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Abstract

We exploit the 1983 language-in-education reformt introduced Catalan alongside Spanish as
medium of instruction in Catalan schools to esterthe labour market value of bilingual education.
Identification is achieved in a difference-in-diéaces framework exploiting variation in exposure
to the reform across years of schooling and yeérbirth. We find positive wage returns to
bilingual education and no effects on employmeatrh of work or occupation. Results are robust
to education-cohort specific trends or selectioto iachooling and are mainly stemming from
exposure at compulsory education. We show thateffext worked through increased Catalan
proficiency for Spanish speakers and that thereeatso positive effects for Catalan speakers from
families with low education. These findings are sistent with human capital effects rather than
with more efficient job search or reduced discriation. Exploiting the heterogeneous effects of
the reform as an instrument for proficiency we faizkeable earnings effects of skills in Catalan.
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1. Introduction

Language of instruction is a key input in the ediwceal production function. While most students
still receive education only in their native langeabilingual education (i.e. education taughwo t
languages) is becoming increasingly popular botbrajrfamilies and educationalists. Bilingualism
affects the quality of education, favours the depgient of cognitive skills and its effectiveness in
fostering educational outcomes has been foundcease with early exposure (Bleakley and Chin,
2008). Evidence in cognitive psychology and relatbsciplines shows that bilingualism has
positive impacts on several dimensions of cognjtimeluding a reduction of the rate of skill
depletion in the adult population (see, for exampldesope et al., 2010; Costa and Sebastian-
Gallés, 2014). Policies introducing bilingual ediima are also a means for building a common
identity in regions or countries where differentiomalities coexist (Clots-Figueras and Masella,
2013). Despite the relevance of bilingual educatamrboth school quality and skill formation, Igtl

is still known about its effects on economic outesmin this paper we contribute new evidence on
this, by providing the first quasi-experimental i@sttes of the earnings effects of bilingual
schooling.

We estimate the labour market value of bilingualeadion using a reform of the language of
instruction in the Spanish region of Catalonia, $becalled ‘Linguistic Normalization’. Until 1983,
Spanish was the only official language in Catalahosls. Starting from that academic year,
Catalanbecame a co-official language of instruction, whimbans that both Catalan and Spanish
were used in education. Ours is not the first pagtedying this reform, as other studies have
investigated its effects on Catalan proficiency amdfeelings of Catalan identity (see Rendon,
2007; Aspachs-Bracons et al., 2008; Clots-Figuaras Masella, 2013). We estimate the earnings
effects of the 1983 reform for the first time. Gampirical framework is built around a difference-
in-difference (DiD) estimator that compares theimes to schooling across cohorts of students that
were differentially exposed to bilingual schooliag a consequence of the reform.

Catalan has been spoken in Catalonia since thel®lges, but was progressively dismissed
with the Spanish domination of the eighteenth agntand officially banned during Franco’s
dictatorship (1939-1975). The return of democracythe late 1970s provided the political
framework for a reintroduction of Catalan, alscaasmeans of promoting the political autonomy of
the region and its internal social cohesion. InsirggaCatalan proficiency in the population became
an important target for the new regional governmbatause a substantial share of the population
was non-Catalan after the internal migration flaafghe 1950s and 1960s, especially in the more
industrialised areas of the region. More in geneatier forty years of prohibition, proficiency in

written Catalan was problematic among prime ageyamuhg individuals, irrespective of regional
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origins. Catalan became a compulsory subject im@shmmediately after the end of dictatorship,
but it was only with the 1983 law that a broadefoma of the educational system towards
bilingualism was put in place, through changeshef language of instruction in various subjects,
teachers’ turnover and immersion programmes inipéarget areas.

There are two main channels through which exposurbilingualism at school might be
rewarded in the labour market. First, bilingualisam favour the development of cognitive skills, in
this way increasing the stock of human capital audated per year of education — resulting in
higher wage returns. Related to this, it may inseetae quality of education if more skilled teasher
are needed for bilingual teaching, inducing highieturns to schooling. Second, bilingual
knowledge might increase search efficiency andeiase the rate of arrival of job offers in a local
labour market in which Catalan-speaking employerzesent a relevant share of overall labour
demand; therefore, leading to better job matchek ragher wages. A specific example of this
channel is provided by public sector jobs, for whiafter the reform of 1983, the Catalan
government gradually established proficiency inaf@at as a prerequisite. Effects through better
search might also derive from better access tol&atocial networks, which might be particularly
relevant for individuals with non-Catalan origift increasingly perceived themselves as Catalans
after the reform (see Aspachs-Bracons et al., 20@8s-Figueras and Masella, 2013), or might even
mitigate employers’ discrimination.

Our analytical approach is in the spirit of Angrastd Lavy (1997), who studied the wage
effects of the 1983 ‘Arabization’ policy in Moroccwhich replaced French with Arabic as the
language of instruction of post-primary educatidhey develop a DiD estimator across levels of
education and birth cohorts and conclude that mettw schooling were substantially lowered for
individuals exposed to the reform, a likely consamee of the loss of skills in French induced by
‘Arabization’. A similar strategy is used by Angrist al. (2008), who evaluated the effect of
English-intensive instruction on English skills Ruerto Rico, exploiting the reform that in 1949
substituted English with Spanish as the languagastfuction in all grades, finding no effect on
English skills. In both cases, identification idy@ved by comparing returns to education (in terms
of either wages or language skills) between cohtbetswere differentially exposed to the reforms.
We apply this estimating framework to wage retum<Catalonia. Differently from the reforms
studied in Angist and Lavy (1997) and Angrist et(2D08), where policy changes were aimed at
substituting one language with another, the Catedéorm made education bilingual, with the aim
of fostering full proficiency in both Catalan anga®ish regardless of pupils’ language background.

Using data from the Survey on the Living Conditiafighe Catalan Population for 2006 and

2011, we find that one year of bilingual educatymmerates on average an extra earnings return of
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1.1 percent on top of the yearly return to educatib5.8 percent. The effect of bilingual education
IS not constant across levels of education, butigher during the first five years of education
(around 3.5 percent per year) and declines aftelsydorecoming lower than 1 percent after 15 years
of education. Conversely, we do not find any sigaifit effect of the reform on employment,
working hours or occupation. We subject these figdito a number of sensitivity checks. We
control for selection into employment and for diéfieces in life-cycle earnings trajectories across
birth cohorts. We perform placebo analyses usinip ladividuals belonging to the same birth
cohorts from different non-bilingual Spanish regicend Catalan individuals belonging to older
birth cohorts not affected by the reform. Evidericem all of these sensitivity checks points
towards the robustness of our findings. We additiignconsider whether the estimated positive
effects are due to the endogenous choice of yeaedwcation and focus only on returns to
compulsory education, still finding that bilingusati induces positive effects on earnings.
Moreover, by allowing bilingual education to havéfatential effects across educational levels, we
show that exposure during compulsory educatiorhés driver of the overall effect of bilingual
education.

In the last part of the paper we explore possibBnaels of the effects of bilingual education.
We show that the reform did not affect the charioesork in the public sector. This is consistent
with the evidence of no effects on employment ooooupations, suggesting that search is not the
main mechanism through which the reform operated.fMt a significant effect of the reform on
proficiency in Catalan for the sub-population ohr@atalan origins, one of the main targets of the
reform, which generated a small earnings premiumwéver, the baseline earnings effect is not
accounted for by differential effects for non-Catad, which does not support interpretations based
on the reform reducing discrimination. Instead, ¢ffects were concentrated among Catalans with
low parental education, which is a possible eftdancreased quality of human capital because of
the reform. Exploiting the heterogeneous effectstr@ reform between Spanish and Catalan
speakers as an instrument for proficiency, we $izéable earnings effects of skills in Catalan.

The rest of the paper proceeds as follows. In 8&e@iwe review the literature on language
reforms, bilingual education and the 1983 reformtled Catalan schooling system. Section 3
provides a detailed account of the institutionatisg, which is key in the construction of the
treatment variable for the analysis. Section 4 less the data, while in Section 5 we lay out the
empirical framework. Section 6 reports the mainultss together with a number of sensitivity
checks. Section 7 investigates the possible charthedugh which the reform had an effect, while
in Section 8 we use the exogenous variation geseiay the reform to construct an instrumental

variable for the earnings effects of language preficy. We conclude in Section 9.
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2. Related literature

There exists a growing literature in economics 8tatlies bilingualism and its impacts on socio-
economic outcomes. Several recent studies in iteiaiure report evidence of negative effects of
bilingual education on school performance. Chinaket(2013) analyse the impact of Bilingual
Education Programmes for primary schools in Texdsch affected all school districts where the
enrolment of Limited English Proficiency (LEP) Spemspeaking students was above a certain
threshold. Exploiting this feature of the policyarguasi-experimental setting, they find no eftect
bilingual schooling on test scores among LEP stigjevhile some effect is found among non-LEP
students. Anghel et al. (2012) evaluate the effefta bilingual education policy on academic
performance in some primary schools in the Madeglon. This is danguage-in-educatiopolicy,

i.e. not only was the language of instruction cteghfy the policy, but also other aspects of the
educational process were affected such as traiantgwage incentives for teachers. The policy
introduced English as medium of instruction in sgh§ such as Science, History and Geography.
Results obtained using quasi-experimental method# po a negative effect on exam performance
in the subjects that were taught in English, cotreéed among students from less-advantaged
social origins. A similar negative effect has béamnd by Ivles and King (2014) forlanguage-of-
instructionreform (i.e. limited to the medium of instructiotiat took place in Russian secondary
schools in Latvia. Bilingualism was introduced lrese schools in the form of a 60/40 percent
Latvian/Russian language of instruction mix. Resubligain derived using quasi-experimental
approaches, point to a short-term negative effe@@m performance among students belonging to
the Russian minority.

These negative effects are apparently in contradgiatith findings in cognitive psychology
literature. There, the main message is that bimhgrducation — especially early in life — has a
positive impact on cognitive development, mostlyrkiog through improved executive functions
and their corresponding brain structures (CostaSaizhstian-Gallés, 2014). However, the evidence
on the literacy skills of bilinguals is also mixadd some studies point towards a negative effect on
literacy skills measured right after exposure tmgual education (Bialystock, 2007). This suggests
that there might be some longer-term benefits bifidual education that are not captured when
focusing on early outcomes in schools, and thagdoterm outcome measures, such as labour
market performance, may tell a different story. ld@er, to the best of our knowledge, there is no
evidence on the labour market effects of bilingeduication, a gap we try to fill with this paper.

The labour market effects of bilingual educatioa still unexplored, but there exists evidence
on the effect of policies that changed the languasgt in schools from one to another. In many

cases, these changes occurred in former colonigshévg from colonial to own language. This
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literature has an important methodological contehich informs the empirical strategy of our

paper. A seminal contribution is provided by Angred Lavy (1997), who analyse a 1983
language-of-instruction reform in Morocco. The refoswitched the language of instruction at
secondary schools from French to Arabic and afteeleincoming students beginning secondary
education in 1983, while leaving incumbent studemtaffected. They develop a DiD estimator of
the wage effect of the policy using years of edocaih the new regime as the running variable, i.e.
they compare wages across educational levelsddests enrolled before and after the policy took
place. Their results point towards a negative éff@mt earnings of changing the language of
instruction from French to Arabic. Using the refoam an instrumental variable, they estimate
significant positive earnings effects of Frenchfjiency.

