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Abstract
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Grade 5 test scores by 0.05-0.16 standard deviations. However, the reform widened disparities
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1 Introduction

Investments in early childhood development (ECD) are essential for fostering long-term skill de-
velopment. Research demonstrates that the early years can be important for cognitive, social, and
emotional development, laying the foundation for lifelong learning, better employment prospects,
and well-being! Furthermore, high-quality early childhood education (ECE) has been shown to be
an e ective tool for promoting economic growth? and reducing inequality, as it provides disadvan-
taged children with essential resources and support that can mitigate the e ects of socioeconomic
disparities (Attanasio et al. (2022); Becker et al. (2018); Card (2001); Cascio (2023); Chetty et al.
(2011); Corak (2013); Cunha and Heckman (2009); Deming (2009); Deming (2022); Hahn and
Barnett (2023); Heckman and Mosso (2014); Elango et al. (2016); Gregorio and Lee (2002)). In
this context, examining early childhood education in low and middle-income countries (LMICs) is
especially relevant, as these regions have made substantial investments in preschool programs over
recent decades, leading to an increase in preschool enroliment rates from 28% in 2000 to 58% in
2020. In contrast, high-income countries (HICs) experienced a more modest rise, with enroliment
rates increasing from 72% in 2000 to 80% in 2020 (World Bank, 2023). Furthermore, these regions
stand to gain more from early childhood investments, as they have historically invested less, and
families often have fewer resources and more children.

Early childhood interventions can be delivered through various modalities, including home and
center-based programs. Within the realm of center-based programs, this study concentrates on
preschools rather than childcare centers, as the vast majority of children participate in formal
center-based preschools. Furthermore, the study examines a universal preschool program rather
than a targeted intervention, allowing for an exploration of the broader impacts of these programs
on all children within a community, regardless of their individual risk factors. Preschool programs
can enhance children's cognitive abilities, providing them with a solid foundation for success in
primary school and beyond. However, the e ectiveness of these interventions is heavily dependent

on their quality; poorly designed or implemented programs may fail to produce the desired out-

1See, e.g., Almond et al. (2018), Barnett (1992), Barnett (1995), Cunha and Heckman (2007), Cunha et al. (2010),
Currie (2001), Currie and Almond (2011), Deming (2022), Duncan et al. (2023), Hanushek and Woessmann (2012a),
Heckman (2013), Elango et al. (2015), and Garces et al. (2002).

2Education is a fundamental driver of economic growth and social development, shaping individuals' life outcomes
and contributing to the overall progress of societies (Angrist et al. (2021); Barro (2001); Hanushek and Woessmann
(2020); Hanushek and Woessmann (2023); Romer (1990)).



comes® Additionally, the phenomenon of fade-out e ects|where initial cognitive gains diminish
over time|raises important questions about the sustainability of preschool bene ts. 4

The intervention studied in this article centers on Mexico's 2002 educational reform, which
mandated compulsory preschool education for children aged 3-5. This reform aimed to enhance
cognitive development by increasing children's exposure to formal educational environments, ad-
dressing previous de ciencies in familial developmental stimulation. It also sought to improve
quality by hiring more preschool teachers and requiring them to have at least a university degree.
Since its publication in 2002, the reform was accompanied by a large rise in preschool enrollment,
particularly among four-year-olds in the second year of preschool (pre-k 2).

This article employs a combination of methodologies to analyze the impact of preschool ed-
ucation on cognitive outcomes. The rst approach is a two-way xed e ects (TWFE) model,
utilizing a canonical di erence-in-di erences framework to compare test scores between localities
with preschools and localities without. This model assesses one period before and one after the
reform, focusing on the average causal e ect on treated cohorts. Secondly, to address the staggered
adoption of the preschool mandate across di erent states, the study also implements a staggered
di erence-in-di erences (DiD) approach. This method accounts for distributional treatment ef-
fects and allows for the analysis of varying treatment timing and intensity. By using a continuous
treatment variable that re ects the standardized number of preschools per locality, the study en-
hances its robustness in evaluating the e ects of the reform on cognitive outcomes and the quality
mechanisms driving these e ects.

This article employs two primary data sources: Formato 911, which provides detailed informa-
tion on the number of preschools and their characteristics, and ENLACE, which provides standard-
ized test scores for primary school students. These datasets are merged at the locality-cohort level,

enabling a robust comparison of treated and untreated cohorts. The results from the staggered DiD

3Several studies argue that the quality of preschool education is crucial for optimizing its bene ts on children's
development and long-term academic success. See, e.g., Andrew et al. (2020), Andrew et al. (2024), Baker et al.
(2019), Barnett (1992), Blau and Currie (2006), Blimpo et al. (2022),Corak (2013), Danziger and Waldfogel (2000),
Duncan and Magnuson (2013), Elango et al. (2015), Elango et al. (2016), Felfe et al. (2015), Gupta and Simonsen
(2010), Haeck et al. (2015), Hanushek and Woessmann (2012a), Hanushek and Woessmann (2012b), Heckman et al.
(2010b), Heckman (2013), Melhuish et al. (2015), Pages et al. (2022), Santibanez et al. (2007), and Weiland and
Yoshikawa (2013).

“The persistence of the impacts of these interventions has been examined in studies such as Bailey et al. (2017),
Deming (2009), Duncan and Magnuson (2013), Duncan et al. (2023), Freeberg and Payne (1967), Gray-Lobe et al.
(2023), Lipsey et al. (2018), Meghir et al. (2023), Melhuish et al. (2015), Pages et al. (2022), Puma et al. (2010), and
Puma et al. (2012).



analysis reveal a signi cant increase in four-year-old enroliment, with an approximate rise of 3-4
students per locality, which is substantial compared to the baseline of 16 students. Additionally,
the analysis indicates an improvement in Grade 5 average test scores, particularly in math, with
increases ranging from 0.05 to 0.16 SD. Results from the staggered DiD analysis also show evidence
of positive impacts on Grade 6 test scores and no impact on Grade 3 and Grade 4 test scores.
Despite the increase in preschool enroliment, there are challenges related to teacher quali cations,
as the proportion of preschool teachers with university degrees declined. However, the ndings
suggest that the bene ts of smaller class sizes and extended preschool time can mitigate the poten-
tial negative impacts of lower-skilled teachers, ultimately leading to cognitive skill improvements in
children. The TWFE model results indicate a signi cant increase in four-year-old enrollment and
an improvement in average test scores by approximately 0.15 to 0.20 SD for Grades 3, 4, and 6,
with larger increases in math.

In addition, this study explores the distributional e ects of the preschool reform on test scores
across various demographic groups, including gender, poverty, indigenous status, and rurality. The
analysis reveals that boys experienced a more pronounced increase in Grade 5 test scores in both
math and Spanish, despite a higher relative preschool enroliment of girls, suggesting that preschool
environments may better cater to boys' learning needs. In terms of socioeconomic status, stu-
dents from non-poor localities, particularly those in medium-poverty areas, demonstrated greater
improvements in test scores compared to their peers in the poorest localities. For indigenous
students, math scores remained unchanged, likely due to stagnant preschool enroliment in these
communities. Furthermore, the results indicate that rural localities bene ted signi cantly from the
reform, with notable increases in test scores attributed to higher preschool enrollment and reduced
class sizes.

This paper contributes to the existing literature on early childhood education by examining a
large preschool expansion program in a low and middle-income country context, unlike much of the
literature that primarily addresses high-income countries or small-scale targeted interventions. Its
ndings highlight the importance of preschool quality by investigating factors such as class sizes and
teacher quali cations, which are crucial for cognitive development. It also explores medium-term
academic outcomes, demonstrating that the bene ts of preschool can persist as children progress

through their education. Additionally, the research analyzes the distributional e ects of the reform
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across various demographic groups, revealing improvements in test scores for children in medium-
poverty areas while emphasizing the need for tailored educational policies to improve the outcomes
of the most marginalized population.

The remainder of the paper is organized as follows. Section 2 reviews the existing literature.
Section 3 provides background information on the preschool mandate that this study evaluates.
Section 4 describes the data. Section 5 discusses the two quasi-experimental estimation strate-
gies employed in this study. Section 6 presents the results for the canonical di erence-in-di erences
strategy. Section 7 showcases the main results using the staggered di erence-in-di erences method-

ology. Section 8 discusses the robustness of the results. Section 9 concludes.

2 Literature Review

This study is set in the context of a middle-income country. This context has been relatively
underrepresented in the existing literature on early childhood education, which primarily focuses
on high-income countries, despite LMICs being home to over 85% of the world's preschool-age
children.®> Early childhood interventions in LMICs do not guarantee positive cognitive outcomes,
as their e ectiveness relies on speci ¢ design and implementation factors. The diverse contexts
across LMICs further complicate the generalizability of successful interventions.

Early childhood interventions are often evaluated through two primary lenses: the employment
outcomes of mother§ and the developmental outcomes of children. This study falls into the latter
category, examining how early childhood interventions in uence medium-term academic perfor-

mance: in primary school. By prioritizing children's developmental trajectories, this research aims

5Some examples of studies examining early childhood interventions in HICs include Bailey et al. (2017), Baker
et al. (2008), Baker et al. (2019), Barnett (1992), Barnett (1995), Barr et al. (2022), Blau and Currie (2006), Cascio
(2023), Chetty et al. (2011), Cornelissen et al. (2018), Currie and Thomas (1993), Deming (2009), Dietrichson et al.
(2020), Felfe et al. (2015), Garca and Heckman (2023), Garces et al. (2002), Gray-Lobe et al. (2023), Gupta and
Simonsen (2010), Haeck et al. (2015), Havnes and Mogstad (2011), Havnes and Mogstad (2015), Heckman et al.
(2010a), Heckman et al. (2010b), Heckman et al. (2013), Ludwig and Miller (2007), Miller et al. (2023), Nollenberger
and Rodrguez-Planas (2015), Pages et al. (2022), Nores et al. (2005), and Weiland and Yoshikawa (2013).

6Some examples of studies that examine the relationship between early childhood interventions and maternal
employment are Abraham and Kearney (2020), Andresen and Havnes (2019), Baker et al. (2008), Berniell et al.
(2023) Blau and Currie (2006), Casarico and Lattanzio (2023), Cascio (2021), Carta and Rizzica (2018), Costa Dias
et al. (2020), Dustmann and Schenberg (2012), De la Cruz Toledo (2015), Givord and Marbot (2015), Haeck et al.
(2015), Havnes and Mogstad (2011), Kleven et al. (2024), Martnez and Perticaa (2017), Nollenberger and Rodrguez-
Planas (2015), and Olivetti and Petrongolo (2017).



to contribute to the understanding of how additional schooling during this critical developmental
stage can foster cognitive skills.

