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ABSTRACT

The Bilingual Advantage: It's How You
Measure It

We use data on Latino children in the United States who have been randomly assigned
calculation tests in English or Spanish to check for the so-called bilingual advantage,
the notion that knowing more than one language improves individuals’ other cognitive
skills. After controlling for different characteristics of children and their parents, as well as
children’s time in the US, we find a bilingual advantage among children who read or write
in English and Spanish but not for those who only speak or understand both languages.
In particular, bilingual readers or writers perform one fourth to one third of a standard
deviation better than monolingual children, equal to learning gains of an additional school
year. Applying the Oster test, we find that selection on unobservables would need to be
3-4 times stronger than selection on observables to explain away our results. The bilingual
advantage is stronger among children in two-parent households with siblings and for those
at the upper end of the ability distribution.
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1 Introduction

In the United States, the share of bilingual individuals has more than doubled over the
last 40 years. Using data from the US Census, Figure A-1 in the Appendix shows that
their share increased from around 6-9% in 1980 to 12-18% in 2019.! According to Euro-
stat, in 2016 around 25% of individuals in Europe reported to be proficient in at least one
foreign language, ranging from 11% in Italy to 66% in Luxembourg. More individuals
knowing various languages implies better communication skills which have been shown
to foster trade (Melitz and Toubal [2014]) and migration (see e.g. Adsera and Pytlikova
[2016] or Aparicio Fenoll and Kuehn [2016]). Furthermore, if bilingualism improved indi-
viduals’ cognitive skills, this could help to explain the positive effects of migrants” home
country language proficiency on labor market outcomes or social integration (Bleakley
and Chin [2004] and [2010]). Bilingualism could then also have an impact on economic
growth through improved cognitive skills (Hanushek and Woessmann [2008]). However,
the individual effects of bilingualism are unclear. In particular, the question regarding
the existence of the so-called bilingual advantage, the idea that knowing more than one

language improves individuals’ other cognitive skills is unresolved.?

We use data on children of Latino immigrants in the Unites States who have been
randomly assigned calculation tests in English or Spanish to check whether bilingual
children perform better on these tests which are designed to be unaffected by language
proficiency (see Aparicio Fenoll [2018]). After controlling for different characteristics of
children and their parents, as well as children’s time in the US, we find that bilingual
readers or writers perform one fourth to one third of a standard deviation better than

monolingual children, equal to learning gains of one additional school year.> However,

1Similarly, for 1980 Garcia [1984] reports around 10% of bilingual individuals in the US, and in 2011
according to the US Census Bureau [2013] 16.1% of US residents who spoke English very well or well,
spoke a language other than English at home.

2In part this might explain why bilingual education has been a debated school policy for decades. For
instance, in 1998 voters in California passed proposition 227 in favor of English only education, abandoning
years of bilingual education, only to repeal proposition 227 in 2016.

3 According to Woessmann [2016], “the rule of thumb [is] that average student learning in a year is equal
to about one-quarter to one-third of a standard deviation.” (pg. 3)



this finding does not extend to those who report to merely speak or understand both lan-
guages. Given that our estimated bilingual advantage for readers and writers could be
due to unobservable characteristics such as school or neighborhood quality, we apply the
Oster [2019] test, and we show that this is highly unlikely. Selection on unobservables
would have to be between 3 to 4 times stronger than selection on observables to explain
away our results. Using scores on other cognitive exams which were also randomly as-
signed in English or Spanish to children in our sample, we do not find any evidence that
the bilingual advantage extents to tests which are not language-free. As Bialystok et al
[2010] explain, bilingual children tend to know fewer words in each language compared
to monolinguals because “some words occur in a context in which they only use one of

their languages.” (pg. 3)

In the fields of psychology, neuroscience, and education, the idea that bilingualism can
shape individuals’ brains beyond language use has been debated for decades. Initially the
view that additional languages cause confusion dominated, see e.g. Darcy [1953]. As the
tirst to challenge this notion, Peal and Lambert [1962] reported that bilingual individuals
outperformed monolinguals on various cognitive tests. A large and growing number of
studies have since provided additional evidence in favor of the bilingual advantage; see
for instance Bialystok [1988] or Bialystok et al [2004].* However, others such as Paap and
Greenberg [2013] or Hilchey and Klein [2011] claim that the positive association between
bilingualism and cognitive skills is oftentimes the result of flaws in the design of tests, the
tailure to control for demographic characteristics, differences across age groups consid-
ered, or very small samples. Furthermore, no clear consensus exists as to how to measure
bilingualism and language proficiency, see e.g. Surrain and Luk [2019] , DeBruin [2019],
or Hulstijn [2012] for inconclusive reviews on this topic.” Our findings provide two novel

explanations for the presence of a bilingual advantage in some and its absence in other

4This positive view has become so widespread that there is even evidence of a publication bias, see De
Bruin et al [2015].

5One attempt to unify the measurement has been made by Anderson et al [2018] proposing the so-called
“Language and Social Background Questionnaire” (LSBQ) which provides a measures on the extent of
non-English language proficiency, its use at home and socially. However, we did not find any study on dif-
ferential effects of bilingualism when measured in terms of writing, reading, speaking, and understanding,
which makes the direct comparison of our results with those in literature difficult.
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contexts: First, we show that it only arises when classifying individuals according to their
reading and writing skills, while bilingual speaking and understanding abilities imply no
advantage. Second, we find the bilingual advantage to only show up in cognitive tests

which are language-free.

Among the few works that like the current paper consider larger samples and con-
trol for demographic characteristics are Mouw and Xie [1999] who find “no evidence that
bilingualism has a positive effect on academic achievement.” Looking at 832 first and
second generation Asian Americans from the 1988 National Educational Longitudinal
Study, the authors find that speaking a native language with parents has a temporary
positive effect on academic achievement which vanishes once immigrant parents achieve
a moderate level of English proficiency. Focusing on academic paths, Han [2012] looks
at the Early Childhood Longitudinal Study and shows that children who speak both En-
glish and their native language well, start out with lower math scores in kindergarten,
but that by fifth grade the math gap between bilingual and monolingual children is fully
closed. While similar to both papers we also find no significant differences between bilin-
gual and monolingual speakers, we do estimate a bilingual advantage for readers and
writers. Hence the current paper is closely related to Golash-Baza [2005] who measures
bilingualism as speaking, understanding, reading and writing well in English and in a
native language. The author uses data on more than 3,000 individuals from the 1992/93
and 1995/96 Children of Immigrants Longitudinal Study and finds that bilingualism im-
proves performance on the Stanford Math and Reading tests, but only for individuals in
communities with low levels of English proficiency and high levels of resources and net-
works. This is in line with our heterogeneity results which find the bilingual advantage
to be stronger among children at the upper end of the ability distribution and those com-
ing from Mexico, the Latino origin-group with the lowest share of migrants reporting to

speak English very well (see PEW Hispanic Center [2007]).

Different from these three papers we are able to isolate the role of bilingualism from

the influence of English proficiency per se, because (i) the random assignment of tests



in English and Spanish allows us to estimate an effect of being bilingual that is not tied
to one particular language, and (ii) we differentiate between monolingual individuals in
English and Spanish in our estimations. We standardize test scores by age and our esti-
mations include age dummies. As migrant children move to the US and start attending
the US school system it becomes more likely that they turn bilingual and improve their
cognitive skills at the same time. To address this issue of assimilation which has been
shown to have important effects for the performance on cognitive tests (see Akresh and

Akresh [2011]), we also control for children’s time in the US.

Our findings contribute to the literature in two ways. First, the fact that only bilingual
writers and reader seem to have a cognitive advantage but not speakers or those who
only understand English and Spanish suggests that merely picking up a second language
will not result in better cognitive skills. This speaks to a potential mechanism behind
the bilingual advantage which could lie with the additional effort by children, parents,
schools, or teachers required to read and write well in two languages. Second, we show
that independently of the language of the test, bilingual readers and writers perform bet-
ter on language-free calculation tests, and that this difference is hardly explained by un-
observed characteristics. The remainder of this paper is organized as follows: The next
section presents our data. In Section 3, we describe the methodology used, and Section 4

presents our results. Section 5 concludes.

