
Journal Pre-proof

The progression of achievement gap between
immigrant and native-born students from primary to
secondary education

Aigul Alieva, Vincent A. Hildebrand, Philippe Van
Kerm

PII: S0276-5624(24)00074-X

DOI: https://doi.org/10.1016/j.rssm.2024.100961

Reference: RSSM100961

To appear in: Research in Social Stratification and Mobility

Received date: 21 August 2023
Revised date: 16 July 2024
Accepted date: 23 July 2024

Please cite this article as: Aigul Alieva, Vincent A. Hildebrand and Philippe Van
Kerm, The progression of achievement gap between immigrant and native-born
students from primary to secondary education, Research in Social Stratification
and Mobility, (2024) doi:https://doi.org/10.1016/j.rssm.2024.100961

This is a PDF file of an article that has undergone enhancements after acceptance,
such as the addition of a cover page and metadata, and formatting for readability,
but it is not yet the definitive version of record. This version will undergo
additional copyediting, typesetting and review before it is published in its final
form, but we are providing this version to give early visibility of the article.
Please note that, during the production process, errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

© 2024 Published by Elsevier Ltd.

https://doi.org/10.1016/j.rssm.2024.100961
https://doi.org/10.1016/j.rssm.2024.100961


The progression of achievement gap between
immigrant and native-born students from primary

to secondary education*

Aigul Alieva†

LISER, Luxembourg

Vincent A. Hildebrand‡

Glendon College, York University, Canada

Philippe Van Kerm§

University of Luxembourg and LISER, Luxembourg

July 16, 2024

Abstract

This paper depicts the evolution of gaps in academic performance between native and
immigrant background students, as they progress from primary to secondary education. We
study three cohorts of students in European and traditional English-speaking immigration
countries using combinations of international assessment studies (PIRLS, TIMSS and
PISA). To address the issue of comparability of test scores across surveys and over time, we
exploit rank-based measures of relative performance, which only require ordinal compara-
bility of the data. We do not find significant differences between the academic achievements
of immigrant children and their native-born peers in English-speaking receiving countries.
By contrast, immigrant-background children – both of first- and of second-generation –
exhibit a large achievement gap in primary school in Europe, even when accounting for
observable differences in socioeconomic characteristics. The gap tends to narrow down
in secondary education in both reading and mathematics but is not fully absorbed in most
countries. This finding is noteworthy among second-generation students in systems with
early tracking. The performance of students with mixed parents is not markedly different
from native students. Diverging educational progress between immigrant children in tradi-
tional immigration countries and our sample of European countries seems to reinforce the
importance of the initial socioeconomic endowment in shaping the academic trajectories of
immigrant children.
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The progression of achievement gap between
immigrant and native-born students from primary

to secondary education

July 24, 2024

Abstract

This paper depicts the evolution of gaps in academic performance between native and
immigrant background students, as they progress from primary to secondary education. We
study three cohorts of students in European and traditional English-speaking immigration
countries using combinations of international assessment studies (PIRLS, TIMSS and
PISA). To address the issue of comparability of test scores across surveys and over time, we
exploit rank-based measures of relative performance, which only require ordinal compara-
bility of the data. We do not find significant differences between the academic achievements
of immigrant children and their native-born peers in English-speaking receiving countries.
By contrast, immigrant-background children – both of first- and of second-generation –
exhibit a large achievement gap in primary school in Europe, even when accounting for
observable differences in socioeconomic characteristics. The gap tends to narrow down
in secondary education in both reading and mathematics but is not fully absorbed in most
countries. This finding is noteworthy among second-generation students in systems with
early tracking. The performance of students with mixed parents is not markedly different
from native students. Diverging educational progress between immigrant children in tradi-
tional immigration countries and our sample of European countries seems to reinforce the
importance of the initial socioeconomic endowment in shaping the academic trajectories of
immigrant children.

Keywords: Achievement gap, immigrant-background students, primary education,
secondary education, test scores comparability, Europe, Traditional Immigration Countries,
TIMSS, PIRLS, PISA
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1 Introduction

The continuous inflow of migrants is rapidly changing the classroom environment in many

societies. In 2022, the share of 15 year-old immigrant origin students ranged between 15 and

35 per cent in Western European and the traditional English-speaking immigration countries,

surpassing the OECD average at 13 per cent (OECD, 2023). Between 2012 and 2022, the fastest

growth was observed in Germany, Switzerland and Austria, ranging from 10 to 12 percentage

points, while Traditional immigration countries (TIC) experienced a slower growth around

5-6 percentage points (OECD, 2023). Recent newcomers to Europe include large numbers of

asylum seekers, with estimated 2 million of children lodging a first-time asylum application in

between 2012 and 2022 (Eurostat, 2022). This unprecedented influx of humanitarian migrants

has been driven mainly by the 2015–2016 Middle Eastern crisis and the ongoing Russian War

against Ukraine since 2022. In contrast, statistics from TIC, such as Australia and Canada, show

that these countries received overwhelmingly skilled newcomers from Asia and Europe over

that period, with only a small proportion of asylum seekers originating from these tumultuous

regions (Statistics Canada, 2021, Australian Bureau of Statistics, 2024). In this context, evidence

of persistent achievement gaps between immigrant and native-born children in EU countries is

a cause for concerns and motivates the need to better document the integration trajectories of

immigrant children into the host country education systems (Borgna, 2016, Dollmann, 2021,

Klein and Neugebauer, 2023).

A substantial part of achievement gaps can be attributed to socioeconomic factors. A large

proportion of non-native students come from less developed countries and are up to three times

more at risk of living in a poor household than their native counterparts, even among those

living with highly educated parents (OECD/EU, 2015a). Many immigrant children, in particular

among newcomers, grow up in households that do not speak the host country’s language at home

– another critical factor of academic success (Alba et al., 2011, Isphording, 2014). Results from

PISA data persistently point to substantial language penalties in countries like Luxembourg,

France and Switzerland (OECD/EU, 2015b). Language barriers may also be higher for some

immigrant groups.

For instance, research on the linguistic distance between languages in host and origin

countries explains part of the language gap (Isphording and Otten, 2014) and the wage gap in

the adult population (Isphording, 2014). Immigration policy to TIC, which requires language

skills screening next to selection based on socioeconomic and occupational status, further

contributes to the positive selection of families. Moreover, TIC countries are overwhelmingly

English-speaking countries, and with the language being a global lingua franca in economy,

media & technology, education, and culture (Melitz, 2018), learning opportunities and costs
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have become increasingly accessible.

Receiving countries vary substantially with respect to their institutional settings (Algan

et al., 2010, Kogan, 2016). Education policies, including the structure of the education system,

not only shape the human capital of the younger generation but also mediate socioeconomic

inequalities (Pfeffer, 2008). For instance, participation in early childhood education and care

(ECEC) is shown to benefit disadvantaged immigrant students (Schneeweis, 2011), with an

estimated advantage of 55 points on OECD PISA tests (Biroli et al., 2017, Klein and Becker,

2017, OECD/EU, 2018). However, only 70 per cent of immigrant children attend preschool

programs across OECD countries, in part due to associated costs or shortage of places in

ECEC (OECD/EU, 2015b).

Many European countries have committed significant resources to address the educational

needs of vulnerable children, including immigrant background students (see, e.g., Anderson

et al., 2015, Klein and Becker, 2017, Riederer and Verwiebe, 2015). Yet, lackluster educational

performances of students with a migration background in EU countries is underscored by

large-scale comparative assessments studies, such as the Progress in International Reading

Literacy Study (PIRLS), the Programme for International Student Assessment (PISA) and the

Trends in International Mathematics and Science Study (TIMSS). These three surveys provide

data on skills and knowledge of students in mathematics, science and reading in primary and

secondary education over the span of two decades either at a specific grade (TIMSS in grades

4 and 8 and PIRLS in grade 4), or at a specific age (15 years old in PISA). Studies based

on these surveys have documented gaps in test scores between immigrant background and

native children in either primary or secondary schools (Ammermüller, 2013, Cobb-Clark et al.,

2012, Schneeweis, 2011). Other contributions have explored the academic progress between

primary and secondary schools, however these contributions did not specifically focus on the

scholastic progress of immigrant background children (see, e.g., Hanushek and Woessmann,

2006, Schubert and Becker, 2010, Jakubowski and Pokropek, 2015).

The present study contributes to this literature in two distinctive ways. First, we document

the educational achievement of migrant children in a comparative perspective. Although a

number of studies have documented the immigrant-native gap at a particular point in their

education, to the best of our knowledge, little is known about the academic progress of

immigrant children from childhood to adolescence as measured by the change over time in

the academic performance gap relative to their native-born peers (henceforth “the immigrant

achievement-gap change”) in many European countries.1

1Vonnahme (2021), which documents the immigrant achievement-gap change for Germany by leveraging recent
longitudinal data from NEPS, is a notable exception. Earlier, Andon et al. (2014) provided evidence for OECD
countries as a whole, and more recently, Hanushek et al. (2022) documented the immigrant achievement-gap
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We provide new measures of the progress (or regression) of immigrant-background chil-

dren’s knowledge and academic skills as they move through different stages of the school system.

While it may not be surprising to find that immigrant-background students face a disadvantage

in the early stage of their educational trajectories – for reasons outlined above, e.g., because

they need to adapt and acquire new linguistic skills – evidence of persisting achievement gaps

across successive educational stages is a source of concern as these signal failure to catch up to

natives and therefore a risk of consolidating persisting long-run disadvantages. Comparisons of

the evolution of the achievement gap along educational trajectories from primary to secondary

education provide clearer evidence of differentiated achievement patterns, which is ultimately

relevant to helping shape targeted interventions for the most vulnerable groups of students.