The effect of a switch in the language of instrmctirom English to Spanish in Puerto Rican
schools is the topic of Angrist et al. (2008), wdamsider English proficiency as the main outcome
of interest. Differently from the Moroccan casee tieform in Puerto Rico affected all individuals in
school at the time of the reform, and not only maay students, which generates partial exposure
to treatment. They apply a logic similar to Angstd Lavy (1997) and use years of education in
the new regime to derive a DiD estimator, but alfowpartial exposure to the treatment exploiting
variation across birth cohorts and educationallgwehich is also the strategy that we adopt in the
present paper. Focusing on English proficiencyh&s dutcome of interest, they find a negative
effect of the language reform, which, however,asnobust to allowance for flexible time trends by
birth cohorts and educational levels.

Lleras-Muney and Shertzer (2015) estimate the effE&nglish-only schooling for migrants
in the US within the so-called Americanization Rreg (1910-1930), exploiting variation in the
timing of schooling legislations across states.ylt@nsider several short- and long-term outcomes,
such as literacy, English proficiency schooling pmgment, income and social assimilation. Their
findings indicate only a modest positive effectbofglish-only schooling on literacy among low-
background foreign-born children, but the refornersed to be ineffective in terms of labour
market and social integration outcomes.

The paper by Kuziemko (2014) is instead focusethereffect of children’s English skills on
parents’ proficiency, considering the possibilifypmsitive and negative spillovers within migrant
families in California. The switch from bilingualdecation to English-only schooling for LEP
students that took place in 1998 represented agesomus shock in English proficiency among
school-age children of migrants. Using territonakiation in the degree of compliance with this

language-in-educatiorpolicy, Kuziemko (2014) finds that children expds® English-only as



medium of instruction speak English better, buséhimcreased language skills generated a negative
effect on their parents’ fluency in English.

While there is no study of the labour market effeat bilingual education — at least that we
are aware of — there is evidence on civic outcomééch have been investigated focusing on the
same Catalan reform that we exploit in this papefdbour market outcomes. Aspachs et al. (2008)
consider the Catalan reform in conjunction with imilar reform implemented in the Basque
Country in the same year (1983). These reformgiteall individuals in school at the time of the
reform and the authors exploit a research desighishsimilar to that of Angrist et al. (2008),.ia
DiD across schooling levels and years of birth wtrtial exposure to treatment. They find an
impact only in the case of Catalonia, becauseerBisque Country two different language regimes
(Basque-Spanish and Spanish-only) were allowed&xist and parents were free to choose the
language of instruction for their children, while Catalonia the bilingual regime was compulsory
in all primary and secondary schools. Clots-Figaerad Masella (2013) analyse the effect of the
Catalan reform on feelings of Catalan identity asd only years of exposure at compulsory school
to cope with the fact that total years of educationthe new regime partly reflect possibly
endogenous choices of educational attainment. ik wlay, they exploit only variation across
cohorts before and after the reform implementatiod not across educational levels, as years of
compulsory education in the new regime vary onlpss birth cohorts and not within them. They
confirm the findings of Aspach et al. (2008) thabstituting Spanish-only with Spanish-Catalan

education increased feelings of Catalan identity.

3. Institutional background

Catalan belongs to the family of romance langua@egether with French, Italian, Occitan,
Portuguese and Spanish) and has been the localdgegf the Spanish region of Catalonia since
the early eleventh century. Starting with the WéarSpanish Succession (1701-1714) and the
subsequent incorporation of Catalonia within thear8gh Crown, the use of Catalan was
progressively limited to domestic use and the laiggulost much of its social prestige. The trend
reverted during the second half of the nineteerghtwry (the so-calledRenaixencd, when
Barcelona became one of the cultural capitals edp®L The dramatic political events of the 1930s
represented a major negative shock for Catalanesocduring the Franco dictatorial regime,
Catalan was banned in the public milieu, its pevase was prosecuted and Spanish became the
only official language. After Franco’s death in 53Fie country went through democratic transition.
The decentralization process that took place with@emocratic Constitution of 1978 recognized

the co-officiality of Spanish and local languageshilingual regions, which were allowed to
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recover and stimulate the public and private ustheir own languages. The Catalan government
pursued the use of Catalan through language psliceulminating with the Language
Normalization Act (LNA) of 1983. This law represedta sharp change of language policy that we
detail later in this section, and enjoyed full soggdrom all political parties and society at lardie
was conceived to provide the institutional and legasis for a complete transition towards a
bilingual society, favouring the return of Catatthe (co-)official language of the region.

The socio-demographic landscape of Catalonia #ieefFranco regime represented the main
challenge in pursuing the aims of the reform. Douentass migration from the Spanish-speaking
areas of the country towards Catalonia since tf4,9a substantial share of Catalan residents (i.e.
migrants and their offspring) were Spanish natigeakers, with limited or zero knowledge of
Catalan, particularly in the periphery of the atfyBarcelona, where most migrants were located.
Instead, in Catalan-speaking families Catalan sepreed the native language even for new
generations born during the dictatorship. This rsethat individuals of Catalan origin were fluent,
at least orally, in their native language. It wasiast this background of linguistic segmentation
that the local government used language-in-edutgiadicies as the main instrument of ‘language
normalization’ for the new generations.

Immediately after the 1978 Constitution came infteat, Catalan language became a
compulsory subject (for at least three hours pegkjvén non-tertiary education. With the LNA of
1983, Catalan became a medium of instruction imary and secondary schools, alongside
Spanish, making the education system effectivdlgdnial. The reform established that, by the end
of compulsory school, all pupils must have achiewednplete proficiency in the four basic
competences (understanding, speaking, reading atidgyin both Catalan and Spanish. Under the
new system, the two official languages were taughtsubjects in a similar number of hours.
Catalan had to be used as language of instruatian least one area of study (over eight, including
languages) from grade 3 to 5, and in two areas fgoade 6, while Spanish had to be used as
language of instruction in at least one area thinougthe course of studies. Beyond these minimum
mandatory requirements, the exact amount of tegdhieach of the two co-official languages was
determined by students’ composition in terms ofjlaage background and by teachers’ language
skills — not all teachers were initially proficientCatalan.

The 1983 reform introduced language immersion @uognes in primary and pre-primary
schools (Arnau and Vila, 2013; Artigal, 1997). Thesere targeted to schools whose students
predominantly (more than 70 percent) came from Bpaspeaking families, which tended to be
settled in areas where Catalan had very little @res. Schools in immersion programmes used

Catalan as the only language of instruction dutimg first years of education and followed a
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specific methodology to stimulate second langudd® (.e. Catalan) acquisition. Spanish was
introduced as additional language of instructioly @ a later stage (normally grade 3).

The LNA also regulated the language regime at postpulsory secondary school. However,
the introduction of Catalan as medium of instruti@ secondary schools was less intense and more
gradual compared to primary education. The refostaldished that secondary schools, besides
mandatory language courses in Spanish and Cathkuh,to employ Catalan as medium of
instruction in at least two subjects. In practieceyever, the choice between Catalan and Spanish
was left to teachers and taken on the basis dfrteistic composition in the classroom.

The language regime of universities was not explicegulated by the LNA, as universities
were already endowed with special autonomy wherdahguage policy was implemented. The law
only established the right to use any of the twitcciall languages and required Catalan universities
to offer Catalan courses to students and teachiéidimited knowledge of Catalah.

The LNA promoted bilingualism among teaching st@dfenas, 1990, p. 28). This was
especially relevant to implementing the reform,egivthe lack of skills to teach in Catalan among
teachers, even among Catalan native speakerscyjarly in the area of Barcelona and in
secondary schools. Several ‘specialized’ teachen® Wired to guarantee the minimum level of
staff proficiency required by the law. These newcteers were allocated on the basis of the
linguistic composition of the school in terms oftlbéeachers and students. At the same time, less
Catalan-proficient teachers were given the oppdstun develop adequate skills through special
courses promoted by the SEDE&2(vei d’Ensenyament del Cata@atalan Teaching Service) and
the Institutes of Education of the three Catalablipwniversities of that period. While in 1978-79
only 52 percent of teachers in Catalonia were &blspeak and write in Catalan, this percentage
rose to 87 percent in 1986-87 (see Arenas and V2B@7, p. 71).

In the first years after the LNA reform, teacheeravassigned to subjects on the basis of their
prior knowledge and skills in Catalan, which linditeurnover. On the other hand, new positions
were filled by certified ‘Catalan Teachers’, eithbrough the special courses mentioned above or
because they were new university graduates wholajs@ the required skills in college. Until
1989, both new hires and incumbent personnel applior promotions in primary and secondary
schools had to either pass a specific test of @atlkhowledge or complete the special language
courses. However, tests were not strictly eliminatand those who failed had the obligation to
demonstrate sufficient knowledge of Catalan in fibllowing years. Only a subsequent norm of
1989 established the mandatory and eliminatoryaiter of the language test for teachers.

! Anecdotal evidence suggests that the use of @ataléertiary education was already quite widesgrdaring the
early 1980s as almost half of university coursesevt@ught in Catalan.
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The existing evidence regarding the implementatibthe LNA reform highlights a smooth
transition towards a bilingual system. Accordingaschool language census conducted by the
SEDEC, the share of primary schools using Catatativ@ main medium of instruction — alongside
Spanish used in Spanish language and literaturesesu- rose from 42 percent in 1986 to 73
percent in 1992, while those employing both Catalad Spanish decreased from 33 percent to 24
percent in the same years (see Vila-i-Moreno, 200i(g-i-Moreno and Galindo-Solé, 2009).
Thence, after 10 years since enactment of the LthA, system of compulsory education was
essentially fully bilingual. The use of Catalartlese years was also substantial in post-compulsory
secondary education, although less extensive: @1,193 percent of secondary schools used
Spanish as the main vehicular language, whileghrsentage fell to 30 percent and 24 percent in
1993 and 1996 respectively.

In 1994 the Spanish Constitutional Court acknowbetithe constitutional validity of the so-
called ‘single model’ for primary and pre-primaryueation, in which Catalan is the main language
of instruction, while Spanish remains compulsory lbuited to intensive Spanish language courses
and a minimum number of subjects taught in Sparitiahguage use at secondary schools was not
affected by these changes, but the subsequent agadeolicy Law (LPL) of 1998 established the
single model as the mandatory language regime limaal-tertiary education, at least in public
schools. The LPL also implemented several releghahges regarding the relevance of Catalan in
the labour market. First, it settled the C levebpabficiency in Catalan as the prerequisite to lente
public sector job$.Second, it increased the incentives to foster ube of Catalan in private
business, especially among those firms who havecddicommercial contacts with the Catalan
public sector and/or service firms with a strongiteest with the public (e.g. restaurant and hotel
industry). That is, the LPL introduced the insita@l basis for the creation of a bilingual labour
market.

