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Christina Vonnahme1

Do Migrant-Native Achievement Gaps 
Narrow? Evidence Over the School Career

Abstract
The integration of foreign origin students in host countries’ educational systems has mostly 
been studied based on cross-sectional data. In contrast, I use data from a national longitudinal 
education study to calculate achievement gaps in vocabulary, reading and math tests for foreign 
origin relative to native students over the school career in Germany for the years 2010 to 2018. 
In line with previous research, the raw gaps are substantial and can be explained to one to 
two thirds by school characteristics and the socio-economic background of the child. Taking 
a longitudinal perspective reveals that both raw and conditional gaps slightly decrease over 
several parts of the school career. However, the unexplained part of the decomposed gaps 
tends to increase as children grow older. The findings demonstrate that initial disadvantages 
of foreign origin students reduce rather than accumulate, but partly prevail until the end of 
school.
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1 Introduction

The size of foreign-born population in OECD countries has been rising continuously in the

past decades, with annual growth rates of about 2 percent (OECD, 2020). While international

migration offers large benefits to immigrants as well as host country populations, e.g., by improved

matching of labor market demand and supply, societies also face challenges caused by rising

stocks of immigrants. For labor immigration, obvious barriers to the integration of immigrants

emerge when foreign degrees and labor market experience from different countries are not fully

recognized. But also for other types of immigration, costs occur, e.g., when immigrants do not

speak the host country’s language fluently or have to familiarize with a new cultural context.

Integration policies at different levels can help to reduce these costs and make immigrants’ lives in

the host country as pleasant and beneficial as possible, to maximize both natives’ and immigrants’

welfare.

Also beyond efficiency objectives, the successful integration of immigrants is an important

normative goal in many host countries that commit to providing equal opportunities for all

members of society, irrespective of their origin, ethnicity or citizenship. Not being discriminated

on the basis of these characteristics is a key right for immigrants of all types and ages. However,

it can be argued that it is most important for immigrant children, whose successful integration

during school can make a difference for their whole life. In this context, a highly relevant research

question this paper aims to answer is how the performance of foreign origin students develops

over the school career. Knowing whether initial disadvantages are reduced or amplified, is a key

prerequisite to the complex assessment of ex post opportunities of foreign origin children (see,

e.g., Roemer, 1998; Fleurbaey and Peragine, 2013).

The analyses in this paper add to a large body of literature that has studied the educational

performance of immigrant children and the determinants of their integration in school. According

to this literature, foreign origin children lag behind their native peers in educational achievement

in many countries due to several reasons. These include migration-related disadvantages from

language barriers, the lack of knowledge about the educational system, and the often less

advantaged socio-economic background of immigrants relative to the native population (OECD,

2016, 2019).1

1Depending on the type of immigrants a host country attracts, the positive selection of immigrants can
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In Germany, the integration of immigrant children in the educational system is particularly

relevant. Although public perception had not considered the country a typical “immigration

country” for a long time, Germany has been an important host country for international

immigrants for several decades. The share of children with foreign origin (i.e., children who have

at least one parent without German nationality since birth or a so-called “migration background”)

amounted to almost 40 percent in 2019 (Federal Statistical Office, 2020).

In international comparison, Germany is also an interesting case to study because migrant-

native achievement gaps in education are higher than in most other OECD countries, as shown in

several PISA studies (OECD, 2016; Stanat and Christensen, 2006). Over the past waves of this

large-scale assessment of student performance, raw achievement gaps in Germany have slightly

decreased, while gaps conditional on the socio-economic background increased.

From a methodological point of view, however, it is important to note that comparing results

from repeated cross-sections does not allow to draw precise conclusions about whether the

educational integration of students has indeed improved. The general problem of changing

unobserved characteristics of changing cohorts in cross-sectional studies here applies in a similar

way as for the labor market integration of immigrants, where it has been extensively studied

since the seminal work of Borjas (1985). Combining data from cross-sectional studies for similar

student cohorts observed in different grades can partly address this problem and shed light on

the question of the development of foreign origin students’ educational achievement. Still, the

samples from different cross-sectional studies often do not exactly cover the same student or

immigrant cohorts. However, the possibility to analyze the development of achievement gaps over

time has been very limited due to the lack of longitudinal education data for many countries.

From a theoretical point of view, gaps can be expected to accumulate over time when initial

disadvantages add up, but also to reduce when students with lower initial endowment have higher

marginal returns from educational inputs. Previous studies that use panel data have found very

different results on the evolution of achievement gaps over time. For the few countries studied so

far, ethnicity gaps in education have either widened, stagnated, or even reduced over the school

career. Moreover, these studies have mostly been limited to selected years of schooling and are

only available for English-speaking, traditional destination countries (see Dustmann et al., 2010

also induce a reverse pattern in certain host countries such as Australia, where immigrant children have better
educational outcomes than their native peers (Nguyen et al., 2020; OECD, 2016, 2019).

2



for the UK, Fryer Jr. and Levitt, 2004 and Bond and Lang, 2018 for the US, and Nguyen et al.,

2020 for Australia).

The contribution of the present paper is to fill this gap by providing a comprehensive overview

of the migrant-native achievement gap over the school career in Germany, a more recent popular

host country in Continental Europe. Data from the National Educational Panel Study (NEPS)

for the years 2010 to 2018 provide a unique opportunity to calculate achievement gaps for the

same students over a relatively long time period (Kristen et al., 2011) and to investigate their

evolution and determinants. The combination of three samples of students enables me to cover

the whole educational career, from kindergarten to the end of secondary school. Moreover, the

provision of standardized test scores such as vocabulary, reading comprehension, and math allows

me to assess the skill development of foreign origin children in the most relevant skill domains,

and to compare the results to those of the previous literature.

The determinants of migrant-native achievement gaps may include the migration experience

itself and directly related disadvantages of the children or their parents such as transaction

costs, language barriers, or discrimination. In addition, the immigrant population often differ

from the native host country population in further socio-demographic characteristics that are

not directly related to the migration experience, such as the level of education. In countries

where 1st-generation immigrants have below average education levels, the gap in educational

achievement of their children compared to natives can partly be attributed to this difference,

confirming that parental education is a major determinant of children’s educational success

(OECD, 2018). Next to socio-economic characteristics of foreign origin families, the characteristics

of peers and schools can also determine the educational performance of 1st- and 2nd-generation

immigrants. Finally, these determinants might affect the choice which school parents send their

child to in the first place, which can lead to substantial segregation by origin (as analyzed, e.g.,

by Hanushek et al., 2009; Schnepf, 2007; SVR, 2013).

To account for differences in socio-economic characteristics, I follow the literature and

estimate gaps conditional on proxies for socio-economic background in addition to estimating

raw gaps. This procedure has been conducted in previous empirical education studies in line

with decomposition analyses for, e.g., labor market integration of immigrants or the gender wage
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gap.2 To control for school-specific determinants, I include school fixed effects that capture

time-invariant characteristics of peer, neighborhood, and school quality, as well as further school

characteristics such as school track. The longitudinal setting allows me to investigate the

development of the relative importance of different types of determinants over time.

The results can be summarized as follows. Migrant-native achievement gaps in vocabulary,

reading comprehension and math skills, as measured by standardized tests, are substantial and –

with the exception of primary school – the larger the younger the children are. The scope of the

raw gaps is on average in line with evidence from previous, mostly cross-sectional studies. For

test scores in several skill domains, I find raw gaps of 10 percent and above for most stages of the

school career. A slight convergence by 2–5 percentage points between the achievement of foreign

origin and native students can be observed for both language and math skills before and after

primary school. Conditional gaps are substantially smaller and mostly amount to a maximum of

only 5 percent. For some domains and points in time, they are even zero or slightly positive.

Decomposing the raw gap reveals that the importance of school fixed effects or socio-economic

characteristics in general decreases over the school career, and the part of the gap that cannot

be explained by these characteristics increases as children grow older. This result reflects that

conditional gaps increase to a smaller extent than raw gaps over the school career. Further

analyses show that achievement gaps differ by school type: raw gaps are smaller for students who

make it to the academic track of lower secondary school, but there is less convergence between

foreign origin and native students compared to non-academic tracks. For more school-specific

measures of achievement, i.e., grades from school reports that form the basis for later school

degrees, gaps are smaller in general: they amount to only half the size of the gaps in test

scores. Over the course of primary school, the gaps are close to zero, but widen with the start of

secondary school and only partly close again in the following years.

Overall, the German school system seems to help foreign origin students to balance initial

disadvantages and catch up with their native peers to a certain extent, as achievement gaps in

skills decrease over several stages of the school career. However, in some domains foreign origin

children still lag behind their native peers even though they have been attending the German
2See Section 2 for an overview of the literature on achievement gaps in education and Bartolucci (2014) and

Kerm et al. (2016) for decompositions of migrant-native wage gaps. Blau and Kahn (2017) include an overview of
the literature on the gender pay gap, and Goldin et al. (2017) emphasize that despite general convergence of the
wage differences over time, the gender gap might increase over the individual life.
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school system for a long time and even after accounting for family and school characteristics.

