented. According to the
school census data, 90.4 percent of 6th-grade teachers also teach in
7th grade, 81.8 percent teach 8th grade, and 73.2 percent teach 9th
grade.41 As a result, the reduction in 6th-grade turnover also mechani-
cally affects turnover in the other grades in the same schools (Panel A
in online Appendix Table D10). We compare student-level outcomes for
6th grade schools in their remaining lower-secondary grades (Panel B in
online Appendix Table D10).42 We only have access to data on student
progression in other grades, as the standardized test was not imple-
mented in upper grades. We find no indication of positive spillovers to
other grades, which might suggest increasing teacher retention alone
might not be sufficient to affect student outcomes: positive results in
6th grade are likely driven by the combination of an increase in teacher
retention and the implementation of the innovative projects.43 On the
other hand, we find no negative spillovers on other grades, which
suggests that teachers did not increase effort in 6th grade at the cost of
other grades.

Further, we explore whether the observed patterns of impacts on
teacher retention, being concentrated in schools with low teacher re-
tention at baseline, and implementation, are also observed for child
outcomes. In grade 6, we observe no difference in in-school imple-
mentation by baseline levels of teacher retention (online Appendix
Figure B8), while for grade 10 implementation is substantially worse in
schools with low teacher retention at baseline. Impacts on progression
do not differ by baseline levels of teacher retention, while learning
gains are concentrated among schools with low retention at baseline,
where teachers are most affected (first panel of online Appendix Table
D13). This is in line with strong, positive correlations between student
learning outcomes and teacher retention in the control group, while
correlations with student progression are more mixed. This might
suggest that teacher retention, and engagement, may be critical to
generating learning gains through the projects. In grade 10 schools
with low teacher retention at baseline, teachers were impacted but
implementation of projects was particularly poor, possibly explaining
the lack of impacts on learning (second panel of online Appendix Table
D13).

5.4. Student–teacher interactions

Changes in teacher–student interactions. We explore descriptively
whether learning results are driven by the educational content of the
projects or by changes in pedagogy and student–teacher interactions,
which can also be induced by increased teacher engagement. While 70
percent of projects implemented in 6th grade were focused on reading

41 The percentage is balanced between treatment and control schools.
42 The results using grade-level data from SIGEduc are very similar and are

presented in online Appendix Table D11.
43 Results by teacher retention at baseline also show no impacts on other
grades (online Appendix Table D12).
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Table 3
Impact on teacher retention.

(1) (2) (3) (4)
All 5th 6th 10th

Panel A – Overall impact

Treatment 0.036 −0.064 0.064* 0.033
(0.029) (0.065) (0.037) (0.049)

[0.368] [0.069] [0.414]

Number of observations 1882 189 784 909
Number of clusters 277 95 104 78

Mean dep. var. control group 0.709 0.761 0.691 0.714
SD dep. var. control group 0.454 0.428 0.463 0.452

Panel B – Impact by retention at baseline

Treatment −0.030 −0.187* 0.014 −0.038
(0.040) (0.110) (0.046) (0.064)

Treatment × Low teacher retention rate at baseline 0.130** 0.191 0.104 0.139
(0.057) (0.137) (0.074) (0.092)

Low teacher retention rate at baseline −0.118*** −0.069 −0.127** −0.115*

(0.036) (0.083) (0.050) (0.058)

Constant 0.776*** 0.851*** 0.756*** 0.780***

(0.023) (0.067) (0.032) (0.036)

Total effect on schools with low retention at baseline: Treatment + Treatment × low-retention dummy
∑

𝛽 0.101 0.004 0.118 0.101
P-value 0.016 0.960 0.043 0.131

Unconditional mean of the dependent variable in the control group:

Schools with low retention at baseline 0.650 0.786 0.626 0.649
Schools with high retention at baseline 0.780 0.833 0.762 0.786

Note: *Significant at 10 percent; **Significant at 5 percent; ***Significant at 1 percent using conventional inference (i.e., not adjusting for multiple
hypothesis correction). Data are from Rio Grande do Norte 2016 and 2017 teacher censuses. Unit of observation: teacher. ∑ 𝛽 is the sum of the
treatment effect with the interaction variable coefficient. The 𝑝-value refers to the null hypothesis ∑

