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Abstract

This study examines the impact of increasing the Minimum Legal Drinking Age
(from 16 to 18 years old) on the academic performance, substance use, and peer
behaviours of teenagers. Using a difference-in-discontinuities design, we exploit
regional MLDA reforms in Spain and PISA data to identify significant im-
provements in mathematics and science performance, particularly among male
teenagers and those from lower socioeconomic backgrounds. A complementary
analysis using data from the Survey on Drug Use in Secondary Education in
Spain indicates that these academic gains coincide with reductions in alcohol
consumption, intoxication, smoking, and marijuana use, suggesting a link be-
tween substance use and educational outcomes. Moreover, the reform led to
less drinking and less use of illicit drugs within peer networks, highlighting the
amplifying role of peer effects in policy impact.
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1 Introduction

The Minimum Legal Drinking Age (MLDA) is a widely used policy tool designed to regulate
alcohol consumption among young individuals with the primary objective of protecting their
health and well-being. A substantial body of research has documented the negative conse-
quences of early alcohol consumption, including adverse health effects, increased likelihood
of alcohol dependence, and higher rates of accidents and injuries (Dee, 2001; Carpenter
and Dobkin, 2009; Carpenter and Dobkin, 2011).

Beyond these direct health consequences, alcohol consumption is an important deter-
minant of how well a teenager learn and perform academically.!. Imposing some limits
on how young people can access alcohol are shown to improve schooling behaviour and
academic performance (Carpenter and Dobkin, 2009; Lindo et al., 2016).

Moreover, delaying the age of first alcohol consumption can have broader implications
and unintended consequences for youth behaviour. Although the evidence is less clear-
cut, adolescents who cannot legally obtain alcohol may compensate by substituting for
alternative substances, such as tobacco or illicit drugs, which could pose even greater risks
(Dee and Evans, 2003; Deza, 2015; Crost and Guerrero, 2012; Crost and Rees, 2013).
Additionally, the inability to legally purchase alcohol may lead young people to change
their social circles, seeking out peers who can provide access to alcohol or other substances.
This reconfiguration of peer group formation can further influence their engagement in risky
behaviours and alter their social interactions, potentially affecting school performance and
future opportunities.?

Assessing the impact of the MLDA presents a significant challenge — primarily due to
other confounding factors, such as individual differences in risk factor and other preferences.
Thus, a standard causal approach in the literature exploits a Regression Discontinuity
design (RD) (e.g., Carpenter and Dobkin, 2009; Crost and Guerrero, 2012; Crost and Rees,
2013), which compares outcomes of individuals around the threshold age.

Building on this literature, we examine the impact of a reform that increased the
MLDA during adolescence. Specifically, our analysis exploits the case of three regions

in Spain—Castilla y Leon (2007), Galicia (2011), and Asturias (2015)— that raised the

!Past work that examines the relationship between health and academic achievement has provided
substantial evidence suggesting that improved health is closely associated with enhanced human capital,
particularly in terms of academic performance (e.g., Grossman, 2000; Case et al., 2005; Currie, 2009)

2Beyond direct policies targeting alcohol consumption, prior research has demonstrated that external
factors unrelated to classroom instruction or inputs can significantly influence academic achievement, for
instance, shifts in time allocation and leisure choices (Lindo et al., 2012; Metcalfe et al., 2019; Stinebrickner
and Stinebrickner, 2008; Lee, 2013).



MLDA from 16 to 18 years. Together with the data availability whereby we can observe a
cross-sectional sample of teenagers over multiple years before and after the reform in each
region, we can leverage an empirical strategy of Difference-in-Discontinuities (diff-in-disc).
The approach goes beyond a standard RD design — lifting the key requirement that drink-
ing restrictions are the only changes at a given age. Consequently, it enables us to isolate
the causal effect of the reform, which restricts alcohol access for teenagers aged 16 years,
on their academic performance and engagement in risky behaviours.

Our study contributes to the literature in several ways. Our first contribution is on
new evidence on the impact of alcohol consumption restrictions on academic achievement
by leveraging a policy change that affected an entire cohort of students. In this regard,
the MLDA reform in Spain offers new insights in two key aspects. First, it applies to a
younger population than in the US, where the legal drinking age is 21. Second, it allows us
to assess the potential educational gains among young people who could no longer legally
obtain alcohol after the MLDA was raised from 16 to 18. Moreover, to our knowledge,
there is limited evidence on the effects of the MLDA on academic achievements from a
European perspective.?

We find that raising the MLDA from 16 to 18 years old leads to an improvement in
PISA test scores, with gains ranging from 0.07 to 0.17 standard deviations in our most con-
servative specification. The effect is particularly strong for male students, who experience
a 0.2 standard deviation increase in maths and science scores, and for students with less
educated parents, where gains reach 0.25 standard deviations across subjects.

Our second contribution is to provide novel evidence on heterogeneous responses in
drinking behaviour to the MLDA increase. We apply our diff-in-disc estimation to the
repeated cross-sectional sample of teenagers in the Survey on Drug Use in Secondary Ed-
ucation in Spain (ESTUDES). The reform reduces the probability of ever drinking, with
stronger effects for teenage boys and those from less educated backgrounds (6.6 and 10.3
percentage points, respectively). In contrast, teenage girls do not significantly alter their
likelihood of ever drinking. In terms of intoxication, teens from lower socioeconomic back-
grounds reduce the likelihood of being drunk in the last month by 8.4 percentage points
(pp.). The heterogeneity of the responses in our Spanish teenagers corresponds to what
Ahammer et al. (2022) finds for Austria.

Third, we document the spillover effects of the MLDA reform on the consumption of

3Recent works that provide European-based evidence of the effect of the MLLDA (at 16 years old) on
drinking behaviours are Ahammer et al. (2022) for Austria; Dehos (2022) and Kamalow and Siedler (2019)
for Germany; Gupta and Nilsson (2020) for Denmark.



other substances. The probability of ever smoking tobacco declines by 8.5 pp. for males
and 10 pp. for teens with less educated parents. Similarly, the probability of ever using
marijuana drops by 4.3 pp. among boys. These results suggest that delaying access to
alcohol not only affects drinking behaviour but also reduces engagement in other risky
behaviours commonly associated with early alcohol consumption.

Finally, we provide evidence on the impact of the MLDA reform on students’ perceptions
of peer substance use, shedding light on the potential mechanisms driving the observed ef-
fects. The reform reduces the perceived frequency of drinking among friends, with stronger
effects among male students and those from lower socioeconomic backgrounds. These find-
ings support the causal effect of the reform by indicating that changes in peer behaviour
are not driven merely by self-reporting biases. Furthermore, the heterogeneity in peer ef-
fects aligns with the patterns observed in PISA scores, reinforcing the link between alcohol
consumption restrictions and academic achievement.

Our work is closely related to the contemporaneous work of Bagues and Villa (2025)
that also exploits the reform of MLDA in Spain to study its effect on educational outcomes
and own consumption of alcohol and other substances. Their study also utilises a sample
of teenagers from the PISA and ESTUDES datasets. However, our approach diverges
from theirs in the estimation strategy. While we exploit the age threshold of the law
within a regression discontinuity framework—restricting our sample to individuals closer
in age by month and from only the three regions that reformed their MLDA, their causal
estimation relies on a two-way fixed-effects model.* Consequently, their sample covers
a broader age range, including 17- and 18-year-olds, and covers all 17 Spanish regions.
Overall, their main findings on PISA test scores and alcohol consumption align with ours.

However, our results differ in two key dimensions. First, we find that teenagers from lower

4Several factors motivated our decision to favour a Difference-in-Discontinuities (Diff-in-Disc) approach
over a Two-Way Fixed Effects (TWFE) model. First, since the source of variation comes from individual
differences around a threshold across periods, this method allows us to control for time-varying factors
that differ across regions, reducing concerns about unobserved heterogeneity. Secondly, in a context where
all control regions had already reformed their MLDA during the period under analysis, the estimated
parameter in a TWFE model has an interpretation consistent with a Difference-in-Differences in Reverse
(DDR) approach Kim and Lee (2019). The DDR framework estimates a pre-treatment effect on the group
that eventually adopts the policy change by comparing their outcomes before implementation to those in
regions where the MLDA had already been enforced. This shifts the interpretation of the policy effect:
instead of identifying the impact of MLDA implementation per se, the estimate captures how not having the
policy for longer affected the switching regions relative to always-treated regions. While DDR is useful in
staggered policy settings, its interpretation may require more caution, as it primarily reflects pre-treatment
behaviour in switching regions rather than the direct causal effect of the MLDA reform. In contrast, a
Diff-in-Disc approach enhances identification by focussing on individual-level variation around the MLDA
threshold, which allows for sharper comparisons within the same regional and temporal context. This
strategy avoids potential biases from regional trends and pre-existing differences across treated and control
regions that may be present in a TWFE model.



socioeconomic backgrounds benefit disproportionately from the MLDA reform. Second,
while their study finds limited evidence of changes in the consumption of related substances,
we observe significant reductions, particularly among teenage boys and those with less
educated parents.

In summary, our findings highlight the broader implications of raising the MLDA. Re-
stricting alcohol access for 16-year-old adolescents not only leads to a reduction in harmful
behaviours associated with risk taking, but also has the potential to improve educational
outcomes, particularly among disadvantaged groups. By mitigating the negative effects of
early alcohol consumption, the policy may contribute to narrowing achievement gaps and
fostering greater equity in academic performance.

The paper is structured as follows. Section 2 discusses related literature and institu-
tional background of the minimum legal drinking age laws in Spain. Section 3 outlines
our estimation design and describes the main datasets (PISA and ESTUDES). Section 4

presents the main results and Section 5 discusses and concludes.

2 Background

2.1 Related Literature

Previous work on minimum drinking age laws has explored their impact on educational
outcomes, particularly in relation to school performance, dropout rates, and long-term
attainment. Stricter drinking age laws have been found to reduce alcohol consumption
among young people, leading to improvements in cognitive function, classroom behaviour,
and academic performance. Beyond immediate academic outcomes, early alcohol exposure
can negatively affects college attendance and labour market prospect. Cook and Moore
(1993) linked adolescent drinking to lower university attendance and reduced labour market
prospects, highlighting the lasting effects of early substance use.

Employing a regression discontinuity design to the context of the United States, where
the minimum drinking age is 21, delaying access to alcohol decreases high school dropout
rates, increases college enrolment and (Carpenter and Dobkin, 2009) and academic perfor-
mance (Carrell et al., 2011). Similarly, Lindo et al. (2016) found that changes in drinking
age laws in Australia led to short-term reductions in alcohol-related school absences and
improved exam performance.

Some studies also emphasise the role of peer effects, showing that when legal drinking

ages are lowered, alcohol consumption increases not only among those directly affected



but also among younger students within peer networks, amplifying the negative impact
on education (Dee and Evans, 2003). Overall, these findings provide strong evidence that
raising the minimum drinking age can serve as an effective policy tool to promote better
educational and social outcomes.

There are also gender differences in how minimum drinking age laws affect educational
outcomes. Generally, the negative impact of alcohol consumption on education appears to
be stronger for men than for women, particularly in terms of exam performance, school
completion, and dropout rates. For example, Lindo et al. (2016) found that the adverse
effects of alcohol consumption on academic achievement in Australia were more pronounced
among young men, who experienced larger declines in exam performance when given legal
access to alcohol. Similarly, Carpenter and Dobkin (2009) reported that in the United
States, the increase in mortality and risky behaviour associated with turning 21 was much
higher for men, suggesting they are more susceptible to the negative consequences of early
alcohol consumption. In addition, negative effect of drinking on educational attainment is
found to be stronger for men, with a significant decline in the likelihood of completing high
school and enrolling in college (Dee and Evans, 2003).

The effects of drinking age law on women tend to be smaller or less consistent. One
reason is that women are less likely to engage in heavy binge drinking compared to men,
which may partly explain the smaller impact on their education. However, Cook and Moore
(1993) show that women who drink heavily during adolescence are more likely to experience
interruptions in their education, though the effect was still weaker than for men.