Pertinent literature on ECD interventions in LMICs for this paper includes studies examining
the impact of preschool programs, with some research indicating positive e ects while others do
not. Berlinski et al. (2008) show that in Uruguay, preschool attendance signi cantly enhances
educational outcomes by age 15, with treated children accumulating 0.8 more years of education
and being 27 percentage points more likely to remain in school than their untreated siblings,
particularly bene ting disadvantaged children. Berlinski et al. (2009) found that a large expansion
of universal preprimary education in Argentina signi cantly boosted primary school performance,
with an additional year of preprimary education increasing third-grade test scores by about 0.23 SD.
This contrasts with Bouguen et al. (2018), who explore a preschool expansion program in Cambodia,
revealing that low attendance rates following the intervention were driven by parental concerns
and beliefs about preschool, highlighting the need for e ective outreach to improve engagement.
Meghir et al. (2013) estimate the impacts of early stimulation for children under three years and
enhanced preschool for children aged three years and older in rural India, nding that while both
interventions improved children's cognitive skills and school readiness, only the e ects of early
stimulation were sustained after 15 months. They nd that enhanced preschool provided signi cant
catch-up bene ts for those who did not receive early stimulation, with no signi cant interactions
between the two interventions, highlighting the need for further investigation into their lack of
complementarities. Spier et al. (2020) found that subsidized preschool for 4-year-olds in Bangladesh
increased school readiness measured by literacy (0.23 SD), numeracy (0.30 SD), and social and
emotional development (0.34 SD).

Relevant literature on other ECD interventions in LMICs shows mixed results. For instance,
Andrew et al. (2020) found that a parenting intervention in the urban slums of India improved
short-term children's cognitive development by 0.35 SD, especially for boys; Andrew et al. (2024)
found that this intervention led to short-term improvements in cognition, receptive language, and
expressive language, with lasting impacts on numeracy (0.33 SD) and literacy (0.27 SD) after 4.5
years, particularly among the most disadvantaged children. Araujo et al. (2021) reported a 0.10
SD increase in development scores from a large-scale home visiting program in rural Peru. A

review by Attanasio et al. (2022) highlighted positive cognitive outcomes from parental investment



interventions in Colombia, Ethiopia, India, and Peru. In rural Indonesia, Brinkman et al. (2017)
noted a 7-9 percentage point increase in early childhood education enrollment from a government-
sponsored playgroup program, with some cognitive bene ts for disadvantaged children, though
these were not long-lasting. In Chile, Carneiro et al. (2019) found a low-cost parenting program
improved children's receptive vocabulary and socio-emotional development by 0.43 and 0.54 SD,
respectively, three years later. Additionally, Grantham-McGregor et al. (2020) reported signi cant
improvements in child cognition and language development in rural India from both home visiting
(0.32 SD) and group sessions (0.28 SD). Furthermore, Gertler et al. (2014) estimated that an
early childhood stimulation program in Jamaica increased participants' earnings by 25% after 20
years, while Grantham-McGregor et al. (1991) found that both nutritional supplementation and
psychosocial stimulation improved cognitive development, with the most signi cant bene ts from
their combination. Walker et al. (2011) also found for the Jamaican intervention that psychosocial
stimulation, unlike nutritional supplementation, led to lower violence involvement, higher 1Q, better
educational attainment, improved general knowledge, and fewer depression symptoms, emphasizing
the importance of early intervention for enhancing adult functioning and reducing violence. On the
other hand, Barrera et al. (2020) evaluate a daily text message intervention aimed at improving
parenting practices in poor households in rural Nicaragua, nding that while the messages enhanced
self-reported parental practices, they did not result in improvements in children's cognitive or socio-
emotional outcomes. The lack of positive results may be attributed to contextual factors such as
limited cell phone access or low education levels. Blimpo et al. (2022) evaluate two interventions to
improve early childhood development services in Gambia, nding that while access to community-
based centers was increased and training for providers was implemented, there were no signi cant
overall improvements in child development outcomes, highlighting the need for both access and
quality in ECD programs.

A highly relevant body of literature for this study focuses on the 2002 mandate that made
preschool compulsory in Mexico. Consistent with this study, research by Yoshikawa et al. (2007) and
De la Cruz Toledo (2015) documented increases in preschool enrollment, particularly in the second
year of preprimary education, while Zhang et al. (2021) identi ed a positive correlation between
the number of preschools and subsequent academic performance in primary school. Additionally,

De la Cruz Toledo (2015) found that the reform led to increased employment among mothers



of young children, indicating broader social bene ts. Consistent with my ndings, other studies
evaluating the reform have also found positive impacts on cognitive skills. Using a di erence-
in-discontinuity research design, Gomez-Carrera (2022) reported a 0.04 standard deviation (SD)
increase in Grade 3 test scores four years after the reform, driven by a 2 percentage point rise in
prior pre-k 2 enroliment. Similarly, Behrman et al. (2024) employed a di erence-in-discontinuity
approach and found that the Mexican preschool mandate resulted in increased preschool attendance
and signi cant improvements in fth- and sixth-grade cognitive scores in math and Spanish, as
well as enhanced noncognitive skills and student engagement, with notable long-term e ects on
educational attainment nearly 20 years post-reform, including higher probabilities of high school
and college completion. They indicated that the intervention led to test score increases of 0.07-0.11
SD in math and 0.04-0.07 SD in Spanish.

The di erence-in-discontinuity method used in Behrman et al. (2024) combines elements of
regression discontinuity (RDD) and di erence-in-di erences designs to mitigate the e ects of con-
founding treatments’ at discontinuities (Grembi et al. (2016); Tramontin Shinoki et al. (2024);
Takahashi (2024)). It relies on two key identi cation assumptions: continuity of potential out-
comes in the running variable -related to RDD-, and constant e ects of confounding treatments
across groups at the discontinuity (local parallel trends) -related to DiD-. It also considers that
all units adopt the treatment simultaneously and that the treatment is homogeneous across units.
Behrman et al. (2024) use this methodology to compare outcomes for children with birthdays in
the one month before and after the cuto date in both pre- and post-reform years. While the
di erence-in-discontinuity methodology can be e ective, it has limitations compared to staggered
DiD. Staggered DiD relies on less restrictive assumption§,accommodates staggered policy adop-
tion, and can utilize more data points since it does not require focusing on units close to a specic
threshold. For policy rollouts with variation in adoption timing, staggered DiD is preferable due
to its broader applicability and more extensive literature addressing potential biases and heteroge-

neous treatment e ects (as discussed in Section 5.2).

"Confounding treatment: pre-existing confounder due to the discontinuity.
8Di erence-in-discontinuity relies on assumptions for both the RDD and the canonical DiD methodologies while
staggered DiD relaxes the two main DiD assumptions (see Section 5.2).



Several studies argue that the quality of preschool education is crucial for optimizing its bene-
ts on children's development and long-term academic succes$. High-quality preschool programs
create enriching environments that promote cognitive, social, and emotional growth through well-
trained educators, engaging curricula, and supportive classroom settings (Barnett (1992); Heckman
(2013); Pages et al. (2022); Weiland and Yoshikawa (2013)). For example, Andrew et al. (2024)
found that in Colombia, low-cost preschool teacher training improved children's cognitive develop-
ment, particularly among disadvantaged children, while funding teaching assistants had no e ect.
Similarly, Gallego et al. (2021) reported improvements in math scores from a preschool teaching
intervention in Peru. Wolf (2019) found that a preschool teacher-training program in Ghana had
lasting positive impacts on literacy and executive function, dependent on the quality of subsequent
classroom environmentst® Conversely, Blimpo et al. (2022) found no cognitive bene ts from new
ECD centers and care-provider training in Gambia. Berkes et al. (2019) show that a preschool
expansion program in Cambodia had large impacts on the quality of preschool infrastructure and
materials but only limited impacts on the quality of educational processes, such as the pedagogical
practices and the quality of teacher-child interaction, thus nding very small cognitive e ects. With
this study, | contribute to the literature by showing that the positive quality e ect of smaller class-
rooms outweighs the negative impact of lower-skilled teachers. Higher-skilled preschool teachers
would have likely further enhanced the children's cognitive gains.

Research on the long-term impacts of early childhood interventions has identi ed three main
patterns of e ects over time (Van Aar et al., 2017). Fade-out e ects occur when initial positive
impacts diminish or disappear as children age, suggesting that early gains may not be sustained
without continued support (e.g., Bailey et al. (2017), Lipsey et al. (2018), Duncan et al. (2023),
Brinkman et al. (2017), and Meghir et al. (2013)). Sleeper e ects describe a pattern where bene ts
are not immediately apparent but emerge later in life, indicating that early interventions may have
latent impacts that manifest over time (e.g., Gray-Lobe et al. (2023), Deming (2009), Heckman

(2013), and Melhuish et al. (2015)). Sustainable e ects refer to persistent positive outcomes that

°See, e.g., Andrew et al. (2020), Andrew et al. (2024), Baker et al. (2019), Barnett (1992), Blau and Currie
(2006), Blimpo et al. (2022),Corak (2013), Danziger and Waldfogel (2000), Duncan and Magnuson (2013), Elango
et al. (2015), Elango et al. (2016), Felfe et al. (2015), Gupta and Simonsen (2010), Haeck et al. (2015), Hanushek
and Woessmann (2012a), Hanushek and Woessmann (2012b), Heckman et al. (2010b), Heckman (2013), Holla et al.
(2021), Melhuish et al. (2015), Pages et al. (2022), Santibanez et al. (2007), and Weiland and Yoshikawa (2013).
10see also Wolf and Peele (2019), Wolf et al. (2019), and Wolf et al. (2019).



maintain or even increase as children develop, supporting the idea that early interventions can have
lasting bene ts (Pages et al. (2022), Andrew et al. (2024), Gertler et al. (2014), and Wolf et al.
(2019)). These di erent patterns highlight the complexity of evaluating early childhood programs
and underscore the importance of long-term follow-up studies to fully understand their impacts.
Factors such as intervention quality, duration, and subsequent environments may in uence which
pattern emerges for a given program. The ndings in this study suggest that the cognitive skills
developed in preprimary school persist through the end of primary school, indicating no fade-
out e ect. Moreover, there is evidence of sleeper e ects since the full bene ts of early childhood
education become more evident as students encounter increasingly complex academic challenges in

the later years of primary school.

