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ABSTRACT
We examine the impact of ethnic school segregation on the educational outcomes of students,
using Swedish population register data. Through a school fixed effects, family fixed effects,
and a two-way school- and family fixed effects design, we adjust for selection effects related
to variation in the student composition across schools. The analyses show that students’
grades are relatively unaffected by the proportion of immigrant schoolmates. However, it has
a small negative effect on levels of eligibility for upper secondary school. Furthermore,
immigrants’ educational outcomes are weakly positively affected by the proportion of peers
with the same national background as themselves.
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INTRODUCTION
Over recent decades, many European countries, including Sweden, have experienced a rapid
inflow of immigrants, accompanied by an increase in ethnic residential and school segregation
(Biterman and Franzén 2007; Musterd 2005; Böhlmark, Holmlund and Lindahl 2015).
Together, these processes have changed the demographic composition of the social spaces in
which children spend most of their time during their most formative years. In Sweden, there
has been a simultaneous increase in ethnic school segregation and in the between-school
variation in student performance (Holmlund et al. 2014). An intuitive conclusion drawn by
policy makers, school administrators, journalists and parents alike is that ethnic school
segregation impedes the educational progress and future opportunities of both native born and
immigrant students. Ethnic school segregation is therefore a cause of considerable concern.
The purpose of this paper is to analyze whether these concerns are justified by studying how
ethnic school segregation in lower secondary schools influences the educational outcomes of
students in their final year of compulsory education.
The performance of the education system is a critical factor in integrating immigrants and the
children of immigrants (Alba, Sloan and Sperling 2011), and an extensive research literature
has explored the association between the proportion of immigrants in schools and their
students’ educational outcomes (Hermansen and Birkelund, 2015; Hardoy and Schøne 2013;
Geay, McNally, and Telhaj 2013; Ohinata and van Ours 2013; Brunello and Rocco 2013;
Bifulco, Flechter, and Ross, 2011; Jensen and Rasmussen 2011; Hanushek, Kain and Rivkin
2009; Gould, Lavy, and Paserman 2009; Cebolla-Boado 2007; Fekjær and Birkelund 2007;
Szulkin and Jonsson 2007). One overarching finding from these studies is that there is a
negative correlation between the average performance of students and the proportion of
immigrants or children of immigrants. However, when researchers have attempted to identify
the causal effects of having a high proportion of immigrants or children of immigrants in the
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school environment, findings have been mixed. This is probably due to differences in
methodology, country and period of data collection.
One major analytical challenge for all studies that attempt to identify macro-level effects on
micro-level outcomes is the selection problem (Manski 1993). Children are not randomly
allocated to schools and non-native students are more likely to attend schools with
disadvantaged native students. Variation in student outcomes between different schools may
be the result of three different types of processes: environmental effects, selection effects, and
social interaction effects. The differences between these processes can be described as
follows: “An environmental effect is operative if we do what we do because we are where we
are. A selection effect is operative if we do what we do because we are who we are. And
finally, a social-interaction effect exists if we do what we do because others do what they do”
(Åberg and Hedström 2011:205).
The aim of the present study is to empirically separate these different processes and to
estimate the strength of the latter effect in schools with varying proportions of immigrant
children. Our analytical strategy, described in detail below, is to net out the impact originating
from school resources and the social selection of students to schools by means of the stepwise introduction of school fixed effects, family fixed effects, and the use of a two-way
school- and family fixed effects design. In this way we contribute to previous research by
exploiting variation over time within schools and within families (sibling pairs). This design
adjusts for all time-invariant school and family characteristics, which should substantially
diminish the selection problems mentioned above. Separating out individual effects (the
selection of students with particular individual characteristics) and environmental effects
(school characteristics, such as reputation, teacher quality and other resources) creates an
exceptional opportunity for identifying causal social interaction effects on the relationship
between the concentration of immigrants in schools and the students’ educational outcomes at
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the end of lower secondary school. We analyze an unusually rich Swedish data set which
includes all 1.5 million students who left lower secondary schools during the period 19982012, addressing two important educational outcomes at the conclusion of lower secondary
school: students’ grade point scores, and whether or not they are eligible for upper secondary
school; and we examine how these outcomes are dependent on the immigrant composition of
the school.

THEORY AND RECENT RESEARCH
The family of origin is the primary arena in which the socialization of children occurs.
Parental educational, cultural and economic resources are important factors underlying the
social inheritance of privilege in the educational system. This is why a large part of the
educational disadvantage of the children of immigrants can be attributed to family
background and parental characteristics such as formal education and labor market position
(e.g., Jackson, Jonsson and Rudolphi 2012; Jonsson and Rudolphi 2011; Birkelund and
Mastekaasa 2009; Heath, Rothon and Kilpi 2008; Kao and Thompson 2003).
However, other social spaces in which children spend their time and meet adults and peers of
the same age may also be considered to constitute important arenas for socialization. Thus
over and above the characteristics of children’s family backgrounds, the characteristics of
schools and neighborhoods may also have an impact on future life chances. By choosing
schools, parents decide which peers their children meet at school. Peer groups are important
for identity formation, and they may also influence students’ future dispositions towards
learning (Lavecchia et al. 2014). Children interact with each other both inside and outside the
classroom, and the aspirations and behaviors of students at school may be influenced by the
aspirations and behavior of their peers. Most students care about the behaviors of significant
others and do not want to deviate from the “local” social norms developed in a peer group
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(Akerlof and Kranton 2002). Thus the time and effort peers spend on schoolwork, how they
value learning, their school attendance and their educational aspirations all constitute
important parts of the learning environment (e.g. Hermansen and Birkelund 2015; Szulkin and
Jonsson 2007; Winston and Zimmerman 2004).
Sociological theories of role models, collective socialization, and peer processes suggest that
the concentration of disadvantaged families in neighborhoods and schools will have negative
consequences for children’s school achievement. Although there are some common
mechanisms that may explain why segregation depresses educational achievement, one
crucial question is why we should also expect effects stemming from ethnic concentration per
se. The focus of the current paper is therefore directed at uncovering the effect of schools’
ethnic composition on the school progress of students.
The spatial segregation of immigrants is in part a ‘population shock’ phenomenon, due to
(sometimes large numbers of) newcomers tending to cluster in separate, often
underprivileged, residential areas (e.g., Jensen 2001). There are good reasons to believe that
such ethnic concentration produces communities in which disadvantage may be maintained
across generations (e.g., Borjas 1995; Portes and Rumbaut 2001). There are several reasons
for such an expectation.
First, a lack of proficiency in the language of instruction may disturb the learning
environment for students. If a relatively large fraction of the students need extra attention and
additional instruction, this may disrupt the classroom learning environment for all of those
involved, that is, not only for the immigrant students.
Second, the probability of exposure to various forms of trauma is high among the more recent
cohorts of immigrants to Sweden, since many of them are refugees from countries with a
recent history of conflicts, war and persecution. The presence of immigrant students with
traumatic experiences may produce social and psychological problems at school and may
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influence other students who were not themselves exposed to these traumas (cf. Hällsten,
Sarnecki and Szulkin 2013; Szulkin and Jonsson 2007).
Third, teachers may also raise – or lower – their expectations of the performance of the
students in class depending on what they perceive to be the average ‘capacity’ of the students.
The presence of traumatized or low-achieving students with special needs, such as extra
language tuition, will require additional attention on the part of teachers, which may reduce
the time teachers have for attending to other students (Fletcher 2010).
Forth, other adults, such as schoolmates’ parents, may also become important role models,
transferring skills and exercising social control (e.g., Crowder and South 2003; Sampson,
Morenoff, and Gannon-Rowley 2002; Coleman and Hoffer 1987). Students in schools with a
high concentration of children of immigrant background are provided with many examples of
adults whose educational merits from their countries of origin do not lead to adequate
employment in the new country. Low levels of returns to education in the parental generation
may create an atmosphere in which students underestimate the value of education and formal
merits and lower their educational aspirations (cf. Morgan 2005; Zhou 1997). A more drastic
version of this hypothesis states that minority groups who have long lived in marginalized
circumstances may be more disposed to develop “oppositional cultures” which question the
central social values of the majority society (Fordham and Ogbu 1986).
All these processes highlight the sociological relevance of social interaction effects and peer
influence. However, institutional effects may also be of great relevance. The concentration of
immigrant students in a school may be negatively correlated with school quality and school
reputation. Schools with a large proportion of immigrant students, schools with many students
from low-income families, or schools located in areas with a high occurrence of social
problems might experience difficulties in recruiting and retaining skilled teachers (e.g.,
Clotfelter, Ladd and Vigdor 2005; Hanushek, Kain and Rivkin 2004). However, if schools
6

