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Abstract
Aiming to boost fertility rates, in 2007 the Spanish government implemented a uni-
versal e2500 baby bonus paid to mothers giving birth or adopting a child, leading
to a short-lived increase in births. In this study, I measure the causal impact that the
transfer had on the language andmathematical competencies of the children of eligible
mothers at the end of primary school in the Catalonia region. I do so by taking advan-
tage of how the policy was announced, leading to a sharp regression discontinuity
design and a difference-in-discontinuities specification. The subsidy did not improve
student achievement at age 12, since in the preferred diff-in-disc specification using
the pooled sample of schools we can rule out grade improvements greater than 0.1
standard deviation units with 95% confidence. While some effects in the subsample of
boys in disadvantaged schools are large in magnitude, of roughly 0.2–0.41 standard
deviation units representing a 4–11% improvement from the average test score, they
do not reach statistical significance and are likely caused by the high variability in
test scores both before and after the policy implementation rather than by the subsidy
itself, as suggested by robustness tests.

Keywords Income shock · Children · Education · Natural experiment · Baby bonus ·
Spain

JEL Classification H31 · I38 · J13 · J24

1 Introduction

Child benefits remain a popular tool to promote fertility in developed countries, as
governments typically spend between 1 and 4% of GDP on family policies (Sobotka
et al. 2019). Their role in fostering economic growth and development iswell known, as
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the return on investment is highest at young ages (Heckman2008). Those policies come
in a variety of forms. Universal direct cash transfers are straightforward to implement
and, despite their cost and rather modest impact compared to other interventions,
they help decrease the cost of having children and thus temporarily increase fertility
(Milligan 2005; Sinclair et al. 2012; González 2013; Chuard and Chuard-Keller 2021).

The effects of some of those income-increasing policies, especially when targeting
disadvantaged families, have been shown to go beyond pure fertility boosts, implying
improvements in maternal and children health at birth and early childhood (Cooper
and Stewart 2013, 2020). Longer-term effects have also been observed, leading to
better educational and human capital outcomes, some even persisting into adulthood.

In this paper, I study the longer-term effects on educational outcomes of a universal
subsidy implemented in Spain in 2007, consisting of a singlee2500 payment given to
mothers of a recently born baby or who adopted one. Using microdata containing the
universe of sixth-grade students participating in the basic competency tests at the end
of primary school in the Catalonia region, I take advantage of the natural experiment
that the timing of the measure created, generating a discontinuity at the 1 July 2007
threshold when households became eligible to receive the payment, as opposed to
parents of children born immediately before that cut-off, who did not receive it.

First, I propose a regression discontinuity design (RD) where I compare children
born on both sides of the cut-off. Potential seasonality in children characteristics
affecting both sides of the cut-off differently, such as early developmental differences
or parental education levels, might bias the results. To overcome those issues and gain
precision, I then combine the previous RD of the treatment year with a RD of the
previous non-treatment years in a difference-in-discontinuities specification (diff-in-
disc).

I perform a non-parametrical estimation of the models, using local linear regression
with triangular kernel smoothing and data-driven bandwidth selection procedures for
the pooled sample of observations. Additionally, I explore the heterogeneity of results
in a number of subsamples, considering student gender and nationality, school com-
plexity, ownership and size.

The benefit did not have significant positive effects overall on children achievement
test scores at age 12, as we can rule out grade improvements greater than 0.1 standard
deviation units with 95% confidence. In subsample analyses, RD results show slightly
negative effects that are not significantly different from zero except for a decrease of
11% of a standard deviation in Catalan language grades in non-disadvantaged schools.
Boys in disadvantaged schools seem to have benefited the most from the subsidy, with
increases of up to 43% of a standard deviation in the English language test score.
Diff-in-disc estimates lose almost all statistical significance while remaining roughly
similar in magnitude, which is especially relevant for those attending disadvantaged
public schools, with estimated improvements of 4–11% of the average test score for
boys and 1–4.1% for girls depending on the assessed subject, also lacking statistical
significance.

However, robustness tests suggest that the reported changes in test scores are due
to chance rather than caused by the subsidy, as natural variability in the data is sig-
nificantly higher than the discontinuities reported in the treatment period. Insufficient
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transfers, its universal nature, the lack of earmarking, the timing and the fading out of
effects over time can potentially explain the findings.

This paper contributes to the rich literature on the effects of income transfers to
families on longer-term human capital outcomes. It specifically complements existing
evidence evaluating the 2007 child subsidy in Spain and first estimates its effects on the
acquisition of language and mathematical skills when children reach preadolescence
and in a low-stakes standardised examination setting.

The remainder of the paper proceeds as follows: Sect. 2 gives an overview of
the state of the literature and the institutional background of the subsidy and the
competency tests. Section 3describes the identification strategy aswell as the empirical
specifications. Section 4 presents the data and their main characteristics. Section 5
reports the results, the robustness checks and a discussion, while Sect. 6 concludes the
paper.

2 Background

2.1 Literature review

The prominent strand of literature on the foetal origins hypothesis, according to which,
contrary to previous beliefs, shocks in utero can have long-term consequences in a
child’s life (Barker 1990, 1998), has been expanded to account for shocks in early
childhood and has been supported by a wealth of evidence in economics research.

Theoretical efforts have been made to model the relationship between parental
income and children achievement, starting with intergenerational transmission mod-
els (Becker and Tomes 1979, 1986). More recently, multiple-generations models of
investment in human capital have emerged building on their work, using more realistic
assumptions (Cunha and Heckman 2007; Del Boca et al. 2014; Cunha et al. 2020).
However, most analyses remain reduced form (e.g. measuring the effect of a shock on
an observable outcome), as several environmental factors constantly interact with each
other during the continuous formation of skills in a child, implying strong assumptions
by researchers in their modelling.