2 Data

For our analysis we use data from the New Immigrant Survey (NIS). The NIS was con-
ducted among US immigrants who were granted permanent residence between May and
November of 2003, including both new arrival immigrants as well as so called adjustee
immigrants who were already living in the US on temporary non-migrant visas (or, in
some cases, undocumented). Surveyed individuals were selected based on administra-

tive records from the US Immigration and Naturalization Service such as for the data to



be nationally representative of new arrival and adjustee immigrants. The survey asked
questions about migrants” education, language skills, and employment history, as well
as family composition and characteristics. The language of the interview (English or the

migrant’s native language) was chosen by the respondent.

Two aspects of the NIS are key for our analysis. First, the survey administered four
cognitive, so-called Woodcock-Johnson (WJ), tests to children of respondents (ages 6-12).°
Second, for some children of Spanish-speaking immigrants the language of these tests
was randomized (English or Spanish). This is important because our estimated effect of
being bilingual will thus not be tied to one particular language. For our main analysis, we
use children’s performance on the numerical reasoning test, with tasks ranging from sim-
ple summations to solving equations with unknowns, see Mather and Jaffe [2002]. We
also consider children’s performance on the other three W] tests: Passage Comprehen-
sion, Letter-Word Identification, and Applied Problems. Apart from these tests, children
were also asked to repeat digits forward and backward. Digits were read to children in
the language of their choice. We calculate the sum of correct repetitions of digits. Note
that digit span tests were originally designed as part of the so-called Wechsler Intelligence
Test within the category “Verbal IQ” to test individuals’ working memory.” We normalize

all tests scores by age to have zero mean and standard deviation equal to one.

Children were also asked to assess their Spanish and English proficiency along four
dimensions (understanding, speaking, reading, and writing) on the following scale: very
well, well, not well, or not at all. Table 1 displays all possible combinations of language
skills. We define bilingual children as those who report to perform in both English and
Spanish either well or very well. We define as monolingual Spanish (English) individuals
who report to only perform well or very well in Spanish (English). Non-performers are

those who neither know English nor Spanish well. They make up less than 1% (12%) of

SThere exists ample evidence that success especially on these type of tests relates positively to later
education and labor market outcomes, see e.g. Davis-Kean et al [2021].

7 Among children, Hale et al [2002] point out that repeating digits backwards is associated with attention
and executive function processes, while repeating digits forwards with short-term rote auditory memory
processes.



the sample in case of understanding and speaking (reading and writing). While in general
there are fewer individuals who read and write both languages compared to understand-
ing and speaking, Figure 1 shows that the four different definitions of bilingualism are

not perfect subsets of one another.

Table 1: Combinations of language skills and bilingualism

English very well English well English not well English not at all

Spanish very well
Spanish well
Spanish not well
Spanish not at all

bilingual monolingual Spanish

monolingual English non-performers

For certain robustness checks we also use data by US state for 2003 on median house-
hold income by state (in current US $) and per student expenditure on public education
from the US Census and the U.S. Department of Education, National Center for Educa-

tion Statistics respectively. We assign this data to parents’ current state of residence.?

Our sample is composed of all children of Spanish-speaking immigrants aged 6 to 12
who provide information on how well they understand, speak, read, and write English
or Spanish, whose language of the test was randomly assigned, and for whom we know
their W] test scores, their correct digits, and for whom we have information on parental

characteristics.? This leaves us with 652 children.

Table 2 displays the characteristics of children and their parents in our sample. Be-

tween 33% and 67% of children in our sample are bilingual and between 15% and 18%

8Note that the data only has dis-aggregated information on 6 (large) states: California, Florida, Illinois,
New Jersey, New York, and Texas. Individuals in all other states are assigned to US regions (called divi-
sions) of residence. We assign values for these variables by computing population-weighted means (data
from US Census) across states belonging to those divisions (excluding the six states mentioned above).

9We also exclude from our sample children whose parents interfered with test taking and refused that
the child continued with a certain test, because in this case children were automatically assigned a score
of 0 which we do not want to confuse with children having obtained a score 0 on the test due to low per-
formance. This restriction reduces initial sample size by around 8%, but once we condition on information
regarding language skills, this restriction excludes only 8 observations, less than 1% of the sample, 5 (3) for
when the test was administrated in Spanish (English).
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Figure 1: Four different definitions of bilingualism

Billingual_read: 35.6%

Billingual_write: 32.5%

Source: NIS data; sample used in this paper N=652

are monolingual in Spanish, depending on the language dimension used. Around half
of them are boys, and they are on average nine years old. Most have been living for ap-
proximately seven years in the US. Regarding parental variables, on average mothers and
fathers are around 36 and 38 years old, respectively. Mothers and fathers in our sample
have received less than 10 years of education on average, and most have acquired their
education outside of the US. 86% of parents are married or cohabiting, while around 6-7%
are single parents or separated or divorced. 95% of children live with their mother and
around 83% with their father.!® Parents of children in our sample are migrants from 10
different countries, but the majority has arrived from Mexico: 46% in the case of moth-
ers and 36% in the case of fathers.!! Regarding test scores, children perform best on
letter-word identification which is tailored to younger children, applied problems, pas-
sage comprehension, and last calculation tests. However, the ranking changes when we

standardize test scores by age. Half of the children in our sample were randomly assigned

19Sometimes mothers or fathers migrate first with their children and then the other spouse joins later.
This is why there is no one-to-one correspondence between parents being married and mother and/or
father at home.

HThe other countries of origin are: Columbia, Cuba, Dominican Republic, El Salvador, Guatemala, Peru,
and Puerto Rico.



Table 2: Descriptive Statistics

Variable Mean Std. Dev. Min. Max.
Understands English and Spanish well 0.673 0.469 0 1
Only understands Spanish well 0.187 0.39 0 1
Only understands English well 0.132 0.339 0 1
Bilingual speaker 0.655 0.476 0 1
Only speaks Spanish well 0.196 0.398 0 1
Only speaks English well 0.141 0.348 0 1
Bilingual reader 0.356 0.479 0 1
Only reads Spanish well 0.158 0.365 0 1
Only reads English well 0.373 0.484 0 1
Bilingual writer 0.325 0.469 0 1
Only writes Spanish well 0.152 0.359 0 1
Only writes English well 0.397 0.49 0 1
Boy 0.515 0.5 0 1
Age 8.925 2.026 6 12
Number of siblings 1.785 1.126 0 6
Years in US 7.156 3.563 0 13
Mother’s age* 35.52 5.083 22 53
Father’s age* 38.203 5.454 23 67
Mother’s years of schooling 9.404 3.049 1 21
Father’s years of schooling 9.877 2.674 2 30
Mother’s years of schooling in US 0.449 1.093 0 11
Father’s years of schooling in US 0.513 1.041 0 18
Married Parents 0.807 0.395 0 1
Cohabiting Parents 0.064 0.246 0 1
Separated Parents 0.037 0.188 0 1
Divorced Parents 0.025 0.155 0 1
Single Parent 0.066 0.248 0 1
Widowed Parent 0.002 0.039 0 1
Mother at home 0.948 0.222 0 1
Father at home 0.825 0.38 0 1
Mother Mexican 0.457 0.499 0 1
Father Mexican 0.357 0.48 0 1
W]J: Standardized calculations score 0.079 0.814 -2.352 4.850
WIJ: Calculations score 14.96 7.345 0 45
W]J: Standardized passage comprehension score 0.065 0.831 -2.06 2.789
W]J: Passage comprehension score 18.949 9.653 0 47
WJ: Standardized Letter-Word Identification score 0.1 0.895 -2.527 2.738
WIJ: Letter-Word Identification score 42.181 20.831 0 76
W]J: Standardized Applied Problems score 0.133 0.823 -2.13 2.64
W]J: Applied Problems score 26.511 11.824 0 57
W] Tests in Spanish 0.502 0.5 0 1
Standardized correct digits -0.28 0.845 -2.827 4.65
Correct digits 9.055 3.448 0 28
Median Households income by state/region 46213.96 462092  33908.35 56045.00
Per pupil expenditure on public education 9212.44 1534.96 6891.10  13884.09

Notes: NIS data: This table presents averages and standard deviations for the sample used in the estimation.
The number of observations is 652. *Data for mothers” and fathers’ age (year of birth) is missing for 6.4% and
18.9% of our observations. We replace missing values with mean values by children’s ages and include dummy
variables indicating missings in our regressions. Data for Median Household income and per public expenditure
on education from the US Census and the U.S. Department of Education respectively; for regional data, state data
has been weighted by population size of 2003 also from the US Census.