with high proportions of minority students or students from low-income families receive extra
support from the school authorities (as in Sweden) this may counteract the negative
institutional effects of segregation.
All these arguments point in the same direction: A high concentration of immigrant students
in schools may have a negative impact on children’s educational outcomes. This applies
particularly to schools with a high concentration of relatively newly arrived immigrants. It is
reasonable to assume that the expected (negative) effects will be particularly noticeable for
children born outside Sweden, yet one might also expect spill-over effects for children of
native Swedes and second generation immigrants.
Positive or negative peer effects on educational outcomes?
As described above, empirical studies have established that, at the school level, the
association between high concentrations of immigrant children and low average grades is
undisputable. It therefore came as a surprise – not least to researchers – that this association
more or less disappeared in the context of more advanced multivariate analyses. Strong
associations between school-related ethnic segregation and children’s educational outcomes
dissolved into weak negative regression coefficients, or no significant effects. In particular,
most attempts to measure causal peer effects of school segregation, for instance by means of
instrumental variable analysis or within-school-analysis, have identified only weak effects
(Erikson 1994; Robertson and Symons 2003; Hanushek, Kain and Rivkin 2002, 2004; Szulkin
and Jonsson 2007; Fekjær and Birkelund 2007; Åslund et al.2011; Nordin 2013; Hermansen
and Birkelund 2015; Ohinata and Van Ours 2013; Geay, McNally and Telhaj 2013; Jensen
and Rasmussen 2011; Schwartz and Stiefel 2011; Cebolla-Boado 2007). In Israel, Gould,
Lavy and Paserman (2009) showed that a 10 percent increase in the proportion of immigrants
lowered the probability of passing high school matriculation exams by 1.8 percentage points.
In Norway, Hardoy and Schøne (2013) showed that a 10 percent increase in the proportion of
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immigrants lowered the probability of completing upper secondary school by 2 percentage
points.
Clearly, immigrant peer effects may be negative, but there must be more to the story. Some
researchers have adopted more positive interpretations, emphasizing mechanisms such as
“immigrant drive” and the development of social and ethnic capital among students at school.
The first explanation relates to the selection of students to schools. Migrants are usually
positively selected; they are often resourceful individuals with a drive for success, striving for
a better life in their new country of residence (Lee and Zhou 2015; Birkelund and Mastekaasa
2009; Parsons and Smeeding 2006). Most immigrants to Sweden from non-Western countries,
including immigrants arriving for family reunification, may be lacking in human capital and
economic resources, yet they may still differ in non-trivial, unobserved ways from low-status
native parents. According to the family mobilization hypothesis, migrants transmit their drive,
both genetically and socially, to their children (Parsons and Smeeding 2006), and this
immigrant drive would lead us to expect weaker compositional effects of the socioeconomic
background of immigrant students on the educational outcomes of all students. Thus,
schoolmates can contribute to a productive learning environment in the classroom (Lazear
2001). These positive effects of migration may also, at least partly, counteract the negative
effects of immigrants’ low socio-economic recourses.
The ethnic capital argument relates to what we have labelled social interaction effects.
Positive peer effects may arise at schools with a high concentration of immigrant students. In
particular, close social relationships are generally more likely to develop in schools with a
high proportion of individuals of similar ethnic or national background (Lee and Zhou 2015;
Nekby 2011; McPherson, Smith-Lovin and Cook 2001; Moody 2001; Akerlof 1997;
Allport1954), and a shared ethnic identity may constitute a significant resource network
(Portes, Fernandez-Kelly and Haller 2005). According to attachment theory (Coleman 1988;
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Agirdag et al. 2012), supportive and close social relationships can generate social capital that
positively contributes to students’ well-being, school involvement, and educational outcomes.
Consequently, a high concentration of immigrant students of the same ethnic background
could create positive conditions for learning – at least for the immigrant students themselves
(e.g. Fleischmann et al. 2012; Åslund et al. 2011¸ Bygren and Szulkin 2010).

The Swedish case
Currently, the immigrant population in Sweden constitutes around sixteen percent of the total
number of inhabitants (Statistics Sweden 2015). Many immigrants come from countries in the
Middle East, Africa, South-East Asia and Eastern Europe, and in terms of educational
qualifications and labor market participation they constitute a heterogeneous group.
Sweden combines a recent history of high immigration rates and subsequent ethnic
segregation with relatively equal living conditions for all inhabitants; a result of the strong
Swedish welfare state institutions. One of the major goals of Swedish educational policy has
been to decrease the association between social background and educational attainment, to
facilitate equality of opportunity (Björklund et al. 2005; Erikson and Jonsson 1996). These
efforts might imply that levels of ethnic disadvantage due to either social background or
school segregation would be rather low in Sweden.
Nevertheless, the last wave of the PISA survey demonstrates that Swedish school results
(particularly in math) are more differentiated on the basis of native/immigrant background
than is the case in many other countries (Skolverket 2013). Differences in grades between
Swedish-born and immigrant students have increased over the last two decades, at the same
time as the between-school-variation in students’ achievement has increased (Skolverket
2012). Over the same period, levels of segregation have increased in Swedish schools, in
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terms of both parental education and immigrant background, whereas there is more of a
fluctuation in levels of segregation based on parental income. It should be noted, however,
that despite increasing levels of segregation on several dimensions, when viewed in an
international perspective, the level of school segregation in Sweden is somewhere in the lower
to middle range (Böhlmark, Holmlund and Lindahl 2015). Nonetheless, increasing levels of
segregation, together with increasing differences in educational outcomes by family
background, indicate that Sweden may be no different from the rest of the western world
when it comes to school segregation and its effects on students’ educational outcomes.