The remainder of this paper is structured as follows: Section 2 gives an overview of related

literature and the theoretical expectations about the evolution of achievement gaps over the

school career. Section 3 presents the institutional background of the educational system in

Germany, the data used for the analyses, and the empirical strategy. The results are presented

and discussed in Section 4. Section 5 concludes.

2 Related Literature

The performance of students with foreign origin in the educational system of the host country has

been scrutinized in a large number of publications. The greater part of this literature relies on

data from large-scale national or international education studies, most of which are cross-sectional

and repeated on a regular basis. The most prominent study is the Programme for International

Student Assessment (PISA) which has been conducted every three years since 2000. It assesses

the performance of 15-years-old students in standardized tests in reading, math and sciences,

with a rotating focus on one of these domains in each wave. Based on survey information on

the students’ immigrant background and other socio-economic characteristics, the PISA reports

also provide numbers on migrant-native gaps in the respective test domains. The scope of these

gaps highly varies by country, but also over time. On average for the participating OECD

countries, students with an immigrant background achieve test scores that are 7–10 percent lower

compared to their native peers, depending on the skill domain and year. In some countries such

as Australia, Singapore or several Arabic countries, raw gaps are positive. When students’ or

their families’ characteristics, such as the socio-eonomic background, are taken into account, the

gaps typically shrink to about 3–5 percent. Also for conditional gaps, the range is wide. However,

they are positive more often than raw gaps, reflecting the below-average socio-economic status of

immigrants compared to natives in many host countries (OECD, 2013, 2016, 2019).

For Germany, raw migrant-native gaps in PISA test scores have been ranging between 10

and 15 percent since 2003 and have been slightly decreasing over time. However still, the gaps

are above the OECD average for all domains and waves since 2003. For science test scores in

2015, they have even been second-largest compared to all other countries. Conditional gaps

are substantially smaller with 3 percent on average across different domains and waves, but
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have been slightly increasing over the years (OECD, 2013, 2016, 2019). The authors of the

PISA reports note that the change in the size of the gaps can partly be explained by changing

immigrant cohorts. The variables used to calculate conditional gaps include the education level

and occupation status of the parents, and the number of books and other educational resources

and possessions at home. In selected waves, students’ gender, language spoken at home or school

characteristics are also accounted for (OECD, 2016).

The PISA data, and data from similar large-scale repeated cross-sectional assessments, have

been used in a number of studies to investigate the performance of foreign origin students in more

detail. Cross-country analyses that provide an overview of immigrant students’ performance

in PISA tests include contributions by Entorf and Minoiu (2005), Giannelli and Rapallini

(2016) and Stanat and Christensen (2006). While the latter relate the gap to students’ school

attitudes, motivation and learning strategies, Dustmann et al. (2012) calculate raw and conditional

achievement gaps for the 2006 PISA wave and put a focus on Turkish emigrants in different

host countries. Further studies combine cross-sectional results from several education data sets.

Schnepf (2007), e.g., contrasts the relative performance of immigrant students in ten OECD

countries by using data from PISA, TIMSS and PIRLS.3 Ruhose and Schwerdt (2016) also

combine data from these three international studies to analyze the effect of early tracking on

achievement gaps.

Some studies that combine different cross-sectional data sets aim to explicitly analyze

the development of achievement gaps over time. E.g., Alieva et al. (2018) use a synthetic

cohort approach to combine PIRLS, TIMSS and PISA data and show that the migrant-native

achievement gap in reading (but not math) narrows when students transit from primary through

lower secondary school, i.e., between grades 4 and 9.

Studies that use longitudinal data are rare as most large-scale educational studies are

conducted at a cross-sectional level. Most of the longitudinal studies therefore rely on data on a

national or regional level. Also here, the results seem to highly depend on the age cohort and the

country context. So far, mostly English-speaking traditional host countries have been analyzed,

where the focus typically is on ethnicity rather than migrant-native achievement gaps. For the
3The Trends in International Mathematics and Science Study (TIMSS) internationally evaluates students’

performance in math and science in grades 4 and 8 every four years, while the Progress in International Reading
Literacy Study (PIRLS) focuses on grade 4 students and is conducted every five years.
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US, Fryer Jr. and Levitt (2004) show that Black-White test score gaps can totally be explained

by family characteristics before primary school, but widen by 0.2 standard deviations over the

first two years of school, mainly because of school characteristics. By contrast, Bond and Lang

(2018) who also use US data, but for a longer period of time, i.e., kindergarten until grade 7,

find that the conditional gap between Black and White children does not widen over time when

properly accounting for measurement error. Dustmann et al. (2010) calculate achievement gaps

in language skills for British students between the age of 6 and 16 and find that ethnicity gaps

shrink over the school career, but that heterogeneity between different origin groups is large. For

Australia, Nguyen et al. (2020) analyze the evolution of relative academic performance of Asian

vs. White students between 4 and 15 years of age. They find that the positive gaps increase

along with higher educational time investments of Asian origin families.

The patterns of diverging, stagnating or converging achievements can be explained by the

interaction of several effects. On the one hand, it might be the case that initial disadvantages

of foreign origin children that arise, e.g., from worse skills in the host country language, add

up over time, which would then widen the gaps. This pattern of cumulative effects has been

labeled as “skills beget skills” by James Heckman4 or more generally as “Matthew effects”5 in

the empirical education literature. On the other hand, it could also be that achievement gaps

narrow over time when initially disadvantaged individuals harvest higher marginal returns from

educational resources, so-called “compensatory effects”. Which of the effects prevails in a given

context is an empirical question.

Studies that focus on the relative performance of children of immigrants in Germany again

mostly rely on cross-sectional data, or data from general household surveys rather than specific

education studies. The results are mixed: depending on the specific performance measure and

cohort, some studies find negative conditional gaps, while other studies find that controlling for

the socio-economic background can fully explain the difference in foreign origin relative to native

students’ educational outcome (for an overview, see SVR, 2016). E.g. for school attendance

and achieved school degrees, Riphahn (2003) finds large raw and conditional gaps, whereas

Krause et al. (2015) find no differences for school recommendations and track enrollment between
4See The Heckman Equation project (2021) for a synthesis of related literature, and Lubotsky and Kaestner

(2016) for a recent empirical analysis on accumulating advantages in kindergarten.
5The term Matthew effects refers to a bible quote from the Gospel of Matthew, commonly rephrased as “The

rich get richer and the poor get poorer”, applied to the sciences context by Merton (1968).
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immigrant and native students when accounting for differences in the socio-economic background.

Kiss (2013) focuses on grades from school reports and finds conditional gaps in primary, but

not secondary education. Ammermueller (2007) decomposes the gap in PISA test scores and

shows that family characteristics are particularly important at the lower part of the test score

distribution, but that parental preferences and time of enrollment are even more decisive in

general. For the NEPS data, Olczyk et al. (2016) calculate raw gaps for different groups of

immigrants in the first wave of the study.

Overall, the literature has identified migrant-native achievement gaps from cross-sectional

data that are negative for many countries in Continental Europe including Germany, but much

smaller or sometimes zero when controlling for the socio-economic background of the students.

In traditional, mostly English-speaking, immigration countries, the conditional gaps are usually

smaller. While most evidence is generated from cross-sectional data, the few longitudinal studies

find converging, stagnating as well as diverging gaps over the school career. The evolution of

migrant-native achievement gaps thus seems to be highly dependent on the context of the host

country and its educational system as well as on the characteristics of the immigrants and their

children.

For Germany, the development of achievement gaps between foreign origin students and

their native peers over the school career has not been investigated with large-scale nationally

representative panel data yet. I contribute to the literature by estimating migrant-native

achievement gaps over the school career based on NEPS data. This longitudinal study has been

conducting standardized tests in different skill domains for several cohorts of children since

2010. It covers the range from kindergarten to the end of secondary school and thus provides an

outstanding opportunity to shed light on the relative performance of foreign origin students over

several parts of the school career.

8



3 Institutional Background, Data, and Empirical Strategy

3.1 The Educational System in Germany

I now briefly outline the general setup of the early education and school system in Germany as a

background for the following analyses of migrant-native achievement at different stages of the

school career. A summary of the types of educational institutions is provided in Figure 1.

In early childhood, children in Germany are eligible to public daycare facilities from the age

of one year on.6 Parents can choose between different time schedules for public daycare. The

costs are in general income-based and vary on the community level. In some federal states or

communities, parents do not have to contribute to the costs at all, while in others, parents with

high income must pay several hundred euros per child and month. Over the past years, these costs

have been substantially reduced.7 The use of public childcare is voluntary and increases with

children’s age.8 It typically depends on the socio-economic background of the family. Children

from households with lower income and lower parental education as well as children with foreign

origin are less likely to visit public daycare. However, these differences balance toward the end

of kindergarten, when 90 percent of foreign origin and 97 percent of native children attend

public daycare (Autorengruppe Bildungsberichterstattung, 2018). Accordingly, when calculating

achievement gaps for kindergarten ages, it is important to be aware that attendance can be

selective and the selection might differ between foreign origin and native children.