tests in Spanish.!2

12Note that the NIS includes a much larger array of questions, for instance regarding parenting or school
environments. However, the large share of missing values in these items make it impossible for us to



Table 3: Differences between Bilingual and Monolingual Readers

Variable Bilingual =~ Monolingual  Difference
Standardized calculation score 0.255 0.017 0.238***
Calculation score 17.422 14.341 3.08"**
Standardized passage comprehension score 0.275 0.007 0.267***
Passage comprehension score 22.099 18.211 3.888"**
Standardized applied problems 0.240 0.087 0.153**
Applied Problems score 29.142 25.680 3.463"**
Standardized Letter Word identification score 0.371 0.037 0.334**
Letter Word identification score 49.772 40.763 9.009***
W] Tests in Spanish 0.461 0.538 -0.076*
Standardized correct digits -0.185 -0.277 0.092
Correct digits 9.801 9.040 0.761***
Boy 0.483 0.552 -0.069
Age 9.457 8.844 0.613 ***
Number of siblings 1.677 1.864 -0.187*
Years in US 7.858 6.882 0.976***
Mother’s age 36.092 35.295 0.797*
Father’s age 38.771 38.250 0.520
Mother’s years of schooling 9.809 9.251 0.558"*
Father’s years of schooling 10.018 9.870 0.1408
Mother’s years of schooling in US 0.465 0.420 0.044
Father’s years of schooling in US 0.533 0.449 0.084
Married Parents 0.815 0.806 0.008
Cohabiting Parents 0.091 0.049 0.041**
Separated Parents 0.026 0.046 -0.020
Divorced Parents 0.034 0.023 0.011
Single Parents 0.030 0.075 -0.045**
Widowed Parents 0.004 0 0.004
Mother at home 0.931 0.960 -0.029
Father at home 0.836 0.815 0.021
Mother is Mexican 0.444 0.448 -0.004
Father is Mexican 0.332 0.358 -0.026
Median Households income by state/region 45972.78 46461.97 -489.19
Per pupil expenditure on public education 9174.23 9259.86 - 85.63

Notes: This table presents the average observable characteristics of monolingual and bilin-
gual readers who are part of the sample used in the estimation, separately. Here we have
excluded non-performers from the sample (11.4%). The last column includes the differ-
ences between the two values. *** p<0.01, ** p<0.05, * p<0.1.

Table 3 presents differences between bilingual and monolingual readers in terms of
observable characteristics. In line with our main findings, bilingual readers perform sig-
nificantly better on calculation tests as well as on repeating digits back- and forward; the
latter only when not standardized by age. On average, they also perform better on the
other three Woodcock-Johnson tests, although this does not hold in our controlled regres-
sion analysis. Regarding individual characteristics, bilingual readers are a little older and
have lived in the US for longer and have fewer siblings. Their mothers are somewhat

older and more educated. Parents of bilingual readers are more likely to be cohabiting

include them here.
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and less likely to be single parents. On the other hand, monolingual children are slightly
more likely to have taken the test in Spanish compared to bilingual children. We do not
observe any differences regarding median household income or public expenditure on

education by state of residence.!

3 Methodology

We estimate the difference in test scores between bilingual and monolingual children con-
trolling for English and Spanish language proficiency and demographic characteristics of

children and their parents as follows:

Ci = Bo+ B1Bi + B2D(L); + B3T; + BaB;i x T; + BsD(L); X T; + BeD; + BrX; +u;, (1)

where C; is the test score standardized by age of child i, and B; is a dummy variable that
takes on value one if the child is bilingual. D(L); are indicator variables for language
proficiency other than bilingualism; i.e. Spanish monolinguals and non-performers. Our
reference group are English monolingual children. T; controls for the language of the test,
taking on value one if the test was administered in Spanish. We also control for the in-
teraction of language proficiency (or being bilingual) and the language of the test. Note
that the calculation test is understood to be language-free, and hence for our main speci-
fication we do not expect coefficients on the test language to be significant. Our controls
allow us to separately identify the effect of being more proficient in any language and of
speaking two languages. This way we can be sure that our effect of bilingualism is not
driven by the fact that those who speak two languages just happen to be more fluent in
English or Spanish. In some of our specifications we also control for children’s innate
ability, including D;, the standardized correctly repeated digits. Finally, X; is a vector of

children’s characteristics (boy, age dummies, number of siblings, time in the US dummies

13Tables A1 to A3 in the Appendix provide differences between bilingual and monolingual children using
the other three alternative definitions for bilingualism. Across all specifications, bilingual children tend to
perform better on most tests, in particular when considering raw test scores. They tend to be older and to
have been in the US for longer, and their parents are less likely to be single parents.

11



and the interaction of age and time in the US dummies), parental characteristics (age,
years of schooling, years of schooling in the US, marital status and country of birth dum-

mies). The vector also includes dummies for US state/region of residence.

Note that our coefficient of interest 81 may be affected by the presence of certain unob-
servable characteristics which could lead to different cognitive abilities of bilingual indi-
viduals but which should not be attributed to bilingualism per se. For instance, bilingual
individuals may be those living in neighborhoods or attending schools which are less
segregated and also richer allowing them to acquire better English skills and to receive a
better education overall. To address this issue, we employ the methodology proposed by
Oster [2019]. In particular, we estimate Equation 1 in two different ways. Once, as pro-
posed above and a second time only retaining the controls necessary for the coefficient
B1 to be meaningful. We refer to this last specification as uncontrolled (#) while our main
specification is the controlled specification (c). In our uncontrolled specification, we only
include test language and language proficiency controls and their interactions. Retain-
ing the estimated coefficients of interest 1, and 1. as well as the R-squared from both

estimations (R? and R?) allows us to compute the following statistic:

_ ABlc Rg—R%l
°= (ﬁlu—ﬁlc> 8 (O.B*R%)' 2)

The value of § indicates how many times larger selection on unobservables would

have to be compared to selection on observables in order to fully explain away the esti-

mated coefficient.!4

4 Results

Table 4 shows the results from estimating Equation 1. Column (1) displays our bench-

mark uncontrolled specification which regresses the standardized calculation test score

14Note that this methodology assumes zero correlation between omitted variables and included controls,
an assumption which may be too restrictive in our context. For instance, one could image parental edu-
cation to be correlated with aspects of neighborhood or school quality (see Diegert et al [2023] for a novel
method to deal with this issue).

12



on a bilingual dummy, dummies for language proficiency and a dummy variable for test
language as well as its interactions with all language proficiency controls. In column 2,
we add children’s and parental characteristics including child’s years in the US and age,
as well as state/region of residence fixed effects. Column 3 includes dummies for each
combination of child’s years in the US and age and finally, column 4 presents results from
our preferred specification that also controls for innate ability using children’s standard-
ized correctly repeated digits. Results indicate that bilingual readers perform significantly
better on calculation tests than monolinguals. The magnitude of these differences lies be-
tween one fourth and one third of a standard deviation. According to Woessmann [2016],

this is equal to average learning gains over one school year.

Table 4: Difference in standardized calculation test scores between bilingual and
monolingual children

1) ) 3) 4)
Bilingual reader 0.243 0.301 0.29 0.291
(0.103)** (0.11)%+ (0.116)** (0.114)*
Individual characteristics No Yes Yes Yes
Age by Years in US No No Yes Yes
Innate ability No No No Yes
Number of observations 652 652 652 652
R-squared 0.044 0.173 0.225 0.251
F statistic 4232 1.634 1.255 1.436

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. All columns control for language proficiency, test language, and the last two variables interacted. The dependent
variable is the standardized calculation test score. Individual characteristics refer to age, years in US, gender, number of siblings, parental
age, education, marital status, country of origin and US state/region of residence. Innate ability refers to the age-standardized sum of
correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.