DATA AND VARIABLES
The data set on which the empirical analyses in this paper are based includes information on
all students (1,574,237 individuals) who finished the ninth grade in all lower secondary
schools between 1998 and 2012 (1,339 schools). All data are drawn from a compilation of
Swedish population register data located on Statistics Sweden’s servers, an accessed via the
Institute for Analytical Sociology at Linköping University. The information on individual
students comes from an official school register of ninth-graders (Åk9-registret), which
includes individual-level information on grades and other school outcomes as well as a unique
school identifier. The school identifier makes it possible to link students who attended the
same school in the ninth grade. The data set was matched (using unique personal
identification numbers) with register data on parents, which was for the most part drawn from
tax registers and registers of education, civil status and the like. Thus, the data on the
students’ school results are combined with information about characteristics of their families,
as well as information on their schoolmates’ families.
We excluded very small schools with a total of fewer than 20 ninth grade students in the year
in question and schools where the total number of ninth grade students for the whole
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observation period (1998-2012) was less than 300 (85,416 students, or 5 percent of the initial
population). Small schools include a comparatively large proportion of schools for children
with special needs and religious schools with a restricted intake and special curricula, which
means that these schools have a student composition that is distinctly different from that of
ordinary public and independent schools.
Outcome variables
Almost all Swedish children pass through the publicly financed lower secondary school
system between the ages of 7 and 16. There is little streaming or tracking in lower secondary
school. Teachers grade students in 16 different subjects on a four point grading scale: no pass,
pass, pass with distinction, and pass with special distinction. For applications to upper
secondary school, these grades are recoded to 0, 10, 15, and 20 points, respectively.
According to national regulations, grades measure students’ knowledge as evaluated in
relation to pre-determined goals in a national curriculum. Each school must conduct identical
national tests in core subjects (Swedish, Math and English) and the National Agency of
Education can check to make sure average school grades do not deviate too much from the
school’s average results on these tests. Teachers are also encouraged to “use all kinds of
information” to assess students’ knowledge, including classroom performance. Thus the
grades reflect both the students’ performance on general ability tests and the teachers’
subjective impressions of the students. The teacher-assigned grades have an impact on the
range of options available to students when they apply for a place at upper secondary school
(age 17-19).
The study focuses on two educational outcomes: (1) Grades are measured by the summarized
score of the grades in the 16 highest graded subjects, varying between 0 (‘no pass’ in all
subjects) and 320 (‘pass with special distinction’ in all subjects). These are the grades the
students use to apply for secondary school. (2) Eligibility for secondary school is measured as
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whether a student has a ‘pass’ in English, Math, and Swedish (for immigrants: Swedish as a
second language).
Students and their families
The students’ immigrant status distinguishes between (1) first generation immigrants, defined
as all students born abroad to two foreign-born parents, and (2) second generation, indicating
that the student was born in Sweden but both his/her parents were born abroad. Individuals
with parents of mixed Swedish/non-Swedish background are defined as native students of
Swedish background. Adopted children who were born abroad are classified as native
children. These children usually arrive in Sweden at a very young age. In all analyses, we
perform separate regressions for these three groups. .
Register data do not include information on ‘ethnicity’. We therefore operationalize
‘ethnicity’ in terms of the individual’s country of birth. Note that persons with the same
country of birth may belong to different ethnic groups. For example, individuals who were
born in Turkey may be ethnic Turks, Kurds, Assyrians, Roma, Arabs, Greeks, or Armenians.
For some of the smaller immigrant groups, we use region of birth rather than country of birth.
This is due to a regulation that is employed by Statistics Sweden in order to protect
anonymity. Appendix A includes a specification of the countries and regions of birth that we
can distinguish in our data.
The parents’ level of education is based on the highest level of education achieved by any of
the parents. We distinguish here between lower secondary school, upper secondary school,
tertiary education of less than two years, and tertiary education of two years or longer. The
available information on immigrants’ education is for the most part drawn from a survey that
is conducted among all immigrants. We also include a category for those with missing
information in relation to parental education (4.6 percent of the immigrant population and 0.1
percent of the native population).
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Three variables measure family demography: living in an intact family (in the same household
as both of the biological or adoptive parents), number of siblings, and parity: the position of
the student in the sibling set.
Parental employment is coded separately for each parent and is defined as having annual
earnings above 70,000 SEK (in 2012 prices). This allows us to capture the effect of being
brought up in a family with zero, one, or two working parents.
Household income is measured as the sum of the disposable incomes of both parents,
averaged over the three most recent years. We include income from employment, business,
and taxable cash benefits, in 2012 prices. If information is missing for any of the years, we
use the non-missing years to construct the measure. If the child is only registered to one
parent, or if one of the parents is deceased or living abroad, the income from the existing
parent is used as household income. A lack of information for one of the parents is
particularly common among immigrants, where we have no information about the father’s
income for 24 percent of the students. The household income variable is included in the
analyses as yearly constructed quintiles, with a separate category for the (few) students for
whom we have no information on either the mother or the father’s income (0.1 percent of the
Swedish students and 0.8 percent of the immigrant students)
Finally, for the immigrant population, we include a variable measuring age at immigration,
distinguishing between those who arrived prior to age 7, at age 7-9, age 10-12, and age 13 and
those who were older than this at the time of their arrival. All variables are, if nothing else is
specified, measured during the year the student completed the ninth grade (usually at age 16).
School context
All of the contextual variables are constructed in the form of jack-knives and exclude the
individual’s own contribution to the measure. They thus reflect the composition of ‘the
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others’ within the school. Our critical independent variable is the proportion of (first
generation) immigrant schoolmates in the school’s ninth grade. We also study the proportion
of immigrant schoolmates who arrived at age 10 or older. This variable may be crucial to
understanding the problems that may arise in the presence of newly arrived students with
special needs, such as a need for extra language training or help with emotional problems,
which will demand special attention from teachers, and which may lower the quality of
classroom instruction. In order to further examine the importance of these kinds of special
needs we use the students’ country of birth to create a measure of the proportion of immigrant
schoolmates born in countries/regions from where the largest stream of immigrants to
Sweden consists of refugees. These include immigrants from Afghanistan, former Yugoslavia,
Eritrea, Ethiopia, Iraq, Iran, Lebanon, the Middle East, Somalia and Syria (62 percent of the
total immigrant population in our data set).
Besides our measure of immigrant density, we can also gauge the proportion of co-ethnics at
school, i.e., individuals sharing the same country of origin. We construct two variables: the
proportion of co-ethnics in the ninth grade, and the proportion of non-co-ethnic immigrants.
Both variables are based on combining the country (or in some cases the region) of birth of
the student with the country of birth of the other students in the ninth grade in a given school
and year. In all analyses, we include a measure of the proportion of schoolmates who have at
least one parent with two years or more of tertiary education in order to adjust for the
socioeconomic composition of schools.1
Finally, we include a school-level variable measuring whether the school is an independent or
public school. The proportion of pupils attending independent schools increased from 1.5
percent in 1998 to 9.8 percent in 2012, due to a policy change in 1992, making this an
important control variable.
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ANALYTICAL STRATEGY
Identifying social-interaction effects
Analyzing social environment effects on individual outcomes involves several methodological
problems (Hanushek, Kain and Rivkin 2009; Hanushek et al. 2003; Dietz 2002; Manski
2000). As noted, variation in individual outcomes between, for instance, different schools can
be the result of three different types of processes: environmental effects, selection effects, and
social interaction effects. In this study we are particularly interested in the social-interaction
effect, and a crucial task is to disentangle it from any environmental or selection effects. That
is, we want to assess whether attending an ethnically segregated school affect educational
outcomes net of the overall school quality and net of selection processes making students
attend more or less segregated schools.
In the case of school segregation and educational outcomes, the overall school quality
constitutes an environmental effect. For instance, if the concentration of immigrant students in
a school is negatively correlated with school quality, resource allocation and teacher
recruitment (e.g., Clotfelter, Ladd and Vigdor 2005; Hanushek, Kain and Rivkin 2004), which
in turn affect school results, we have an example of environmental effect which may bias our
results, unless properly adjusted for.
Furthermore, it is assumed that selection on observed and unobserved characteristics causes
an upward bias in estimates of environmental effects, because unobserved (omitted) variables
(such as parental aspirations), on the basis of which families sort themselves into residential
areas and schools, are related to the studied outcome, i.e. children’s school success. This is
often called the endogeneity problem. Because families normally live in areas according to
their resources, children from affluent families have a high probability of ending up in
affluent social environments, often with few immigrant schoolmates. These children are also
likely to do well in school, as a result of their family background, which risks exaggerating
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the impact of school segregation on school outcomes. In order to capture the effects of the
social environment it is therefore necessary to net out the potential effects of selection based
on family characteristics.
No entirely satisfactory solution exists for such identification problems in observational
studies such as ours. Thus, causal interpretations of the results must remain tentative.
However, we do think that the issue can be addressed in ways that give high credibility to a
causal interpretation of the results. In our study we deal with selection bias in several ways:
First, we control for a set of empirically crucial and well-measured variables on both
individual background and the socioeconomic composition of schools.
Second, we address the problem of unobserved school heterogeneity (i.e. differences in
quality between schools with more or less immigrants) by applying what is generally known
as a school fixed effects model. The use of school fixed effects constitutes an efficient way of
controlling for all of the characteristics of schools, and of the students attending a given
school, which do not vary within the school over time (such as unmeasured resources and
teacher quality).
Third, we estimate family fixed effects models to control for unobservable family
characteristics that are constant across siblings and time and that can influence students’
grades and school choice (Hanushek, Kain and Rivkin 2002; Plotnick and Hoffman 1999).
Under the assumption that parents’ resources and aspirations are the same for all of their
children (or that they at least do not systematically co-vary with their children’s school
characteristics), we adjust for all such characteristics. These models use the sibling set as the
unit of observation, excluding families with only one child. The identification strategy of this
model hinges upon variation in the contextual variables within a sibling pair. There are two
sources for variation in the school context: siblings are born some years apart and the school’s
characteristics change over time, or siblings attend different schools. Accordingly, we
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estimate separate models for stayers (where all siblings attend the same school) and for
movers (where at least one sibling attends a different school) in order to scrutinize which type
of identification we are dealing with. We believe that the family fixed effects method is a very
efficient way of addressing the endogeneity problem. This strategy also implies that two
siblings who attend the same school in the same year (e.g., twins) do not contribute to the
estimation. (See Appendix B for a description of the within-family variation of our
independent and dependent variables.)
Fourth, we estimate a two-way fixed effects model of families and schools, using a Stata
algorithm developed by Cornelissen (2008). In this specification, both the family and the
school are assumed to have time-invariant characteristics that influence educational success.
This idea has a lineage from labor economics, where it has been used with the aim of
capturing both firm and worker heterogeneity (Abowd and Kramarz 1999). The model is
identified by sets of siblings that attend at least two different schools (movers) in order to
provide the variance needed to identify the two fixed effects. The motivation behind this
model is that parents may react to poor school performance by the older sibling and choose
another school for the younger sibling. The siblings’ schools may differ in the proportion of
students comprised of immigrants, but also in overall quality, as a result of segregationgenerated selection processes in relation to schools. Thus if we do not adjust for differences in
overall school quality, by means of a two-way fixed effects approach, the results from the
family fixed effects models may indicate a spurious relationship between the proportion of
immigrants and school performance, when in fact it is the overall quality of the schools that
differs between the siblings.
It should be noted that reducing upward bias by using an extensive set of control variables or
different fixed effects models may under some circumstances introduce a downward bias and
produce conservative estimates. This is because the control variables are endogenous to the
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extent that ethnic segregation impacts on our indicators of parental and household resources
(cf. Duncan, Connell and Klebanov 1997; Sampson, Morenoff, and Gannon-Rowley 2002).
For example, if residential segregation means that immigrants have smaller chances of getting
a job and avoiding poverty (as a result of mechanisms outlined by Wilson 1987, for example),
then controlling for (parental and school-level) income and unemployment will lead to a
conservative estimate of the influence of ethnic segregation. It is also likely that our school
fixed effects model partials out differences between schools that are affected by consequences
of ethnic segregation (e.g., if the most qualified teachers avoid certain schools because they
have a high concentration of immigrant students). The family fixed effects method, while
efficiently addressing endogeneity problems, is a very demanding test due to the fact that
changes in school context between siblings (both stayers and movers) might be rather small.
Small changes in the school context allow model identification, yet one cannot expect that
such limited variation in an independent variable will produce large effects in the dependent
variable. This issue is even more amplified for the two-way school and family fixed effects
models.