It seems worth highlighting that the progressiansition towards a school system in which
Catalan is the main language did not come at tperese of proficiency in Spanish. Evidence from
centralized tests by Spanish and Catalan educaighorities indicates that at the end of
compulsory school the level of proficiency in Cataand Spanish are similar, and Spanish skills of

Catalan students are not different from the avefagthe whole of Spairt.

2 This corresponds to the C1 level (Effective Operatl Proficiency) of the Common European Framewofk
Reference for Languages (CEFR) and is automaticaliarded to individuals who completed lower-secopda
education and had Catalan as compulsory subjest fromary education (i.e. those who started primedycation
from the academic year 19¥89).

% Detailed information can be found in Instituto Bealuacién (2011) and Consell Superior d’Avaluad@® Sistema
Educatiu (2013).
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4. Data and descriptive statistics

We use data from the Survey on Habits and Livingditeons of the Catalan PopulatiorE(iquesta

de Condicions de Vida i Habits de la PoblaciBCVHP), waves 2006 and 2011. The ECVHP
provides information on labour market outcomes (menthly earnings, hours of work and
occupation), socio-demographic characteristicsipoe of birth of individuals and their parentsdan
parental education), educational attainment, laggu&atalan, Spanish, both Catalan and Spanish,
other languages) and self-reported Catalan prafigiglboth oral and written). ECVHP data are
representative of the Catalan population and tie aetta containing the information needed for the
analysis of this paper.

Our sample consists of individuals who completedicatdon, were born in Catalonia or
migrated to Catalonia from other Spanish regionemiiney were aged 6 at the latest, thus excluding
individuals who were, at least in part, educatet$ida Catalonia. We begin by selecting individuals
born between 1965 and 1977 because they were agetiS&sand thence potentially attending either
primary or secondary school when the reform cartgeaffect in 1983. We complement these cohorts
by extending the birth year limit backwards andsanrds, including in the sample individuals that
were subject to the same compulsory schooling kthase born between 1965 and 1977. The first
and last years of birth satisfying this requirenmemet 1961 and 1982 which, therefore, define thé bir

year limits for inclusion in the estimating sample.

[TABLE 1]

Apart from the year of birth, the main variablesour analysis are years of schooling, years of
bilingual schooling and earnings. Years of schaphane imputed from the very detailed information
about completed levels of education available & database. We impute years of exposure to
bilingual education on the basis of years of sdhgoind year of birth. The exact imputation of
bilingual education is reported in Table 1. Indivads born in 1977 or after received all their
schooling under the bilingual system and for thesform exposure coincides with years of
schooling, while those born between 1966 and 19@é6ewpartially exposed to the reform and
individuals born before 1966 were never affectedréform. Bilingualism was not explicitly
regulated at college and whether one should coneallege years as years of exposure to bilingual
education is inherently undetermined. To get aroth indeterminacy, we consider years of
college education as years of exposure only fooshthat have not yet started college by 1983
(cohorts 1966 and onwards). Our treatment variahkrefore, would deliver a lower bound of the

true effect if individuals that had already comptetsecondary school by 1983 (cohorts born in
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1965 or earlier) actually received some bilinguddi@ation during college years. In summary, the
treatment variable illustrated in Table 1 is obegirby variation in exposure to bilingual education
across birth cohorts and educational levels, géngra DiD framework.

We exclude the self-employed and focus on wageeemanvho are regularly employed at the
time of the survey.As the effects of interest are identified by eagsi variation across years of
education and birth cohorts, our model will contfot birth cohort effects. In order to avoid
confounding the latter with life-cycle effects, wee repeated cross-sections (2006 and 2011) and
control for quadratic experience profiles in thedime specification, augmented by age dummies in
some of the sensitivity checks (see Section 5arGlethe business cycle was very different between
2006 and 2011, and we will provide sensitivity dteecon whether changing selection into
employment between the two years affects our i&sult

The ECVHP collects information about net monthlyne&ys in both waves, but in 2006
information is reported in brackets rather thantiomously. We harmonise the earnings information
across waves by deflating 2011 earnings to 20Q@steand by discretizing them into the same
intervals that categorize earnings in 2006. We yaeathe resulting variable by means of interval
regression models. Detailed descriptive informatibout net monthly earnings is displayed in Table
Al in the Appendix, while remaining descriptivetistiics are reported in Appendix Tables A2 and
A3.

In order to run falsification exercises on the di#yi of the underlying common trend
assumption in our DID strategy, we complement tlaenrCVHP sample with two auxiliary sources
of information that we use to conduct placebo as®sy First, to test for the existence of
contemporaneous cohort-education trends in earnivigsise data from the Spanish component of the
European Survey on Income and Living Conditions)-@&LC, waves 2006 and 2011) and retain
observations of individuals born in Spain and riegjdn non-bilingual regions. Second, we use older
cohorts from the ECVHP, namely individuals bornwesn 1945 and 1960 who had already
completed education before the introduction of teferm and, therefore, were not affected by
bilingual education. This ‘placebo cohort’ enabéesmsidering the presence of pre-existing cohort-

education specific earnings trends in the Catalbaur market.

5. Empirical strategy
We identify the labour market returns to bilingwalucation by exploiting variation in exposure
across cohorts and years schooling. As shown imeThlthe LNA reform generates full, partial or

* We run sensitivity checks including in the anadyself-employed and entrepreneurs, finding thailt®svere robust
to this sample selection (these results are natislamd are available upon request).
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null exposure to the new language regime at sctiepénding on the year of birth and the level of

education, inducing differential treatment inteypsithe treatment is described by the following

variable:
S; if b; =1977
e; = {max{0,s; — (1977 — b))} if 1965 < b; <1977 (2)
0 if b; <1965

wheree; are years opotentialexposure of persons; are years of schooling, ahdis the year of
birth. The treatment variablg may differ fromactual exposure because of grade repetitions and
differential intensity inthe use of Catalan as medium of instructi@aecross schools. Therefore, our

treatment variable can be interpreted as captanmigtention to Treat (ITT) effect.

5.1 Baseline model
Following Angrist et al. (2008), our baseline sfieation for estimating the effect of the reform on

labour market outcomes is:

W; =a + ,B'xi + YSi + 5€i + Hc(i) + & (2)

wherew; denotes labour market outcomes,is a vector of controls (wave, gender, potential
experience and its square) ahgl, is a birth cohort fixed effect,(i) being the cohort of persan
Our main outcome of interest is monthly net earsifigm employment, but we also consider other
outcomes such as employment, hours and occupalioour baseline specification birth cohorts
are defined as birth-year ranges formed on theslzdgieform exposure: 1961-1965 (Spanish-only
schooling), 1966-1969 (exposure only after compylsmlucation), 1970-1976 (partial exposure
also during compulsory schooling) and 1977-1982l @&xposure). The coefficiend is the
additional return per year of education generatethb reform, and parameterises a DiD estimator
— across cohorts and schooling levels — that alfowpartial exposure.

Equation (2) imposes linearity of the return torfgual schooling; alternatively we allow for
non-linearities through the following model whichbstitutess ande with dummies for years of
schooling and years of exposure. The equationethables for differential treatment effects across

schooling levels takes the form,

® Besides providing evidence on labour market ougomiher than earnings, looking at the effect ef rsform on
working hours is particularly relevant in our casece in the ECHVP 2006 monthly earnings are reybirt brackets,
preventing us from deriving hourly earnings measure
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wi = a+ B'x; + Xl (si =) + 8l(e; = NI+ 0.y + & 3)

wherel( ) is a dichotomous indicator variable. Equationsaf2) (3) provide consistent estimates
of the effects of the reform as long as any othexrds in labour market outcomes (besides the ones

induced by the reform) were common across birttodshand schooling levels.

5.2 Accounting for potential confounders

Life-cycle earnings trends may confound the effeftthe reform because treated and non-treated
cohorts are observed at different stages of théour market trajectories, a form of life-cyclesia
Life-cycle effects are controlled for in our baselimodel through the quadratic experience profile.
We check the robustness of the baseline specditati life-cycle trends in earnings by exploiting
the availability of two cross-sections. This enaldeopting a more demanding specification for the
cohort effects €(;)), namely year of birth fixed; we further saturdbe specification with age
dummies (on top of potential experience). Howetee, use of two cross-sections comes with a
cost, since the second one (2011) comes from ader slack in the Spanish and Catalan
economies, which has substantially increased ureymmnt, especially among the young. The
potential change in selection into employment migidlermine the consistency of our estimation;
to check if this is an issue, as a sensitivity weneate a joint model for earnings and employment
and correct for selectich.

An additional confounding factor that we take iatount is the contemporaneous expansion
of education that took place in Spain over thequem which the LNA reform was implemented.
Following Angrist et al. (2008), we augment the @fieation with a measure of the educational
cumulative density function (CDF). For each survegpondent, we use data from the Spanish
Census of 2001 and define the educational CDFefdlstion of individuals with a lower level of
education who were born in the same birth cohattvaere residing in the same province. The CDF
would capture the changing selectivity into schoglievels due to education expansion, which
might have reduced the average ability of individwaith higher schooling attainments.

® We jointly estimate an interval regression earsieguation and a linear probability for selectintoiemployment,
using as exclusion restriction the unemploymeng &t the province level when the individual was & legal
minimum working age. We also show that the estichaffects are not very different if we estimate trenings
equation separately by year.
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5.3 Placebo experiments and triple difference et

We pay special attention to the existence of spsri@lationships between our exposure variable
and the outcome due to education-cohort spec#itds. The main assumption upon which validity

of the identification strategy rests is the abseoicdifferential trends in labour market outcomes

across years of birth and years of schooling. Wirems these concerns by means of two different
falsification exercises. First, we run a placebalgsis that uses data on cohorts of individuals1bor

in the same years as those in the baseline estignaimple (1961-1982), but not residing in

Catalonia or in any other bilingual region of Spaie use the Spanish component of EU-SILC

(waves 2006 and 2011) and impute reform exposwwef‘d had been implemented also in those

regions.

Second, we go back to ECHVP data and consider tohbiCatalans born between 1945 and
1960, to whom we impute placebo exposure to bilhgehooling €*; ), pretending that the reform
was rolled out in 1963 rather than in 1983, thusegating partial placebo exposure for birth cohorts
1946-1956 and full placebo exposure for individaim after 1956:

s; if 1957 <b; < 1961
m*; =<{max{0,s; — (1957 — b))} if 1946 <b; < 1957 4)
0 if b; < 1946

We estimate the baseline model on these cohomg m$j as the treatment variable. Since
these cohorts were not exposed to the reform, robtaa significant effect of the placebo variable
would suggest that our treatment variable is capgysre-existing education-cohort specific trenas i
earnings rather than the impact of bilingual scimgoéxposure.

Finally, we pool all cohorts born between 1945 2882 to derive a triple-difference estimator
that corrects the baseline estimator for any piatiepte-existing trends in earnings. We capturénsuc
spurious trends with a pseudo-exposure variahletat is equal to actual exposure for the younger
cohorts fr; = e; if 1961 < b; < 1982) and to placebo exposure for their older countspa; =

*; if 1945 < b; < 1960). The estimating equation for the triple-differerestimator is:

wW; =a + ﬁ’xl- + T]’Zi + YSi + /17'[1' + 53D€i + Hc(i) + & (5)
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wherez; is a vector including a never-treated cohort iatlic and its interactions withy ands;.”
Equation (5) provides a triple-difference estimaibthe effect of the reforms¢?), which removes
from the DiD any spurious earnings trend acrosdeland educational levels that is common to
all cohorts. In other word$;3? is equal to the real effect of bilingual school@xposure among the
baseline cohorts (1961-1982) minus the pseudo-ex@dsr the never-treated cohort (1944-1960),
assuming that the same trends in earnings obsamedg older cohorts applied to younger ones.