We document the immigrant achievement-gap change for three cohorts of students from

three generations of immigrant children (first (1G) and second generation (2G) as well second

generation of "Mixed" origin, which we define in section 3.1) between the ages of approximately

10 and 14-15 using data from PIRLS, TIMSS and PISA for twelve Western European countries

and four traditional immigration countries (TIC). Our study design allows us to document the

academic progress of immigrant children within cohorts in two academic subjects: reading

(Cohort 1 and 2) and mathematics (Cohort 3), as the fundamental skills and knowledge for

successful integration. While between cohorts comparisons do provide another interesting

temporal dimension of academic progress, our study does not formally discuss these results

as compositional changes in the migrant population over time as well as changes in both

educational and migration policies make their interpretation difficult.

Our second contribution is methodological. While both the International Association for the

Evaluation of Educational Achievement (IEA) and the OECD collect valuable assessment data

for policy and academic research, PIRLS, PISA and TIMSS surveys were not originally designed

to be exploited jointly. A number of studies have used these surveys in a quasi-longitudinal

setup to explore the change in achievement of specific student cohorts between primary and

secondary school in absence of genuine longitudinal data (Hanushek and Woessmann, 2006,

Schubert and Becker, 2010, Jakubowski and Pokropek, 2015, Dämmrich and Triventi, 2018).

These studies typically rely on the implicit (but strong) assumption that standardized test scores

of different groups of students from PIRLS, PISA and TIMSS are cardinally comparable within

and across datasets.

As we discuss below, this is questionable and we address this issue by relying on a measure

of academic progress over time, which compares the relative ranking of native and immigrant

children in the distribution of tests scores using Gastwirth’s PROB Index (Gastwirth, 1975).

change for the United States.
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This ordinal measure has the benefit over more traditional cardinal measures of the achievement

gap of not relying on the assumption that the scaling of scores as the same interpretation across

different surveys, and/or time periods.

Our findings reveal a stark contrast in the level and progression of achievement gaps in

traditional immigration countries and in European countries. We observe comparable academic

trajectories between immigrant children and their native peers in traditional immigration

countries, both in reading and in mathematics. By contrast, immigrant children in Europe

generally exhibit substantially larger achievement gaps in primary school, which narrow down

over time but are not fully absorbed in many countries. Although we do not attempt to pin down

the reasons for such contrasted trajectories, we do find some evidence of a negative association

between the progression of academic gaps over time (mainly for 2G students) and early tracking.

Within this broad characterisation of differences between TIC and European countries, our

results reveal a great deal of heterogeneity, not only between countries, but also across student

cohorts within countries.

2 Background

Our study is anchored in an extensive literature that we group into individual- and institutional-

level determinants of the achievement gap. We briefly review this literature and then state the

specific research questions that we aim to address here.

2.1 Socio-economic status and language skills

A literature based on longitudinal data has explored racial and ethnic disparities in educational

achievement in the US, originally motivated by the resurgence of growing disparities between

Black and White children as they progressed from kindergarten to elementary school in the late

1980s, early 1990s. The compositional changes in environmental factors between Black and

White children, the reappearance of segregation, and the lower school quality attended by Black

students have been identified as important risk factors forging the racial achievement gap in the

US (Fiel, 2013, Hanushek and Rivkin, 2006, 2009). By the age of five, chronic exposure to

poverty together with poor home environment account for up to 80 percent of the cognitive gap

between Black and White children (Brooks-Gunn et al., 1996).

Evidence of disparities in educational achievement in the US is not confined to Black

students. Hispanic children exhibit lower test scores in reading and mathematics upon entering

kindergarten than both Blacks and Whites (Fryer and Levitt, 2004, Reardon and Galindo, 2009).

A large proportion of Hispanic children also face poor environmental factors from an early age
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due to their weaker socioeconomic position. Hispanics arguably form a more heterogeneous

group than Blacks, with a large proportion of children with a recent immigration background

who often do not speak English at home (Reardon and Galindo, 2009). Interestingly, the

academic trajectory of Hispanic children improves throughout kindergarten and grade school,

whereas that of Blacks continues to deteriorate (Fryer and Levitt, 2004, 2006). The achievement

gap between Hispanic and White children narrows significantly during the first two years of

elementary school, but flattens thereafter (Fryer and Levitt, 2006, Reardon and Galindo, 2009).

By contrast, the achievement gap of Black students continues to widen throughout grade school

(Fryer and Levitt, 2006, Reardon and Galindo, 2009). These findings point to i) the presence of

a large achievement gap before the start of primary school among disadvantaged students, ii) a

potential further widening of the achievement gap as students progress through school, and iii)

heterogeneous academic trajectories between different groups of children sharing vulnerable

socioeconomic backgrounds.

By contrast to US studies, research documenting the educational achievement gap among

immigrant children in Europe is largely cross-sectional. Some consistent findings have been

reported, even if the use of different surveys, time periods, and the focus on different immigrant

groups (e.g., by generational status or country/region of origin) make it difficult to clearly

identify the evolution of the native-immigrant gap over time. The achievement gap, both at the

primary and secondary levels in reading, mathematics, and science, is of a larger magnitude in

European countries than in TIC (Cobb-Clark et al., 2012, Schnepf, 2007, Entorf and Minoiu,

2005). The marked differences between these two groups of countries are largely attributed to

the selective migration policies of TIC (Sakellariou, 2018). A significant share of immigrant

children in Europe come from families with low socioeconomic status and educational capital

(SES) and, in turn, SES remains a key individual-level predictor of both educational achievement

and attainment both over time and across countries, regardless of migration status (Breen and

Jonsson, 2005, Breen et al., 2009, Bukodi and Goldthorpe, 2013, Bernardi and Ballarino, 2016,

Erikson and Goldthorpe, 2002, Erola et al., 2016, van de Werfhorst, 2019).

SES-driven disparities in cognitive functioning, language, and vocabulary development

are significant in the early years of a child’s development (Noble et al., 2005, 2015, Klein

et al., 2014). A recent longitudinal study exploring the role of socioeconomic inequalities in

Germany, the Netherlands, and the United Kingdom reports that between 50 and 80 percent of

the achievement gap in primary school precedes the start of formal education (Passaretta et al.,

2022). Similar results were found in the USA and Canada (Brooks-Gunn et al., 1996, Merry,

2013). Differences in parenting styles, the quality of early childcare, both formal and informal

(Ruzek et al., 2014), and participation in preschool education (Heckman, 2006, Janssen et al.,

2023) are among the key mechanisms to offset the initial disadvantage. However, research
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has consistently shown lower pre-school attendance among children from disadvantaged and

immigrant backgrounds (Hogrebe and Strietholt, 2016, OECD/EU, 2018). Additionally, young

immigrant children, particularly newcomers, suffer from insufficient exposure to the language

of the host society, which could be addressed, at least in part, through enrollment in formal

preschool care (Klein and Becker, 2017).

2.2 The role of education systems

At the start of primary education, disadvantaged and immigrant students need to acquire not

only curriculum-specific knowledge but also boost their language skills. This is challenging in

a context in which the schools attended by more vulnerable student populations tend to differ in

their quality: less experienced teaching staff, fewer resources, and a higher concentration of

disadvantaged students (Hanushek and Rivkin, 2006, 2009), resulting in a higher likelihood of

grade retention (Hanushek and Rivkin, 2006, Pedraja-Chaparro et al., 2016, Park and Sandefur,

2010) and poor school grades (Alesina et al., 2018, Luedemann and Schwerdt, 2013), thus

hindering catching up to native students.

The transition to secondary school is another important step in the educational trajectory

of immigrant students, particularly in Europe, owing to more heterogeneity in the structure of

secondary education systems (Bol and van de Werfhorst, 2013). Academic tracking (curriculum

differentiation and ability grouping) is of particular interest because it is known to exacerbate

educational inequalities among the most vulnerable learners (Alba et al., 2011, Bol et al., 2014,

Dustmann et al., 2017, Gamoran and Mare, 1989, Hanushek and Woessmann, 2006). Tracking

usually takes place when students transition from one educational stage to the next, e.g. from

primary to secondary schools, or from lower to upper secondary. Immigrant students face

unequal chances of entering academic tracks because of biases in placement decisions (Glock

et al., 2013). Early tracking has been shown to be more detrimental to the achievement of

the most vulnerable students than late (or absent) tracking (Mulhlenweg, 2008, Lavrijsen and

Nicaise, 2016, Burger, 2016), particularly for first-generation students (Mulhlenweg, 2008).

Vocational training offered in a tracking system improves the odds of a successful transition

to the labour market (Brunello and Checchi, 2007). German education and training system,

which combines early tracking (after four years of primary school) with an extensive vocational

education and training system that performs well, is a particularly fitting example (DiPrete

et al., 2017). It is also important to acknowledge that some form of ability grouping exists

in the majority of Western societies, such as course-by-course (within-school) tracking, with

students in the same class being offered course material with different levels of difficulty

(Chmielewski, 2014). Nevertheless, Chmielewski (2014), Engzell and Raabe (2023) suggest
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that academic/vocational (between-school) tracking generates larger achievement gaps driven

by socioeconomic background. These results align with the findings of varying explanatory

power of SES across European education systems: it is found to be larger in Western countries

applying early between-school tracking, and weaker in Northern and Southern countries, with

late or within-school tracking (OECD, 2019).