Three main determinants of parental investments in their offspring can be dis-
tinguished, namely parental preferences, informational constraints and financial
constraints, which are themost relevant for this paper (Attanasio et al. 2021). However,
the role that they might play in explaining the findings might be overstated (Carneiro
and Ginja 2016).

Heckman and Mosso (2014) survey the structural literature on the factors influenc-
ing human capital development and conclude that unrestricted income transfers are
unlikely to improve children’s skills. Almond and Currie (2011) and Almond et al.
(2018) provide extensive reviews of studies on the effects of various types of shocks
and circumstances experienced during early childhood, including family income, on
later human capital formation outcomes. Similarly, Cooper and Stewart (2013, 2020)
review studies focusing exclusively on parental income shocks and on their effects on
child development, which are the most relevant for this paper. Most of the reviewed
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evidence finds improvements in cognitive development and school achievement, rang-
ing from 5 to 37% of a standard deviation in experimental and quasi-experimental
research, whereas children from disadvantaged backgrounds typically see the largest
returns (Cooper and Stewart 2020).

Some child development periods are more critical than others. Investments during
early childhood are more productive than later remediation investments, and while IQ
scores stabilise at roughly age 10, non-cognitive skills and personality traits remain
malleable until early adulthood (Cunha et al. 2006, 2010).1 Recent evidence points at
the desirability of balanced parental income levels throughout the childhood period,
while investments are more productive during early childhood and adolescence, and
less so during late childhood (Carneiro et al. 2021).

Evidence based on natural experiments is becoming increasingly common. Akee
et al. studied the intergenerational effects of unexpected substantial governmental
payments to Indian-American families (Akee et al. 2010), finding positive but mostly
non-significant effects on years of education, parental education and a significantly
higher probability of completing high school among treated students. However, the
effects become much greater in magnitude and significance when restricting the sam-
ple to poor households. Similarly, Milligan and Stabile (2011) and Dahl and Lochner
(2012) find greater impacts among disadvantaged children when increasing child ben-
efits in Canada and the Earned Income Tax Credit in the USA, respectively.

A similarly valid source of randomness in income shocks is lotteries. Cesarini et al.
(2016) used data of Swedish lottery winners to estimate its impact on longer-term
educational outcomes such as school test scores at age 15 and military conscription
scores, as well as on health outcomes. Certain significant effects were found on the
latter but not on the former.

Natural resourcewindfalls such as the discovery of oil inNorwegian territory during
the 1970s have also been used as an instrument to retrieve the causal impact of income
on educational attainment (Løken 2010). While estimates are negative or close to
zero and do not reach significance, when nonlinear estimators are used the results
become aligned with what economic theory predicts, showing an increasing concave
relationship between family income and child outcomes and sizeable marginal effects
for disadvantaged families (Løken et al. 2012). Also in Norway, the introduction of
a child care subsidy significantly increased children’s later educational performance
(Black et al. 2014).

The studies closest to the current one take advantage of two similar exogenous
income shocks, namely the introduction in 2004 of a $3000 Baby Bonus in Australia
(Gaitz and Schurer 2017; Deutscher and Breunig 2018), and the implementation of
the universal e2500 child benefit in Spain in 2007, which led to studies on its impact
on births and abortions (González 2013; González and Trommlerová 2021a), female

1 Apart from cognitive skills, personality traits are also influential in achievement test scores (Borghans
et al. 2011), and thus interventions aimed at adolescents can still improve test scores through this channel
(Guryan et al. 2021).
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labour supply (González 2013; Hernández Alemán et al. 2017; González and Tromm-
lerová 2021a), health (González and Trommlerová 2021b) and children human capital
(Borra et al. 2021), being the latter the closest to my approach.2

2.2 Institutional background

2.2.1 The 2007 Spanish child benefit

On 3 July 2007, the Spanish PrimeMinister unexpectedly announced the introduction
of a universal child benefit, a one-time e2500 payment towards mothers of children
born on and after 1 July 2007, being passed as a law a fewmonths later (Law 35/2007).
Themaingoal of the policywas to help parents face the early expenses of having a child,
ultimately tackling population ageing by increasing fertility rates, which remained
particularly low in comparison with other European countries (Eurostat 2007; Sobotka
et al. 2019).

The eligibility criteria were straightforward, as every mother who was a Spanish
national or who had resided in the country during the two years preceding the birth
or adoption could apply for it. The take-up rates were high, covering at least 65% of
births during the first months of the policy (Borra et al. 2021), and reaching a 95%
coverage in children born in 2008 (González 2013).

The subsidy was not income-dependent nor changed with the number of births of
a mother, and thus the amount paid per child corresponded to a shock that increased
the 2007 average household income in Catalonia by almost 9% (INE 2008), and the
minimum yearly individual income by 31.3% during the year when the child was
born, arising from earning the 2007 minimum salary ofe665.7/month in 12 payments
(Ministerio de Trabajo y Asuntos Sociales 2006).

The policywas extended in 2009 to all mothers regardless of their years of residence
in Spain until budgetary cuts during the financial crisis ended the payments on 31
December 2010.

2.2.2 The assessment of children’s basic competencies in Catalonia

At the end of primary school (age 11–12), students in the Catalonia region complete
standardised tests that assess the basic skills that should have been learned during
their time at school. The tests have been designed and run yearly since 2009 by the
Catalan governmental agency in charge of evaluating the educational system (Consell
Superior d’Avaluació del Sistema Educatiu, CSDA in short), which also develops a
similar set of tests written at the end of secondary school.