5.4 Selection into education

There is a final non-trivial concern with the dation of the treatment variable, namely that it is
constructed on the basis of completed schoolingctwis a choice variable. This would not be an
issue if the unobservables driving selection irdaacation did not change after the implementation
of the LNA reform. This assumption might not hold for example, before the reform some
individuals with intrinsically high ability were moenrolling into post-compulsory education
because school programmes were taught only in Sipaand the introduction of bilingualism
induced their younger counterparts to continue atioic. In such an instance, we would be
erroneously attributing to the reform what in effesca change in the unobservables.

In order to gauge the relevance of this potensiali¢, we first split both years of schooling
and years of exposure by (observed) level of cotegleeducation, considering three levels:
compulsory schooling, secondary post-compulsorpaiotg and tertiary schooling. We then re-
estimate the equations of interest (both linear @mehmies specifications) allowing for separate
effects of exposure to bilingualism at school byaation level. If the reform changed selection in
post-compulsory education in the way described apbthen we should observe the effects of the
reform to be strongest at the post-compulsory level

Secondly, we apply the strategy of Clots-Figuerad Masella (2013) and define the

treatment as years of potential exposureoatpulsoryeducation:

8 if b;=1977
&, = {max{0,8 — (1977 — b))} if 1970 <b; < 1977 (6)
0 if b; <1970

As suggested by Clots-Figueras and Masella (20is3ihg compulsory education means that the
corresponding exposure variable only depends om géairth, which would free from any

selection bias the estimated effect of exposuraliogual schooling. Following their intuition, as

"We also estimate a non-linear specification ofttie difference model with dummies for yearssohooling, years
of actual exposure and years of pseudo-exposure.
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an alternative to our baseline specification werese the baseline equation substituting total year

of exposure with years of exposure at compulsonpask

[TABLE 2]

6. Results

6.1 Bilingual schooling and labour market outcomes

We begin the presentation of results in Table ?ntapy selected parameter estimates for the effects
of the reform on various labour market outcofiésach column shows estimates from two
alternative specifications. Panel A refers to thedr specification of the treatment (equation,(2))
while Panel B refers to the specification with duynwariables allowing the impact to vary by
degree of exposure (equation (3)). In each casmasss are net of birth cohort effec& ),
cohorts being formed by groups of birth years dfion the basis of reform exposure: 1961-65
(individuals who received education only in Spahid®966—69 (individuals who received bilingual
education exposure only at secondary school); 187 @ndividuals who received some bilingual
education at primary school); 1977-82 (individuadso were entirely educated in the bilingual
system). Column (1) reports estimates from theiegsnrmodel. The DiD estimates show a sizeable
positive effect of bilingual education on earningscording to the model with linear exposure, one
additional year of bilingual education increasesiegs by 1.1 percent. This incremental return to
schooling comes on top of a yearly return of 5.8@et (see Table A4, Column 5) and represents a
proportional increase of about 20 percent. Whenr&lax the linearity assumption in Panel B,
returns vary with the amount of exposure and inggposure matters more, suggesting that the
effect is concave in exposure to the treatmenteadd receiving five years of bilingual schooling
increases earnings by 18.1 percent relative tdbdmehmark case of no exposure, but having 10
more years of exposure raises the difference ffe@rbenchmark by only an additional 4 percent.

In Columns (2) to (4) of Table 2 we apply the saspecifications of Column (1) to labour
market outcomes other than earnings. Column (2usles on employment. In Column (3) we
consider whether the effect observed on monthlgiegs could stem from differences in hours of
work between treated and non-treated individuats @se weekly hours as the relevant outcome.
Such exercise is important because we are unalgenstruct an hourly wage measure consistently

in both waves. Finally, we consider whether theniegys effect could stem from better access to

8 In this and the following tables we report onlyksarameter estimates; the full set of estimatesffinients of the
earnings regression are reported in Table A4 inAheendix for models with linear exposure. In tleene table, we
also report separate estimates by wave, as webtanates on hourly wages (only available in 20ith and without
the exposure variable.
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more prestigious occupations and estimate a lipeaability model for being in highly skilled
white-collar jobs (Column (4)). For none of theskliional labour market outcomes do we find a
significant effect of the reform (the exposure duesrare jointly significant on hours only at the
margins of the 10 percent confidence level, butenohthem is individually significant). These
results indicate that the earnings effects of giis education operate through earning capacity
rather than through working time or better emplogtn@ospects. This is a first piece of evidence
suggesting that the reform operated by affectirgpiocess of accumulation of productive skills,
rather than by favouring more or better matcheshen labour market (say via increased search
efficiency or reduced employer discrimination).the light of this evidence, we focus on earnings
returns in the remainder of this section, and wk meturn in the next section to the analysis of

possible mechanisms behind the relationship linkifiggual schooling and earnings.

6.2 Sensitivity checks
Table 3 reports the results of sensitivity chedkghe earnings effects. In Column (1) we augment
the baseline model to correct for selection intoplyyment, using unemployment rate in the
province of birth at the time the individual was@dl@s all the regressors of the earnings equation t
model individual employment probabilities. Thisredevant since our data come from two pooled
cross-sections from different phases of the busimgsle. In Columns (2) and (3) we account as
much as possible for life-cycle differences in @ags. First, in Column (2) we augment the
baseline specification (that already includes adcatic trend in experience) with age dummies.
Second, we saturate the model by also substitatiagoirth cohort dummies (that group several
birth years depending upon reform exposure) witthbiear dummies (in Column (3)). Finally, in
Column (4), to shed additional light on the thréatidentification that may come from the
contemporaneous educational expansions, we indlueleeducational CDF (and its square) as
additional control in the earnings equation (aAmgrist et al., 2008).

Accounting for selection into employment barelyeafs the estimate of the treatment effect.
As shown in Column (1) of Table 3, the estimatesnfrooth specifications with linear and non-
linear exposure effects are only slightly highearthin the baseline specification (Column (1) of
Table 2). The overall picture remains the same whernnclude age dummies in the model, which
generates a slight increase in the treatment effgohates (especially the linear specificatiome T
effect goes back to its baseline size when we a@uhe model with birth year dummies, and
marginally loses significance. When controlling fbe educational CDF in Column (4) the earnings
effect remains sizeable and significant, suggestiatyour treatment variable is not confounded by

the expansion of education that took place in Spairng the same years the LNA reform was
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implemented. Overall, these sensitivity checks point to a samisal robustness of the estimated

earnings effect of exposure to bilingual schoofihg.

[TABLE 3]

6.3 Falsification analysis

In this section we run several falsification expents that are aimed at ruling out the existence of
spurious relationships between the treatment Jariaind earnings. The main assumption
underlying the consistency of our DID estimatortthat any (education/cohort specific) earnings
trend unrelated to the reform is common betweeatdtband control cohorts. To assess the validity
of this non-trivial assumption, in Table 4 we rap@sults of placebo regressions and contrast the

resulting estimates with the baseline results shovw@olumn (1).
[TABLE 4]

First, we check for the existence of contemporasespurious relationships by using EU-
SILC data and imputing placebo variable to indialduborn in the same cohorts as our main
sample (1961-1982) but in other non-bilingual Splamegions, who, therefore, were not exposed
to the reform. The results are displayed in Coly@)n The estimates of placebo exposure among
contemporaneous cohorts of individuals from nombual Spanish region are not significant and
their point estimates are substantially lower thiam coefficient for true exposure. This evidence
suggests that our exposure variable is not cagfwamtemporaneous trends in earnings that apply
to other Spanish regions.

Second, we consider the presence of a pre-exisgng within the Catalan labour market, by
assigning placebo exposure*() to an older cohort (1945-1960) from our main senifgHCVP)

‘as if the LNA reform had been applied in 1963teed of 1983. The results obtained from this
cohort of never-treated Catalan individuals argldiged in Column (3) of Table 4. Neither the
coefficient from the linear specification nor anfythe coefficients on the dummies for years of
exposure is statistically significant at convenéibttevels of confidence. The estimates on the

dummies are jointly statistically significant bl tend to float around quite substantially withou

°The estimated coefficients on the educational CBdFits square (available upon request) are vergigely estimated
and indicate that the relationship between the oreasf educational expansion and earnings is canvex

%1n Table A4, columns (7) and (8), we report estgmaf the linear specification separately by waeconstruction,
these estimates cannot fully control for life-cyelfects, but anyway point towards the robustndsthe results. In
2006, the baseline return to education was 5.4epe@nd the treatment increased it by 0.8 pereemnite in 2011 the
baseline return was 6.5 percent and the effedheféform was 1.8 percent. In both waves, the efiethe reform is
less precisely estimated than in the baseline ndkeko smaller sample sizes.
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revealing any clear pattern. In any event, bothcbefficient from the linear specification and the

coefficients from the specifications with exposutemmies are negative, suggesting that our
baseline estimates would be, at worst, a lower dolan the true effect. Taken together, the
evidence from Column (3) rules out any threat tenidication coming from pre-dating earnings

trends across cohorts and schooling levels.

Third, we combine the baseline (1961-1982) andntneer-treated (1945-1960) cohorts to
build a triple-difference estimator, which remoas/ pre-existing trend from the treatment effect
estimator. The results from the triple-differenca&tion (5) are reported in Column (4), which
displays the estimates of real expos#&’} and pseudo-exposurd,(where the latter removes any
pre-existing trend from the former. Consistent with results obtained for the never-treated cohort
only, the earnings effect of (real) exposure tanbilal education is somewhat higher when
estimated applying a triple difference. This agaulggests that if there exists any pre-dating trend
unrelated to the reform, this seems to be weaktangenerate a modest downward bias in the

baseline estimates of the returns to bilingual ethg.