𝛽 = 0. All regressions are linear probability
model with strata (i.e., region and grade) fixed effects. Standard errors clustered at the school level in parentheses. Romano–Wolf stepdown
adjusted p-values robust to multiple hypothesis testing across grades are estimated using 10,000 bootstrap replications with stratified (and
clustered resampling for student-level regressions) and reported in brackets. Note that the median teacher retention at baseline for 5th grade
is equal to 1, so ‘Low teacher retention rate at baseline’ indicates any level of retention below 1. This is due to the fact that, in most schools,
5th grade has only one teacher, thus the school retention rate variable is either equal to 0 or 1.
Fig. 1. Implementation by grade. Note: The bars show the unconditional mean of the three implementation measures defined in Section 5.5. Comparisons by grade are done on
the third measure using region fixed effects and robust standard errors. P-values based on standard t -test. ‘Planned activities implemented’ are defined as the ratio of the number
of activities that were implemented over the number of planned activities described in the work plan. Data are from the State Secretariat of Education (SEE). Sample: schools in
the treatment group.
11
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and literacy (online Appendix Figure A1b), we find ITT effects of similar
magnitude in all subjects tested. Moreover, the standardized assessment
was not high-stakes for students, hence we do not expect teachers to
have content tailored to the exam. At the same time, the correlation
between scores on different subjects is not particularly high, ranging
from 0.34 (human and natural sciences) to 0.57 (math and Portuguese).
This limits the likelihood that the impact is explained by the curricular
content of the activities only.

Socio-emotional skills. Throughout the development of the projects,
teachers were encouraged to design an intervention that would change
student–teacher interactions and engage students by exposing them
to learning opportunities outside the classroom, moving away from
traditional, lecture-based teaching. As a consequence, resulting projects
may have affected students’ socio-emotional skills directly and indi-
rectly. Directly, by strengthening teacher–student interactions in inno-
vative pedagogical activities. Indirectly, through the complementarities
between cognitive and non-cognitive skills.

Pooling all grades, we find that the program had a positive effect
on conscientiousness and extroversion ( Table 4). Among the Big Five,
the trait of ‘‘conscientiousness’’ is commonly associated with the acqui-
sition of cognitive skills (Poropat, 2009; Ivcevic and Brackett, 2014).
It encompasses traits such as self-control, organization, responsibility,
and perseverance. The point estimates are statistically significant at
conventional levels. However, in line with previous results, these ap-
pear to be driven by the impacts on 6th graders (0.17 SD and 0.21 SD,
respectively), which both pass multiple hypothesis testing.44

We observe that student test scores and socio-emotional skills are
ositively correlated in the tested sample at endline, which points
o possible complementarities between socio-emotional and cognitive
evelopment,45 regardless of treatment status (online Appendix Fig-
re D4). Unfortunately, as mentioned in Section 3.2, data on socio-
motional skills were only collected for a random subset of students in
ach school. When we restrict the sample to the subset of students who
ook the socio-emotional test, we are unable to detect significant effects
f the program on learning outcomes, therefore we cannot further
nvestigate the mediating role of socio-emotional skills on learning
utcomes or vice versa.

.5. Role of complementary program components

omplementing management capacity. Financial resources do not seem
o be the main binding constraint for the procurement of school sup-
lies and implementation of new pedagogical activities in our context.
ata on disbursement rates of public funds, such as Programa Dinheiro
ireto na Escola (PDDE) run by Fundo Nacional de Desenvolvimento
a Educação (FNDE) reveal that, on average, only 30.5 percent of
ederal funds assigned to schools to invest in infrastructure and ped-
gogy are spent.46 Rather than solving budgetary scarcity, the program
ight have prompted schools to overcome administrative bottlenecks

n access to school funding, for instance by obtaining the clearance
ertificate. This might have led to increased spending across the board,
hich in turn supported principals to spend available public funds more

44 Correcting for non-random sample selection at the school level mostly
oes not invalidate our results (online Appendix Table C7). Treatment effect
ounds are computed at the school level given that differential participation
y treatment assignment is mostly driven by whole schools not having taken
he test. The other robustness checks are in online Appendix E.
45 These complementarities might not be universal (Laajaj and Macours,
019).
46 The amount of operating funds the school can receive is based on the
umber of students measured by the school census of the previous year. The
chool receives it in two installments (April and September). A key issue is
hat the school must deliver the clearance certificate from the previous year
o be eligible to receive the funds.
12
effectively. Online Appendix Table D15 shows that this was the case
for schools participating in PIP with their 6th grade: treated schools
disbursed a 60 pp higher share of PDDE funds compared to the control
in the year following the intervention. We do not observe this in the
school year we evaluate, but this does suggest that the provision of
technical support in project management and procurement is important
and can make a substantial difference in the implementation of planned
activities.

Quality of technical assistance. We note that it is unlikely that, by
chance, better mentors were assigned to support 6th grade: all mentors
worked across grades (online Appendix Figure B9). We observe that
while mentors were more likely to visit schools participating in PIP with
their 6th grade, the difference is minimal, with 0.25 extra visits com-
pared to 5th grade (online Appendix Figure B10). During a focus group
discussion with mentors, we found that they had more experience with
teaching and implementing projects in lower grades, which may have
resulted in the technical assistance being better tailored to grades 5 and
6.