Using results from columns (1) and (4) we calculate parameter J to be equal to 3.5
This indicates that for the coefficient 0.29 to be explained entirely by selection on unob-
servables, such selection would need to be more than 3 times larger than the selection on
the observables that were added between columns (1) and (4). According to Oster [2019],
values above one for J indicate that unobservable characteristics do not explain the esti-

mated differences.
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Tables A4 in the Appendix displays the full estimation results. Apart from being bilin-
gual, mother’s years of education, parents being divorced, and higher ability measured
by correctly repeated digits also display a significant and positive coefficient. The first
result is in line with a large body of literature finding mother’s education to matter more
for children’s academic achievements, see e.g. Rosenzweig and Wolpin [1994] or Carneiro
et al [2013]. On the other hand, the result on divorce seems to stand in contrast to existing
evidence on a negative effect on educational attainment for children of parental separa-
tions or in non-traditional families (see e.g. Garasky [1995], or Astone and Mclanahan
[1991] or Haveman and Wolfe [1995] for a review of the literature). Finally regarding in-
nate ability as measured by individuals” sum of correctly repeated digits, there might be
some concern that it could be a bad control. The fact that the estimated coefficients hardly
differ across columns (4) and (3) which does not include the ability control is reassuring.
When we re-calculate Oster’s ¢ using column (3) as our main specification instead, we

obtain a similar but somewhat smaller value for ¢ of 2.7.

We repeat our estimation of column (4) using the three remaining definitions of bilin-
gualism (understanding, speaking and writing in both languages), see Table 5. We find
a similar cognitive advantage among bilingual writers but no significant difference in
cognitive test scores for bilinguals defined in terms of understanding or speaking both

languages.!®

4.1 Robustness

One important unobservable in our estimation is neighborhood and school quality. While
we would ideally control for it, we only know about parental state of residence (and in

some cases only US division of residence). Nevertheless, we consider data on median

15When bilingualism is defined in terms of writing (reading), values for parameter § are much higher
when the ability control is included 14.1 (3.5), but very similar when not 2.9 (2.7). Tables A5 to A7 in the
Appendix display the full results for the three alternative definitions of bilingualism. Note that the negative
but insignificant coefficients for bilinguals who understand or speak both languages are most likely due to
a peculiar reference group in these regressions, children who having both parents from Spanish-speaking
countries but speak or understand only English.
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Table 5: Different dimensions of bilingualism and cognitive advantage

Reads Understands Speaks Writes
Bilingual 0.291 -0.154 -0.063 0.298

(0.114)* (0.149) (0.142) (0.116)**
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 652 652 652 652
R-squared 0.251 0.234 0.232 0.253
F statistic 1.436 1.312 1.295 1.457

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. All columns control for years in US, age of the child, language proficiency, test language, and the last two variables
interacted. The dependent variable is the standardized calculation test score. Individual characteristics refer to age, years in US, gender,
number of siblings, parental age, education, marital status, country of origin, and US state/region of residence. Innate ability refers to the
age-standardized sum of correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.

household income and per pupil spending on public education by these geographical
areas (measured in 2003, the year the survey was conducted), and we re-run Table 4 us-
ing these controls instead of state/region dummies. Results in Table A8 in the Appendix

show that our main coefficients for bilingual reader remain fairly robust.

Note that for ease of interpretation in our benchmark estimation we used the stan-
dardized calculation test score as our outcome variable. However, one caveat of this
measure is that it has been constructed by age using sample instead of unknown popu-
lation averages and standard deviations. Hence we test the robustness of our results by
using raw test scores. Results in Table 6 are very much in line with those from our main
specification. Considering that the standard deviation of the raw calculation test score
is 7.3 implies that the estimated coefficients are equal to 0.29 a standard deviation and
thus identical to our benchmark results. The same holds true when using our alternative

definitions of bilingualism, see Table A9 in the Appendix.

To check that our results do not hinge on the particular functional form imposed by
our linear regression we also run a logit model with the outcome variable defined as
scoring above the mean of one’s age group. Table A10 in the Appendix displays the re-

sults. The bilingual advantage among those who understand and speak both languages
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Table 6: Difference in raw calculation test scores between bilinguals and monolinguals

1) 2) 3) 4)
Bilingual reader 2.954 2.209 2.133 2.131
(0.901)*** (0.784)*** (0.815)"** (0.804)***
Individual characteristics No Yes Yes Yes
Age by Years in US No No Yes Yes
Innate ability No No No Yes
Number of observations 652 652 652 652
R-squared 0.097 0.486 0.528 0.542
F statistic 9.871 7.375 4.86 5.078

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1by OLS. All columns control for language proficiency, test language, and the last two interacted. The dependent variable is the
raw calculation test score. Individual characteristics refer to age, years in US, gender, number of siblings, parental age, education, marital
status, country of origin. Innate ability refers to the raw sum of correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.

remains non-existent, among bilingual writers it remains positive and significant while
for bilingual readers the sign of the coefficient remains positive but we loose significance,
probably due to the reduced sample size caused by perfectly predicted observations be-

ing dropped.

Finally, as a type of falsification test, we also check how bilingual children perform
on the other three Woodcock-Johnson tests which were administered in this survey and
which are not language-free: passage comprehension, applied problems and letter-word
identification. Here, we do not expect bilingual children to perform better, because con-
trolling for language of the test, if anything, their language skills are more likely to be
lower. Table 7 shows that there are no statistically significant differences between bilin-
gual and monolingual children regarding performance on neither one of those tests; in-
dependently of which language dimension is used to define bilingualism (see Table A11

in the Appendix).

4.2 Heterogeneity

Literature has highlighted important gender differences in the performance on math or

calculation test scores (e.g. OECD [2019], Guiso et al. [2010] or Anghel, Rodriguez-Planas,
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Table 7: Falsification: Difference in scores on language-dependent tests between
bilingual and monolingual readers

(1) () 3) 4)
A: Passage Comprehension
Bilingual reader 0.117 0.114 0.106 0.107
0.1) (0.106) 0.111) 0.11)

R-squared 0.135 0.274 0.317 0.325
F statistic 14.36 2.935 2.017 2.07
B: Letter-Word identification
Bilingual reader 0.214 0.149 0.137 0.139

(0.104)** (0.11) (0.114) (0.112)
R-squared 0.189 0.317 0.377 0.403
F statistic 21.391 3.626 2.621 2.9
C: Applied Problems
Bilingual reader 0.068 0.098 0.096 0.097

(0.102) (0.109) (0.113) (0.113)
R-squared 0.073 0.216 0.273 0.28
F statistic 7.237 2.144 1.627 1.672
Individual characteristics No Yes Yes Yes
Age by Years in US No No Yes Yes
Innate ability No No No Yes
Number of observations 652 652 652 652

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. All columns control for language proficiency, test language, and the last two interacted. The dependent variable in
Panel A is the standardized passage comprehension test score, in Panel B the standardized score on the Letter-Word identification test,
and in Panel C the standardized score on Applied Problems. Innate ability refers to the standardized sum of correctly repeated digits. ***
p<0.01, ** p<0.05, * p<0.1.

and Sanz-de-Galdeano [2020]), as well as regarding the influence of external factors on
cognitive development (Rosselli et al [2009]). We hence further explore our results by
performing separate regressions for boys and girls. While results in Table 8 show cer-
tain gender differences, they are inconclusive. The bilingual advantage among readers is
particularly strong and only significant among girls, while among writers the bilingual
advantage is only significant and slightly larger for boys. In our sample, similar to most
studies, girls are more likely to be bilingual. However, this difference is only significant

for the dimensions of speaking and writing. In particular, girls are 9 percentage points

more likely to be bilingual writers. Hence, boys who are bilingual writers could simply
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be more positively selected.

Table 8: Heterogeneity: Bilingualism and cognitive advantage by gender

Readers Writers

Boy Girl | Boy Girl
Bilingual 0.244 0.369 0.302 0.25

(0.158) (0.187)** (0.168)* (0.181)
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 336 316 336 316
R-squared 0.367 0.406 0.367 0.399
F statistic 1.364 1.534 1.364 1.493

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS separately for boys and girls. All columns control for years in US, age of the child, language proficiency, test language,
and the last two interacted. The dependent variable is the standardized calculation test score. Innate ability refers to the age-standardized
sum of correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.