6.4 Endogenous selection into education

Another fundamental concern with our DID estimasoselection into schooling, which is an issue
if the estimated earnings effects reflect changingbserved ability of more educated individuals
before and after the reform, rather than the tfteceof bilingual schooling. We begin dispelling
these doubts in Table 5, which reports the effeti®form exposure by levels of education: if the
baseline effect is an artefact of selection intacation, we should observe it to be the strongest
after compulsory education. In Columns (1) to (&) present returns to years of bilingual education
separately by segment of the educational systemhich they are received (compulsory, post-
compulsory, tertiary). The evidence definitely gsito the fact that the predominant effect stems
from compulsory schooling. The linear specificatindicates that one year of compulsory bilingual
education increases earnings by 1.7 percent whemaoseunt only for exposure at compulsory
school (Column 1) and by 1.8 percent when we siamelbusly control for exposure at all schooling
levels. The earnings effect of exposure during adsgy schooling is clearly non-linear, as shown
in the lower panel of Table 5. In fact, the estiesashow patterns similar to those obtained for
whole exposure, highlighting that the earningsmeis increasing with the amount of compulsory
schooling received in both languages, but init@ang of exposure during compulsory schooling
matter more than late exposure. On the contraeyetfects of exposure at higher educational levels

are smaller in size and imprecisely estimated.
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[TABLE 5]

This goes against the hypothesis that the earrgfigst is reflecting changes in endogenous
selection into schooling, as there is no elemerthaice in years of compulsory schooling. This is
the argument used by Clots-Figueras and Masella3(j20vho estimated the effects of the 1983
reform on feelings of Catalan identity using p@entialnumber of years of compulsory education
(the variablez; in Section 5) to capture the exogenous amountxpbsure to the reform. Their
measure differs from the one used in Table 5 dueotopulsory school drop outs, which are
assigned eight years of compulsory schooling in gb&ential measure of Clots-Figueras and

Masella (2013) and actual years of compulsory skfgan Columns (1) of Table 5.
[TABLE 6]

Using the same measure as Clots-Figueras and Mag2ll13) delivers an effect of
compulsory exposure that is essentially the samth@ne we obtain with actual exposure at
compulsory school, as shown in Table 6. These testdnfirm that changing selection into
schooling does not affect our results, mostly beeauhat really matters is exposure to bilingualism
during compulsory education (which is not drivenibgividual choices and related unobservable
characteristics). Nevertheless, there is a fingartant issue that deserves additional attentign. B
only depending on year of birth, the potential esye variable rules out selection on
unobservables, but, similarly to the full exposuagiable, could be biased by differential earnings
trends across cohorts. The issue is in fact moreouse for compulsory exposure, as the
corresponding estimator is simply based on a bedtisx comparison, not a DID one, since there is
no difference in exposure between members of theedarth cohort. We address the relevance of
these perils with a falsification analysis basedtm contemporaneous cohorts of individuals from
non-bilingual Spanish regions, which we assumeteive pseudo years of compulsory expoStre.
The results are reported in Column (3) of TableThe estimates obtained from the linear
specification are low and not statistically sigcéfint. A similar picture emerges from the non-linear
specification of the placebo, estimates being galyerlose to zero and not significant.

Combining all the evidence that we presented semfables us to draw some initial conclusions.

Individuals exposed to bilingualism at compulsoch@ol obtain a sizeable earnings premium,

' Notice that we are unable to use the never-treat#tbrt of Catalans to falsify the effect of exp@suluring
compulsory schooling, since individuals belonginghe 19451960 cohort were not subject to the same compulsory
schooling rules. Specifically they were not affecty the ey General de EducacigihGE)”, approved in 1970 and
enforced in 1974, which increased the durationoofigulsory education to eight years.
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which is concave in the amount of exposure. Thétigegeturn to bilingual education that we have
found is not contaminated by confounders, spurigelationship of unobserved heterogeneity
affecting schooling progression. The last claimmstivated by the fact that exposure during
compulsory education — that is plausibly exogeneuspresents the main driver of the results. We

now investigate possible channels of these effects.

7. Channels and heter ogeneous effects

Results from the previous section show that thectsfof the reform are limited to earnings, while

no impact can be detected on employment, hoursook wr occupation. That evidence supports a
human capital interpretation of our results, aseralitive mechanisms such as search or
discrimination would have produced effects alsaatcomes other than earnings. Focusing on the
potential exposure at compulsory education to ouleendogeneity of schooling decisions, we now

provide further evidence about possible channethase effects.
[TABLE 7]

7.1 Possible channels

We consider several possible ‘first-stages’ of higptical ‘structural models’ that are compatible

with the earnings effects shown so far. We focughwae candidate-mediating factors: sector of
occupation (public or private), the language of tbgpondent, and Catalan proficiency (being able
to speak and write in Catalan). In Spain, publat@eworkers enjoy a wage premium (Ramos et al.,
2014) and, in the specific case of Catalonia, ®@81language Policy Law established level C of
Catalan proficiency as a prerequisite for accespimglic sector jobs. Individuals educated in the
bilingual system (specifically birth cohorts 19#lsonwards), were automatically certified in level

C, which makes their access to better-paid pulditos jobs easier compared with non-treated
cohorts. This would explain the positive earningsats consistently with a search and matching
mechanism, because the reform would widen thefgebmffers.

Second, we consider respondents’ language as #legossediator of the earnings effect of
the reform, as it may serve as an indicator foratess to Catalan social netwotk&he results by
Aspachs et al. (2008) and Clots-Figueras and Mag2013) indicate that language exposure at
school fostered the feeling of Catalan identityjclihcould in turn improve the chances for non-
Catalans of having contact with Catalans and afipg their networks. We do not observe proxies

' Respondents are asked which alternative betteridescheir language among Catalan only, Spanisjy Gatalan
and Spanish, other languages. Only three casesatedi other languages and are excluded througheatrtalysis.
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for social networks or identity feelings; therefovee focus on respondents’ language, given the
strong interrelations between language and ider{8insburgh and Weber, 2011). If treated

individuals are more likely to see themselves asl@a, we should find among them a reduction in
Spanish usage, which in turn could foster accedsetter job opportunities provided by Catalan

social networks.

Third, language proficiency represents a naturanaokel for the effectiveness of bilingual
education. Before the reform proficiency in Spansts homogeneously high for both treated and
control cohorts irrespective of their origins, vehiCatalan proficiency was more heterogeneous.
Individuals of Catalan origin could speak Catalam &till had issues with writing, and individuals
of Spanish origin — mainly second-generation imiamgs — were also lacking spoken proficiency.
Therefore, we consider whether individuals expdsetie reform are more likely to be proficient in
Catalan and, later, how this interacts with thegional origins.

Results are reported in Panel A of Table 7, togethth the linear estimate of the earnings
returns to exposure at compulsory schooling for mamson. The coefficients of the treatment
variable are close to zero and insignificant whes dependent variable is either having a public
sector job or being Spanish usual speaker. Thideege shows that the reform does not affect
employment sector or language choices, which doets support a search-and-matching
interpretation of the earnings effects. On the @yt compulsory exposure has a positive effect on
the language proficiency indicatbtThis time the effect of the reform is small buatitically
significant, increasing the probability of repogithemselves as proficient by 1.6 percent, which

provides further support for a human capital intet@tion of our results.

7.2 Heterogeneous treatment effects

In Panel B of Table 7 we allow for heterogeneotisog$ by regional origins, which are captured by
an indicator for having both parents born outsidgal®nia. This is interesting not only because
second-generation immigrants were the main tarféteoreform, but also because it could shed
light on the relevance of labour market discrimimatas a channel for the earnings effect. If
workers with non-Catalan origins are discriminagghinst in the Catalan labour market, the
observed earnings effect might reflect a reduciiothe ‘social distance’ between the two groups
brought about by the reform, and a consequent tiesiut discrimination, rather than a human

capital effect as we have argued. Prospective grapacannot always observe parental origins, but

13 Self-reported language proficiency is prone tooker-reported, which may give rise to non-classinabhsurement
error issues, see Dustmann and van Soest (2004)experimented using as an alternative ‘objectivefipiency
indicator the language of the interview (about 8dcpnt of the respondents gave their interviewparfssh and this
information is directly recorded by the intervieyvand found results in line with those discusseth@text.
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in Catalonia there is a close mapping between rwigind surnames, the latter being perfectly
observable by employers (Guell et al., 2015). Adoay to the discrimination interpretation, we
would then expect a positive and significant intéican between compulsory language exposure and
the indicator for non-Catalan origins, while theimeffect should evaporate. The results in Panel B
do not support the interpretation based on disaaton. We only find mild evidence compatible
with labour market discrimination against non-Caal the associated coefficient in the earnings
equation being negative (-2.5 percent) but impedgiestimated (s.e. = 0.19). Most importantly,
there is only a very small differential effect bketreform for non-Catalans (0.5 percent, with afe.
0.003) while the main effect of exposure remairzeable and significant. Compulsory language
exposure has again no effect on either public sestployment or language used, regardless of
regional origins. Note also that the effect of thé&rm on proficiency in Catalan is concentrated

among the group with non-Catalan origins, who wkeesmain target of the reform.

[TABLE 8]

As discussed in Section 3, with the migrationshaf 1950s and the 1960s many low-skilled
workers arrived in Catalonia from the rest of Sp&imding, as we do, that non-Catalan origins are
associated — though only mildly — with the effeat$he reform may be consistent with the idea that
the reform is beneficial for individuals from leadvantaged parental backgrounds. If the Catalan
language-in-education reform increased the quafityducation (say because it promoted teachers’
turnover) or favoured the development of cogniskéls, we expect low-background individuals to
benefit the most as school quality could compensatdow parental education, irrespective of
regional origins. To shed further light on the heteneous effects of the reform and the possible
channels of its effectiveness, in Table 8 we imiei@atment exposure with an indicator for having
parents with at most compulsory education, spijttthe sample according to regional origins.
Indeed, for individuals with Catalan roots, all tldfect is coming from low-background
individuals, which is consistent with the interm@tatn based on educational quality. On the other
hand, among individuals with non-Catalan origirteeré is no differential earnings effect of the
reform for those with low parental background, sgjog that for them what matters is the effect
coming through proficiency irrespective of backgrdu

In summary, the analysis of possible channels asi@rbgeneous effects suggests that
mechanisms like search-and-matching or labour nbatiserimination are not consistent with the
evidence, which instead supports human capitatpregations. Specifically, for individuals with

non-Catalan origins (the main target of the refortoi)jngual schooling resulted in increased
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proficiency in Catalan. For the general populatitihie reform increased the quality of education,

which was beneficial for individuals from disadvamged parental backgrounds.

8. Compulsory exposure, language proficiency and earnings

We have just shown that proficiency in Catalan app¢o be one relevant channel through which
exposure to bilingualism at school fostered eampagtential among the target population. We now
exploit this finding to derive an instrumental \aoies (IV) estimator for the earnings effects of
Catalan proficiency, using an identification stggtesimilar to that of Bleakley and Chin (2004).
They estimate the return to English proficiency @8 migrants using the interaction between age
at arrival (which proxies for differential timing tanguage exposure for children of different ages)
and country of origin (whether English-speakingnot) as an instrument for proficient{While
age at arrival itself may have direct wage effdstsy via adaptation to institutions in the host
country), its interaction with the country of omngprovides an additional (and exogenous) source of
variation in proficiency, since language proficignamong individuals from English-speaking
countries is the least affected by age at arrimaleed, assuming that the direct wage effects ef ag
of arrival are the same irrespective of countryoagin, their instrument isolates the proficiency
effects of English exposure from the direct wadea$ of age at arrival.