The exams take place during April or early May and are spread along two or three
days. They are written in class during lecture hours and externally graded with scores
ranging from 0 to 100. The results do not affect any academic outcome of the student,

2 Canada also implemented a baby bonus scheme, but with a different design and payments increasing with
the number of children born. See for instance Malak et al. (2019) and Milligan (2005) for evidence on its
effects and for further references. In addition, the Swiss baby bonus has only been evaluated in terms of
changes in fertility and children health (Chuard and Chuard-Keller 2021).
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including access to secondary school. However, they are useful for schools to improve
their educational practice, and parents do receive a report with the contextualised
results of their child.

The content of the tests has been evolving since their creation, and the exams cur-
rently test skills in five subjects: oral and reading comprehension and writing skills
in Catalan, Spanish and foreign language,3 mathematics (numeration and calcula-
tion, space, data measurement and graphical representation of data, relationships, and
change) and natural environment4 (Departament d’Educació 2021).

3 Identification strategy

3.1 Regression discontinuity design (RD)

The features of the implementation of the benefit create a natural experiment in which
children’s dates of birth around the threshold are as good as random, and so is their
families’ eligibility for the subsidy. The assignment rule is simple, and can be defined
as

Di =
{
1 i f Xi ≥ XT

0 otherwise
(1)

Being born on or after the 1 July 2007 threshold makes parents eligible to receive
the subsidy.5 This creates a sharp eligibility cut-off Di as Eq. (1) shows, equalling
one if the running variable Xi , which measures the distance between a certain date of
birth and the threshold, is equal or greater than the threshold date of birth XT .

A regression discontinuity design identifies the causal effect under the condition
that potential outcomes are continuous at the cut-off.All factors determining test scores
other than child benefit eligibility must evolve smoothly at the threshold, and so the
date of birth must be the only discontinuity determining eligibility. Visual evidence
of continuity of predetermined covariates at the threshold is found in Fig. 1, where
no jump is statistically significant at the threshold. The assignment to treatment at the
threshold must be as good as random, implying that individuals are unable to perfectly
manipulate their assignment to treatment (i.e. parents are unable to strategicallymodify
the date of birth of their children), and treated and untreated children born in similar
dates around the cut-off can therefore be compared. This assumption is tested in Fig. 2,
finding no evidence of sorting, as the null hypothesis of continuity around the July 1,

3 While a reduced number of schools might choose to offer another main foreign language, this study only
focuses on the English language results. Similarly, in the Val d’Aran county, students also faced an Aranese
language skills test, although those results are also excluded from the analysis.
4 Since this part of the test was added in 2018 and because it assesses skills from different fields that are
unrelated to each other and difficult to disentangle, the results of this part are excluded from the study.
5 Notice the choice of wording here since, as mentioned above, the take-up of the subsidy was very high
but not complete. I do not specifically observe which students benefited from the measure, and therefore
the analysis is measuring a sort of intention-to-treat effect, where the probability of treatment below the
cut-off is 0, and the probability of treatment above the cut-off is less than 1.
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Fig. 1 Continuity test RD plots, 2007 cohort

Fig. 2 Density test at the eligibility threshold, 2007 cohort

2007 cut-off cannot be rejected, with a t value of − 0.90 and a p value of 0.37. This
was expected due to the timing of the announcement of the policy.

I estimate the local average treatment effect (LATE) of the subsidy for students
close to the cut-off non-parametrically, using local linear regression with a triangular
kernel smoothing that gives more weight to observations close to the threshold and the
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tools developed by Calonico et al. (2014), including robust bias-corrected confidence
intervals and data-driven bandwidth selection.

The model is defined as

Yi = θ0 + θ1Di + θ2 f (Xi ) + θ3Di f (Xi ) + εi , (2)

where θ1 is the coefficient of interest that estimates the LATE of the subsidy on the test
score Yi , which is standardised at the subject-cohort level. Xi is the running variable,
normalised at the threshold and allowed to have different functional forms, and θ3
is the coefficient of the interaction of the subsidy with the running variable so that
the regression function can differ in each side of the cut-off, as proposed by Lee and
Lemieux (2010).

3.2 Difference-in-discontinuities (diff-in-disc)

If unobserved variables feature seasonality anddiffer at each side of the cut-off, the esti-
mates can become biased and violate the continuity assumption. As the next section
discusses, it can be the case with the test scores data. To overcome those potential
issues, we can eliminate unobserved variables potentially biasing the results by com-
paring the 2007 RD with the previous two years without a subsidy in place, using
a difference-in-discontinuities design. This method was formalised by Grembi et al.
(2016). It could be seen as a two-period extension of a regression discontinuity design,
where the diff-in-disc estimator takes the difference betweenRDdiscontinuities before
and after the introduction of the subsidy. The assignment rule becomes:

Di =
{
1 i f Xi ≥ XT , t ≥ T1

0 otherwise
, (3)

where T1 is the treatment year 2007, while the diff-in-disc model can be written as
follows:

Yi = α0 + α1Xi + Di (β0 + β1Xi ) + Ti [γ0 + γ1Xi + Di (δ0 + δ1Xi )] + υi . (4)

Yi denotes student i’s standardised grade in a certain test. Di is a dummy indicating
a date of birth later than July 1. Ti equals one if the year is 2007 (the treatment year)
and 0 otherwise. Xi is the normalised running variable, measuring the distance in
days from the threshold date, δ0 is the parameter of interest, measuring the interaction
between Di and Ti , while υi is the error term.

The model is also estimated non-parametrically, following the extensions of the
work by Calonico et al. (2014) to difference-in-discontinuities developed by Rafael
P. Ribas (Ribas 2016; Giambona and Ribas 2021), providing the precise econometric
causal reasoning behind this method.

In order to estimate the LATE of the subsidy, three identifying assumptions need
to hold, borrowed from Grembi et al. (2016): (i) all potential outcomes in all time
periods are continuous in X at XT ; (ii) the effect of confounding variables at XT in
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the case of no treatment is constant over time; (iii) the effect of the subsidy at XT does
not depend on the confounding variables, they do not interact with each other. I test
each assumption empirically in Sect. 5.2.1.