Navigating through the education system requires the support and knowledge of the system,

which also sets apart high- and low-SES parents (Forster and van de Werfhorst, 2019, Triventi

et al., 2020). Parents with higher SES have a greater understanding of institutional differences

to foster better educational outcomes for their offspring (ibid.). They are also more likely to

make extensive use of shadow education to reach this goal (Zwier et al., 2020). Low-SES

immigrant families might lack the knowledge to fully understand the host country’s education

system, leaving them unequipped to adequately support and guide their children throughout

their academic journey (Antony-Newman, 2019). However, in line with the US literature

and the immigrant optimism hypothesis (Kao and Tienda, 1998), studies in Europe have also

reported high educational aspirations among immigrant parents and their offspring (Becker

et al., 2023, Jonsson and Rudolphi, 2011). These ambitions help migrant students complete

compulsory school and enter tertiary education; however, they remain at higher risk of dropping

out (Crul, 2013, Klein and Neugebauer, 2023, Jackson et al., 2012).

Our study also includes students of mixed origin (one of the parents is native-born), as this

generational group is steadily growing in size across many Western societies (Alba and Foner,

2015, Cerna et al., 2021, Kalmijn, 2015). According to research, while in some countries, such

as Italy and the UK, education and occupation outcomes of the mixed-origin group are similar to

those of the native population Azzolini and Barone (2013), Muttarak (2013), in other countries,

including some TIC destinations, the results are mixed (Alba and Foner, 2015, Kalmijn, 2015,

Sakellariou, 2018).

2.3 The progression of achievement gaps

The findings discussed above are in line with the cumulative (dis-)advantage theory (DiPrete

and Eirich, 2006), in which initial advantages or disadvantages accumulate over time and lead

to growing differences in outcomes between these groups throughout the life course. While

immigrant positive self-selection with respect to socioeconomic status is important, research

also shows that the institutional context and settings in the receiving countries matter for

immigrant integration (Cobb-Clark et al., 2012, Hillmert, 2013, Schneeweis, 2011).

Whether the native immigrant gap shrinks or widens over the course of education remains a

largely unanswered question in the absence of longitudinal data. In the past two decades, there
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has been a push to set up nationally representative longitudinal studies such as the German

National Educational Panel Study (NEPS). However, longitudinal surveys are not available in

most countries. Skopek and Passaretta (2020) exploit NEPS data to document the achievement

gap between high- and low-SES students in Germany from childhood to adolescence and find

that while the gap increases over time, education mitigates the learning inequalities driven by

socioeconomic status. Dämmrich and Triventi (2018) examined a similar question in 15 OECD

countries, using a pseudo-longitudinal approach comparable to that used in this study. However,

Skopek and Passaretta (2020) did not explore the performance of immigrant children over

time and largely relied on the implicit assumption of cardinal comparability between different

surveys.

Vonnahme (2021) is the closest European study to ours. It documents the immigrant

achievement gap change in Germany at different stages of the school career by leveraging

the longitudinal structure of NEPS for three student cohorts. Vonnahme (2021) reports the

existence of a significant achievement gap of migrant children in both mathematics and reading

in Grade 5, the cohort of students who enrolled in primary school in 2012. Consistent with

our findings, Vonnahme (2021) shows that immigrant achievement gaps narrow more modestly

between Grades 5 and 10 in mathematics than in reading, without ever closing in either subject.

However, in contrast to our study, they did not differentiate between different generational

groups of immigrant students, limiting their focus to students with at least one parent born

abroad. Furthermore, our student cohort differs from those used in Vonnahme (2021).

In sum, (i) there is international evidence of significant achievement gaps of immigrant-

background children (measured at different points of the educational curricula), and (ii) the

potential reasons for such gaps are numerous and possibly heterogeneous across institutional

environments. In the absence of systematic, cross-nationally comparable longitudinal studies –

especially outside of the US – it remains however difficult to find robust evidence about the

progression of achievement gaps over time. Against this background, we seek to answer the

following empirical questions: How does the raw and adjusted immigrant-native achievement

gap in mathematics and reading evolve between primary and secondary education in Europe

and the TIC? Do we observe differences in immigrant children’s academic progress over

time between countries with and without early academic tracking? Is the change in the

immigrant achievement gap between elementary and secondary education smaller among

second-generation and mixed families in contrast to the first generation?
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3 Data and Methods

Our study documents the academic trajectories of immigrant children between primary and

secondary schools in 12 European countries and four TIC: Australia, Canada, New Zealand,

and the United States. In line with our broad research questions, we categorize these countries

into two groups: TIC and European countries. We further categorize European countries as

those that track students before the age of twelve (tracking countries) and those that do not or

track at a later age (non-tracking countries). In this study, tracking countries include Austria,

Belgium, Germany, Luxembourg, and the Netherlands, whereas non-tracking countries include

Denmark, Norway, Sweden, France, Italy, Spain, and Ireland.

3.1 Data sources

Educational progress over time is best measured with longitudinal data. The academic trajecto-

ries of ethnic minorities between kindergarten and elementary school is well-documented in

the US owing to the availability of a rich collection of educational surveys. However, to the

best of our knowledge, no comparable data are available to explore the academic trajectories of

immigrant-background children between primary and secondary schools in either TIC or in

Western Europe, with the exception of NEPS in Germany, as mentioned earlier. The Children of

Immigrants Longitudinal Study (CILS) in the US and the Children of Immigrants Longitudinal

Survey in Four European Countries (CILS4EU), its European equivalent, could potentially be

exploited to explore the academic progress of immigrant children between 14 and 17 years of

age across five countries. Unfortunately, no measure of scholastic achievement was collected

before the age of 14 in these surveys.

We therefore follow Hanushek and Woessmann (2006) and Hanushek et al. (2022) and

build synthetic cohort datasets by pooling independent cross-sections from PIRLS, PISA and

TIMSS—three widely used international surveys in educational research—to circumvent the

absence of longitudinal data.2 Pooling surveys allows us to follow the academic trajectories in

reading and mathematics of pupils drawn from three different cohorts in a cross-country setting.

Earlier studies by Schubert and Becker (2010), Jakubowski and Pokropek (2015), Ruhose

and Schwerdt (2016) have exploited a similar strategy. None of these contributions, however,

have focused explicitly on documenting the change in the immigrant achievement gap between

primary and secondary schools.

PIRLS targets pupils attending the grade corresponding to 4 years of formal elementary

education (Grade 4) and provides a measure of scholastic achievement in reading. TIMSS

2PIRLS, TIMSS and PISA data and data documentation are available online at http://timssandpirls.
bc.edu/ and at http://www.oecd.org/pisa/.
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targets pupils attending Grades 4 and 8 and provides a measure of scholastic achievement in

mathematics and science. Both surveys cover nationally representative samples of pupils over a

large number of countries. TIMSS started in 1995 and is run every four years. PIRLS started in

2001 and is run every five years. PISA targets older students. It provides a measure of academic

achievement at age 15 (without targeting a specific grade) in reading, mathematics and science.

PISA started in 2000 and is run every three years 3.

By design, the population of students in Grade 4 targeted in PIRLS in a given year is approx-

imately the population that is targeted in PISA five years later. So, tracking the performance of

children in PIRLS in year t and in PISA in year t + 5 informs us of the academic trajectory

of one particular cohort of children. We take advantage of this design to study the academic

progress between the ages of 10 and 15 for two separate cohorts of pupils in reading.4

Cohort 1 pools cross-sectional data from PIRLS 2001 and PISA 2006, which includes

students born in 1990 or 1991. Cohort 2 pools cross-sectional data from PIRLS 2006 and

PISA 2012. Note that this second cohort is not perfectly aligned since there is a 6 years period

between PIRLS and PISA: PIRLS 2006 covers students born in 1995–96, while PISA 2012

covers students born in 1996–97. We assume here that the performance of the latter provides a

good approximation of the performance of children born one year earlier.

Finally, Cohort 3 leverages cross-sectional data from TIMSS 2015 and TIMSS 2019. For

this cohort, the population of Grade 4 students in TIMSS 2015 was approximately the population

targeted for Grade 8 students in TIMSS 2019. The primary motivation for including Cohort 3 is

to provide a measure of change in performance in mathematics. The secondary benefit is to

provide evidence of changes in academic performance from the most recent data available to

carry out this exercise. Note, as discussed earlier, that Cohort 3 results should not be compared

to Cohort 1 and 2, given the differences in academic subjects (reading vs. mathematics) and

compositional change in the immigrant population over time.

Table 1 presents the countries included in each of those three cohorts. Students from a

particular country are included if the country took part in the study in both years used to

construct the synthetic cohort datasets.

