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Abstract

In this paper, we investigate sibling correlations in educational outcomes, which
serve as a broad measure of the importance of family and community background.
Making use of rich longitudinal survey and register data for Denmark, our main aim
is to identify the parental background characteristics that are able to explain the
resemblance in educational outcomes among siblings. We find sibling correlations
in educational outcomes in the range of 15 to 33 percent, suggesting that up to a
third of the variation in educational achievement can be explained by family and
community background. Our results further reveal that parents’ socio-economic
background (i.e., their education, occupation, and income) can explain up to 44
percent of the sibling correlation. However, non-economic factors such as family
structure, the incidence of social problems, and parents’ educational preferences also

play an important role for sibling similarities in educational outcomes.

JEL Classifications: 121, 124, J13
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*The authors are grateful to seminar participants at the Ruhr University Bochum for helpful comments
and suggestions. All remaining errors are our own. — This work was supported by a fellowship within the
Postdoc-Program of the German Academic Exchange Service (DAAD).



1 Introduction

There is a general interest in society to understand the importance of family background
for individual achievement. In particular, social scientists have long been interested in
exploring the intergenerational relationship between parents’ and offspring’s outcomes,
such as their educational attainment or income. These studies are motivated by the aim
to assess the degree of equality of opportunity in a society. Family background, broadly
defined, represents circumstances that members of the offspring generation cannot be held
accountable for, hence a strong dependence of individual outcomes on family background
implies low equality of opportunity (cf. Roemer, 1998).

Though the concept of intergenerational mobility is certainly a meaningful one, the
major limitation of traditional parent-offspring associations is that they are based on one
single characteristic of the family. However, family background has an impact on children
in many ways that cannot be picked up by one single variable.! An alternative approach
to measure the importance of family background is to investigate the sibling correlation
in economic outcomes. A sibling correlation can be interpreted as the fraction of the
total variation in an outcome that can be attributed to factors shared by siblings. As
such, sibling correlations provide a broad measure of the overall importance of family and
community background.

Estimates of sibling correlations in educational outcomes, which are the focus of this
paper, have centered around 0.5 to 0.6 for the US and 0.4 for Norway and Sweden. This
suggests that even in the Nordic countries, which are characterized by an extensive welfare
state and a long history of offering free post-secondary and higher education, 40 percent
of the variation in educational outcomes can be attributed to family background. In our
study, we focus on Denmark, a country that has been shown to rank at the top of the

educational mobility scale.?

Basically, we are interested in whether in a high-mobility
country such as Denmark, inequalities in educational outcomes still exist.

Although sibling correlations give us an estimate of how much of the variation in
educational outcomes can be attributed to family and community background, they do not
tell us anything about which background characteristics matter for children’s educational
achievement. Bjorklund and Jéantti (2012) compare the sibling correlation in years of
schooling with the respective intergenerational correlation between children’s and parent’s
education and find that siblings share much more than their parents’ education. Hence,

if parental education is not of major importance, what exactly is it that makes siblings

1See Bjorklund and Jéntti (2012) for a more extensive discussion of the limitations of traditional
analysis of intergenerational mobility.

2In a cross-country comparison of the intergenerational correlation in years of schooling across 42
nations, among them 13 Western countries, Hertz et al. (2007) find Denmark to possess the highest level
of intergenerational educational mobility among the Western countries, and one of the highest levels across
the world.




similar in terms of their educational achievement?

One hypothesis is that because most siblings grow up in the same neighborhood, this
could explain parts of the sibling similarity. However, recent studies for the US, the UK, and
Sweden suggest that neighborhood characteristics are of minor relevance in explaining the
sibling resemblance in educational outcomes. Hence, there must be something within the
family that accounts for the relatively high sibling correlation in educational achievement.
Obviously, parents influence their children via several channels beyond parental education:
investments in their children’s education, transmission of cultural values, attitudes, and
social skills, and genetic endowments are all possible candidates. Moreover, in addition
to the investment decisions and endowments of the parents, family members beyond the
parental generation, such as grandparents, may influence the economic position of the
child generation. From an equality-of-opportunity perspective, it is crucial to understand
what it is that is so important about family background. A second aim of our paper is
therefore to shed light on which family background characteristics are able to explain the
sibling resemblance in educational outcomes.

Our contributions to the literature are manifold: First, we provide some first evidence on
sibling similarities in educational outcomes for Denmark, adding upon previous literature
for the US, the UK, and other Scandinavian countries. Second, we are the first to investigate
whether family background is more important for obtaining an upper secondary educational
degree or a tertiary educational degree, gaining insights into whether educational inequality
increases or decreases at higher stages of the educational system. Lastly, we are the first
to decompose the sibling correlation in educational outcomes in factors attributable to
family and community characteristics, thereby considering a wide range of background
characteristics, including parents’ socio-economic status, cognitive skills and attitudes, as
well as the role of grandparents and the neighborhood.

For a sample of children born between 1968 and 1984 in Denmark, we find sibling
correlations in educational outcomes in the range of 15 to 33 percent, suggesting that up
to a third of the variation in these outcomes can be explained by family and community
background. For both brothers and sisters, family background is found to be more
important for obtaining a tertiary educational degree than for obtaining an upper secondary
degree, which suggests that educational inequality is higher at the top of the educational
distribution. A decomposition of the sibling correlation reveals that parents’ socio-
economic status is the main determinant of sibling similarity in educational outcomes.
However, non-economic factors such as family structure, the incidence of social problems,
or parents’ educational preferences also play an important role, especially in explaining
sibling similarities in the completion of upper secondary education.

The outline of the papers is as follows. In Section 2, we summarize previous literature

on the role of family background in economic outcomes and provide some basic informa-



tion on the educational system in Denmark. In Section 3, we explain our econometric
approach to estimate and decompose the sibling correlations and describe the data and
main variables used in our empirical analysis. The results of our analysis are presented in

Section 4 and Section 5 concludes.

2 Background

2.1 Literature

A long literature in sociology and economics has aimed to estimate the importance of family
background for children’s future economic success. Most of this research has focused on the
intergenerational relationship between parents’ and offspring’s outcomes.® Beginning with

the study of Corcoran et al. (1976), researchers started to examine the sibling correlation

as an alternative approach to measuring the importance of family background.

While intergenerational correlations in economic outcomes measure the relationship
between parents’ and offspring’s economic success based on one single characteristic (e.g.,
years of education or earnings), sibling correlations in such outcomes provide a much
broader measure of the role of family background for these outcomes. Measures of sibling
similarity take into account not only the influence of the observed parental resource used
in the intergenerational mobility analysis, but also all other unobserved factors that are
shared by siblings and uncorrelated with the parental resource. Traditional studies of
intergenerational associations in economic outcomes are therefore likely to study only “the
tip of the iceberg” (Bjorklund and Jantti, 2012, p. 471).

The majority of studies investigating sibling correlations in economic outcomes focus

on investigations of sibling (or brother) correlations in permanent earnings or income.
For the US, Solon et al. (1991), Levine and Mazumder (2007), and Mazumder (2008)

find brother correlations in permanent earnings of about 0.45 to 0.50. Results for other

countries as well as cross-country comparisons of sibling correlations in earnings (see, e.g.,
Bjorklund et al., 2002; Schnitzlein, 2014) reveal that these estimates are of about the same

size in Germany, while they are much lower in the Scandinavian countries. For Denmark,

Schnitzlein (2014) estimates the sibling correlation in permanent earnings to be around
20 percent for both brothers and sisters, which is comparable with previous estimates for
Finland (Osterbacka, 2001; Bjorklund et al., 2002), Norway (Bjorklund et al., 2002) and
Sweden (Bjorklund et al., 2002, 2010; Bjérklund and Jantti, 2012).