4 Data

4.1 Data sources

I use individual microdata from the CSDA6 containing the exact date of birth of each
student and their results in the Catalan, Spanish, English and mathematics tests at the
end of primary school, the demographics of each student (gender, county of origin,
Spanish/foreign origin), as well as and characteristics of the type of school they attend
(public or private ownership, degree of socioeconomic complexity7). The data covers
the results for three years: 2019, when most children born in the treatment year, 2007,
finished primary education, and 2017 and 2018, which serve as controls. The full
sample contains 220,804 observations of children who took at least one exam.

The subsample chosen for analysis encompasses all students turning 12 in 2017,
2018 and 2019 who participated in the basic competency tests. Older students who
might have repeated a grade (roughly 5% in each cohort) and those who are younger
but were advanced to higher grades (less than 0.2% in each cohort) were excluded from
the analysis as they were not eligible for the subsidy and had specific characteristics.
Foreign students were also excluded from the main analyses, as it is less likely that
they benefited from the subsidy. A small number of observations without a linked date
of birth were also deleted.

In addition, registry microdata of the total number of sixth-grade students was
obtained from the Department of Education of the Catalan government (Departament
d’Educació 2019).

4.2 Descriptive statistics

Naturally, not every student took the tests. The database containing the whole universe
of sixth-grade students in Catalonia allows for a certain comparison of demographics
to rule out sorting.8 In 2017, 90.51% of all students took at least one exam. This figure
grew to 93.68% in 2018 but declined to 87.01% in 2019. Still, those figures imply an
improvement with respect to previous evidence on the topic in Catalonia, where the

6 Since they were obtained under a confidentiality agreement, the data sets are not publicly available, but
can be requested to the agency for research purposes.
7 The degree of complexity of a school is defined according to a set of socioeconomic criteria, including
origin, parental education and occupation, and the presence of students with special educational needs
who increase the administrative complexity of the school. See Consell Superior d’Avaluació del Sistema
Educatiu (2021b) for further details [in Catalan].
8 This comparison can be imprecise, as the registered students dataset includes older students retaking
a grade and younger promoted students, as well as foreign pupils, while the studied sample is limited to
Spanish nationals progressing normally according to their year of birth. However, the number of students
in each cohort born earlier and later than expected tends to remain similar over time. Retakers are foreign
to a greater extent than non-retakers.
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average grades of 70% of second and third-year students were observed only in public
schools (Borra et al. 2021).

Disparities in samples can be attributed to students randomly missing school on the
day of the test, students not taking the tests due to parental opposition, foreign students
being in the process of integration before being able to attend regular lessons with the
rest of the class while still being registered as sixth graders, and reporting errors.
Sorting by schools (i.e. excluding bad students to avoid reputational consequences or
emphasising their poor results in order to receive extra funding) is very unlikely, as
school public funds do not depend on student performance and the complexity status
depends on student and parental socioeconomic variables, not on school performance.
In addition, external monitoring of the testing process takes place, aiming to prevent
this strategic exclusion of students. The data does not allow for further investigation
of this phenomenon, but if it existed, it would mostly affect the representativeness
of foreign students, which are excluded from the studied sample, and would not be
expected to vary at the threshold nor over time.

Table 1 shows the main descriptive statistics of the variables used in the analysis,
using the subsample of Spanish nationals progressing normally with their studies (e.g.
students who have not retaken any grade nor have been promoted to higher grades due
to outstanding abilities). Even though they assess the same competencies, the content
of the exams is modified every year, and average grades differ slightly for each cohort.
Whileminimum grades of zero do exist in some cases, they are found in nomore than a
handful of observations for each subject and therefore do not drive the results. Student
demographic variables are comparable between cohorts, with the notable exception of
foreign origin students, which spike in the 2019 tests. This increase in foreign students
taking the test, both in public and private schools, is not explained by the proportion
of foreign students registered at grade six, which increases at a similar pace than the
previous year.

While this phenomenon might not be random, as it could be linked to a sharp
increase in students having arrived in Catalonia very recently (Consell Superior
d’Avaluació del Sistema Educatiu 2021a), but at the same time it might also imply
that less local students took the tests, it should not affect the conclusions significantly
since, as mentioned above, incentives by schools to overrepresent or hide poor per-
formers do not exist. Most importantly, there is no spike in the proportion of foreign
students at the 1 July 2007 threshold compared to previous years, as shown in Table 4 in
Sect. 5.2.1 Still, the remaining observable variables, including school characteristics,
can be compared across study periods.

Table 6 in the “Appendix” reports the average grades by subject and gender. Girls
consistently outperform boys in languages across all levels of school complexity,
while boys perform better in mathematics, a pattern usually found in the literature
(Niederle and Vesterlund 2010). This also provides suggestive evidence that tests
were not perceived as high-stakes by students, as when stakes are high, boys tend to
close the gender gap and perform better (Azmat et al. 2016; Montolio and Taberner
2021).