Role of the grant. Differences in grant size are not likely driving the
heterogeneity in implementation. Since grant size is determined by the
number of classes instead of by the number of students, the value per
student may differ across grades. Due to typically smaller classes,47

grade 5 and grade 6 schools received BRL 456 more per student, or
USD 114 than grade 10 schools did (online Appendix Figure B11),
which is almost double. Despite these differences, we find that the grant
amount per student does not have any predictive power on project
implementation or on students’ outcomes in all grades (online Appendix
Table D7 and D14). These should not be interpreted as causal impacts
of the grant as the allocated value within the treatment group was not
random.

5.6. Heterogeneity in other grade characteristics

We explore whether heterogeneity in baseline grade characteris-
tics might explain the differential impact in 6th grade. We start by
noticing that the state administers the universe of schools offering
upper-secondary education and only a smaller share of schools offer-
ing lower-secondary education. We compare observed characteristics
across grades to assess whether the 6th grade state schools are different
from schools offering either the 5th or 10th grades in the study sample.

Schools that were targeted in their 6th grade are, on average, larger
than schools targeted in 5th grade, but smaller than schools targeted
in 10th grade, in terms of number of personnel, teachers, students,
and classes (online Appendix Table B3). In addition, student–teacher
ratios are higher in grade 10, namely 28.1 versus 23.8 in grade 6.
This is the case both at the school and the grade level. Importantly for
external validity, the observed pattern in terms of school size represents
a general characteristic of this grade and it is not a specific feature of
our sample of state schools. On the other hand, teacher background and
turnover are similar across grades and administration types.

6. Policy analysis

In this section, we use the main results on learning and progression
to produce back-of-the-envelope estimates for the impact of the pro-
gram on school quality indicators and individuals’ expected earnings.

Quality of Education. We use the ITT estimates to compute the coun-
terfactual distribution of two national quality of education indicators.
First, online Appendix Figure F1 shows that if students retain their
learning gains over time, as measured by SAEB scores, the impact of

47 This difference is common to the study context and is not an artifact of
the program selection of eligible state schools nor the grade targeting rule.
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Table 4
Impact on Socio-Emotional Skills.

(1) (2) (3) (4) (5)
Agreeableness Conscientiousness Extroversion Neuroticism Openness

All schools

Treatment 0.048 0.115** 0.116** 0.037 0.058
(0.056) (0.054) (0.054) (0.047) (0.054)

Number of observations 3560 3560 3560 3558 3560

Number of clusters 235 235 235 235 235
Mean dep. var. control group 4.413 4.331 4.199 4.007 4.105
SD dep. var. control group 0.975 1.053 0.777 0.738 0.970

5th grade—Primary schools

Treatment 0.023 0.094 0.049 −0.019 −0.061
(0.097) (0.095) (0.097) (0.073) (0.094)
[0.798] [0.365] [0.511] [0.743] [0.400]

Number of observations 1296 1296 1296 1294 1296

Number of clusters 85 85 85 85 85
Mean dep. var. control group 4.468 4.359 4.287 4.040 4.193
SD dep. var. control group 1.049 1.108 0.851 0.738 0.997

6th grade—Lower secondary schools

Treatment 0.078 0.173* 0.208** 0.058 0.139
(0.099) (0.098) (0.097) (0.092) (0.097)
[0.689] [0.073] [0.021] [0.665] [0.198]

Number of observations 1270 1270 1270 1270 1270
Number of clusters 87 87 87 87 87
Mean dep. var. control group 4.390 4.265 4.156 3.971 3.950
SD dep. var. control group 1.090 1.176 0.858 0.770 1.089

10th grade – Upper secondary schools

Treatment 0.042 0.069 0.085 0.082 0.110
(0.091) (0.080) (0.079) (0.075) (0.080)
[0.798] [0.365] [0.311] [0.409] [0.198]

Number of observations 994 994 994 994 994
Number of clusters 63 63 63 63 63
Mean dep. var. control group 4.378 4.387 4.152 4.017 4.212
SD dep. var. control group 0.663 0.761 0.514 0.692 0.701

Note: *Significant at 10 percent. **Significant at 5 percent. ***Significant at 1 percent. Unit of observation: student. Outcome variables in the
column headers. All regressions are OLS with strata (i.e., region and grade) fixed effects. Standard errors clustered at the school level in
parentheses. Romano–Wolf stepdown adjusted p-values robust to multiple hypothesis testing across grades are estimated using 10,000 bootstrap
replications with stratified and clustered resampling and reported in brackets. The coefficients are expressed in terms of standard deviations
from the control group, while mean and standard deviation of the dependent variable refer to the raw values in the control group. ‘Neuroticism’
is reverse-coded so that a positive coefficient implies a lower level of neuroticism score.
the PIP would close half of the knowledge gap between RN and the
country’s average by the end of grade 9. Second, combining impacts
on progression and learning suggests that the PIP would help RN state
schools move upwards in the IDEB ranking by at least two positions
(online Appendix Figure F2).48 This strategy is described in more detail
in the online Appendix F.1.