We focus on three distinct groups of immigrant-background students. Following the

traditional definition used by PISA, first-generation immigrant students (1G) include all foreign-

born students of foreign-born parents. Second-generation immigrants (2G) include all students

3With the exception of PISA 2022 that was delayed by one year due to the COVID-19 pandemic
4Note that, because TIMSS and PIRLS target Grade 4 (and not necessarily children aged 10), we restrict our

elementary school samples to children born in the expected year to attend Grade 4. That excludes kids having
already repeated a grade by age 10 or having started elementary school early. We only exclude a small number
of cases and our estimation results are not sensitive to this sample selection criteria. Results on the unrestricted
sample are available upon request.
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of foreign-born parents born in the country of assessment (OECD, 2023). We further define

students with one parent born in the host country and one foreign-born parent as a distinct

group (Mixed). This last grouping is motivated by evidence that intermarried immigrants tend

to integrate better into host society’s labour market, making their children an interesting pivotal

group between foreign- and native-born (Meng and Gregory, 2005, Meng and Meurs, 2009,

Furtado and Song, 2015, Elwert and Tegunimataka, 2016, Justiniano Medina and Valentova,

2023).5 With intermarriage becoming more common, mixed background children make a

sizeable group in each country of this study. Note that the cohort population is fixed at Grade 4:

we exclude from the PISA samples all migrant children who settled in the host country after the

age of 10.

Tables 2 and 3 present sample sizes and the percentage of students with a migratory

background included in our analytical samples. The shares of immigrant background students –

1G, 2G or Mixed – vary greatly across countries and cohorts. Reassuringly, these shares are

generally similar in both PIRLS/TIMSS and in PISA samples in each cohort—as they should

be given our definition of the samples. However, when more important differences prevail,

the shares of immigrant children in PISA samples tend to be smaller than in PIRLS/TIMSS.

These differences may be driven by non-random selection of students from different groups

into secondary school – i.e. dropout rates may differ between native and immigrant background

students. This potential source of bias is not likely to be a major concern here since the PISA

target population includes all students between 15 and 16 years old and the age of compulsory

schooling is 16 in most countries in our study. Caution is however warranted in the few countries

where compulsory schooling ends at the of 15 and for the mixed background students whose

share appears to differ more systematically.6

3.2 Measures of academic performance

An ideal measure of performance is of course difficult to design. The difficulty is compounded

here by the need to obtain a measure that is comparable over time, across groups of children

and across countries. PIRLS, TIMSS and PISA aim to assess pupils knowledge, abilities

and problem-solving skills in basic domains (reading and/or mathematics). As in traditional

student assessment exercises, this is done by asking participants to provide answers to a range

of test questions of varying complexity and covering various skill types. It is assumed that

5Mixed background students form a fairly heterogeneous group as it does not only include students from
"intermarriages" with a native parent but also families with first-generation and second generation parents.

6PISA targets all students aged from 15 years and 3 months to 16 years and 2 months at the beginning of the
assessment period in April (OECD, 2012). During the time covered by our study, compulsory schooling ends at
the age of 15 only in Australia, Austria, Italy and Luxembourg (OECD, 2010).
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participants have some (unobserved or latent) ability that is revealed by the test responses.

Under the additional assumption that these latent abilities are normally distributed among

study participants, individual measures of student ability are provided in the form of a personal

standardized score per domain (reading and/or mathematics). Their computation follows a

series of steps involving Item Response Theory modeling (Mislevy and Sheehan, 1989) and

Rubin (1987)’s multiple imputation method (Adams et al., 2007, Monseur and Adams, 2009,

Wu, 2005). In each survey, standardized student-level test scores have a mean of 500 and a

standard deviation of 100 over the whole set of participating children across all countries.

Standardized test scores conveniently summarize participants abilities and make it easy

– at least mechanically – to compare performance among respondents across different, say,

countries, schools, tracks, etc. These are however only proxies of students abilities and academic

performance. Furthermore, because they capture a latent construct, direct cardinal comparisons

of such scores are hazardous: whether a pupil with a score of, say, 500 is twice as able as a child

with a score of 250, or whether there is the same gap between children of scores 200 and 250 and

500 and 550 fully hinge on the assumption of normality. Yet this assumption is arbitrary since

the latent abilities are unobserved by definition. To make things more complicated, because the

universe of students covered varies over time and across surveys (because different countries are

taking part), re-normalization of test scores is often applied: the ability score of each participant

is re-normalized to have mean 500 and standard deviation 100 within each country separately.

This national standardization changes the numerical differences in ability scores across students

within each country. Whereas the rank of students in the ability distribution remains unaffected

by these transformations – or by the assumptions about the latent score distribution – the actual

scores vary in ways that depend on multiple factors.

As with previous related studies, the reliability of our design also rests on the assumption that

the cognitive tests of PIRLS, PISA, and TIMSS are substantially and quantitatively comparable;

see Ammermüller (2013), Hanushek and Woessmann (2006), Ruhose and Schwerdt (2016),

Schnepf (2007), among others. While PIRLS, PISA and TIMSS are all designed to provide

reliable aggregate measures of students’ abilities for major subpopulations, they were not

explicitly designed to be compared to each other. These surveys share, however, many similar

features and it appears legitimate to compare aggregate test scores across studies. Analysis of

the equivalence of item difficulty report 80 per cent commonality of the total variance in item

difficulties in PIRLS and PISA, and also a high correlation between national results (Grisay

et al., 2007, 2009). Some differences are found in performance between TIMSS and PISA

in mathematics. However, they are not large enough to cause significant concerns over the

robustness of comparative results (Wu, 2010). Brown et al. (2007) reach a similar conclusion

while outlining that these differences are also sensitive to the survey years considered.

13

Jo
ur

na
l P

re
-p

ro
of



3.3 Quantifying the achievement gap between natives and

children with an immigration background

Our objective is to appraise differences in test scores within each country across students with

different migration background—the achievement gap—and the evolution of these differences

as students progress from primary to secondary education. To do so, we rely on two summary

measures of the achievement gap.

The simplest measure is the difference in average test score between native-born children

and children with a migration background (1G, 2G or mixed)

Diff = µn − µf

where µn and µf are the average of (nationally standardized) test scores of native-born and

immigrant-background children respectively. This measure has two drawbacks. First, focusing

on the average score hides heterogeneity in the performance of students. Second, the average test

score is only meaningful if one accepts the ‘cardinality’ of test scores as a measure of academic

achievement. Although this is common practice, this is a strong assumption – for reasons we

discussed above. US studies have raised concerns about the inter-temporal comparability of

test scores when the achievement measures are inherently ordinal (Bond and Lang, 2013, Ho

and Reardon, 2012, Reardon, 2008). For example, Bond and Lang (2013) find that up to 13%

of the widening of the Black-White test gap between school entry and grade three can be due

to test score sensitivity to scale transformation, raising questions about the reliability of the

information conveyed in test score gap changes between grades.

We address this cardinality issue by considering a second measure of achievement gap. Our

second measure is a transposition to test scores of an index originally proposed in Gastwirth

(1975) to measure earnings differentials. Gastwirth’s PROB index provides an ordinal measure

of the achievement gap by comparing the relative ranking of students from distinct groups in

the distribution of tests scores. The index measures the probability that a randomly selected

student with migration background has a higher score than a randomly selected native student.

If there were no systematic deviation in the test scores of the two groups, this probability

would be 0.5 (a random immigrant background student would be equally likely to do better or

worse than a random native student). On the other hand, if all immigrant background pupils

did worse than all native pupils, the probability would be zero. It would be one in the other

extreme case of seeing all immigrant background students doing better than all native students.7

The value of the PROB index is determined entirely by (differences in) the ranks of students

7Formally, the PROB index can be written
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of the two groups in the overall (national) distribution of scores. Therefore, any monotonic

transformation of the individual scores – by rescaling, translation, re-normalization, etc. – that

leaves ranks unchanged in the national distribution has no impact on PROB. This is crucial in

the context of test scores derived under an assumption of normality of a latent score distribution

in cross-national survey instruments, such as those available in PIRLS, TIMSS and PISA.

While deviations from normality within countries or any arbitrary re-standardization applied

to each country’s test score distribution may affect the value of the Diff index (and therefore

assessments of its change over time), these do not change students’ ranks in their own country

distribution and therefore do not influence assessment based on the PROB index. This measure

of achievement gap between native and immigrant background pupils is not impacted by the

potential cardinal comparability bias of test scores. While such a measure may not be an ‘ideal’

measure of ability and ability differences – which arguably would allow cardinal comparisons

in the quantification of the size of the gap – the ordinal approach avoids the pitfalls involved

in using test scores at face value when scores are drawn from different countries and different

survey instruments. Whatever index is considered (Diff or PROB), the change in achievement

gap over time for a cohort of children is given by the change between measurements at age 10

(in primary school) and at age 15 (in secondary school)

∆D = Diff15 − Diff10

or

∆P = PROB15 − PROB10.

∆D > 0 or ∆P < 0 indicates that the academic performance of immigrant background students

is deteriorating over time compared to their native-born peers.

PROB =
∫

F n(s)ff (s)ds

where F n is the cumulative probability distribution of scores among native pupils and ff is the probability
density function of scores among immigrant background pupils; see Gastwirth (1975) for methodological details,
Le Breton et al. (2012) for a more recent discussion, Zhou (2012) for a re-expression of the index as a measure of
stratification, and Ho (2009) for an application to test scores. With individual data on test scores for N students,
PROB can be estimated as

P̂ROB = 1
Nf

N∑
i=1

Ii F̂ n(si)

where si and Ii are student i’s test score and migration background (Ii is 1 for immigrant background and
0 otherwise), Nf =

∑N
i=1 Ii is the number of immigrant background students, and F̂ n(si) = 1

Nn

∑N
k (1 −

Ik)1(sk ≤ si) is the share of native students with a score lower than si.
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3.4 Adjusting for differences in socioeconomic background

Differences in achievement between the group of immigrant background and native children

reflect, at least in part, differences in socioeconomic background. For a discussion of the impact

of migration background on academic achievement, there is therefore interest in examining

measures that are adjusted for those differences, that is, measures that compare the achieve-

ment of pupils with migration background to the achievement of native pupils with similar

socioeconomic background.