3 Background on the Preschool Mandate

In 2002, Mexico introduced an important educational reform by mandating compulsory preschool
education. The reform not only made it obligatory for the State to provide preprimary education
services but also mandated parents to see their children attend preschool (Bennett and Tayler,
2006). This legislative change aimed to enhance cognitive development in children through in-
creased exposure to formal educational environments, thereby addressing de ciencies in familial
developmental stimulation (De la Cruz Toledo (2015); Yoshikawa et al. (2007)). The reform was
enacted with robust political backing, garnering unanimous support from the major political par-
ties and the National Teacher's Union (SNTE), and was legislatively passed with near-unanimous
votes in both houses of Congress (462 out of 468 deputies and all 96 senators voted in favor).
The compulsory preschool initiative was implemented in phases to manage the logistical de-
mands on local governments:! The rst phase mandated enroliment for all 5-year-olds, in the
third year of preprimary education (pre-k 3), by the 2004-2005 academic year. The second phase
mandated the inclusion of 4-year-olds, in the second year of preprimary education (pre-k 2), by
2005-2006. The third phase initially planned to extend to 3-year-olds, in the rst grade of prepri-

mary education (pre-k 1), by 2008-2009. However, full implementation for pre-k 1 faced obstacles

1 States are responsible for education provision since the decentralization of the education system in 1992. Mu-
nicipalities are responsible for education infrastructure maintenance. See Appendix 2 for more information on the
Mexican Administrative Division and Appendix 3 for more information on the Mexican Education System.
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and was not implemented in 2008 (Rerez et al. (2010); Yoshikawa et al. (2007)}? Table 1 shows
that the largest increase in preschool enrollment was observed for pre-k 2, which was mandated
to be compulsory starting in 2005. Notably, the largest increases in pre-k 2 enrollment occurred
earlier, with a rise of 7 percentage points (pp) from 2001 to 2002 and 10 pp from 2003 to 2004,
rather than in 2005 (5 pp).

Table 1: National Enrollment Rates in Preschool Education

Year 3-year-olds 4-year-olds 5-year-olds 3-, 4-, 5-year-olds

1998 13.35% 53.52% 77.02% 48.02%
1999 13.96% 54.57% 77.63% 48.90%
2000 15.27% 54.76% 79.31% 50.11%
2001 17.02% 56.05% 79.43% 51.23%
2002 20.59% 63.19% 81.45% 55.50%
2003 22.07% 66.38% 85.83% 58.60%
2004 25.64% 76.23% 93.08% 65.49%
2005 24.61% 81.32% 98.35% 68.14%

Source: Yoshikawa et al. (2007) Table 4, based on Formato 911 and INEGI.

Prior to the reform, preschool education was not obligatory, and enrollment rates were low. By
2000, only 50% of children aged 3-5 were enrolled in some form of preschool, a gure that rose
dramatically post-reform, reaching 68% by 2005. Speci cally, enroliment for 4-year-olds surged
from 55% to 81% over the same period (Yoshikawa et al., 2007). Despite the impressive enrollment
gains, the policy was not accompanied by sanctions for non-compliance, which tempered the initial
ambitions of universal preschool access (Yoshikawa et al., 2007).

The reform also sought to improve the quality of preschool education through a series of initia-
tives. These included the requirement for preschool teachers to possess at least a university degree
(Licenciatura), and a substantial increase in the teaching workforce, with 28,760 new teachers added
between 2003 and 2005, representing a 17% increase (Yoshikawa et al., 2007). Additionally, a new
national curriculum was introduced in 2004 aimed at aligning preschool education with primary
and secondary education. However, the curriculum reform was initially applied in 2004 in only
5% of classrooms to test its viability and required adaptations, delaying its full impact for a year

(Secretaria de Educacon Rublica, 2004).

12 Appendix 1 details further the content of the reform.
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The nancial and administrative execution of the reform was complex.13 States, reliant on
federal transfers, faced challenges in expanding preschool infrastructure in such a short time frame
(Bennett and Tayler, 2006). Financial constraints, misallocation of resources, and insu cient
planning were cited as major impediments. For instance, 90% of educational funds were often
allocated to wages rather than infrastructure improvements (Negrete Rosales, 2011). Furthermore,
the rollout was uneven across the country, with states like Tlaxcala, Oaxaca, Guerrero, and Nuevo
Leon resisting implementation due to inadequate resources and infrastructure (Ortega Montes,
2008).

Despite these obstacles, the mandate's implementation led to a noticeable increase in enroll-
ment, particularly among 4-year-olds, while the increase was less pronounced for 3-year-olds due to
parental reluctance to send younger children to school (Yoshikawa et al., 2007). By 2005, nearly all
5-year-olds were enrolled, and the rates for 4-year-olds and 3-year-olds were 81% and 25%, respec-
tively (Yoshikawa et al., 2007). However, variations in compliance and the absence of enforcement
mechanisms meant that universal preschool enrollment was not fully achieved, leading to policy
adjustments in 2008 that required only one year of preschool prior to primary school enroliment

(Behrman et al., 2024).

4 Data

This research aims to determine whether preprimary education enhances cognitive skills by exam-
ining the Mexican reform that mandated compulsory preschool. Utilizing detailed data, | rst focus
on localities that lacked preschools before the reform but established them afterward. | compare
the outcomes in these localities to those in localities that still did not have preschools post-reform.
Additionally, | complement the analysis by examining the intensive margin, speci cally the change
in the number of preschools per locality.

| rely on two main data sources: Formato 911, to quantify the number of preschools per year

and, thus, the adoption of the reform, and ENLACE, to compare the primary school test scores

BThe reform was controversial and received large media attention, as several states claimed they lacked the
necessary resources and teachers for implementation. Civil society organizations, including Observatorio Ciudadano
de la Educacon, were vocal critics, arguing that the reform was implemented without adequate studies, planning, or
a child-focused program. They advocated for making only one year of preschool mandatory.

12



of students in treated localities against those in control localities. | compare the cohort of treated

students against the cohort of untreated students.

4.1 Sources

Formato 911.  The Formato 911 dataset, collected by the Mexican Ministry of Education (SEP)
since 1998, is a comprehensive school census that provides detailed information about schools in
Mexico. It includes data on school size, class size, and available resources, o ering insights into
school inputs. It also contains information on the student population and teacher quali cations
and credentials. It is collected annually, which allows for tracking changes over time. Each school
has a unique identi cation code and GPS coordinates, which enables linkage with other educational

datasets.

ENLACE. The ENLACE (Evaluacon Nacional de Logro Acacemico en Centros Escolares) dataset
provides comprehensive standardized test data for primary and secondary school students in Mex-
ico from 2006 to 2013. Administered annually by SEP, ENLACE was a census-based test covering
grades 3-9 and 12 nationwidé? It assessed student performance in math, Spanish, and a rotat-
ing subject each year, creating unique personal identi ers for all test takers to enable longitudinal
tracking of academic progress (XABER, 2020). ENLACE was designed to have a national average
score of 500 and a standard deviation of 100 for every subject area and grade (De Hoyos Navarro
et al., 2018). The dataset includes school identi ers, school GPS coordinates, socioeconomic data,
student demographics, student date of birth, and detailed test item diagnostics. Despite limitations
like attrition, grade in ation, and data matching challenges (see Appendix 4), ENLACE remains

a valuable resource for studying educational trajectories, school inputs, and learning outcomes in

Mexico over this period (de Hoyos et al., 2021).

4.2 Sample

I merge the two primary datasets: ENLACE, which provides detailed primary school student-level

information, including date of birth, and Formato 911, a census at the preschool level o ering

1 This rst assessment focuses on evaluating academic performance in primary school. The aim is to evaluate if
the impact on cognitive skills can be identi ed only a few years later. The methodology employed can easily be
replicated to evaluate the impact on secondary school students, which includes a larger time span.
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age data upon enrollment’® By constructing a cohort variable, data aggregation occurs at the
locality-cohort level, facilitating the merging of both datasets under the assumption that students
attend primary school in the same locality where they attended preschool or where they would
have attended preschool had there been on¥. This assumption is reasonable, as my ndings show
that 94% of primary schools have the nearest preschool within the same locality/ Table 2 presents
baseline descriptive statistics for the sample. Panel A indicates that in the year 2000, 92% of the
sample's localities were rural, and 4% had very high or high poverty level$® Panel B shows that
93% of the sample's localities already had a preschool in 2000 and that the share of public (General)
preschools was 73%.

The variable used to measure the First Stage in Sections 6 and 7, which is the impact of the
reform on pre-k 2 enrollment, is presented in row 17 of Table 2. This approach assesses whether
attending preschool serves as a channel through which the reform impacts test scores. On average,
there were about 16 students enrolled in pre-k 2 per locality in 2000. The increase to 21.5 students
per locality in 2005 suggests a rise in pre-k 2 enrollment.

The variable in row 19 of Table 2 is also pertinent. It re ects the number of preschools standard-
ized by the number of children aged 3-5 in the locality. This standardization facilitates comparisons
of the number of preschools across localities. This variable represents the treatment dose utilized
in the continuous treatment methodology described in Section 5.2.

Panels C and D of Table 2 present summary statistics on complementing preschool guality
mechanisms and the main outcomes, respectively. Sections 6 and 7 expand the de nitions of these
variables and explain them further.

The varying timing of adoption depicted in Figure 1 motivates the use of a staggered di erence-
in-di erences approach to estimate the reform's impact. However, as Panels (a) and (b) in Figures
1 and A15 show, the noticeable increase in pre-k 2 enrollment starting in 2002 suggests that it is
also necessary to consider the potential impact of the reform if all states had adopted it in 2002,

when it was published.

The nal sample was constructed by merging 86% of the observations in the ENLACE dataset to the Formato
911 dataset, using locality and cohort variables.

16 Appendix 5 includes further information regarding the construction of the sample.

" Furthermore, 37% of preschools and primary schools share the same facilities.