Aside the direct effect on drinking age laws on alcohol consumption, early access to
alcohol can also pose additional effects on other risky behaviours - acting as a gateway to
other drug use and smoking. Lowering the minimum drinking age increases both smoking,
drug use, and binge drinking among teenagers (Dee, 2001; Deza, 2015; Ahammer et al.,
2022). Evidence on how alcohol consumption and cannabis use is related is less clear-
cut. Whilst some studies (Carpenter and Dobkin, 2009; Wen et al., 2015) show that both
activities are complementary, others present evidence that they are substitutes (Crost and
Guerrero, 2012; Deza, 2015) or are even statistically unrelated (Crost and Rees, 2013).

Broadly, the gateway effect is more profound among men than women in. Dee and Evans
(2003) show that men are more likely to engage in binge drinking and polydrug use when
exposed to early alcohol access. On the other hand, women still exhibited a rise in risky
behaviours, albeit to a lesser extent. Nevertheless, past work suggests that women tended

to exhibit higher levels of alcohol dependence when they started drinking at younger ages,



which correlated with increased smoking and drug use (Cook and Moore, 1993). Moreover,
Crost and Guerrero (2012) find that the substitution effect between marijuana and alcohol

is stronger among women.

2.2 Minimum Legal Drinking Law in Spain

Prior to the reform that increased the minimum legal drinking age (MLDA) to 18 years
across Spain, the legal framework regarding alcohol consumption varied significantly across
autonomous communities. Historically, the national legal drinking age was set at 16 years
(in 1982), allowing minors to consume alcoholic beverages with lower alcohol content, such
as beer and wine, while stronger alcoholic drinks remained restricted until adulthood.
This regulatory framework reflected a cultural acceptance of moderate alcohol consumption
among young individuals, particularly in social and familial contexts. However, concerns
over rising alcohol consumption among adolescents and its associated social and health
consequences led to legislative efforts aimed at standardizing and tightening regulations
across the country.

The push for reform to lift the MLDA started in Catalonia in 1987 but only gained
momentum in the late 1990s and early 2000s, driven by public health campaigns and grow-
ing evidence linking early alcohol exposure to negative long-term outcomes. As a result,
several regions (or referred to as autonomous communities) undertook legislative changes
to align their drinking age policies with the European standard of 18 years.® Three regions
that implemented these reforms much later were Castilla-Ledn, Galicia, and Asturias. Each
adopted the new MLDA at different points in time and with varying enforcement mecha-
nisms.

In Castilla-Ledn, the reform was introduced on March 15, 2007, through a modification
of Law 3/1994 via Law 3/2007. Under the previous regulatory framework, individuals aged
16 to 18 were legally allowed to consume alcoholic beverages with an alcohol content of
less than 18 degrees. The revised legislation prohibited all alcoholic beverages for those
under 18 years and introduced stringent enforcement measures, with penalties ranging
from 601 to 10,000 euros for non-compliance. This policy change was accompanied by
increased public awareness campaigns aimed at reducing adolescent alcohol consumption
and ensuring compliance with the new restrictions.

Galicia followed suit on February 28, 2011, with the enactment of Law 11/2010, which

5 Appendix Tables A.13 and A.14 summarise the timing of the MLDA reform of each region, along with
its corresponding availability of the waves of both PISA and ESTUDES data.



implicitly modified the provisions of Law 2/1996. Similar to Castilla-Leon, the previous
Galician legislation permitted 16 to 18-year-olds to consume alcoholic beverages with lower
alcohol content. The new legal framework introduced a blanket prohibition on alcohol
consumption for individuals under 18 years, imposing fines ranging from 3,005 to 15,025
euros for violations. The implementation of this reform coincided with broader initiatives
aimed at reducing youth drinking, including educational programs and community-based
interventions.

Asturias, in contrast, introduced the reform at a later stage, with Law 4/2015 coming
into effect on May 20, 2015. Unlike Castilla-Leén and Galicia, Asturias’ previous legislation
had allowed individuals aged 16 to 18 to consume any type of alcoholic beverage. The
reform imposed a complete ban on alcohol consumption for individuals under 18 years, with
penalties structured based on the type of beverage consumed. Occasional consumption of
low-alcohol beverages incurred fines of up to 3,000 euros, while stronger drinks with an
alcohol content exceeding 23 degrees could result in penalties of up to 15,025 euros. This
phased approach allowed for a gradual transition and adaptation of enforcement strategies
to the new regulatory framework.

While the overarching goal of these regional reforms was to raise the MLDA to 18
years and curb underage drinking, their implementation reflected important differences.
Castilla-Leon and Galicia both had similar previous legal frameworks that allowed moderate
consumption for minors, whereas Asturias had no such restrictions, making the transition
more pronounced. Additionally, the timeline of implementation varied significantly, with
Castilla-Leon leading the effort in 2007, followed by Galicia in 2011, and Asturias adopting
the reform in 2015. Differences in enforcement approaches were also evident, with varying

penalty structures and levels of stringency across regions.

3 Empirical Approach

3.1 Empirical Specification: Difference-in-Discontinuities Design

Estimating the impact of the MLDA is complex. The decision of individuals to consume
alcohol at a specific age is influenced by various personal, peer, and environmental factors,

many of which are unobserved by the researchers.® In line with prior work in the literature

5This includes not only the non-random nature of an individual’s drinking habits, but also other char-
acteristics such as their social environment, peer influence, cultural attitudes towards drinking, or so-
cioeconomic background, which can affect both their likelihood of consuming alcohol and the potential
consequences of such consumption. Similarly, contextual factors such as local enforcement policies, avail-



(e.g., Carpenter and Dobkin, 2009; Crost and Rees, 2013; Deza, 2015; Lindo et al., 2016;
Ahammer et al., 2022), our initial empirical approach begins by leveraging a RD design that
exploits the discontinuity in legal access to alcohol for individuals whose age (in months) is
just above or below the MLDA threshold, in conjunction with a legal reform that postponed
the MLDA progressively in these three Spanish regions. The RD design would allow us
to estimate the causal effect of legal alcohol access by comparing individuals who have
just reached the legal drinking age to those who are just below it, under the identifying
assumption that near the age threshold, individuals are comparable in all relevant aspects
except for their legal access to alcohol. That is, no other factors, aside from the MLDA
restriction, experience a discontinuous change around the 16th birthday.”

Therefore, to account for potential violations of this assumption, our main estimation
strategy exploits the timing of the MLDA reform and extend our RD design to estimate
differences around the minimum drinking age threshold, before and after the introduction of
stricter MLDA regulations. With this refinement, our difference-in-discontinuities design
(diff-in-disc) allows us to account for unobserved confounding factors and enhance the

credibility of our estimates.®

Yit =1 - 1{b; > 0} + az - 1{b; > 0} - post; + g(b;) )

+ s + nst + BXi + v
where Y;; represents the outcomes of individual ¢ in survey year ¢. In our main estimation,
this is the standardised PISA test scores. Recall that the MLDA is 16 years old in the
old regime. Therefore, the indicator function 1{.} equals 1 if the individual was exactly
16 years old or older, b; > 0, at the time of the survey, and 0 otherwise, capturing the

effect of legal access to alcohol. For our estimation, this is the age by months at the time

ability of alcohol, or public awareness campaigns may also influence individuals’ decisions regarding alcohol
consumption and its related outcomes.

"The assumption of continuity in unobserved factors is challenged in our context. Turning 16 coincides
with several legal milestones, such as eligibility for employment (BOE-A-2015-11430 Articles 6 and 7),
obtaining a moped license, and partial emancipation, all of which may independently influence drinking
behaviour beyond the MLDA. Educational transitions to higher education or vocational training introduce
new social environments that can also impact alcohol consumption. Additionally, cultural norms and
social expectations promote greater autonomy and nightlife participation, increasing exposure to alcohol.
Reduced parental supervision at this age further complicates the analysis. Businesses may target individuals
nearing the legal threshold with marketing efforts, while regional variations in law enforcement could create
inconsistencies. Peer influence from older individuals and anticipatory behaviours may also lead to changes
before reaching the legal drinking age. These factors highlight the complexity of isolating the causal effect
of the MLDA and the need for careful interpretation of RD estimates.

8Some examples of past works that exploit a difference-in-discontinuities design strategy are Grembi
et al. (2016) and Chicoine (2017).



of the PISA assessment.” The variable post; is a dummy that equals 1 for periods after
the implementation of stricter MLDA regulations and 0 otherwise, allowing us to assess
changes over time. Finally, v;; represents the idiosyncratic error term.

The coefficient a; measures the difference in the outcome before the MLDA reform (i.e.,
PISA scores) between teenagers who were 16 years or older and those who had not yet
reached the MLDA age.'® The coefficient of the interaction term, v, captures the change
in this difference following the introduction of stricter legal drinking age regulations. This
is our parameter of interest - identifying the causal effect of an increase in the MLDA on
the population who used to have legal access to alcohol. The function g(b;) is a polynomial
specification of the running variable designed to account for potential non-linear age effects
on academic outcomes where we allow the slope terms to be different on each side of the
threshold (Buckles and Hungerman, 2013).

The running variable b; represents the number of months before or after the student’s
sixteenth birthday at the time of the test (for PISA) or of the survey (for ESTUDES). The
vector X; includes individual-level control variables. The terms v, and 7 correspond to
region (i.e., autonomous community) fixed effects and survey-year fixed effects, respectively,
with the latter allowing for variation across regions to account for regional differences in
educational policies and other unobserved factors.

Following Calonico et al. (2014) and Calonico et al. (2017), we consider two data-
driven bandwidths for each of the outcomes. The first method balances the bias-variance
trade-off by minimising the Mean Squared Error (MSE) of the local polynomial RD point
estimator, referred to as the MSE-optimal bandwidth. The second method, the MSE-bias-
corrected bandwidth, explicitly accounts for bias that can arise from the local polynomial
approximation, particularly when the bandwidth is large.!' Based on these findings, we
report results using alternative bandwidths of 2 and 5 months. For the 2-month bandwidth,
we employ a linear specification for ¢(.), while for the broader 5-month bandwidth, we adopt

a quadratic specification as a conservative approach. To conserve space, the main results

°In our estimations with ESTUDES, this is the age by months at the time of the survey.

OFollowing our earlier discussion, this is the causal parameter that a conventional RD design would
estimate. However, it may yield biased estimates if other regulations besides the MLDA, which could
influence educational performance and risky behaviours, also take effect at age 16. In Spain, several key
policy changes indeed occur at this age, including the end of compulsory schooling, the minimum driving
age, and the entry age to the labour market. For a similar discussion on identification threats in Austria,
see Ahammer et al., 2022.

HEor the PISA sample, The results for these optimal bandwidths are presented in Appendix Table
A.1. On average, the bandwidths range from approximately 3 to 5 months, with the MSE-bias-corrected
bandwidth often being larger. This occurs when the bias is already small — such as in cases where a local
linear approximation performs well compared to higher-order polynomials — or when variance dominates
due to a smaller sample size.



are presented using a 2-month bandwidth with a linear local regression, while the results
for the 5-month bandwidth with a quadratic specification are provided in the Appendix as

a robustness check.

3.2 Main Datasets

PISA Dataset and Educational Outcomes: The Programme for International Stu-
dent Assessment (PISA), conducted by the OECD every three years, evaluates the reading,
mathematics, and science proficiency of students aged 15 and 16 years old worldwide. The
dataset comprises student-level responses alongside school- and country-level information,
enabling cross-national comparisons of educational outcomes.'> A range of variables in-
cludes test performance, socioeconomic background, gender, parental education, and school
resources.

Spain has participated in all PISA cycles since 2000 but only from the 2003 survey
that it is possible to identify the specific region of residence (autonomous communities)
of the student participants. Our analysis focuses on the three regions that reformed their
MLDA in later dates, and therefore there are available waves of PISA that correspond
to the period before as well as after its reform. These are Castilla-Leén (2007), Galicia
(2011), and Asturias (2015). Appendix Table A.13 lists the availability of PISA data in
each Spanish region, and group the survey waves into the pre- and post-reform waves.'3

A crucial variable to our estimation design is the availability of age in months when
students participated in the survey, including their month of birth and year of birth. With
this, we have a rather precise cut-off month before and after a student turns 16 (the
minimum drinking age of the MLDA before the reform) when they take the test.