We also test for differences in the bilingual advantage by parental education, which
has been shown to be closely linked to children’s educational outcomes (see e.g. Hertz
et al [2011]).1° In our sample, parental education is relatively low, and hence we split the
sample into children who have or not at least one parent with more than 10 years of edu-
cation. Table A13 in the Appendix displays the results. When bilingualism is defined in
terms of reading, we only estimate a significant bilingual advantage for children of low
educated parents. However, this result is not robust to defining bilingualism along indi-
viduals” writing abilities in English and Spanish. In this case, we find significant effects
for both, children with high and low educated parents, although the estimated coefficient
is slightly larger for the former. Looking at descriptive statistics we observe that chil-
dren of high educated parents perform significantly better on all tests (when scores are
standardized by age), and while they are as likely as children of low educated parents to
be bilingual in terms of understanding or speaking, they are 10 percentage points more
likely to be bilingual readers and writers. Hence, this suggests that bilingual writers and

readers of lower educated parents might be more selected.

16Maybe because higher educated parents spend more time with their children (see e.g. Guryan et al
[2008]) or children of higher educated parents exert more effort (see e.g Kuehn and Landeras [2014]).
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Given that 50% of children in our sample have at least one Mexican parent, we explore
whether there are differences in the bilingual advantage between these children and those
with parents from other Latin-American countries. In our sample, children with parents
from Mexico are more likely to be bilingual speakers compared to those whose parents are
not Mexicans. However, there are no statistical differences along the other three language
dimensions, see Table A12 in the Appendix. Results in Table 9 show that the bilingual

advantage seems to be particularly strong for children with parents from Mexico.

Table 9: Bilingualism and cognitive advantage by parental country of origin

Bilingual writer Bilingual reader
Mexicans  Non-Mexicans \ Mexicans  Non Mexicans \
Bilingual 0.342 0.187 0.408 0.095
(0.151)** (0.204) (0.151)"** (0.194)
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 329 323 329 323
R-squared 0.443 0.269 0.44 0.275
F statistic 2.075 0.853 2.045 0.878

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1by OLS separately for children with at least one Mexican parent. All columns control for years in US, age of the child, language
proficiency, test language, and the last two interacted. The dependent variable is the standardized calculation test score. Innate ability
refers to the age-standardized sum of correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.

Children with Mexican parents have more siblings, they have younger and less edu-
cated parents who are more likely to be married and to be living at home and who are less
likely to be single. More traditional household structures by Mexican parents could have
a positive effect on children’s cognitive skills, but also more household members could
imply more communication on average. The former notion is in line with findings in lit-
erature on the before-mentioned negative effect on educational attainment for children in
non-traditional families. To test for this idea we split our sample into children with par-
ents who are married, living together and have at least two children. Table 10 displays

the results. The bilingual advantage is particularly strong and significant for children in

19



traditional families.!”

Table 10: Bilingualism and cognitive advantage by family type

Bilingual writer Bilingual reader
Traditional Non-traditional | Traditional Non-traditional |
Bilingual 0.334 0.368 0.296 0.145
(0.136)** (0.249) (0.132)** (0.246)
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 466 186 466 186
R-squared 0.319 0.563 0.313 0.572
F statistic 1.587 1.621 1.543 1.679

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1by OLS separately for children in traditional and non-traditional families, where traditional families are defined as households
with married parents, living together and at least two children. All columns control for years in US, age of the child, language proficiency,
test language, and the last two interacted. The dependent variable is the standardized calculation test score. Innate ability refers to the
age-standardized sum of correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.

Another possible explanation for our result of a particularly strong bilingual advan-
tage for children of Mexican parents could be linked to the fact that around the time of the
NIS survey individuals from Mexico were least likely to report to be proficient in English
among Hispanics in the US (PEW Hispanic Center [2007]). Hence, similar to Golash-Baza
[2005], our findings would indicate a stronger bilingual advantage in communities with

low levels of English proficiency.

Finally, we run quantile regressions to see if the bilingual advantage changes along
children’s ability distribution. Results in Table 11 show that the bilingual advantage is
larger and only significant for children at the upper end of the ability distribution. In
particular, while the coefficient for being bilingual at the lower end of the ability distri-
bution is largest, we only estimate significant coefficients for those at the 50th, 75th and
85th percentile. When defining bilingualism in terms of writing, we already estimate sig-
nificant coefficient for those at the 25th percentile, see Table A15 in the Appendix. Null

results for a bilingual advantage among those who report to only understand or speak

7Note that these results are only in part driven by the different sample sizes, see Table A14 in the Ap-
pendix for results when we instead define traditional families as married parents living together with at
least three children.
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both languages also hold along the entire ability distribution.

Table 11: The bilingual advantage: Heterogeneity by ability

15% 25% 50% 75% 85%
Bilingual reader 0.308 0.203 0.213 0.163 0.226

(0.228) (0.124) (0.113)° (0.087)° (0.085)***
Individual characteristics Yes Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes Yes
Number of observations 652 652 652 652 652
Pseudo r-squared 0.2986 0.2520 0.1917 0.2201 0.2613

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of
estimating Equation 1 by quantile regressions. The dependent variable is the standardized reading test score. All columns control
for years in US, language proficiency, test language, and age of the child. Innate ability refers to the age-standardized sum of
correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.

5 Conclusion

Our findings provide support for the existence of a cognitive advantage among Latino
migrant children in the US who are bilingual readers or writers but not among those who
only speak or understand both languages. We show that the better performance by bilin-
gual readers or writers on cognitive tests, independently of any particular language, is
not explained by observables and highly unlikely to be driven by unobserved factors.
In particular, for children with parents from Mexico, for those in two-parent households
with siblings, and for those at the upper end of the ability distribution, being a bilingual

writer or reader is associated with improved cognitive skills.

For potential mechanisms behind the bilingual advantage one typically turns to find-
ings from other disciplines. Neuroscience argues that bilingualism alters the functional
involvement of certain brain areas in the performance of tasks (see e.g. Garbin et al [2010],
or Rodriguez at al. [2013]). Some studies in sociology sustain that bilingual children
have access to positive “cultural capital” in their families and ethnic communities (see
e.g. Rumberger [1998]), potentially improving academic performance. Others highlight

the importance of speaking the same language as one’s family, and how this may en-
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hance the parent-child relationship, which in turn, could have positive implications for
children’s motivation to succeed academically (e.g. Fuligini [1997] or Tseng and Fuligini
[2000]). Our findings provide some suggestive evidence regarding potential mechanisms.
The fact that the bilingual advantage is only present among those who read or write both
languages but nonexistent among bilingual speakers or those who report to understand
English and Spanish, suggests that merely picking up a second language is not enough.
In particular, a cognitive advantage might only arise from the additional effort by chil-
dren, parents, schools, or teachers required to read and write well or very well in two

languages.!®

Unfortunately, our data are not rich enough to further investigate this idea. However,
our results suggest that additional efforts to teach migrant children to read and write in
their native languages is advisable, and that in particular children in two-parent house-
holds with siblings and those at the upper end of the ability distribution could benefit the

most from it.!?
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A  Appendix

Figure A-1: Share of bilingual individuals in the Unites States

Census year

————— Speaks other language and English at least well
Speaks other language and English at least very well

Source: US Census, Ruggles et al. [2021], weighted data
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Table A1: Differences between Bilingual and Monolingual Individuals (writing)

Variable Bilingual =~ Monolingual  Difference
Standardized calculation score 0.225 0.055 0.169**
Calculation score 17.363 14.673 2.690***
Standardized passage comprehension score 0.2875 0.091 0.276***
Passage comprehension score 22.316 18.293 4.023***
Standardized applied problems 0.212 0.121 0.091
Applied Problems score 28.958 26.190 2.768"**
Standardized Letter Word identification score 0.391 0.037 0.355"**
Letter Word identification score 50.561 40.785 9.776***
W] tests in Spanish 0.486 0.520 -0.034
Standardized correct digits -0.259 -0.196 -0.063
Correct digits 9.566 9.355 0.211
Boy 0.448 0.559 -0.111**
Age 9.505 8.874 0.630***
Number of siblings 1.708 1.818 -0.111
Years in US 7.712 6.927 0.785**
Mother’s age 36.174 35.342 0.832*
Father’s age 39.083 38.064 1.019**
Mother’s years of schooling 9.733 9.332 0.401
Father’s years of schooling 10.127 9.880 0.247
Mother’s years of schooling in US 0.473 0.413 0.061
Father’s years of schooling in US 0.545 0.530 0.014
Married Parents 0.830 0.799 0.031
Cohabiting Parents 0.075 0.059 0.017
Separated Parents 0.038 0.034 0.004
Divorced Parents 0.028 0.028 0.0003
Single Parents 0.024 0.081 -0.057***
Widowed Parents 0.005 0 0.005
Mother at home 0.939 0.9543 -0.014
Father at home 0.854 0.810 0.044
Mother is Mexican 0.443 0.458 -0.015
Father is Mexican 0.354 0.349 0.005
Median Households income by state/region 46412.75 46182.8 229.95
Per pupil expenditure on public education 9131.62 9278.66 - 147.04