Primary school is mandatory for children from the age of about six years.9 It normally

offers lessons for about four to five hours per day. In the afternoon, many primary schools

offer voluntary additional care that partly requires financial contributions by the parents. Here,

children are supervised when doing homework or extracurricular activities. In 14 of the 16

German federal states, primary school lasts for four years. Only in Berlin and Brandenburg, it

includes grades 5 and 6 as well.10 Primary school is thus the stage of the school career where
6Before August 2013, the age threshold for a legal claim had been higher at three years.
7Busse and Gathmann (2020) and Cornelissen et al. (2018) evaluate the effects of public childcare on maternal

labor supply and child outcomes.
8In 2019, one third of children under the age of three was in public childcare, and 93 percent of children between

the ages 3–6 (Autorengruppe Bildungsberichterstattung, 2020). For children aged 4–5 years, the numbers were
even higher with up to 98 percent (for the year 2017, Autorengruppe Bildungsberichterstattung, 2018).

9The exact timing varies on the federal state level, as do many further regulations and peculiarities of the
educational system in Germany.

10After primary school, some federal states offer joint learning for ‘orientation’ in grades 5 and 6 before children
or their parents choose a specific track. In the NEPS setting, these are considered in the same way as federal
states without an ‘orientation phase’.
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only little selection can be expected. In most federal states, also regional selection is limited and

children have to attend a primary school close to where they live. Accordingly, selection issues

here can mostly be attributed to residential choice.

Figure 1: Overview of the Educational System in Germany
Source: Author’s illustration.

At the end of primary school, when children are approximately ten years old, teachers give

recommendations for which track each child should attend thereafter. These recommendations are

relatively binding in some federal states, but can be completely ignored in others. The different

tracks to choose from include an academic track (“Gymnasium”), a medium track (“Realschule”)

and a low track (“Hauptschule”). In the academic track, children can directly proceed from lower

to upper secondary education after grade 10 which marks the end of compulsory schooling. An

upper secondary degree (A-levels) is required for tertiary education. The medium and the low

track have a stronger focus on teaching applied skills and preparing the students for vocational

training. A good degree after grade 10 from the medium or low track qualifies switching to the

academic track. Also during lower secondary education, transitions between the different tracks

10



are possible, but not very common.11 In some federal states, schools that offer the low track

have been abolished in the past years (or, in the case of states in Eastern Germany, never existed

in separate schools) or have been joined with the medium track. In addition to schools for three

different tracks, comprehensive schools (“Gesamtschulen”) exist in some states. They offer all

tracks separately or award different degrees to the high- vs. low-performing students within

single classes, but always also offer upper secondary schooling equivalent to the academic track.

Further types of free schools (e.g., “Waldorfschulen”) are most similar to comprehensive schools.

After grade 10, students who do not continue with the academic track can directly transition

to vocational training that either takes place in schools only or in the dual vocational system.

Upper secondary education lasts two to three years, depending on the federal state and the degree

aimed at. In general, selection based on socio-demographic characteristics including foreign origin

is strongest for lower and upper secondary school. The calculation of achievement gaps should

thus take into account different track types.

3.2 Data: National Educational Panel Study

Description of Data Set and Sampling

The National Educational Panel Study (NEPS) is the first large and representative longitudinal

education survey in Germany. It has been conducted on an annual basis since 2010 and thus

allows following individuals along their education careers for a long period of time.12 The NEPS

combines surveys of children, their parents, educators and school principals with own standardized

tests that allow analyzing the development of competencies over time. The study follows a cohort

design. It includes six so-called “starting cohorts” (SCs), i.e., samples of individuals from different

birth cohorts and stages of their education career. I focus on the second, third and fourth starting

cohort, as these cohorts cover children over their school career. SC2 (which I call “child cohort”

hereafter) covers children who attended the penultimate year of public daycare in 2010/2011

and enrolled at primary school in 2012. They reach the second grade of lower secondary school

(grade 6) in the school year 2017/2018. SC3 (which I call “teen cohort”) includes children from
11In the school year 2018/19, 2.5 percent of all students from grades 7–9 changed to a different school, out

of which 5.6 percent changed to the academic track and 52.5 percent left the academic track (Autorengruppe
Bildungsberichterstattung, 2020).

12In some years, even two waves were realized to target specific sub-samples or measure specific items.
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their first year at secondary school, i.e., grade 5 in the school year 2010/2011. This cohort is

followed until upper secondary school (grade 12 in the school year 2017/2018). SC4 (which I

label “adolescent cohort”) starts in grade 9 in the school year 2010/2011 and follows students

through the end of lower secondary, the whole upper secondary school and thereafter. Table 1

provides an overview of the age ranges and grades covered by the three starting cohorts.13 The

overall setup of the data set is described in Blossfeld et al. (2011).

Table 1: Overview of Starting Cohorts (SCs)

Average age in Average age
SC (cohort no.) Starting grade starting grade Final grade in final grade

2 “child” penultimate kindergarten year 4–5 grade 6 (lower sec. school) 11–12
3 “teen” grade 5 (lower sec. school) 10–11 grade 12 (upper sec. school) 17–18
4 “adolescent” grade 9 (lower sec. school) 14–15 grade 12/13 (end upper sec. school) 18/19+

Source: Author’s illustration.

The sampling of the three cohorts I use is implemented as to make each starting cohort

representative for its respective target population. The sampling procedure follows an implicit

stratification with respect to federal state, regional classification and funding of the institution

(as some kindergartens or schools are at least partly privately funded, e.g., when run by churches).

Participation in the study is voluntary for both educational institutions as well as individual

participants (i.e., children and their parents). Kindergartens or schools who refused to participate

were replaced by institutions from the same strata. For SC2 starting in kindergarten, an indirect

sampling design was chosen that first sampled primary schools and then kindergartens from lists

of each primary school’s typical “supplier kindergarten”. Children who attended other primary

schools than those originally sampled were individually tracked, but not tested any more in most

of the subsequent waves. With the transition to primary school, the sample of the child cohort

was augmented by peers who had attended other than the “supplier kindergartens”, and by

primary schools where none of the students had participated in the survey during kindergarten.

As a result, the sample of the child cohort is relatively small for the kindergarten years and

experiences a large augmentation in the first year of primary school. Similarly, the teen cohort

experienced a sample augmentation after two years because secondary education (in the tracked

system) only starts in grade 7 in two federal states. Within each sampled school, up to two classes
13Further starting cohorts, which I do not use in my analysis, include a sample of newborn (SC1), university

students (SC5) and an adult cohort (SC6).
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were randomly selected. Students who leave the institution they were originally sampled in are

tracked and surveyed individually. Details of the sampling procedure and the resulting samples

for the three cohorts are provided by Steinhauer et al. (2016), Steinhauer and Zinn (2016a), and

Steinhauer and Zinn (2016b), respectively. Aßmann et al. (2011) describe the general sampling

procedure for all cohorts.

Description of Outcome Variables

The NEPS data provide different measures of educational achievement. These include test

scores in different skill domains as well as grades from annual (or sometimes even half-yearly)

reports. The standardized achievement tests are constructed by the NEPS team and conducted

by the interviewers. Thus, they are comparable across classes and schools, but are not available

every year as opposed to school report grades. School grades, in turn, are more subjective or

context-dependent measures of educational achievement as they are awarded by the teacher and

mostly not based on central exams.

For the main analyses, I start using test scores as most objective measures of educational

achievement. All test scores aim to measure important skills that the tested individuals acquire

over their educational career. The NEPS provides test scores for several skill domains such as

vocabulary, reading, grammar, orthography, math, sciences, ICT skills, and English (see Weinert

et al., 2011 for an overview of the test scores in different domains and cohorts conducted in the

NEPS). As each test takes around 30 minutes to complete, time restrictions prevent that each

domain can be tested each year. To analyze the development of foreign origin children’s relative

to native children’s achievement over time, I focus on those test scores that are available at several

points in time for most of the cohorts, i.e., tests in vocabulary, reading competence, and math.

The domains of host country language and math have typically been used in previous studies on

migrant-native achievement gaps and hence analyzing these domains facilitate comparability of

the results. Also, these tests are the most general proxies for achievement in the two broader

skill domains of language and science. Analyzing both of these domains when comparing the

achievement of foreign origin vs. native students is particularly relevant to investigate whether

foreign origin students lag behind more in language-related subjects, or if gaps also exist for
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areas where migration-related disadvantages are less obvious.14

For language skills, several sub-domains are tested (see Berendes et al. 2013 for an overview).