The main educational outcomes in PISA are students’ test scores in maths, science,
and reading (Spanish language). We convert the so-called plausible values of each test
into a region-specific standardised score. This is to account for the changes in the regional
composition across PISA waves that may, by construction, contaminate the comparison
of students from the same region over the years. Aside the test scores, PISA also elicit
selected behavioural measurements that may be influenced indirectly by the raising of the

MLDA. Specifically, across the waves, we construct consistent measures (self-evaluated) of

12PISA microdata can be obtained for free from the OECD website after completing a regis-
tration process and agreeing to the terms of use for research purposes. For more detail, see
https://www.oecd.org/en/about/programmes/pisa.

13Given that the 2000 wave does not have a region identifier, our analysis therefore uses the PISA waves
of 2003, 2006, 2009, 2012, 2015, 2018, and 2022.
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‘sociability’ and ‘school truant’.'

Data on alcohol consumption and drug use from ESTUDES: The ESTUDES
survey (Encuesta sobre Uso de Drogas en Ensenanzas Secundarias en Espana) is a national
study conducted by the Spanish Government’s Delegation for the National Plan on Drugs
(PNSD) and Ministry of Health to assess substance use among secondary school students.
It is carried out biennially since 2004 to 2021, with the main targets students aged 14 to
18.15 Our empirical analysis will focus on students aged 15 and 16, of whom the information
on their age by months as well as their month of birth and year of birth is available. As
before, we exploit only the sample of students from the three autonomous communities
(Castilla-Leon, Galicia, Asturias) that reformed their MLDA after 2000.'6

Specifically, we construct the following groups of variables, which are available consis-
tently in all waves to gauge individual’s own evaluation of their alcohol consumption and
other drug use, namely: (i) alcohol consumption (ever drink, drink in the past month, drink
regularly), (ii) intoxication (ever intoxicated, intoxicated in the past month, frequency of
intoxication in the past month), (iii) tobacco (ever smoke, smoke in the past month, quan-
tity of tobacco smoked daily), (iv) marijuana consumption (ever take marijuana, take in
the past year, take in the past month, taken marijuana by the age 16 years old).!”
Risky behaviours of peer group in ESTUDES: Furthermore, we can construct ad-
ditional consistent measures (self-evaluated) from ESTUDES that gauge the degree of risky
behaviours of the peer groups (with regard to their consumption of alcohol, tobacco and
some other illicit drugs). Each respondent is asked to provide an estimation of the share

of their peer group (namely, none, some, almost all) engaging in each of these activities.

148ee Appendix Table A.15 for the detail of each variable in PISA survey waves.

5For more information, see https://pnsd.sanidad.gob.es. Secondary school students include those in
ESO (compulsory secondary education), Bachillerato (final 2 years of high school), and vocational training.
The survey is administered anonymously in schools and provides valuable data on the consumption of
alcohol, tobacco, cannabis, and other substances, as well as students’ perceptions of drug use and the
availability of these substances. Beyond substance use, ESTUDES also explores other risk behaviours, peer
groups, family relationship, and attitudes. Access to micro-level data of ESTUDES is possible through a
formal request to La Delegaciéon del Gobierno para el Plan Nacional sobre Drogas at the Spanish Ministry
of Health.

16See Appendix Table A.16 for the information on the ESTUDES waves and Appendix Table A.14 for
the corresponding grouping of each survey wave with respect to the timing of the change of MLDA in each
region.

17See Appendix Table A.16 for more details. Our variables follow standard measures of risky behaviours
in the literature (e.g., Carpenter and Dobkin, 2011.)
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4 Empirical Results

4.1 Validating Identifying Assumptions

Our analysis relies on the assumption that the observed change around age 16, between the
periods before and after the reform delaying the legal drinking age, is solely attributable
to the policy change and not to other unobserved factors. While this assumption is not
directly testable, we assess its plausibility by examining predetermined individual covariates
to ensure they behave smoothly around the cut-off.

Appendix Tables A.3 and A.5 examine the balance of these characteristics around the
age of 16 for PISA (Tables A.2 and A.3) and ESTUDES (Tables A.4 and A.5). For each
data source, we test two hypotheses and report the corresponding p-values. First, we
test the null hypothesis of no differences in the characteristics of individuals around the
age threshold - either before or after the reform. See Appendix Tables A.2 and A.4 for
the results of PISA and ESTUDES, respectively. Next, we allow that individuals around
the threshold age can be different in the period before whilst we test a null hypothesis
of no change in these group differences between the pre- and post- periods. We report
the corresponding p-values of the second test in Appendix Tables A.3 and A.5. Note that
each table includes different polynomial specifications of the running variable, and for each
specification, we also explore alternative bandwidths. The results confirm that our sample
presents a variation that is consistent with a quasi-experimental design. In detail, for
the closest bandwidth allowed by each polynomial specification, we fail to reject the null
hypothesis for almost all variables, except for the foreign-born dummy in the PISA dataset.
In the case of ESTUDES, while some differences in this proportion are detected over the
entire period (Appendix Table A.4), we cannot reject the second null hypothesis and can
conclude that this difference remains stable over time.

The second identifying assumption of our design concerns the perfect manipulation
of the running variable McCrary (2008), as in a RD design. Evidence on bunching of
observations around the cut-off would suggest some degree of manipulation. Panel A of
Appendix Figure A.1 shows the raw histogram for the running variable (months around the
sixteenth birthday) with no apparent bunching. However, we formally test for manipulation
based on the running variable around the cut-off. We follow the approach of Cattaneo et al.
(2018) to formally test for manipulation.'® Using a data-driven bandwidth selection and

a c.d.f. restricted to be equal on both sides of the threshold, we fail to reject the null

8The test is implemented using the rddensity command in STATA.
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hypothesis of continuity, with p-values of 0.88, 0.81, and 0.71 for polynomial specifications

of degree one, two (default), and three, respectively (Panels B-D in the figure).

4.2 MLDA and Test Scores: Evidence from PISA

Figure 1 and Appendix Figure A.2 present the graphical illustrations of our main educa-
tional outcomes for linear and quadratic specification of g(.), respectively. Each row reports
the score of each PISA test subject (maths, reading, science) around the cut-off (16 years
old); and the columns represent the findings of each period (i.e. before and after the MLDA
reform). Three key observations can be made. First, regardless of the polynomial specifica-
tion, we observe an increase in the discontinuity after the reform, which is consistent with
a positive effect of the policy change associated with raising the legal drinking age. This
suggests that limiting access to alcohol of 16-year-old teens had a favourable impact on
their academic performances. Second, in the period before the reform, the effect of reach-
ing the legal drinking age (i.e. being above the cut-off age of 16 years old) on PISA scores
varies depending on the degree of g(.). Specifically, under the linear specification shown
in Figure 1, reaching the drinking age appears to have a positive effect on performance
in the pre-reform period (left column). However, when using a quadratic specification
(Appendix Figure A.2), this effect becomes statistically non-existent for mathematics and
turns negative for reading and science subjects. Finally, after the reform (right column),
we consistently observe a positive difference in PISA scores for students who had reached
their sixteenth birthday, regardless of whether a linear or quadratic specification is used
for g(.).

Next, we summarise the key estimates of Equation 1 in Table 1 and Appendix Table
A.6, using two selected bandwidths (2 and 5 months). Each panel reports the estimates
for maths, reading, and science, respectively (measured in standardised value). Column
(1) reports the estimates for the full sample. Columns (2) and (3) report the heterogeneity
by gender while columns (4) and (5) show the analysis by parent’s educational level (with
and without university degree). For brevity, we report only the estimate of the effect of
reaching the legal drinking age before the reform («1), labelled as ‘Above the threshold’,
and the change in this effect after the reform (a3), labelled as ‘Above X post MLDA’.

The first observation from the full sample is that, before the increase in the legal
drinking age, reaching this age did not have a significant effect on any of the three subjects.
Second, the raising of the minimum drinking age from 16 to 18 years old in the new regime

is associated with an improvement in PISA scores ranging from 0.07 to 0.90 standard

13



deviations (s.d.) in our most conservative specification (Table 1) — although this effect is
only statistically significant for science in the estimation with the 2-month bandwidth (0.90
s.d.). When the bandwidth is expanded to 5 months around the threshold, we observe a
significant increase in test scores across all subjects, ranging from 0.11 s.d. in reading to

0.17 s.d. in science.

4.3 Heterogenous Effects of MLDA on Test Scores

Gender: Columns (2) and (3) in Tables 1 and A.6 present the analysis by gender. Re-
gardless of the specification, the results clearly indicate that the positive impact of the
increase in the MLDA is primarily driven by male students. In our most conservative spec-
ification (Table 1), male students experience an increase of approximately 0.2 s.d. in maths
and science scores, and an increase of 0.15 s.d. in reading. In contrast, for female students,
the MLDA reform is associated with a decrease of approximately 0.05 s.d. in reading (but
non significant for a bandwidth of 5 months, Table A.6).

Socioeconomic status: Finally, columns (4) and (5) present the heterogeneity analysis
in different socioeconomic backgrounds (defined by parental education). The positive im-
pact of the reform is concentrated among students whose parents have lower educational
attainment. In our most conservative specification, we observe an increase of 0.16 s.d. in
maths. Moreover, when using a bandwidth of 5 months, the results show a significant in-
crease of approximately 0.25 s.d. across all subjects. In contrast, for students with highly
educated parents, the effect is not only insignificant but also remains negligible across

different specifications — reinforcing the robustness of the findings.

4.4 Student’s Schooling Behaviours: Evidence from PISA

Given the larger impact observed among male students and those with less educated par-
ents, it is crucial to assess whether the reform influenced school-related behaviours that
could mediate its effects on academic performance. Therefore, to better understand the
mechanisms driving the observed effects of delaying the legal drinking age, we explore
whether the policy led to changes in students’ school engagement and own sociability in
school.

Following a similar structure, Table 2 (and Appendix Table A.7 for a 5-month band-
width) presents the impact on a sociability index and three indicators related to truant,

namely, skipping school, skipping classes, and arriving late to school. For the full sample,
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the reform led to a reduction of approximately 20 pp. in the probability of skipping school
or classes. While a decline of 14 pp. is observed among female students, the reduction is
nearly twice as large for male students, who experience a 27 pp. decrease in the likelihood of
skipping classes. However, the impact on the probability of skipping school is twice as large
for female students, with a reduction of 24 pp. The analysis by parental education level
reveals that the reform in MLDA is associated with improvements in school attendance
across all measures, particularly benefiting students with more educated parents.

Overall, these measures in PISA data on school-related behaviours provide suggestive
evidence that the restriction of alcohol access to 16-year-old teenagers under the new MLDA
regime are related to an improvement in school engagement - especially among the demo-
graphic groups who are found to also experienced better test scores. In the next step, we
will explore further if the policy directly led to a change in alcohol consumption as well as
potential spillovers into other related risky behaviours - of the individuals themselves and

their peer groups.

4.5 MLDA and Own Risky Behaviours

So far, the findings in the previous section provide partial insight into the larger positive
effect of the reform among male students, primarily through behavioural changes in school
attendance. However, they do not fully account for the more pronounced impact observed
in PISA scores among students with less educated parents, suggesting that additional
mechanisms may be at play.

In this section, we aim to explore two potential channels through which delaying the
legal drinking age may have influenced academic outcomes. First, we assess whether the
reform had an impact on own alcohol consumption and other risk-related behaviours com-
monly associated with alcohol use, such as tobacco and substance consumption. Second,
we examine whether these behavioural changes exhibit heterogeneous effects aligned with
the patterns observed in PISA scores. By identifying these underlying mechanisms, we
seek to provide a more comprehensive understanding of how restricting early alcohol access
translates into educational gains, particularly for students from different socioeconomic
backgrounds.

Tables 3 and 4 (Tables A.8 and A.9 for the 5-month bandwidth in the Appendix) report
the impact of the reform on various outcomes related to individual drinking behaviour. The
first three outcomes in Table 3 aim to measure the extensive margin of drinking through

the indicators: ‘Ever drank alcohol’, ‘Drank in the last month’, and ‘Drinks weekly’. The

15



results for the full sample reveal a significant reduction in the probability of drinking,
estimated at approximately 4 pp.