With respect to years of schooling and other educational outcomes, sibling correlations

3See Solon (1999) for a review of the earlier and Black and Devereux (2011) for a review of the more
recent literature on intergenerational mobility.



are usually found to be higher than the respective correlations in income or earnings.
For the US, Solon et al. (2000) and Mazumder (2008) estimate the sibling correlation in
years of education to lie in the range of 0.5 to 0.6, suggesting that more than half of the
variation in educational attainment in the US can be explained by family and community
factors. Looking at test scores, Mazumder (2008, 2011) and Nicoletti and Rabe (2013)
find similar results for the US and the UK, respectively. Again, economic inequality is

lower in the Scandinavian countries: For Sweden, Bjorklund and Jéntti (2012) find an

overall sibling correlation in years of schooling of 0.44, while the correlation is slightly
higher for brothers (0.46) than for sisters (0.40). Raaum et al. (2006) and Lindahl (2011)
obtain similar results using data for Norway and Sweden, respectively.

Only a few studies have tried to gain insights into which family and community factors
drive the sibling correlation in economic outcomes. A part of the literature compares the
sibling correlation in economic outcomes with the respective correlation in this outcome
among neighboring children in order to impose a lower bound on the role of family
background as opposed to neighbor and community effects for children’s outcomes.* In
general, these studies find a small role for neighborhoods in explaining sibling correlations
in educational or economic outcomes. For instance, Lindahl (2011) finds brother and sister
correlations in years of education of about 0.40, while the respective neighbor correlations
are much smaller: 0.02 for males and 0.01 for females when basic family background
characteristics (parental income and education) are accounted for.

Mazumder (2008) is the first to systematically decompose sibling correlations in
economic outcomes into factors attributable to siblings’ human capital (education, test
scores), physical characteristics (height, weight, BMI), socially deviant behaviors (jail, drug
use) and psychological characteristics (Rotter scale, self esteem). He finds that human
capital can explain 50 percent or more of the brother correlation in wages and earnings,
while non-cognitive measures such as deviant behavior and psychological characteristics

can account for around 20 percent of these correlations. While Mazumder (2008) is mainly

interested in identifying the underlying channels through which family and community
affect children’s future economic outcomes, Bjorklund et al. (2010) employ Mazumder’s
decomposition approach to investigate which specific characteristics of the parents are
important for sibling similarities in long-run income. Using data on a sample of children
born in 1953 who lived in the Stockholm metropolitan area in 1963, the authors find that
parents’ socio-economic status, as measured by parental education, income, as well as
father’s occupation, can only account for 13 percent (sisters) and 28 percent (brothers) of

the raw sibling correlation in long-run income.> They further show that the explanatory

4See, amongst others, Solon et al. (2000) and Page and Solon (2003a,b) for the US, Nicoletti and
Rabe (2013) for the UK, Raaum et al. (2006) for Norway, and Lindahl (2011) for Sweden.

°The raw sibling correlation in long-run income was estimated to be 0.23 for sisters and 0.25 for
brothers.




power of the family characteristics rises to 58 percent for sisters and 71 percent for brothers
when indicators of parents’ involvement in schoolwork and parental attitudes are are added,
suggesting that parental characteristics beyond parents’ socio-economic status play a role
for sibling similarities in long-run income.

In this paper, we contribute to the above literature in several ways: First, we add upon
previous literature for the US and some European countries and provide first evidence on
sibling similarities in educational outcomes for Denmark. In doing so, we go beyond the
traditional analysis of years of schooling as an outcome variable, but explicitly investigate
whether the role of family background varies over different stages of the educational system.

Lastly, we are the first to apply a decomposition analysis as proposed by Mazumder (2008)

to decompose the sibling correlation in educational outcomes in factors attributable to
family and community characteristics. By making use of a combination of rich Danish
survey and register data, we are able to consider a wide range of background characteristics,
including parents’ socio-economic status, cognitive skills and attitudes, as well as the role

of grandparents and the neighborhood.

2.2 The Danish Institutional Setting and Educational System

As the other Scandinavian countries, Denmark started already in the 1960s to build up the

“Scandinavian Welfare State” which is characterized by a large redistribution of income via

6

a high tax pressure® as well as means-tested income transfers (see Esping-Andersen, 1990).

Besides, Denmark has one of the highest coverage rates of publicly provided day care for
pre-school children worldwide, and the quality of public childcare is relatively high (see
Datta Gupta et al., 2008). Childcare is highly subsidized by the public and for low-income
families it is virtually for free. The public school system is also widely free and among the
most expensive in the world (see OECD, 2013).

In 1968, when the parental generation considered in our analysis attended the 7th
grade of elementary school, compulsory school in Denmark started at the age of 6 or 7 and
included 7 years of compulsory schooling. In 1972, compulsory schooling was extended
to 9 years by adding two extra compulsory grades, grades 8 and 9. In 2009, the former
“kindergarten grade” or “grade 0” for children aged 5-6 years was made compulsory. The
children of the main respondents in this study are born between 1968 and 2012. Since we
restrict the sample to all biological children born between 1968 and 1984, these children
were subject to 9 years of compulsory schooling. There is no tracking in the compulsory
school system in Denmark, i.e., up to the age of 15-16 years all children attend the same
schools. After grades 0 to 9, the pupils have the options of 1 extra year at school (grade

10), to enroll at upper secondary education (high school or a vocational education), which

6In 2012, Denmark had the highest tax to GDP ratio (47.2%) among the OECD countries. The tax
ratio in the OECD area as a whole is 33.7% (OECD, 2014).



typically takes 3 years, or to leave the formal educational system without any education.
After upper secondary education, the students may enroll in a tertiary education at a
university or a university college. A completed tertiary education takes between 2 to 6
years (for instance, 2 years for a laboratory technician, 4 years for a school teacher or
nurse and 5-6 years for a master degree at university level). Finally, on top of a university
bachelor or master degree, the students may complete a PhD degree. This means that the
total number of years of formal education for our sample of siblings may vary from 9 years
to 94+3+6+3=21 years. Of course many students do not complete their formal education
within the “standard” number of years, i.e., it may take more than 21 years to complete a
PhD degree.

There are no fees in the Danish educational system, including all universities, except
for MBA programs, etc. Students have to pay for their books and other costs related
to studying. However, they are also entitled to fairly generous student grants and loans.
According to OECD, Denmark has one of the most generous student grants in the world
(OECD, 2013). The student grant system was introduced in 1970 and has since then been

extended and become more generous several times.

3 Method and Data

3.1 Method

The following statistical framework based on Solon et al. (1991) is used to measure the
sibling correlation in educational outcomes. Each educational outcome (e.g., years of
education) is denoted by y;;, where j indexes siblings and 7 indexes families. The model

for each outcome is then:

Yij = 1+ €45, €j = i + bij, (1)
where p is the population mean and ¢;; is the residual. The latter can be decomposed
into a permanent component common to all siblings in the family, a;, and a permanent
component that is individual-specific, b;;, which captures individual deviations from the
family component. Both a; and b;; are treated as random effects that are assumed to be
independent of each other. The variance of y;; is then simply:

2

0l =0, + 0. (2)

The first term, o2, captures the variance in educational outcomes that is due to differences

between families, whereas the second term, o7, captures the variance in educational

outcomes within families. These two components are then used to calculate the correlation



in permanent outcomes between siblings, p:

0,2

P = m- (3)
This is also equivalent to the fraction of the overall variance in educational outcomes that
is due to shared family and community background.