A vocabulary test is conducted at three points in time for children of the child cohort (SC2)

and once for teens and adolescents (SC3 and SC4). Thus, the vocabulary test can be used to

measure the development of language skills for young children. Tests of reading competence

are conducted every 2–3 years from grade 4 on. While only one test is available for the child

cohort, for students from the teen (adolescent) cohort 3 (2) test results are available, which again

allows for a longitudinal analysis of skill development. The tests are similar to those used in

other educational studies such as PISA.

The vocabulary test is based on the Peabody Picture Vocabulary Test (PPVT, see Dunn

and Dunn, 1981), which is often used as a reference for tests in other educational studies. It

comprises between 66 and 89 items, depending on the cohort and wave. Here, target words are

read aloud to the students, who then have to choose the matching picture out of four pictures

presented. The vocabulary test can be seen as a proxy for listening comprehension, accumulated

knowledge and crystallized intelligence (Berendes et al., 2013).

The reading competence test mostly consists of multiple-choice questions, which are presented

for five different text types with the following functions: information texts, texts with a com-

menting or argumenting function, texts with a literary-aesthetic function and advertising texts.

For each type of text, three different types of comprehension or cognitive requirements are tested.

They include finding information, drawing text-related conclusions and reflecting/assessing. The

test consists of 31–46 items. Gehrer et al. (2013) describe the framework for assessing reading

competence in detail.

Math competencies are tested most regularly, at four points in time for each of the child and

teen cohort and two waves during school for the adolescent cohort.15 The tests cover the four

content areas Quantity, Change and relationships, Space and shape, and Data. At the same

time, the six cognitive processes Mathematical communication, Mathematical argumentation,

Modeling, Using representational forms, Mathematical problem solving, and Technical abilities
14Previous literature has shown that language skills are an important prerequisite for performance in math

tests, too, as learning and doing exams in math is more difficult for non-native speaking students (Soto-Calvo and
Sánchez-Barrioluengo, 2016; Isphording et al., 2016).

15I only cover the most relevant time period and exclude the first test score for the child cohort in kindergarten
and the last test score for the teen cohort at the end of upper secondary schooling, as including these waves would
substantially reduce the balanced panel I construct, as described in the following section.
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and skills are tested. In total, 21–33 items are included, mostly administered as multiple choice

questions. They are similar to the items used in the PISA study (for 9th-graders) or the German

Mathematics Education standards (for 4th-graders). For all other ages, tests that suit the skill

development at the respective age are developed. Neumann et al. (2013) describe the tests on

mathematical competencies in detail.

The scaling of the test scores is done in accordance with Item Response Theory (IRT), which

allows calculating a common scale for individuals’ performance in these tests at different points

in time. This standardization is facilitated by the use of a linkage design that relies on items

that are asked in several waves, if applicable. Most items vary across waves as to reflect students’

development in competencies. Even though individuals receive age-specific tests as they grow

older, the common scale allows the analysis of the development of the tested competency over

time. In the NEPS, the scaling of the test scores occurs either via sum scores (i.e., the number of

correct items, for vocabulary) or weighted maximum likelihood estimates (WLE, for reading and

math) that ensure unbiased estimates of the latent competencies by properly considering different

types of missing values and test fatigue effects that arise when several tests are conducted after

one another. The WLE scores have a mean of zero in the first wave and a standard deviation

of about one. The values in subsequent waves may vary around the initial values (Pohl and

Carstensen, 2012, 2013; Fischer et al., 2016).

Grades in German and math from students’ annual reports are available each year from

grade 3 on, for some grades even two times per year (from half-yearly reports). I use them as

additional outcomes. They are measured on a scale from 1 (very good) to 6 (insufficient). Grade 4

is “sufficient” to pass a subject. In upper secondary schooling, an alternative reversed scale from

0–15 points is applied, where 0 corresponds to insufficient and 13–15 points to “very good”. This

point system allows for a more precise measurement of grades after lower secondary schooling.

As grades are granted by teachers based on students’ performance during the school year, e.g.,

in exams and other types of participation in the class, they are more subjective measures than

objectively measured test scores. Except for exams for certain school-leaving degrees, exams are

typically designed and graded by the teacher. The demands here depend to a certain degree on

the specific school and class.
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I re-scale all outcome variables to having a mean of 100 for native children and a minimum

of zero in each cohort-specific wave. This linear transformation leaves the relative size of the

gaps unaffected, but ensures that the gaps of foreign origin children are measured relative to

natives’ achievement at each point in time and that the difference can be interpreted directly

as percent deviations. As a result, gaps can easily be compared across outcomes and to results

from other studies.

Sample Restrictions and Description

The sample used for the main analyses consists of children and youth from the three described

cohorts. To avoid bias from selective attrition and non-response and to analyze a long time

period, I construct a balanced panel by conditioning on non-missing values for the outcome

as well as main control variables in all of the waves used. It should be noted, though, that

conditioning on vocabulary test scores in kindergarten comes at the cost of substantially reducing

the sample size for the child cohort, and conditioning on outcomes in grades 5 and 6 means

to exclude the states of Berlin and Brandenburg for the teen cohort. Constructing a balanced

panel for the adolescent cohort from grade 9 to grade 12 has the effect that most of the students

included here attend the academic track in a “Gymnasium” or in a school with several tracks

(“Gesamtschule”). To keep the sample as representative as possible, I impute missing values for

the school or kindergarten ID, as well as individual and family covariates from adjacent years,

and I introduce missing categories for family characteristics which allows me to include children

whose parents never took part in the survey throughout the panel to minimize sample selectivity.

This is the case for one third of the children from the gross sample (on average for the three

cohorts). I exclude students from special needs schools as test scores are only available for a very

small number of students attending these schools.

I abstain from using weights for two reasons. The weights provided with the data set are not

consistent across waves and cohorts, and longitudinal weights are only provided for continuous

participation – even in waves without the test scores I use. Thus, using these weights would come

at the cost of reducing the sample and introducing further selection bias. However, unweighted

estimates should be unbiased as well given that the sampling procedure already aimed at providing

a representative data set for the respective target population of each starting cohort.
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Table 2: Summary Statistics

Native Foreign origin

Mean SD Mean SD Difference

Test scores and grades
Vocabulary 100.00 17.49 84.88 21.91 15.12∗∗∗

Reading competence 100.00 27.68 90.38 28.91 9.62∗∗∗

Math 100.00 25.16 90.10 26.30 9.90∗∗∗

German grade 100.00 24.76 95.64 24.99 4.36∗∗∗

Math grade 100.00 28.76 95.16 29.89 4.84∗∗∗

Individual and family characteristics
Female 0.51 0.50 0.54 0.50 −0.02∗∗∗

Age 13.15 3.35 13.34 3.29 −0.19∗∗∗

Born abroad 0.01 0.09 0.15 0.36 −0.14∗∗∗

German citizen 1.00 0.00 0.83 0.38 0.17∗∗∗

Number of books at home
0 to 25 0.09 0.28 0.23 0.42 −0.15∗∗∗

26 to 100 0.20 0.40 0.28 0.45 −0.08∗∗∗

101 to 200 0.22 0.41 0.20 0.40 0.02∗∗∗

201 to 500 0.28 0.45 0.17 0.38 0.11∗∗∗

>500 0.22 0.41 0.12 0.32 0.10∗∗∗

Mother’s education level
Low 0.02 0.15 0.18 0.39 −0.16∗∗∗

Medium 0.57 0.50 0.38 0.49 0.19∗∗∗

High 0.21 0.41 0.09 0.28 0.12∗∗∗

Missing information 0.20 0.40 0.35 0.48 −0.15∗∗∗

Father’s education level
Low 0.01 0.09 0.13 0.34 −0.12∗∗∗

Medium 0.40 0.49 0.29 0.45 0.11∗∗∗

High 0.24 0.43 0.11 0.31 0.13∗∗∗

Missing information 0.35 0.48 0.47 0.50 −0.12∗∗∗

Mother’s occupation status
Blue-collar 0.06 0.24 0.12 0.33 −0.06∗∗∗

White-collar low-skilled 0.27 0.44 0.19 0.39 0.08∗∗∗

White-collar high-skilled 0.44 0.50 0.28 0.45 0.16∗∗∗

Missing information 0.23 0.42 0.41 0.49 −0.18∗∗∗

Father’s occupation status
Blue-collar low-skilled 0.07 0.25 0.12 0.32 −0.05∗∗∗

Blue-collar high-skilled 0.09 0.29 0.10 0.29 −0.00
White-collar low-skilled 0.08 0.27 0.06 0.24 0.02∗∗∗

White-collar high-skilled 0.37 0.48 0.21 0.41 0.15∗∗∗

Missing information 0.39 0.49 0.51 0.50 −0.11∗∗∗

Type of educational institution
Kindergarten 0.01 0.08 0.00 0.06 0.00∗∗∗

Primary school 0.25 0.43 0.23 0.42 0.02∗∗∗

Low track (Hauptschule) 0.06 0.24 0.13 0.33 −0.07∗∗∗

Medium track (Realschule) 0.15 0.35 0.16 0.36 −0.01∗∗∗

Academic track (Gymnasium) 0.47 0.50 0.39 0.49 0.08∗∗∗

Several tracks (Gesamtschule, Fachschule) 0.07 0.26 0.10 0.29 −0.02∗∗∗

Observations 59,037 16,228 75,265

Notes: The table shows summary statistics for students from all three starting cohorts. Values for test scores
and grades are conditional on students in the balanced panel for the respective outcome, i.e., who are observed
at each point in time and included in the main analyses. Values for further variables are shown for individuals
from sub-samples for any outcome. Columns (1) and (2) show values for native students and columns (3)
and (4) show values for students of foreign origin, i.e, of whom at least one parent was born abroad. The
last column shows the difference in means for the two sub-samples. – Asterisks indicate p-values according
to: ∗∗∗ p<0.01, ∗∗ p<0.05, ∗ p<0.1. – Source: Own calculations based on NEPS data, Starting Cohorts 2–4,
2010–2018.
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Table 2 shows summary statistics for the overall sample used in the main analyses. As test

scores and grades are not measured in each cohort and wave, the numbers for these outcome

variables refer to the balanced panel by outcome. For the remaining variables, numbers for

the overall sample are shown: each observation included here may appear in sub-samples for

several outcomes. Columns (1) and (2) show the mean and standard deviation for native children.