We recover a similar setup using the interactiotwben years of compulsory exposuég) (
and the indicator for respondents’ language intcedun the last section, which we use as a proxy
for nativelanguage. This interaction affects proficiencylasy as exposure is the most beneficial
for Spanish speakers. Instrument validity reliesrughe assumption that any direct earnings effects
of the reform are common between Spanish and Qaspleakers. Using this instrument, we obtain
a Local Average Treatment Effect (LATE) estimator the earnings effects of proficiency, namely
the effect of the treatment on the sub-populatibSmanish speakers. LES; be an indicator for
whether individual reports Spanish being her language. The firsestagression of the IV-LATE

estimator is:
pi = ay + Bp'xi + YpSi + 6pél' + (ppESi + ¢él X ESl + Ac(l’) + v; (7)

wherep; is a dummy variable for proficiency in CatalaneThtructural’ equation that estimates the

earnings effect of proficiency is the following:

14 Bleakley and Chin (2010) used the same strategigeatify the causal effect of English proficienop social
assimilation of migrants, considering as outcomesital status and partner’s characteristics, fgrtand residential
decisions.
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Wi =«a + ,B'xl- + YSi + 6él + (pESl + l)bpl-l_ec(l) + &; (8)

[TABLE 9]

Results from the estimation of the IV-LATE modeéan Table 9. The first column simply
adds Catalan proficiency to the baseline modelgfagon (2), finding a positive effect of 5.8
percent and statistically significant. This estiematay reflect both the causal earnings effect of
proficiency and selection bias stemming from unoles ability, but may also suffer from
measurement/misclassification errors. While unokeskability bias would imply that the estimate
is an upward bias of the effect of interest, thespnce of errors in the self-reported proficiency
variable is likely to generate a bias in the opigodirection (Dustmann and van Soest, 2004).

In column (2) we further augment equation (2) wita Spanish language indicator to account
for any possible extra earnings effect of Spanmdaking, besides the one operating through
proficiency. Discriminatory employer behaviour @asch efficiency may represent an example of
those effects and, similarly to the evidence onetfiects of non-Catalan origins in Table 7, there i
an earnings penalty for Spanish speakers (-1.@pgralbeit imprecisely estimated (s.e. = 0.013).
The estimates of the reduced form model that exdyrtoficiency from the earnings equation but
includes the instrument are in column (3), showheg while Spanish speakers have a sizeable and
significant earnings penalization (-5.8 percent)att disadvantage is reduced by bilingual
compulsory schooling (0.8 percent for each addatigear of exposure, with s.e. = 0.003).

The last column reports the estimates of the IV-EAMmodel. Because earnings are in
brackets, we estimate by maximum likelihood a twastions system, one for earnings (interval
regression model) and one for proficiency (lineaob@ability model). The proficiency equation (on
the right) shows that the instrument captures tloéigiency effect of the reform and does so in a
powerful enough way. Being a Spanish-only speakerndssociated with a substantially lower
probability of reporting oneself as proficient, ke gap with Catalan speakers is significantly
reduced by exposure to bilingualism, by 3.7 pe@gatpoints for each additional year of exposure.
The IV-LATE estimator of the effect is in the Igfart of column (4), showing a sizeable and
significant proficiency premium of 22 percent. Thifect is rather large compared with the OLS,
and is in the range of the IV estimates of Bleakdey Chin (2004), who report a 33 percent
premium associated with a unit increase of seléss=d proficiency on a four-point scale. Also
similar to Bleakley and Chin (2004) is the increaseize compared with the model with exogenous
proficiency, though in their case the differencdeiss pronounced (they estimate approximately a

50 percent increase between OLS and IV, while incase the increase is more than fourfold). A
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likely reason for this discrepancy is that while Bleakley and Chin (2004) measure is on a four-
point scale, our measure is binary and thus théficieat parameterises the earnings effect of a
larger shift in language fluency. Bleakley and C{#004) exclude that their evidence is compatible
with the IV estimates reflecting heterogeneous otéfebetween groups whose proficiency is
differentially affected by the instrument, becaaseple OLS earnings regressions by subgroups do
not reveal differential returns to proficiency. lealing their strategy we also find no evidence of
differential returns to Catalan proficiency accoglio whether or not respondents report Spanish as
their language. Thence, similarly to them, we ssygdghat presence of errors in self-reported
proficiency is the reason for the size increaseatttarizing IV estimates.

In Panel B of Table 9 we propose an alternativentiieation strategy that uses Catalan
origins in place of respondents’ language to fohm éxclusion restriction. The instrument in this
case is less powerful, and results in an impreestgnate of the effect of proficiency on earnings,
but the point estimate is similar to the one ol@dimsing our preferred exclusion restriction. As
both instruments operate in the same directiomguiiem jointly in Panel C of Table 9 offers the
opportunity to run an over-identification test, vgkeoestimated p-value is 0.76. This is a piece of
evidence that supports the identification assumgtiat any direct earnings effects of the reform do
not depend on whether Spanish is reported as spemeent’s language, or on Catalan origins. We
also experimented by including the interaction ke compulsory language exposure and the non-
Catalan origin indicator (and the base effect efltiter variable) in the earnings equation, withou
finding any significant effect on the included irgtetion or any alteration in the instrumented
proficiency effect. This result is important, sireaéding this interaction as control would impligitl
relax the underlying hypothesis that any remairgffgct of the reform is homogeneous within the

population of interest, and is thus reassuring atimureliability of our IV-LATE estimates.

9. Concluding remarks

The 1983 introduction of Catalan alongside Spamisha medium of instruction in the Catalan
schooling system provides a unique opportunityefaluating the effects of bilingual schooling. In
this paper we exploit the differential exposuredfmrm across birth cohorts and levels of education
to provide the first evaluation of the earningset$ of bilingual education, complementing strands
of literature that have focused either on the ¢ffed bilingualism on educational outcomes, or the
labour market effects of changing one languagensfruction with another. We find positive
earnings effects: one year of bilingual educatiamsing earnings by on average 1 percent,
representing one-fifth of the baseline return tocadion. These effects are robust to alternative

specifications, and placebo analyses exclude liegt ¢ould reflect spurious trends. Conversely, we
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do not find effects on employment, hours of workoocupation, nor do we find the earnings effect
to stem exclusively from non-Catalans, all of whieads us to favour human capital interpretations
of the findings rather than explanations based @arch-and-matching mechanisms or
discrimination.

Coming after four decades of a totalitarian regiha banned Catalan from the public milieu,
one of the main motivations of the reform was teeléhe playing field in Catalonia, promoting an
effective integration of non-Catalans, many of whemere first- or second-generation immigrants
from poorer Spanish regions. Our results indeedvghat the non-Catalan labour force enjoyed the
highest earnings benefits due to its increasedukageg proficiency. In this respect, the reform was
arguably successful in reducing segregation anduiang the development of a unitary society.
However, the positive effects spread to all theottshexposed to bilingual schooling irrespective of
their origins, particularly individuals from unfamr@ble family backgrounds. This is consistent with
an increased quality of the overall educationatess brought about by the reform and with direct

positive effects of bilingualism on skill formation
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Table 1: Imputed years of exposure

year of birth
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Table 2: Effects of thereform on labour market outcomes

1 (@) (©) (4)
Earnings Employment Hours White collar
High skilled
Panel A: Linear specification
years of exposure 0.011 -0.001 0.068 -0.001
(0.006) (0.005) (0.132) (0.007)
Panel B: Dummy variables specification (referenc@ years of exposure)
years of exposure = 1 0.030 -0.015 -1.557 -0.025
(0.053) (0.043) (1.196) (0.045)
years of exposure = 2 0.084 -0.032 1.315 0.003
(0.051) (0.058) (1.260) (0.041)
years of exposure = 3 0.109 -0.019 -0.066 -0.010
(0.047) (0.048) (1.481) (0.052)
years of exposure = 4 0.131 -0.034 0.331 -0.015
(0.048) (0.045) (1.160) (0.038)
years of exposure = 5 0.181 -0.040 -0.395 0.075
(0.056) (0.048) (1.222) (0.052)
years of exposure = 6 0.206 -0.066 0.893 0.028
(0.046) (0.045) (1.317) (0.040)
years of exposure = 7 0.179 -0.058 0.653 -0.036
(0.044) (0.047) (1.240) (0.045)
years of exposure = 8 0.185 -0.026 1.156 0.009
(0.049) (0.054) (1.517) (0.044)
years of exposure = 9 0.184 -0.057 1.399 -0.037
(0.060) (0.059) (1.555) (0.056)
years of exposure = 10 0.191 -0.046 1.322 -0.008
(0.058) (0.063) (1.586) (0.057)
years of exposure = 11 0.155 -0.009 1.644 -0.025
(0.062) (0.062) (1.630) (0.058)
years of exposure = 12 0.209 -0.028 0.157 -0.004
(0.066) (0.068) (1.794) (0.062)
years of exposure = 13 0.237 -0.038 2.314 -0.017
(0.0712) (0.069) (1.841) (0.078)
years of exposure = 14 0.236 -0.047 1.647 0.038
(0.074) (0.074) (2.016) (0.072)
years of exposure = 15 0.217 0.001 0.093 -0.043
(0.079) (0.078) (2.108) (0.077)
years of exposure = 16 0.295 -0.004 0.263 -0.025
(0.073) (0.080) (2.049) (0.090)
years of exposure = 17 0.176 -0.056 1.362 -0.087
(0.090) (0.093) (2.405) (0.099)
F-test of joint significance (p-value) 0.000 0.416 0.099 0.524
ﬁumber of observations 3,323 4,189 3,290 3,323

., denote significance at the 1, 5 and 10 percene¢lleRobust standard errors in parentheses are
clustered by year of birth, years of schooling avalre. Additional controls shown in Table A4: wayender,
years of schooling, potential experience and itsiasg, birth-cohort dummies. Column 1 uses interval
regression, columns 2 and 4 use linear probabititydel, column 3 uses OLS.
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Table 3: Earnings effects of the reform: sensitivity checks (N=3,323)
() (@) (©) 4)

Panel A: Linear specification
years of exposure 0.0I2 0.015 0.011 0.015
(0.005) (0.007) (0.008) (0.005)

Panel B: Dummy variables specification (referenc@ years of exposure)

years of exposure = 1 0.021 0.034 0.027 0.033
(0.050) (0.051) (0.049) (0.050)
years of exposure = 2 0.080 0.087 0.086 0.087
(0.056) (0.049) (0.047) (0.052)
years of exposure = 3 0170 0.117 0.083 0.112
(0.043) (0.049) (0.053) (0.044)
years of exposure = 4 0.127 0.137" 0.135" 0.131"
(0.043) (0.045) (0.048) (0.045)
years of exposure = 5 0.175 0.210° 0.192" 0.184"
(0.055) (0.052) (0.058) (0.056)
years of exposure = 6 0.207 0.226" 0.209” 0.206"
(0.050) (0.047) (0.055) (0.046)
years of exposure = 7 0.121 0.1497 0.149" 0.121"
(0.049) (0.045) (0.056) (0.047)
years of exposure = 8 0.183 0.223" 0.205" 0.185"
(0.050) (0.051) (0.060) (0.051)
years of exposure = 9 0.183  0.247" 0.220" 0.186"
(0.061) (0.063) (0.072) (0.058)
years of exposure = 10 0.194 0.262 0.247" 0.193"
(0.059) (0.064) (0.078) (0.058)
years of exposure = 11 0.151 0.233" 0.217 0.158"
(0.060) (0.072) (0.086) (0.063)
years of exposure = 12 0.207 0.315° 0.289" 0.215"
(0.067) (0.078) (0.095) (0.069)
years of exposure = 13 0.235 0.334" 0.323" 0.243"
(0.069) (0.083) (0.104) (0.070)
years of exposure = 14 0.240 0.373" 0.344" 0.239"
(0.076) (0.092) (0.116) (0.077)
years of exposure = 15 0.210 0.384" 0.353" 0.236"
(0.079) (0.106) (0.130) (0.081)
years of exposure = 16 0.295 0.426" 0.419" 0.304"
(0.093) (0.099) (0.132) (0.094)
years of exposure = 17 0.190 0.387" 0.357° 0.198
(0.091) (0.122) (0.156) (0.092)
F-test of joint significance (p-value) 0.017 0.000 0.003 0.014
employment selection correction yes no no no
cohort dummies yes yes no yes
age dummies no yes yes no
year of birth dummies no no yes no
educational CDF no no no yes

