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1 Introduction

With international migration on the rise, the growing number of school-aged immi-

grants has raised concerns about their well-documented school performance disadvan-

tages and the subsequent implications for future labor market assimilation around

the world. Pro�ciency in the destination country language deserves special attention

when searching for the roots of these disadvantages because language pro�ciency is

not only an important target of the educational process, but also key in the acquisi-

tion of further skills (Dustmann and Glitz, 2011; Akresh and Akresh, 2011). Against

this background, this paper is the �rst to estimate the causal e�ect of reading perfor-

mance on math performance among immigrants. Assessing the in�uence of reading on

math skills provides important insights into the reasons behind the poor math perfor-

mance of immigrant students (Dustmann and Glitz, 2011) and o�ers support for the

hypothesis that language skills are a requisite for acquiring other types of skills.

Naïve correlations between reading and math test scores are likely driven to some

extent by common unobservable factors such as ability or motivation. To identify a

causal e�ect of reading on math performance, we exploit quasi-experimental variation

by comparing immigrants with di�erential age-at-arrival and linguistic origin. We as-

sume that di�erences in age-at-arrival patterns by linguistic background a�ect math

performance only because of di�erences in the costs of acquiring reading skills. Im-

migrant children learn a new language easier and faster the linguistically closer their

mother tongue is and the younger their age is at migration. This provides an exogenous

source of variation in the destination country language skills, which is uncorrelated

with unobservable math determinants such as ability and motivation.

Speci�cally, we use the interaction between age-at-arrival and linguistic distance

between origin and destination country languages as an instrument for the reading

skills of 15-year-old �rst-generation immigrants surveyed in the Programme for In-

ternational Student Assessment (PISA). Our identi�cation strategy builds upon the

approach by Bleakley and Chin (2004), enhancing it by using multiple destination

countries and a continuous measure of linguistic distance.
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The strong e�ect of reading on math skills that we uncover in our analysis indicates

signi�cant gains and externalities of supporting the language acquisition of immigrant

children. Our results suggest that providing language training for immigrant children

immediately after arrival signi�cantly facilitates the acquisition of other skills that are

equally important for labor-market success (Hanushek et al., 2015).

2 Data

To assess the importance of reading skills for acquiring math skills, we combine in-

ternationally comparable student performance data for �rst-generation migrants with

a unique cardinal measure of the linguistic distance between the migrant's origin and

destination country languages.

Data on students' math and reading performance, socioeconomic background, and

school characteristics come from the PISA assessments in 2003, 2006, 2009, and 2012,

conducted by the OECD. Our sample contains all �rst-generation migrants, given that

the migrant's origin country is observed. To ensure that our empirical strategy works

properly, we restrict our sample to (1) origin countries for which we observe emigrants

in at least two di�erent destination countries, (2) destination countries in which we

observe immigrants from at least two di�erent origin countries, and (3) origin country-

destination country cells with at least 10 students. Our estimation sample includes

11,582 �rst-generation migrants from 47 di�erent origin countries, living in 16 di�erent

destination countries.1

We combine the PISA data with a unique measure of linguistic distance. This

measure is based on an algorithm comparing the pronunciations of common words

and has been shown to be an excellent summary statistic of language di�erences in

vocabularies, phonetic inventories, grammars, and scripts (Petroni and Serva, 2010).

The closest linguistic distance (apart from native speakers such as Britons in Australia)

1Destination countries are Australia, Austria, Belgium, China, the Czech Republic, Denmark,
Finland, Germany, Great Britain, Ireland, Israel, Latvia, Luxembourg, the Netherlands, New Zealand,
and Switzerland.
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is experienced by Belgian and German migrants in the Netherlands and by Ukrainian

migrants in the Czech Republic. The largest linguistic di�erence in our sample is faced

by Vietnamese migrants in Australia and by Turkish migrants in Denmark.

As linguistic di�erences between populations may not be orthogonal to other di-

mensions of international di�erences, we isolate the e�ect of linguistic di�erences on

students' reading skills by additionally controlling for cultural di�erences (using in-

formation on genetic distances between populations following Spolaore and Wacziarg

(2009)) and for the geographic distance between the capitals of the origin and desti-

nation country. Summary statistics of the key variables are reported in Table A-1 in

the web appendix. Table A-2 reports summary statistics by destination country.