A sibling correlation can thus be thought of as an omnibus measure of the importance
of family background and community effects. It includes the variance of anything shared
by siblings, such as (observed and unobserved) parental resources and influences, as, e.g.,
parents’ education and income, their parenting styles as well as their preferences and
aspirations. Moreover, it captures things not directly related to the parents, such as school
and neighborhood effects as well as the influence of other family members, as, e.g., the
siblings’ grandparents. However, there are also factors related to family and community
background that are not captured by the sibling correlation, such as genetic traits not
shared by siblings, differential treatment of siblings, and changes across time in the family,
neighborhoods and schools. Therefore, the sibling correlation is a lower-bound measure of
the importance of such factors.

Following, amongst others, Mazumder (2008, 2011), Bjorklund et al. (2010), and Lindahl
(2011), the variance components that are needed to calculate the sibling correlation are
estimated using restricted maximum likelihood (REML). REML has been shown to be
superior to other estimation methods (as, e.g., ANOVA formulas) when the data are
unbalanced, which is the case in our study because of varying family sizes. A drawback
of using REML is that the error components a and b must be assumed to be normally
distributed. For years of education this may be less problematic, but for our binary
outcome variables the normality assumption may be more suspect. We therefore checked
the robustness of our results by using ANOVA formulas instead of REML to calculate the
error components, which did not change our results substantially.” The standard errors of
the sibling correlations are calculated using the delta method.

To understand how different observable characteristics (e.g., parental education or
income) influence the sibling correlation in educational outcomes, we follow the method

developed by Mazumder (2008) and augment equation (1) with the vector X;;, which

contains different variables depending on the specification. These variables are treated
as fixed effects in the REML framework and should reduce the residual variation in the

outcome variable. Hence, adding the control variables X;; to the model should produce

2%
a

lower estimates of the family component (o7*) and the sibling correlation (p*) than

what was found without their inclusion. The relative difference between the two sibling

"This is in accordance with the results of Mazumder (2008, 2011), Lindahl (2011), and Nicoletti and
Rabe (2013), who find that the results based on REML are similar to those of other estimation methods.



correlations ((p— p*)/p) can then be interpreted as an estimate of the fraction of the overall
sibling correlation that can be attributed to the specific factors in question. This provides
an upper-bound estimate of the causal effect because it includes all omitted factors that
are also correlated with the included fixed effects. For example, the reduction in p due to
the inclusion of parents’ education would be comprised of both the direct effect of parents’
on children’s education as well as any omitted factors that are correlated with parents’
education and influence children’s educational outcomes (e.g., parents’ cognitive skills
or preferences). Implementing this approach for a wide variety of possible explanatory
variables, either by including them one at a time or by including them simultaneously,
should tell us something about which family background characteristics are critical to
explaining the sibling correlation in educational outcomes.

Following Bjorklund et al. (2010), we start with adding basic individual and parental
characteristics (i.e., parental education, occupation, and income) to our model to see how
much standard measures of parental socio-economic background can add to explaining
the sibling correlation in educational outcomes. Our main question, though, is which
family characteristics beyond parents’ socio-economic status are able to explain the sibling
resemblance in educational outcomes. To answer this question, we then take the sibling
correlation obtained from the model controlling for parents’ socio-economic background,
p*, as our new baseline correlation and subsequently add new variables to the vector X;;.
The relative difference between this new sibling correlation p*™ and p* (i.e., (p* — p**)/p*)
then gives us an estimate of the additional contribution of these family characteristics to
the sibling correlation once parents’ socio-economic status is already controlled for. Such
an analysis is not only interesting in itself, but also reduces the problem of unobserved
heterogeneity accruing from the fact that many family background characteristics (e.g., par-
ents’ cognitive skills) might be highly correlated with parent’s socio-economic background.
Therefore, they might mainly capture the indirect effect of parents’ economic status on
children’s outcomes.® Nonetheless, we can not rule out that unobserved heterogeneity is
still a problem in our analysis. The obtained estimates should therefore still be interpreted
as upper-bound measures of the importance of the respective family characteristics for the

sibling resemblance in educational outcomes.

80ur approach thus differs from Bjorklund et al. (2010) in that we explicitly look at the additional
contribution of non-economic aspects of family background, while Bjorklund et al. (2010) are mostly
interested in the overall contribution of economic and non-economic factors to the sibling correlation.



3.2 Data

Our basic data source is the Danish Longitudinal Survey of Youth (DLSY)?, which is
augmented with data from the Danish registers. The DLSY is an ongoing longitudinal
study of a nationally representative sample of 3,151 Danish respondents who were born
in or around 1954. The main respondents were first interviewed in 1968 when they were
around 14 years old and attended 7th grade of elementary school.!® The purpose of the
1968 DLSY survey was to analyze the determinants and consequences of educational
achievement and attainment. For this purpose, the class teacher in the respondent’s
school class and one of the respondent’s parents were also interviewed in 1968 and 1969,
respectively. While the parents were asked about their own educational background and
their preferences about education, the teacher had to give an assessment of the school class
with respect to its proficiency level and its social structure. During the first interview,
the DLSY respondents further took part in a 3-dimensional (verbal, spatial, inductive)
intelligence test.

The main DLSY respondents have since been followed and interviewed in 1970, 1971,
1973, 1976, 1992, 2001, and finally in 2004 when they were around 50 years old. The
follow-up surveys in 1970 and 1971 (age 16-17) and in 1973 and 1976 (age 19 and 22)
tracked, among other things, respondents educational choices at the end of elementary
school and secondary school, respectively, while the following surveys in 1992 (age 38),
2001 (age 47), and 2004 (age 50) provide rich information on issues such educational
and occupational careers, family formation and fertility, attitudes and aspirations, health,
social contacts and relationships, and leisure time activities.

Over the 36 years of data collection, the response rates in the DLSY have consistently
remained very high. In the latest 2004 survey around 76 percent of the original 3,151
sample members were successfully interviewed. The drop in response rates over the period
is partially due to respondents moving out of the country or dying. However, since the
DLSY data can be linked with register data from Statistics Denmark, a considerable
amount of information exists for all 3,151 original sample members even though they have
dropped out of the DLSY survey.

The DLSY respondents constitute our index generation, which is the second generation
included in the DLSY data. We then extend the survey data in several ways. By making
use of parental identifiers in the Danish register data, we first identify all biological children
of the DLSY respondents (born between 1968 and 2012), which constitute our sibling

9We use the “Cumulative 1968-2004 File” of the DLSY data. For a technical report of these data, see
Jeeger (2014).

10The first 1968 DLSY survey used a cluster based sampling. Among all the 7th grade elementary
school classes in Denmark registered by the Ministry of Education in the school year 1967/68, a nationally
representative sample of 152 (or just over 4 percent of all) school classes was selected and all pupils in
these classes were included in the DLSY.
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sample. In doing so, our sibling sample includes both multiples and singletons, the latter
being useful for calculating the individual error component.!! We then identify the second
biological parent of these children, i.e., the (former) spouse of the DLSY respondent.
Following most of the previous literature (e.g., Bjorklund et al., 2009; Bjorklund and

Jantti, 2012; Mazumder, 2008), we then restrict our sample to siblings having the same
biological mother and father. This leaves us with a raw sample of 5,281 children of 2,494
biological mothers and fathers.!?