RESULTS
Descriptive results
Table 1 presents descriptive statistics for school-level variables separately for students of
Swedish background, for the Sweden-born children of immigrants (second generation) and for
foreign-born students (first generation immigrants). (Appendix C presents descriptive
statistics for the full set of variables.)
[TABLE 1 ABOUT HERE]
On average, immigrants account for 5 percent of the schoolmates of students of native
Swedish background, and newly arrived immigrants account for only 2 percent of this group’s
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schoolmates. By contrast, an average of 18 percent of the classmates of first generation
immigrant students were born abroad, and 8 percent were recently arrived immigrants. On
average, co-ethnic students account for 3 percent of the classmates of immigrant students, and
there are first generation immigrants attending schools at which as many as 42 percent of their
schoolmates are co-ethnics, that is, foreign-born students from the same country.
Furthermore, there are clear differences in levels of school achievement. Whereas 91 percent
of the native students are eligible for upper secondary school upon finishing the ninth grade,
this is the case for only 84 percent of the second generation students, and as few as 68 percent
of the first generation immigrants. These differences are also visible in the average grade
point scores of the three student groups (208, 195 and 169, respectively).
Multivariate results
Tables 2 through 4 present results from analyses that estimate the effect of different measures
of ethnic concentration in school on average grades using OLS regression analyses (Table 2),
school fixed effects models (Table 3), family fixed effects models and two-way fixed effects
models (Table 4). This is followed by a presentation of similar sets of analyses focused on
eligibility for upper secondary education (Tables 5, 6 and 7). Finally, for immigrant students
only, we present analyses of how the structure of the ethnic composition in school matters for
their educational outcomes, by studying the importance of the proportion co-ethnics in school
(Table 8).
Average grades – OLS analyses
We start by presenting results from OLS regressions estimating the effects of ethnic school
segregation on students’ average grades (Table 2). We adjust for the non-independence of
observations within the same school by clustering the standard errors on the school level. We
include three variables to measure ethnic school segregation; a) the proportion of schoolmates
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born outside Sweden; b) the proportion of schoolmates who arrived in Sweden at age 10 or
later; and c) the proportion of schoolmates who were born in typical refugee countries. For
each of these three independent variables, we estimate (1) a model only controlling for the
proportion of children with tertiary educated parents, calendar year, and an indicator of
whether the schools is an independent school and (2) a model also controlling for a range of
family characteristics. Models 1 and 2 include the native Swedish students, Models 3–4
include students of immigrant background who were born in Sweden (2nd generation), and,
Models 5–6 include students of immigrant background born abroad (1st generation).
[TABLE 2 ABOUT HERE]
We start with students of Swedish background. Model 1 shows that grade scores are on
average 37 points lower in schools in which all students are immigrants than in schools with
no immigrant children. To understand the size of this effect, we compare the grades of a
Swedish student with a median share of immigrant classmates to those of a Swedish student
who attends a school with an immigrants’ median share of immigrant classmates. The median
share of immigrant classmates for a Swedish student is 3 percent, compared to 13 percent for
immigrant students (Table 1), that is, a 10 percentage point difference. This corresponds to a
reduction in grade scores of around 3.7 points for the student exposed to more immigrants
(the estimate is obtained by multiplying 37.5 with 0.10). Thus the association is rather weak.
The grade scale ranges from 0 to 320 points, where 3.7 points corresponds to less than an
increase from pass to pass with distinction in one (out of sixteen) subjects.
The associations between the two other measures of immigrant concentration and grades are
stronger. In particular, the corresponding coefficient for the proportion of immigrant children
who arrived in Sweden at the age of ten or later is large, at 82 points.2 However, for a ten
percentage point difference this still only corresponds to a reduction in grades of 8 points.
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In Model 2 we analyze (for students of Swedish origin) whether the effects of ethnic
segregation in schools are due to the selection of students from poor social conditions to
schools with a high proportion of students of immigrant background. We do this by adding
controls for family resources. For all of our measures of ethnic segregation, the control
variables introduced in Model 2 (and later in Model 4 and Model 6) reduce the strength of the
association found in Model 1. There is some variation in the size of this reduction depending
on the definition of ethnic segregation employed. In general, the reduction is not very
substantial with the exception of that associated with the proportion of newly arrived
immigrants, where the control variables are more important. Thus differences in grade scores
between schools of varying ethnic composition are in part due to a selection of students from
families with different levels of resources (as measured here). However, a large part of the
between-school variance remains unexplained. The reduction is most noticeable for our
measure of socio-economic segregation (proportion of students whose parents have an
academic education).
Models 3 and 4 present the results for the second generation immigrants. The raw coefficients
associated with ethnic segregation in Model 3 vary with the definition of segregation, but are
generally in line with the coefficients for the students of Swedish background. Conditioning
our analysis on family characteristics (Model 4) reduces the strength of the association
between our indicators of ethnic school segregation and grades. The reduction is often greater
in the case of the second generation immigrants (as compared with the models for students of
Swedish background) indicating that social selection is stronger for the second generation
students.
Finally, in Models 5 and 6 we analyze first generation immigrant students. As can be seen
from Model 5, the unconditional estimates of the associations between all of our indicators of
ethnic school segregation and grades are much stronger for the first generation immigrants
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than for the other two student groups. For immigrant students, a 10 percentage point increase
in the share of immigrant classmates is associated with a reduction of 6.5 grade points
(-66*.10). Applying controls reduces the estimates substantially. However, for all of the
measures of ethnic school segregation presented in Table 2, the conditional associations in
Model 6 are stronger than those shown in Models 2 and 4. Thus so far the results indicate that
ethnic school segregation seems, above all, to be a problem for first generation immigrants.
Another interesting result is that school segregation linked to parents’ educational resources
(the proportion of students of academic background) seems to be most important for students
of Swedish origin and for the second generation students.
Average grades – school fixed effects
In the next stage of our analyses (Table 3), we address the problem of unobserved school
heterogeneity. The ethnic segregation effect shown in the section above may be partly related
to differences in school quality between schools with a larger or smaller proportion of
immigrants. We replicate the analysis of school grades using a set of school fixed effects
models (school dummies). In doing so, we control for all characteristics of the school and of
the students that do not vary within the school across years (such as unmeasured school
resources, teacher quality etc.). All of the individual- and school-level control variables
included in Table 2 are also included in Table 3.
[TABLE 3 ABOUT HERE]
In Model 1 we analyze how shifts in the ethnic composition within schools affect the grades
of native Swedish students attending these schools at different years during the period studied.
The estimates are negative, and very similar for all measures of ethnic school segregation,
indicating that an increase in the proportion of immigrant students over time results in a
deterioration in grades. However, the estimates also indicate that the change in grades is
rather minor. Experiencing a 50 percent increase in the proportion of immigrant students,
22