3 Empirical Strategy

Naïve (partial) correlations between reading and math test scores do not provide

insights into how reading performance a�ects math performance as both types of skills

are driven by unobservable common factors such as ability and motivation. We achieve

identi�cation of a causal e�ect of reading performance on math performance by using

a quasi-experiment, comparing migrants with di�erent ages-at-arrival and linguistic

distance between their origin and destination country languages. Immigrating at later

ages increases the costs (in terms of e�ort) of becoming pro�cient in the destination

country language, with a distinctive structural break in early adolescence commonly

referred to as the �critical period� (Ohinata and van Ours, 2012). This e�ect of age-at-

arrival on the language acquisition strongly di�ers with the linguistic distance between

the mother tongue of the migrant and the language in the destination country: the

larger the linguistic distance the more detrimental is a late arrival to acquiring the

new language (Isphording, 2014). Hence, we estimate a two-stage least squares model.

In the �rst stage, we estimate the following OLS equation:

readingijkt = γ0+γ1AAAijkt+γ2LDijkt+γ3{AAAijkt×LDijkt}+Xijktρ+τj+τk+τt+ωijkt
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where readingijkt is the reading performance of immigrant i from origin country j living

in destination country k in PISA wave t. AAAijkt is the migrant's age-at-arrival to the

destination country k, LDijkt is the linguistic distance between the migrant's origin

and destination country languages, {AAAijkt×LDijkt} is the interaction between both

variables, Xijkt is a vector of sociodemographic controls (explained below), and τj, τk,

and τt are origin country, destination country, and PISA wave �xed e�ects.

The coe�cient on the interaction between age-at-arrival and linguistic distance on

immigrants' reading performance, γ3, captures the variation in immigrants' reading

competencies that can be attributed to di�erences in the age-at-immigration across

di�erent linguistic distances. These di�erences are unrelated to di�erences in unob-

served factors such as ability, motivation, or family background that are known to

a�ect math performance. Thus, our key identi�cation assumption is that di�erences

in the age-at-arrival e�ect on the reading performance can solely be attributed to dif-

ferences in the linguistic distance and have no direct e�ect on the math performance.2

It is important to note that neither age-at-arrival nor linguistic distance are used as

instruments for migrants' reading performance since both variables might have a direct

e�ect on migrants' math performance (through earlier socialization or di�erent migrant

selection). However, exploiting the interaction between age-at-arrival and linguistic

distance as our identifying variable allows us to isolate variation that a�ects language

acquisition but likely has no direct impact on migrants' math performance. Given

that this identi�cation assumption holds, the interaction term {AAAijkt × LDijkt}

is uncorrelated with unobservable determinants of math performance. Therefore, we

can use the predicted reading performance in the second stage to obtain an unbiased

estimate of β1, the causal e�ect of reading performance on math performance, as

follows:

2Conditional means of the socio-economic background by language background and age-at-arrival
(Table A-3 in the web appendix) support this assumption since there are no systematic di�erences
in the age-at-arrival gradients of the socio-economic background between native-speaking and non-
native-speaking migrants.
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mathijkt = β0 + β1 ̂readingijkt + β2AAAijkt + β3LDijkt +Xijktγ + τj + τk + τt + µijkt

In the estimations, we successively add three sets of control variables contained

in the vector Xijkt. First, we include bilateral measures of geographic and cultural

distance to isolate the e�ect of linguistic distance from cultural di�erences. Second,

we control for students' characteristics and family background, including age, gender,

highest parental education, parents' occupational status, and number of books at

home. Third, we control for school characteristics such as location, enrollment, private

versus public ownership, teacher shortage, math instruction time, and measures of

school autonomy.

4 Results

Figure 1 displays conditional means of reading and math performance by age-at-arrival

cohorts for native-speaking and non-native-speaking immigrants. It suggests a close

relationship between reading and math performance. Both skills decrease with age-

at-arrival. This pattern is, however, much more pronounced for non-native-speaking

immigrants, especially for immigrants arriving between ages 13 and 16, coinciding with

the "`critical period"' in early adolescence. While di�erences in reading performance

are likely driven by higher costs of language acquisition for non-native-speaking immi-

grants, the analogous pattern for math skills suggests an in-depth relationship between

the two skills.

OLS regressions in Table 1 indicate very strong partial correlations between reading

and math performance of a magnitude of 0.78, which are robust to di�erent sets of

control variables. As argued above, these partial correlations likely re�ect both the

causal e�ect of reading performance on math performance as well as the in�uence of

unobservable factors such as ability and motivation.

To isolate the e�ect of reading performance, we turn to the IV estimates in Table 2,
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using the interaction between linguistic distance and age-at-arrival as the identifying

instrument. As expected, the IV coe�cients are distinctively smaller. Increasing the

reading performance by one standard deviation raises the math performance by 0.57

standard deviations in our preferred speci�cation with full controls. Thus, the results

indicate a severe upward ability bias of the OLS coe�cient, which exceeds the IV

coe�cient by about 36%. To put it di�erently: About three quarters of the partial

correlation between reading and math performance can be attributed to a causal e�ect

of the former on the latter. The IV results are robust to di�erent sets of parental and

school controls, increasing the con�dence that the variation in linguistic distance times

age-at-arrival is indeed as good as random.