The analysis by gender indicates that this effect is primarily driven by young men, who
experience a 6.6 pp. reduction in the probability of ever having consumed alcohol. In
contrast, for young women, the effect is not statistically significant, and the magnitude of
the estimate is less than one-third of that observed for males. The analysis by parental
education level shows a significant effect for both groups, but the probability of ever drink-
ing declines by almost twice as much among individuals with less educated parents (10 pp.
versus 5 pp. for those with more educated parents).

Table 4 presents the impact of the reform on intoxication-related outcomes. The first
notable observation is that for the full sample, there is no significant impact on the probabil-
ity of ever being intoxicated. However, the effect emerges when considering the frequency
of intoxication events. Specifically, we observe a reduction of approximately 7.5 pp. in
the probability of intoxication in the last month, as well as a decline in the number of
intoxication episodes (Panel C).

The analysis by gender suggests that the reduction in intoxication events is driven by
young women, who experience an approximately 10 pp. reduction in the probability of
being intoxicated in the last month. These findings suggest that the reform affects two
distinct aspects of alcohol consumption: while young men are more likely to delay their
first drink, young women do not significantly reduce their likelihood of drinking but instead
exhibit a decline in the intensity of alcohol use.

The results for tobacco (Table 5) and marijuana (Table 6) closely mirror the findings
for the extensive margins of alcohol consumption. The increase in the MLDA reduced the
probability of ever smoking for males, lowering their likelihood of ever smoking tobacco
and marijuana by approximately 8.5 and 4.3 pp., respectively. In contrast, no significant
effects were found for young females. Additionally, the probability of ever smoking declined
by 10 pp. among individuals with less-educated parents.

Several hypotheses could explain these patterns. First, the reform likely influenced
only those who had not yet started consuming alcohol. If girls are more likely to have older
peers who had already begun drinking, the reform may have been less effective for them, as
their drinking opportunities remained largely unchanged. Second, the effectiveness of the
reform may depend on the extent to which peers are also affected. If a greater proportion
of an individual’s peer group faces increased restrictions, the reform is more likely to alter

consumption behaviour. In fact, various studies on Spain highlight that the ease of access
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to alcohol is a key factor driving excessive drinking (e.g., Villalbi et al., 2014; Sureda
et al., 2018; Villalbi et al., 2019). Combined with the well-documented positive gradient
in alcohol consumption by socioeconomic gradient (e.g., Donat et al., 2022; Karlamangla
et al., 2006; Grittner et al., 2013; Elgar et al., 2005), the reform would be more effective
among individuals with lower parental education, as they may be more exposed to restricted
peer networks.

To further investigate these potential mechanisms, in the next section, we examine the
extent to which the reform influenced consumption of alcohol and related substance within

peer groups and shed light on the role of peer networks in shaping drinking behaviours.

4.6 MLDA and Peer Group

Table 7 (and Appendix Table A.12, using a 5-month bandwidth) presents the impact of the
reform on the risky behaviours of peers, as reported by respondents. The first key finding
is that the reform led to a reduction in the reported frequency of drinking among friends.
This result is consistent with the idea that peers play a crucial role in shaping individual
consumption patterns. Notably, the impact is stronger among peers of young males and
individuals with less-educated parents, reinforcing the hypothesis that the effectiveness
of the reform depends on the extent to which one’s social network is affected. The only
exception is for intoxication, where the observed reduction in frequency is similar across
genders.

The second key finding is that the MLDA reform is also associated with a significant de-
cline in the perceived frequency of tobacco and marijuana consumption among friends—by
approximately 12 pp. As with alcohol consumption, this effect is more pronounced among
young men and individuals from lower-educated families. This pattern suggests that the
reform not only influenced alcohol use but also had spillover effects on other risky behaviors
within peer groups, particularly among those who were more exposed to the constraints
imposed by the policy.

Finally, the reform is linked to a decrease in the reported frequency of cocaine consump-
tion among peers. While this effect is primarily driven by individuals with less-educated
parents, it is particularly striking that young women report a decline in the frequency
of cocaine use within their social circles. This finding aligns with the broader pattern ob-
served in the subsample of females, where the reform appears to have had a stronger impact
on extreme drinking and the use of more serious substances. These results suggest that

while peers mediate the impact of the MLDA reform across all groups, the nature of peer
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networks may differ between genders, potentially explaining the observed heterogeneity in

responses to the policy.

5 Discussion and Concluding Remark

This study provides new insights into the fact that increasing the Minimum Legal Drinking
Age (MLDA) improved academic performance of teenagers, particularly among young men
and those of lower socioeconomic backgrounds. The reform, which lifted the MLDA from
age 16 to 18 years old, led to significant gains in PISA test scores among teens who no
longer have a legal access to alcohol, especially in maths and science, with improvements
ranging from 0.07 to 0.17 standard deviations. These effects align closely with the esti-
mated reductions in alcohol consumption, which were concentrated among the same groups.
Specifically, young men experienced a 6.6 pp. reduction in the probability of ever having
consumed alcohol, while students with less-educated parents saw an even larger 10 pp. de-
cline. The similarity in the patterns across educational outcomes and drinking behaviour
suggests that restricting alcohol access had a causal impact on academic performance.

The heterogeneity in academic gains also mirrors reductions in other substance use,
further reinforcing the link between substance consumption and school performance. The
reform significantly reduced the probability of ever smoking tobacco (by 8.5 pp. for males)
and marijuana (by 4.3 pp. for males), with no significant impact observed among females.
This pattern suggests that the reduction in alcohol access may have had broader spillover
effects, reducing engagement in other risky behaviours that negatively affect school achieve-
ment.

A key factor that may explain these effects is the role of peer networks. The reform not
only reduced individual consumption but also led to a decline in peer drinking and substance
use, particularly among young men and students from lower socioeconomic backgrounds.
Given the well-documented influence of peer norms on adolescent decision-making, this
suggests that social interactions may have reinforced the policy’s effectiveness. The fact
that young women did not significantly reduce their drinking but experienced a decline
in extreme intoxication and cocaine use among their peers further highlights the potential
mediating role of social networks in shaping substance use behaviours.

These findings underscore the importance of considering peer influence when designing
policies to reduce adolescent drinking. While increasing the MLDA was effective in im-

proving academic outcomes, its impact was likely amplified by changes in peer behaviour.
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Future research should explore whether these effects extend to long-term educational and
labour market outcomes, as well as the potential for unintended consequences, such as
shifts toward alternative substances or social behaviours.

Overall, this study highlights the complex interplay between policy, substance use, and
peer networks. Effective interventions should not only focus on restricting alcohol access
but also consider peer dynamics and broader behavioural spillovers to maximize educational

and societal benefits.

19



References

Alexander Ahammer, Stefan Bauernschuster, Martin Halla, and Hannah Lachenmaier.
Minimum legal drinking age and the social gradient in binge drinking. Journal of health
economics, 81:102571, 2022.

Manuel Bagues and Carmen Villa. Minimum legal drinking age and educational outcomes.
2025.

Kasey S Buckles and Daniel M Hungerman. Season of birth and later outcomes: Old
questions, new answers. Review of Economics and Statistics, 95(3):711-724, 2013.

S. Calonico, M. D. Cattaneo, M. H. Farrell, and R. Titiunik. rdrobust: Software for
regression-discontinuity designs. Stata Journal, 17(2):372-404, 2017.

Sebastian Calonico, Matias Cattaneo, and Rocio Titiunik. Robust nonparametric con-
fidence intervals for regression-discontinuity designs. Econometrica, 82(6):2295-2326,
2014.

Christopher Carpenter and Carlos Dobkin. The effect of alcohol consumption on mortality:
regression discontinuity evidence from the minimum drinking age. American Economic
Journal: Applied Economics, 1(1):164-182, 2009.

Christopher Carpenter and Carlos Dobkin. The minimum legal drinking age and public
health. Journal of Economic Perspectives, 25(2):133-156, 2011.

Scott E Carrell, Mark Hoekstra, and James E West. Does drinking impair college perfor-
mance? evidence from a regression discontinuity approach. Journal of public Economics,

95(1-2):54-62, 2011.

Anne Case, Angela Fertig, and Christina Paxson. The lasting impact of childhood health
and circumstance. Journal of health economics, 24(2):365-389, 2005.

Matias D Cattaneo, Michael Jansson, and Xinwei Ma. Manipulation testing based on
density discontinuity. The Stata Journal, 18(1):234-261, 2018.

Luke E Chicoine. Homicides in mexico and the expiration of the us federal assault weapons
ban: a difference-in-discontinuities approach. Journal of economic geography, 17(4):825—
856, 2017.

Philip J Cook and Michael J Moore. Drinking and schooling. Journal of health economics,
12(4):411-429, 1993.

Benjamin Crost and Santiago Guerrero. The effect of alcohol availability on marijuana
use: Evidence from the minimum legal drinking age. Journal of health economics, 31(1):
112-121, 2012.

Benjamin Crost and Daniel I Rees. The minimum legal drinking age and marijuana use:
New estimates from the nlsy97. Journal of health economics, 32(2):474-476, 2013.

Janet Currie. Healthy, wealthy, and wise: Socioeconomic status, poor health in childhood,
and human capital development. Journal of Economic Literature, 47(1):87-122, 2009.

Thomas S Dee. The effects of minimum legal drinking ages on teen childbearing. Journal
of Human Resources, 36(4):823-838, 2001.

Thomas S Dee and William N Evans. Teen drinking and educational attainment: evidence
from two-sample instrumental variables estimates. Journal of Labor Economics, 21(1):
178-209, 2003.

20



Fabian T Dehos. Underage access to alcohol and its impact on teenage drinking and crime.
Journal of health economics, 81:102555, 2022.

Monica Deza. The effects of alcohol on the consumption of hard drugs: regression discon-
tinuity evidence from the national longitudinal study of youth, 1997. Health economics,
24(4):419-438, 2015.

Marta Donat, Gregorio Barrio, Juan-Miguel Guerras, Lidia Herrero, José Pulido, Maria-
José Belza, and Enrique Regidor. Educational gradients in drinking amount and heavy
episodic drinking among working-age men and women in spain. International Journal of
Environmental Research and Public Health, 19(7):4371, 2022.

Frank J Elgar, Chris Roberts, Nina Parry-Langdon, and William Boyce. Income inequality
and alcohol use: a multilevel analysis of drinking and drunkenness in adolescents in 34
countries. The European Journal of Public Health, 15(3):245-250, 2005.

Veronica Grembi, Tommaso Nannicini, and Ugo Troiano. Do fiscal rules matter? American
Economic Journal: Applied Economics, pages 1-30, 2016.

Ulrike Grittner, Sandra Kuntsche, Gerhard Gmel, and Kim Bloomfield. Alcohol consump-
tion and social inequality at the individual and country levels—results from an interna-
tional study. The European Journal of Public Health, 23(2):332-339, 2013.

Michael Grossman. The human capital model. In Handbook of health economics, volume 1,

pages 347-408. Elsevier, 2000.

Nabanita Datta Gupta and Anton Nilsson. Legal Drinking, Injury and Harm: Evidence
from the Introduction and Modifications of Age Limits in Denmark. JSTOR, 2020.

Raffael Kamalow and Thomas Siedler. The effects of stepwise minimum legal drinking age
legislation on mortality: Evidence from germany. 2019.

Arun Karlamangla, Kefei Zhou, David Reuben, Gail Greendale, and Alison Moore. Longi-
tudinal trajectories of heavy drinking in adults in the united states of america. Addiction,
101(1):91-99, 2006.

Kimin Kim and Myoung-jae Lee. Difference in differences in reverse. Empirical Economics,
57(3):705-725, 2019. doi: 10.1007/s00181-018-1465-0. URL https://doi.org/10.1007/
s00181-018-1465-0.

Dara N Lee. The impact of repealing sunday closing laws on educational attainment.
Journal of Human Resources, 48(2):286-310, 2013.

Jason M. Lindo, Isaac D. Swensen, and Glen R. Waddell. Are big-time sports a threat to
student achievement? American Economic Journal: Applied Economics, 4(4):254-74,
July 2012. doi: 10.1257 /app.4.4.254. URL https://www.aeaweb.org/articles?id=10.
1257/app.4.4.254.

Jason M Lindo, Peter Siminski, and Oleg Yerokhin. Breaking the link between legal access
to alcohol and motor vehicle accidents: evidence from new south wales. Health economics,

25(7):908-928, 2016.