Notes: This table presents the average observable characteristics of monolingual and bilin-
gual writers who are part of the sample used in the estimation, separately. Here we have
excluded non-performers from the sample (12.6%). The last column includes the differ-
ences between the two values. *** p<0.01, ** p<0.05, * p<0.1.
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Table A2: Differences between Bilingual and Monolingual Individuals (understanding)

Variable Bilingual ~Monolingual  Difference
Standardized calculation score 0.087 0.064 0.024
Calculation score 15.442 13.913 1.528**
Standardized passage comprehension score 0.119 -0.024 0.144 **
Passage comprehension score 19.843 17.303 2.540%*
Standardized applied problems 0.194 0.025 0.168**
Applied Problems score 27.690 24.226 3.464**
Standardized Letter Word identification score 0.107 0.103 0.005
Letter Word identification score 43.039 40.625 2414
W] tests in Spanish 0.474 0.558 -0.084**
Standardized correct digits -0.236 -0.372 0.136*
Correct digits 9.339 8.442 0.897***
Boy 0.503 0.534 -0.030
Age 9.080 8.567 0.512%**
Number of siblings 1.793 1.755 0.038
Years in US 8.057 5.240 2.817%*
Mother’s age 35.514 35.412 0.102
Father’s age 38.349 37.887 0.462
Mother’s years of schooling 9.383 9.474 -0.090
Father’s years of schooling 9.857 9.989 -0.132
Mother’s years of schooling in US 0.451 0.448 0.004
Father’s years of schooling in US 0.523 0.498 0.025
Married Parents 0.820 0.774 0.046
Cohabiting Parents 0.071 0.053 0.018
Separated Parents 0.030 0.053 -0.023
Divorced Parents 0.027 0.019 0.008
Single Parents 0.050 0.101 -0.051**
Widowed Parents 0.002 0 0.002
Mother at home 0.948 0.952 0.004
Father at home 0.841 0.782 0.058*
Mother is Mexican 0.467 0.438 0.029
Father is Mexican 0.355 0.361 -0.005
Median Households income by state/region 46529.15 45554.04 975.1117
Per pupil expenditure on public education 9210.079 9207.448 2.630984

Notes: This table presents the average observable characteristics of monolingual and bilin-
gual individuals (in terms of understanding) who are part of the sample used in the es-
timation, separately. Here we have excluded non-performers from the sample (0.77%).
The last column includes the differences between the two values. *** p<0.01, ** p<0.05,
*p<0.1.
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Table A3: Differences between Bilingual and Monolingual Individuals (speaking)

Variable Bilingual ~Monolingual  Difference
Standardized calculation score 0.107 0.027 0.080
Calculation score 15.639 13.700 1.939***
Standardized passage comprehension score 0.165 -0.106 0.271%*
Passage comprehension score 20.337 16.523 3.815**
Standardized applied problems 0.198 0.025 0.173**
Applied Problems score 27.817 24.214 3.604"**
Standardized Letter Word identification score 0.171 -0.019 0.191**
Letter Word identification score 44417 38.264 6.153***
W] tests in Spanish 0.494 0.509 -0.015
Standardized correct digits -0.229 -0.375 0.146**
Correct digits 9.382 8.441 0.941%**
Boy 0.485 0.573 -0.088**
Age 9.103 8.577 0.526**
Number of siblings 1.782 1.773 0.009
Years in US 8.091 5.300 2.791%**
Mother’s age 35.510 35.511 0.001
Father’s age 38.309 38.057 0.253
Mother’s years of schooling 9.508 9.241 0.267
Father’s years of schooling 9.937 9.804 0.133
Mother’s years of schooling in US 0.473 0.409 0.063
Father’s years of schooling in US 0.525 0.494 0.031
Married Parents 0.827 0.764 0.063*
Cohabiting Parents 0.070 0.055 0.016
Separated Parents 0.026 0.059 -0.0337**
Divorced Parents 0.030 0.014 0.017
Single Parents 0.044 0.109 -0.065***
Widowed Parents 0.002 0 0.002
Mother at home 0.944 0.955 -0.011
Father at home 0.855 0.764 0.091%**
Mother is Mexican 0471 0.423 0.048
Father is Mexican 0.372 0.318 0.054
Median Households income by state/region 46475.72 45751.59 724.1357*
Per pupil expenditure on public education 9150.276 9349.15 - 198.8746

Notes: This table presents the average observable characteristics of monolingual and bilin-
gual speakers who are part of the sample used in the estimation, separately. Here we have
excluded non-performers from the sample (0.77%). The last column includes the differ-
ences between the two values. *** p<0.01, ** p<0.05, * p<0.1.
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Table A4: Full set of results: Bilingual readers

@ @ €) @
Bilingual 0.243 0.301 0.29 0.291
(0.103)** (0.11)*** (0.116)** (0.114)*
Monolingual Spanish -0.101 -0.037 -0.040 0.036
(0.144) (0.167) (0.178) (0.176)
Neither language -0.295 -0.209 -0.237 -0.173
(0.146)* (0.155) (0.161) (0.159)
W] tests in Spanish -0.176 -0.149 -0.156 -0.156
(0.103)* (0.107) (0.112) 0.11)
Test Spanish x Bilingual -0.057 -0.076 -0.063 -0.090
(0.147) (0.154) (0.163) (0.16)
Test Spanish x Monolingual Spanish 0.128 0.006 -0.013 -0.036
(0.19) (0.199) (0.21) (0.207)
Test Spanish x neither language 0.15 0.033 0.079 0.065
(0.213) (0.219) (0.231) (0.227)
Boy 0.035 0.043 0.029
(0.066) (0.07) (0.069)
Number of siblings -0.020 -0.0004 -0.0004
(0.032) (0.034) (0.033)
Mother’s years of education 0.027 0.031 0.029
(0.012)** (0.012)** (0.012)**
Father’s years of education 0.01 0.014 0.009
(0.014) (0.016) (0.015)
Mother’s years of US education 0.008 0.009 0.014
(0.032) (0.033) (0.032)
Father’s years of US education -0.046 -0.054 -0.043
(0.033) (0.035) (0.035)
Parents cohabiting 0.402 0.366 0.337
(0.235)* (0.248) (0.244)
Parents separated 0.076 0.065 0.067
(0.268) (0.281) (0.276)
Parents divorced 0.538 0.618 0.597
(0.292)* (0.306)** (0.301)**
Single parent 0.126 0.138 0.103
(0.249) (0.267) (0.262)
Widowed parent -0.688 -1.845 -1.944
(0.85) (1.177) (1.158)*
Father at home 0.185 0.331 0.291
(0.498) (0.53) (0.522)
Mother’s age 0.004 0.004 0.004
(0.008) (0.009) (0.009)
Father’s age -0.009 -0.012 -0.013
(0.008) (0.008) (0.008)
Age mother missing 0.233 0.231 0.141
(0.301) (0.306) (0.302)
Age father missing 0.025 0.047 0.021
(0.284) (0.291) (0.286)
Std. sum correctly repeated digits 0.175
(0.041)***
US state of residence X X X
Age X X X
Years in US X X X
Age x years in US X X
Number of observations 652 652 652 652
R-squared 0.044 0.173 0.225 0.251
F statistic 4.232 1.634 1.255 1.436

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. The dependent variable is the standardized calculation test score. *** p<0.01, ** p<0.05, * p<0.1.