FHFE R

., denote significance at the 1, 5 and 10 percentlleRobust standard errors in parentheses are
clustered by year of birth, years of schooling aval’e. Additional controls not shown: wave, genglears of
schooling, potential experience and its squarethbohort dummies. Column (1) is the earnings eiquatf a
model with endogenous selection into employmertt dkas the provincial unemployment rate when the
individual was 16 as the exclusion restriction, athaisters standard errors also at the province le@lumn

(4) clusters standard errors also at the provinegel because of repeated observations in the eidneaht
CDF.
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Table 4: Falsification exercisesfor the assumption of parallel trendsin monthly earnings
1) 2 (©) 4)
Baseline Placebo: Placebo: Triple difference
Other Never
Spanish  treated
regions  Catalan
cohorts

Real Pseudo
Panel A: Linear specification
(linear) years of exposure 0.011 0.000 -0.008 0.020 -0.008
(0.006) (0.005) (0.014) (0.015) (0.014)

Panel B: Dummy variables specification (referenc@ years of exposure)

years of exposure = 1 0.030 0.050 -0.037 0.070 44.0
(0.053)  (0.040) (0.079) (0.095) (0.078)
years of exposure = 2 0.084 0.022 -0.100 0.194  -0.113
(0.051) (0.040) (0.100) (0.107) (0.094)
years of exposure = 3 0.109 0.023 0.122 0.013 0.094
(0.047) (0.041) (0.110) (0.116) (0.106)
years of exposure = 4 0.131 -0.024 -0.040 0.174  -0.047
(0.048) (0.043) (0.093) (0.103) (0.091)
years of exposure = 5 0.181 0.027 -0.076 0.262 -0.087
(0.056)  (0.048) (0.106) (0.118) (0.104)
years of exposure = 6 0.206 0.026 -0.020 0.276  -0.030
(0.046) (0.053) (0.103) (0.1112) (0.101)
years of exposure = 7 0.179 0.075 -0.053 0.183 -0.069
(0.044) (0.054) (0.107) (0.113) (0.103)
years of exposure = 8 0.185 0.047 -0.073 0.272 -0.092
(0.049) (0.059) (0.126) (0.132) (0.122)
years of exposure = 9 0.184 0.072 -0.144 0.340  -0.162
(0.060) (0.069) (0.144) (0.152) (0.140)
years of exposure = 10 0.181 0.047 -0.095 0.298  -0.113
(0.058) (0.071) (0.152) (0.159) (0.148)
years of exposure = 11 0.155 -0.018 -0.098 0.264 -0.116
(0.062) (0.076) (0.152) (0.160) (0.147)
years of exposure = 12 0.209 0.013 -0.040 0.261 -0.059
(0.066) (0.079) (0.165) (0.173) (0.160)
years of exposure = 13 0.237 0.009 -0.083 0.331  -0.101
(0.071) (0.086) (0.177) (0.186) (0.172)
years of exposure = 14 0.236 -0.014 -0.247 0.490  -0.262
(0.074) (0.097) (0.189) (0.199) (0.184)
years of exposure = 15 0.217 -0.032 -0.069 0.293 -0.084
(0.079) (0.100) (0.196) (0.207) (0.190)
years of exposure = 16 0.295 -0.035 -0.157 0.458  -0.170
(0.073) (0.107) (0.200) (0.208) (0.194)
years of exposure = 17 0.176 0.013 -0.322 0.499 -0.331
(0.090) (0.111) (0.223) (0.236) (0.217)
F-test of joint significance (p-value) 0.000 0.578 0.009 0.121 0.013
!}Iumber of observations 3,323 8,086 1,010 4,333

", 7, 7 denote significance at the 1, 5 and 10 percentlleRobust standard errors in parentheses are
clustered by year of birth, years of schooling avale. Additional controls not shown: wave, gengegrs of
schooling, potential experience and its squarethbaohort dummies. The model of Column 2 uses EIC-SI
excluding observations from Catalonia and othemigiial regions. The model of Column 4 also includes
placebo cohort dummy and its interactions withdkieer controls.
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Table5: Reform effects on monthly earnings by schooling level (N=3,323)

() (@) (©), (4)
Compulsory ggigggg‘rs' Tertiary  All
Panel A: Linear specification
years of exposure at compulsory edu. 0.017 0.018
(0.008) (0.008)
years of exposure at post-comp secondary edu. 00.01 0.011
(0.009) (0.009)
years of exposure at tertiary edu. 0.011 0.011
(0.009) (0.009)
Panel B: Dummy variables specification (referenc@ years of exposure)
years of exposure at compulsory edu. = 1 -0.012 0.008
(0.039) (0.041)
years of exposure at compulsory edu. = 2 0.052 0.077
(0.038) (0.040)
years of exposure at compulsory edu. = 3 d.064 0.091"
(0.033) (0.034)
years of exposure at compulsory edu. = 4 d.067 0.099
(0.039) (0.040)
years of exposure at compulsory edu. = 5 d.091 0.126"
(0.043) (0.044)
years of exposure at compulsory edu. = 6 d:101 0.141"
(0.044) (0.044)
years of exposure at compulsory edu. = 7 d:118 0.162"
(0.044) (0.044)
years of exposure at compulsory edu. = 8 d121 0.178"
(0.049) (0.052)
years of exposure at post-comp second. edu. =1 0.033 0.048
(0.043) (0.046)
years of exposure at post-comp second. edu. = 2 -0.021 0.007
(0.062) (0.067)
years of exposure at post-comp second. edu. = 3 0.018 0.045
(0.036) (0.041)
years of exposure at post-comp second. edu. = 4 -0.026 -0.019
(0.029) (0.037)
years of exposure at post-comp second. edu. =5 0.119 0.169
(0.085) (0.087)
years of exposure at post-comp second. edu.= 6 0.060 0.078
(0.045) (0.050)
years of exposure at tertiary edu.= 3 -0.017 0.020
(0.044) (0.054)
years of exposure at tertiary edu.=5 0.015 0.054
(0.044) (0.049)
0.209 0.178 0.863 0.057

F-test (p-value) of joint significance
™ 7,7 denote significance at the 1, 5 and 10 percerglldRobust standard errors in parentheses are etest
by year of birth, years of schooling and wave. fiddal controls not shown: wave, gender, yearsobiosling,
potential experience and its square, birth-cohanrnies.
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Table 6: Earnings effects of exposure at compulsory schooling

1) (2 3
Exposure at compulsory school Observec Potentia Placeb
Panel A: Linear specification
years of exposu 0.017 0.01€" -0.00:
(0.008) (0.006) (0.008)
Panel B: Dummy variables specification (referenc@ years of exposure)
years of exposure = 1 -0.012 -0.006 -0.015
(0.039) (0.042) (0.031)
years of exposure = 2 0.052 0.047 -0.078
(0.038) (0.031) (0.040)
years of exposure = 3 0.064 0.061 -0.005
(0.033) (0.032) (0.046)
years of exposure = 4 0.067 0.065 -0.021
(0.039) (0.045) (0.039)
years of exposure =5 0.091 0.082 0.015
(0.043) (0.045) (0.057)
years of exposure = 6 0.101 0.097" -0.018
(0.044) (0.042) (0.049)
years of exposure = 7 0.118 0.120" 0.006
(0.044) (0.046) (0.058)
years of exposure = 8 0.121 0.121 0.001
(0.049) (0.057) (0.056)
F-test of joint significance (p-value) 0.209 0.064 0.604
Number of observatiol 3,30¢ 3,30¢ 8,08¢

, ., denote significance at the 1, 5 and 10 percentlleRobust standard errors in parentheses are
clustered by year of birth, years of schooling aval’e in Columns (1), by year of birth and wave olugn
(2) and by year of birth, wave and region in Colu(@h Additional controls not shown: wave, gendarars
of schooling, potential experience and its squdnieth-cohort dummies. Column (3) uses EU-SILC data
excluding observations from Catalonia and otheinigilial regions.
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Table 7: Mechanisms and heter ogeneous effects by regional origins (N=3,323)
) (2) (©) 4
Earnings Public  Spanish  Catalan
sector only proficiency

Panel A: Homogeneous effects
years of exposure at compulsory school 0.018 -0.004 0.000 0.016
(0.009)  (0.008)  (0.008)  (0.007)

Panel B: Heterogeneous effects by regional origins

years of exposure at compulsory school 0.016 -0.004 0.004 0.003
(0.006) (0.009) (0.007) (0.007)
non-Catalan origins -0.025 -0.020 0.399 -0.228"
(0.019) (0.020) (0.028) (0.020)
years of exposure at compulsory school x 0.005 010.0 0.002 0.023
Qpn;Catalan origins (0.003) (0.005) (0.005) (0.004)

,  denote significance at the 1, 5 and 10 percentlleRobust standard errors in parentheses are
clustered by year of birth and wave. Additional ttols not shown: wave, gender, years of schooltugential
experience and its square, birth-cohort dummieg fféatment is assigned according to potential sxpe.
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Table 8. Heter ogeneous ear nings effects by parental education and regional origins
1) 2

Catalan origins Non-Catalan origins

years of exposure at compulsory school 0.014 0.009
(0.014) (0.008)
low parental background -0.108 -0.090”
(0.058) (0.021)
years of exposure at compulsory schoolx -0.002 g.01
low parental background (0.010) (0.005)
1,276 1,978

™7, " denote significance at the 1, 5 and 10 percerelldRobust standard errors in parentheses are
clustered by year of birth, years of schooling avalre. Additional controls not shown: wave, gender,
years of schooling, potential experience and itaasg, birth-cohort dummies. The treatment is
assigned according to potential exposure. Infororatin parental background is missing in 69 cases.
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Table9: Compulsory exposure, Catalan proficiency and earnings (N=3,323)

1) 2 3 (4)
Model Baseline Baseline with Reduced IV-LATE
with proficiency form
proficiency and reform Eamings Catalan
shifter .
Proficiency