which is a large within-school increase, would on average lead to deterioration in students’
results of around 7 points on a scale that ranges from 0 to 320.
Interestingly, for the second generation immigrant students (Model 2) the results indicate that
increasing (or decreasing) the degree of ethnic school segregation does not affect students’
grades. Finally, for the first generation students (Model 3) the results are mixed. The effects
of changes in the general proportion of immigrant students, and in the proportion of students
from refugee countries, are minor. For the proportion of students who arrived in Sweden at
the age of 10 or later, the effect is similar to the effect shown in Model 1 for native Swedish
students. Thus, in models which are not biased due to omitted school-level characteristics, the
effects of ethnic school segregation on grades are generally minor. This effect is estimated
with relatively low precision. The standard error indicates a high degree of heterogeneity
between schools that experience a shift in the proportion of immigrants. It should also be
noted that in all these models the estimate for the proportion of students from an academic
background is also of minor importance.
Average grades – family fixed effects and two-way fixed effects
School fixed effects models constitute an efficient instrument for controlling for all school
and student characteristics that are constant over time. However, if the characteristics of
students (and their families) change during the period in ways that we cannot observe, our
results can be biased due to unobserved heterogeneity related to students’ families. For
instance, if the share immigrant pupils increase in a school over time and this is accompanied
by the native pupils with the best grades leaving the school, a school-fixed-effects model will
overestimate the impact from the share of immigrants on the grades of native pupils.
One solution to this problem is to estimate family fixed effects models which allow us to
control for unobservable family characteristics that are constant across siblings and time. We
do this in several steps. First, we estimate family fixed effects models separating ‘stayers’ (i.e.
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siblings who attend the same school) from ‘movers’ (i.e. siblings who attend different
schools). Second, we estimate two-way fixed effects models using both family and school
identification. This last procedure amounts to simultaneously applying a set of dummies for
schools and families. This means that we adjust for all time-invariant family and school
characteristics, such as overall support from parents and school quality. In all models we
include the same control variables as in Tables 2 and 3, such as parental employment,
separation or divorce, number of siblings, etc.
In these analyses we merge first and second generation immigrants. Since we are analyzing
siblings within families, one sibling may have been born prior to arrival to Sweden while
other(s) may have been born in Sweden; thus some families may comprise children
categorized as both first and second generation students. We control for whether the sibling is
foreign born, and, if so, their age at immigration.
[TABLE 4 ABOUT HERE]
Starting with families of Swedish origin, Table 4, Model 1, shows the results for siblings who
attend the same school (‘stayers’). For stayers, the effects of within-family variation in ethnic
school segregation are very small. For movers (Model 2), we find a considerably stronger
pattern. The within-family variation in ethnic school composition indicates that the sibling
who was exposed to a larger proportion of immigrant schoolmates ends up with lower grades.
The within-family estimate is particularly strong for those siblings who experience large
differences in the proportion of immigrant students who arrived in Sweden at the age of 10 or
later.3
Model 3 presents the estimates for our preferred model, which combines school and family
fixed effects, and thus simultaneously adjusts for possible differences in school quality and
unmeasured family characteristics. It should be noted here that the identification assumption
for the two-way fixed effects model is that sibling pairs do not attend the same school
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(Andrews, Schank and Upward 2008). Thus our model is identified for movers only. All of
the estimates indicating effects of school segregation on grades (Model 3) are close to zero
and not significant. Thus, for students of Swedish origin, taking into account both quality of
schools and ‘quality’ of families (in terms of dummy variables in two-way fixed effects
models) produces the finding that the share of immigrants has no effect on their final grades
from lower secondary school.
In the next three models we analyze students of immigrant background. For stayers (Model
4), the within-family fixed effects analysis indicates a relatively stable, but weak, pattern
showing that an increasing proportion of foreign-born students at school results in higher
grades for the sibling exposed. For movers (Model 5), the result is just the opposite; the
sibling with more immigrant schoolmates tends to have lower grades. Again, given the
features of the variable measuring grades, which ranges from 0 to 320, the substantive
importance of the results of Models 4 and 5 should not be overstated. The final test of the
effect of ethnic school segregation on grades by means of a two-way fixed effects model
(Model 6) indicates that the effect of ethnic segregation on grades for students of immigrant
background is not significant and rather weak (all coefficients below 7), when adjusting for
overall school and ‘family’ quality. In the unrealistic scenario of the first sibling attending a
school with no immigrant students and the second sibling attending a school where 100
percent of students were immigrants, the only “gain” in grades would correspond to an
increase from pass to pass with distinction in one of 16 subjects.
Eligibility - Linear Probability Models
Table 5 presents results from analyses of eligibility for upper secondary education. The
dependent variable is in this case binary and we use linear probability models (LPM) to
estimate the effects of the ethnic composition of schools on the probability for being eligible
for secondary school. LPM are equivalent to OLS regressions with robust standard errors. It
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has been customary in the social sciences to use, for instance, Poisson or logistic regression
when estimating models with binary dependent variables. Yet these methods involve
problematic assumptions about the error distributions and provide coefficients that cannot be
compared across models and specifications (Winship and Mare 1984; Mood 2009), which is
why we rather use LPM in the present study. Angrist and Pischke (2009) show that LPM is a
valid estimator in cases like ours.
We follow the same analytical steps as we used when studying grades.
[TABLE 5 ABOUT HERE]
Starting with students of Swedish background, Model 1 shows the association between
eligibility and different measures of ethnic school segregation and the proportion of children
of academic background. The raw estimate of -0.24 in the first row reflects a very unlikely
100 percentage point change in the share of immigrants. A more plausible change of 10
percentage points would imply that the probability of being eligible for upper secondary
education decrease by around 2.5 percentage points (-0.24*0.10). The result is similar when
the focus is directed at the proportion of schoolmates from typical refugee countries. The
corresponding coefficient for the proportion of newly arrived students is considerably higher
(-0.48).
In Model 2 we introduce control variables to account for the selection of students from poor
social conditions to the schools attended by students of immigrant background. The
association between our measures of ethnic segregation and eligibility for upper secondary
school are somewhat reduced, but the remaining part still indicates that for students of
Swedish background there is a large between-school variation in levels of eligibility that is
linked to the share of immigrants in the school.
In Models 3 and 4 we analyze native-born students of immigrant background. The raw
association in Model 3 between segregation and eligibility is strong irrespective of which
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indicator of segregation is employed. The introduction of controls (Model 4) reduces the
strength of the association but it remains substantial. Finally, turning to the immigrant
students born outside Sweden (Models 5 and 6), we find that that their probability of being
eligible for upper secondary education is much lower in schools with a large proportion of
immigrant students. The differences are rather large. For instance, in the more restrictive
model (Model 6), the probability of being eligible decreases by around 3.5 percentage points
if the proportion of immigrant children increases by 10 percentage points (-0.34*0.10). For
the alternative measures of ethnic school segregation, the differences are much larger; in
particular we find very large negative associations related to the proportion of immigrant
students that arrived in Sweden after the age of 10. Thus far, then, ethnic segregation in
schools appears to have a powerful effect on the opportunities for future educational careers
among young people in Sweden.
Eligibility - Linear Probability Models with school fixed effects
Turning to the analyses of school fixed effects (Table 6), we find that the effects of school
segregation on eligibility are much reduced for all of the categories of students analyzed.
[TABLE 6 ABOUT HERE]
For students of Swedish origin (Model 1) and first generation immigrants (Model 3), the
results are similar and the effects of ethnic segregation are more or less the same irrespective
of which measure of segregation is employed. Parameter estimates ranging from -0.09 to
-0.13 indicate that the ethnic composition of schools has to change rather radically to produce
substantial outcomes. However, during the period analyzed such a change has in fact occurred
in some Swedish schools; for example, 11 percent of schools have experienced an increase of
at least 10 percentage points in the proportion of immigrant students. Thus, the results
indicating an effect of ethnic segregation on eligibility may be of substantial interest. For the
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second generation (Model 2), however, the effects of segregation are rather weak. The same
applies for our measure of the educational background of students.
Eligibility – Linear Probability Models with family fixed effects and two-way fixed effects
In Table 7 the analyses from Table 4 are repeated with a focus on eligibility for upper
secondary education.
[TABLE 7 ABOUT HERE]
Our models for siblings from native Swedish families (Models 1, 2, and 3) indicate that for
the probability of being eligible to secondary school, there is a negative effect of ethnic
segregation. A within-family increase in the share of immigrants produces a decrease in the
probability of being eligible. For stayers (Model 1), the effects are rather weak. However, for
movers (Model 2) the effects are larger, ranging from -0.11 to -0.29. Introducing the two-way
fixed effects model (Model 3) reduces the strength of the effects, and the remaining effect of
the proportion of newly arrived immigrants in a school (-0.12) must be interpreted as minor.
A within-family movement from a school where 10 percent of the students are relatively
newly arrived immigrants to a school with no newly arrived immigrants results in a one
percentage point increase in siblings’ chances of being eligible for upper secondary school,
net of differences in overall school quality.
In the final three models we focus on immigrants and the children of immigrants. For stayers
(Model 4), the effects are close to zero. For movers (Model 5), however, the within-family
variation is greater (with estimates ranging from -0.11 to -0.19). If one of the siblings is
exposed to a school with a large share of immigrants, the likelihood of being eligible for
upper secondary school is lower for this individual than for a sibling who experiences a
school environment with a lower degree of segregation. The final model shows that a
substantial part of the association between ethnic segregation and eligibility remains even
when the two-way fixed effects models are employed. However, even for the largest estimates
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– that is, those associated with the proportion of immigrant students and of students from
typical refugee countries (-0.08 and -0.09) – a 10 percentage point increase in the share of
immigrants is still associated with less than a one percentage point lower likelihood of
eligibility.
Thus our analyses of eligibility for upper secondary education indicate that ethnic segregation
in schools is of some importance for the future educational careers of young Swedish
students, although the effect size is minor. As was shown in the analyses of grades, for the
majority of students who are relatively successful in their studies and who complete their
compulsory schooling with adequate grades, ethnic school segregation is of minor or no
importance. Among weaker students, however, who are on the borderline of qualification for
the regular programs in upper secondary school, ethnic school segregation may impair their
levels of school achievement.
In order to gauge whether these results hold also for the students not included in this final set
of analyses (that is, for those without siblings or where all siblings attend the same school) we
have repeated our initial OLS analyses from Table 5 including only the individuals included
in the two-way fixed effects models. The coefficients are similar to the OLS-regressions with
control variables presented in Table 5, Models 2, 4, and 6. This indicates that it is not the
restricted sample that creates these effects.
Structure of ethnic school segregation
In addition to the general level of the concentration of immigrant students, the nature of the
ethnic composition at school may also affect students’ educational outcomes. For students of
immigrant background a high proportion of immigrant students from many different countries
may be detrimental while a high proportion of co-ethnics (or co-nationals) may be beneficial.
In this section, we disaggregate the fraction of immigrant students in two parts: the proportion
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of immigrants from other countries/regions and the proportion of immigrants from the same
country/region (see Appendix A for a specification of countries and regions).
[TABLE 8 ABOUT HERE]
In the analyses presented in Table 8 we exclude all students who were born in Sweden, that is,
we only include first generation immigrants. We begin with an OLS-analysis that includes
family controls and a control for country/region of birth. In the first panel of Table 8 we
present the results for grade point scores and in the second (lower) panel the results for
eligibility. As can be seen from Model 1, segregation on both of the dimensions is negative
for both of the outcomes studied. In this model, the proportion of co-ethnics is more strongly
(and negatively) associated with school results than the proportion of non-co-ethnics. One of
the reasons may be that strong ethnic communities reside in particularly disadvantaged areas
with schools of relatively poor quality. To understand the potential selection processes
generating these results, we apply a school fixed effects model (Model 2). The outcomes
differ substantially from the results described above. The proportion of non-co-ethnic
immigrants is still negatively (but marginally) related to grade point scores. As regards the
proportion of co-ethnics, however, the coefficient for grade point scores is close to zero and is
not significant. For eligibility, there is still a negative effect associated with the proportion of
non-co-ethnics in school, but the effect of co-ethnic concentration is smaller (and not
significant).
Turning to the family fixed effects models (reported in Models 3 and 4), the estimates differ
substantially from those found in the Models 1 and 2.
For ‘stayers’ (Model 3), there remain weak negative effects of non-co-ethnic immigrant
schoolmates on grade point scores and on the probability to be eligible to secondary school.
However, for the proportion of co-ethnics, the estimates change in both direction and
magnitude. For both grades and eligibility, a within-family increase in school results is
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positively related to the proportion of co-ethnics at school, meaning that the sibling who has
more schoolmates from the same country/region of birth systematically achieves better
educational outcomes than the sibling who attended a school with fewer co-ethnics. When
interpreting the substantive meaning of the coefficients, it is important to bear in mind what
effect a realistic within-family change in the ethnic composition at school might produce. A
change of 10 percentage points in the proportion of co-ethnic students between siblings
attending the same school in different years produces an estimated difference of 5.5 grade
points (55*.1), or a 4.4 percentage point difference in probability to be eligible to secondary
school (.44*.1). 5.5 grade points is equivalent of the difference between pass and pass by
distinction in one subject, and can hence not be considered to be a very large difference, by
contrast to what an interpretation of the raw estimate might lead one to expect. For eligibility,
a difference of 4.4 percentage points is less trivial, as the overall probability for being noneligible among immigrants is 32 percent.
For ‘movers’ (Model 4), the results are different. Here the negative estimates associated with
the proportion of non-co-ethnic immigrants are clearly stronger for both of the outcomes
analyzed. The influence of the proportion of co-ethnics is slightly weaker in the analysis
focused on grade point scores, and is close to zero in the analysis focused on eligibility.
Finally, we report the results from our preferred model (Model 5), in which we account for
the quality of schools and families simultaneously, by means of a two-way fixed effects
model. These estimates are not subject to selection processes which might bias analyses of
how the ethnic environment of schools influences school results. As has already been
discussed, these models can only be estimated for movers. The identification assumption is
that families have at least two children and that these children attend at least two different
schools, with varying degrees of ethnic segregation.
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The effect of the proportion of non-co-ethnic immigrants is not significant or strong for either
grade points or eligibility after adjusting for both family and school quality simultaneously
(Model 5). However, the proportion of co-ethnics still has a positive and significant impact on
grade scores, although the magnitude of the effect is weak (similar to that found for ‘stayers’
in Model 3). As regards eligibility, the coefficient describing the effect from co-ethnics is
weaker than in Model 3, although it still is of non-trivial magnitude. Applied to a realistic
scenario of a change of 10 percentage points in the proportion of co-ethnic schoolmates, the
sibling exposed to more co-ethnics will have a 1.5 percentage point higher likelihood of being
eligible for upper secondary school (.15*.1), on a baseline where 68 percentage of all pupils
are eligible. However, the measure is subject to a lot of noise and does not reach statistical
significance.
In this section, we have distinguished two dimensions of ethnic school segregation and two
educational outcomes. Having a large number of immigrant peers from different
countries/regions of origin seems to have only negligible effects on the school results of first
generation immigrant students. However, having a large number of immigrant peers from the
same country of origin has a positive, albeit rather weak, effect on the educational outcomes
of immigrant students.
DISCUSSION AND CONCLUDING REMARKS
The academic and social policy relevance of the question of whether ethnic segregation
reduces children’s educational opportunities is obvious. What is far from obvious, however, is
how such segregation effects should be estimated empirically. Much earlier research has
shown that there is a negative association between the average performance of students and
the proportion of immigrants or children of immigrants in a school. Interpreting such results
would be straightforward given an assumption that the distribution of immigrant students
across schools is a random process and that resources are evenly distributed between schools.
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Under such assumptions, the negative association between educational progress and the ethnic
composition of students could be interpreted as a negative peer effect.
However, in the real world, the nature of segregation processes does not function according to
these assumptions. In this paper, we have tried to disentangle the effects of three different
types of social processes which are likely to affect students’ educational outcomes: selection
effects, environmental effects, and social interaction effects. The aim of the present study has
been to identify causal social interaction effects of the concentration of immigrants in schools
on students’ educational outcomes at the end of lower secondary school.
There are strong theoretical reasons to expect that a high fraction of immigrant students may
have negative consequences for the learning environment in a classroom. A lack of
proficiency in the language of instruction, a high prevalence of students with traumatic (their
own or their families’) experiences, and many examples of low returns to education in the
parental generation might lead to a deterioration in opportunities and in the willingness to
learn among students. On the other hand, if the ethnic environment in schools is characterized
by a high prevalence of students from the same countries of origin, the shared ethnic identity
might constitute a significant resource. Close social relationships in an ethnic group may
generate social capital that positively contributes to students’ school involvement and
educational outcomes.
In the empirical part of this paper we analyze an exhaustive Swedish data set which includes
all 1.5 million students who left lower secondary schools during the period 1998-2012. We
address two important educational outcomes at the conclusion of lower secondary school:
students’ grade point scores and whether or not they are eligible for upper secondary school.
Our analytical strategy for identifying effects of social interaction is to combine school fixed
effects, family fixed effects and two-way fixed effects. This design, we believe, provides
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sound analytical models which can be interpreted in terms of the causal effects of schools’
ethnic composition on students’ educational outcomes.
The results are mixed. For the most part, the estimated effects of ethnic segregation are close
to zero. Ethnic segregation in Swedish schools, per se, does not have any substantial effects
on the grade point scores of students. The differences between schools noted in a standard
OLS analysis seem primarily to be an artifact of selection and of differences in school- and
teacher quality. When we adjust for this, by shifting the focus to the impact of changes in the
percentage of immigrants (within schools or between siblings), the estimated differences
disappear.
For the weakest students, who were on the borderline for eligibility for upper secondary
school, we found a rather small negative impact of attending a school with a large proportion
of immigrant schoolmates. This negative effect was found for both native Swedish students
and first generation immigrant students. Thus, if ethnic school segregation matters, it mainly
has (weak) effects on students who are at the lower end of the achievement scale. A
corresponding finding was identified for the effect of the fraction of co-ethnics on eligibility.
In this case, students very near the bottom of the grade distribution seem to be weakly
positively influenced by their (co-ethnic) peer environment.
Even if our analytical model is rigorous and can be used for causal analyses of the impact of
different characteristics of the school environment on educational outcomes, there are some
limitations that should be mentioned. When parents make decisions about the choice of school
for their children, they contribute to schools having a specific social and ethnic composition.
This composition may be seen as an opportunity structure in relation to social relations and
interactions among the students at school. However, the actual frequency of interactions
between students in the same grade and school is unknown. Thus different peer characteristics
may only be viewed as proxies for the processes of social influence.
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Another limitation (or trade-off), which has already been mentioned, is that while our rigorous
methodology may be efficient in bias-reduction, the use of statistically demanding models
may simultaneously produce conservative estimates of the processes analyzed. There is no
way to completely overcome the range of problems that researchers encounter in trying to
arrive at causal conclusions on the basis of observational data. The main advantage with our
analytical approach is that we can be fairly certain that any remaining association between
school composition and educational outcomes is of a causal nature, which lends our
conclusions a high degree of credibility.
The central finding, which may be considered counterintuitive, that ethnic segregation in
schools has minor or non-existent (short-term) effects on students’ educational outcomes
should be seen in the context of the issue of when and how the future educational outcomes of
young persons are generated. According to Heckman (2006), educational achievements and
careers are based on foundations that are laid down early in life. In the early phases of life, the
primary socialization agent is the close family. Family background has a major influence on
the formation of ambitions, expectations and norms during the early years of adolescence.
This is where the future educational outcomes emerge. The “long arm” of the family of origin
seems to trump those processes that revolve around the (ethnic) composition of students in
schools.
This is particularly interesting in relation to the widespread phenomenon of white flight
behavior (Spaiser et al. 2016), whereby parents go to great lengths to avoid schools with a
large proportion of immigrants. Our results indicate that if such parents are mainly basing
their behavior on the immigrant composition of the school in question, then their children do
not appear to be gaining very much from it.
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Table 1
Descriptive statistics for the main independent and dependent variables
Native Swedes of Swedish
background
Median Mean