31



Table A5: Full set of results: Bilingual writers

D @ ®) 6]
Bilingual 0.235 0292 0.281 0.298
(0.105)** (0.113)*** (0.118)** (0.116)**
Monolingual Spanish 0.023 0.199 0.186 0.226
(0.137) (0.159) 0.17) (0.167)
Neither language -0.258 -0.270 -0.277 -0.175
(0.141)* (0.148)* (0.154)* (0.153)
W] tests in Spanish -0.145 -0.124 -0.151 -0.165
(0.1) (0.103) (0.108) (0.106)
Test Spanish x Bilingual -0.116 -0.129 -0.080 -0.075
(0.149) (0.154) (0.162) (0.159)
Test Spanish x Monolingual Spanish 0.058 -0.155 -0.133 -0.103
(0.19) (0.197) (0.208) (0.204)
Test Spanish x neither language 0.027 0.006 0.049 0.037
(0.204) (0.208) (0.22) (0.216)
Boy 0.04 0.052 0.039
(0.066) (0.07) (0.069)
Number of siblings -0.021 -0.002 -0.003
(0.032) (0.034) (0.033)
Mother’s years of education 0.029 0.032 0.029
(0.012)** (0.012)*** (0.012)**
Father’s years of education 0.008 0.012 0.007
(0.015) (0.016) (0.015)
Mother’s years of US education 0.008 0.011 0.015
(0.032) (0.033) (0.032)
Father’s years of US education -0.055 -0.065 -0.053
(0.033)* (0.035)* (0.034)
Parents cohabiting 0.414 0.371 0.339
(0.235)* (0.247) (0.243)
Parents separated 0.042 0.015 0.02
(0.267) (0.279) (0.274)
Parents divorced 0.509 0.58 0.566
(0.292)* (0.305)* 0.3)
Single parent 0.132 0.121 0.081
(0.248) (0.266) (0.261)
Widowed parent -0.681 -1.867 -1.964
(0.849) (1.176) (1.156)*
Father at home 0.133 0.256 0.22
(0.497) (0.53) (0.521)
Mother’s age 0.005 0.005 0.004
(0.008) (0.009) (0.009)
Father’s age -0.010 -0.013 -0.013
(0.008) (0.008) (0.008)*
Age mother missing 0.179 0.172 0.091
(0.301) (0.306) (0.301)
Age father missing 0.024 0.035 -0.0004
(0.283) (0.291) (0.286)
Std. sum correctly repeated digits 0.181
(0.041)**
US state of residence X X X
Age X X X
Years in US X X X
Age x years in US X X
Number of observations 652 652 652 652
R-squared 0.038 0.174 0.226 0.253
F statistic 3.677 1.647 1.263 1.457

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. The dependent variable is the standardized calculation test score. *** p<0.01, ** p<0.05, * p<0.1.
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Table A6: Full set of results: Bilingual speakers

@) @) [€) @
Bilingual -0.045 -0.048 -0.065 -0.063
(0.135) (0.141) (0.145) (0.142)
Monolingual Spanish -0.111 0.001 0.013 0.059
(0.159) (0.182) (0.191) (0.187)
Neither language 0.595 0.706 0.704 0.507
(0.821) (0.819) (0.829) (0.814)
W] tests in Spanish -0.262 -0.202 -0.203 -0.265
0.17) (0.175) (0.182) (0.179)
Test Spanish x Bilingual 0.138 0.07 0.078 0.122
(0.187) (0.192) (0.201) (0.197)
Test Spanish x Monolingual Spanish 0.039 -0.130 -0.120 -0.022
(0.222) (0.228) (0.24) (0.236)
Test Spanish x neither language -0.903 -1.020 -1.019 -0.698
(0.923) 0.92) (0.932) (0.917)
Boy 0.026 0.033 0.02
(0.067) (0.071) (0.069)
Number of siblings -0.034 -0.016 -0.015
(0.033) (0.035) (0.034)
Mother’s years of education 0.031 0.035 0.032
(0.012)*** (0.013)*** (0.012)***
Father’s years of education 0.015 0.018 0.011
(0.015) (0.016) (0.016)
Mother’s years of US education 0.014 0.016 0.02
(0.032) (0.033) (0.033)
Father’s year of US education -0.057 -0.066 -0.053
(0.034)* (0.035)* (0.035)
Parents cohabiting 0.437 0.385 0.341
(0.239)* (0.252) (0.247)
Parents separated 0.048 0.014 0.018
(0.272) (0.285) (0.28)
Parents divorced 0.561 0.63 0.605
(0.297)* (0.311)** (0.305)*
Single parent 0.08 0.07 0.031
(0.251) (0.27) (0.265)
Widowed Parent -0.562 -1.882 -1.985
(0.861) (1.195) (1.172)*
Father at home 0.151 0.276 0.215
(0.504) (0.538) (0.528)
Mother’s age 0.005 0.004 0.004
(0.009) (0.009) (0.009)
Father’s age -0.008 -0.012 -0.011
(0.008) (0.008) (0.008)
Age mother missing 0.263 0.244 0.16
(0.306) (0.31) (0.305)
Age father missing 0.062 0.081 0.039
(0.288) (0.296) (0.29)
Std. sum correctly repeated digits 0.192
(0.041)**
US state of residence X X X
Age X X X
Years in US X X X
Age x years in US X X
Number of observations 652 652 652 652
R-squared 0.017 0.148 0.2 0.232
F statistic 1.597 1.35 1.087 1.295

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. The dependent variable is the standardized calculation test score. *** p<0.01, ** p<0.05, * p<0.1.
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Table A7: Full set of results: Bilingual individuals who understand both languages

@) @) [€) @)
Bilingual -0.151 -0.148 -0.158 -0.154
(0.144) (0.148) (0.152) (0.149)
Monolingual Spanish -0.219 -0.137 -0.143 -0.096
(0.172) (0.194) (0.202) (0.199)
Neither language 0.337 0.461 0.678 0.501
(0.588) (0.612) (0.628) (0.618)
W] tests in Spanish -0.215 -0.202 -0.215 -0.242
(0.177) (0.18) (0.187) (0.184)
Test Spanish x Bilingual 0.073 0.061 0.081 0.088
(0.193) (0.198) (0.206) (0.202)
Test Spanish x Monolingual Spanish 0.02 -0.104 -0.052 -0.024
(0.23) (0.235) (0.246) (0.242)
Test Spanish x neither language -0.955 -1.011 -1.257 -0.970
(0.761) (0.781) (0.798) (0.786)
Boy 0.019 0.026 0.013
(0.067) (0.071) (0.069)
Number of siblings -0.036 -0.017 -0.017
(0.033) (0.034) (0.034)
Mother’s years of education 0.033 0.036 0.032
(0.012)** (0.012)*** (0.012)***
Father’s years of education 0.016 0.018 0.012
(0.015) (0.016) (0.016)
Mother’s years of US education 0.01 0.012 0.016
(0.032) (0.033) (0.033)
Father’s years of US education -0.054 -0.063 -0.051
(0.033) (0.035)* (0.035)
Parents cohabiting 0.434 0.391 0.35
(0.239)* (0.252) (0.247)
Parents separated 0.041 0.01 0.015
(0.271) (0.283) (0.278)
Parents divorced 0.563 0.638 0.613
(0.297)* (0.311)** (0.305)*
Single parent 0.092 0.086 0.05
(0.25) (0.269) (0.264)
Widowed parent -0.519 -1.846 -1.944
(0.861) (1.192) (1.170)*
Father at home 0.168 0.302 0.241
(0.503) (0.536) (0.527)
Mother’s age 0.003 0.002 0.002
(0.009) (0.009) (0.009)
Father’s age -0.007 -0.010 -0.011
(0.008) (0.008) (0.008)
Age mother missing 0.3 0.274 0.173
(0.305) (0.31) (0.305)
Age father missing 0.068 0.084 0.045
(0.287) (0.295) (0.29)
Std. sum correctly repeated digits 0.186
(0.041)**
US state of residence X X X
Age X X X
Years in US X X X
Age x years in US X X
Number of observations 652 652 652 652
R-squared 0.019 0.15 0.204 0.234
F statistic 1.796 1.381 1.112 1.312

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. The dependent variable is the standardized calculation test score. *** p<0.01, ** p<0.05, * p<0.1.
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Table A8: Robustness: Bilingual advantage; controlling for geographical variation in
median household income and per pupil spending on public education

1) (2) €)) (4)
Bilingual reader 0.243 0.269 0.26 0.263
(0.103)" (0.11)** (0.115)"* (0.113)**
Individual characteristics No Yes Yes Yes
State/region variables No Yes Yes Yes
Age by Years in US No No Yes Yes
Innate ability No No No Yes
Number of observations 652 652 652 652
R-squared 0.044 0.135 0.2 0.224
F statistic 4.232 1.481 1.229 1.402

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. All columns control for language proficiency, test language, and the last two variables interacted. The dependent
variable is the standardized calculation test score. Individual characteristics refer to age, years in US, gender, number of siblings, parental
age, education, marital status, and country of origin. State/region variables refer to median household income and per pupil expenditure
on public education by state/region of parental residence in 2003. Innate ability refers to the age-standardized sum of correctly repeated
digits. *** p<0.01, ** p<0.05, * p<0.1.

