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Abstract 
Knowledge of a foreign language has beneficial consequences in all realms of life, 
from individual cognition to the wealth of countries. The consequences of knowledge 
of English, the world lingua franca of business and culture, as a foreign language are 
particularly significant. Improving the level of English of citizens is therefore a major 
concern for education authorities, and interventions pursuing this aim are increasingly 
common. We evaluate the outcomes of such an intervention deployed in the Madrid 
Region during the past decade, namely a Content and Language Integrated Learning 
(CLIL) programme that uses English as the vehicular language, in primary and secon-
dary schools. We report a series of mixed effects models based on the results of the 
CDI tests (Conocimientos y Destrezas Indispensables - basic knowledge and skills) 
taken between 2008-2009 and 2014-20145, as well as the Pisa for Schools tests taken 
in 2009 and 2013, and conclude that the introduction of bilingual education in Madrid 
has not been detrimental to content-learning performance in schools. 
 
 

1. Introduction 
The advantages of multilingualism are well documented in the language and cognition 
literature. Knowledge of a foreign language correlates among others with improved 
executive function, a cognitive capacity involved in task-switching and concentration 
(Bialystok, 2015); with enhanced understanding of others' intentions (Berguno & 
Bowler, 2004); with higher grades in academic subjects like mathematics (Stewart, 
2005; Rich et al. 2013); and with delayed cognitive ageing (Bak et al., 2014). 

Knowledge of foreign languages, in particular of languages that are important in 
international relations, business and industry, is a form of human capital (Chiswick, 
2008) that has a significant impact on measures of social and economic wellbeing 
(Ginsburgh & Weber, 2016). The gap between offer and demand of foreign language 
skills in the job market translates into clear advantages for foreign-language proficient 



 

 

migrants and native nationals alike (Languages for Jobs, 2011). Immigrants who are 
proficient in the language of their destination area have significantly higher probabili-
ties of finding a job and earn consistently higher wages than those who are not: stud-
ies of countries around the world estimate wage increases ranging from 16% to 50% 
(Chiswick, 2008; Dustmann & Fabbri, 2003; Gao & Smyth, 2011; Di Paolo & Ray-
mond, 2012; Budría & Swedbert, 2012; Isphording, 2013). 

Proficiency in a foreign language also has a significant positive impact on the 
earnings of the native population. This result has been found independently for Tur-
key (Di Paolo & Tansel, 2015), Germany (Stöhr, 2015), the US (Saiz & Zoido, 2005); 
Latvia and Estonia (Toomet, 2011), South Africa (Casale & Posel, 2011), India 
(Azam et al., 2013), and different subsets of EU and world countries (Williams, 2006; 
Ginsburgh & Prieto-Rodriguez, 2007; Garrouste, 2008). Interestingly, the wage ad-
vantage due to knowledge of a foreign language is greater for women than men across 
countries (Garrouste, 2008), which makes language training programs a valid tool to 
promote gender equality. Finally, native job-seekers who know a foreign language are 
also more willing to move abroad in search of work, thus increasing their employabil-
ity (Rodríguez-Gutiérrez & Canal-Domínguez, 2016).  

These effects on individuals are reflected at the national and international level. 
The degree of proficiency in English as a foreign language of a country correlates 
with the GDP (English Proficiency Index, 2015), with income per capita (Wilson et 
al. 2014), and with the human development index, a composite metric of quality of 
life that includes not only income, but also life expectancy and education (English 
Proficiency Index, 2015). 

1.1 The Content and Language Integrated Learning approach 
For the reasons reviewed above, education authorities strive to promote foreign-
language knowledge among the populations they serve. One of the approaches that 
has proved most popular and effective in order to achieve a high degree of foreign 
language proficiency in young learners is a dual language focus approach called Con-
tent and Language Integrated Learning (CLIL). In this 'bilingual education' approach, 
some of the school subjects are taught in a foreign language, typically a lingua franca, 
such as English, and some in the local language. English as a medium of instruction, 
in particular, is rapidly expanding all over the world (Dearden, 2014). Evaluations of 
such bilingual programmes usually focus on assessments of proficiency in the foreign 
language (Dalton-Puffer 2011). This proficiency is found to be, overall, superior in 
bilingually educated students than in their counterpart mainstream students, especially 
in relation to oral communication skills (e.g. Admiraal et al. 2006; Lasagabaster, 
2008; Lorenzo et al., 2005). 