Panel A: Interaction with respondent’s language

Catalan Proficiency 0.058 0.050 0.219
(0.026) (0.029) (0.088)
years of exposure at comp. school 0017  0.017" 0.015  0.015 0.004
(0.006) (0.006) (0.006)  (0.006)  (0.006)
Spanish-only speaker -0.016 -0.058 0.024 -0.371
(0.013) (0.013)  (0.025)  (0.026)
years of exposure at comp. school 0.008" 0.037"
x Spanish-only (0.003) (0.005)
Panel B: Interaction with regional origins
Catalan Proficiency 0.058 0.058" 0.214
(0.026) (0.026) (0.153)
years of exposure at comp. school ~ 0.:017  0.017" 0.016  0.015 0.003
(0.006) (0.006) (0.006)  (0.006)  (0.007)
non-Catalan origins 0.001 -0.025 0.024 -0.228
(0.014) (0.019)  (0.028)  (0.020)
years of exposure at comp. 0.005 0.023"
schoolx non-Catalan (0.003) (0.004)
Panel C: Interactions with respondent’s language aggional origins
Catalan Proficiency 0.058 0.051 0.227
(0.026) (0.029) (0.088)
years of exposure at comp. school ~ 0.:017  0.017" 0.015  0.015 -0.000
(0.006) (0.006) (0.006)  (0.006)  (0.006)
non-Catalan origins 0.008 -0.002 0.019 -0.098
(0.016) (0.022)  (0.018)  (0.018)
years of exposure at comp. 0.002 0.011"
schoolx non-Catalan (0.004) (0.003)
Spanish-only speaker -0.020 -0.057 0.016 -0.327°
(0.014) (0.016)  (0.024)  (0.029)
years of exposure at comp. 0.007" 0.031"
schoolx Spanish-only (0.004) (0.005)

FHEFE

., denote significance at the 1, 5 and 10 percerdlléRobust standard errors in parentheses are ehest
by year of birth, years of schooling and wave. fiddal controls not shown: wave, gender, yearsabfosling,
potential experience and its square, birth-cohoutrunies. The treatment is assigned according tontiate
exposure
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Appendix

Table Al: Net monthly earnings by wave, Eur os 2006
wave 2006 wave2011  waves 2006-2011

w< 300 0.92 0.79 0.87
300 <w < 451 2.20 2.99 2.47
450 < w< 601 5.17 2.46 4.24
600 <w < 751 8.15 571 7.31
750 <w < 901 14.42 15.73 14.87
900 <w < 1051 14.51 10.46 13.12
1050 < w < 1201 19.08 16.34 18.15
1200 < w < 1501 17.12 19.33 17.88
1500 < w< 1801 9.66 15.99 11.83
1800 < w< 2401 6.00 7.56 6.53
2400 < w< 3001 1.83 1.85 1.84
3000 < w < 3601 0.55 0.44 0.51
w >3600 0.41 0.35 0.39
Total 100 100 100
Estimated average net monthly earnings 1,155 1,228 1,180
Observed average net monthly earnings 1,232

Observed average hourly wage— 2011 prices 8.48

Note: average monthly earnings are estimated fraported monthly earnings in brackets by interval
regression on a constant.
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Table A2: descriptive statistics by subsamples

employed employed employed not employed not employed
2006 2011 2006-2011 2006 2011
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

wave 201 0 -- 1 -- 0.3¢2 0.47 0 - 1 --
male 0.5z 05C 047 05C 05C 05C 0.2 0.4C 037 0.4¢
age 34.: 59t 39.: 59¢ 36.C 641 35¢ 58¢ 39.¢ 6.1¢
years of schooling 12.¢ 3.27 127 35 124 3.3¢ 10.& 3.37 10.z 3.5¢
years of compulsory schoolit 794 03¢ 7.8t 05& 79z 047 7.8 0.6& 7.6z 1.07
years of post-comp. secondary schooling 3.2¢ 2.1z 3.2¢ 1.9t 3.2¢ 207 241 23¢ 207 2.2t
years of tertiary schoolii 1.1¢ 19z 15¢ 21¢ 13C 20 0.6z 157 0.6C 1.5
years of exposure 6.9C 54¢ 7.2¢ 577 7.0 55¢ 4.6¢ 49&¢ 528 52¢
years of exposure at compulsory schooling ( 35¢ 337 35¢ 337 35€ 337 26t 321 3.2t 3.3¢
years of exposure at compulsory schooling (obs.) 351 33 35z 33 35z 33 258 3.1¢ 3.1 3.3¢
years of exposure at p-comp. secondary schooli 247 227 251 21t 24¢ 22z 16 217 1.6C 2.1¢€
years of exposure at tertiary schooling 0.9z 177 1.2¢ 19¢ 104/ 1.8 04t 1.3¢2 0.5t 147
potential experience (a¢- years of schoolin- 6) 16.C 6.9t 20t 7.2¢ 17t 7.3¢ 19.C 7.0C 23.¢ 7.7¢
low parental backgroul 0.7z 0.4t 0.7 0.4t 0.7z 04t 0.8z 0.3¢ 0.8C 0.4C
non-Catalan origins (both parents born outside |Gait) 0.3¢ 0.4¢ 0.3¢ 0.4¢ 0.3¢ 04¢ 0.4t 0.5C 0.4¢ 0.5
Catalan proficiency (speak and write in Catalan) 0.8¢ 0.3¢ 0.9¢ 0.2¢ 0.8 0.3z 0.7¢ 04¢ 0.8¢ 0.31
Spanisl-only speake 0.31 0.4€ 0.27 04<¢ 0.3C 0.4e 0.4€¢ 0.5C 0.4¢ 0.5
weekely hours of work 39.2 9.2¢ 38 8.7C 38¢ 9.0¢ -- -- -- --
white-collar higt-skilled occupatior 39.z 9.2¢ 38t 8.7C 38¢ 9.0¢ -- -- -- --
public sector employment 0.2C 04C 0.2¢ 04¢ 0.2z 0.4c: -- -- -- --
local unemployment rate at age 16 15.€¢ 6.5¢ 152 6.7€ 15f 6.6¢ 15¢ 6.88 15.€ 6.5¢
LNA Reform exposure by birth coh

Spanish-only at school (1961-65) 0.2C 0.4C 0.2C 0.4C 0.2¢ 0.4C 0.2¢ 0.4¢ 0.2 0.4«
exposure only from secondary education (--69) 0.1¢& 03¢ 017 037 0.1 03¢ 0.2¢ 04: 0.1t 0.3¢
partial exposure at all levels (1970-76) 0.37 0.4¢& 0.3¢ 04¢ 037 04¢ 0.3z 047 03¢ 047
fully exposed to LNA (1977-1982) 0.2¢€ 0.4¢ 0.2¢ 0.4¢ 0.2¢ 0.4¢ 0.1¢ 0.3¢ 0.28 0.4:
Number of observatiol 2,18t 1,13¢ 3,328 35¢ 44¢

Source: Survey on Habits and Living Conditionshef €atalan Population (ECVHP).
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Table A3: Selected descriptive statistics of the placebo samples (never-treated cohorts from
ECVHP and contempor aneous cohorts from EU-SIL C from Spanish non-bilingual regions)

ECVHP (2006-2011) EU-SILC (2006-2011)
. Placebo sample:  Placebo sample: other

Basdline sample never treatgd Spanish r%gions
Birth-cohort 1961-1982 1945-1960 1961-1982

Mean S.D. Mean S.D. Mean SD.
net monthly earnings (in 2006 prices) 1,180 - 1,437 -- 1335 809.5
wave 2011/2010 0.34 0.47 0.35 0.48 0.49 0.50
male 0.50 0.50 0.55 0.50 0.53 0.50
age 36.05 6.41 53.07 441  37.39 6.78
years of schooling 12.48 3.36 11.40 3.95 12.34 4.23
potential experience (age - years of schooling - 6) 17.58 7.39 35.67 6.17 19.05 8.24
years of exposure (real/placebo) 7.03 5.59 8.52 5.01 6.77 5.87
years of exposure at compulsory schooling (pot.) 563. 3.37 -- -- 3.22 3.41
birth cohorts (by real/placebo LNA Reform
exposure)
never-treated cohort (1945-60) -- -- 1.00 0.00
Spanish-only at school (1961-65) 0.20 0.40 - - 0.25 0.43
exposure only from secondary education (1966-69) 0.17  0.38 - - 0.19 0.39
partial exposure at all levels (1970-76) 0.37 0.48 - - 0.31 0.46
fully exposed to LNA (1977-1982) 0.26 0.44 - - 0.25 0.43
Number of observations 3,323 1,010 8,086

Note: summary statistics reported in the first ta@umns refer to the data from the Survey on Hahitd Living
Conditions of the Catalan Population (ECVHP), astatle 1. Data in the second column are taken ftbe same
survey, using only observations of individuals bbetween 1945 and 1960 (never-treated cohorts) met the other
selection criteria. Summary statistics reportedha last column refer to the EU-SILC, waves 2006 2011, excluding
individuals from Catalonia and other bilingual regis or born outside Spain. Average monthly earningCVHP are
estimated from reported monthly earnings in bragkstinterval regression on a constant.
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Table A4: Coefficient estimates from regressions of monthly and hourly net earnings

(1) (@) (©) 4) (©) (6) () (8)
waves: 2006-2011 2011 2011 2006 2006-2011 2011 2011 2006
Earnings definition monthly hourly monthly monthly monthly hourly monthly monthly
constant 5.657" 0.931" 5.697" 5.673" 5.502" 0.410 5.294° 5.592"
(0.063) (0.101) (0.113) (0.080) (0.199) (0.291) 3ga) (0.272)
wave 2011 -0.003 -0.034
(0.018) (0.032)
male 0.297" 0.102" 0.274" 0.310° 0.298" 0.104" 0.274" 0.3117
(0.015) (0.021) (0.024) (0.019) (0.015) (0.021) opa) (0.019)
years of schooling 0.060" 0.061" 0.067" 0.057" 0.058" 0.067" 0.065" 0.054"
(0.003) (0.003) (0.004) (0.004) (0.005) (0.007) o0®) (0.007)
years of exposure 0.01T 0.011 0.018 0.008
(0.006) (0.008) (0.010) (0.008)
potential experience 0.040™ 0.021 0.027" 0.043" 0.052" 0.035° 0.049" 0.054"
(0.005) (0.008) (0.009) (0.007) (0.009) (0.015) 01®) (0.014)
potential experienée -0.001"  -0.000 -0.000 -0.001"  -0.001"  -0.000 -0.001 -0.001"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 0oQm) (0.000)
Spanish-only at school (1961-65) reference category
exposure only from secondary education (1966-69) -0.048 0.043 -0.037 -0.057
(0.037) (0.053) (0.070) (0.044)
partial exposure at all levels (1970-76) -0.047 0.091 -0.037 -0.057
(0.059) (0.080) (0.106) (0.073)
fully exposed to LNA (1977-1982) -0.055 0.092 -0.057 -0.061
(0.083) (0.118) (0.147) (0.099)
R? 0.275 0.260 0.291 0.265 0.277 0.264 0.296 0.266
Number of observations 3,323 1,119 1,138 2,185 3,323 1,119 1,138 2,185
Note: ~ significant at 0.01, significant at 0.05, significant at 0.1; standard errors adjusted fogay of birth-years of schooling-wave clusters ah®wn in

parenthesis. Earnings in pooled 2006-2011 regressare expressed in 2006 prices. TRedported for interval regressions is the McKelgeZavoina's R, while for
other outcomes (estimated by OLS) it correspondse@djusted &
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