Columns (3) and (4) refer to children with foreign origin. I define a child to have a foreign origin if

at least one parent was born abroad. In turn, children are considered native if their parents were

born in Germany. The comparison of Columns (1) and (3) shows the extent of raw achievement

gaps averaged across all waves. The gap amounts to more than 15 percent for the vocabulary

test. For reading comprehension and math, the gap almost reaches 10 percent. For grades in

math and German, it is considerably lower with just below 5 percent. Figures A1 and A2 show

the full distribution of the achievement variables for native vs. foreign origin students.

Native and foreign origin children also differ with respect to individual and family charac-

teristics. Foreign origin children are slightly older and the sample includes more girls than the

one for native children. 15 percent of foreign origin students were born abroad, and 83 percent

are German citizens. Foreign origin children on average have a less advantageous family back-

ground in terms of the number of books at home and direct measures of parental education

and occupational status. As the outcomes are mostly only tested from primary school on, the

share of children in the balanced sample who attend public childcare (“Kindergarten”) is only

about 1 percent. 25 percent of the observations are in primary school. Thereafter, significantly

less native children attend the low track or schools with several tracks, but rather attend the

academic track. The share of native and foreign origin children in the medium track is similar.

3.3 Empirical Strategy

I follow the literature and calculate migrant-native achievement gaps for different points in time

of the school career by estimating the following equation:

yicws = αcw +migrant′iβcw + γs +X ′icwsθ + εicws (1)

Here, yicws describes an educational outcome such as a test score or grade of child/student i in

cohort-specific wave cw in kindergarten or school s. αcw captures cohort-wave-specific intercepts
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for natives16. These waves include the penultimate year of kindergarten to grade 6 of lower

secondary school for the child cohort, grade 5 to grade 10 for the teen cohort, and grade 9 to

grade 12 for the adolescent cohort. The main coefficients of interest are included in the vector βcw,

which measures the average gap of foreign origin children’s relative to natives’ achievement in

each cohort-specific wave. The dummy migranti is equal to one for foreign origin students,

i.e., children or youth of which at least one parent was born abroad. γs describes school or

kindergarten fixed effects that are added when estimating conditional gaps. In a second step,

I also control for socio-economic characteristics of the individual i and their family, Xicws, the

effects of which are included in θ. εicws describes the error term. I cluster all standard errors at

the school (or kindergarten) level.

The choice of control variables to estimate conditional gaps follows previous literature, e.g.,

cross-sectional education studies such as PISA (OECD, 2016). Here, variables to capture the

socio-economic background of the family typically include education levels and occupation

types of the parents, as well as home possessions such as books. Partly, also certain school

characteristics are accounted for when calculating conditional achievement gaps. To facilitate the

comparability with results from previous studies, I closely follow OECD (2016) and include in

Xicws 5 categories for the number of books at home and 4–5 categories for each of the mother’s

and father’s education level and occupation status (see Table 2 for a full description of the control

variables). Moreover, a dummy for the child’s gender is included. The school fixed effects γs

capture time-invariant characteristics of peer, neighborhood and school quality as well as further

school characteristics such as school track.

The difference between the raw and the conditional gap is equivalent to the explained part

of a twofold Kitagawa-Oaxaca-Blinder decomposition, as described in Fortin et al. (2011).17 I

further decompose the explained part into the share that can be attributed to school fixed effects

vs. socio-economic background characteristics, to investigate the relative importance of different

determinants and how the different shares develop over the course of the school career.
16In the specifications without further covariates, they all amount to 100 due to the common scaling of the

outcome variable.
17The decomposition approach developed by Kitagawa (1955) was applied to the labor market setting by Oaxaca

(1973) and Blinder (1973).
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4 Results

4.1 Main Results

The gaps in educational achievement of foreign origin relative to native students over the school

career are depicted in Figure 2 for test scores in different skill domains: Vocabulary (Panel A),

Reading comprehension (Panel B) and Math (Panel C). Each panel shows results for the child,

teen, and adolescent cohort, divided by vertical lines in the graphs. As discussed in Section 3,

different domains are tested at different points in time, such that the number of estimates varies

across cohorts and test domains. Accordingly, also the number of observations differs between

the different domains. All graphs show achievement gaps estimated as specified in Equation 1,

in pairs of raw and conditional gaps. As the dependent variables are scaled to a mean of 100

for natives and a minimum of 0, the raw gaps can be interpreted as percent deviations in mean

differences for foreign origin vs. native students at the specified grade. The second coefficient of

each pair then adds kindergarten or school fixed effects (labeled "Institutional FE", which capture

peer and neighborhood quality as well as time-invariant characteristics such as school track and

quality) and also adds individual and family characteristics, as described in Section 3.3. Tables A1

to A5 include the estimates behind the graphs discussed, along with additional statistics.

Panel A of Figure 2 shows that the raw gap, i.e., the mean difference in vocabulary test

scores for foreign origin vs. native children amounts to 25 percent in the penultimate year

of kindergarten (“K1”) for the child cohort (SC2). When institutional fixed effects as well as

individual and family characteristics are controlled for, the gap is more than halved and shrinks to

just below 12.5 percent. When children proceed to primary school (“G1” and “G3” denote grade 1

and grade 3, respectively), the raw gap almost reduces by 4 percentage points, but then does not

decrease further during primary school. Rather, it slightly widens again by 2 percentage points in

grade 3. The conditional gap that accounts for average disadvantages of foreign origin students

with regard to socio-economic characteristics decreases even more when children transition from

kindergarten to primary school. It then amounts to 6–8 percent, i.e., about one third of the raw

gap and about half the size of the conditional gap in kindergarten. For the sub-samples from

the teen and adolescent cohort (SC3 and SC4 – here, students in grade 6 and 9, the raw gaps

are smaller with only 16 and 14 percent. The conditional gaps are again up to half the size of
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Figure 2: Migrant-Native Achievement Gaps for Test Scores
Notes: Coefficient estimates for raw and conditional achievement gaps of foreign origin (i.e.,
where at least one parent was born abroad) relative to native students for different starting
cohorts (SC2–4) and grades (from “K1”, the penultimate year of kindergarten for SC2 to “G12”,
i.e., grade 12, for SC4). Conditional gaps are estimated by controlling for kindergarten or school
fixed effects and individual and family characteristics as described in Equation 1 and presented
in Tables A1 to A3. Table 2 includes a full description of control variables. Vertical bars depict
95% CIs. – Source: Own calculations based on NEPS data, Starting Cohorts 2–4, 2010–2018.
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the raw gaps. Overall, the pattern of achievement gaps over the early educational period shows

some convergence. However, the differences between the gaps are statistically insignificant at the

95 percent level, as the corresponding confidence intervals largely overlap. Standard errors, all of

which are clustered at the kindergarten or school level, are particularly large for the child cohort

as the number of children who are followed from kindergarten to primary school is small (see

Section 3).

Panel B of Figure 2 shows corresponding achievement gaps for reading test scores. Raw

gaps are relatively small with 5 percent for primary school students in grade 4 and even turn

slightly positive once school fixed effects and socio-economic characteristics are added. For older

students from the teen cohort (SC3), both raw and conditional gaps are larger, starting at 14

and 4 percent in grade 5. When students proceed through lower secondary school, the raw gap

reduces to 10.9 percent in grade 7 and slightly increases again thereafter (11.7 percent in grade 9).