SD

Second generation

Min Max

Median Mean

SD

First generation immigrants

Min Max

Median Mean

SD

Min Max

Proportion first generation
immigrant pupils

0.03

0.05

0.07 0.00 0.91

0.10

0.14

0.14 0.00 0.91

0.13

0.18

0.17 0.00 0.90

Proportion pupils with academic
background

0.37

0.39

0.15 0.00 1.00

0.34

0.37

0.15 0.02 0.97

0.32

0.35

0.14 0.02 0.97

Proportion first generation
immigrant pupils from refugee
countries

0.01

0.03

0.05 0.00 0.81

0.05

0.09

0.11 0.00 0.81

0.08

0.12

0.14 0.00 0.81

Proportion first generation
immigrant pupils who arrived
after age 10

0.01

0.02

0.03 0.00 0.70

0.03

0.06

0.07 0.00 0.68

0.05

0.08

0.09 0.00 0.70

Proportion co-ethnics in school

-

-

-

-

-

-

-

-

-

-

0.01

0.03

0.05 0.00 0.42

Proportion non-co-ethnics in
school

-

-

-

-

-

-

-

-

-

-

0.10

0.15

0.15 0.00 0.90

Eligible for upper secondary
school

-

0.91

0.28

0

1

-

0.84

0.36

0

1.00

-

0.68

0.47 0.00 1.00

210

208

63

0

320

200

195

70

0

320

180

169

Grade point score
N

1362456

106259

45

80

105522

0

320

Table 2
OLS regressions on the association between ethnic concentration and grade point scores
Native Swedes of Swedish background

b
Proportion first generation
immigrant pupils

Second generation

First generation immigrants

No controls

With controls

No controls

With controls

No controls

With controls

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

se

p

b

se

p

b

se

P

b

se

p

b

se

p

b

se

p

-37.47 5.83 0.000 -28.83 5.57 0.000 -39.80 6.75 0.000 -21.45 6.66 0.001 -65.61 8.45 0.000 -41.61 7.37 0.000

Proportion pupils with academic
background
68.96 2.73 0.000 21.02 2.57 0.000 51.45 6.00 0.000 26.10 5.63 0.000 35.84 10.35 0.001 11.49 7.94 0.148
Proportion first generation
immigrant pupils from refugee
countries

-43.34 5.16 0.000 -33.01 4.22 0.000 -46.33 6.81 0.000 -22.44 6.12 0.000 -63.63 5.39 0.000 -40.38 5.12 0.000

Proportion first generation
immigrant pupils who arrived
after age 10

-81.96 13.78 0.000 -62.04 13.73 0.000 -72.16 14.42 0.000 -43.60 14.50 0.003 -157.76 20.10 0.000 -91.54 17.86 0.000

N

1362456

106259

105522

Baseline model includes the proportion of children with tertiary educated parents, calendar year, and an indicator of whether the schools is an
independent school
Control variables include sex, educational level of parents, living in an intact family, number of siblings, position of the individual in the sibling
set, parental employment, household income, age at immigration (for those born abroad)
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Table 3
School fixed effects regressions on the association between ethnic concentration and grade point scores
Native Swedes of
Swedish
background