8| de ne a locality as Poor if it has Very High or High poverty levels according to CONEVAL, the public agency
responsible for measuring poverty in Mexico (Coneval, 2021). Results for the most disaggregated de nition of poverty
are presented in Appendix 7.
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Table 2: Summary Statistics

Panel A: Localities

Before Mandate: year 2000

After Mandate: year 2005

Variable Obs. Min. Mean Max. Obs. Min. Mean Max.
1 % Rural locs. 10574 0 9217 100 10655 0 9224 100
2 % Semi-urban locs. 10574 0 6.92 100 10655 0 6.88 100
3 % Urban locs. 10574 0 0.91 100 10655 0 0.88 100
4 % Indigenous locs. 10574 0 3.48 100 10655 0 3.48 100
5 9% Poor locs. (High or Very High) 10574 0 4.06 100 10655 0 4.18 100
6 % Very High poverty locs. 10574 0 0.05 100 10655 0 0.05 100
7 % High poverty locs. 10574 0 4.01 100 10655 0 4.13 100
8 % Medium poverty locs. 10574 0 32.63 100 10655 0 3273 100
9 % Low poverty locs. 10574 0 35.10 10Q 10655 0 35.02 100
10 % Very Low poverty locs. 10574 0 2822 10Q 10655 0 28.08 100
Panel B First Stage: Preschools and Pre-k 2 Enrollment
Before Mandate: year 2000 After Mandate: year 2005
Variable Obs. Min.  Mean Max. Obs. Min.  Mean Max.
11 % of Localities with a preschool 10574 0 9254 100 10655 0 93.60 100
12 % of General preschools in loc. 9813 0 73.04 100 10000 0 7224 100
13 % of Community preschools in loc. 9813 0 13.13 100 10000 0 1357 100
14 % of Indigenous preschools in loc. 9813 0 1344 100 10000 0 1325 100
15 % of Private preschools in loc. 9813 0 0.39 100 10000 0 0.94 100
16 Total preschools in loc. 10574 0 1.16 13 10655 0 1.22 16
17 Total pre-k 2 students in loc. 10574 0 15.98 654 10655 0 21.50 759
18 % of female pk 2 students in loc. 9465 0 53.94 100 9738 0 54.23 100
19 Preschools per pop. aged 3-5 in lot. | 10549 0 0.0450 1 10628 0 0.0467 1
20 Pre-k 2 enrollment (%) in loc.* 10549 0 93.38 6900 10628 0 116.07 9000
21 Pre-k 2 students per preschool in loc| 9785 0 11.28 101 9973 0 1421 121
Panel C Mechanisms: Preschool Quality
Before Mandate: year 2000 After Mandate: year 2005
Variable Obs. Min.  Mean Max. Obs. Min.  Mean Max.
22 % of pk teachers with Licenciaturd 9706 0 48.34 100 9886 0 52.39 100
23 % of pk teachers with Bachillerat® 9706 0 84.26 100 9886 0 83.99 100
24 % of pk teachers with Normal PK° 9706 0 13.09 100 9886 0 8.59 100
25 Pk 2 students per Pk 2 class in loé. 9688 0 10.08 64 9874 0 1249 61
26 Pk 2 students per Pk 2 teacher 7326 0 10091 64 7408 0 13.55 61
Panel D Outcomes: Test scores
Before: cohort 1995-1996 After: cohort 2000-2001
Variable Obs. Min.  Mean Max. Obs. Min.  Mean Max.
27 Grade 3 average test scorés 8723 297.36 438.00 658.2010596 325.63 497.18 694.55
28 Grade 4 average test scorés 10412 311.55 464.14 652.59010608 329.16 498.29 754.14
29 Grade 5 average test scorés 10543 327.86 472.33 650.4710619 339.30 516.03 737.14
30 Grade 6 average test scorés 10557 314.89 477.76 681.7310655 329.68 532.42 746.46

Source: Table generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL.

Notes: Data at the locality level. Localities are included in the sample if they have a primary school in the ENLACE
data. The sample includes the 11 states with a consistent September 1st cuto for both primary and pre-primary
school. These 11 states include Baja California, Campeche, Coahuila, Guanajuato, Jalisco, Morelos, Queretaro, San
Luis Potosi, Sonora, Veracruz, and Zacatecas. : Conditional on the locality having a preschool.
the school reporting the sex of the students. * : Conditional on the locality having population aged 3-5 according to
INEGI. °: These do not include community preschools since they do not report teachers' schooling. # : Conditional

on the schools reporting the number of pre-k 2 classrooms.

. Conditional on

: Conditional on the schools reporting the number

of pre-k 2 teachers; these do not include community preschools since they do not report teachers per grade. ** :
Conditional on ENLACE providing data for the cohort in the certain grade.
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Figure 1. Dynamic Adoption of the Reform

(a) Adoption in 2004 (b) Adoption in 2005

Source: Figure generated by the author using data from Formato 911 and INEGI.

Notes: This Figure shows examples of states that adopted the reform in dierent years. Panel (a) reveals that
Morelos experienced the most signi cant increase in preschools in 2004, whereas Panel (b) indicates that Queetaro
saw the largest increase in 2005. Additionally, both panels illustrate a notable rise in pre-k 2 enroliment starting in
2002. The di erent timing of adoption across all states is included in Appendix 6 Figure A4.

5 Methodology

The main objective is to assess test score di erences between treated localities (where preschools
were established due to the reform) and control localities. This analysis focuses on cohorts of
students within these localities, comparing outcomes between those exposed to preschool availability
and those not. The study employs panel data at the locality-cohort level.

The reform mandating preschool attendance for children and the provision of preschools by
states created an exogenous change in educational policy. While parental decisions regarding
preschool attendance can be endogenous and less observable, the legislative mandate induced states
to provide preprimary schooling. Due to resource constraints and other obstacles (see Negrete Ros-
ales (2011) and Ortega Montes (2008)), not all localities opened preschools under this reform.
Initially, I utilize the opening of preschools in localities that did not have any preschools to com-
pare post-reform outcomes between localities with and without preschools within the set of states

that adopted the reform.

5.1 Canonical Di erence-in-Di erences

| employ a two-way xed e ects model to compare test scores in treated localities to those in
untreated localities. | examine one period before and one after the reform, comparing the treated

and untreated cohorts. The causal estimand of interest is the average causal e ect on treated
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localities for the treated cohorts (ATT). The key assumption for identifying the causal e ect is
the assumption of parallel trends. Without treatment (a preschool), the average outcomes for the
treated and untreated localities would have evolved similarly. This is very intuitive in this setting
since the comparison is between localities with no preschools before the reform. The two-way xed

e ects regression speci cation is:

Yit = i+ ¢+(C¢ Dj) + it (1)

Where Y;t represents the average test scores in locality for cohort t, ; is the locality-specic
xed e ect, . is the cohort-specic xed e ect, C; is an indicator function that equals 1 if the
cohort is a ected by the reform and O otherwise, D; is the treatment variable, is the coe cient
representing the treatment e ect, and j: is the error term.

As mentioned, treatment is de ned at the locality level by the presence of a preschool post-
reform in the set of localities belonging to adopting states. In the setting where all states adopted

the national reform when it was published in 20029 the treatment is de ned as:

D; = 1(Total preschools?®? > 0j(T otal preschool§ =0 8 r < 2002)) 2)

For each locality i and yearr. This methodology considers only localities that had no preschools
before 2002 and compares the treated set of localities that had at least a preschool in 2002 to those
localities that remained without preschools in 2002. Considering the year 2002 is consistent with
the anticipatory increase in preschool enrollment observed in the data (see Figures 1 and Al5),
which took place before the mandated implementation date.

Following the reform, the greatest increase in preschool enrollment was observed for 4-year-olds,
as shown in Table 1. Thus, the treated cohort encompasses those children born between September
1997 and August 1998 and were old enough (4 years old) for pre-k 2 enrollment in 2082. The

ideal grade progression for the treatment and control cohorts is shown in Table 3.

1% Compulsory preschool was approved by the Mexican Congress in May 2002 before the start of the school cycle
in Septemeber. The decree was published in November 2002. The legislative process started in October 2001. A
UNICEF report (Yoshikawa et al. (2007)) documents a large increase in pre-k 2 enrollment rates since 2002.

20The school cycle in Mexico begins in September. A child must reach the appropriate age for that grade before
September 1 to enroll in that grade at the start of the school cycle. Appendix 3 includes more information on the
Mexican Education System.
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Section 6 shows the main results using the TWFE methodology described in Equation 1, which
considers that all states adopted the reform in 2002. However, Figure 1 shows that there is evidence
of dynamic adoption; some states adopted the reform in di erent years after 2002. Appendix 10
displays the results for the TWFE methodology using di erent adoption assumptions. Section 5.2
introduces the methodology of staggered DiD employed in this study.

Table 3: Observable Cohorts Along Grades

Control cohort Treatment cohort
Sep. 96 - Aug. 97 Sep. 97 - Aug. 98
(aged 4 before Sep 1st, 2002)
Pre-k 2 2001 2002
Pre-k 3 2002 2003
Grade 1 2003 2004
Grade 2 2004 2005
Grade 3 2005 2006
Grade 4 2006 2007
Grade 5 2007 2008
Grade 6 2008 2009

Source: Table generated by the author.

5.2 Staggered DIiD

The data indicate that the largest increases in preschool enrollment occurred in di erent years
across various states, implying staggered adoption of the reform by di erent states (see Figure
1). Furthermore, although states were mandated to provide preprimary schooling starting in 2004,
evidence shows anticipation and early adoption as early as 2002. These characteristics pose a
challenge because the TWFE methodology in Section 5.1 only yields causal estimates under the
assumption of treatment e ect homogeneity across units and time?! The setup of this study
encompasses heterogeneous treatment e ects across units, more than two periods, and variations
in treatment timing. Thus, a Static TWFE estimand may not yield a causal parameter due to

negative weighting (Borusyak et al. (2024); De Chaisemartin and d'Haultfoeuille (2020); Callaway

21 Other assumptions are also needed for causality in a static TWFE framework such as parallel trends and no
anticipatory e ects (Roth et al., 2023). In staggered DiD, these two assumptions are relaxed into the following:

1. Parallel Trends for Staggered Setting: Assumes that without treatment, average outcomes for all adoption
groups would have evolved in parallel, including non-adopters.

2. Staggered No Anticipation Assumption: Assumes that a unit's outcome when untreated is not in uenced by
knowledge of future treatment.
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and Sant'Anna (2021)). Similarly, Sun and Abraham (2021) showed that the estimands of a
Dynamic TWFE may also be biased for some units some periods after treatment due to cross-
lag \contamination" and "forbidden comparisons". ?> De Chaisemartin and d'Haultfoeuille (2023)
and Roth et al. (2023) provide an overview of the key developments in the Di erence-in-Di erences
literature to address these and other issues when using TWFE, including the development of the
staggered DiD designs.

Staggered DiD designs o er advantages over traditional DiD by allowing the analysis of treat-
ments implemented at di erent times across units. This approach provides greater exibility in
control group selection, increases statistical power, and enables the examination of dynamic and
heterogeneous treatment e ects. Importantly, it allows to graphically assess parallel trends across
multiple pre-treatment periods, enhancing the credibility of the parallel trends assumption. Addi-
tionally, staggered DiD facilitates the visualization of e ect persistence over time, providing insights
into whether treatment impacts are temporary or long-lasting. These features, combined with the
ability to use "not-yet treated" units as controls and incorporate covariates, make staggered DiD
a robust and informative method for analyzing causal e ects in settings with staggered policy
adoption (De Chaisemartin and d'Haultfoeuille (2023); Roth et al. (2023)).