While data on parental income and education is unavailable, the best proxy available
is the socioeconomic complexity of the school. Figure 3 shows the grade distribution
by school complexity. The main feature is larger tails at the left of the distribution
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Table 1 Descriptive statistics by student year of birth

N Mean SD Min Max

2005 (2017 tests)

Catalan 67,693 76.73 15.376 0 100

Spanish 67,123 75.1 19.192 0 100

English 66,757 80.884 15.759 0 100

Mathematics 67,988 78.526 16.558 5.917 100

Gender (1 = male) 67,988 0.502 0.5 0 1

Origin (1 = foreign) 67,988 0.053 0.223 0 1

Low school complexity 67,988 0.182 0.386 0 1

Medium school complexity 67,988 0.683 0.465 0 1

High school complexity 67,988 0.135 0.342 0 1

School ownership (1 = public) 67,988 0.648 0.478 0 1

2006 (2018 tests)

Catalan 68,794 74.162 12.701 17.29 97.727

Spanish 69,206 77.566 12.405 0 97.727

English 68,882 77.148 16.758 0 97.5

Mathematics 69,183 79.974 15.946 0 100

Gender (1 = male) 70,075 0.502 0.5 0 1

Origin (1 = foreign) 70,075 0.05 0.217 0 1

Low school complexity 70,075 0.18 0.384 0 1

Medium school complexity 70,075 0.673 0.469 0 1

High school complexity 70,075 0.147 0.354 0 1

School ownership (1 = public) 70,075 0.654 0.476 0 1

2007 (2019 tests)

Catalan 69,338 76.138 14.309 0 100

Spanish 69,885 75.187 16.114 0 100

English 69,584 79.108 18.727 0 100

Mathematics 69,702 78.659 12.388 29.784 100

Gender (1 = male) 70,973 0.501 0.5 0 1

Origin (1 = foreign) 70,973 0.125 0.331 0 1

Low school complexity 70,973 0.178 0.382 0 1

Medium school complexity 70,973 0.675 0.469 0 1

High school complexity 70,973 0.148 0.355 0 1

School ownership (1 = public) 70,973 0.658 0.474 0 1
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Fig. 3 Grade distributions by subject and school complexity level, pooled 2017–2019 sample

the higher the complexity. A change in the distribution shape for high-complexity
schools is especially relevant in the English test, where lower-than-average results
are usual. This might be explained by the common practice by many middle- and
upper-class families of providing their children with extracurricular English lessons at
private language schools from early ages in order to advance at a higher pace than the
school, which only aims to achieve the B1 level of the Common European Framework
of Reference for Languages by the end of secondary school. Private primary schools
might also enjoy more resources to promote foreign-language learning.

It is well known that children born later in the year start school having developed
their cognitive and non-cognitive abilities less than their peers, with a disadvantage
that can be reduced but is carried on during their lives and can lead to year repetition.9

Figure 4 shows this clear declining pattern in the 2019 results, with up to four points
separating the average test scores of students born in January and December.

A potential source of concern is the significant observed differences between aver-
age grades above and below the July cut-off (e.g. grades of children born in May
or June compared to August and September). This phenomenon can bias the results
downwards and could imply a violation of the continuity assumption, as the effect of
being born later could be attributed to the subsidy. In addition, concerns about differ-
ent parental educational levels before and after the July threshold can also be relevant
(Berniell and Estrada 2020), as mechanisms such as parental time spent with children

9 See Bedard and Dhuey (2006). Calsamiglia and Loviglio (2020) and Berniell and Estrada (2020) provide
evidence of student birth developmental differences within the Catalan educational system and how parents
try to compensate them, respectively.
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Fig. 4 Average student performance in 2019 tests by month of birth and subject, 2007 cohort. Note: 95%
confidence intervals in blue

depend strongly on parental income and education (Guryan et al. 2012). Thus, this is
the fundamental reason behind the use of a diff-in-disc empirical strategy.

5 Results

5.1 Regression discontinuity design

Figure 5 gives a visual overview of regression discontinuity plots for each subject
using a 30-day bandwidth and a linear fit. No significant jumps are observed in any of
the subjects, implying that, overall, children whose mothers were eligible to receive
the subsidy did not perform better than those who did not benefit from it.

Table 2 reports RD coefficients for each subject from separate regressions, as well
as its standard error, the optimal bandwidth in days and the number of effective obser-
vations used in each optimal bandwidth. It covers the treatment year 2007, using
observations of the 2019 tests above and below the eligibility cut-off.

Throughout this section, regression tables are organised as follows. Column 1 con-
siders the whole sample of schools and all students who are Spanish citizens and who
have not retaken any year. Columns 2 and 3 restrict the sample to non-disadvantaged
schools, that is, schools categorised as having low and middle levels of socioeconomic
complexity. Column 2 reports the results for the subsample of boys attending those
schools, and column 3 does the same for girls. Columns 4 and 5 focus on complex
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Fig. 5 RD plots by subject, 2019 tests

schools, while columns 6 and 7 on public complex schools, which typically contain
the most vulnerable students and families.

The results in Table 2 indicate a modest negative effect of the subsidy on Catalan
language grades overall, decreasing scores by 5% of a standard deviation, although
it does not reach statistical significance. It is driven by boys attending schools with
low and middle levels of complexity, who see a decline in scores of 0.113 standard
deviationunits, significant at the 90% level. The effect for boys becomespositivewithin
disadvantaged schools, with a score increase of 0.207 standard deviation units, and
approaching a potential improvement of up to almost 60% of a standard deviation with
95% confidence. However, none of those coefficients reaches statistical significance.
In girls, coefficients remain small and negative across all levels of school complexity,
although we cannot rule out coefficients as large as 0.25 standard deviation units.

Regarding Spanish language scores, we can observe a similar pattern in signs in the
first three columns, rulingout positive effects greater than0.05 standarddeviationunits.
Estimates for boys in disadvantaged schools and public schools increase in magnitude
and robustness, reaching certain statistical significance. English language estimates
remain relatively close to zero overall in girls even though improvements of up to 0.26
standard deviation units cannot be ruled out, while in boys scores increase by 35%
of a standard deviation in disadvantaged schools and by 43% in disadvantaged pub-
lic schools. Finally, scores in mathematics remain similar across non-disadvantaged
schools, ruling out effects greater than 8% of a standard deviation. In disadvantaged
environments, girls’ coefficients become positive, while only in the case of boys in
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disadvantaged public schools does the positive coefficient become marginally signif-
icant.