Second generation

First generation
immigrants

Model 1

Model 2

Model 3

b
Proportion first generation immigrant pupils
Proportion pupils with academic
background
Proportion first generation immigrant pupils
from refugee countries
Proportion first generation immigrant pupils
who arrived after age 10
N

se

p

b

se

p

b

se

p

-13.89

3.20 0.000

-2.54

5.31 0.632 -5.73

6.27

0.361

0.40

1.89 0.834

6.48

4.73 0.171 -2.69

5.56

0.628

-13.68

4.35 0.002

0.49

6.87 0.943 -5.18

7.74

0.503

1.45

8.52 0.865 13.05 11.03 0.237

-13.98

4.77 0.003

1362456

106259

105522

N schools
1339
1330
1327
All models control for calendar year, independent school, sex, educational level of parents, living in an intact family, number of siblings, position
of the individual in the sibling set, parental employment, household income, age at immigration (for those born abroad)
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Table 4
Family fixed effects and family and school fixed effects regressions on the association between ethnic concentration and grade point
scores
Native Swedes of Swedish background
First or second generation immigrants
Family FE
Stayers
Model 1
b
se
p
Proportion first
generation immigrant
pupils
Proportion pupils
with academic
background

Movers
Model 2
b
se

p

Family and school
FE
Movers
Model 3
b
se
p

Family FE
Stayers
Model 4
b
se

p

Movers
Model 5
b
se

p

Family and school
FE
Movers
Model 6
b
se
p

6.30

2.64

0.017

-10.88

2.72

0.000

-1.46

4.14

0.725

6.70

4.16

0.108

-6.05

2.99

0.043

6.84

5.07

0.177

-3.91

1.30

0.003

-6.48

1.53

0.000

2.10

2.46

0.392

-10.71

4.21

0.011

-5.17

3.41

0.129

-4.44

5.77

0.442

Proportion first
generation immigrant
pupils from refugee
countries
6.03 3.52 0.087 -2.23 3.38 0.510 3.16 5.42 0.560 11.03 5.00 0.027 -6.48 3.58 0.071 5.31 5.99 0.375
Proportion first
generation immigrant
pupils who arrived
after age 10
6.29 3.93 0.110 -36.03 5.64 0.000 -7.37 6.33 0.244 14.02 6.19 0.024 -15.77 5.43 0.004 6.08 7.27 0.403
N
1138283
224173
224173
158651
53130
53130
N families
741345
93836
93836
106905
20016
20016
N schools
1339
1296
All models control for calendar year, independent school, proportion of children with tertiary educated parents, sex, educational level of parents,
living in an intact family, number of siblings, position of the individual in the sibling set, parental employment, household income, age at
immigration (for those born abroad)
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Table 5
OLS regressions on the association between ethnic concentration and eligibility
Native Swedes of Swedish background

b
Proportion first generation
immigrant pupils

Second generation

First generation immigrants

No controls

With controls

No controls

With controls

No controls

With controls

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

se p

b

se

p

b

se

p

b

se

p

b

se

p

b

se

p

-0.24 0.02 0.000 -0.21 0.02 0.000 -0.33 0.03 0.000 -0.25 0.03 0.000 -0.48 0.03 0.000 -0.34 0.03 0.000

Proportion pupils with academic
background
0.15 0.01 0.000

0.04

0.01 0.000 0.17 0.02 0.000 0.09 0.02 0.000 0.14 0.04 0.000 0.04 0.03 0.181

Proportion first generation
immigrant pupils from refugee
countries

-0.28 0.02 0.000 -0.24 0.02 0.000 -0.39 0.04 0.000 -0.29 0.04 0.000 -0.48 0.03 0.000 -0.36 0.03 0.000

Proportion first generation
immigrant pupils who arrived
after age 10

-0.48 0.05 0.000 -0.41 0.05 0.000 -0.55 0.07 0.000 -0.43 0.07 0.000 -1.05 0.08 0.000 -0.65 0.06 0.000

N

1362456

106259

105522

Baseline model includes calendar year, proportion of children with tertiary educated parents and independent school
Control variables include sex, educational level of parents, living in an intact family, number of siblings, position of the individual in the sibling
set, parental employment, household income, age at immigration (for those born abroad)
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Table 6
School fixed effects regressions on the association between ethnic concentration and eligibility

Native Swedes of
Swedish background Second generation
Model 1

Model 2

b

se

Proportion first generation immigrant pupils

-0.10

0.01

0.000 -0.05

0.03

Proportion pupils with academic background

0.02

0.01

0.004

0.05

Proportion first generation immigrant pupils
from refugee countries

-0.10

0.02

Proportion first generation immigrant pupils
who arrived after age 10

-0.11

0.02

N
N schools

First generation
immigrants

p

b

se

Model 3
p

b

se

p

0.104 -0.11

0.04

0.002

0.02

0.035

0.02

0.03

0.455

0.000 -0.05

0.04

0.181 -0.09

0.04

0.050

0.000 -0.04

0.05

0.450 -0.13

0.06

0.024

1362456

106259

105522

1339

1330

1327

All models control for calendar year, independent school, proportion of children with tertiary educated parents, sex, educational level of
parents, living in an intact family, number of siblings, position of the individual in the sibling set, parental employment, household income, age at
immigration (for foreign born)
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Table 7
Family fixed effects and family and school fixed effects regressions on the association between ethnic concentration and eligibility
Native Swedes of Swedish background
First or second generation immigrants
Family FE
Stayers
Model 1
b
se
p

Movers
Model 2
b
se
p

Family and school
FE
Movers
Model 3
b
se
p

Family FE
Stayers
Model 4
b
se
p

Movers
Model 5
b
se
p

Family and school
FE
Movers
Model 6
b
se
p

Proportion first
generation immigrant
pupils
-0.04 0.02 0.017 -0.13 0.01 0.000 -0.05 0.02 0.039 -0.01 0.03 0.792 -0.11 0.02 0.000 -0.08 0.03 0.017
Proportion pupils with
academic background 0.01 0.01 0.132 0.01 0.01 0.523 0.04 0.01 0.010 0.02 0.03 0.566 0.03 0.02 0.229 0.02 0.04 0.689
Proportion first
generation immigrant
pupils from refugee
countries
-0.03 0.02 0.111 -0.11 0.02 0.000 -0.01 0.03 0.662 0.03 0.03 0.464 -0.12 0.02 0.000 -0.09 0.04 0.018
Proportion first
generation immigrant
pupils who arrived after
age 10
-0.05 0.02 0.027 -0.29 0.03 0.000 -0.12 0.04 0.001 0.01 0.04 0.783 -0.19 0.03 0.000 -0.04 0.05 0.445
N
1138283
224173
224173
158651
53130
53130
N families
741345
93836
93836
106905
20016
20016
N schools
1339
1296
All models control for calendar year, independent school, proportion of children with tertiary educated parents, sex, educational level of
parents, living in an intact family, number of siblings, position of the individual in the sibling set, parental employment, household income, age at
immigration (for those born abroad)
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Table 8
OLS regressions and fixed effects regressions on the association between co-ethnics and school outcomes
OLS regressions

School FE

Model 1
b

se

Family FE

Model 2
p

b

se

p

b

Two-way FE

Stayers

Movers

Movers

Model 3

Model 4

Model 5

se

p

b

se

p

b

se

p

8.94

0.776

Grade point score
Proportion non-co-ethnics in school

-37.05 1.63 0.000 -7.13 3.60 0.048 -6.99

Proportion co-ethnics in school

-59.41 5.07 0.000 0.73 6.08 0.904 55.08 13.95 0.000 33.28 13.83 0.016 54.79 16.24 0.001

Proportion pupils with academic background 7.81 1.77 0.000 -4.12 3.91 0.292 -6.19

7.31 0.339 -20.52 4.92 0.000 -2.55
7.09 0.383 -6.21

5.48 0.257 -3.64

9.65

0.706

Eligibility
Proportion non-co-ethnics in school

-0.30 0.01 0.00 -0.12 0.02 0.000 -0.10

0.05 0.044 -0.17

0.03 0.000 -0.08

0.06

0.198

Proportion co-ethnics in school

-0.43 0.03 0.00 -0.07 0.04 0.075

0.44

0.10 0.000

0.00

0.09 0.983

0.15

0.11

0.172

0.04

0.05 0.468

0.00

0.04 0.955 -0.05

0.07

0.446

Proportion pupils with academic background 0.04 0.01 0.00
N
N schools

105484

0.02 0.02 0.356
105484

78525

26959

1327

N families

26959
1218

57717

12496

12496

All models control for calendar year, independent school, proportion of children with tertiary educated parents, sex, educational level of parents,
living in an intact family, number of siblings, position of the individual in the sibling set, parental employment, household income, age at
immigration (for those born abroad), and country/region of birth
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END NOTES
1

We have access to measures of mean earnings and the proportion of employed parents at the

school level; however, these variables are too highly correlated with the proportion of
immigrants to be included in our models.
2

We have also tested alternative measures of ethnic concentration, such as the proportion of

immigrants who arrived in Sweden at age 13 or later and the proportion of immigrants from
refugee countries who arrived in Sweden after the age of 6 (school start). In all of these
analyses, the associations between the indicators of school segregation and grades are
stronger. However, the narrower the definition of segregation that is used, the smaller is the
within-school and within-family variation of the variable.
3