Most of the staggered DiD literature has focused on a setup in which the treatment is binary
and being treated is an absorbing state (Roth et al. (2023); Borusyak et al. (2024); De Chaisemartin
and d'Haultfoeuille (2023), Gardner (2022)). A complementing strand of the literature analyzes
the case of continuous treatment (De Chaisemartin and d'Haultfoeuille (2024); de Chaisemartin
et al. (2022); Callaway et al. (2024)). The characteristics of the data utilized in this study present
some issues that complicate the use of the staggered DiD with a binary treatment, such as the one
presented in Equation 2. The few years and cohorts for which ENLACE data is available restrict
the data to an unbalanced panel where not all localities are observed for all cohorts. Moreover,
the low share of localities without a preschool before the mandate restricts the sample and power.
For this reason, the main results of the paper shown in Section 7 consider a staggered DiD with a
continuous treatment, following De Chaisemartin and d'Haultfoeuille (2024) and de Chaisemartin

et al. (2022). The staggered DiD with binary treatment results are included in Appendix 9.

22 A clean comparison would be between a treated unit and a not-yet-treated unit, or between a treated unit and
a never-treated unit.
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The staggered DiD with continuous treatment methodology can be used in a setup such as the
one presented in this study. There can be multiple groups and periods, the panel can be unbalanced,
and it does not require an absorbing state. Continuous treatments can o er advantages over binary
ones. Variation in intensity allows to evaluate treatments that all units receive. It might also
be more relevant to study changes in doses, such as the rate of preschool coverage in a locality,
instead of the existence of a preschool. However, the continuous treatment methodology requires
a stronger parallel trends assumption: the evolution for lower-dose units must re ect how higher-
dose units' outcomes would have changed had they experienced the lower dose instead (Callaway
et al., 2024). Thus, the evolution of test scores in localities with few preschools should have
evolved similarly to the evolution of test scores in localities with many preschools in the absence
of an increase in preschools. | assess the compliance of the stronger parallel trends assumption
with event study graphs using the methodology described in De Chaisemartin and d'Haultfoeuille
(2024) and de Chaisemartin et al. (2022).

As mentioned in Section 4.2, | employ as a treatment variable the number of preschools per
locality standardized by the population aged 3-5 in each locality (variable in row 19 of Table 2) in
this staggered DiD methodology with continuous treatment. This allows me to compare the dose of
preschools (the intensity of treatment) across localities to assess the impact of the reford?. Section

7 presents the main results and Appendix 7 presents complementing results for this methodology.

6 TWFE Results

This section presents the results of the TWFE methodology, assuming all states adopted the re-
form in 2002 following its approval by the Mexican Congress. Complementary results using this
identi cation strategy are included in Section Appendix 8.

Although the di erence-in-di erences methodology does not require that the treatment and
control groups have identical characteristics at baseline, a balance table is useful for assessing the
comparability of these groups before the intervention. Table 4 evaluates the comparability between

the control and treatment groups as de ned by Equation 2. The table indicates no signi cant

3| compute the results using the Stata package did_multiplegt_dyn developed by De Chaisemartin and
d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024). | utilize clustered standard errors at the
locality level and allow for group-speci ¢ linear trends when estimating the treatment e ects.
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di erences between the groups prior to the reform, suggesting that in the absence of treatment,
the outcomes would have evolved similarly in both groups. These results also help to rule out the
existence of confounding factors. Localities that did not have preschools before 2002 and opened
a preschool in 2002 are very similar to those that remained without a preschool. Table A7 in

Appendix 8 shows that 99% of these localities are rural.

Table 4: Balance Table for Localities that had no preschool before 2002

| @ @) ®)
Variable Control  Treatment T-C
Average schooling 3.928 4.000 0.072
(1.783) (2.371) (0.256)
Total population 260.362 248.863  -11.499
(384.311)  (181.921) (54.369)
% Female population aged 15-49 22.419 22.425 0.005
(6.137) (4.701) (0.881)
% Labor force participation -%18+- 53.342 54.132 0.789
(15.111) (12.648) (2.203)
% LFP in agriculture -%18+- 61.722 65.187 3.465
(28.857) (26.913)  (4.237)
% LFP in manufacturing -%18+- 19.486 19.558 0.072
(19.252) (20.945) (2.863)
% LFP in services -%18+- 16.585 14.049 -2.536
(16.705) (15.542) (2.452)
% of Indigenous language speakers 14.062 16.760 2.698
(31.075) (32.924) (4.610)
% of population aged 18-24 18.303 18.690 0.387
(6.292) (5.643) (0.912)
% Dwellings with dirt oor 44.513 51.653 7.140
(32.119) (32.938) (4.751)
% of Poor localities -very high or high- 0.121 0.082 -0.040
(0.327) (0.277)  (0.048)
% of rural localities 0.993 1.000 0.007
(0.083) (0.000) (0.012)
% of semi-urban localities 0.007 0.000 -0.007
(0.083) (0.000) (0.012)
% of urban localities 0.000 0.000 0.000
(0.000) (0.000)  (0.000)
Observations 583 51 63

Source: Table generated by the author using data from INEGI and CONEVAL.
Notes: Treatment is de ned as shown in Equation 2. Both groups are large. There
are no signi cative di erences between the Control and Treatment groups. Table
A7 shows complementing summary statistics.

Panel B of Table 5 further evaluates the parallel trends assumption by testing for the existence
of pre-trends, examining the impact of the intervention on test scores for untreated cohorts. In the
absence of treatment, there should be no di erence between groups, which is precisely what Panel
B of Table 5 shows.

The main results of this section, following the methodology outlined in Equations 1 and 2, are

shown in Panel A of Table 5. Column (1) demonstrates a strong First Stage, indicating that opening
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Table 5: E ect of the Reform for Localities that had no preschool
before 2002

VARIABLES First Stage Outcomes: Average Primary School Test Scores
Pk-2 students Grade 3 Grade 4 Grade 5 Grade 6
Panel A: Treatment
(2) (2 3) (4) (5)
n 4.6667*** 14.5321* 19.5773** 6.1438 15.0598*
(0.1619) (8.4944) (8.2787) (7.7848) (7.8005)
Treated locs. 0.0000 -10.5352 -14.6949** -6.0735 -12.2807*
(0.1145) (7.5111) (6.7456) (7.2814) (7.4194)
1(C=1997) 0.0000 -1.7147 -5.6030** 4,1389** 16.7157**
(0.0459) (2.3616) (2.2505) (2.0938) (2.1534)
Constant -0.0000 461.4901***  462.4429***  468.7911***  480.0977***
(0.0325) (2.2592) (2.1509) (2.1426) (2.2307)
Observations 1,268 1,268 1,268 1,268 1,268
R-squared 0.5783 0.0016 0.0046 0.0024 0.0301
Test First Stage Treatment Treatment Treatment Treatment
Baseline 0 460.64 461.26 468.3 479.11
Years 2001 vs 2002 | 2001 vs 2002 2001 vs 2002 2001 vs 2002 2001 vs 2002
Panel B: Pre-trends
(6) ) 8 9)
A -2.4358 -5.1900 -9.7804 -6.2359
(8.9039) (6.4443) (6.7071) (7.3822)
Treated locs. -8.0993 -9.5048 3.7070 -6.0448
(9.8664) (6.1483) (7.0091) (6.5751)
1(C=1996) 16.7903*** 1.8298 1.5836 7.6819***
(2.8686) (2.0908) (2.0109) (2.1358)
Constant 444.6998***  460.6131***  467.2075***  472.4158***
(2.9805) (2.2243) (2.1668) (2.2529)
Observations 1,268 1,268 1,268 1,268
R-squared 0.0217 0.0044 0.0008 0.0069
Test Pretrends Pretrends Pretrends Pretrends
Baseline 444.06 459.86 467.51 471.93
Years 2000 vs 2001 2000 vs 2001 2000 vs 2001 2000 vs 2001

Clustered standard errors at the Tocality level in parentheses
***p <0.01, ** p<0.05, * p<0.1

Source: Table generated by the author using data from Formato 911, ENLACE, and INEGI.
Notes: ENLACE test scores were designed to have a national average score of 500 and a standard deviation
of 100 for every subject area and grade. Panel A shows the treatment e ects for Equation 1 for the cohorts
presented in Table 3; it compares the cohort a ected by the reform (born in September 1997 - August
1998) to the cohort una ected by the reform (born in September 1996 - August 1997).
Panel B shows the results for Equation 1 for the pre-trends; it compares una ected cohorts (born in
September 1996 - August 1997 and September 1995 - August 1996). The pre-trend for pre-k 2 enroliment
is zero by construction since there are no preschools in those localities.
Table A8 disaggregates the results for math and Spanish test scores.
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a preschool in a locality that previously had none increases pre-k 2 enroliment by approximately 5
students.2* Columns (2), (3), and (5) show that the intervention caused an increase in average test
scores by 0.15-0.20 SD, a signi cant improvement. Column (5) provides evidence that this increase
in academic performance persists through to primary school graduation.

Table A8 separates the results for math and Spanish test scores. It reveals that the signi cant
increase in test scores is primarily driven by math scores, which rise by 0.19-0.22 SD. This nding
is intuitive since math abilities are typically more closely related to skills learned at school rather
than at home. Behrman et al. (2024) also nd larger impacts for math than for Spanish. It is
important to mention that the math estimates in Table A8 for a speci ¢ population subsample are
larger than the 0.07-0.11 SD increase found by Behrman et al. (2024) for the entire population.
This is because the subsample used in this study had never previously had a preschool in their

locality.

7 Staggered DiD Results

7.1 Main Results

Figure 2 presents the main outcomes of the staggered DiD with continuous treatment methodology,
as described in Section 5.2. Panel (a) reveals a signi cant increase in pre-k 2 enrollment, with an
approximate rise of 3-4 students, comparable to the First Stage results in Table 5. This increase is
substantial relative to the baseline of 16 students shown in row 17 of Table 2. The graph in Panel
(a), indicating parallel trends, also demonstrates that this rise is noticeable for both girls and boys,
with a slightly higher impact on girl enroliment.

Despite the increase in pre-k 2 enroliment, Panel (d) in Figure 2 shows a reduction in class size
and student-to-teacher ratios. The expansion of classrooms and teachers outpaced the growth in
pre-k 2 students, thereby enhancing preschool quality. Although the evidence for parallel trends
is not perfect, the reduction in both ratios (and corresponding quality improvement) is clear. The
decrease ranges between 1 and 3 students, which is signi cant compared to the baseline levels of

10 and 11 students per class and per teacher, respectively (rows 25 and 26 of Table 2).