5.2 Difference-in-discontinuities

To eliminate potential seasonality as a source of bias, Table 3 reports difference-in-
discontinuities estimates, using 2019 exam-takers and 2017 and 2018 tests as controls,
following Eq. (4). In the first column, coefficients remain similar to those reported in
Table 2, and from the confidence intervals we can rule out effects greater than 0.1 stan-
dard deviation units. In the subsample of boys in non-disadvantaged schools, negative
effects are found in the four subjects, including marginally significant coefficients in
the Catalan and Spanish language test scores. Regarding English and mathematics, we
can rule out effects greater than 0.14 and 0.12 standard deviation units, respectively. In
girls, English language coefficients double in magnitude with respect to the previous
table but do not reach statistical significance, and effects larger than 0.16 standard
deviation units can be rejected. The magnitude of the effects is unlikely to be relevant,
as they imply changes in grades of less than 1% of the average test score, only reaching
1% in the Catalan and Spanish tests for boys.

In the disadvantaged school subsamples, while benefiting from a higher sample size
than before, coefficients lose all statistical significance, even though their size remains
similar and we cannot rule out test score increases as high as 0.95 standard deviation
units in boys in public disadvantaged schools for the English test, and slightly lower
for the remaining subjects. In addition, girls’ coefficients become positive in the diff-
in-disc setting, and we can rule out grade increases larger than roughly half a standard
deviation unit.

In terms of magnitude, the effects in the subsample of disadvantaged schools
become relevant. The coefficients for boys imply increases of 5.6%, 6%, 7.9% and
2.4% of the average Catalan, Spanish, English and mathematics test score, reaching
7%, 8.5%, 11% and 4% in disadvantaged public schools. To a lesser extent, girls’
grade improvements also become relevant in this subsample, increasing the average
test score by 1.6%, 1%, 2.2% and 4.1%, respectively. Still, the lack of statistical sig-
nificance adds caution to the causal interpretation of some of the coefficients found in
Table 2.

Results using polynomial specifications are reported in Tables 7 and 8 in the “Ap-
pendix”. While coefficients remain similar to those of the linear specification in Table
3, in the first table, two coefficients reach a marginal statistical significance, translat-
ing to a decrease in Catalan grades in boys from non-disadvantaged schools of 16%
of a standard deviation, and an increase in English grades for boys in disadvantaged
schools of almost half of a standard deviation. While its use is discouraged (Gelman
and Imbens 2019), third-order polynomials do not change the coefficients but remove
all statistical significance.

Other heterogeneity analyses are also located in the “Appendix”. In Table 9, I
report how the estimates differ by school size. Small schools, those with 30 students
or less taking the exam, seem to drive the negative results of the pooled sample,
bordering a fifth of a standard deviation decrease in scores except for mathematics.
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For the remaining school sizes, the effects are mildly positive and remain statistically
insignificant.

I also investigate whether the results hold in the subsample of foreign students, who
benefited from the subsidy to a much lesser extent, as only mothers who had resided in
Spain during the two years before birth were eligible to receive it. The results for the
pooled sample are presented in Table 10. No coefficients reach statistical significance,
even though they are comparable inmagnitudewith the subsample of Spanish nationals
in the main analysis except for mathematics.

5.2.1 Robustness checks

In this subsection, I challenge the results to (i) the choice of bandwidth, ii) the validity
of the diff-in-disc assumptions from Sect. 3.2, and iii) the possibility that the results
are due to random chance. Figure 6 shows the sensitivity of the results to the choice of
bandwidth for the pooled sample. Coefficients remain very close to zero, implying no
effect of the subsidy. Figures for the remaining subsamples are available upon request
and generally maintain the coefficient sign or remain close to zero across bandwidths.

Next, I test the diff-in-disc assumptions. In Table 4, I test Assumption 1 using diff-
in-disc specifications with a set of outcomes that should not vary at the threshold over
time. The significant coefficients in the high-complexity and ownership cases suggest
that the assumption of continuity in potential outcomes at the threshold might not
hold over different periods. Considering this, in Table 11 in the “Appendix” report the

Fig. 6 Diff-in-disc sensitivity to bandwidth choice, pooled sample. Note: 95% confidence interval in dashed
lines. The vertical line indicates the optimal bandwidth from Table 3
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Table 4 Diff-in-disc continuity test

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

Sex Foreign High complexity Ownership

Coefficient 0.01 0.0115 − 0 .0296* −0 .048**

Standard error (0.0224) (0.013) (0.0159) (0.0236)

Optimal bandwidth 58.198 55.954 59.593 49.379

Observations 61,565 63,339 62,790 51,878

This table shows the diff-in-disc regression results of a placebo treatment of the 2006 cohort and a con-
trol group of the 2005 cohort, following Eq. (2), using triangular kernels and normalised grades N(0,1).
Each coefficient comes from a different regression, only the coefficient of interest δ0 is reported. Optimal
bandwidth chosen according to Calonico et al. (2014)
***p < 0.01, ** p < 0.05, * p < 0.1

diff-in-disc results using month of birth and school ownership as control variables,
with coefficients remaining roughly similar to those in Table 3.

Assumption 2 is tested in the “Appendix” Figs. 8 and 9, which show regression
discontinuity plots of the two years without treatment. The lack of significant discon-
tinuities created by confounding variables at the cut-off in years with no treatment
implies that the assumption holds.

Table 5 reports the placebo diff-in-disc estimates arising from using the 2018 tests
as the placebo treatment year and using the cohort who did the exams in 2017 as
a control group. This effectively tests Assumption 3 and serves to rule out sizeable
changes in test scores that can happen from year to year and could bias diff-in-disc
results in Table 3.