With access to individual data on test scores and socioeconomic characteristics, reweighting

or ‘direct standardization’ methods offer an easy way to achieve this (DiNardo et al., 1996,

Fortin et al., 2011). To calculate adjusted Diff or PROB measures, we need estimates of a

counterfactual distribution of test scores among natives “if they had the characteristics of

immigrant background students,” which we denote F c. Substituting F n by F c in the calculation

of achievement gap measures provides ‘adjusted’ gap measures that reflect differences in

achievement that are not explained by mere differences in observable SES characteristics. A

direct standardization approach to constructing the latter involves reweighting native pupils in

such a way that the socioeconomic characteristics of the reweighted sample of native pupils

has the same characteristics as the sample of immigrant background pupils. The intuition is

that characteristics x relatively more common among immigrant background children receive a

weight larger than one while characteristics relatively rare receive a weight closer to zero. At

one extreme, characteristics absent among immigrant background pupils receive a weight of

zero and native students with those characteristics are effectively discarded in the reweighted

sample of native children.8

8Formally, F c is defined as follows:

F c(s) =
∫

Ξ
F n(s|X = x)hf (x)dx

where F n(s|X = x) is the distribution of test scores among native children with characteristics x and hf (x) is
the probability density of observing characteristics x among immigrant background children. The reweighting
argument is that F c can be expressed as

F c(s) =
∫

Ξ
Ψ(x)F n(s|X = x)hn(x)dx

with the reweighting function Ψ(x) = hf (x)
hn(x) defined as the ratio of densities of characteristics in the two groups.

The counterfactual distribution is then easily estimated from the sample data as

F̂ c(s) = 1
N c

Nn∑
i=1

Ψ(xi)1(si ≤ s)

where N c =
∑Nn

i Ψ(xi). DiNardo et al. (1996) show that, by applying Bayes’ rule, Ψ(x) can be calculated
as Pr(f |X=x)

1−Pr(f |X=x)
1−Pr(f)

Pr(f) with Pr(f |X = x) being the probability that a pupil with characteristics x has foreign
background and Pr(f) the share of foreign background students in the sample. Each term can be estimated using,
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Note that we ‘reweight’ native pupils towards immigrant background students and not the

other way round. There are two reasons for this. The first is notional: we are interested in the

progress of immigrant background students against native pupils with similar characteristics.

Reweighting them to the native pupils characteristics would lose representativity of our group of

interest. The second is technical: the reweighting technique requires that all possible patterns of

characteristics found in the target group of interest are also found in the reference (reweighted)

group—otherwise it is not possible to match the target population characteristics by reweighting.

This condition is more often satisfied when the larger and more heterogeneous population—here

the natives—is reweighted ‘down’ to the smaller population (Hildebrand et al., 2017).

We estimate the adjustment weights using a set of commonly used student and family

background characteristics available in both PIRLS/TIMSS and PISA: student’s gender, parental

education, the number of books at home and whether students have a computer and a desk

to study on. The choice of books-at-home as an additional proxy for family background

characteristics is validated by the number of studies which consistently showed that it constitutes

the most powerful predictor of children educational achievement, independent of parental social

status; see Schütz et al. (2008), Woessmann (2008), Ammermüller and Pischke (2009), Evans

et al. (2010), Pedro et al. (2013), Brunello et al. (2016) for further discussion. However, in view

of its endogeneity and student reporting bias when quantifying the number of books (Engzell,

2021), we also account for the educational level of parents. Including both the number of books

and parental education limited the number of survey years that could be exploited to build

synthetic cohorts because of the lack of information on parental education for some survey

years (for example, TIMSS 2003 and 2007 in Grade 4).

Tables 4 and 5 show the summary statistics of those variables in the pooled samples: 1G

and 2G students are more likely to have fewer books at home and as likely to have their own

computer in secondary school.

We denote the adjusted difference in average test score and the Gastwirth index by DiffU

and PROBU where the U superscript indicates that they measure an achievement gap that is

‘unexplained’ by differences in socioeconomic background. DiffU measured at age 15 (DiffU,15)

is comparable to the measure of educational integration of Schneeweis (2011): the distance

separating the educational performance of immigrant children from that of native-born that is

not explained by differences in student characteristics and family background. Our measures of

progress adjusted for socioeconomic background are then

∆U
D = DiffU,15 − DiffU,10

e.g., logistic regression models. See Hildebrand et al. (2017) for an application to analysis of deprivation levels of
immigrants.
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and

∆U
P = PROBU,15 − PROBU,10.

and each measure captures the change in the immigrant achievement gap between 10 and

15 years old that cannot be explained by student and family characteristics. A narrowing of

the unexplained part over time would suggest that the return to endowment of migrants are

converging to that of natives. It can be viewed as a measure of educational assimilation.

4 Results

Given the concerns about the cardinal comparability of test scores obtained from surveys such

as PIRLS, TIMSS and PISA, we focus our discussion on Gastwirth’s PROB index results –

summarized graphically in Figures 1 to 4 for reading, and in Figures 5 to 8 for mathematics –

as these only require assuming ordinal comparability of individual scores.

Each figure displays the raw (observed) and adjusted gap point estimates with 95% confi-

dence interval error bars. As a reminder, the adjusted gap measures the portion of the immigrant

achievement gap unaccounted for by between-group differences in observable characteristics.

Given the popularity of measures assuming cardinal comparability, we also obtained estimates

from those measures.9 Complete estimation results are reported in Appendix in Tables A.1

to A.4 for reading and Tables B.5 to B.8 for mathematics.10 Reassuringly, the direction and

magnitude of changes in the immigrant achievement gap implied by either measure of academic

progress yield comparable results.

In each of Figures 1 to 8, the x-axis marks the achievement gap in primary school (grey

circle symbol) and secondary school (black triangle symbol) with corresponding countries on

the y-axis. Point estimates in countries where migrant-origin children would perform equally

well than their native peers – either in primary or secondary school – would lay on the vertical

axis at x = 0.5. Gastwirth’s PROB index estimates displayed to the left (right) of the vertical

axis at x = 0.5 indicate that the academic performance of immigrant-background children lag

behind (outperform) their native peers. The change in the achievement gap between elementary

and secondary school is visually observed for each country by the horizontal distance separating

the black triangle symbol (immigrant achievement gap in secondary school) from the grey

circle symbol (immigrant achievement gap in elementary school).

9Effect size statistics commonly used in educational research (e.g., Cohen’s q) implicitly assume cardinal
comparability. See Nielsen (2015) for a recent comprehensive discussion.

10Each table reports the observed (Raw) and adjusted (Adj) gaps in Grade 4 – primary school –, at age 15 (or age
14 for Cohort 3) – secondary school – and the resulting change in gaps over time (∆Gap) using our two measures
of achievement – normalized standardized test scores and Gastwirth’s PROB index with – with significance level
at the at 1, 5 and 10 percent levels, respectively.
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Overall, regardless of the academic subject considered, Figures 1, 2, 5 and 6 reveal that

the academic performance of immigrant–background children lag behind their native-born

peers in most European countries. This finding corroborates numerous studies that have

consistently documented that 1G and 2G children lag behind their native peers (in both reading

and mathematics); see, among many others, Schneeweis (2011), Riederer and Verwiebe (2015).

However, most of these studies did not measure academic progress over time.11 By contrast,

in traditional immigration countries – Australia, Canada, New Zealand and the United States –

migrant-origin children appear to perform at least as well as their native peers by the age of 15

(by the age of 14 for students in Cohort 3).

Accounting for differences in student characteristics narrows the achievement gap in almost

all countries, as evidenced by a horizontal rightward shift of point estimates towards the vertical

axis at x = 0.5 for most countries in the “Adjusted gap” plots. A sizeable portion, however,

often remains unaccounted for, and the size of these unexplained differences, at either level

of schooling, varies greatly across countries and cohorts within countries. This observation

underscores the existence of a large diversity between immigrant populations across receiving

countries.

Academic Progress in Reading

In traditional immigration countries (Canada, New Zealand, and the United States in our reading

sample), 1G and 2G pupils generally perform at least as well as their native counterparts by age

15, depending on the cohort considered (see Figures 1 and 2). Note, however, the existence of

a large gap among 1G fourth-graders in Canada (Cohort 1) and the United States (Cohort 2),

which fully disappears by the time students reach secondary school. Graphically, the confidence

intervals of the raw and adjusted point estimates in secondary school cross the vertical line at

x = 0.5 suggesting the absence of a statistically significant gap between 1G students and their

native peers by age 15 (see Figure 1). We find a similar pattern for 1G students in the United

States, demonstrating significant academic progress between the ages of 10 and 15. In contrast,

our figures reveal more modest academic progress in reading among both 1G and 2G pupils in

most European countries.