J. McCrary. Manipulation of the running variable in the regression discontinuity design:
A density test. Journal of Econometrics, 142(2), 2008.

Robert Metcalfe, Simon Burgess, and Steven Proud. Students’ effort and educational
achievement: Using the timing of the world cup to vary the value of leisure. Journal of
Public Economics, 172:111-126, 2019. ISSN 0047-2727. doi: https://doi.org/10.1016/
j-jpubeco.2018.12.006. URL https://www.sciencedirect.com/science/article/pii/
S0047272718302330.

21


https://doi.org/10.1007/s00181-018-1465-0
https://doi.org/10.1007/s00181-018-1465-0
https://www.aeaweb.org/articles?id=10.1257/app.4.4.254
https://www.aeaweb.org/articles?id=10.1257/app.4.4.254
https://www.sciencedirect.com/science/article/pii/S0047272718302330
https://www.sciencedirect.com/science/article/pii/S0047272718302330

Ralph Stinebrickner and Todd R Stinebrickner. The causal effect of studying on academic
performance. The BE Journal of Economic Analysis € Policy, 8(1), 2008.

Xisca Sureda, Victor Carreno, Albert Espelt, Joan R Villalbi, Jamie Pearce, and Manuel
Franco. Alcohol in the city: wherever and whenever. Gaceta sanitaria, 32:172-175, 2018.

Joan R Villalbi, Marina Bosque-Prous, Miquel Gili-Miner, Albert Espelt, and M? Brugal.
Politicas para prevenir los danos causados por el alcohol. Revista Espaniola de Salud
Puiblica, 88:515-528, 2014.

Joan R Villalbi, Albert Espelt, M TERESA BRUGAL, Marina Bosque-Prous, Ester
Teixid6-Compand, Susanna Puigcorbé, XISCA SUREDA, and MANUEL FRANCO. The
urban environment of alcohol: a study on the availability, promotion and visibility of its
use in the neighborhoods of barcelona. Adicciones, 31(1), 2019.

Hefei Wen, Jason M Hockenberry, and Janet R Cummings. The effect of medical marijuana
laws on adolescent and adult use of marijuana, alcohol, and other substances. Journal
of health economics, 42:64-80, 2015.

22



6 Tables and Figures
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Figure 1: PISA score discontinuity around the age of 16: Left panels show scores before the
introduction of MLDA, while right panels display scores after the reform. Local linear specification
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Figure 2: ESTUDES discontinuity in the fraction of individuals who ever drunk around the age of
16: Left panel fraction before the introduction of MLDA, while right panel after the reform. Local
linear specification
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Table 1: Impact of MLDA on selected PISA scores. (Two months bandwidth and linear

specification)
Full Female Male Low-Edu High-Edu
n @ 3) (4) (5)

Panel A: Maths (std)

Above threshold 0.026 0.113* -0.058 -0.004 0.098%**
(0.040)  (0.047)  (0.032)  (0.048)  (0.025)

Above X post MLDA  0.071 -0.058 0.193** 0.155%* -0.029
(0.044)  (0.046)  (0.053)  (0.052)  (0.041)

Obs. 14974 7489 7485 7316 7658

Panel B: Reading (std)

Above threshold -0.017  0.050*%*  -0.070%** -0.046 0.042%**
(0.019)  (0.017)  (0.017)  (0.030)  (0.009)

Above X post MLDA  0.058  -0.049**  (0.145%* 0.114 -0.010
(0.033)  (0.015)  (0.054)  (0.058)  (0.023)

Obs 14974 7489 7485 7316 7658

Panel C: Science (std)

Above threshold 0.001 0.066 -0.055%* -0.011 0.040
(0.030)  (0.039) (0.021) (0.032) (0.031)

Above X post MLDA  0.093*%*  -0.037  0.210%*** 0.110 0.062
(0.024)  (0.028) (0.048) (0.056) (0.034)

Obs 14974 7489 7485 7316 7658

Notes: * p<0.05, ** p<0.01, ¥*** p<0.001. A bandwidth of two months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the PISA wave years, fixed effects for regions, and parental education. Student characteristics are allowed
to have effects that vary across regions. A linear specification for the function g(.) is employed, with
the slope allowed to vary on either side of the potential discontinuity and across periods of the reform.
Standard errors are clustered at the level of the running variable.
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Table 2: Impact of MLDA on selected behavioural outcomes. (Two months bandwidth and

linear specification)

Full Female Male Low-Edu High-Edu
1) (2) (3) (4) (5)
Panel A: Sociability index
Above threshold 0.000 -0.017 0.019 -0.002 0.003
(0.008) (0.014) (0.016) (0.011) (0.021)
Above X post MLDA  -0.086**  0.067**  -0.233***  -0.079  -0.098%**
(0.023) (0.018) (0.042) (0.052) (0.019)
Obs 9431 4764 4667 3577 5854
Panel B: Truant - Skip school
Above threshold 0.203** 0.114%* 0.268** 0.128 0.256%*
(0.064) (0.037) (0.079) (0.070) (0.069)
Above X post MLDA  -0.219%*  -0.142**  -0.271*%%  -0.228**  -0.221**
(0.065) (0.044) (0.075) (0.063) (0.068)
Obs 9251 4664 4587 3484 5767
Panel C: Truant - Skip classes
Above threshold 0.160%**  (0.220%** 0.097* 0.040 0.3047%**
(0.010) (0.043) (0.040) (0.049) (0.041)
Above X post MLDA  -0.179*** -0.230***  -0.122* -0.108 -0.2917%%*
(0.018) (0.041) (0.054) (0.058) (0.041)
Obs 9254 4671 4583 3485 5769
Panel D: Truant - Late for school
Above threshold -0.149%** -0.171 -0.105 -0.264** 0.193*
(0.053) (0.104) (0.096) (0.072) (0.093)
Above X post MLDA 0.064 0.078 0.023 0.146 -0.264**
(0.069) (0.103) (0.123) (0.088) (0.095)
Obs 7604 3859 3745 2554 5050

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of two months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the PISA wave years, fixed effects for regions, and parental education. Student characteristics are allowed
to have effects that vary across regions. A linear specification for the function g(.) is employed, with
the slope allowed to vary on either side of the potential discontinuity and across periods of the reform.
Standard errors are clustered at the level of the running variable.
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Table 3: Impact of MLDA on selected ESTUDES outcomes (own drinking). (Two months
bandwidth and linear specification)

Full Female Male Low-Edu High-Edu
I ) (4) (5)
Panel A: Ever drink alcohol
Above threshold 0.031 -0.012 0.068 0.118%** -0.084
(0.020)  (0.021)  (0.034) (0.017) (0.049)
Above X post MLDA  -0.038**  -0.017  -0.066*** -0.103***  0.051**
(0.012)  (0.039)  (0.013) (0.023) (0.020)

Obs 3604 1809 1795 2047 1557

Panel B: Drank in the past month

Above threshold -0.071%%  -0.049*  -0.086**  -0.125%** 0.009
(0.021)  (0.021)  (0.030) (0.024) (0.019)

Above X post MLDA  0.011 0.006 0.016 0.035 -0.038
(0.026)  (0.024)  (0.038) (0.032) (0.043)

Obs 3222 1613 1609 1818 1404

Panel C: Drink weekly

Above threshold 0.060 0.010 0.112%* 0.026 0.106**
(0.034) (0.035)  (0.041) (0.036) (0.032)

Above X post MLDA  -0.036 0.005 -0.069 -0.008 -0.098**
(0.025)  (0.035)  (0.035) (0.028) (0.037)

Obs 3013 1530 1483 1691 1322

Notes: * p<0.05, ** p<0.01, ¥*** p<0.001. A bandwidth of two months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A linear specification for
the function g¢(.) is employed, with the slope allowed to vary on either side of the potential discontinuity
and across periods of the reform. Standard errors are clustered at the level of the running variable.
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Table 4: Impact of MLDA on selected ESTUDES outcomes (intoxication). (Two months
bandwidth and linear specification)

Full Female Male Low-Edu High-Edu
1) ) (3) (4) (5)
Panel A: Ever been intoxicated
Above threshold -0.059%*%*  _0.120%**  -0.024 -0.088** -0.021

(0.013)  (0.012)  (0.022)  (0.022)  (0.018)

Above X post MLDA  -0.021 0.018 -0.036 0.045  -0.113%*
(0.042)  (0.021)  (0.061)  (0.052)  (0.042)
Obs 3522 1771 1751 1999 1523

Panel B: Intoxication in the last month

Above threshold 0.053%* 0.019 0.079%**  (0.095%** -0.009
(0.018) (0.027) (0.017) (0.018) (0.066)

Above X post MLDA  -0.076***  -0.104** -0.028 -0.084** -0.055
(0.017) (0.038) (0.020) (0.029) (0.043)

Obs 3256 1629 1627 1838 1418

Panel C: Frequency of intoxication in the last month

Above threshold 0.175% -0.001  0.307%F*  0.225% 0.111
(0.080) (0.104) (0.072) (0.091) (0.072)

Above X post MLDA  -0.156** -0.141* -0.115  -0.184*** -0.095
(0.046) (0.065) (0.083) (0.042) (0.063)

Obs 3160 1581 1579 1778 1382

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of two months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A linear specification for
the function g¢(.) is employed, with the slope allowed to vary on either side of the potential discontinuity
and across periods of the reform. Standard errors are clustered at the level of the running variable.
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Table 5: Impact of MLDA on selected ESTUDES outcomes (own tobacco). (Two months
bandwidth and linear specification)

Full Female Male Low-Edu High-Edu
(1) (2) (3) (4) (5)

Panel A: Ever smoked

Above threshold 0.012 -0.063**  0.081** 0.011 0.009
(0.017) (0.017) (0.030) (0.012) (0.030)

Above X post MLDA  -0.080**  -0.066  -0.085**  -0.107** -0.047
(0.028) (0.053) (0.026) (0.034) (0.048)

Obs 3598 1809 1789 2047 1551

Panel B: Smoked in the last month

Above threshold -1.762%F%  _0.500  -2.973%FFF  _1.241%*F  _2.364%**
(0.355)  (0.453)  (0.201)  (0.407)  (0.289)

Above X post MLDA 0.041 -0.209 0.321 -0.247 0.277
(0.615) (0.373) (0.883) (0.494) (0.651)

Obs 2997 1542 1455 1685 1312

Panel C: No. cigarettes smoked daily

Above threshold -0.046 -0.129 -0.008 0.014 -0.122
(0.145) (0.186) (0.178) (0.073) (0.244)

Above X post MLDA 0.026 -0.087 0.190 -0.086 0.046
(0.177) (0.235) (0.212) (0.193) (0.236)

Obs 2744 1395 1349 1544 1200

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of two months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A linear specification for
the function g¢(.) is employed, with the slope allowed to vary on either side of the potential discontinuity
and across periods of the reform. Standard errors are clustered at the level of the running variable.
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Table 6: Impact of MLDA on selected ESTUDES outcomes (own marijuana). (Two months
bandwidth and linear specification)

Full Female Male Low-Edu High-Edu
(1) (2) (3) (4) (5)

Panel A: Ever took marijuana

Above threshold 0.053%%  0.027  0.071%*  0.076**  0.009
(0.016)  (0.015)  (0.019)  (0.024)  (0.041)

Above X post MLDA  -0.034  -0.011  -0.043**  -0.016 -0.049
(0.020)  (0.027)  (0.014)  (0.029)  (0.043)

Obs 3561 1793 1768 2024 1537

Panel B: Took marijuana in the last year

Above threshold 0.046**  0.011 0.077%%  0.055*** 0.028
(0.013)  (0.011)  (0.028) (0.008) (0.035)

Above X post MLDA  -0.045** -0.015 -0.062*** -0.033** -0.066
(0.017)  (0.029)  (0.015) (0.010) (0.043)

Obs 3544 1787 1757 2010 1534

Panel C: Took marijuana in the last month

Above threshold 0.026  0.047  0.009 0.011 0.039
(0.014)  (0.029)  (0.028)  (0.034)  (0.022)

Above X post MLDA ~ -0.048  -0.032  -0.058  -0.025  -0.090*
(0.045)  (0.043)  (0.052)  (0.056)  (0.038)