No result should be significantly different from zero. However, Spanish language
scores for boys increase bymore than three-quarters of a standard deviation, with grade
increases within the 95% confidence level of up to more than one standard deviation.
Coefficients for boys in disadvantaged schools remain very similar to the diff-in-disc
analysis in the previous table, while coefficients for girls remain negative, lower in
magnitude and statistically insignificant. The lack of robustness of the results to the
placebo estimates cast serious doubts over the findings, as they could be the result of
natural variation in scores from one year to another at both sides of the cut-off.

Finally, in Fig. 7, I combine into cumulative distribution functions for each subject
the coefficients of 82 diff-in-disc regressions using placebo treatment cut-offs at birth
dates away from 1 July 2007, 41 on each side of the real cut-off, in order to further
confirm that the results are due to chance. To rule out that the results are due to chance,
one would expect almost none of those coefficients to be greater than the actual cut-off
coefficient and its opposite sign, that is, to not be located outside the range between
the vertical red lines. However, the way in which a significant number of coefficients
are greater in magnitude than the coefficient using the real cut-off and its opposite sign
confirms the hypothesis, which is likely to apply to the other subsamples as well as to
the full sample.
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Fig. 7 Cumulative distribution functions of placebo cut-offs, boys in disadvantaged public schools. Note:
For each subject, this figure reports the empirical cumulative distribution function of diff-in-disc estimates
using fake cut-offs to the left (-80 to -40) and to the right (40 to 80) of the actual July 1 cut-off (0)

5.3 Discussion

Overall, the previous section clearly shows that the variations in test scores found
are not necessarily related to the introduction of the child benefit. In the full sample,
improvements in grades exceeding 10% of a standard deviation can be ruled out at
the 95% confidence level and are unlikely to represent meaningful deviations from
the average grade. In non-disadvantaged schools, the confidence limits roughly range
between − 0.31 and 0.17 standard deviation units, while in disadvantaged schools
grade improvements account for 4–11% of the average test score for boys in public
schools and 1–4.1% in girls, which could be greater as confidence levels allow for
effects to be as large as almost a full standard deviation increase in boys’ grades and
nearly 60% of a standard deviation in girls’. The fact that variance in test scores is
typically higher in boys might explain this persistent gender difference in effects.
However, none of those effects is statistically significant at the conventional levels.

While it is challenging to assess the magnitude of the effects described earlier, they
canbe contextualised by comparing them to similar empirical evidence. InSpain,Borra
et al. (2021) do not find any significant impact of the 2007 subsidy on the average
grades of second and third-year students, reporting similar negative and statistically
insignificant coefficients to those reported above, of roughly−0.03 to−0.125 standard
deviation units in their full sample, while they find no relevant differences in effects
by socioeconomic status.
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In the Australian case, Gaitz and Schurer (2017) report an increase in learning
outcomes of 0.26 standard deviations as a result of the introduction of the 2004 child
benefit, without reaching any statistical significance. Later, Deutscher and Breunig
(2018) also report no effects of benefit on the whole population, while in subsamples
of disadvantaged familiesmagnitudes increase and they even find amodest statistically
significant increase in test scores of 4% of a standard deviation among families having
completed high school education or less.

There are a number of reasons why the Spanish subsidy might not have been
successful at improving educational outcomes. The first one is a potential fading
out of its effects over time, as it happens with certain interventions, especially those
improving cognitive outcomes (Protzko 2015). Part of these findings can be attributed
to the standardisation of test scores data in analyses, making improvements appear
weaker than they really are (Cascio and Staiger 2012). Still, while it is not the case,
the positive effects of children interventions sometimes reappear at later ages in the
form of improved human capital outcomes (Garces et al. 2002; Araujo et al. 2019).

The permanent income theory literature might provide another explanation for the
findings, as permanent shocks tend to have higher longer-term impacts than one-
off payments (Blau 1999; Carneiro and Ginja 2016). Similarly, the amount paid is
relatively low in present value considering the long-term expenditures linked to the
upbringing of a child.

The lack of earmarking of the subsidy might also have had an influence, as families
might decide to spend the money on other goods (Beatty et al. 2014). In addition, the
marginal utility of income is higher in disadvantaged households, and they usually
benefit the most from subsidised child care programmes (Havnes and Mogstad 2015).

Two theoretical mechanisms play a role in modifying children’s outcomes as a
result of a parental income shock (Fernald et al. 2012). The first mechanism is related
to resources, as subsidies generate income and substitution effects, leading to families
being able to buy more goods, some of which may benefit their children, and to
possible reductions in labour supply. The second mechanism is an improvement in
parental mental health, reducing conflict within the household. Due to the reduction in
working hours, this mechanism leads to better parenting and more nurturing, letting
better children outcomes emerge.

Those mechanisms have already been studied in the context of the Spanish child
subsidy using survey data. However, the effect on female labour supply is ambiguous.
González (2013), using the Labour Force Survey and Social Security data, finds that
mothers took longer to return to work after giving birth and receiving the benefit,
working between 0.2 and 0.4 fewer months during the first year after giving birth and
earning less. Theyprobably used less private childcare, althoughonly a fewcoefficients
are marginally significant. On the other hand, Hernández Alemán et al. (2017), using
EU-SILC10 data, report an average increase in labour supply of two weekly hours.
Differences in findings can be attributed to how each survey is designed, although the
former analysis seems more credible than the latter. In addition, Borra et al. (2021)
do not find any effect on mother labour supply using longer-term LFS data. They also

10 European Union Statistics on Income and Living Conditions.
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investigate the second mechanism, finding no significant changes in family conflicts
in the form of divorces or partnerships as a result of the subsidy.

As a policy recommendation, the lack of results and the literature suggest that,
for the child benefit cash transfers to potentially have a persistent effect on language
and mathematical abilities, their value, the periodicity of payments or both should be
increased, while the target of the policy should move to disadvantaged families.