One of the principal challenges facing bilingual education derives from the fact 
that academic subjects are taught in a foreign language which neither pupils nor 
teachers are initially fully proficient with. This has raised concerns that learning of the 
subject contents could suffer under these programs (Dalton-Puffer 2011; Woore, 
2015).  A few studies have evaluated the impact of these programs on content learn-
ing, and so far the literature has yielded mixed results (Dalton-Puffer, 2011). Some 
studies suggest that bilingual education students outperform matched peers in mathe-
matics and other subjects (Day & Shapson 1996; Sumont et al. 2016); others indicate 
that bilingual education hinders subject learning (Airey, 2009; Walker, 2010; Anghel 
et al., 2016); and yet others show that bilingual education does not significantly 
change content learning (Admiraal et al. 2006; Badertscher & Bieri 2009). 



 

 

1.2 The Bilingual Education Project in the Madrid region 
Spain is, together with the Netherlands, at the forefront of investment, research and 
development on bilingual education in Europe (Lasagabaster & Ruiz de Zarobe, 2010; 
Lorenzo et al., 2010; Dalton-Puffer, 2011; Escobar Urmeneta, 2013; Lasagabaster & 
Doiz, 2016; Ruiz de Zarobe, 2016). An agreement for bilingual education between the 
Spanish Ministry of Education and the British Council (the MEC/British Council Pro-
ject) was introduced 1996 throughout the country. The infant, primary and secondary 
schools in this project implement a combination of the Spanish and British curricula 
(Reilly & Medrano, 2009; Llinares & Dafouz, 2010). Of those, ten primary and ten 
secondary schools are in the Madrid region (Comunidad Autónoma de Madrid, or 
CAM). In addition to this, an ambitious programme, the CAM Bilingual Project, was 
introduced in the region in 2004. It began in public primary schools, was extended to 
'subsidized' schools (government-funded, privately-ran schools that are made to be 
free of charge) in 2008, and then to public secondary schools in 2010. In the academic 
year 2015-2016, 363 public primary schools, 120 public secondary schools and 181 
subsidized schools, comprising over 220,000 pupils, offer state-funded bilingual edu-
cation in the Madrid region (Pires-Jiménez & Álvarez-Espinosa, 2015). 

Bilingual programmes in the Madrid region are based on the CLIL approach. As 
such, a considerable fraction of the contents are taught in English (between 40% and 
60% in the MEC/British Council Project, and between 30% and 50% in the CAM Bi-
lingual Project). Mathematics, and Spanish language and literature are excluded, as 
they are by law required to be taught in Spanish. One subject that is taught in English 
in the majority of participating schools is Science (comprising biology, geography 
and history). The programmes are introduced in a staggered way: primary schools that 
succeed in their application to join a programme first implement it for the pupil cohort 
in first year of primary school; the following year they implement in first and second 
years of primary, and so on. When the first cohort starts secondary education, the bi-
lingual programme is introduced in secondary schools in a similar staggered fashion. 
In this way, a new cohort of children is introduced to bilingual education every year; 
in 2015-16, the first cohort, which started in first year of primary in 2004-05, finalised 
secondary education (Llinares & Dafouz, 2010; Pires-Jiménez & Álvarez-Espinosa, 
2015). 

Evaluations of the MEC/British Council Project have been largely positive. Stu-
dents attending this bilingual programme display high concentration skills, good 
higher order cognitive skills including critical thinking, good affective motivation and 
personal confidence, and excellent academic grades; moreover, the project itself is 
perceived as extremely valuable by students, parents and teachers alike  (Reilly & 
Medrano, 2009; Llinares & Dafouz, 2009; Dobson et al., 2011; Woore, 2015). 
Evaluations of the CAM Bilingual Project indicate high student and staff motivation, 
self-esteem and confidence, and an increase in foreign language competence as com-
pared to non-bilingual counterparts, especially in reading and listening comprehen-
sion tests (Llinares & Dafouz, 2010). However, the impact of the programme on other 
academic subjects is unclear. 

The first direct assessment of the effects of bilingual programmes on the academic 
performance of primary school pupils in subjects different from English in the Madrid 
region is reported by Anghel et al. (2016). These authors compared the scores ob-
tained in the CDI test (Conocimientos y Destrezas Indispensables - basic knowledge 
and skills) by two cohorts of primary school children from consecutive years, namely 
students who had received bilingual education (those who started primary school in 



 

 

2004-05, the year the CAM Bilingual Project was introduced) and children who had 
not received bilingual education (those starting primary in 2003-04, the year before). 
They also compared schools which joined the programme in 2004-05 and schools 
which joined the following year. For schools that joined the programme in its initial 
year, they found a significant negative effect of bilingual education on academic 
grades in Science, the subject taught in English, but not for Mathematics and Spanish 
Language, taught in Spanish. This result was found both for the first and second co-
horts of pupils. For schools that joined the bilingual programme the year after, 2005-
06, the effect was similar but only for children whose parents had less than higher 
secondary education.  