Obs 3142 1575 1567 1765 1377

Panel D: Took marijuana first time by age 16

Above threshold 0.049* 0.029 0.064* 0.067** 0.011
(0.023)  (0.022)  (0.027) (0.024) (0.055)

Above X post MLDA  -0.032 -0.022 -0.029* -0.022 -0.037
(0.016)  (0.025)  (0.014)  (0.022)  (0.043)

Obs 3534 1780 1754 2003 1531

Notes: * p<0.05, ** p<0.01, ¥*** p<0.001. A bandwidth of two months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A linear specification for
the function g¢(.) is employed, with the slope allowed to vary on either side of the potential discontinuity
and across periods of the reform. Standard errors are clustered at the level of the running variable.
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Table 7: Impact of MLDA on selected ESTUDES outcomes (peer risky behaviours). (Two
months bandwidth and linear specification)

Full Female Male Low-Edu High-Edu
(1) (2) (3) (4) (5)

Panel A: Drink alcohol

Above threshold 0.271%%*  (0.189***  (.353%*F*  (.208%**  (.384***
(0.024) (0.026) (0.032) (0.048) (0.031)

Above X post MLDA  -0.187*%**  _0.141** -0.258%** _0.211***  _(0.189**
(0.025) (0.047) (0.029) (0.033) (0.061)

Panel B: Smoking

Above threshold 0.190%%*  0.091*  0.272%¥*%*F  (0.228%*%  (.154%**
(0.032) (0.040) (0.056) (0.063) (0.031)

Above X post MLDA  -0.129**  -0.098* -0.155%* -0.213%* -0.001
(0.034) (0.041) (0.065) (0.066) (0.076)

Panel C: Intoxication

Above threshold 0.246%%*  0.125%%%  0.349*%**  (.210** 0.297**
(0.021) (0.028) (0.043) (0.063) (0.092)

Above X post MLDA  -0.184***  -0.175*  -0.173**  -0.234** -0.109
(0.021) (0.073) (0.066) (0.065) (0.102)

Panel D: Take marijuana

Above threshold 0.217%%* 0.015 0.392%%%  0.265***  0.166***
(0.020) (0.027) (0.033) (0.037) (0.015)

Above X post MLDA  -0.123*** 0.024 -0.237%%  -0.153** -0.079
(0.027) (0.041) (0.064) (0.044) (0.042)

Panel E: Take cocaine

Above threshold 0.084%* 0.085 0.074%**  (.123%+* 0.017
(0.023) (0.047) (0.017) (0.027) (0.033)

Above X post MLDA  -0.074**  -0.113** -0.024 -0.096** -0.036
(0.023) (0.030) (0.034) (0.025) (0.053)

Obs 3561 1793 1766 2024 1536

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of two months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A linear specification for
the function g¢(.) is employed, with the slope allowed to vary on either side of the potential discontinuity
and across periods of the reform. Standard errors are clustered at the level of the running variable.
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A Appendix

A.1 Validation Tests with PISA and ESTUDES data
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Figure A.1: Panel (a) shows the raw histogram for months distribution regarding the 16th birthday
at time of PISA. Panels (a), (b) and (c) display polynomial estimations using a first-degree, second-
degree (default), and a third-degree polynomial, respectively.
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Figure A.2: PISA score discontinuity around the age of 16: Left panels show scores before the
introduction of MLLDA, while right panels display scores after the reform. Polynomial specification
of second degree.
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Table A.1: Optimal bandwidth (months) by selected outcomes

PISA Math MSE 34
MSE-bias 5.3
PISA Read MSE 3.5
MSE-bias 5
PISA Science MSE 3.7

MSE-bias 5.1
Notes: MSE is Mean Squared Error (MSE) optimal bandwidth. MSE-bias is MSE-optimal
bandwidth selector for the bias of the RD treatment effect estimator. Both bandwidths were

chosen following Calonico et al. (2017),and implemented with the command rdbwselect in
STATA ,using a local linear polynomial and triangular kernel.

Table A.2: Differences in predetermined students’ characteristics around the 16th birthday,
PISA (p-values reported).

Bandwidth Female Native Parents Books  Social-Cultural
speaker born Education Occupation Status
(1) (2) (3) (4) (5) (6) (7)
Panel A. g(b;) of degree 3
5 months  0.061 0.013  0.000 0.226 0.142 0.000 0.320

4 months  0.068 0.011  0.000 0.862 0.064 0.000 0.170

Panel B. g(b;) of degree 2

5 months  0.068 0.101  0.033 0.051 0.247 0.002 0.156
4 months  0.132 0.129  0.007 0.035 0.255 0.002 0.154
3 months  0.092 0.219  0.002 0.210 0.427 0.000 0.517

Panel C. g(b;) of degree 1

5 months  0.216 0.240  0.074 0.672 0.347 1.000 0.195
4 months  0.159 0.181  0.037 0.695 0.407 0.794 0.315
3 months  0.075 0.289  0.020 0.423 0.338 0.259 0.373
2 months  0.118 0.304  0.014 0.046 0.611 0.193 0.404

Notes: For each of the variables (w;), reported on the top of the columns, we run the
regression, w; = as + 1t +y1 * 1{b; > 0} + 2 * 1{b; > 0} *x post + g(b;) +v; where 1{b; > 0} is
an indicator variable taking a value of one for students with birthday margin above 16 (192
months), and zero otherwise. post is a dummy variable taking a value one for the periods after
the MLDA implementation, and zero otherwise. as and n; are region, and PISA-year fixed
effects, respectively. g(b;) a polynomial specification in the running variable that we allow
to differ between the periods before and after the reform. The null hypothesis for which the
p-values are reported is HO : 71 = 2 = 0, that is, there is no difference in the predetermined
variable over and below the cutoff.
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Table A.3: Change in differences in predetermined students’ characteristics around the
16th Birthday between periods before/after MLDA. (PISA) (p-values reported)

Bandwidth Female Native Parents Books  Social-Cultural
speaker born Education Occupation Status
(1) (2) 3) (4) (5) (6) (7)
Panel A. g(b;) of degree 3

5 months  0.027 0.012  0.443 0.618 0.075 0.282 0.165
4 months  0.033 0.015  0.267 0.628 0.129 0.868 0.192

Panel B. g(b;) of degree 2

5 months  0.047 0.043  0.041 0.465 0.102 0.004 0.176
4 months  0.148 0.049  0.027 0.449 0.110 0.020 0.167
3 months  0.037 0.096  0.248 0.727 0.265 0.153 0.321

Panel C. g(b;) of degree 1

5 months  0.095 0.126  0.046 0.447 0.211 0.984 0.134
4 months  0.077 0.162  0.017 0.431 0.236 0.551 0.173
3 months  0.156 0.188  0.007 0.449 0.166 0.115 0.218
2 months  0.052 0.534  0.011 0.854 0.348 0.118 0.534

Notes: For each of the variables (w;), reported on the top of the columns, we run the
regression, w; = as +ne +v1 % 1{b; > 0} +~v2*x1{b; > 0} x post + g(b;) +v; where 1{b; > 0} is
an indicator variable taking a value of one for students with birthday margin above 16 (192
months), and zero otherwise. post is a dummy variable taking a value one for the periods
after the MLDA implementation, and zero otherwise. as and 7 are region, and PISA-year
fixed effects, respectively. ¢(b;) a polynomial specification in the running variable that we
allow to differ between the periods before and after the reform. The null hypothesis for which
the p-values are reported is HO : y2 = 0, that is, there is no additional difference in the
predetermined variable over and below the cutoff, after the reform.
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Table A.4: Differences in predetermined students’ characteristics around the 16th birthday,
ESTUDES (p-values reported).

Bandwidth Female Native born Mother educ. Father educ. Mother employment Father employment
(1) (2) (3) ) (5) (6)
Panel A. g(b;) of degree 3
5 months  0.088 0.940 0.330 0.033 0.064 0.512
4 months  0.057 0.360 0.397 0.020 0.114 0.622

Panel B. g(b;) of degree 2

5 months  0.010 0.012 0.982 0.049 0.143 0.522
4 months  0.039 0.060 0.496 0.108 0.068 0.454
3 months  0.008 0.073 0.269 0.439 0.028 0.372

Panel C. g(b;) of degree 1

5 months  0.290 0.060 0.734 0.376 0.109 0.279
4 months  0.191 0.007 0.756 0.165 0.111 0.294
3 months  0.203 0.005 0.831 0.529 0.231 0.431
2 months  0.047 0.031 0.774 0.172 0.057 0.954

Notes: For each of the variables (w;), reported on the top of the columns, we run the
regression, w; = as +ne +y1 % 1{b; > 0} +~v2 % 1{b; > 0} x post + g(b;) +v; where 1{b; > 0} is
an indicator variable taking a value of one for students with birthday margin above 16 (192
months), and zero otherwise. post is a dummy variable taking a value one for the periods
after the MLDA implementation, and zero otherwise. as and n; are region, and ESTUDES
wave-year fixed effects, respectively. g(b;) a polynomial specification in the running variable
that we allow to differ between the periods before and after the reform. The null hypothesis
for which the p-values are reported is HO : y1 = 2 = 0, that is, there is no difference in the
predetermined variable over and below the cutoff.
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Table A.5: Change in differences in predetermined students’ characteristics around the
16th Birthday between periods before/after MLDA. (ESTUDES) (p-values reported)

Bandwidth Female Native born Mother educ. Father educ. Mother employment Father employment
(1) (2) (3) ) (5) (6)
Panel A. g(b;) of degree 3
5 months  0.381 0.732 0.202 0.018 0.070 0.356
4 months  0.410 0.954 0.238 0.055 0.045 0.463

Panel B. g(b;) of degree 2

5 months  0.434 0.445 0.874 0.028 0.281 0.277
4 months  0.447 0.570 0.254 0.042 0.133 0.280
3 months  0.480 0.816 0.197 0.239 0.248 0.586

Panel C. g(b;) of degree 1

5 months  0.247 0.585 0.449 0.184 0.209 0.293
4 months  0.386 0.310 0.487 0.067 0.231 0.228
3 months  0.692 0.494 0.943 0.278 0.745 0.229
2 months  0.447 0.504 0.513 0.311 0.652 0.777

Notes: For each of the variables (w;), reported on the top of the columns, we run the
regression, w; = as +ne +y1 % 1{b; > 0} +~v2 % 1{b; > 0} x post + g(b;) +v; where 1{b; > 0} is
an indicator variable taking a value of one for students with birthday margin above 16 (192
months), and zero otherwise. post is a dummy variable taking a value one for the periods
after the MLDA implementation, and zero otherwise. as and n; are region, and ESTUDES
wave-year fixed effects, respectively. g(b;) a polynomial specification in the running variable
that we allow to differ between the periods before and after the reform. The null hypothesis
for which the p-values are reported is HO : v2 = 0, that is, there is no additional difference
in the predetermined variable over and below the cutoff, after the reform.
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A.2 Additional estimation results from PISA data

Table A.6: Impact of MLDA on selected PISA scores. (5 months bandwidth and quadratic
specification)

Full Female Male Low-Edu High-Edu
(1) (2) (3) (4) (5)

Panel A: Maths (std)

Above threshold 0.038 0.072 -0.002 0.000 0.124%*
(0.038) (0.047) (0.054)  (0.043)  (0.047)

Above X post MLDA  0.092 -0.044  0.227FFF  (.218%F* -0.037
(0.055) (0.064) (0.060)  (0.045)  (0.076)

Obs 26080 12987 13093 12841 13239

Panel B: Reading (std)

Above threshold -0.008  0.039 -0.050 -0.047 0.078%**
(0.031) (0.022) (0.048)  (0.040)  (0.022)

Above X post MLDA  0.083 -0.049  0.206**  0.176%** -0.025
(0.059) (0.054)  (0.068)  (0.053)  (0.064)

Obs 26080 12987 13093 12841 13239

Panel C: Science (std)

Above threshold 0.005 0.058 -0.046 -0.017 0.056
(0.033)  (0.039) (0.034)  (0.033)  (0.042)

Above X post MLDA  0.137**  -0.036  0.306*%**  0.202%** 0.074
(0.054)  (0.069) (0.048)  (0.050)  (0.073)