24Mechanisms such as preschool class size and teachers' education cannot be tested using this methodology due to
a lack of observations.
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The reform stipulated that preschool teachers should have at least a university degree (Licen-
ciatura). However, Panel (c) of Figure 2 indicates a persistent decline in the proportion of teachers
with a university degree, including those specialized in preschool teaching (Normal Preescolar).
Surprisingly, the share of teachers with a high school diploma (Bachillerato) also declined, though
this was a temporary trend.

The ndings from Panel (c), along with those in Panels (a) and (d), imply that the rise in
teacher numbers to meet the higher demand was primarily due to an increase of low-skilled teachers.
Consequently, the quality improvements observed in Panel (d) are inhibited by the lower educational
attainment of these teachers. In a scenario where preschool teachers lack adequate skills, the
bene ts of early childhood education can be greatly diminished. Low-skilled teachers can hinder
the development of students' cognitive skills, leading to negative impacts on their posterior academic
performance.

Nevertheless, Panel (b) in Figure 2 indicates that test scores not only avoided deterioration but
improved over the longer term. Speci cally, Grade 5 test scores show a signi cant increase, ranging
from 0.05 to 0.16 SD. Grade 6 also exhibits suggestive evidence of positive impacts, with signi cant
coe cients using 90% con dence intervals. This aligns with existing literature, which suggests
that the benets of cognitive skills developed through early childhood education often become
more evident in the long term due to the cumulative and compounding nature of learning. Early
cognitive skills provide a foundation for later learning, enabling children to acquire and integrate
new knowledge more e ciently over time. The full bene ts of early childhood education become
more evident as students encounter increasingly complex academic challenges in the later years of
primary school.

The ndings shown in Figure 2 indicate that the bene ts of smaller preschool groups and
extended time in preschool (in the intensive or extensive margin) o set the potential negative
impact of lower-skilled teachers, resulting in overall cognitive skill improvement in children. The
interpretation of these results is complemented with a consistent overall interpretation from results

shown in Table 5, which also show an improvement in test scores and, thus, cognitive skills.
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Figure 2: Staggered DiD with Continuous Treatment: Main Results

(a) First Stage: Pre-k 2 Enroliment (b) Outcomes: Average Test Scores

(c) Mechanisms: Preschool Teachers' Education (d) Mechanisms: Preschool Class Size

Source: Figure generated by the author using data from Formato 911, ENLACE, and INEGI.

Notes: All graphs include 95% con dence intervals. Section 5.2 explains the used methodology. The continuous
treatment variable is the number of preschools per locality standardized by the population aged 3-5 in each locality
(variable in row 19 of Table 2). The results are computed using the Stata package did_multiplegt_dyn developed by
De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024). They include clustered
standard errors at the locality level and allow for group-speci ¢ linear trends when estimating the treatment e ects.
Panel (a) relies on data from Formato 911 on total pre-k 2 enrollment (variable in row 17 of Table 2) and by gender.
Panel (b) relies on data from ENLACE on math and Spanish test scores, which are averaged for simplicity purposes
(variables in rows 27-30 of Table 2). ENLACE test scores were designed to have a national average score of 500 and
a standard deviation of 100 for every subject area and grade.

Panel (c) relies on Formato 911 preschool data for all pre-primary school grades and all types of preschools except
Community preschools since that information is not available for those schools. This panel plots the share of teachers
with a certain schooling level (variables in rows 22-24 of Table 2). These levels are de ned as "Licenciatura™ a
teacher with an undergraduate degree, as mandated by the reform; "Bachillerato”: a teacher with a high school
degree; "Normal preescolar": a teacher with an undergraduate degree specialized in preschool teaching.

Panel (d) relies on Formato 911 preschool data for pre-k 2. It plots the class size and student-to-teacher ratio
(variables in rows 25 and 26, respectively, of Table 2). Data on students per teacher include information for pre-k
2 for all types of preschools except Community preschools since that information is not available for those schools.
Data on students per class include information for pre-k 2 for all types of preschools.
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7.2 Distributional E ects

This section delves into the e ect of the reform on test scores across di erent demographic groups.

Speci cally, Figure 3 illustrates the impact on Grade 5 average test scores by gender, poverty,

indigenous status, and rural status. Complementary results for Grades 3-6 average test scores
are provided in Figures A5-A82° Additionally, Figures A9-A13 show results related to pre-k 2

enrollment and quality mechanisms detailed in Table 2.

Gender. Figure 3 expands on Panel (b) of Figure 2. Panel (a) of Figure 3 indicates a more
pronounced increase in Grade 5 test scores for boys, in both math and Spanish (see Panel (c) of
Figure A7). This result is unexpected given the reform slightly increased relatively more girl pre-k

2 enroliment (Panel (a) of Figure A9). The mechanism behind this e ect is not detailed in this
paper, but it is possible that preschool environments might better cater to boys' learning styles or

needs, providing them with a greater advantage by the end of primary school.

Poverty.  Panel (b) of Figure 3, along with Panels (d) and (e) of Figure A7, suggests that students
in non-poor localities, particularly those with medium poverty, experienced larger improvements

in test scores compared to students in the poorest localities. This aligns with the substantial
increase in pre-k 2 enrollment in non-poor localities (particularly medium poverty localities), as
shown in Panels (e) and (f) of Figure A9. Furthermore, class sizes decreased more in these non-
poor localities (Panels (d) and (e) of Figure A10). This indicates that the reform was ine ective in
reducing learning disparities between the richest and poorest localities but succeeded in narrowing

the gap between medium-poverty and very low-poverty localities.

Indigenous Localities. Panel (c) of Figure 3 shows that the reform led to an increase in Spanish
test scores for students in indigenous localities, while math test scores remained unchanged. This
contrasts with the overall positive e ect on both Spanish and math test scores (Panel (a) of Figure

A7). The lack of improvement in math test scores can be attributed to unchanged pre-k 2 enrollment

% Grade 5 test scores are preferred for interpretation due to clearer evidence of parallel trends compared to Grade
6. Nonetheless, the interpretation for Grade 6 is consistent with that for Grade 5. Grades 3 and 4 are not included
in the main result as the bene ts of skills acquired in preschool become more evident over the longer term.
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in indigenous localities (Panel (d) of Figure A9), despite a decrease in class sizes (Panel (c) of Figure

A10), which likely drove the increase in Spanish test scores.

Rural Localities. Panel (d) of Figure 3 and Panel (i) of Figure A7 indicate that the increase

in test scores is primarily driven by gains in rural localities. This is consistent with the signi cant

rise in pre-k 2 enroliment in rural areas (Panel (b) of Figure A9). Although pre-k 2 enrollment
also increased in semi-urban settings, class sizes decreased more in rural areas than in semi-urban
settings (Panel (a) of Figure A9), which is the mechanism behind the improved test scores in rural
localities. Consequently, the reform helped reduce learning disparities between rural and more

urbanized localities.

Other Results. Panel (g) of Figure A7 shows that the increase in test scores is most evident
in public (General) schools, which saw the largest increase in pre-k 2 enrollment (Panel (c) of
Figure A9). Additionally, Figure Al4 provides evidence of a one-year delay in primary school

entry, consistent with ndings from Behrman et al. (2024).26

2t js important to remark that in this study, | examine test scores based on student cohorts rather than their
current grade level, ensuring that a one-year delay does not bias the results.

27



Figure 3: Distributional E ects on Grade 5 Test Scores

(a) Gender (b) Poverty

(c) Indigenous Localities (d) Setting

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL.

Notes: ENLACE test scores were designed to have a national average score of 500 and a standard deviation of 100 for
every subject area and grade. All graphs include 95% con dence intervals. Section 5.2 explains the used methodology.
The continuous treatment variable is the number of preschools per locality standardized by the population aged 3-5
in each locality (variable in row 19 of Table 2). The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024). They
include clustered standard errors at the locality level and allow for group-speci c linear trends when estimating the

treatment e ects.
8 Robustness

The robustness checks using alternative estimators and identi cation strategies reinforce some of
the main ndings but also reveal some limitations and nuances. The staggered DiD with binary
treatment results in Appendix 9, despite having less statistical power than those in Section 7, con-
rm an increase in pre-k 2 enrollment, consistent with the main results in Section 7.1. However,
the impact on test scores is less clear. In Appendix 9.1, when de ning the adoption year using
maximum pre-k 2 enrollment growth, which excludes 2002 as an adoption year, the coe cients are
negative and mostly non-signi cant. In Appendix 9.2, when de ning adoption years using maximum

total preschool growth and, thus, including 2002 as an adoption year, the test score coe cients are
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positive and mostly non-signi cant. This suggests that while the reform did increase enrollment,
its e ects on cognitive outcomes might not be uniformly positive across di erent adoption timings,
potentially due to the varying quality of implementation, i.e., the hiring of low-skilled teachers,
anticipation, or other sample-related bias. The staggered DiD with continuous treatment method-
ology addresses these shortcomings by including all the adoption years in the sample, increasing
the statistical power, and enabling the analysis of the quality mechanisms.

The results for the TWFE methodologies in Appendix 10.1 and Appendix 10.2, though limited
by low statistical power, also support an increase in pre-k 2 enrollment, aligning with the ndings in
Section 6. However, they show a non-signi cant negative e ect on test scores when focusing on 2004
as the adoption year (similar to Appendix 9.1), and they o er weaker evidence regarding parallel
trends than results in Section 6. Moreover, when considering 2005 as the adoption year, there is
one negative and signi cant coe cient, while all others are non-signi cant. These inconsistencies
underscore the importance of the adoption year and indicate that the results are sensitive to the
timing of the reform’'s implementation.

The results in Appendix 10.3 rely on a TWFE model with an alternative identi cation strategy
that o ers more statistical power than those in Section 6, Appendix 10.1, and Appendix 10.2,
though it compares localities that are less similar before the reform. These results focusing on 2004
and 2005 as adoption years also indicate an increase in pre-k 2 enrollment and provide evidence of
parallel trends. As for test scores, all coe cients are non-signi cant, and most of them are positive.
The approach in Appendix 10.3 is useful for assessing the impact on quality mechanisms, similar
to Panels (c) and (d) of Figure 2, but with a TWFE approach. Tables A19 and A22 reveal a
much larger decline in teachers' educational attainment, particularly for 2004 adoption, compared
to Panel (c) of Figure 2.