With the exception of Cohort 1 in France and Norway and Cohort 2 in Austria and Lux-

embourg, 1G pupils in Europe generally exhibit large achievement gaps in Grade 4, which

improve over time without never being fully absorbed by age 15. This translates graphically by

a point estimate in secondary school to the left of the vertical bar at x = 0.5 without the 95%

11Jakubowski and Pokropek (2015) and Schnepf (2007) are a notable exceptions. However, no attempt is made
to follow the educational progress of a particular cohort over time.
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confidence interval crossing it (see Figure 1).12

The positive educational outcomes of 1G children in TIC is often attributed to selective

migration policies, which explicitly target high skilled parents (Buchmann and Parrado, 2006,

Entorf and Minoiu, 2005, Levels et al., 2008). Cattaneo and Wolter (2015) provide further

evidence supporting this view in a study which reported a significant increase in test scores

among immigrant children in Switzerland, following a policy change in the mid-1990s, which

triggered a large exogenous increase in its share of high-skilled migrants. This finding supports

the view that students’ socioeconomic capital at the time of migration (the initial endowment) is

an important determining factor of future academic success into the host country school system.

By the same token, our finding of more modest academic progress among 1G pupils in

Europe compared to TIC is not fully surprising, given that immigrant children in Europe

are usually more drawn heavily from families of unskilled labour or refugees (Sakellariou,

2018). Educational disparities with their native peers may, therefore, be a mere reflection of

the additional difficulties faced by immigrant-background children from families with weak

socioeconomic backgrounds to integrate smoothly into the host country’s school system (Levels

et al., 2008, Cattaneo and Wolter, 2015). Country-specific obstacles inherent to their school

systems, which are also perhaps less prepared (or less willing) to meet the needs of increasing

(and unplanned) flows of immigrant children, may also be at play. Levels et al. (2008), however,

do not find robust evidence supporting this hypothesis.

Results from countries in which we observe two cohorts of children reveal that the size

of the achievement gap is sensitive to the student cohort. For instance, while 1G children

from Cohort 1 in Norway, and France no longer show significant differences in achievement

with observationally comparable natives by the age of 15, their counterparts from Cohort 2

still experience a non-negligible statistically significant gap. While this finding is indicative

of stagnant academic progress for the most recent cohort of 1G children in these countries,

comparing results from Cohort 1 and 2, as pointed out in section 3.1, is difficult due to the

confounding effects of compositional changes in the migrant populations over time and changes

in migration policies.

Finally, Figure 1 does not show a systematic negative association between academic tracking

and the academic progress of 1G children. For instance, the point estimate of the adjusted gap

at age 15 in Germany is smaller than that in Italy and Sweden for Cohort 1 (and not statistically

different), whereas for Cohort 2, Austria and Luxembourg are the only European countries

where immigrant children appear to be closing the achievement gap by the age of 15.

12Cohort 2 from Denmark is a notable exception with a large and statistically significant increase in the
achievement gap of 1G-pupils over time (∆U

P = −0.13).
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[Figure 1 about here ]

The estimated academic progress of 2G children, displayed in Figure 2 provides interesting

insights. 2G are children expected to better transition to primary education than their 1G peers

as a result of having experienced from the onset the benefits of early education programs in their

parent’s destination country.13 In line with expectations, 2G children appear to be closing the

adjusted achievement gap in reading in more European countries than 1G children, regardless

of the cohort considered, as evidenced by an adjusted gap not statistically different from the

point of equal performance with native children at PROB = 0.5 in France, Italy, Sweden, and

Norway (Cohort 1), and Luxembourg, Austria, Spain, Italy, Sweden, and Norway (Cohort 2).

Interestingly, countries in which 2G students do not close the achievement gap in reading by

the age of 15 are overwhelming those that track students at an early age: Netherlands, Germany

(Cohort 1), and the Netherlands, Germany, and Belgium (Cohort 2). This finding is fully in line

with Azzolini et al. (2012), van de Werfhorst and Heath (2019). By contrast, in line with prior

expectations, students in TIC do equally well, or outperform their native peers.

[Figure 2 about here ]

We further examine the academic progress of 2G pupils by contrasting their scholastic

achievements with their 1G peers. Results in reading are displayed in Figure 3 and also reported

in Table A.3). Consistently with prior research, 1G fourth graders from Cohort 1 generally

perform more poorly than their 2G peers in almost all European countries after accounting

differences in observable characteristics (except for the Netherlands where first-generation 4th

graders outperform second-generation). We find broadly similar results for Cohort 2, but the

adjusted gaps and changes in the adjusted gaps between primary and secondary schools are

often statistically insignificant (Table A.3). This lack of statistical significance may be due to

lack of power due the modest size of our immigrant samples. Despite this caveat, we view our

results as providing little supporting evidence of significant educational progress of 2G children

compared to their 1G peers in many European countries included in our sample, both within

and across cohorts.

[Figure 3 about here ]

We now turn to the results for the mixed-migrant children. Mixed migrant pupils outperform

their 1G and 2G peers, as evidenced by a smaller (or insignificant) achievement gap in Grade 4,

which fully disappears by the age of 15 in almost all countries (see Figure 4). These results

are in line with evidence that children of intermarried parents have more social contact with

13Remember that our sample only considers 1G children who migrated before the age of 10.
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natives, better language skills, and information about local institutions and customs than their

1G and 2G counterparts (Kalmijn, 2015). Information on the educational achievement of

mixed-migrant children is scarce. Available evidence shows that their educational achievement

lies somewhere between that of immigrant children (1G or 2G) and natives (Levels et al., 2008,

Kalmijn, 2015). Interestingly, our results show that in most countries, the reading proficiency of

mixed-migrant pupils at age 15 does not differ significantly from that of native-born pupils in

all but three countries that track students early: Germany in both cohorts and Belgium and the

Netherlands for Cohort 2. Our results for Germany and the Netherlands corroborate Kalmijn

(2015). Finally, we do not observe significant differences between the educational achievements

of mixed children in European countries that do not track students at an early age and TIC.

[Figure 4 about here ]

Academic Progress in Mathematics

Mathematics results are drawn from the most recent cohort included in our study of children

who entered Grade 4 in 2015, allowing us to document the academic progress of children who

entered Grade 9 the year of the COVID-19 pandemic avoiding the period of online teaching

imposed by stay-at-home orders in most countries covered by our sample. They reveal more

striking differences between Europe and traditional immigration countries than in reading,

with the exception of Ireland, where the experience of migrant-origin children appears more

comparable to their peers in TIC (see Figures 5 to 8).

Neither 1G nor 2G immigrant children in TIC show any significant disparities in achievement

with their native-born peers in elementary school, except for the United States, and outperform

them significantly in all countries by Grade 8. 1G and 2G children in continental Europe exhibit

more contrasting results. Both 1G and 2G children exhibit large and persistent achievement gaps

in France and Sweden whereas immigrant-background children are closing the achievement

gap in Italy and Norway (see Figure 6). Unfortunately, Cohort 3 does not include any European

countries that tracks students early.

[Figure 5 about here ]

[Figure 6 about here ]

To further investigate these results, we again contrast the achievement of 2G children

with that of their 1G peers (see Figure 7 and Table B.7). Consistent with prior research, 2G

children are generally performing better at age 10 than their 1G peers in all European countries.

However, as for reading, their (adjusted) educational advantage tends to narrow by age 14 in all
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countries except Italy. Although the estimated changes are not always statistically significant,

they provide additional evidence suggesting a slower rate of educational progress among 2G

immigrant children. To some extent, these children appear to have hit some achievement glass

ceilings. These lackluster results in mathematics may partly reflect the cumulative effect of

poor reading skills in the early grades (Andon et al., 2014).

[Figure 7 about here]

As for reading, mixed-migrant children in Europe appear to be performing as well as their

native counterparts except for France (where they lag behind native) and Ireland (where they

outperform native) with no significant differences between Grade 4 and Grade 8. By contrast,

mixed children in the TIC outperform their native peers by Grade 8 in both Australia and New

Zealand.

[Figure 8 about here]

5 Discussion and conclusion

The goal of this paper is to provide empirical answers three main questions: Does the immigrant-

native achievement gap, both raw and adjusted, in mathematics and reading change between

primary and secondary education in Europe and the TIC? Do we observe discernible differences

in immigrant children’s progress over time between countries with vs. without early academic

tracking in secondary education? Does the second-generation and mixed-origin group display a

smaller immigrant achievement gap between elementary and secondary education in contrast to

the first generation?

To answer these questions, the study uses independent cross-sections from PIRLS, TIMSS,

and PISA and constructs three cohorts of students between the approximate age of 10 and 15 (14).

It leverages a versatile method that exploits an ordinal measure of the achievement gap in reading

and mathematics. This approach allows us to circumvent the untestable cardinality assumption

of test scores from independent surveys to measure the change in academic performance over

time in absence of longitudinal data. However, these data have certain limitations that need to be

acknowledged before further discussing our results. Firstly, several studies have identified the

importance of parental background in explaining differences in scholastic achievement between

various ethnic groups within and between countries (Azzolini and Barone, 2013, Bygren and

Szulkin, 2010, Jackson et al., 2012, Jonsson and Rudolphi, 2011, Levels et al., 2008). These

factors include linguistic, cultural, and religious distance between immigrant and native groups

(Fleischmann and Dronkers, 2010, Isphording, 2014, Isphording et al., 2016, Jonsson and
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Rudolphi, 2011, Levels and Dronkers, 2008), the pre-migration context (measured through

political stability and democratic tradition), economic prosperity in the country of origin (Levels

et al., 2008), community concentration, and residential segregation in the host country (Bygren

and Szulkin, 2010). Several other studies have identified the importance of ethnic origin

and/or race in explaining heterogeneous education and labour market integration outcomes in

TIC (Boyd, 2002, Gamoran et al., 2012), Europe (Levels et al., 2008, Fleischmann and Dronkers,

2010, Bygren and Szulkin, 2010, Cheung, 2014, Kalter and Kogan, 2006), and other destination

countries (van de Werfhorst and Heath, 2019). This is an important dimension that could not

be explored in this study due to the absence of data about the country of origin of parents and

children in TIMSS and PIRLS.14 Next, the data do not allow us to differentiate the academic

trajectories of the children of economic migrants from those of refugees. This limitation may

undermine our identification of the academic trajectories of immigrant children in countries with

a large share of refugees in their immigrant population (Schipolowski et al., 2021), cognizant

that both groups have been found to experience significantly different integration outcomes

(Brell et al., 2020, Kanas and Steinmetz, 2020).