We also note (Models 1, 2, 4 and 5) the negative effects of socio-economic school

segregation (proportion of students from an academic background), yet the coefficients are
small and not significant in the two-way fixed effect models. The largest coefficient, -10.71
for immigrants, implies that if an immigrant changed (this estimate is valid for school stayers)
from a school cohort with zero students of academic background to a school cohort where 100
percent of students were of academic background, his/her expected grade would decrease by
about 11 points (on the grade score scale that ranges from 0 to 320). This is nevertheless a
counter-intuitive finding which might be due to teachers being less willing to use high grades
in school classes with large numbers of children from an academic background.
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Appendix A
Countries and regions in data
Country

N

Country

N

Sweden

1 445 957

USA and Canada

1 466

Iraq

18 085

Ethiopia

1 418

Yugoslavia

11 832

China, Mongolia, and North Korea

1 416

Bosnia and Herzegovina

11 003

Romania

1 408

Iran

7 314

British Islands and Oceania

1 385

India region

4 799

Central America, the Caribbean, and
Mexico

1 310

Poland

4 152

Philippines and Polynesia

1 208

Somalia

4 102

West Africa

1 107

Thailand

3 601

Central Asia and Caucasus

1 066

Colombia

3 382

Serbia and Montenegro

951

Chile, Argentina, and Uruguay

3 162

Southeast Asia (other)

919

Lebanon

3 036

Benelux

835

German Europe

2 927

Central Africa

807

High income Asia

2 849

Eritrea

726

Russia / Soviet

2 759

Italian / French Europe

718

Turkey

2 683

Lithuania and Latvia

688

Afghanistan

2 613

Hungary

539

South America (other)

2 571

Estonia

440

Norway

2 396

Tunisia, Libya, Egypt

429

Denmark and Iceland

2 104

Iberia and Pyrenees

424

Syria

1 968

Pakistan

396

Vietnam

1 961

Morocco and Algeria

349

Finland

1 882

Greece and Cyprus

347

Middle East (other)

1 873

Missing / unknown
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the Victoria Region and
Southern Africa

1 660

Eastern Europe (other)

1 625

Yugoslavia (other) and Albania

1 540

Appendix B
Within-family variation in the main independent and dependent variables
Table B1 describes the within-family variation in our main independent variables, by
subtracting the lowest value in the sibling set from the highest value in the sibling set. In the
interest of saving space, we do not distinguish between different immigrant backgrounds in
Table B1, with the exception of the last column (‘Proportion co-ethnics’) which only includes
first generation immigrants.
The within-family variation is indeed substantial. 93 percent of all sibling sets have some
variation in the proportion of immigrants at school, and the mean difference in these sibling
sets is 4.6 percentage points. If siblings attend the same school (those whom we term
‘stayers’), the mean difference between the siblings is 3 percentage points. This difference is
considerably larger, however, (8 percentage points) if the siblings attend different schools
(those whom we term ‘movers’). Differences between siblings are, naturally, consistently
larger among movers than among stayers. The mean sibling difference in the proportion of
pupils with an academic background is around 6 percentage points for movers and 13
percentage points for stayers. The mean differences between siblings in the proportion of
recently arrived immigrants and in the proportion of immigrants from typical refugee
countries follow the same logic as that described for the proportion of immigrants; however,
the mean sibling difference is consistently smaller. For first generation immigrants, we have
also calculated the mean sibling difference in the proportion of co-ethnics in school. Only 57
percent of the sibling sets include some variation on this variable. This is because a large
proportion of the immigrants have no co-ethnics at school (40 percent). Again, we find larger
sibling differences among movers, and smaller differences among stayers.

Table B1: Within-family differences in school characteristics
School characteristics
Proportion first
generation
immigrant pupils

Proportion pupils
with academic
background

Proportion first
generation
immigrant pupils
who arrived after
age 10

Proportion first
generation
immigrant pupils
from refugee
countries

Proportion coethnics (only first
generation
immigrants)

93.3%

97.9%

80.0%

80.8%

56.7%

Percentage sibling
sets with withinfamily difference
Mean

Min

Max

Mean

Min

Max

Mean

Min

Max

Mean

Min

Max

Mean Min

Max

Mean within-family
difference

0.043

0.000

0.899

0.078

0.000

0.762

0.024

0.000

0.696

0.030

0.000

0.813

0.020

0.037

0.422

Mean within-family
difference, if>0

0.046

0.000

0.899

0.080

0.000

0.762

0.030

0.000

0.696

0.038

0.000

0.813

0.035

0.000

0.422

Mean within-family
difference, if >0 and
sibling set attend
same school (stayers)

0.033

0.000

0.636

0.062

0.000

0.458

0.024

0.000

0.473

0.028

0.000

0.562

0.029

0.000

0.422

Mean within-family
difference, if >0 and
sibling set attend
different schools
(movers)

0.084

0.000

0.899

0.132

0.000

0.762

0.046

0.000

0.696

0.065

0.000

0.813

0.046

0.000

0.386

Table B2: Within-family differences in siblings’ school outcomes
Eligibility GPA
Percentage sibling
sets with withinfamily difference

Mean within-family
difference

All

14.0%

96.4%

If sibling set attend same school

12.2%

96.1%

If sibling set attend different schools

19.6%

97.3%

All

-

53.1

If >0

-

55.1

If >0 and sibling set attend same school

-

52.0

If >0 and sibling set attend different schools

-

65.0

Table B2 includes descriptive statistics on how the two variables measuring school
performance differ within sibling sets. 14 percent of all sibling sets have at least one sibling
who is eligible while another sibling is not. This is particularly common if siblings attend
different schools, indicating differences in quality between schools. Almost all sibling sets
have some variation in grades, and again, this is particularly common if at least one of the
siblings attends a different school. The mean within-family difference in grades is 13 points
higher (65-52=13) if siblings attend different schools as compared to when the siblings attend
the same school. This is equivalent to the difference between a pass and a pass with
distinction in almost three out of sixteen subjects.

Appendix C
Descriptive statistics for control variables

Girl
Sibling order
1st child
2nd child
3rd child
4th child or later
Number of siblings
1 sibling
2 siblings
3 siblings
4 siblings
5 or more siblings
Lives in intact family
Parents’ education
Comprehensive school
Upper secondary school
Tertiary education <2 years
Tertiary education 2 years or longer
Missing

Native Swedes of Swedish
background
Mean
SD
Min Max

Mean

0.49

0.50

0

1

0.49

0.50

0

1

0.48

0.50

0

1

0.49
0.35
0.12
0.04

0.50
0.48
0.33
0.19

0
0
0
0

1
1
1
1

0.41
0.32
0.16
0.11

0.49
0.47
0.36
0.31

0
0
0
0

1
1
1
1

0.48
0.29
0.13
0.10

0.50
0.45
0.33
0.30

0
0
0
0

1
1
1
1

0.14
0.47
0.28
0.08
0.03
0.63

0.35
0.50
0.45
0.27
0.17
0.48

0
0
0
0
0
0

1
1
1
1
1
1

0.12
0.34
0.27
0.15
0.12
0.62

0.33
0.47
0.44
0.36
0.33
0.49

0
0
0
0
0
0

1
1
1
1
1
1

0.15
0.29
0.22
0.14
0.19
0.57

0.36
0.46
0.41
0.35
0.39
0.49

0
0
0
0
0
0

1
1
1
1
1
1

0.04
0.48
0.07
0.40
0.00

0.21
0.50
0.26
0.49
0.03

0
0
0
0
0

1
1
1
1
1

0.18
0.48
0.04
0.28
0.01

0.39
0.50
0.20
0.45
0.07

0
0
0
0
0

1
1
1
1
1

0.24
0.35
0.03
0.34
0.05

0.43
0.48
0.17
0.47
0.21

0
0
0
0
0

1
1
1
1
1

Second generation
SD
Min Max

First generation immigrants
Mean
SD
Min
Max

Appendix C, continued
Mother is earner
Father is earner
Household income
Q1
Q2
Q3
Q4
Q5
Missing
Mover
All siblings attend same school
Siblings attend different schools
Eligible for upper secondary school
Grade point score
Age at immigration
Before age 7
Age 7-9
Age 10-12
Age 13+
Proportion co-ethnics in school
Proportion non co-ethnics in school
N

0.82
0.80

0.39
0.40

0
0

1
1

0.59
0.52

0.49
0.50

0
0

1
1

0.40
0.34

0.49
0.48

0
0

1
1

0.14
0.20
0.21
0.22
0.23
0.00

0.35
0.40
0.41
0.41
0.42
0.03

0
0
0
0
0
0

1
1
1
1
1
1

0.42
0.26
0.15
0.11
0.06
0.00

0.49
0.44
0.36
0.31
0.24
0.05

0
0
0
0
0
0

1
1
1
1
1
1

0.65
0.19
0.08
0.04
0.03
0.01

0.48
0.39
0.28
0.20
0.16
0.09

0
0
0
0
0
0

1
1
1
1
1
1

0.84
0.16
0.91
208

0.37
0.37
0.28
63

0
0
0
0

1
1
1
320

0.75
0.25
0.84
195

0.43
0.43
0.36
70

0
0
0
0

1
1
1
320

0.74
0.26
0.68
169

0.44
0.44
0.47
80

0
0
0
0

1
1
1
320

-

-

-

0.38
0.21
0.21
0.20
0.03
0.15

0.48 0
0.41 0
0.41 0
0.40 0
0.05 0
0.15 0
105522 (6.7%)

-

1362456 (86.5%)

106259 (6.7%)

1
1
1
1
0.42
0.90