In principle, the parental identifiers in the Danish register data can also be used to
identify the parents of the DLSY respondents (and their spouses), i.e., the first generation
of individuals within the family. However, parental identifiers are only complete for children
born in or after 1960, which leads to the fact that we are only able to identify a small
proportion of grandparents in the register data (around ?%). While this is unfortunate,
we can still use the register information for these individuals to improve the precision of
our measures of grandparents’ education in the survey data. Our resulting data set thus
consists of three generations of individuals of the same families.

To measure children’s educational success, we consider three different outcome variables
obtained from the register of the level of education maintained by Statistics Denmark.
This register provides a detailed code of the type of the highest completed education,
the completion date and how many years of schooling the highest completed education
corresponds to. The latter variable serves as our first outcome measure, which ranges from
9 years, the compulsory schooling grade, to 21 years for individuals holding a PhD degree.
While completed years of education is an informative measure of an individual’s overall
educational success, we consider two further outcome variables. In order to be able to
answer whether family background is more important at the bottom or at the top of the
educational ladder, we define two binary indicators: (i) a variable that takes value 1 if the
individual has completed upper secondary education and (ii) a variable that takes value 1
if the individual has completed tertiary education. All outcome measures are observed in
2012, the latest year of observation in the educational registers.

In looking at children’s completed education, we have to restrict the sample to those
individuals who are old enough to have completed their educational track at the end of
our observation window. Hence, we restrict the sample to individuals aged 28 and older in
2012, the age at which the vast majority of individuals in Denmark has entered the labor
market. This leaves us with a final sample of 3,087 children, born between 1968 and 1984,
of 1,934 parents.

"By including singletons in the analysis, we follow Mazumder (2008, 2011). Mazumder (2008) also
shows that including singletons has little effects on the estimated sibling correlations.

12Tt is important to note that while our index generation is nationally representative of all 7th grade
pupils in 1968 (and therefore roughly representative of the 1954 birth cohort), our sample of children of
these parents is not representative of the Danish population. The problem of a possible selectivity of our
sample will be discussed in more detail later in this Section.
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Our basic control variables at both the sibling and the parental level come from the
Danish population and employment registers. In 1980, Denmark was the first country
to conduct a totally register-based census, hence most variables are available from 1980
onwards (i.e., till 2012, the year of observation of our outcome variables). At the sibling
level, we control for gender, age (and its square) as well as birth order, which has been
shown to be highly relevant for children’s educational outcomes. (e.g., Black et al., 2005;
Bjorklund and Jantti, 2012)

At the parental level, our main control variables are measures of parents’ socio-

economic background, i.e., both parents’ education, occupation, and income. Similarly to
our outcome variable, parents’ education is defined as mother’s and father’s completed
years of education. Our measure of parents’ occupation is a mixture of their labor force
status and their occupational status over the period 1980 to 2012. For each year within this
period, we observe parents’ main economic status distinguishing between the self-employed,
white-collar workers, blue-collar workers, other workers (not specified), the unemployed,
and those out of the labor force. The predominant status over the 32 year period is
then taken as our measure of parents’ occupation.'® Lastly, we control for both parents’
logarithm of average income over the period 1980 to 2012.1 Descriptive statistics of our
outcome and basic control variables are shown in Table 1.

Regarding our outcome measures, we can see that at the age of 28, 86 percent of the
individuals have completed upper secondary education and 41 percent have completed
tertiary education. However, there are some differences between the genders, especially
with respect to the completion of tertiary education. Women are 6 percentage point more
likely to have obtained an upper secondary degree and even 21 percentage points more
likely to have obtained a tertiary educational degree than men.'® Considering individuals’
completed years of education, which amounts to 14.3 years for men and 14.9 years for
women, the difference between the brother and sister sample is less apparent. This is due to
the fact that conditional on having obtained an upper secondary and a tertiary educational
degree, respectively, women are more likely to have undertaken short or medium higher
education, while men are relatively more likely to have undertaken long higher education
and longer vocational education and training. The descriptive statistics at the sibling level
further show that our sample is balanced with respect to the individuals’ gender and that
the mean age in our sample is 33 years for both brothers and sisters.

Regarding the parents’ characteristics, the statistics show that both mothers and

13We also tried different definitions of our occupation variable. For instance, we controlled for mother’s
and father’s share of years out of the labor market. This does not alter our results substantially.

ncome is defined as the sum of earned income, transfer income, property income (excl. imputed rent
of owner-occupiers) and other non-classifiable income attributable directly to the individual, and before
deduction of labor market contributions and special pension contributions. Income is measured in 2000
prices.

5The differences between the mean values for brothers and sisters is significantly different from zero.
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fathers were less educated than their children and that men were more educated than
women (13.1 years vs. 13.5 years), which is reversed in the next generation. The majority
of individuals in the parents’ generation are white-collar workers and blue-collar workers.
Around 9 percent of the fathers are self-employed, while this value is much lower for
mothers (around 2 percent). More than 10 percent of the women have been out of the
labor force over most of their working life, while this value is smaller for men (6.6 percent).
The share of long-term unemployed is relatively low among both genders (around 1.5
percent). The average income of men and women amounts to 283,226 DKK and 206,076
DKK, respectively, hence husbands’ income exceeds wives’ income by 37 percent.

One of our main concerns is that our sample of children may not be representative of
the Danish population. In particular, the fact that our sibling sample consists of children
born to members of the 1954 birth cohort creates a potential selectivity with respect to the
parents’ age at birth. By restricting our sample to children born before 1984, we have to
exclude all children born to the initial DLSY respondent after the age of 30. This has two
main consequences: First, our sample of children is likely to be negatively selected among
all children of the respective birth cohort, as we observe children born to individuals who
became parents relatively early in life. Second, first- and second-born children should be
over-represented in our sample, while children of higher birth order are more likely to be
excluded from our sample due to the described age restriction. Unfortunately, it is hard
to tell how this potential selectivity may affect our estimation results.

While we are not able to determine the direction of bias in our sibling estimates, we
can at least try to assess the extent of selectivity in our estimation sample. We do so by
comparing our sibling sample to a representative sample of children that is not born to
a specific birth cohort. In particular, we define a sample that is in the same age range
as our sibling sibling sample, whereas the age range is defined by the median age in our
sibling sample +/- 4 years.!6 For the resulting sample, which is a representative sample of
the 1976 to 1984 birth cohort, we calculate the same descriptive statistics as in Table 1.

As can be seen from Table Al, the two samples are largely similar with respect to
their observable characteristics. As expected, there is a small difference in the mean birth
order between the two samples, which amounts to 1.78 in the representative sample as
compared to 1.43 in our sibling sample. This sort of selectivity, however, does not translate
into differences between siblings’ educational outcomes An exception is the percentage of
brothers holding a tertiary education degree, which is about 4 percentage points higher in
the representative sample than in our sibling sample (0.35 vs. 0.31). Hence, our sample
might be slightly negatively selected with respect to the tertiary educational attainment

of men (though the difference in mean values between the samples is not statistically

16The median age in our sibling sample is 32 years, hence the sample consists of all individuals aged 28
to 36 in 2012.
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different). Considering the characteristics of the siblings’ parents, we also find hardly any
differences between the two samples. This makes us confident that, though our sample
is not representative of the Danish population, selectivity is not a major concern in our
analysis.

The variables in Table 1 serve as our main control variables. One aim of this paper,
however, is to investigate which family background characteristics beyond parents’ socio-
economic status are crucial for children’s educational success and are thus able to explain
the sibling resemblance in educational outcomes. In order to answer this question, we
make use of the rich information on family background available in both the register and
the survey data by defining a large set of further control variables which are potentially

relevant for children’s educational outcomes.