Obs 26080 12987 13093 12841 13239

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of 5 months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the PISA wave years, fixed effects for regions, and parental education. Student characteristics are allowed
to have effects that vary across regions. A second-degree polynomial specification for g(.) is employed,
with the slope allowed to vary on either side of the potential discontinuity and across periods of the
reform. Standard errors are clustered at the level of the running variable.
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Table A.7: Impact of MLDA on selected behavioural outcomes. (5 months bandwidth and
quadratic specification)

Full Female Male Low-Edu High-Edu
(1) 2) (3) (4) (5)
Panel A: Sociability index
Above threshold -0.003 -0.024 0.030 -0.004 0.022
(0.008) (0.015) (0.019) (0.008) (0.018)
Above X post MLDA  -0.024 0.144%F%  -0.187** 0.017 -0.075
(0.057) (0.031) (0.076) (0.095) (0.044)
Obs 16417 8270 8147 6324 10093

Panel B: Truant - Skip school

Above threshold 0.205%*  0.135***  (0.257** 0.167* 0.213**
(0.074) (0.043) (0.097) (0.085) (0.081)

Above X post MLDA  -0.240%*%*  -0.159%**  -0.302*%** -0.329%**  .0.176**
(0.063) (0.046) (0.073) (0.064) (0.073)

Obs 16058 8065 7993 6141 9917

Panel C: Truant - skip classes

Above threshold 0.143%F%  0.224%FF  0.077** 0.040 0.270%**
(0.023) (0.060) (0.031) (0.055) (0.060)

Above X post MLDA  -0.206*%** -0.264***  -0.159**  -0.153*  -0.302%**
(0.037) (0.056) (0.055) (0.075) (0.037)

Obs 16031 8055 7976 6135 9896

Panel D: Truant - Late for school

Above threshold “0.255%F%  0.347FF 0136 -0.425%FF  0.201
(0.069)  (0.113)  (0.162)  (0.076)  (0.147)

Above X post MLDA  0.114 0.179* 0017  0.I81*%f  -0.297*
(0.074)  (0.081)  (0.169)  (0.080)  (0.140)

Obs 13131 6618 6513 4454 8677

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of 5 months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the PISA wave years, fixed effects for regions, and parental education. Student characteristics are allowed
to have effects that vary across regions. A second-degree polynomial specification for g(.) is employed,
with the slope allowed to vary on either side of the potential discontinuity and across periods of the
reform. Standard errors are clustered at the level of the running variable.
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A.3 Additional estimation results from ESTUDES data

Table A.8: Impact of MLDA on selected ESTUDES outcomes (own drinking). (5 months
bandwidth and polynomial specification)

Full Female Male Low-Edu High-Edu

(1) (2) (3) (4) (5)
Panel A: Ever drink alcohol

Above threshold 0.011  -0.047*%  0.064%*  0.112%%%  _0.114%*
(0.017)  (0.017)  (0.027)  (0.028)  (0.044)

Above X post MLDA ~ -0.016  0.020  -0.059%%% -0.094%**  0.088%**
(0.017)  (0.034)  (0.017)  (0.024)  (0.032)

Obs 7751 3950 3801 4345 3406

Panel B: Drank in the past month

Above threshold -0.060%*  -0.030  -0.087*** -0.133%¥*¥*  0.026
(0.026)  (0.044)  (0.025)  (0.042)  (0.019)

Above X post MLDA  0.025  0.033 0.019 0.063* -0.025
(0.017)  (0.023)  (0.026)  (0.032)  (0.037)

Obs 6906 3561 3345 3847 3059

Panel C: Drink weekly

Above threshold 0035  -0.015  0.083**  0.007 0.064
(0.030)  (0.039)  (0.031)  (0.034)  (0.045)

Above X post MLDA ~ -0.013  0.007  -0.031 -0.026 -0.015
(0.016)  (0.029)  (0.025)  (0.020)  (0.045)

Obs 6508 3338 3170 3622 2886

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of 5 months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A second-degree polynomial
specification for g(.) is employed, with the slope allowed to vary on either side of the potential disconti-
nuity and across periods of the reform. Standard errors are clustered at the level of the running variable.
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Table A.9: Impact of MLDA on selected ESTUDES outcomes (intoxication). (5 months
bandwidth and polynomial specification)

Full Female Male Low-Edu High-Edu
(1) (2) (3) (4) (5)
Panel A: Ever been intoxicated
Above threshold -0.088***  _(0.129*** -0.062*** -0.105%**  -0.068**
(0.014) (0.023) (0.016) (0.013) (0.030)
Above X post MLDA 0.004 0.014 0.010 0.040 -0.040
(0.038) (0.011) (0.069) (0.033) (0.058)
Obs 7588 3879 3709 4251 3337

Panel B: Intoxication in the last month

Above threshold 0.032%* -0.029 0.085***  0.092** -0.050
(0.014) (0.037) (0.016) (0.032) (0.062)

Above X post MLDA  -0.071%%*  -0.093** -0.039 -0.107** -0.008
(0.013) (0.030) (0.036) (0.046) (0.062)

Obs 7012 3604 3408 3894 3118

Panel C: Frequency of intoxication in the last month

Above threshold 0.122 -0.078 0.299%*** 0.233* -0.023
(0.072) (0.081) (0.082) (0.110) (0.072)

Above X post MLDA  -0.154%%%  -0.141*%**  -0.141* -0.256** 0.026
(0.037) (0.026) (0.071) (0.097) (0.110)

Obs 6835 3510 3325 3788 3047

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of 5 months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A second-degree polynomial
specification for g(.) is employed, with the slope allowed to vary on either side of the potential disconti-
nuity and across periods of the reform. Standard errors are clustered at the level of the running variable.
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Table A.10: Impact of MLDA on selected ESTUDES outcomes (own tobacco). (5 months
bandwidth and polynomial specification)

Full Female Male Low-Edu High-Edu
(1) (2) (3) (4) (5)
Panel A: Ever smoked
Above threshold 0.020 -0.071%**  0.102** 0.047 -0.001
(0.021) (0.017) (0.035) (0.027) (0.046)
Above X post MLDA  -0.090***  -0.052*  -0.117*%** -0.167*** -0.001
(0.014) (0.024) (0.020) (0.035) (0.046)
Obs 7733 3945 3788 4342 3391
Panel B: Smoked in the last month
Above threshold -1.552%*%  _0.023  -3.062%**F -1.038%FF  _2.435%*
(0.456) (0.647) (0.435) (0.298) (1.020)
Above X post MLDA 0.004 -0.263 0.236 -0.272 0.730
(0.689) (0.575) (0.808) (0.402) (1.436)
Obs 6493 3391 3102 3571 2922
Panel C: No. cigarettes smoked daily
Above threshold -0.237* -0.299 -0.235 0.012 -0.524*
(0.121) (0.195) (0.162) (0.068) (0.270)
Above X post MLDA  -0.034 -0.225 0.200 -0.277* 0.214
(0.091) (0.169) (0.186) (0.137) (0.148)
Obs 5895 3044 2851 3258 2637

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of 5 months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A second-degree polynomial
specification for g(.) is employed, with the slope allowed to vary on either side of the potential discontinu-
ity and across periods of the reform. Standard errors are clustered at the level of the running variable.
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Table A.11: Impact of MLDA on selected ESTUDES outcomes (own marijuana). (5 months
bandwidth and polynomial specification)

Full Female Male Low-Edu High-Edu
(1) (2) (3) (4) (5)

Panel A: Ever took marijuana

Above threshold 0.029%  -0.013  0.062%**  0.079**  -0.024
(0.015)  (0.017)  (0.020)  (0.026)  (0.046)

Above X post MLDA  -0.048%*  -0.005 -0.080%**  -0.072 -0.024
(0.017)  (0.019)  (0.024)  (0.044)  (0.034)

Obs 7661 3913 3748 4297 3364

Panel B: Took marijuana in the last year

Above threshold 0.040%**  -0.005  0.079*%**  0.083*** -0.010
(0.013)  (0.015)  (0.022) (0.024) (0.040)

Above X post MLDA  -0.064**  -0.010  -0.109**  -0.105** -0.020
(0.024)  (0.024)  (0.035) (0.045) (0.027)

Obs 7628 3906 3722 4270 3358

Panel C: Took marijuana in the last month

Above threshold 0.012 0.026 -0.002 0.023 -0.007
(0.015)  (0.028)  (0.028) (0.034) (0.040)

Above X post MLDA  -0.032  -0.017 -0.043 -0.040 -0.033
(0.038)  (0.037)  (0.043) (0.054) (0.030)

Obs 6820 3474 3346 3769 3051

Panel D: Took marijuana first time by age 16

Above threshold 0.031 -0.008  0.064** 0.077** -0.020
(0.019)  (0.018)  (0.026) (0.027) (0.056)

Above X post MLDA  -0.047**  -0.014  -0.068**  -0.078* -0.013
(0.016)  (0.017)  (0.026) (0.043) (0.035)

Obs 7590 3887 3703 4238 3352

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of 5 months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A second-degree polynomial
specification for g(.) is employed, with the slope allowed to vary on either side of the potential discontinu-
ity and across periods of the reform. Standard errors are clustered at the level of the running variable.
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Table A.12: Impact of MLDA on selected ESTUDES outcomes (peer risky behaviours). (5
months bandwidth and polynomial specification)

Full Female Male Low-Edu High-Edu
(1) (2) (3) (4) (5)

Panel A: Drink alcohol

Above threshold 0.215%** 0.084 0.349%F*  0.197%FF (. 271%**
(0.045) (0.056) (0.048) (0.051) (0.065)

Above X post MLDA  -0.177%%%  _0.122** -0.251%** _0.237%** -0.122*
(0.024) (0.050) (0.027) (0.035) (0.060)

Panel B: Smoking

Above threshold 0.146%** 0.018 0.268%**  (.218%** 0.073
(0.030)  (0.041)  (0.065)  (0.058)  (0.045)

Above X post MLDA  -0.081** -0.025 -0.137*%%  -0.187** 0.058
(0.032)  (0.034)  (0.057)  (0.062)  (0.046)

Panel C: Intoxication

Above threshold 0.177%** 0.038 0.304%** 0.134%* 0.248**
(0.055) (0.061) (0.067) (0.071) (0.081)

Above X post MLDA  -0.134%%*  _0.135%  -0.132*** _(0.204*** -0.034
(0.026) (0.065) (0.038) (0.048) (0.098)

Panel D: Take marijuana

Above threshold 0.168***  -0.037  0.356*%F*  (.228%*F*  (.118**
(0.025) (0.026) (0.051) (0.040) (0.042)

Above X post MLDA  -0.098%**  0.035  -0.214*** -0.161*** -0.027
(0.019) (0.049) (0.053) (0.032) (0.043)

Panel E: Take cocaine

Above threshold 0.055%* 0.053 0.052**  0.096*** -0.012
(0.025) (0.046) (0.019) (0.023) (0.037)

Above X post MLDA  -0.062**  -0.104** -0.015 -0.0971%** -0.011
(0.023) (0.036) (0.023) (0.024) (0.041)

Obs 7657 3919 3738 4295 3362

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of 5 months around the potential discontinuity
point is used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for
the ESTUDES wave years, fixed effects for regions, and parental education. A second-degree polynomial
specification for g(.) is employed, with the slope allowed to vary on either side of the potential discontinu-
ity and across periods of the reform. Standard errors are clustered at the level of the running variable.
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A.4 Data Appendix

Table A.13: Year of the MLDA increase and PISA waves of each region

PISA Waves
MLDA Date Autonomous Community 2003 2006 2009 2012 2015 2018 2022

20-May-15 Asturias n/a pre pre pre pre/post post post
28-Feb-11 Galicia n/a  pre pre post post post  post
15-Mar-07 Castilla-Leon pre  pre post post post post  post

Notes: Each column indicates whether a specific PISA wave is available for each autonomous community
in our main analysis, and whether the data corresponds to the period prior to the MLDA reform (pre)
or after the reform (post).