The conditional gap amounts to only 1 percent in grade 7 and slightly widens to 1.6 percent in

grade 9. For foreign origin students at the middle and end of lower secondary schooling, most

of the difference in reading test scores compared to their native peers can thus be explained by

the schools they attend and their disadvantageous socio-economic background. For students

from the adolescent cohort (SC4) who transition from lower to upper secondary school, i.e., who

mostly attend some type of academic track after grade 10, the raw gaps are slightly smaller

compared to students from the same grade from the teen cohort and decrease by 2 percentage

points until the end of upper secondary schooling (grade 12). The size of the conditional gaps

is again about half the size of the raw gaps, i.e., 5 and 3 percent. Here, some convergence in

achievement within a cohort can be observed for the transition from lower to upper secondary

school, similar to what was observed for the transition from kindergarten to primary school for

vocabulary test scores. While the school fixed effects and socio-economic background of foreign

origin students explains most of the gap relative to native students in grades 7 and 9 for the teen

cohort (SC3), substantial gaps of 3–5 percent remain for students from the adolescent cohort

(SC4) that cannot be explained by the observed characteristics.

For math skills, Panel C of Figure 2 draws a picture similar to the one for reading skills. The

main difference is that both raw and conditional gaps are slightly more negative (i.e., larger

in absolute terms) than gaps for reading skills, which underlines that disadvantages of foreign
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origin children in the educational system must not be limited to language skills, but can translate

to other subjects. As opposed to reading skills, the math skills of the youngest children (from

SC2) are not only tested once, but at three different points in time, which allows studying the

development of skills between grades 1 and 4. Both the raw and the conditional achievement of

foreign origin relative to native students’ achievement merely vary over the course of primary

school. The raw difference between the groups’ test scores amounts to 7–8 percent. The difference

shrinks to 0.5–1.2 percent when taking the school fixed effects and the socio-economic background

of the students into account. For older students from the teen cohort (SC3), raw and conditional

gaps are also slightly larger than for reading. Raw gaps here start at 16 percentage points

in grade 5 and then decrease to 11 percent in grade 7. Towards the end of lower secondary

schooling in grade 9, they slightly increase again by 1.5 percentage points. Controlling for school

fixed effects and socio-economic background characteristics more than halves the gap in grade 5

and even reduces it to 2.2–3.6 percent in later grades. For upper secondary schooling, the raw

gaps are smaller than for the teen cohort with only 9–10 percent, but the conditional gaps are

comparable in size with 3.2–3.5 percent.

Overall, some convergence in raw as well as conditional achievement of foreign origin relative

to native students can be observed over the school career for different skill domains. Gaps in

vocabulary are largest and slightly decrease between kindergarten and primary school. However,

comparing the gaps to those of older cohorts also shows that the raw gaps remain large over

the rest of the school career and can only be explained by one to two thirds by observable

characteristics in secondary school. For reading comprehension, the raw gaps are small in primary

school, but wider for the teen cohort at the beginning of lower secondary school. Towards the

end of lower secondary education they become smaller again, i.e., a certain decrease in raw and

conditional gaps can be observed here also. For the adolescent cohort (SC4, observed from lower

to upper secondary education), where most students attend the academic track, raw gaps are

again smaller compared to the the teen cohort (SC3), but conditional gaps are larger. This

suggests that differences may also exist with respect to school track. For math, the raw and

conditional gaps merely change over primary school, but conditional gaps are relatively small

here. For secondary schooling, the gaps are larger again (similar to the pattern for reading test
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scores), and also here, a certain convergence of foreign origin and native students’ achievement

over secondary school can be observed.

The pattern of a slight decrease in achievement gaps over the school career raises the question

which factors explain the partial convergence in achievement and the difference between the

raw and conditional gaps. To answer this question, Figure 3 plots the unexplained part of the

gap, i.e., the share of the conditional relative to the raw gap, along with the shares of the raw

gap that can be explained by school fixed effects (labeled “institutional characteristics”) versus

individual and family characteristics. For vocabulary test scores (see Panel A), the figure shows

that kindergarten fixed effects only explain a very small part of the achievement gap between

foreign origin and native students. About half of the gap is explained by individual and family

characteristics, and almost half stays unexplained. Which primary school a child attends matters

more than the specific kindergarten, and the specific school is even more important for the

cohorts in secondary education. However, the unexplained part is also higher for secondary than

for primary school, while the importance of individual and family characteristics decreases over

time.

For reading skills (Panel B), the unexplained part is negative for the youngest cohort in

primary school, which reflects that a positive conditional gap is observed. Because conditional

gaps are relatively small in lower secondary education for the teen cohort (SC3), the unexplained

part is small here. As for gaps in vocabulary in secondary school, the importance of individual

and family characteristics is relatively limited for reading skills when children grow older. Again,

the unexplained part is larger for the oldest, the adolescent cohort (SC4). Also for math skills

(Panel C), the picture is similar: individual and family characteristics explain a large part of the

gap in primary school, but lose importance in lower secondary school for the teen cohort. There,

the specific school attended is most important. For the oldest cohort that transitions from lower

to upper secondary schooling, the unexplained part is higher again, and individual and family

characteristics also re-gain importance.18

The fact that a substantial part of the achievement gaps cannot be explained by observable

characteristics of the families or schools shows that the educational system is not able to fully

balance initial disadvantages of immigrant children over the school career. This pattern may
18Recall that most of the adolescent cohort attends the academic track as the balanced panel only includes

students who proceed until upper secondary school.
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Figure 3: Decomposition of Migrant-Native Achievement Gaps for Test Scores
Notes: The columns show decomposition results for the raw achievement gaps of foreign origin (i.e., where at least one
parent was born abroad) relative to native students presented in Figure 2 and Tables A1 to A3 for different starting cohorts
(SC2–4) and grades (from “K1”, the penultimate year of kindergarten for SC2 to “G12”, i.e., grade 12, for SC4). The
unexplained part measures the size of the conditional relative to the raw gap. The explained part is further decomposed
into the share that is explained by kindergarten or school fixed effects (“Institutional characteristics”) versus individual and
family characteristics as described in Section 3.3. – Source: Own calculations based on NEPS data, Starting Cohorts 2–4,
2010–2018.
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emerge from different reasons. Although foreign origin children do catch up to a certain extent

during the early years of school, it may be the case that initial migration-induced disadvantages

such as speaking a language other than the host country’s at home, or being less familiar with

the educational system, still have effects at later stages of the school career. Also, foreign

origin students might experience some form of discrimination, e.g., by receiving less support

by the teachers, or that they develop or are confronted with social norms that expect them to

achieve less, all of which may result in lower performance even in standardized tests. While the

conditional gaps remain substantial in most domains and stages of the school career, the gaps

mostly decrease rather than increase. This demonstrates that schools are partly able to balance

different backgrounds and give foreign origin students the opportunity to develop their skills in

different domains over the school career, such that initial disadvantages do not add up over time.

4.2 Heterogeneity of Results and Additional Achievement Measures

The result that the specific school attended becomes as important or even more important than

the role of individual and family characteristics in explaining the achievement gap between foreign

origin and native students raises the question what types of schools foster the relative achievement

of foreign origin students most. Therefore, Figure A3 shows raw and conditional achievement

gaps for the most important types of secondary school, i.e., academic track vs. non-academic

track schools for the teen cohort (SC3),19 where 44 percent of the foreign origin students and

55 percent of natives in the balanced panel attend a school that only offers the academic track

(“Gymnasium”). The results reveal that the raw gaps are smaller in the academic compared

to the non-academic track schools for all different domains, which points to a selection of very

high-performing foreign origin students to academic track schools. The conditional gaps are in the

same range in the academic and the non-academic track, but their decrease is more pronounced

in the non-academic track. Given a certain sorting of foreign origin students to academic track

schools, the role of school fixed effects and socio-economic background in explaining remaining

achievement gaps is then relatively limited for these high-performing foreign origin students.

To assess how the importance of track choice relates to school or neighborhood quality, I
19For the adolescent cohort (SC4), most students in the balanced panel that includes upper secondary education

attend an academic track school. Therefore, splitting the sample by school type does not make sense for the oldest
cohort.
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further show in Figure A4 achievement gaps from Figure 2 where I stepwise go from raw to

conditional gaps by first adding track fixed effect and then school fixed effects. The results reveal

that both track choice and within-track quality account for about the same size of the difference

between raw and conditional gaps, meaning that it is both important to facilitate foreign origin

children to attend the academic track as well as to foster school quality in general.

Moreover, the role of the socio-economic background might be quite different for families

where only one parent is foreign-born, as one native parent may be equally equipped to guide

their child through school and to ensure the absence of language-related disadvantages as are two

native parents. In the broader definition used above, in accordance with the literature, children

with one native and one foreign-born parent are usually considered as having a foreign origin (or

being 1st- or 2nd-generation immigrants), because disadvantages may also emerge from having

a foreign-sounding name or a foreign appearance. To assess how my main results depend on

the definition of immigrant children, I show results for the alternative definition of migrants

(children whose parents were both born abroad) in Figure A5. The raw gaps here are up to

5 percentage points larger compared to Figure 2, which demonstrates that children with one

native-born parent have much better test score results than those with two foreign-born parents.