Several causes may be responsible for this negative effect. First, the CDI tests are 
taken in Spanish, so the negative effects in Science may be due not to a lack of 
knowledge of the contents, but to the difficulty to express those contents in Spanish 
after having learned them in English (Anghel et al., 2016; Woore, 2015). Second, the 
teachers' level of English may also be at play. Anghel et al. (2016) suggest that the 
reduction in negative effects on grades in schools that joined the bilingual programme 
in its second year may be explained by the stricter joining conditions regarding, 
among others, teacher knowledge of English. These requirements have become even 
stricter over the years, and support measures such as teacher training and the recruit-
ment of large numbers of native English classroom assistants have been introduced. 
These measures may have been sufficient to eliminate the detrimental effect of in-
struction in English on academic results in the subjects taught in English. Establishing 
whether this is the case is the aim of the present report.  

Like Anghel et al. (2016), the present study investigates the effects of bilingual 
treatment on test results in academic subjects other than English language. Our re-
sults, however, are based on data from two extended databases. First, the CDI results 
from government-funded primary and secondary schools in the Madrid region (a frac-
tion of which have implemented bilingual programmes). Second, the results from the 
PISA for Schools (PfS) tests carried out in 2009 and 2013 in a subset of secondary 
schools in the Madrid region; some of which had joined the bilingual programme by 
the later date. 

2. CDI test study 

2.1. Data and models 
The first set of analyses is based on results of the CDI test (Conocimientos y Destre-
zas Indispensables, basic knowledge and skills) from 2008-09 to 2014-15. This test is 
taken by students in their 6th year of primary school (11-12 years of age) and 3rd year 
of secondary school (14-15 years of age). The test is taken in Spanish and includes 
three subjects in primary school, namely Spanish language, Mathematics, and Science 
(the latter comprising biology, geography and history) and two subjects in secondary, 
namely Spanish language, Mathematics. CDI tests are submitted anonymously, and 
therefore they do not affect the individual students’ school grades. Instead, the results 
are used to inform schools, parents and pupils about their performance, and policy-
makers about the efficacy of policies and interventions.  

Our data includes three types of school: public, subsidized (which in the Spanish 
education systems means a private school that receives most of its funding from pub-
lic sources), and private. We do not have data on the bilingualism status of private 
schools, therefore our models will only consider government-funded schools: public 



 

 

and subsidized. Our observations therefore correspond to individual schools in a par-
ticular education level in a given year (see Table 1 for distribution). For each observa-
tion we have measures of 9 independent and 6 dependent variables (see Table 2).  
 
Table 1. Distribution of observations in our data, by bilingual status, year, school type 
and education level.  

 Bilingual = No Bilingual = Yes 

 Public Subsidized Public Subsidized 

Year Prim Second Prim Second Prim Second Prim Second 

2008-2009 723 308 393 355 10 0 0 0 

2009-2010 705 312 400 362 36 0 0 0 

2010-2011 657 309 406 368 90 0 0 0 

2011-2012 615 309 413 370 132 0 0 0 

2012-2013 595 278 415 375 157 31 0 0 

2013-2014 562 243 395 383 189 63 25 0 

2014-2015 540 226 376 384 215 81 45 0 
 

 



 

 

Table 2. Variables in the CDI data. 

  Variable Variable Type 

School ID  Categorical, 1235 levels 

Type Categorical, 2 levels: Public, Subsi-
dized 

Municipality Categorical, 139 levels  

District Categorical, 28 levels  

Treated (bilingual) Categorical, 2 levels 

Year                     Categorical, 8 levels  

Level                    Categorical, 2 levels: Primary, Secon-
dary  

Nr of students registered  Integer 

Nr students who took the exam  Integer 

Grade: Spanish Language  Numeric 

Grade: Mathematics  Numeric 

Grade: Science  Numeric 

Grade: All  Numeric 

Percent pass: Spanish Language  Numeric 

Percent pass: Mathematics  Numeric 

Percent pass: Science  Numeric 

Percent pass: All  Numeric 
 

In addition, we have access to information regarding the municipality in which 
each school is located, and for those schools in the municipality of Madrid, informa-
tion about district.  