5 Conclusion

The steadily growing number of school-aged immigrants raises concerns about the

impact of language hurdles on their educational performance and, hence, their fu-

ture assimilation in the destination countries. Simple conditional correlations between

immigrants' reading and math performance indicate a strong positive relationship.

Using four PISA waves, we exploit quasi-experimental variation in age-at-arrival and

linguistic background to disentangle the causal e�ect of reading performance on the

math performance of 15-year-old �rst-generation migrants from common unobserved

in�uences such as ability and motivation.

We �nd that raising a migrant's reading performance by one standard deviation

improves her math performance by 0.57 standard deviations. Naïve partial correlations

exceed this causal e�ect by about 36%, indicating a substantial upward bias due to

unobserved ability and motivation. These �ndings highlight the importance of reading

skills in the educational process and point to important gains and externalities of early

language support for immigrants.
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Figures and Tables

Figure 1: Reading Performance and Math Performance
by Age-at-Arrival and Language Background
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Notes: This �gure displays average reading and math scores by age-at-arrival and lan-
guage background (native speaker yes/no) of �rst-generation immigrants, conditional
on origin and destination country �xed e�ects.
Data sources: PISA 2003, 2006, 2009, and 2012.
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Table 1: Relationship Between Reading Performance and
Math Performance (OLS Model)

Math Performance

(1) (2) (3)

Reading performance 0.771∗∗∗ 0.781∗∗∗ 0.776∗∗∗

(0.010) (0.009) (0.009)

Linguistic distance 0.007 0.008 0.006

(0.021) (0.018) (0.019)

Arrived at age 6 � 8 �0.041∗∗∗ �0.031∗∗ �0.032∗∗

(0.015) (0.014) (0.014)

Arrived at age 9 � 12 �0.024 �0.004 �0.004

(0.016) (0.015) (0.015)

Arrived at age 13 � 16 �0.067∗∗∗ �0.033∗ �0.029

(0.021) (0.018) (0.018)

Country �xed e�ects Yes Yes Yes

Geographical and cultural distance Yes Yes Yes

Individual characteristics No Yes Yes

School characteristics No No Yes

Students 11,582 11,582 11,582

Clusters (origin country × destination country) 295 295 295

Adj. R2 0.73 0.78 0.78

Notes: Dependent variable: student PISA test score in math. Linguistic distance between the PISA
test language (in the destination country) and the majority language of the student's country of
birth. Country �xed e�ects include origin country �xed e�ects and destination country �xed e�ects.
Geographical distance is the distance of the capitals between origin and destination country. Cultural
distance is based on genetic proximity measure between populations (see Spolaore and Wacziarg,
2009). Individual characteristics include student age and gender as well as highest education of par-
ents, highest occupational status of parents, and number of books at home. School characteristics
include school location, indicator for private school, weekly math instruction time, enrollment, short-
age of math and language teachers, and three autonomy measures (content, personnel, and budget).
Robust standard errors (in parentheses) are clustered at the interaction of origin country times des-
tination country. Signi�cance levels: ∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.
Data sources: PISA 2003, 2006, 2009, and 2012.
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Table 2: The E�ect of Reading Performance on Math Performance
(IV Model)

Second stage Math Performance

(1) (2) (3)

Reading performance 0.563∗∗∗ 0.541∗∗∗ 0.570∗∗∗

(0.147) (0.151) (0.147)

Linguistic distance �0.015 �0.016 �0.011

(0.028) (0.027) (0.025)

Arrived at age 6 � 8 �0.055∗∗ �0.045∗∗ �0.045∗∗

(0.022) (0.019) (0.018)

Arrived at age 9 � 12 �0.061 �0.038 �0.034

(0.037) (0.027) (0.028)

Arrived at age 13 � 16 �0.151∗∗ �0.113∗∗ �0.095∗∗

(0.071) (0.052) (0.048)

First stage Reading Performance

Identifying instrument

Linguistic distance × age-at-arrival �0.087∗∗∗ �0.080∗∗∗ �0.078∗∗∗

(0.028) (0.025) (0.024)

Linguistic distance �0.051 �0.051∗ �0.035

(0.035) (0.028) (0.025)

Arrived at age 6 � 8 �0.042 �0.015 �0.017

(0.042) (0.036) (0.034)