Still, the estimates presented in the previous section are a lower bound, as if I
could actually observe those families treated and untreated with the subsidy instead
of relying on the date of birth and their eligibility, the data would allow for more
precise identification of the causal effect. In that sense, the availability of data at
the municipality or neighbourhood level would help with identifying disadvantaged
areas. An additional limitation is the lack of linked data between parents and children,
including their income, education achieved and data on siblings, as it is key to explore
the role that they might play in the trade-off between children quantity and quality
when benefiting or not from the subsidy (Black et al. 2005; Lee 2008).

6 Conclusion

This paper has aimed to estimate the causal effect that e2500 cash transfer imple-
mented in Spain in 2007 and paid to mothers giving birth or adopting a child had on
the achievement of basic competencies in language and mathematics at the end of
primary school in the Catalonia region.

The way in which the policy was announced, three days after the eligibility began,
provides a framework for causal inference. I estimate a regression discontinuity design
model that compares children born right before and right after the 1 July 2007 eligibil-
ity threshold. I do so for each subject using local linear regressions and a data-driven
bandwidth selection procedure. Since there are potential confounding variables affect-
ing children at both sides of the cut-off differently, such as those originating in early
seasonal cognitive development differences, I combine the 2019 observations with
those from the previous two years into a difference-in-discontinuities specification.

The results show that the subsidy did not have any significant positive effect on test
scores, as potentially significant coefficients in theRDspecification are not found in the
diff-in-disc setting. We can thus rule out, with 95% confidence, grade improvements
greater than 10% of a standard deviation in the full sample, although we cannot dis-
regard relevant grade improvements in certain small-sized disadvantaged subsamples
ranging between 0.50 and 0.95 standard deviation units. Even though I only observe
the eligibility to receive the subsidy and not the actual receipt, it is likely that the
amount paid was too low and that potential benefits faded out quickly. Still, whether
the subsidy had any long-term effects on labour market outcomes or criminal activity
remains to be seen.
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Table 6 Average grades by gender and school complexity

Pooled Low complexity Mid complexity High
complexity

Boys Girls Boys Girls Boys Girls Boys Girls

Catalan 73.904 77.445 77.698 80.835 74.213 77.858 67.431 71.231

Spanish 74.712 77.206 78.529 80.701 74.919 77.499 68.755 71.475

English 77.082 80.979 83.77 87.173 77.063 81.13 68.518 72.577

Mathematics 80.435 77.668 83.094 81.051 80.672 77.848 75.847 72.607
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Table 9 Diff-in-disc regression results by school size

(1) (2) (3)

Small Intermediate Big

Catalan − 0.207** 0.0145 0.0782

Standard error
95% confidence interval

(0.0826)
[− 0.369, − 0.0447]

(0.0641)
[− 0.111, 0.140]

(0.0884)
[− 0.0952, 0.252]

Optimal bandwidth 62.242 54.123 78.891

Observations 17,622 31,740 13,761

Spanish − 0.204** − 0.0241 0.0222

Standard error
95% confidence interval

(0.0925)
[− 0.385, − 0.0222]

(0.0583)
[− 0.138, 0.0901]

(0.0956)
[− 0.165, 0.210]

Optimal bandwidth 53.148 63.307 65.052

Observations 15,009 37,005 11,494

English − 0.188** 0.0290 0.0536

Standard error
95% confidence interval

(0.0924)
[− 0.369, − 0.0676]

(0.0678)
[− 0.104, 0.162]

(0.105)
[− 0.153, 0.260]

Optimal bandwidth 53.255 54.061 57.228

Observations 14,940 31,608 10,012

Mathematics − 0.00897 0.0190 − 0.0594

Standard error
95% confidence interval

(0.0711)
[− 0.148, 0.130]

(0.0487)
[− 0.0766, 0.114]

(0.0956)
[− 0.247, 0.128]

Optimal bandwidth 77.236 73.469 58.664

Observations 22,044 43,045 10,322

This table shows the diff-in-disc regression results of the 2019 tests with the tests of the previous two
years acting as placebo tests, following Eq. (4). Triangular kernels and normalised grades. Each coefficient
comes from a different regression, only the coefficient of interest δ0 is reported. Optimal bandwidth chosen
according to Calonico et al. (2014). School size is defined by the number of observations per school: 30 or
less (small), between 31 and 60 (intermediate), and more than 60 (big).
***p < 0.01, ** p < 0.05, * p < 0.1
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Table 10 Diff-in-disc regression
results, foreign students
subsample

Foreign students

Catalan 0.0209

Standard error
95% confidence interval

(0.172)
[− 0.316, 0.357]

Optimal bandwidth 73.717

Observations 6,188

Spanish − 0.0689

Standard error
95% confidence interval

(0.171)
[− 0.403, 0.266]

Optimal bandwidth 71.199

Observations 6,153

English 0.112

Standard error
95% confidence interval

(0.193)
[− 0.267, 0.492]

Optimal bandwidth 56.927

Observations 4,863

Mathematics − 0.359

Standard error
95% confidence interval

(0.211)
[− 0.772, 0.0541]

Optimal bandwidth 48.889

Observations 4,196

This table shows the diff-in-disc regression results of the 2019 tests
with the tests of the previous two years acting as placebo tests, fol-
lowing Eq. (4), using the subsample of foreign students. Triangular
kernels and normalised grades. Each coefficient comes from a differ-
ent regression, only the coefficient of interest δ0 is reported. Optimal
bandwidth chosen according to Calonico et al. (2014)
***p < 0.01, ** p< 0.05, * p < 0.1
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Fig. 8 Placebo RD plots by subject, 2017 tests

Fig. 9 Placebo RD plots by subject, 2018 tests
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