[To be completed|

4 Results

4.1 Raw Sibling Correlations in Educational Outcomes

The basic estimates of sibling correlations in our three educational outcomes, along with the
respective estimated family and individual components, are reported in Table 2. Starting
with the outcomes for mixed sexes, we find a sibling correlation of 0.33 for our years of
education variable, suggesting that about a third of the variation in years of education
can be explained by family and community background. This estimate is somewhat lower
than previous estimates for Norway and Sweden, centering around 0.4 (cf. Raaum et al.,
2006; Lindahl, 2011; Bjorklund and Jéntti, 2012). This supports the finding of Hertz et al.
(2007), who — based on intergenerational correlations in years of education — find Denmark
to possess the highest level of intergenerational educational mobility among the Western
countries, including Finland, Norway and Sweden.

Considering only same-sex siblings, we find a correlation in years of schooling of
31 percent for brothers and 39 percent for sisters, though the difference between the

estimates is not statistically significant. This is in line with the results of Lindahl (2011)

and Bjorklund and Jéntti (2012), who also find very small gender differences in sibling
correlations in years of education for Sweden. Turning to our other outcome variables,
we find a sibling correlation of 0.15 for the completion of upper secondary education
and a correlation of 0.30 for the completion of tertiary education, suggesting that family
background is twice as important for obtaining a higher educational degree than for
obtaining a basic one. Both estimates are slightly higher for same-sex siblings, but of

about a similar size for brothers and for sisters.
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Summing up, we find sibling correlations in educational outcomes for Denmark that
lie in the range of 0.15 to 0.39. Though these estimates are lower than comparable

estimates for other Scandinavian countries and especially for the US (cf. Mazumder, 2008),

they are still of a considerable magnitude. This is especially true if one considers that
sibling correlations are lower-bound estimates of the overall importance of family and
community background, because there are also factors attributable to the family that
are not shared by siblings, such as differences in genes or a differential treatment of the
siblings. While the above results are raw estimates that do not account for any individual
or family background characteristics whatsoever, we now start to add control variables to
our specification in order to explain which family characteristics make siblings similar in

terms of their educational outcomes.

4.2 The Contribution of Parents’ Socio-economic Status

Table 3 shows our estimates of the sibling correlations for mixed siblings when basic
individual characteristics as well as indicators for mothers’ and fathers’ socio-economic
background are (subsequently) added. For each of the three outcomes considered, we report
both the estimated sibling correlation (column 1) and the percentage decrease in the sibling
correlation due to adding the respective covariates (column 2). The latter statistic can be
interpreted as an upper-bound measure of the contribution of the considered background
characteristics to the sibling correlation in educational outcomes.

The second row displays the results when only some basic individual characteristics
of the siblings (age, gender, and birth order) are controlled for. The estimated sibling
correlations are somewhat smaller than the raw correlations (row 1), but overall adding
individual controls does not alter the results substantially. This is not surprising, given
that controlling for individual characteristics should mainly sob up some of the residual
variation previously captured by the individual component rather than by the family
component.'” In the next step, we separately add different indicators for parents’ socio-
economic status, starting with controls for mother’s education, occupation, and income
(rows 3 to 5). Considering siblings’ years of education, we see that mother’s education and
occupation each can explain around 15 percent of the sibling correlation, while mother’s
income seems to be of less relevance (8 percent). The contribution of mother’s background
characteristics to the sibling correlation, however, varies over the stages of the educational
system. It turns out that mother’s occupation is able to explain a large part of the sibling
correlation in completing upper secondary education (23 percent), while mother’s education

is relatively more important for obtaining a tertiary educational degree (15 percent). A

1"While this is true for gender and birth order, the siblings’ age is certainly a factor related to family
background, as — given that our siblings represent a sample of children born to members of a specific birth
cohort — it partly captures the indirect effect of parents’ age at birth.
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look at the full estimation results displayed in Table A2 reveals that with respect to
mother’s occupation, having an unemployed or non-participating mother seems to be
most harmful for completing upper secondary education. Overall, mother’s socio-economic
status is able to explain 20 to 25 percent of the sibling similarity in educational outcomes
(row 5).

Turning to the estimation results for father’s socio-economic status (rows 7 to 10),
we find similar results as for mother’s socio-economic status. Among the background
characteristics considered, father’s education and occupation seem to be most relevant
for explaining the sibling resemblance in educational outcomes, while the latter is again
most important for obtaining an upper secondary degree. Father’s income, on the other
hand, is not able to explain more than 11 percent of the sibling correlation. Overall,
father’s socio-economic status can account for up to 27 percent of the sibling correlation
in educational outcomes. Hence, mother’s and father’s socio-economic background seem
to be about equally relevant for children’s educational outcomes.!®

In the last step, we add mother’s and father’s background characteristics simultaneously.
First, we only include mother’s and father’s years of education (row 11), i.e., we look at the
intergenerational correlation between parents’ and children’s education. Our results reveal
that these factors alone are only able to explain between 16 and 24 percent of the sibling
correlation in educational outcomes. Hence, there seems to be much more than parental
education that is responsible for inequalities in educational outcomes. This supports our
notion (and that of other researchers) that intergenerational relationships between parents’
and children’s outcomes are likely to only capture the “tip of the iceberg” (cf. Bjorklund

and Jantti, 2012).

In the last row of Table 3, we control for both mother’s and father’s socio-economic
status. The results reveal that parental socio-economic background is able to explain
about a third of the sibling correlation in years of education. The explanatory power of
parents’ background characteristics, however, is much higher for the completion of an
upper secondary degree (44 percent) than for the completion of a tertiary degree (29
percent).

In Table 4, we have conducted the same analysis separately for brothers and sisters.'?
The results reveal that there are indeed some differences between the genders. With
respect to the completion of upper secondary education, we find that mother’s occupation
and also her income are most relevant for explaining brother correlations in this outcome,
while they are less relevant for sisters. On the other hand, father’s occupation and income

are more important for girls than for boys. For both genders, parents’ education does

BOf course, these results have to be interpreted with some caution. Parents’ education, occupation, and
income are likely to be highly correlated with each other, making it difficult to ascertain the importance
of one single indicator.

19Full estimation results are shown in Table A3.
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hardly show any explanatory power for the sibling similarity in completing upper secondary
education. Especially mother’s years of education, however, are an important predictor of
inequalities in the completion of tertiary education of girls. Overall, we find that parents’
socio-economic status is more relevant for brothers regarding the completion of upper
secondary education and more relevant for sisters regarding the completion of tertiary
education.

The above results show that parental socio-economic status is a major determinant of
inequalities in educational outcomes, especially of inequalities in obtaining a high school
or vocational education degree. This result contradicts the findings of Bjorklund et al.
(2010) for Sweden, who — focusing on income correlations — show that parental socio-
economic background can explain no more than 28 percent of the sibling correlation in
long-run income.?® However, our results also reveal that the dominating part of the sibling
correlations in these outcome cannot be explained by parents’ education, occupation, or
income. Hence, there must be something more than parents’ socio-economic status that

drives the sibling similarity in educational outcomes.

4.3 The Contribution of Other Family Characteristics

[To be completed|

4.4 The Contribution of the Neighborhood

In our search for factors that are able to explain the sibling similarity in educational
outcomes, we have so far focused on background characteristics of the family, broadly
defined. Another hypothesis would be that it is rather neighborhood characteristics
shared by siblings than family characteristics that are able to explain inequalities in
educational outcomes. In order to test this hypothesis, we follow previous literature
(e.g., Solon et al., 2000; Raaum et al., 2006; Lindahl, 2011; Nicoletti and Rabe, 2013)
and estimate correlations in educational attainment among children growing up in the
same neighborhood in order to impose a lower bound on the role of family background in
determining children’s outcomes.