The difference of the conditional gaps compared to the main results is not as large, however,

which suggests that conditional on the parents’ place of birth, other family characteristics lose

importance. The overall pattern of the evolution of the gaps is similar to the one observed for

the main definition of migrants. Only for math test results during primary school, foreign origin

children whose parents were both born abroad slightly lose ground over the years (see Panel C of

Figure A5).

While the relative performance in standardized tests is a means to investigate the relative

performance of foreign origin vs. native students on an objective scale, the grades in school

reports eventually matter for students’ obtained degrees and future career prospects. I therefore

also calculate achievement gaps for these more subjective and context-dependent measures of

achievement. The gaps for school report grades in German and math are shown in Figure A6

and Tables A4 to A5. The general picture is similar here to the one observed for test scores

in reading or math. For the child cohort (SC2), gaps are smaller than for the older cohorts

(and conditional gaps are partly slightly positive). For students from the teen cohort (SC3), a
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certain degree of convergence in achievement throughout lower secondary school can be observed

in both school subjects. However, grades slightly widen again in the penultimate (grade 9 for

German) or ultimate year (grade 10 for math). For students from the adolescent cohort (SC4),

who transition from lower to upper secondary school, a decrease in gaps for German grades can

be observed. For math, the pattern shows a slight divergence. Standard errors for German and

math grades are in general much larger than those for test scores as the variation in grades is

limited. The scope of the gaps for grades in German and math is generally smaller than for test

scores, which may be due to the fact that grades are awarded relative to peer performance, and

that foreign origin students are over represented in lower tracks.

5 Conclusion

The integration of children of immigrants in the educational system is an important challenge for

host countries, and is becoming more important given rising shares of students with a foreign

origin. Giving each child the opportunity to unfold their potential, learn skills and eventually

obtain school degrees to the same extent as their native peers is an important right for immigrants

and their descendants in countries that commit to granting equal opportunities for all parts of

society. The successful integration of foreign origin children in the educational system is a crucial

prerequisite for later labor market success and thus decisive to improve welfare for both 1st- and

2nd-generation immigrants as well as host countries’ native populations.

Previous literature has shown that children of immigrants still lag behind their native peers

in different measures of school achievement, even if they immigrated as young children or were

born in the host country. For Germany, migrant-native achievement gaps are particularly high.

While most of the literature relies on cross-sectional data, I use data from a national longitudinal

education study to investigate how the achievement gaps develop over the school career.

The size of the gaps is substantial, and broadly in line with results from previous cross-

sectional studies. The raw gaps amount to 10 percent and beyond for most of the domains and

stages of the school career. Controlling for school fixed effects and individual as well as family

characteristics, i.e., measures of the socio-economic background, explains a substantial part,

one to two thirds, of the gap. While both raw and conditional gaps slightly decrease over the

school career (except for primary school), the importance of school and family characteristics
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generally decreases as children grow older. Accordingly, the unexplained part of the decomposed

achievement gap is larger towards the end of secondary schooling. Track choice is as important

as further quality measures captured by school fixed effects.

The results reveal that the educational system in Germany is able to balance foreign origin

students’ initial disadvantages to some extent as they progress through school, which is in line

with compensatory rather than accumulating effects. However, the fact that conditional gaps

remain substantial in most domains and decrease less than raw gaps demonstrates that there is

still scope to better support foreign origin students during their school career.
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Figure A1: Distribution of Test Scores for Native vs. Foreign Origin Students
Source: Own calculations based on NEPS data, Starting Cohorts 2–4, 2010–2018.
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Source: Own calculations based on NEPS data, Starting Cohorts 2–4, 2010–2018.
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Figure A3: Migrant-Native Achievement Gaps for Test Scores: Academic vs. Non-Academic
Track (for Teen Cohort)
Notes: Coefficient estimates for the academic track (left side) and non-academic tracks (right side) for raw and conditional
achievement gaps of foreign origin (i.e., where at least one parent was born abroad) relative to native students for the
teen cohort (SC3) for grade 5 (“G5”, i.e., the first year of lower secondary school) to grade 9 (“G9”). Conditional gaps
are estimated by controlling for school fixed effects and individual and family characteristics as described in Equation 1.
Table 2 includes a full description of control variables. Vertical bars depict 95% CIs. – Source: Own calculations based
on NEPS data, Starting Cohorts 2–4, 2010–2018.
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Notes: Coefficient estimates for raw and conditional achievement gaps of foreign origin (i.e., where at least one parent
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Figure A5: Migrant-Native Achievement Gaps for Test Scores: Alternative Definition of Migrants
Notes: Coefficient estimates for raw and conditional achievement gaps of foreign origin relative to native students for
different starting cohorts (SC2–4) and grades (from “G1”, the first year of primary school for SC2 to “G12”, i.e., grade 12,
for SC4). Conditional gaps are estimated by controlling for kindergarten or school fixed effects and individual and family
characteristics as described in Equation 1. Table 2 includes a full description of control variables. Vertical bars depict
95% CIs. In contrast to Figure 2 where immigrant children from families with one foreign-born and one native parent
were considered as having a foreign origin, these children here are treated as natives. – Source: Own calculations based
on NEPS data, Starting Cohorts 2–4, 2010–2018.
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Figure A6: Migrant-Native Achievement Gaps for School Report Grades
Notes: Coefficient estimates for raw and conditional achievement gaps of foreign origin (i.e., where at least one parent
was born abroad) relative to native students for different starting cohorts (SC2–4) and grades (from “G3”, the third
year of primary school for SC2 to “G9”, i.e., grade 9, for SC4). Conditional gaps are estimated by controlling for
school fixed effects and individual and family characteristics as described in Equation 1 and presented in Tables A4 to
A5. Table 2 includes a full description of control variables. Vertical bars depict 95% CIs. – Source: Own calculations
based on NEPS data, Starting Cohorts 2–4, 2010–2018.
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Table A1: Migrant-Native Achievement Gaps in Vocabulary

Raw +School FE +Ind. & Fam. Char.
Coeff./SE Coeff./SE Coeff./SE

SC2 K1 −25.32∗∗∗ −24.42∗∗∗ −12.46∗∗∗

(4.16) (4.89) (4.43)
SC2 G1 −21.69∗∗∗ −16.73∗∗∗ −5.81

(5.01) (5.93) (5.71)
SC2 G3 −23.67∗∗∗ −18.71∗∗∗ −8.19

(5.32) (6.34) (6.00)
SC3 G6 −16.40∗∗∗ −11.00∗∗∗ −9.14∗∗∗

(1.21) (0.79) (0.76)
SC4 G9 −14.35∗∗∗ −8.70∗∗∗ −6.98∗∗∗

(0.68) (0.42) (0.39)

Adjusted R2 0.11 0.39 0.44
Institutions 813 813 813
Observations 20,066 20,066 20,066

Notes: The table shows gaps in Vocabulary test scores of foreign origin
(i.e., where at least one parent was born abroad) relative to native stu-
dents for different starting cohorts and grades (from “K1”, the penul-
timate year of kindergarten for SC2 to “G9”, i.e., grade 9, for SC4).
The dependent variable is scaled to having a mean of 100 for natives
and a minimum of 0 in each wave. Column (1) includes raw achieve-
ment gaps without any control variables. The following columns step
wise add controls for (2) kindergarten or school fixed effects, and (3)
individual and family characteristics: a dummy for girls, 5 categories
for the number of books at home, and 4–5 categories for each of the
mother’s and father’s education level and occupation status (see Ta-
ble 2 for a full description of control variables). – Asterisks indicate
p-values according to: ∗∗∗ p<0.01, ∗∗ p<0.05, ∗ p<0.1. – Source: Own
calculations based on NEPS data, Starting Cohorts 2–4, 2010–2018.
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Table A2: Migrant-Native Achievement Gaps in Reading

Raw +School FE +Ind. & Fam. Char.
Coeff./SE Coeff./SE Coeff./SE

SC2 G4 −5.37∗∗∗ −4.43∗∗∗ 1.36
(1.06) (0.98) (0.96)

SC3 G5 −13.77∗∗∗ −6.85∗∗∗ −4.06∗∗∗

(2.02) (1.46) (1.54)
SC3 G7 −10.93∗∗∗ −4.06∗∗∗ −0.99

(2.21) (1.40) (1.48)
SC3 G9 −11.67∗∗∗ −4.83∗∗∗ −1.64

(1.94) (1.34) (1.41)
SC4 G9 −10.49∗∗∗ −6.77∗∗∗ −4.96∗∗∗

(1.49) (1.18) (1.24)
SC4 G12 −8.48∗∗∗ −4.76∗∗∗ −2.97∗∗∗

(1.30) (1.03) (1.07)

Adjusted R2 0.02 0.22 0.25
Institutions 694 694 694
Observations 21,426 21,426 21,426