Arrived at age 9 � 12 �0.123∗∗ �0.061 �0.070∗

(0.050) (0.040) (0.038)

Arrived at age 13 � 16 �0.331∗∗∗ �0.227∗∗∗ �0.217∗∗∗

(0.067) (0.053) (0.046)

Country �xed e�ects Yes Yes Yes

Geographical and cultural distance Yes Yes Yes

Individual characteristics No Yes Yes

School characteristics No No Yes

Instrument F statistic 9.3 9.9 10.7

Students 11,582 11,582 11,582

Clusters (origin country × destination country) 295 295 295

Notes: See notes to Table 1. Signi�cance levels: ∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.
Data sources: PISA 2003, 2006, 2009, and 2012.
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Table A-4: Relationship Between Reading Performance and
Math Performance (OLS Model): Results on All Covariates

Math Performance

(1) (2) (3)

Reading performance 0.771∗∗∗ 0.781∗∗∗ 0.776∗∗∗

(0.010) (0.009) (0.009)

Linguistic distance 0.007 0.008 0.006

(0.021) (0.018) (0.019)

Arrived at age 6 � 8 �0.041∗∗∗ �0.031∗∗ �0.032∗∗

(0.015) (0.014) (0.014)

Arrived at age 9 � 12 �0.024 �0.004 �0.004

(0.016) (0.015) (0.015)

Arrived at age 13 � 16 �0.067∗∗∗ �0.033∗ �0.029

(0.021) (0.018) (0.018)

Geographical distance �0.000∗∗ �0.000∗ �0.000

(0.000) (0.000) (0.000)

Cultural distance 0.000∗∗ 0.000 0.000

(0.000) (0.000) (0.000)

Age 0.039∗∗ 0.042∗∗

(0.017) (0.017)

Male 0.422∗∗∗ 0.420∗∗∗

(0.010) (0.010)

Family background

ISCED 1 0.047∗ 0.046∗

(0.027) (0.027)

ISCED 2 0.030 0.026

(0.031) (0.031)

ISCED 3B,C �0.018 �0.017

(0.032) (0.032)

ISCED 3A,4 �0.015 �0.015

(0.025) (0.025)

ISCED 5B 0.010 0.010

(0.024) (0.025)

ISCED 5A,6 0.062∗∗ 0.058∗∗

(0.028) (0.028)

11-25 books �0.018 �0.016

(0.018) (0.018)

26-100 books 0.047∗∗ 0.047∗∗

(0.019) (0.019)

101-200 books 0.098∗∗∗ 0.097∗∗∗

(0.022) (0.022)

201-500 books 0.135∗∗∗ 0.132∗∗∗

(0.025) (0.025)

More than 500 books 0.188∗∗∗ 0.188∗∗∗

(0.026) (0.026)

White collar-low skilled �0.060∗∗∗ �0.056∗∗∗

(0.014) (0.014)

Blue collar-high skilled �0.053∗∗∗ �0.048∗∗∗

(0.017) (0.017)

Blue collar-low skilled �0.046∗∗∗ �0.042∗∗

(0.017) (0.017)

(continued on next page)
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Table A-4 (continued)

Math Performance

(1) (2) (3)

School characteristics

Small town 0.024

(0.021)

Town 0.013

(0.024)

City 0.021

(0.027)

Large city 0.041

(0.028)

Private school 0.038∗∗

(0.017)

School enrollment 0.000∗∗∗

(0.000)

Instructional time math 0.032∗∗∗

(0.011)

Shortage math teacher: very little 0.011

(0.016)

Shortage math teacher: to some extent 0.003

(0.019)

Shortage math teacher: a lot �0.003

(0.027)

Shortage language teacher: very little �0.021

(0.015)

Shortage language teacher: to some extent �0.006

(0.020)

Shortage language teacher: a lot �0.030

(0.039)

Content autonomy 0.032

(0.020)

Personnel autonomy �0.046∗∗

(0.022)

Budget autonomy �0.014

(0.016)

Constant �0.125 �1.022∗∗∗ �1.290∗∗∗

(0.101) (0.291) (0.316)

Country �xed e�ects Yes Yes Yes

Students 11,582 11,582 11,582

Clusters (origin country × destination country) 295 295 295

Adj. R2 0.73 0.78 0.78

Notes: The table reports results on all covariates corresponding to the OLS estimations in Table 1.
Omitted categories of family background and school characteristics: parents have no educational
degree; 0-10 books; white collar-high skilled ; village; shortage of math (language) teachers: not at all.
Signi�cance levels: ∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.
Data sources: PISA 2003, 2006, 2009, and 2012.
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