The modelled dependent quantities are the average grade obtained by students and 
the percentage of students that passed Spanish language, Mathematics and Science 
courses. The main predictor of interest is whether the courses were already involved 
in bilingual education.  In addition, since it might be the case that the efficiency with 
which schools implement the bilingual program changes with time, we include as a 
predictor the number of years since the first cohort took the exam. Finally, given the 
considerable differences between the types of school (public or subsidized) we also 
introduced this variable and its interaction with bilingual education.  

While our goal is not to pin down the specific differences in the success of the bi-
lingual program for individual schools or municipalities, that information can be used 
to account for some of the exogenous variation in average grades and number of pass-
ing students. It is reasonable to expect that, beyond strictly institutional differences 
that impact directly on students’ performance (like staff and previous experience with 
bilingual education) school, municipality and district information might correlate with 
the likelihood of student-level characteristics with bearing on the grades, like house-
hold income or immigration status. For this reason, we adopt mixed effects models as 



 

 

our modelling method, since they combine efficient inference of main effects with a 
flexible framework for estimating the characteristic variation due to sources of secon-
dary interest, like school and municipality (Gelman & Hill, 2006). 

Specifically, averages will be modelled through linear mixed effects models with 
the logarithm of the number of students that take the exam as weight (so as to account 
for the fact that average grades of larger courses are likely to have smaller standard 
errors) and percentage of passing students with a logistic mixed-effects model. 

We centre and scale the grades per year and level (secondary or primary educa-
tion) so to obtain a meaningful scale with which to evaluate the impact of bilingual-
ism on the grades, since it might be the case that the exams’ difficulty changes with 
year of evaluation.  

The explicit model for the normalized average grades (noted as μ) in Language, 
Mathematics and Science is given by: 
 

   
    

Fixed effects coefficients are symbolized with β, random effects as α and the 
common error as ϵ. Each observation is associated with a single school in a given mu-
nicipality, which is expressed by nested random factors: the interaction between each 
municipality and its schools contributes a random slope on bilingualism and a random 
intercept. In the case of the municipality of Madrid, extra information on district is 
added as a random intercept. Municipality contributes a random intercept. The indica-
tor variables Ibilingual and Isubsidized are equal to 1 if the course is bilingual and if it subsi-
dized, respectively, and 0 otherwise. “Years” stands for the number of years since the 
first bilingual cohort in the school took the CDI exam for that particular level of edu-
cation. 

As for the percentage of passing students, the model is identical to the one de-
scribed above, with the difference that an explicit random intercept for year is in-
cluded in order to account for baseline differences, since normalizing the variable 
would have made it hard to interpret. 

All the models are maximal in that we have included all random slopes and inter-
cepts justified by the design (Barr et al. 2013), and we have not fixed or simplified the 
covariance matrices of random effects contributing both random slopes and intercepts 
beyond what was needed in order to achieve statistical identifiability. Random slopes 
were removed from the analysis of secondary school due to identifiability issues. 

2.2 Results 

2.2.1 Primary education 
Estimated coefficients for the main predictors can be found in Table 3 and Figure 1. 
 



 

 

 
Figure 1: Estimated coefficients and approximate 95% CI for mixed effects models of 
average grade for primary schools.  
 
 
Table 3: Estimated coefficients for fixed effects of average grade for primary educa-
tion. 

  Estimate Std. Error 
(Intercept) 0.28 0.15 
Bilingualism 0.20 0.03 
Subsidized 0.34 0.03 
Years since biling. introduced 0.01 0.01 

Spanish Language 

Bilingualism+subsidized -0.15 0.07 
(Intercept) 0.34 0.16 
Bilingualism 0.08 0.04 
Subsidized 0.32 0.03 
Years since biling. introduced 0.01 0.01 

Mathematics 

Bilingualism+subsidized 0.00 0.09 
(Intercept) -0.08 0.18 
Bilingualism -0.14 0.05 
Subsidized 0.27 0.04 
Years since biling. introduced 0.03 0.01 

Science 

Bilingualism+subsidized 0.08 0.10 
 

 
The model estimates for bilingualism are negative for Science, while they are 

positive for Spanish language and Mathematics; they reach significance at conven-
tional levels for Spanish language (p<10-9) and Science (p=0.008), while being only 
marginally significant for Mathematics (p=0.56). The estimates for the effect of the 
number of years since the first bilingual cohort took the CDI are all positive, and sig-
nificant in the case of Science (p=0.035) and Spanish language (p=0.002), but very 
small. 