Notes: The table shows gaps in Reading comprehension test scores of
foreign origin (i.e., where at least one parent was born abroad) rela-
tive to native students for different starting cohorts and grades (from
“G4”, i.e., grade 4, the last year of primary school for SC2 to “G12”,
i.e., grade 12, the (pen-)ultimate year of upper secondary schooling,
for SC4). The dependent variable is scaled to having a mean of 100
for natives and a minimum of 0 in each wave. Column (1) includes
raw achievement gaps without any control variables. The following
columns step wise add controls for (2) school fixed effects, and (3) in-
dividual and family characteristics: a dummy for girls, 5 categories
for the number of books at home, and 4–5 categories for each of the
mother’s and father’s education level and occupation status (see Ta-
ble 2 for a full description of control variables). – Asterisks indicate
p-values according to: ∗∗∗ p<0.01, ∗∗ p<0.05, ∗ p<0.1. – Source: Own
calculations based on NEPS data, Starting Cohorts 2–4, 2010–2018.
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Table A3: Migrant-Native Achievement Gaps in Math

Raw +School FE +Ind. & Fam. Char.
Coeff./SE Coeff./SE Coeff./SE

SC2 G1 −7.50∗∗∗ −6.22∗∗∗ −0.81
(0.97) (0.86) (0.87)

SC2 G2 −7.88∗∗∗ −6.60∗∗∗ −1.18
(1.05) (0.94) (0.93)

SC2 G4 −7.12∗∗∗ −5.84∗∗∗ −0.53
(1.18) (1.15) (1.10)

SC3 G5 −15.93∗∗∗ −9.67∗∗∗ −6.71∗∗∗

(1.93) (1.22) (1.19)
SC3 G7 −11.49∗∗∗ −5.25∗∗∗ −2.20∗∗

(1.58) (1.01) (0.95)
SC3 G9 −12.94∗∗∗ −6.73∗∗∗ −3.58∗∗∗

(1.80) (1.05) (1.01)
SC4 G9 −9.58∗∗∗ −6.27∗∗∗ −3.20∗∗∗

(1.53) (1.06) (1.10)
SC4 G12 −9.84∗∗∗ −6.52∗∗∗ −3.53∗∗∗

(1.35) (1.08) (1.12)

Adjusted R2 0.03 0.23 0.30
Institutions 674 674 674
Observations 30,471 30,471 30,471

Notes: The table shows gaps in Math test scores of foreign origin (i.e.,
where at least one parent was born abroad) relative to native students
for different starting cohorts and grades (from “G1”, i.e., grade 1, the
first year of primary school for SC2 to “G12”, i.e., grade 12, the (pen-
)ultimate year of upper secondary schooling, for SC4). The dependent
variable is scaled to having a mean of 100 for natives and a minimum
of 0 in each wave. Column (1) includes raw achievement gaps without
any control variables. The following columns step wise add controls for
(2) school fixed effects, and (3) individual and family characteristics: a
dummy for girls, 5 categories for the number of books at home, and
4–5 categories for each of the mother’s and father’s education level
and occupation status (see Table 2 for a full description of control
variables). – Asterisks indicate p-values according to: ∗∗∗ p<0.01,
∗∗ p<0.05, ∗ p<0.1. – Source: Own calculations based on NEPS data,
Starting Cohorts 2–4, 2010–2018.
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Table A4: Migrant-Native Achievement Gaps in German Grade

Raw +School FE +Ind. & Fam. Char.
Coeff./SE Coeff./SE Coeff./SE

SC2 G3 −1.00 −1.97 0.92
(1.21) (1.25) (1.31)

SC2 G4 0.93 −0.04 2.86∗∗

(1.23) (1.31) (1.40)
SC2 G5 −1.15 −2.12∗∗ 0.77

(0.93) (1.05) (1.17)
SC3 G6 −5.92∗∗∗ −4.36∗∗∗ −3.18∗∗

(1.24) (1.24) (1.29)
SC3 G7 −4.98∗∗∗ −3.41∗∗∗ −2.01

(1.40) (1.32) (1.35)
SC3 G8 −3.75∗∗ −2.18 −0.81

(1.49) (1.45) (1.43)
SC3 G9 −5.43∗∗∗ −3.90∗∗∗ −2.46∗

(1.27) (1.26) (1.27)
SC3 G9 −4.48∗∗∗ −2.96∗∗ −1.63

(1.45) (1.47) (1.46)
SC3 G10 −5.86∗∗∗ −4.34∗∗∗ −3.01∗∗

(1.38) (1.45) (1.40)
SC4 G9 −8.25∗∗∗ −8.19∗∗∗ −5.66∗∗∗

(1.49) (1.36) (1.36)
SC4 G9 −4.55∗∗∗ −4.50∗∗∗ −1.97∗

(1.08) (1.00) (1.02)
SC4 G10 −3.95∗∗∗ −3.89∗∗∗ −1.36

(1.08) (1.03) (1.06)
SC4 G11 −5.04∗∗∗ −4.99∗∗∗ −2.44∗∗

(1.15) (1.09) (1.14)
SC4 G12 −5.21∗∗∗ −5.14∗∗∗ −2.60∗∗

(1.15) (1.23) (1.23)

Adjusted R2 0.01 0.10 0.18
Institutions 728 728 728
Observations 43,160 43,160 43,160

Notes: The table shows gaps in German grades of foreign origin (i.e.,
where at least one parent was born abroad) relative to native students
for different starting cohorts and grades (from “G3”, i.e., grade 3, the
penultimate year of primary school for SC2 to “G12”, i.e., grade 12,
the (pen-)ultimate year of upper secondary schooling, for SC4). The
dependent variable is scaled to having a mean of 100 for natives and
a minimum of 0 in each wave. Column (1) includes raw achievement
gaps without any control variables. The following columns step wise
add controls for (2) school fixed effects, and (3) individual and fam-
ily characteristics: a dummy for girls, 5 categories for the number of
books at home, and 4–5 categories for each of the mother’s and father’s
education level and occupation status (see Table 2 for a full descrip-
tion of control variables). – Asterisks indicate p-values according to:
∗∗∗ p<0.01, ∗∗ p<0.05, ∗ p<0.1. – Source: Own calculations based on
NEPS data, Starting Cohorts 2–4, 2010–2018.
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Table A5: Migrant-Native Achievement Gaps in Math Grade

Raw +School FE +Ind. & Fam. Char.
Coeff./SE Coeff./SE Coeff./SE

SC2 G3 −0.25 −1.53 1.15
(1.10) (1.18) (1.22)

SC2 G4 −0.07 −1.35 1.34
(1.26) (1.31) (1.34)

SC2 G5 −1.25 −2.53∗∗ 0.16
(0.95) (1.02) (1.08)

SC3 G6 −8.21∗∗∗ −8.16∗∗∗ −5.35∗∗∗

(1.33) (1.45) (1.65)
SC3 G7 −8.23∗∗∗ −8.18∗∗∗ −5.16∗∗∗

(1.50) (1.59) (1.66)
SC3 G8 −5.45∗∗∗ −5.40∗∗∗ −2.40

(1.62) (1.68) (1.70)
SC3 G9 −6.24∗∗∗ −6.22∗∗∗ −3.18

(1.77) (1.93) (1.93)
SC3 G9 −4.55∗∗∗ −4.53∗∗ −1.61

(1.68) (1.76) (1.73)
SC3 G10 −5.11∗∗∗ −5.09∗∗ −2.17

(1.91) (2.04) (2.05)
SC4 G9 −4.45∗∗∗ −4.44∗∗∗ −2.39∗

(1.47) (1.45) (1.42)
SC4 G9 −5.59∗∗∗ −5.57∗∗∗ −3.53∗∗

(1.54) (1.53) (1.51)
SC4 G10 −4.60∗∗∗ −4.59∗∗∗ −2.54∗

(1.52) (1.51) (1.53)
SC4 G11 −6.45∗∗∗ −6.44∗∗∗ −4.39∗∗∗

(1.45) (1.43) (1.46)
SC4 G12 −6.41∗∗∗ −6.42∗∗∗ −4.37∗∗

(1.58) (1.68) (1.71)

Adjusted R2 0.00 0.07 0.09
Institutions 727 727 727
Observations 43,036 43,036 43,036

Notes: The table shows gaps in Math grades of foreign origin (i.e.,
where at least one parent was born abroad) relative to native students
for different starting cohorts and grades (from “G3”, i.e., grade 3, the
penultimate year of primary school for SC2 to “G12”, i.e., grade 12,
the (pen-)ultimate year of upper secondary schooling, for SC4). The
dependent variable is scaled to having a mean of 100 for natives and
a minimum of 0 in each wave. Column (1) includes raw achievement
gaps without any control variables. The following columns step wise
add controls for (2) school fixed effects, and (3) individual and fam-
ily characteristics: a dummy for girls, 5 categories for the number of
books at home, and 4–5 categories for each of the mother’s and father’s
education level and occupation status (see Table 2 for a full descrip-
tion of control variables). – Asterisks indicate p-values according to:
∗∗∗ p<0.01, ∗∗ p<0.05, ∗ p<0.1. – Source: Own calculations based on
NEPS data, Starting Cohorts 2–4, 2010–2018.
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