Lastly, as for any classification, the immigrant groups used in this study is not immune

to criticism. In particular, what we refer to as mixed-origin children (Mixed) may include

families with very different ethno-cultural backgrounds, such as intermarried couples, where

the parent born in the destination country can hypothetically also be a 3rd generation immigrant

that shares common ethnic/racial ancestry with the grandparents of its foreign-born spouse.

We may hypothesize that their children may experience a different academic trajectory than

children from intermarried couples between one native-born parent whose family resides in the

destination country of its foreign-born partner for many generations. While these two groups

of mixed children may experience a different upbringing and/or socioeconomic conditions,

we do not see this as a major limitation in this study given our finding that the trajectory of

mixed children is not significantly different from the academic trajectories of children from

native-born families.

Overall, our analyses show a clear and consistent pattern. The academic achievement of

1G and 2G children in TIC converges to that of natives in reading and even surpasses them

in mathematics. This finding contrasts with the more challenging experiences of immigrant

children (both 1G and 2G) in European countries, where we find evidence of a more strenuous

journey to close the achievement gap between elementary and secondary schools in many

countries. Furthermore, in line with the existing literature, we find evidence of a negative

association between early tracking and the academic progress of 2G migrants in reading (van de

14The sample size of our immigrant groups in most countries in our sample is probably also an issue had this
information be available
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Werfhorst and Heath, 2019).15

The limited academic progress of children with an immigration background relative to

natives in European countries – not only of first but also of second-generation – is somewhat

disappointing and a cause for concern. This points to a persistent disadvantage with potential

long-lasting impacts since skills acquired in schools are key to adulthood outcomes. However,

over the last decade, many European countries have engaged in major investments to address

the educational needs of economically vulnerable children, including immigrant students. For

instance, Germany improved access to quality Kindergarten programs, provided additional

language support to immigrant children and their parents (Anderson et al., 2015, Klein and

Becker, 2017), and began offering more flexible possibilities for moving between school tracks

(Riederer and Verwiebe, 2015). Likewise, Austria, Belgium, Denmark, Ireland, the Netherlands,

Norway, and Sweden introduced several measures to address the specific needs of immigrant

children, including language skills screening among preschoolers, compulsory kindergarten

enrollment, additional school teaching time, training on intercultural pedagogy, and language

support throughout school, and provided extra funding to schools with a higher concentration of

immigrant children (see, Nusche et al., 2009, 2010, Riederer and Verwiebe, 2015, Shewbridge

et al., 2010, Taguma et al., 2009, 2010, for further details).

Evaluating the impact of such policies is beyond the scope of this paper, and we purposely

avoid comparing the academic progress of immigrant children drawn from different cohorts due

to the confounding effects of compositional changes in immigrant populations and migration

policies over time. However, it is worth mentioning that Levels et al. (2008) did not find

evidence supporting that the better educational achievement of migrant children in TIC could

be explained by educational policies specifically targeting the needs of immigrant children

using data from PISA 2003. Anderson et al. (2015) find some evidence that the reforms in

Germany improved the equality of opportunities of the targeted population at the bottom of the

achievement spectrum over the 2003–2009 period. However, they did not implicitly address the

impact of these reforms on immigrant children’s educational trajectories.

Our finding of diverging educational progress between immigrant children in TIC and our

sample of European countries reinforces the importance of the initial socioeconomic endowment

in shaping the academic trajectories of immigrant children. The selective migration policies

of the TIC provide a valuable design for gauging the effect of parental background (children’s

initial educational endowment) at the time of migration on the achievement gap. With this in

mind, our findings of slower academic progress in Europe may simply underscore the role of

their migrant population’s socioeconomic endowment at the time of migration (Ammermüller,

15Unfortunately, we do not have data to document the academic progress of migrant students in countries that
track students early for Cohort 3.
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2007, Levels et al., 2008, Cattaneo and Wolter, 2015), rather than being a by-product of

European school systems’ inability to accommodate their idiosyncratic needs.

Overall, these findings reinforce the importance of the cumulative effect of parental back-

ground at the time of migration (country of origin, parental socioeconomic background) in

shaping the educational trajectories of immigrant-background children in destination coun-

tries, as between-group achievement differentials at age 15 (14) remain correlated with the

performance gap in Grade 4.

The presence of a large achievement gap already in primary education suggests, in line

with other studies, that inequalities in achievement are generated from younger ages (Passaretta

et al., 2022). Equalizing learning opportunities for disadvantaged children before the start of

obligatory education could be the most effective policy intervention. Quality early childhood

education and care (ECEC) is considered the most promising measure for supporting educational

achievement and attainment (Heckman, 2006). Among immigrant children attending the ECEC,

the achievement gap to native students in PISA was reduced by 55 points compared to immigrant

peers who did not attend pre-school education (OECD/EU, 2018)

Another potential policy that may be considered in an attempt to reverse the immigrant

achievement gap is to reassess the ways in which ability grouping is implemented in secondary

education. Our results again show, in line with other studies, that the achievement gap is

smaller in countries with late tracking. In addition, other studies suggest that course-by-

course ability grouping is less detrimental to socioeconomic inequality in achievement than

academic/vocational ability grouping (Chmielewski, 2014).

We examined progression from primary education to what would be approximately the

middle of secondary education in most countries. A natural extension of this research will

be to relate the progression observed all the way through to final educational achievements

of immigrant-background children – to post-secondary and tertiary education, study choices

(e.g., in STEM and ICT) and early career – so as to fully assess how immigrant-background

children’s disadvantage evolves over the course of educational systems and shape long-term

outcomes.
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6 Tables & Figures

Table 1: Age-Cohort–Data Summary

Cohort 1 Cohort 2 Cohort 3

Primary school PIRLS 2001- PIRLS 2006- TIMSS 2015-
Secondary school PISA 2006 PISA 2012 TIMMS 2019
Tracking countries
Austria x
Belgium x
Germany x x
Luxembourg x
Netherlands x x

Late- / Non-Tracking countries
Denmark x
France x x x
Ireland x
Italy x x x
Norway x x x
Spain x
Sweden x x x

Traditional immigration countries (TIC)
Australia x
Canada x x
New Zealand x x x
United States x x
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Table 2: Percentage of Students with a Migratory Background (Reading Test Cohorts)

N 1G 2G Mixed

Cohort 1 (2001-2006) PIRLS PISA PIRLS PISA PIRLS PISA PIRLS PISA
Tracking
Germany 5350 4181 6.5 5.0 7.2 6.3 8.1 4.9
Netherlands 3599 4541 3.7 3.1 5.6 7.2 8.9 8.3
Late- / Non-Tracking countries
France 2832 4337 3.0 2.4 10.9 8.9 12.1 12.5
Italy 3055 20279 2.5 1.8 1.1 0.5 6.5 5.1
Norway 3033 4335 2.6 2.3 2.7 2.8 11.1 8.0
Sweden 5200 4136 5.2 3.6 6.1 5.6 12.0 10.5
TIC
Canada 5569 20569 7.8 6.7 12.1 11.2 14.5 11.5
New Zealand 1271 4126 11.5 9.5 9.6 7.0 16.7 16.4

Cohort 2 (2006-2012) PIRLS PISA PIRLS PISA PIRLS PISA PIRLS PISA
Tracking
Austria 3973 4270 3.1 3.6 9.8 8.7 8.1 8.0
Belgium 7395 7602 4.5 4.6 6.4 7.1 13.4 13.2
Germany 5933 3661 3.2 2.0 10.2 9.4 9.8 7.3
Luxembourg 2395 4323 9.2 13.4 26.6 27.7 18.5 17.0
Netherlands 3712 4121 2.1 2.1 8.0 7.0 9.3 8.5
Late- / Non-Tracking countries
Denmark 3018 6464 2.0 1.9 6.0 5.2 9.9 7.8
France 3513 4185 2.9 3.1 9.2 9.0 14.1 11.5
Italy 3281 28600 3.2 3.4 2.5 1.6 6.6 6.6
Norway 3216 4241 1.7 3.1 3.2 4.5 8.7 9.3
Spain 3650 23266 7.9 5.7 1.8 1.4 6.7 6.5
Sweden 3870 4121 2.5 3.1 9.3 7.6 11.8 11.7
TIC
Canada 16248 19019 8.9 9.0 19.4 16.8 12.4 10.8
New Zealand 4837 3683 12.1 11.1 8.2 10.3 17.6 17.3
United States 3844 4523 6.3 5.3 10.9 14.9 9.0 8.6

Notes: All proportions are weighted using individual student weights. 1G=First-generation migrants, 2G=Second-generation

migrants, Mixed=One native-born parents.
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Table 3: Percentage of Students with a Migratory Background (Math Test Cohort)

N 1G 2G Mixed

Cohort 3 (TIMMS 20015-2019) G4 G8 G4 G8 G4 G8 G4 G8
Late- / Non-Tracking countries
France 4163 3556 3.9 4.6 9.7 12.2 13.7 14.1
Ireland 3922 3787 5.9 9.5 6.2 6.6 14.9 16.9
Italy 3988 3471 3.1 3.6 7.9 6.8 9.8 9.1
Norway 3802 3962 5.3 6.5 7.8 8.5 13.2 11.9
Sweden 3771 3632 5.9 10.5 11.0 10.0 12.1 12.3
TIC
Australia 5079 8243 10.7 13.5 12.0 12.9 17.5 17.4
New Zealand 5202 5398 12.5 14.6 13.0 12.1 20.1 18.0
United States 7214 7073 4.7 4.8 16.8 14.6 11.4 10.8

Notes: All proportions are weighted using individual student weights. 1G=First-generation migrants, 2G=Second-generation

migrants, Mixed=One native-born parents. Own calculations using TIMSS 2015 (Grade 4) and TIMMS 2019 (Grade 8)

data. G4 and G8 stand for Grade 4 and Grade 8 respectively. All proportions are weighted using individual student weights.