The model provides us with a natural scale of comparison for these results: the 
impact of subsidized education over public education is significant (all p<10-8) and of 
a considerable estimate size (0.25-0.3).  

Crucially, school identity turns out to explain a large amount of the variation in 
grades, as reflected in the random effects’ estimates (see Table 4). Madrid’s districts 
and municipality also exhibit considerable (yet smaller) variation.    
 



 

 

Table 4. Estimated standard deviation of random effects for average grades for pri-
mary education. 

 Variable Type SD 
School by municipality (Intercept) 0.34 
School by municipality Slope on bilingualism 0.16 
Municipality (Intercept) 0.17 
District (Intercept) 0.28 

Spanish Language 

Residual  1.41 
School by municipality (Intercept) 0.44 
School by municipality Slope on bilingualism 0.27 
Municipality (Intercept) 0.20 
District (Intercept) 0.29 

Mathematics 

Residual  1.53 
School by municipality (Intercept) 0.57 
School by municipality Slope on bilingualism 0.14 
Municipality (Intercept) 0.25 
District (Intercept) 0.29 

Science 

Residual  1.84 
 

This suggests that, whatever effect bilingualism has on student’s grades, it has a 
much smaller impact than the school and municipality in which the course was 
hosted. Leaving aside whether individual coefficients reach significance, these results 
imply that the impact of bilingualism on the grades is modest in contrast to the type of 
institution.  

A similar picture emerges from the analysis of the percentage of students that 
passed the course (see Figure 2). 
 

 
Figure 2: Estimated coefficients and approximate 95% CI for mixed effects models of 

percentage of passing students for primary education. 
 

The most important difference between the grades and percentage of passing stu-
dents models is that, in the later, the effect of bilingualism in science is not significant 
(p=0.36). Bilingualism predicts bigger percentages of passing students for Mathemat-
ics (p=0.007) and Spanish language (p=0.005), although the effects are extremely 
small: our models predict that the difference in percentage of passing students be-
tween the situations where all the schools in our sample had a bilingual program 
against that in which none had it would be about 2-3%. 

 



 

 

Table 5: Estimated coefficients for fixed effects of percentage of passing students for 
primary education. 

 Variable Estimate Std. Err 
(Intercept) 1.94 0.39 
Bilingualism 0.19 0.06 
Subsidized 0.56 0.04 
Years since biling. introduced 0.02 0.02 

Spanish Language 

Bilingualism+subsidized 0.10 0.14 
(Intercept) 0.67 0.23 
Bilingualism 0.13 0.04 
Subsidized 0.43 0.04 
Years since biling. introduced -0.01 0.01 

Mathematics 

Bilingualism+subsidized 0.17 0.10 
(Intercept) 1.30 0.37 
Bilingualism -0.05 0.05 
Subsidized 0.37 0.05 
Years since biling. introduced 0.01 0.01 

Science 

Bilingualism+subsidized 0.10 0.11 
 

Table 6. Estimated standard deviation of random effects for the percentage of passing 
students for primary education. 

 Variable Type SD 
School by municipality (Intercept) 0.60 
School by municipality Slope on bilingualism 0.62 
Municipality (Intercept) 0.29 
District (Intercept) 0.46 

Spanish Language 

Year (Intercept) 0.88 
School by municipality (Intercept) 0.55 
School by municipality Slope on bilingualism 0.54 
Municipality (Intercept) 0.24 
District (Intercept) 0.35 

Mathematics 

Year (Intercept) 0.43 
School by municipality (Intercept) 0.66 
School by municipality Slope on bilingualism 0.66 
Municipality (Intercept) 0.25 
District (Intercept) 0.32 

Science 

Year (Intercept) 0.72 

 

2.2.2 Secondary education 
 
Confidence intervals for the model's estimates in the case of secondary education are 
considerably wider than for the results on primary schools (Fig. 3), and bilingualism 
fails to reach significance for both Spanish language (p=0.08) and Mathematics 
(p=0.3). Again, the variation given by school, municipality and district dominates the 
estimates of the fixed effects. 



 

 

 
Figure 3. Estimated coefficients and approximate 95% CI for mixed effects models of 

percentage of passing students for secondary education. 
 

 
Table 7. Estimated coefficients for fixed effects of average grade for secondary edu-
cation. 

  Estimate Std.Err. 
(Intercept) -0.90 0.11 
Bilingualism -0.12 0.07 

Spanish Language 

Years since biling. introduced 0.04 0.06 
(Intercept) -0.85 0.13 
Bilingualism -0.05 0.05 

Mathematics 

Years since biling. introduced 0.07 0.04 
 
 

 
Table 8. Estimated standard deviation of random effects for average grades for secon-
dary education. 