The robustness checks suggest that while the ndings on pre-k 2 enrollment are generally consis-
tent, the reform's impact on test scores may depend on the speci ¢ context and timing of adoption.
The staggered DiD with continuous treatment methodology mitigates these issues by incorporating
all adoption years into the sample, enhancing statistical power, and allowing for a more thorough

analysis of quality mechanisms.
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9 Conclusion

The ndings from the study provide comprehensive insights into the implementation and impact of
the preschool education reform in Mexico. The results underscore the signi cance of early childhood
education and its medium-term bene ts on cognitive development, particularly in math skills. The
reform led to substantial increases in preschool enrollment since 2002, especially among 4-year-
olds, and was accompanied by improved educational outcomes, particularly in the last two years
of primary school. Results from the staggered di erence-in-di erences analysis reveal a signi cant
improvement in Grade 5 test scores, with increases ranging from 0.05 to 0.16 SD. The ATT estimates
reveal that localities that established their rst preschool due to the reform saw an increase in Grade

6 test scores by 0.15 SD. This impact is more pronounced in math test scores, which increased by
0.19 SD. These results highlight that the cognitive skills developed in preprimary school persist
through the end of primary school, indicating no fade-out e ect.

The reform was successful in increasing preschool quality regarding class size; however, chal-
lenges regarding teacher quali cations persisted. While the expansion of preschool infrastructure
and the hiring of new teachers addressed some of the logistical challenges, the in ux of less-quali ed
teachers highlighted the need for continued focus on teacher training. The ndings suggest that
while the quantity of educational inputs was successfully increased, attention to the quality of these
inputs remains crucial.

The analysis of distributional e ects highlighted important disparities. Boys experienced slightly
higher bene ts from the reform in terms of test score improvements, a nding that warrants further
investigation into gender-speci ¢ educational needs and strategies. The positive e ects observed in
rural communities indicate some progress in reducing educational inequities. However, the impact
of the reform was more favorable in medium-poverty and non-poor localities compared to the
poorest areas, suggesting that the reform was ine ective in breaching learning gaps for the most
marginalized communities. Moreover, the lack of improvement in math test scores in indigenous
communities, driven by stagnant pre-k 2 enrollment, suggests that marginalized communities still
require targeted support to sustain and amplify gains from similar policies.

The methodology employed, which included a staggered di erence-in-di erences approach, was

crucial in accurately assessing the causal e ects of the reform. By addressing issues related to
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treatment e ect heterogeneity and dynamic adoption across di erent states, the study was able to
provide more precise estimates of the reform's impact.

The 2002 Mexican preschool education reform signi cantly improved early childhood education,
promoted cognitive skill formation, and addressed certain developmental disparities. This study
provides evidence for the e ectiveness of formal early childhood education in a developing country
context. Additionally, the ndings o er valuable insights for researchers and policymakers involved
in early childhood education. The use of staggered di erence-in-di erences, a robust methodological
framework, ensured a comprehensive analysis of the reform's impact, providing a reliable model for

evaluating similar educational policies in the future.
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10 Appendix

Appendix 1 The Publication of the Preschool Reform

Appendix 1.1 Excerpt from the Original Announcement in Spanish 21

Artculo 3o. Todo individuo tiene derecho a recibir educacon. El Estado -federacon, estados,
Distrito Federal y municipios-, impartia educacon preescolar, primaria y secundaria. La educacon
preescolar, primaria y la secundaria conforman la educacon tasica obligatoria.

Artculo 31. Son obligaciones de los mexicanos: |. Hacer que sus hijos o pupilos concurran
a las escuelas publicas o privadas, para obtener la educacon preescolar, primaria y secundaria, y
reciban la militar, en los erminos que establezca la ley.

Primero Transitorio.- El presente Decreto entrag en vigor al da siguiente de su publicacon
en el Diario O cial de la Federacon.

Cuarto Transitorio.- Con el objetivo de impulsar la equidad en la calidad de los servicios de
educacon preescolar en el pas, la autoridad educativa debema prever ... que la imparticon de la
educacon preescolar es una profeson que necesita ttulo para su ejercicio,...

Quinto Transitorio.- La educacon preescolar sema obligatoria para todos en los siguientes
plazos: en el tercer ano de preescolar a partir del ciclo 2004-2005; el segundo afno de preescolar, a
partir del ciclo 2005-2006; el primer ano de preescolar, a partir del ciclo 2008-2009. En los plazos
sefalados, el Estado mexicano habia de universalizar en todo el pas, con calidad, la oferta de este
servicio educativo.

Sexto Transitorio.- Los presupuestos federal, estatales, del Distrito Federal y municipales
incluian los recursos necesarios para: la construccon, ampliacon y equipamiento de la infraestruc-
tura su ciente para la cobertura progresiva de los servicios de educacon preescolar; con sus cor-
respondientes programas de formacon profesional del personal docente as como de dotacon de
materiales de estudio gratuito para maestros y alumnos...

Sptimo Transitorio.- Los gobiernos estatales y del Distrito Federal celebraan con el gobierno
federal convenios de colaboracon que les permitan cumplir con la obligatoriedad de la educacon

preescolar en los £rminos establecidos en los artculos anteriores.

27 see the translation of the excerpt in Appendix 1.2.
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Appendix 1.2 Translation of the Excerpt

Article 3. Every individual has the right to receive education. The State - federation, states,
Federal District, and municipalities - shall provide preschool, primary, and secondary education.
Preschool, primary, and secondary education constitute basic compulsory education.

Article 31. It is the obligation of Mexicans: |. To ensure that their children or wards at-
tend public or private schools to receive preschool, primary, and secondary education, and receive
military education, under the terms established by law.

First Transitory.- This Decree shall enter into force the day after its publication in the
O cial Journal of the Federation.

Fourth Transitory.- In order to promote equity in the quality of preschool education services
in the country, the educational authority must ensure ... that the provision of preschool education
is a profession that requires a university degree for its practice,...

Fifth Transitory.- Preschool education will be compulsory for everyone according to the fol-
lowing timelines: in the third year of preschool starting from the 2004-2005 school cycle; in the
second year of preschool, starting from the 2005-2006 school cycle; in the rst year of preschool,
starting from the 2008-2009 school cycle. Within the speci ed timelines, the Mexican State must
universally o er this educational service nationwide, with quality.

Sixth Transitory.- The federal, state, Federal District, and municipal budgets will include
the necessary resources for: the construction, expansion, and equipping of su cient infrastructure
for the progressive coverage of preschool education services; with corresponding programs for the
professional training of teaching sta as well as the provision of free study materials for teachers
and students...

Seventh Transitory.-  The state and Federal District governments shall enter into collaboration
agreements with the federal government to comply with the compulsory preschool education as

established in the previous articles.
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Appendix 2 Mexico's Administrative Division

Mexico is a federal republic organized into several levels of government: federal, state, and munic-
ipal, with additional subdivisions at the local level. The federal government, the highest level of
government, is responsible for national policies, defense, foreign a airs, and overall economic policy.

Mexico is divided into 32 federal entities, including 31 states and Mexico City (the capital,
previously named Federal District, which has a special status akin to that of a state). Each state
has its own constitution, governor, and legislature, which are responsible for local policies, public
education, health services, and infrastructure, among other things.

Each state is subdivided into municipalities (municipios). There are around 2,500 municipalities
across the country. The municipal governments handle local services such as water supply, public
safety, and local roads.

Within municipalities, there are smaller administrative units called localities (localidades).
These can range from large cities to small rural communities. Localities are the most basic units of
settlement and are recognized for statistical and administrative purposes. They do not have their
own government but are subject to the jurisdiction of the municipality they belong to.

Mexico has over 200,000 localities. Localities in Mexico can be broadly categorized into urban
and rural areas. Urban localities are typically de ned as those with populations of 2,500 or more
inhabitants. Rural localities are those with populations of less than 2,500 inhabitants. Around
2% of localities are urban and 98% rural. A sub-category of urban localities is semi-urban which
encompasses localities with populations between 2,500 and 15,000 inhabitants. AlImost 90% of the
broader urban category are semi-urban.

Indigenous localities are those where a large portion of the population identi es as indigenous
or speaks an indigenous language. There are more than 10,000 predominantly indigenous localities

in Mexico.

Appendix 3 Mexico's Educational System

The Mexican educational system is organized into several distinct levels. It begins with initial
education for children under 3 years old, followed by basic education which encompasses preschool

(ages 3-5), primary (ages 6-11), and secondary (ages 12-15) levels. The system then progresses to
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upper secondary education, o ering both high school and technical tracks, and culminates in higher
education.

Basic education, which is mandatory, is delivered through three main types of schools. General
schools, both public and private, are the most prevalent, serving the majority of students with
a standard curriculum that includes subjects like Spanish, math, natural sciences, history, and
physical education. To address the unique needs of indigenous communities, specialized schools
o er intercultural and bilingual education, aiming to preserve and promote indigenous languages
and cultures while also delivering the national curriculum. These schools are primarily located in
rural and indigenous areas. For remote and underserved regions, community schools managed by
the National Council for Educational Development (CONAFE) ensure access to basic education.
These schools are sta ed by young, trained community instructors who provide essential educational
services in areas lacking regular schools.

In 2000, 88% of preschoolers were enrolled in General schools, 9% in indigenous schools, and
3% in community schools. As for primary school in 2000, 94% of students were enrolled in General
schools, 5% in Indigenous schools, and 1% in community schools. Only about 10% of preschools
are private (Bennett and Tayler, 2006).

Preschools operate along age cohort lines and are open for 3 or 4 hours daily, ve days a week.
Some preschools o er both morning and afternoon sessions. A special subset of preschools, known
as "mixed preschools" (jardines mixtos), combine a regular preschool session with care during a full-
day program. This preschool model is not very widespread (Bennett and Tayler, 2006). Enrollment
ratios vary considerably among states, ranging from 65% to 113% for children aged 5 and from
2% to 53% for those aged 3. Generally, the poorest states tend to have lower enrollment ratios,
although there are exceptions to this trend (Bennett and Tayler, 2006).

The Mexican education system is managed through a complex network of educational entities,
with responsibilities shared across di erent levels of government and various institutions. At the
federal level, the Ministry of Education (SEP) plays a central role in setting national education
policies and standards. However, the system is largely decentralized, with each of Mexico's 32
federal entities operating their own Education Ministries or Departments to manage education

within their jurisdictions.
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While the federal government establishes overarching norms and regulations, state governments
are primarily responsible for operating basic education services, including preprimary, primary, and
secondary levels. Municipalities also contribute, particularly in maintaining school infrastructure.

The school cycle in Mexico typically runs from September to July. The typical cuto date for
enroliment in a certain grade was September 1. Therefore, a child must reach the appropriate age

for that grade before September 1 to enroll in that grade at the start of the school cycle.