In order to measure the neighbor correlations in educational outcomes, we estimate a
model similar to Eq. (1):

Yeij = A+ Veij, Veij = Uc + Vcij, (4)

where y.;; is the educational outcome of individual j in family ¢ in neighborhood c. A is the

20We will discuss possible sources of differences between our results and the results of Bjorklund et al.
(2010) in Section 4.3.
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population mean and v,;; is the residual, which can be decomposed into a neighborhood
random component, u., and an individual-specific error term, v.;;. The variances of the
individual and the neighborhood component can then be used to calculate the neighbor
correlation in educational outcomes, ¢ = 02 /(02 + ¢2), which captures the share of the
between-neighborhood variation of the overall variance in educational outcomes.

As outlined by Solon et al. (2000), a neighbor correlation represents an upper-bound
measure of the importance of the neighborhood for individuals’ outcomes, as it captures
both the “pure” neighborhood effect as well as an indirect effect, accruing from sorting of
families into neighborhoods. As the sorting effect is assumed to be positive, the neighbor
correlation as estimated from Eq. (4) represents an upper-bound measure capturing the
indirect family effects as well.?!

We define an individual’s neighborhood in terms of where he or she lived at age 16.
Though this might be an imperfect measure of the neighborhood, as the family may have
lived elsewhere before, data limitations preclude us from following individuals further
back in time. However, previous research has shown that even when families move, the
neighborhoods to which they move are usually similar to the ones from where they move

(Kunz et al., 2003). We therefore assume that the neighborhood at age 16 is a relatively

good proxy for the neighborhood environment the children grew up in.

We define neighborhoods at the level of the postcode area. There are 1,029 postcode
areas in Denmark, which have an average population of 5,317 individuals.?? Hence, postcode
areas are quite broad and therefore probably not a perfect definition of a neighborhood.
However, as discussed in previous literature, it is not clear what constitutes a good measure
of the neighborhood: Small neighborhoods are likely to capture more of potential social
interactions between members of the community, such as schoolmates and friends living
in the same neighborhood (“peer effects”). On the other hand, one can imagine that
individuals are influenced by the physical characteristics of their neighborhood, such as
the general infrastructure, safety, and the like, even without direct social contacts with
their neighbors.

In order to be able to compare the neighbor correlations with our previously estimated
sibling correlations, we construct a neighborhood sample that resembles our sibling sample.

Specifically, our neighborhood sample is comprised of all children born to the 1954 birth

218pecifically, there are two different types of sorting, which are both assumed to positively contribute
to the neighbor correlation: (i) sorting of similar families into the same neighborhood and (ii) sorting
of advantaged families into advantaged neighborhoods. In order to tighten the bound of the neighbor
correlation, some authors use measures of neighbor correlations that are adjusted for observed family
characteristics. As our aim is to impose a lower bound on the role of the family in generating inequalities
in educational outcomes, we estimate unadjusted neighbor correlations. For a formal derivation of the
estimation of the neighborhood covariance, see Solon et al. (2000).

22The numbers refer to the year 2012. In 2007, Denmark underwent a local government reform, which
involved a complete reorganization of municipalities and also lead to a change in postcodes. We therefore
use the postcode areas as defined after 2007, even if observing individuals before 2007.
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cohort. Moreover, we restrict the sample to individuals aged 28 to 44 in 2012, which
represent the minimum and maximum ages in our sibling sample.

The estimation results are shown in Table 7. Though the neighbor correlations are
all statistically significant, they are very small in magnitude. The neighbor correlation in
years of education, for instance, amounts to 0.024 for the mixed sample, while it is slightly
higher for women than for men (0.026 vs. 0.022). Considering the other outcomes, the
estimated neighbor correlations are even smaller. This suggests that in Denmark, less than
three percent of the variation in educational outcomes can be explained by neighborhood
effects. This result is in line with previous literature (e.g., Raaum et al., 2006; Lindahl,
2011), which also find a small role for neighborhoods in explaining the sibling resemblance
in educational outcomes.

Although the amount of variation explained by neighborhood correlations should exceed
the explanatory power of standard regression-based neighborhood analysis (see, Page

and Solon, 2003a), we further explore an alternative approach to measuring neighborhood

effects, in which we add information on local neighborhood characteristics to our sibling
estimates. First, we add information on population density, the average years of education,
the unemployment rate, as well as the share of immigrants in the postcode area to our model.
The results reveal that local neighborhood characteristics have hardly any explanatory
power for sibling similarities in educational outcomes. As the choice of neighborhood
variables is of course to some extent arbitrary, we next add postcode-area fixed effects to
our sibling estimates. Again, the estimated sibling correlations in educational attainment
remain largely unchanged. Lastly, we follow the argument of Raaum et al. (2006) that
it might rather be regional characteristics than local conditions that affect children’s
outcomes and add municipality fixed effects to our sibling estimates. In this way, we
should capture all of the variation in siblings’ educational outcomes that is explained by
the region in which they spent their childhood. Again, our estimated sibling correlations
remain largely unchanged.?® Hence, our conclusion that neighborhoods play a minor role

in explaining sibling similarities in educational outcomes remains.

5 Conclusion

In this paper, we analyze the correlation in educational outcomes among siblings in
Denmark. A sibling correlation captures everything that is shared by siblings and can
thus be thought of as an omnibus measure of the importance of family and community
background for individuals” outcomes. Our main contribution to previous literature is that
we are not only interested in the extent of the sibling similarity in educational attainment,

but further aim at identifying the determinants of educational inequalities across families.

23 All estimation results are available from the authors upon request.
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For a sample of children born to participants in a Danish long-term study, which
constitutes a representative sample of all 7th graders in 1968, we find sibling correlations
in educational outcomes in the range of 15 to 33 percent, suggesting that up to a third of
the variation in these outcomes can be explained by family and community background.
Hence, even in a highly egalitarian country such as Denmark, inequalities in educational
attainment do exist.

For both brothers and sisters, we find family background to be more important for
obtaining a tertiary educational degree than for obtaining an upper secondary degree, which
suggests that educational inequality is higher at the top of the educational distribution.
This result points to the possible existence of a “glass-ceiling effect” for children from
disadvantaged families, which prevents them from entering upper levels of the educational
system. If the general political aim is to reduce educational inequality, removing this
barrier seems to be of particular importance.

A decomposition of the sibling correlation reveals that parents’ socio-economic status
is the main determinant of sibling similarities in educational outcomes. However, non-
economic factors such as family structure, the incidence of social problems, or parents’
educational preferences also play an important role, especially in explaining sibling simi-
larities in the completion of upper secondary education. Parents’ cognitive skills, their
parenting styles, as well as neighborhood characteristics, in contrast, seem to be of minor
relevance for explaining inequalities in educational outcomes. Our findings therefore reveal
that the main determinants of the sibling similarity in educational outcomes are potentially
susceptible to public policy, which suggests that there may indeed be scope for policy
interventions to reduce inequalities in educational attainment.