 Variable Type SD 
School by municipality (Intercept) 0.43 
Municipality (Intercept) 0.15 
District (Intercept) 0.29 

Spanish Language 

Residual  1.99 
School by municipality (Intercept) 0.55 
Municipality (Intercept) 0.24 
District (Intercept) 0.34 

Mathematics 

Residual  1.36 
 

The analysis of the percentage of passing students matches the results for primary 
schools, namely that bilingualism has a positive and significant impact on the number 
of passing students for Mathematics and Spanish language (both p<10-4), but here 
again the predicted difference between all schools having against all schools not hav-
ing a bilingual program is around 2%. 



 

 

 
Figure 4. Estimated coefficients and approximate 95% CI for mixed effects models of 

percentage of passing students for secondary education. 
 

 
Table 9. Estimated coefficients for fixed effects of percentage of passing students for 
secondary education. 

  Estimate Std. Error 
(Intercept) 0.56 0.19 
Bilingualism 0.11 0.03 

Spanish Language 

Years since biling. introduced -0.02 0.02 
(Intercept) -0.82 0.30 
Bilingualism 0.10 0.03 

Mathematics 

Years since biling. introduced -0.00 0.02 

 
Table 10. Estimated standard deviation of random effects for the percentage of pass-
ing students for secondary education. 

 Variable Type SD 
School by municipality (Intercept) 0.60 
Municipality (Intercept) 0.16 
District (Intercept) 0.33 

Spanish Language 

Year  0.40 
School by municipality (Intercept) 0.63 
Municipality (Intercept) 0.26 
District (Intercept) 0.35 

Mathematics 

Year  0.75 
 

3. PISA for Schools study 

3.1 Data and models 
The second set of analyses uses results from the PISA for Schools (PfS) test. This test 
is based on the Programme for International Student Assessment (PISA) test, which 
the OECD gives to 15 year old students from countries across the world every three 



 

 

years with the aim of collecting and comparing national school performance data. The 
PfS test is different from the original PISA test in that it is designed to assess and 
compare individual schools, rather than countries.   

We have data from the PfS tests from the Madrid region for years 2009 and 2013, 
including a total of 1768 observations. Observations in our dataset correspond to indi-
vidual students (in contrast with the CDI data, which summarised the results by 
school). For each student, we have access to a large number of pre-treatment variables 
(demographic and socio economic information characteristics of the students and their 
background that presumably predate their enrolment to the school). In contrast to the 
CDI, however, the number of schools and years surveyed is very small: there are 19 
institutions attested for 2009 and 2013, only 2 of which being bilingual in the most 
recent year. While there are public, private and subsidized schools in the sample, both 
schools featuring bilingualism in 2013 are public. 

The availability of pre-treatment variables allows for two alternative modelling 
strategies. First, it would be possible to include explicitly those variables into the 
modelling scheme, with the expectation that the model specification would be precise 
enough to remove their influence, rendering the coefficient of bilingualism a more 
faithful estimation of the actual causal effect of bilingualism education on students’ 
grades. This is problematic for a number of reasons, which are discussed below. 

A second strategy consists in acknowledging that the composition of the schools’ 
populations is diverse, and that the ignorability condition is satisfied. Roughly, “ig-
norability” in this context would imply that any student, regardless of the values of 
their pre-treatment variables, had either the same likelihood of attending a school that 
later introduced bilingualism (which boils down to attending any of the two schools 
mentioned before), or the same likelihood of attending a course that is already bilin-
gual (which would be a subset of the previous condition). If this condition holds, then 
the coefficients of bilingualism would stand for its characteristic effect over the popu-
lation (even if the actual effect is different within the subgroups of the population as 
defined by the pre-treatment variables). 

Ignorability is hard to test empirically, and there are strong reasons to think that 
the pre-treatment variables do play a role in students’ choices or possibilities to enrol 
at particular schools. A feasible solution would be to balance control and treatment 
groups so that they do not exhibit dramatically different students’ propensities (Gel-
man & Hill, 2006) to either enrol at any of the two schools that introduced bilingual-
ism, or to attend a course that is bilingual.  

The propensity can be modelled as a logistic model of the treatment variable with 
the pre-treatment variables as independent predictors. Specifically, we would choose 
a simple model without interactions: 
 

 
 

Where β is the vector of coefficients for the model matrix corresponding to the 
pre-treatment variables X, and i indexes the individual students. Following standard 
notation, β1 corresponds to the common intercept of the model (so X1=1 for all i). 