Table A.14: Year of the MLDA increase and ESTUDES waves of each region

ESTUDES
MLDA Date Autonomous Community 2004 2006 2008 2010 2012 2014 2016 2019 2021

20-May-15 Asturias pre pre  pre pre  pre pre post post post
28-Feb-11 Galicia pre pre pre pre post post post post post
15-Mar-07 Castilla-Ledn pre pre post post post post post post post

Notes: Each column indicates whether a specific ESTUDES wave is available for each autonomous
community in our main analysis, and whether the data corresponds to the period prior to the MLDA
reform (pre) or after the reform (post).
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Table A.15: Variable descriptions: PISA data

Variable

Description

Availability in PISA

(A) Main identification variables

Age by months at survey Age by months at the survey All years

Region of residence Region of residence All years

(B) Individual characteristics

Gender 1 if female, 0 if male All years

Native born 1 if born in Spain, 0 otherwise All years

Native language 1 if Spanish is native language, 0 otherwise All years

Whether mother has a university degree 1 if university, 0 otherwise All years

Whether father has a university degree 1 if university, 0 otherwise All years

Number of books Number of books at home All years

Social-cultural status Index of economic, social and cultural status ~ All years

(C) Academic performance

Maths PISA maths test, standardised at the survey All years
x region level

Reading PISA reading test, standardised at the survey All years
x region level

Science PISA science test, standardised at the survey —All years

x region level

(D) Schooling

Index of child’s sociability

Truancy: skip school

Truancy: skip some classes

Truancy: late for school

Self-assessed index on how much child feels so-
ciable and belong at school (normalised, 0-1)
whether skipped a whole school day in the last
two full weeks of school

whether skipped some classes in the last two
full weeks of school

whether late for school in the last two full

weeks of school

N/A in 2006, 2009

N/A in 2003, 2006, 2009

N/A in 2003, 2006, 2009

N/A in 2006, 2009, 2012

Notes: The PISA waves used in the analysis are 2003, 2006, 2009, 2012, 2015, 2018, 2022. N/A is when

the data is not available in a specific wave.
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Table A.16: Variable descriptions: ESTUDES data

Variables Description Avaliablity in
ESTUDES
(A) Main identification variables
Age by months at survey Age by months at the survey All years
Region of residence Region of residence All years
(B) Individual characteristics
Gender 1 if female, 0 if male All years
Native born 1 if born in Spain, 0 otherwise All years
Whether mother has a university degree 1 if university, 0 otherwise All years
Whether father has a university degree 1 if university, 0 otherwise All years
Whether mother works 1 if works, 0 otherwise All years
Whether father works 1 if works, 0 otherwise All years
(C) Alcohol consumption
Ever had alcohol 1 if ever consumed alcohol in their life All years

Whether drink in the last month

1 if had alcoholic drink in the past 30 days

All years

Whether drink on a weekly basis 1 if consume alcohol regularly each week N/A in 2014
(D) Being drunk

Ever intoxicated 1 if ever been intoxicated All years
Intoxicated in the last month 1 if had been drunk in the past 30 days All years
Frequency of intoxication last month No. days being intoxicated in the last month All years
(E) Tobacco consumption

Ever smoked tobacco 1 if ever smoked cigarettes once in their life All years
Whether smoked in the last month 1 if smoked cigarettes in the past 30 days All years

No. cigarette smoked per day

Range of number of cigarettes smoked daily

All years

(F) Marijuana consumption

Ever took cannabis in their life 1 if ever took cannabis in their life All years
Took cannabis last year 1 if took cannabis in the past 12 months All years
Took cannabis in the last month 1 if took cannabis in the past 30 days All years
First took cannabis by age 16 1 if ever took cannabis by age 16 or younger All years

(G) Peer risky behaviours
Share of peers who smoke

Share of peers who drink alcohol
Share of peers who get drunk
Share of peers who take cannabis

Share of peers who take cocaine

0 = none, 1 = some, 2 = most peers smoke

1 = none, 1 = some, 2 = most peers drink

2 = none, 1 = some, 2 = most peers get drunk
3 = none, 1 = some, 2 = most peers take cannabis

3 = none, 1 = some, 2 = most peers take cocaine

All years
All years
All years
All years
All years

Notes: The ESTUDES waves used in analysis are 2004, 2006, 2008, 2010, 2012, 2014, 2016, 2019, and

2021. N/A is when the data is not available in a specific wave.
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Table A.17: Summary statistics, by timing (pre-post) and cut-off age: PISA Data

(1) (2) 3) (4)
Below 16 Above 16 Below 16 Above 16
Before Before After After

Panel A: Bandwidth of 2 months

PISA Math -0.009 0.061 -0.008 0.060
PISA Reading -0.012 0.056 -0.009 0.058
PISA Science -0.012 0.077 -0.016 0.072
Female student 0.494 0.486 0.499 0.502
Foreign born 0.953 0.945 0.927 0.930
Educ. Parent 4.106 4.128 5.803 5.881
Residence Galicia 0.270 0.284 0.359 0.362
Residence Asturias 0.441 0.442 0.187 0.184
N 2705 2855 5020 4839

Panel B: Bandwidth of 5 months

PISA Math -0.032 0.070 -0.032 0.064
PISA Reading -0.034 0.063 -0.030 0.064
PISA Science -0.045 0.085 -0.038 0.071
Female student 0.498 0.481 0.497 0.501
Foreign born 0.948 0.947 0.932 0.928
Educ. Parent 4.102 4.129 5.814 5.800
Residence Galicia 0.292 0.274 0.371 0.360
Residence Asturias 0.431 0.449 0.188 0.182
N 5421 4323 9845 277
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Table A.18: Summary statistics, by timing (pre-post) and cut-off age: ESTUDES.

(1) (2) 3) (4)
Below 16 Above 16 Below 16 Above 16
Before Before After After

Panel A: Bandwidth of 2 months

Ever drank 0.788 0.855 0.770 0.821
Ever smoke 0.414 0.458 0.358 0.391
Ever marihuana 0.684 0.320 0.222 0.255
Female student 0.484 0.495 0.505 0.518
Mother educ. 3.703 3.530 3.904 3.648
Father educ. 3.648 3.462 3.803 3.534
Mother work status 0.618 0.599 0.633 0.588
Father work status 0.850 0.780 0.822 0.796
Residence Galicia 0.382 0.354 0.419 0.413
Residence Asturias 0.527 0.577 0.183 0.050
N 1289 1048 1603 958

Panel B: Bandwidth of 5 months

Ever drank 0.770 0.856 0.753 0.823
Ever smoke 0.402 0.453 0.360 0.407
Ever marihuana 0.630 0.326 0.222 0.275
Female student 0.503 0.503 0.507 0.518
Mother educ. 3.679 3.499 3.916 3.769
Father educ. 3.656 3.463 3.790 3.634
Mother work status 0.614 0.590 0.653 0.622
Father work status 0.841 0.795 0.824 0.800
Residence Galicia 0.383 0.363 0.407 0.392
Residence Asturias 0.524 0.575 0.169 0.127
N 2576 2080 3311 2572
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Table A.19: Impact of MLDA on selected ESTUDES outcomes (own drinking).

months bandwidth and linear specification)

(1) (2) 3) (a) (5) (©)
Drink Drunk Number
Ever last Drink Ever last drunk
Drink month weekly drunk month last month
Panel A: Complete sample
Above threshold 0.028 0.002 0.070%* -0.077* 0.009 0.114*
(0.044) (0.019) (0.029) (0.036) (0.014) (0.051)
Above X post MLDA -0.035 -0.122%%* -0.075** 0.023 -0.001 -0.083
(0.051) (0.017) (0.022) (0.067) (0.029) (0.073)
N 3604 3222 3013 3522 3256 3160
Panel B: Gender Heterogeneity
Panel B.1: Girls
Above threshold -0.028 0.050 0.011 -0.102 -0.018 -0.084
(0.019) (0.026) (0.023) (0.054) (0.028) (0.081)
Above X post MLDA 0.006 -0.158** -0.032 0.004 -0.053 -0.072
(0.045) (0.057) (0.047) (0.095) (0.091) (0.138)
N 1809 1613 1530 1771 1629 1581
Panel B.2: Boys
Above threshold 0.085 -0.049** 0.132%** -0.064 0.040** 0.284***
(0.065) (0.014) (0.032) (0.035) (0.012) (0.046)
Above X post MLDA -0.092 -0.075* -0.099*** 0.057 0.067 -0.008
(0.068) (0.036) (0.019) (0.052) (0.048) (0.044)
N 1795 1609 1483 1751 1627 1579
Panel C: Educational Heterogeneity
Panel C.1: Low educ level
Above threshold 0.067** -0.024 0.022 -0.097** 0.045* 0.096**
(0.024) (0.028) (0.028) (0.026) (0.021) (0.035)
Above X post MLDA -0.026 -0.149*** -0.033 0.060 0.003 -0.023
(0.030) (0.036) (0.027) (0.056) (0.046) (0.183)
N 2047 1818 1691 1999 1838 1778
Panel C.2: High educ level
Above threshold -0.023 0.042 0.133%** -0.052 -0.055 0.103
(0.088) (0.022) (0.032) (0.065) (0.061) (0.131)
Above X post MLDA -0.030 -0.106** -0.163** -0.037 0.020 -0.102
(0.087) (0.032) (0.054) (0.091) (0.043) (0.152)
N 1553 1400 1318 1518 1413 1377

(Two

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of two months around the potential discontinuity point is
used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for the ESTUDES wave
years, fixed effects for regions times survey-year, and parental education. A linear specification for the function g(.)

is employed, with the slope allowed to vary on either side of the potential discontinuity and across periods of the
reform. Standard errors are clustered at the level of the running variable.
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Table A.20: Impact of MLDA on selected ESTUDES outcomes (own drinking).

months bandwidth and linear specification)

(1) (2) 3) (a) (5) (©)
Drink Drunk Number
Ever last Drink Ever last drunk
Drink month weekly drunk month last month
Panel A: Complete sample
Above threshold 0.028 0.002 0.070%* -0.077* 0.009 0.114*
(0.044) (0.019) (0.029) (0.036) (0.014) (0.051)
Above X post MLDA -0.035 -0.122%%* -0.075** 0.023 -0.001 -0.083
(0.051) (0.017) (0.022) (0.067) (0.029) (0.073)
N 3604 3222 3013 3522 3256 3160
Panel B: Gender Heterogeneity
Panel B.1: Girls
Above threshold -0.028 0.050 0.011 -0.102 -0.018 -0.084
(0.019) (0.026) (0.023) (0.054) (0.028) (0.081)
Above X post MLDA 0.006 -0.158** -0.032 0.004 -0.053 -0.072
(0.045) (0.057) (0.047) (0.095) (0.091) (0.138)
N 1809 1613 1530 1771 1629 1581
Panel B.2: Boys
Above threshold 0.085 -0.049** 0.132%** -0.064 0.040** 0.284***
(0.065) (0.014) (0.032) (0.035) (0.012) (0.046)
Above X post MLDA -0.092 -0.075* -0.099*** 0.057 0.067 -0.008
(0.068) (0.036) (0.019) (0.052) (0.048) (0.044)
N 1795 1609 1483 1751 1627 1579
Panel C: Educational Heterogeneity
Panel C.1: Low educ level
Above threshold 0.067** -0.024 0.022 -0.097** 0.045* 0.096**
(0.024) (0.028) (0.028) (0.026) (0.021) (0.035)
Above X post MLDA -0.026 -0.149*** -0.033 0.060 0.003 -0.023
(0.030) (0.036) (0.027) (0.056) (0.046) (0.183)
N 2047 1818 1691 1999 1838 1778
Panel C.2: High educ level
Above threshold -0.023 0.042 0.133%** -0.052 -0.055 0.103
(0.088) (0.022) (0.032) (0.065) (0.061) (0.131)
Above X post MLDA -0.030 -0.106** -0.163** -0.037 0.020 -0.102
(0.087) (0.032) (0.054) (0.091) (0.043) (0.152)
N 1553 1400 1318 1518 1413 1377

(Two

Notes: * p<0.05, ** p<0.01, *** p<0.001. A bandwidth of two months around the potential discontinuity point is
used. Each specification includes a gender dummy variable, no-native dummy, fixed effects for the ESTUDES wave
years, fixed effects for regions times survey-year, and parental education. A linear specification for the function g(.)

is employed, with the slope allowed to vary on either side of the potential discontinuity and across periods of the
reform. Standard errors are clustered at the level of the running variable.
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