Of course, there are also some limitations to our approach. First, we have to acknowledge
that our results are purely descriptive and cannot be interpreted causally. It is a major
challenge for future research to obtain causal inference on which family background
characteristics are important for children’s outcomes and to which extent these factors
violate equality norms. Second, our analysis has been primarily empirical. As already
noted by Bjorklund and Jantti (2012), the search for factors that explain sibling similarities
in economic outcomes should ideally be guided by an all-encompassing theoretical model.
While the standard Becker-Tomes model (Becker and Tomes, 1979, 1986) provides a
theoretical model of the causal effect of parental income on offspring’s outcomes, the
literature on sibling correlations would clearly benefit from a broader theoretical framework

that explains how family and community factors interact to influence children’s outcomes.
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Tables

Table 1: DESCRIPTIVE STATISTICS

All siblings Brothers Sisters
Mean StdD Mean StdD Mean StdD

Years of education 14.619  (2.311) 14.292  (2.284) 14.942  (2.293)
Completed upp. sec. education 0.860  (0.347) 0.832  (0.374) 0.887  (0.316)
Completed tertiary education 0413  (0.492)  0.308 (0.462) 0516  (0.500)
Female 0.503  (0.500) - - - -
Age in 2012 32.965 (3.261) 32.976 (3.256)  32.955  (3.267)
Birth order 1430 (0.587)  1.427 (0.581)  1.432  (0.593)
Observations 3,087 1,534 1,553
Fathers Mothers
Mean StdD Mean StdD
Years of education 13.525  (2.822) 13.055  (2.646)
Main occupation, 1980-2012
Self-employed 0.093  (0.290) 0.022  (0.146)
White-collar worker 0.402  (0.490) 0.507  (0.500)
Blue-collar worker 0.392  (0.488) 0.296  (0.457)
Other worker (not specified) 0.033  (0.178) 0.058  (0.235)
Unemployed 0015 (0.122)  0.016 (0.124)
Out of the labor force 0.066  (0.248) 0.102  (0.303)
Log of average income, 1980-2012 12.554  (0.492) 12.236  (0.374)
Observations 1,934 1,934

Table 2: RAw SIBLING CORRELATIONS IN EDUCATIONAL OUTCOMES

All siblings Brothers Sisters
Years of education
Sibling correlation 0.327 0.309 0.392
StdE (0.026) (0.058) (0.046)
Family component 1.750 1.618 2.061
StdE (0.046) (0.099) (0.066)
Individual component 3.602 3.621 3.199
StdE (0.020) (0.042) (0.038)
Observations 3,087 1,534 1,553
Completed upp. sec. education
Sibling correlation 0.151 0.213 0.188
StdE (0.028) (0.059) (0.056)
Family component 0.018 0.030 0.019
StdE (0.096) (0.143) (0.153)
Individual component 0.102 0.110 0.081
StdE (0.020) (0.040) (0.037)
Observations 3,087 1,534 1,553
Completed tertiary education
Sibling correlation 0.299 0.341 0.344
StdE (0.027) (0.053) (0.048)
Family component 0.073 0.073 0.086
StdE (0.050) (0.084) (0.076)
Individual component 0.170 0.141 0.164
StdE (0.020) (0.041) (0.037)
Observations 3,087 1,534 1,553

Notes: — Estimates are produced using restricted mazimum likelihood (REML). — The
standard errors of the sibling correlations are calculated by using the delta method.
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SOCIOECONOMIC BACKGROUND

Table 3: SIBLING CORRELATIONS IN EDUCATIONAL OUTCOMES AND PARENTS’

Years of Completed Completed
education upp. sec. ed. tertiary ed.
p % p %4 p %
Raw correlations
Sibling correlation 0.327 0.151 0.299
StdE (0.026) (0.028) (0.027)
Individual controls
Sibling correlation 0.285 0.133 0.256
StdE (0.028) (0.028) (0.028)
Mother’s education
Sibling correlation 0.244 14.503 0.121 9.160 0.217 15.235
StdE (0.028) (0.028) (0.028)
Mother’s occupation
Sibling correlation 0.243 14.624 0.103 22.844 0.219 14.204
StdE (0.028) (0.028) (0.028)
Mother’s income
Sibling correlation 0.263 7.823 0.122  8.363 0.239 6.611
StdE (0.028) (0.028) (0.028)
Mother’s education, occupation, and income
Sibling correlation 0.224 21.339 0.099 25.158 0.203 20.437
StdE (0.028) (0.028) (0.028)
Father’s education
Sibling correlation 0.247 13.224 0.119 10.141 0.233 8.983
StdE (0.028) (0.028) (0.028)
Father’s occupation
Sibling correlation 0.250 12.103 0.106  20.589 0.230 9.903
StdE (0.028) (0.028) (0.028)
Father’s income
Sibling correlation 0.263 7.588 0.118 10.867 0.243 4.818
StdE (0.028) (0.028) (0.028)
Father’s education, occupation, and income
Sibling correlation 0.223 21.809 0.097 27.086 0.215 16.107
StdE (0.028) (0.028) (0.028)
Parents’ education
Sibling correlation 0.218 23.501 0.112  15.903 0.203 20.478
StdE (0.028) (0.028) (0.028)
Parents’ education, occupation, and income
Sibling correlation 0.185 34.931 0.075 43.568 0.182 28.666
StdE (0.029) (0.028) (0.028)

Notes: — Estimates are produced using restricted mazimum likelihood (REML). — The standard
errors of the sibling correlations are calculated by using the delta method. — The individual controls
(age, gender, birth order) are included in all regressions and the results displayed in the second row
constitute our new baseline estimates. — Full estimation results are shown in Table A2.
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Table 5: CONTRIBUTION OF FAMILY CHARACTERISTICS TO SIBLING CORRELATIONS

Years of Completed Completed
education upp. sec. ed. tertiary ed.
P % p % p %
Parents’ soecto-economic status
Sibling correlation 0.188 0.075 0.181
StdE (0.029) (0.028) (0.028)
Family structure
Sibling correlation 0.163 11.854 0.053  27.419 0.177 3.843
StdE (0.029) (0.028) (0.029)
Social problems
Sibling correlation 0.184 5.618 0.076  26.292 0.183 0.074
StdE (0.030) (0.030) (0.030)
Parent’s cognitive skills
Sibling correlation 0.179 2.664 0.071 2.020 0.181 2.265
StdE (0.029) (0.029) (0.029)
Parent’s school efforts
Sibling correlation 0.185 0.717 0.091 4.617 0.194 —0.182
StdE (0.030) (0.030) (0.030)
Parent’s educational preferences
Sibling correlation 0.217 4.517 0.109 14.127 0.206 0.678
StdE (0.033) (0.033) (0.032)
Parent’s work preferences
Sibling correlation 0.212 1.184 0.146  —1.708 0.203 2.884
StdE (0.032) (0.032) (0.032)
Parent’s forward looking behavior
Sibling correlation 0.215 2.274 0.134 2.056 0.191 4.474
StdE (0.032) (0.032) (0.032)
Parent’s self-confidence
Sibling correlation 0.202 0.376 0.096  —0.922 0.186 0.705
StdE (0.031) (0.031) (0.031)
Parent’s parenting style
Sibling correlation 0.181 3.008 0.154 —0.864 0.164 4.693
StdE (0.034) (0.034) (0.034)
Parent’s cultural capital
Sibling correlation 0.187 —0.573 0.127 0.805 0.168  —2.288
StdE (0.032) (0.032) (0.032)
Grandparents’ soecio-economic background
Sibling correlation 0.183 1.490 0.070 6.447 0.183 —0.135
StdE (0.029) (0.028) (0.029)
Grandparents’ educational preferences
Sibling correlation 0.186  —0.582 0.077  —2.488 0.183 —0.554
StdE (0.029) (0.028) (0.028)
Parent’s school class FE
Sibling correlation 0.173 4.921 0.074 —6.949 0.167 6.906
StdE (0.030) (0.030) (0.030)

Notes: — Estimates are produced using restricted mazimum likelihood (REML). — The standard errors of
the sibling correlations are calculated by using the delta method. — In all models, the sibling and parental
characteristics included in Table 8 are controlled for. — Note that the number of observations varies with
the control variables considered. The percentage change in the sibling correlation is therefore calculated
based on the baseline sibling correlation for the specific sample.
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Table 6: OVERALL CONTRIBUTION OF FAMILY CHARACTERISTICS

Sibling correlation Contribution to sibling correlation (in %)
raw all controls  sibling char.®  parents’ SES®  family char. all controls?