Once the propensities for each student are obtained, each student in a group 
(treated/control) can be matched to whichever student in the opposite condition has 
the closest propensity to them. This new set, composed by matching pairs of students, 
is then used for analyses. 



 

 

Let us stress the fact that deciding which condition is a treatment has an impact on 
the interpretation of the results. In the first condition (treatment equals to attending 
any of the two schools that became bilingual in 2013) propensity matching accounts 
for the fact that the profile of those institutions might be particularly appealing to a 
particular group of people, and in principle not necessarily related to the availability 
of a bilingual program. The second condition focuses on the profile of students that 
were enrolled specifically in bilingual courses. 

Propensity matching implies reducing (sometimes dramatically) the amount of 
data analyzed. Here we will opt for modelling the whole data (without matching) ver-
sus both matching strategies. If the results are radically different, then pre-treatment 
variables play a major role that needs to be acknowledged and modelled appropri-
ately.  

As for the statistical evaluation of the effect of bilingualism on subjects’ grades, 
we propose a simple mixed effects model: 
 

 
 

Where β is the coefficient for the effect of bilingualism on a student’s grade, αschool 

is a random intercept and ϵ is the common error. 
 

3.2. Results 

3.2.1 Propensity scores 
The usage of a large number of pre-treatment variables is limited by two factors: they 
are not coded for both years (that is, they were present in either the Pisa 2009 or Pisa 
2013 survey only), or they have too many levels. The issue with having two many 
levels has to do with a meaningful identification of propensity: determining whether 
there is a real tendency of a subset of students to enrol at a given school requires a 
considerable amount of data. For instance, the fact that only one student happens to 
live in a two-story house and that student attends a bilingual school is not enough to 
make any sound claim linking the two facts; however, from the point of view of pro-
pensity, knowing the first fact will be enough to predict with 100% accuracy that the 
student attends a bilingual school. This is not useful, since we aim to capture propen-
sities as close as possible to the real biases that determine the likelihood of students 
attending different schools. 

For these reasons, we limit our pre-treatment variables to four: sex (female, male, 
or other), highest education reached by any of the parents (none, lower secondary, 
upper secondary, non-tertiary post secondary, vocational tertiary or theoretically ori-
ented tertiary, or post-secondary), structure of the family (single-parent, two-parent, 
or other), and immigration status (native, 1st generation, or 2nd generation). 

The distribution of propensity scores for both treatments reflects that, effectively, 
treatment can be partially predicted by means of the pre-treatment variables (see Fig-
ure 5-6 and Tables 11-12). 



 

 

 
Figure 5: Distribution of propensity scores for treatment: school 

 
 
Table 11: summary of propensity scores for treatment: school 

 Mean treated Mean control SD Control Diff. means 
All 0.37 0.27 0.14 0.09 

Matched 0.37 0.37 0.11 0.002 
 

 
Figure 6: Distribution of propensity scores for treatment: bilingual. 

 
 



 

 

Table 12: Summary of propensity scores for treatment: bilingualism. 

 Mean treated Mean control SD Control Diff. means 
All 0.28 0.21 0.11 0.07 

Matched 0.28 0.28 0.08 <10-4 
 

3.2.2 Average grades 
No effect of bilingualism can be observed on grades for any of the academic subjects. 
The following tables show the estimated parameters for the models for Reading (Ta-
ble 13), Mathematics (Table 14) and Science (Table 15) with all data and both 
matched subsets. The estimate value of School is the standard deviation of the associ-
ated random intercept.  

Table 13. Estimated parameters for Reading models. 
Reading Variable Estimate Std. Err. t value p-value 

(Intercept) -0.003 0.13 -0.02 0.97 
Bilingualism -0.15 0.13 -1.17 0.24 

All data 

School (SD) 0.35    
(Intercept) 0.21 0.10 2.06 0.07 
Bilingualism -0.19 0.12 -1.62 0.1 

Matched data (treatment: school) 

School (SD) 0.25    
(Intercept) 0.21 0.10 2.06 0.07 
Bilingualism -0.19 0.12 -1.62 0.1 

Matched data (treatment: bilingualism) 

School (SD) 0.25    
 

Table 14. Estimated parameters for Mathematics models.   
Mathematics Variable Estimate Std. Err. t value p-value 

(Intercept) -0.01 0.13 -0.14 0.88 
Bilingualism -0.13 0.13 -1.02 0.3 

All data 

School (SD) 0.36    
(Intercept) 0.23 0.09 2.41 0.04 
Bilingualism -0.16 0.12 -1.33 0.18 