Expected Returns to Education. We expect the intervention to impact
labor market outcomes of the 6th graders in the long term through
two channels: first via learning gains among those who stayed in
school (productivity channel), and second, via the higher probability of
remaining in school conditional on passing grade 6 (a combination of
productivity effects with signaling or diploma effects). The first channel
focuses on the improved quality of education, while the second reflects
extra years of education among more knowledgeable students.

Using the ITT effects of the PIP on learning as being approximately
equal to 0.5 extra years of schooling, a back-of-the-envelope calcu-
lation suggests an NPV on future earnings of BRL 29,148.97 or USD
7287.24. The second channel is through the increase in student years

48 This analysis assumes no effect on teacher selection. However, it might
e that more qualified teachers participate in the program and, because of it,
nd up remaining in their school and foregoing the opportunity to move to a
etter, or just more suitable, institution. In online Appendix Table F2, we test
or differential retention and do not detect any heterogeneous treatment effect
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y qualification.
of schooling through a reduction in repetition which we estimate leads
to about 0.4 extra years of schooling, with an NPV on future earnings of
BRL 23,319.18 (or USD 5829.79). The full effect on expected earnings
would then range from USD 7000 to 13,000, or 28 to 52 times the
annual Brazilian minimum wage. The data and methodology used for
the calculations are described in online Appendix F.2.

This calculation assumes all the expected impacts on future earnings
are driven by direct or indirect gains in learning. However, besides
mediating the accumulation of cognitive skills, there may be direct
impacts of socio-emotional skills on labor market outcomes, making
this a lower-bound estimate.

7. Conclusion

In this paper, we studied the impacts of an education program
implemented in state schools of Rio Grande do Norte, one of the
poorest Brazilian states. The intervention combined teacher autonomy,
technical assistance, and targeted school funds to increase students’
motivation and learning and strengthen teacher–student engagements.
In doing so, the program leveraged teachers’ local knowledge to design
and implement a tailored set of innovative pedagogical activities.

We found a positive impact of 6.6 percent on progression rates, with
the effects being concentrated in grade 6 (12 to 13 percent increase
over the control mean). We detected a meaningful positive impact on

learning outcomes for 6th graders only. The positive effects on math
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and reading scores point to an impact equivalent to almost half a year
of additional schooling.

We found suggestive evidence that the program increased teachers’
and students’ motivation and engagement, but mainly in grade 6. This
result is consistent with other findings showing that strengthening
student–teacher interactions during the transition from elementary to
lower-secondary can impact students’ dropout rates, and learning. Data
on the program’s implementation suggest that part of the larger effects
on grade 6 might be related to a better implementation of the program.
Anecdotal evidence collected from focus group discussions with both
the school mentors and the members of the state Secretariat of Educa-
tion suggested that part of the program’s success in grade 6 is related to
the fact that lower-secondary education does not get as much attention
and resources as the early and later K-12 grades.

Program components were not randomized so we cannot tell apart
the relative importance of each component and the exact channel
through which the program impacted teacher and student outcomes.
Second, data constraints limit the extent of analysis along the causal
impact chain. Despite this, we provide suggestive evidence using non-
experimental variation in each component, anecdotal reports from
implementers, and the existing literature. The lack of results in other
grades may be explained by lower rates of implementation or the ap-
proach being particularly appropriate in a context where the motivation
of agents and final recipients, in this case, students, is essential to
affect outcomes. It appears that none of PIP’s components alone can
explain the results, in line with the still scant evidence that school
policies designed to tackle multiple constraints at once are more likely
to work. More research is needed to understand in which settings this
decentralized approach is more likely to succeed and to further explore
the potential complementarities between teacher autonomy, technical
assistance, and project-based funding.

Overall, our results show that significant improvements to educa-
tional outcomes can be obtained by leveraging local staff knowledge
and other existing school resources. These findings have direct im-
plications for policy design in countries that might provide public
basic education without having either fiscal space to design pay-for-
performance schemes at scale and/or effective monitoring mechanisms
in place.
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