Years of education
Sibling correlation 0.314 0.166 16.843 28.255 11.564 47.238
StdE (0.037) (0.042)
Completed upp. sec. education
Sibling correlation 0.212 0.103 13.942 18.757 30.713 51.557
StdE (0.038) (0.042)
Completed tertiary education
Sibling correlation 0.271 0.165 11.605 23.877 9.722 39.253
StdE (0.038) (0.042)

Notes: — Estimates are produced using restricted mazimum likelihood (REML). — The standard errors of the sibling

correlations are calculated by using the delta method. — *Sibling characteristics entail all individual characteristics

controlled for in Table 3. — ®Parents’ SES refers to all parental characteristics controlled for in Table 3. — ©Family

characteristics refers to controls in Table 5. — *All controls entails all control variables in Table 3 and 5.

Table 7: RAw NEIGHBOR CORRELATIONS

Both sexes Men ‘Women
Years of education
Neighborhood correlation 0.024 0.022 0.026
StdE (0.002) (0.003) (0.003)
Observations 70,273 35,684 34,589
Completed upp. sec. education
Neighborhood correlation 0.014 0.016 0.014
StdE (0.002) (0.002) (0.002)
Observations 70,273 35,684 34,589
Completed tertiary education
Neighborhood correlation 0.020 0.019 0.020
StdE (0.002) (0.002) (0.002)
Observations 70,273 35,684 34,589

Notes: — Estimates are produced using restricted mazimum likelihood (REML). — The
standard errors of the sibling correlations are calculated by using the delta method. —
The neighborhood is comprised of all individuals living in the same postcode area at
age 16.
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Appendix

Table Al: DESCRIPTIVE STATISTICS, WHOLE DANISH POPULATION AGED 28 TO 36

All siblings Brothers Sisters
Mean  StdD Mean  StdD Mean  StdD

Years of education 14.649 (2.412) 14.392 (2.416) 14.915 (2.379)
Completed upp. sec. education 0.851 (0.356)  0.822 (0.383)  0.880 (0.324)
Completed tertiary education 0.432 (0.495) 0.350 (0.477) 0.516  (0.500)
Female 0.492  (0.500) - - - -
Age in 2012 32220 (2.583) 32.220 (2.585) 32.220 (2.582)
Birth order 1783 (0.901) 1784 (0.900)  1.783 (0.902)
Observations 460,899 234,324 226,575
Fathers Mothers
Mean  StdD Mean  StdD
Years of education 13.203 (3.085) 12.958 (2.858)
Main occupation, 1980-2012
Self-employed 0.117 (0.321)  0.029 (0.169)
White-collar worker 0.382  (0.486) 0.455 (0.498)
Blue-collar worker 0.354 (0.478) 0.274  (0.446)
Other worker (not specified) 0.031 (0.173)  0.060 (0.238)
Unemployed 0.017  (0.129) 0.019 (0.136)
Out of the labor force 0.099 (0.299) 0.163  (0.369)
Log of average income, 1980-2012 12.536  (0.484) 12.158 (0.486)
Observations 346,214 346,214
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Table A3: BROTHERS’ AND SISTERS’ EDUCATIONAL OUTCOMES AND PARENTS’
SOCIOECONOMIC BACKGROUND

Years of Completed Completed
education upp. sec. education tertiary education
Brothers Sisters Brothers Sisters Brothers Sisters
Coef/StdE  Coef/StdE Coef/StdE  Coef/StdE Coef/StdE  Coef/StdE
Siblings
Age in 2012 0.886*** 0.188 0.109** —0.004 0.118* 0.040
(0.305) (0.295) (0.052) (0.044) (0.062) (0.066)
Age in 2012 (squared) —0.013***  —0.003 —0.002** —0.000 —0.002** —0.001
(0.005) (0.004) (0.001) (0.001) (0.001) (0.001)
Birth order —0.084 —0.113 —0.018 —0.008 —0.006 —0.018
(0.101) (0.095) (0.017) (0.014) (0.020) (0.021)
Mother
Years of education 0.112f 0.142F 0.009** 0.010** 0.019F 0.032F
(0.026) (0.026) (0.004) (0.004) (0.005) (0.006)
Main occupation, 1980-2012
(Ref.: White-collar worker)
Self-employed —0.642 0.271 —0.035 0.027 —0.156™ —0.049
(0.406) (0.402) (0.068) (0.058) (0.083) (0.089)
Blue-collar worker —0.248% —0.413*** 0.001 —0.027 —0.128" —0.092***
(0.148) (0.145) (0.025) (0.021) (0.030) (0.032)
Other worker (not specified) —0.421 —0.368 —0.000 —0.065* —0.206" —0.067
(0.260) (0.256) (0.044) (0.037) (0.053) (0.057)
Unemployed —1.525T —1.174** —0.2637 —0.163** —0.182** —0.130
(0.445) (0.482) (0.075) (0.070) (0.091) (0.107)
Out of the labor force —0.704%** —0.595™** —0.124%** —0.114f —0.134%** —0.075
(0.235) (0.238) (0.039) (0.034) (0.048) (0.052)
Log of average income, 1980-2012 0.134 0.243 0.026 —0.003 0.007 0.056
(0.195) (0.178) (0.033) (0.026) (0.040) (0.039)
Father
Years of education 0.119f 0.097" 0.012%** 0.006* 0.020f 0.014***
(0.023) (0.023) (0.004) (0.003) (0.005) (0.005)
Main occupation, 1980-2012
(Ref.: White-collar worker)
Self-employed 0.176 0.083 0.070* 0.049* —0.024 —0.032
(0.220) (0.199) (0.037) (0.029) (0.045) (0.044)
Blue-collar worker —0.216 —0.285** —0.010 0.012 —0.089*** —0.083***
(0.138) (0.140) (0.023) (0.020) (0.028) (0.031)
Other worker (not specified) —0.844** —0.156 —0.093* —0.006 —0.158** —0.013
(0.330) (0.327) (0.055) (0.047) (0.068) (0.072)
Unemployed —0.454 —1.416*** —0.148 —0.322f —0.011 —0.153
(0.543) (0.513) (0.092) (0.075) (0.111) (0.114)
Out of the labor force —0.593** —0.275 —0.132%** —0.047 —0.048 —0.069
(0.262) (0.280) (0.044) (0.040) (0.054) (0.062)
Log of average income, 1980-2012 0.294%** 0.6267 0.036™* 0.037 0.049** 0.121%**
(0.112) (0.168) (0.019) (0.024) (0.023) (0.037)
Constant —7.997 —1.097 —1.968** 0.452 —2.636** —2.627**
(5.855) (5.798) (0.996) (0.860) (1.191) (1.290)
Sibling correlation 0.212 0.254 0.153 0.124 0.250 0.223
StdE (0.059) (0.052) (0.061) (0.056) (0.057) (0.052)
Observations 1,534 1,553 1,534 1,553 1,534 1,553

Notes: — T p < 0.001; *** p < 0.01; ** p < 0.05; * p < 0.1. — Estimates are produced using restricted
mazimum likelihood (REML). — The standard errors of the sibling correlations are calculated by using the
delta method.
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