Matched data (treatment: school) 

School (SD) 0.21    
(Intercept) 0.23 0.09 2.41 0.04 
Bilingualism -0.16 0.12 -1.33 0.18 

Matched data (treatment: bilingualism) 

School (SD) 0.21    
 



 

 

Table 15. Estimated parameters for Science models. 
Science Variable Estimate Std. Err. t value p-value 

(Intercept) -0.01 0.14 -0.14 0.89 
Bilingualism -0.10 0.13 -0.76 0.4 

All data 

School (SD) 0.37    
(Intercept) 0.21 0.09 2.32 0.04 
Bilingualism -0.12 0.12 -1.03 0.3 

Matched data (treatment: school) 

School (SD) 0.2    
(Intercept) 0.21 0.09 2.32 0.04 
Bilingualism -0.12 0.12 -1.03 0.3 

Matched data (treatment: bilingualism) 

School (SD) 0.2    
 

As with the CDI data, the variation in grades given by the school random intercept is 
considerable (from 0.35-0.2). Noticeably, this is the only consistent effect that shows 
up when comparing the whole data with their matched counterparts: estimates on the 
SD of school random intercepts are smaller in the matched data than in the whole data 
(see also Conclusion). 

 
4. Conclusion 

The main aim of this report was to investigate the impact of bilingual education pro-
grammes on content learning at school in the Madrid region. A previous study (Ang-
hel et al. 2016) based on CDI test results suggested a negative impact of bilingual 
education on learning of the subject taught in English (Science) in primary schools, 
for schools that joined the programme in its first year, and also in the second year, 
although to a lesser extent. The present study reports analyses of the results of two 
sets of test taken in the Madrid region, namely CDI tests between 2008-09 and 2014-
15, and PISA for Schools tests for 2009 and 2013. 

Mixed-effects models based on the CDI data reveal that, in primary schools, bilin-
gual treatment has modest effects on grades: bilingual schools perform worse in Sci-
ence, but better in Spanish language (there is no effect on Mathematics grades), al-
though the estimates are modest. As far as the percentage of students who pass the 
test, more students pass Mathematics and Spanish language tests in treated bilingual 
schools than non-treated schools, but there is no effect for Science tests, and again the 
effect sizes are very small.  In secondary schools, no differences are found in Mathe-
matics and Spanish Language grades, and again, more students pass the Mathematics 
and Spanish language tests in treated schools. Importantly, however, differences be-
tween bilingual and non-bilingual schools, however, are very modest when compared 
to differences between subsidized and public schools (the former obtaining signifi-
cantly higher grades and pass percentages than the latter); between individual schools; 
between municipalities in the region; and between districts in the capital. 

Models based on the Pisa for Schools results, after exhaustive control effects pre-
treatment (demographic and socioeconomic) variable effects, reveal no significant 
effect of bilingual treatment on Reading, Mathematics or Science grades. Here, again, 
the effect of school was important. 



 

 

Taken together, the CDI and Pisa for Schools studies suggest that any estimates of 
the effect of a bilingual education are mediated or masked by other factors at a student 
or school level. In the CDI analysis, most of the variation in grades came from 
schools, municipalities and districts, as evidenced by the large standard deviation of 
the random effects in comparison to the estimates of the fixed effects. Using demo-
graphic and socioeconomic information for the analysis of the Pisa examination, we 
found that there were clear baseline differences in the propensity of students to attend 
schools with bilingual programs (or that would implement bilingual programs early). 
Tellingly, after matching students in the treatment set with appropriate counterparts in 
the controls, we witnessed a considerable decrease in the estimate of the random ef-
fects. This indicates that the variation given by schools was partially confounded with 
individual-level characteristics. Given the magnitude of the variation by schools and 
municipalities observed in both studies, we coincide with Anghel et al. (2016) on the 
need of more detailed data for any definitive evaluation of the effect of the bilingual 
program on academic performance. 

In conclusion, the results of these two studies, based on independent, distinct data, 
indicate that bilingual programmes are not detrimental for content learning, although 
knowing the precise impact of it is presently unfeasible due to the confounds dis-
cussed before. A clear and robust result is that content learning is strongly determined 
by type of school (subsidized or public), individual school, and school location, and 
that they might overlap with individual-level characteristics of relevance for academic 
performance. Interventions aimed at reducing inequality in the provision of education 
in the Madrid region should therefore focus on these variables.  
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