1G=First-generation migrants, 2G=Second-generation migrants, Mixed=One native-born parents.
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Table 4: Descriptive Characteristics of Reading Sample by Cohorts

Natives 1G 2G Mixed
Cohort 1 (2001-2006) PIRLS PISA PIRLS PISA PIRLS PISA PIRLS PISA

Student Demograhics
Boys 0.50 0.50 0.54 0.50 0.47 0.50 0.52 0.50
Age 10.28 16.00 10.44 15.99 10.33 15.99 10.29 15.99
Grade 4.00 9.57 4.00 9.34 4.00 9.48 4.00 9.62
Birthyear 1991 1990 1991 1990 1991 1990 1991 1990
Education of Parents
Primary or less 0.25 0.14 0.26 0.19 0.39 0.30 0.22 0.10
Secondary 0.51 0.42 0.43 0.26 0.42 0.29 0.46 0.36
Tertiary 0.24 0.45 0.30 0.55 0.19 0.41 0.32 0.54
Books at Home
0-10 0.07 0.08 0.21 0.18 0.16 0.18 0.07 0.08
11-25 0.21 0.14 0.29 0.22 0.27 0.21 0.19 0.13
26-100 0.35 0.32 0.28 0.31 0.35 0.32 0.33 0.27
101+ 0.37 0.47 0.22 0.29 0.23 0.29 0.41 0.53
Household Possessions
Own computer 0.85 0.93 0.74 0.90 0.77 0.93 0.83 0.91
Own Desk 0.88 0.96 0.84 0.95 0.84 0.95 0.89 0.95

Cohort 2 (2006-2012)

Student Demograhics
Boys 0.51 0.50 0.50 0.51 0.49 0.49 0.51 0.49
Age 10.22 16.00 10.35 15.99 10.30 15.99 10.25 15.99
Grade 4.01 9.64 4.05 9.50 4.02 9.57 4.03 9.63
Birthyear 1996 1996 1996 1996 1996 1996 1996 1996
Education of Parents
Primary or less 0.21 0.13 0.21 0.17 0.29 0.21 0.16 0.11
Secondary 0.43 0.33 0.35 0.27 0.42 0.33 0.42 0.32
Tertiary 0.36 0.54 0.44 0.57 0.29 0.46 0.41 0.58
Books at Home
0-10 0.08 0.11 0.19 0.23 0.16 0.20 0.08 0.12
11-25 0.19 0.15 0.29 0.24 0.28 0.23 0.20 0.15
26-100 0.34 0.30 0.29 0.30 0.31 0.31 0.32 0.29
101+ 0.39 0.45 0.23 0.24 0.25 0.26 0.40 0.44
Household Possessions
Own computer 0.90 0.98 0.84 0.96 0.88 0.98 0.91 0.97
Own Desk 0.87 0.96 0.82 0.95 0.86 0.95 0.87 0.95

Notes: Own calculations on PIRLS waves 2001 and 2006 and PISA 2006 and 2012 data. 1G=First-generation migrants,

2G=Second-generation migrants, Mixed=One native-born parent. All proportions are weighted using individual student

weights.
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Table 5: Descriptive Characteristics of Mathematic Sample

Natives 1G 2G Mixed
Cohort 3 (2015-2019) G4 G8 G4 G8 G4 G8 G4 G8

Student Demograhics
Boys 0.51 0.51 0.53 0.49 0.49 0.51 0.50 0.50
Age 9.91 13.90 10.07 14.16 9.94 13.97 9.93 13.93
Grade 4.06 8.05 4.10 8.10 4.07 8.06 4.08 8.07
Birthyear 2005.1 2005.1 2004.9 2004.8 2005.1 2005.0 2005.1 2005.1
Education of Parents
Primary or less 0.10 0.13 0.17 0.17 0.23 0.22 0.11 0.12
Secondary 0.41 0.38 0.36 0.29 0.39 0.37 0.37 0.33
Tertiary 0.49 0.49 0.47 0.54 0.38 0.41 0.52 0.55
Books at Home
0-10 0.10 0.15 0.22 0.32 0.19 0.28 0.10 0.15
11-25 0.25 0.22 0.31 0.31 0.33 0.30 0.25 0.25
26-100 0.35 0.28 0.28 0.21 0.31 0.24 0.35 0.25
101+ 0.30 0.35 0.20 0.17 0.17 0.18 0.31 0.35
Household Possessions
Own computer 0.63 0.98 0.69 0.96 0.67 0.97 0.68 0.98
Own Desk 0.77 0.92 0.75 0.88 0.75 0.86 0.77 0.91

Notes: Own calculations using TIMSS 2015 (Grade 4) and 2019 (Grade 8) data. G4 and G8 stand for Grade 4 and Grade 8

respectively. 1G=First-generation migrants, 2G=Second-generation migrants, Mixed=One native-born parents. All proportions

are weighted using individual student weights.
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Figure 1: First-generation migrants vs. Natives; Gastwirth’s PROB Index

Note: Gastwirth index (PROB) with 95% confidence interval (CI) error bars. PROB < 0.5 ( > 0.5) indicates
that immigrant-background children lag behind (outperform) their native peers. Raw gap refers to the
observed gap. Adjusted gap accounts for differences in students’ characteristics including gender, parental
education, number of books at home, and whether students have a computer and a desk to study on.
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Figure 2: Second-generation migrants vs. Natives; Gastwirth’s PROB Index

Note: Gastwirth index (PROB) with 95% confidence interval (CI) error bars. PROB < 0.5 ( > 0.5) indicates
that immigrant-background children lag behind (outperform) their native peers. Raw gap refers to the
observed gap. Adjusted gap accounts for differences in students’ characteristics including gender, parental
education, number of books at home, and whether students have a computer and a desk to study on.
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Figure 3: First-generation vs. Second-generation migrants; Gastwirth’s PROB Index

Note: Gastwirth index (PROB) with 95% confidence interval (CI) error bars. PROB < 0.5 ( > 0.5) indicates
that immigrant-background children lag behind (outperform) their native peers. Raw gap refers to the
observed gap. Adjusted gap accounts for differences in students’ characteristics including gender, parental
education, number of books at home, and whether students have a computer and a desk to study on.
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Figure 4: Mixed migrants vs. Natives; Gastwirth’s PROB Index

Note: Gastwirth index (PROB) with 95% confidence interval (CI) error bars. PROB < 0.5 ( > 0.5) indicates
that immigrant-background children lag behind (outperform) their native peers. Raw gap refers to the
observed gap. Adjusted gap accounts for differences in students’ characteristics including gender, parental
education, number of books at home, and whether students have a computer and a desk to study on.
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Figure 5: First-generation migrants vs. Natives; Gastwirth’s PROB Index

Note: Gastwirth index (PROB) with 95% confidence interval (CI) error bars. PROB < 0.5 ( > 0.5) indicates
that immigrant-background children lag behind (outperform) their native peers. Raw gap refers to the
observed gap. Adjusted gap accounts for differences in students’ characteristics including gender, parental
education, number of books at home, and whether students have a computer and a desk to study on.

Figure 6: Second-generation migrants vs. Natives; Gastwirth’s PROB Index

Note: Gastwirth index (PROB) with 95% confidence interval (CI) error bars. PROB < 0.5 ( > 0.5) indicates
that immigrant-background children lag behind (outperform) their native peers. Raw gap refers to the
observed gap. Adjusted gap accounts for differences in students’ characteristics including gender, parental
education, number of books at home, and whether students have a computer and a desk to study on.
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Figure 7: First-generation vs. Second-generation migrants; Gastwirth’s PROB Index

Note: Gastwirth index (PROB) with 95% confidence interval (CI) error bars. PROB < 0.5 ( > 0.5) indicates
that immigrant-background children lag behind (outperform) their native peers. Raw gap refers to the
observed gap. Adjusted gap accounts for differences in students’ characteristics including gender, parental
education, number of books at home, and whether students have a computer and a desk to study on.
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Figure 8: Mixed migrants vs. Natives; Gastwirth’s PROB Index

Note: Gastwirth index (PROB) with 95% confidence interval (CI) error bars. PROB < 0.5 ( > 0.5) indicates
that immigrant-background children lag behind (outperform) their native peers. Raw gap refers to the
observed gap. Adjusted gap accounts for differences in students’ characteristics including gender, parental
education, number of books at home, and whether students have a computer and a desk to study on.
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Appendix A Results in Reading
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