Appendix 4 ENLACE

ENLACE (Evaluacon Nacional de Logro Acacemico en Centros Escolares) was a relevant stan-
dardized testing program in Mexico, conducted annually from 2006 to 2013 for grades 3-9 and
12. Administered by the Mexican Ministry of Education (SEP), ENLACE aimed to assess student
achievement in math, Spanish, and rotating subjects, utilizing item response theory for consistent
scoring within grades over time. Each subject targeted a national mean score of 500 points with a
standard deviation of 100 points (De Hoyos et al., 2017).

The dataset provided detailed insights into school performance, student demographics, and
teacher quali cations. It facilitated longitudinal studies by assigning unique identi ers to students,
enabling tracking of academic progress over time. ENLACE results in uenced educational policy,
serving as a benchmark for school comparisons and informing resource allocation decisions.

Despite its intended low-stakes nature, ENLACE garnered widespread attention in Mexico, ap-
pearing frequently in major newspapers and NGO rankings. It became a medium-stakes assessment
for school directors and communities, shaping perceptions of educational quality (de Hoyos et al.,
2021).

Criticism of ENLACE included concerns about its use in high-stakes contexts, such as teacher
bonuses, which led to strategic behaviors and worries about grade in ation. In response to these
issues and the establishment of the INEE (National Institute for Educational Evaluation), ENLACE
was phased out after 2013-2014 and replaced by the Plan Nacional para la Evaluacon de los
Aprendizajes in 2015, marking a shift in Mexico's educational assessment approach (de Hoyos

et al., 2021).
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Despite their limitations, de Hoyos et al. (2021) nd that ENLACE test scores can e ectively
measure the cognitive skills they are designed to measure and can be utilized to monitor student

learning.

Appendix 5 Sample

To construct the sample, the study utilized three primary data sources: locality data from INEGI,

Formato 911 preschool data, and ENLACE primary school test scores.

Locality Data Set. First, the number of localities and their ID codes were obtained from INEGI
using catalogs such as the 2000 Catlogo de Integracon General de Localidades (CIGEL) and the
Catllogo Unico de Claves deAreas Geoestadsticas Estatales, Municipales y Localidades. The IDs
were veri ed to ensure they matched between the Ministry of Education and INEGI data, noting
that only around 75% of IDs coincided due to di erences in coding until 2003. For this reason,
GPS coordinates for preschools, available for about 90% of the schools, were used to assign locality
IDs accurately. Additionally, population and cartography data from INEGI were used to create a
setting variable (urban, semi-urban, rural) at the locality level, supplemented by Coneval's 2000

poverty data®® and INEGI's 2000 Population Census data.

Formato 911 Preschool Data Set. For the Formato 911 dataset, relevant variables were gen-
erated for each school year, including total preschools, enrollment of 4-year-olds, certi ed teachers,
and classroom sizes. The data were di erentiated by school types (General, Indigenous, Commu-
nity, and Private), and cohort variables were de ned based on 4-year-olds enrolled in a specic
school year (sep-aug). GPS coordinates were used to assign locality IDs to 90% of preschools.
Outliers for variables such as student enroliment, teachers, and classrooms were winsorized at the

school level, and the data were aggregated at the locality-cohort level.

28| use the Social Lag Index as a proxy for poverty. This index, estimated by the National Council for the Evaluation
of Social Development Policy (CONEVAL), is a weighted measure that summarizes indicators related to education,
access to health services, housing quality and space, basic household services, and household assets. Its purpose is to
rank territorial units (states, municipalities, and localities) according to the index value derived from the observed
levels of these social indicators. It also classi es these units into ve degrees of social lag: very low, low, medium,
high, and very high. It is important to note that this index is not a perfect measure of poverty, as it does not include
information on income, access to social security, or access to food (Coneval, 2021).
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ENLACE Primary School Test Scores Data Set. For ENLACE data, relevant variables
such as math and Spanish test scores, along with students' sex, were utilized for each school year
and grade. Cohort variables were created based on students' dates of birth (sep-aug). Selection
bias is addressed by grouping students into age-appropriate cohorts to analyze test scores within
these cohorts?® GPS coordinates were used to match 99% of primary schools to locality IDs. Test
score outliers were winsorized at the student level, and students four or more years behind or one
or more years ahead in grade levels, as well as those from schools that inconsistently operated, were

excluded to avoid biased estimates. Data were aggregated at the locality-cohort level.

Final Sample.  The nal sample was constructed by merging 86% of the observations in the
ENLACE dataset to the Formato 911 dataset, using locality and cohort variables. Locality data,

including setting, poverty, and other demographic information, were also integrated. The focus
was on 11 states that had a September 1st cuto for entering both primary school and preprimary

school (consistent with Behrman et al. (2024)).

Appendix 6 Dynamic Adoption

Figure A4 presents the time series data for pre-k 2 enrollment and the total number of preschools at
the state level. This gure helps identify the years in which states experienced the largest increases
in these variables, indicating the adoption year of the reform. It also highlights that states adopted
the reform in di erent years, with some anticipation evident since 2002. Table A6 summarizes these
insights by displaying the year of maximum growth for pre-k 2 enrollment and the total number of

preschools for each state.

29 For instance, | consider Grade 3 students' test scores when they reach Grade 3 if they are not in Grade 3 when
they are supposed to be because they are older.
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Figure A4: Dynamic Adoption for the 11 States in the Sample

(a) Baja California (b) Campeche (c) Coahuila (d) Guanajuato
(e) Jalisco (f) Morelos (9) Queetaro (h) San Luis Potos
(i) Sonora () Veracruz (k) Zacatecas

Source: Figure generated by the author using data from Formato 911 and INEGI.

Notes: The insights from this Figure are summarized in Table A6. The sample includes the 11 states with a
consistent September 1st cuto for both primary and pre-primary school. These 11 states include Baja California,
Campeche, Coahuila, Guanajuato, Jalisco, Morelos, Queretaro, San Luis Potosi, Sonora, Veracruz, and Zacatecas.

Table A6: Year of Maximum Growth by State

State Preschools Pre-k 2 students
(1) (2)
BAJA CALIFORNIA - 2004
CAMPECHE 2005 2004
COAHUILA DE ZARAGOZA 2002 2004
GUANAJUATO 2005 2005
JALISCO 2005 2005
MORELOS 2004 2004
QUERETARO 2005 2005
SAN LUIS POTOSI 2002 2004
SONORA 2003 2002
VERACRUZ 2002 2004
ZACATECAS 2002 2004

Source: Table generated by the author using data from Formato 911 and INEGI.
Notes: This table summarizes the insights obtained from Figure A4. The sample
includes the 11 states with a consistent September 1st cuto for both primary and
pre-primary school. These 11 states include Baja California, Campeche, Coahuila,
Guanajuato, Jalisco, Morelos, Queretaro, San Luis Potosi, Sonora, Veracruz, and
Zacatecas.
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Appendix 7 Complementing Staggered DIiD with Continuous Treatment

Appendix 7.1 and Appendix 7.2 complement Figure 3 and the results discussed in Section 7.2.
Appendix 7.1 delves deeper into the test scores, the primary outcome variable, while Appendix 7.2

elaborates on pre-k 2 enroliment, the First Stage, and the quality mechanisms.

Appendix 7.1 Distributional E ects on Test Scores

Figure A5: Distributional E ects on Grade 3 Test Scores

(a) Math and Spanish (b) Gender (aggregated) (c) Gender (disaggregated)
(d) Poverty (aggregated) (e) Poverty (disaggregated) (f) Indigenous localities
(g9) Type of School (with Private) (h) Type (without Private) (i) Setting (with Urban)

() Setting (without Urban)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Figure A6: Distributional E ects on Grade 4 Test Scores

(a) Math and Spanish (b) Gender (aggregated) (c) Gender (disaggregated)
(d) Poverty (aggregated) (e) Poverty (disaggregated) (f) Indigenous localities
(9) Type of School (with Private) (h) Type (without Private) (i) Setting (with Urban)

() Setting (without Urban)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Figure A7: Distributional E ects on Grade 5 Test Scores

(a) Math and Spanish (b) Gender (aggregated) (c) Gender (disaggregated)
(d) Poverty (aggregated) (e) Poverty (disaggregated) (f) Indigenous localities
(9) Type of School (with Private) (h) Type (without Private) (i) Setting (with Urban)

() Setting (without Urban)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Figure A8: Distributional E ects on Grade 6 Test Scores

(a) Math and Spanish (b) Gender (aggregated) (c) Gender (disaggregated)
(d) Poverty (aggregated) (e) Poverty (disaggregated) (f) Indigenous localities
(9) Type of School (with Private) (h) Type (without Private) (i) Setting (with Urban)

() Setting (without Urban)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Appendix 7.2 Distributional E ects on Pre-k 2 Enroliment and Mechanisms

Figure A9: Distributional E ects on Pre-k 2 Enroliment

(a) Gender (b) Setting
(c) School Type (d) Indigenous Localities
(e) Poverty (aggregated) (f) Poverty (disaggregated)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Figure A10: Distributional E ects on Class Size
(a) Setting (b) School Type

(c) Indigenous Localities (d) Poverty (aggregated)

(e) Poverty (disaggregated)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Figure All: Distributional E ects on Share of Teachers with
Undergraduate Degree

(a) Setting (b) School Type

(c) Indigenous Localities (d) Poverty (aggregated)

(e) Poverty (disaggregated)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Figure Al12: Distributional E ects on Share of Teachers with Normal
Preschool Degree

(a) Setting (b) School Type

(c) Indigenous Localities (d) Poverty (aggregated)

(e) Poverty (disaggregated)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Figure A13: Distributional E ects on Share of Teachers with High
School Degree

(a) Setting (b) School Type

(c) Indigenous Localities (d) Poverty (aggregated)

(e) Poverty (disaggregated)

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)
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Appendix 7.3 Delayed Entry to Primary School

Figure A14 examines whether students in primary school experienced delayed entry. This analysis
considers the birthdates of enrolled students and assesses the proportion of students who are on
time, one year behind, and two years behind.

Figure Al4: Delayed Entry to Primary School

(a) Grade 3 (b) Grade 4

(c) Grade 5 (d) Grade 6

Source: Figure generated by the author using data from Formato 911, ENLACE, INEGI, and CONEVAL. Notes:
All graphs include 95% con dence intervals. The results are computed using the Stata package did_multiplegt_dyn
developed by De Chaisemartin and d'Haultfoeuille (2023) and De Chaisemartin and d'Haultfoeuille (2024)

Appendix 8 Complementing TWFE Results Considering that All States Adopt
in 2002

This section supplements the ndings presented in Section 6. Table A7 o ers summary statistics
for the localities included in the subsample used for the analysis in Section 6. Figure A15 presents
evidence of reform adoption beginning in 2002. Table A8 elaborates on the results shown in Panel

A of Table 5 by providing detailed math and Spanish test scores.
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