Table A9: Robustness: Using raw test scores instead of standardized test scores —
Different measures of bilingualism and cognitive advantage

Reads Understands Speaks Writes
Bilingual 2131 -0.820 -0.448 2.179

(0.804)** (1.049) (1.002) (0.821)"*
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 652 652 652 652
R-squared 0.542 0.533 0.531 0.544
F statistic 5.078 4.906 4.858 5.119

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. All columns control for years in US, age of the child, language proficiency, test language, and the last two interacted.
The dependent variable is the raw calculation test score. Innate ability refers to the raw correctly repeated sum of digits. *** p<0.01, **
p<0.05, * p<0.1.
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Table A10: Robustness: Logit model for scoring above mean on calculation test

Reads Understands Speaks Writes

Bilingual 0.357 -0.207 -0.307 0.818

(0.369) (0.448) (0.422) (0.383)*
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 597 597 597 597

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by a logistic regression with the dependent variable redefined as a dummy variable for having ir not scored above the age-
dependent mean on the calculation test score. All columns control for years in US, age of the child, language proficiency, test language,
and the last two interacted. Innate ability refers to the age-standardized correctly repeated sum of digits. *** p<0.01, ** p<0.05, * p<0.1.

Table A11: Falsification: Difference in scores on language-dependent tests between
bilinguals and monolinguals

Reads Understands Speaks Writes

A: Passage Comprehension
Bilingual 0.107 -.028 -.009 0.091

(0.11) (0.146) (0.14) (0.112)
R-squared 0.325 0.296 0.286 0.338
F statistic 2.07 1.803 1.717 2.191
B: Letter-Word identification
Bilingual 0.139 -.199 -.066 0.13

(0.112) (0.148) (0.143) (0.112)
R-squared 0.403 0.371 0.358 0.425
F statistic 29 2.531 2.397 3.178
C: Applied Problems
Bilingual 0.097 -.074 -.049 0.171

(0.113) (0.147) (0.14) (0.116)
R-squared 0.28 0.273 0.267 0.279
F statistic 1.672 1.614 1.565 1.661
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 652 652 652 652

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS. All columns control for years in US, age of the child, language proficiency, test language, and the last two interacted.
The dependent variable in Panel A is the standardized passage comprehension test score, in Panel B the standardized score on the Letter-
Word identification test, and in Panel C the standardized score on Applied Problems. Innate ability refers to the standardized sum of
correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.
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Table A12: Differences between Children of Mexican and Non-Mexican parents

Variable Mexican Parents ~ Non-Mexican parents  Difference
Standardized calculation score 0.083 0.074 0.009
Calculation score 14.395 15.536 -1.141*
Standardized passage comprehension score 0.074 0.055 0.019
Passage comprehension score 18.505 19.403 -0.898
Standardized Applied Problems score 0.123 0.145 -0.022
Applied Problems score 25.714 27.322 -1.608*
Standardized Letter Word identification score 0.060 0.141 - 0.081
Letter Word identification score 40.292 44.105 -3.813**
W] tests in Spanish 0.480 0.523 -0.043
Standardized correct digits -0.312 -0.247 -0.065
Correct digits 8.775 9.341 -0.566"*
Bilingual Speaker 0.687 0.622 0.065*
Spanish Monolingual Speaker 0.158 0.235 -0.077**
English Monolingual Speaker 0.143 0.139 0.004
Bilingual Understander 0.693 0.653 0.040
Spanish Monolingual Understander 0.155 0.220 -0.065**
English Monolingual Understander 0.146 0.118 0.028
Bilingual Reader 0.353 0.359 0.007
Spanish Monolingual Reader 0.143 0.173 0.031
English Monolingual Reader 0.377 0.368 0.009
Bilingual Writer 0.322 0.328 -0.006
Spanish Monolingual Writer 0.128 0.177 -0.049*
English Monolingual Writer 0.416 0.378 0.039
Boy 0.483 0.548 -0.065*
Age 8.699 9.155 -0.456**
Number of siblings 2.0729 1.4923 0.5807***
Years in US 7.690 6.613 1.077**
Mother’s age 35.035 36.014 -0.980**
Father’s age 37.537 38.882 -1.346%**
Mother’s years of schooling 8.795 10.024 -1.229%*
Father’s years of schooling 9.668 10.091 -0.424**
Mother’s years of schooling in US 0.514 0.383 0.131
Father’s years of schooling in US 0.448 0.579 -0.131
Married Parents 0.854 0.759 0.096***
Cohabiting Parents 0.040 0.090 -0.050***
Separated Parents 0.052 0.022 0.030 **
Divorced Parents 0.015 0.034 -0.019*
Single Parents 0.037 0.096 -0.060***
Widowed Parents 0.003 0 0.003
Mother at home 0.979 0.916 0.062***
Father at home 0.866 0.783 0.083***
Mother is Mexican 0.906 0 0.906***
Father is Mexican 0.708 0 0.708***
Median Households income by state/region 46142.15 46287.09 -144.941
Per pupil expenditure on public education 8748.222 9685.274 - 937.053***

Notes: This table presents the average observable characteristics of children with and without Mexican parents
who are part of the sample used in the estimation. The last column includes the differences between the two
values. *** p<0.01, ** p<0.05, * p<0.1.
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Table A13: Heterogeneity: Bilingualism and cognitive advantage by parental education

Bilingual writer Bilingual reader
> 10 years < 10years | > 10years < 10 years |

Bilingual 0.302 0.391 0.399 0.355

(0.186) (0.164)** (0.177)** (0.163)*
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 307 345 307 345
R-squared 0.41 0.342 0.421 0.333
F statistic 1.256 1.563 1.314 1.497

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1 by OLS separately for children of parents with less (or more than) 10 years of education. All columns control for years in US,
age of the child, language proficiency, test language, and the last two interacted. The dependent variable is the standardized calculation
test score. Innate ability refers to the age-standardized sum of correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.

Table A14: Bilingualism and cognitive advantage by family type, alternative definition

Bilingual writer Bilingual reader
Traditional family Non-traditional | Traditional Non-traditional |
Bilingual 0.486 0.245 0.214 0.331
(0.172)** 0.167) (0.163) (0.166)"*
Individual characteristics Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes
Number of observations 288 364 288 364
R-squared 0.451 0.371 0.437 0.357
F statistic 1.772 1.55 1.67 1.462

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of estimating
Equation 1by OLS separately for children in traditional and non-traditional families, where traditional families are defined as households
with married parents, living together and at least three children. All columns control for years in US, age of the child, language proficiency,
test language, and the last two interacted. The dependent variable is the standardized calculation test score. Innate ability refers to the
age-standardized sum of correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.
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Table A15: The bilingual advantage: Heterogeneity by ability

15% 25% 50% 75% 85%
Bilingual writer 0.218 0.263 0.26 0.206 0.2

(0.246) (0.122)** (0.111)** (0.085)** (0.094)**
Individual characteristics Yes Yes Yes Yes Yes
Age by Years in US Yes Yes Yes Yes Yes
Innate ability Yes Yes Yes Yes Yes
Number of observations 652 652 652 652 652
Pseudo r-squared 0.2921 0.2519 0.1924 0.2200 0.2547

Notes: Data is from the NIS 2003 and refers to children of Spanish-speaking immigrants ages 6 to 12. Coefficients are the result of
estimating Equation 1 by quantile regressions. The dependent variable is the standardized reading test score. All columns control
for years in US, language proficiency, test language, and age of the child. Innate ability refers to the age-standardized sum of
correctly repeated digits. *** p<0.01, ** p<0.05, * p<0.1.
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