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Abstract: We analyse the evolving impact of family background on educational 
attainment using administrative data on 2,417,460 individuals from 1,341,403 families 
born in the Netherlands between 1966 and 1995. Comparisons between parents and 
their children reveal intergenerational elasticities between 0.15-0.18, translating into a 
1.8-2.2 month increase in the educational attainment of the child associated with a one-
year increase in the educational attainment of the parent. Correlations between regular 
siblings explain 33 percent of the variance in educational attainment between 
individuals, with parental education accounting for approximately 75 percent of this 
share, suggesting that only around one-fourth of the variance is explained by factors that 
do not correlate with parental education. Strikingly, despite pervasive changes in the 
distribution of educational attainment over time, the share of the variance attributable to 
factors shared by siblings remains fairly stable at around 0.34 in the birth cohorts 
analysed. The intergenerational elasticity and intergenerational correlation also appear 
to be roughly stable across cohorts. Despite a reduction in overall education inequality, 
we conclude that family background has remained equally important for educational 
attainment in the analysed generations, although it appears to vary systematically by 
region of birth. 
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Section 1 – Introduction 

Education is a basic human right (Universal Declaration of Human Rights, 1948), and 

ensuring equal access and equal opportunities are, therefore, prominent targets of the 

Sustainable Development Goals (SDGs 4 and 10). Over the past decades, average levels of 

educational attainment have increased drastically in the Netherlands (Gakidou, Cowling, 

Lozano & Murray, 2010). In about two generations the proportion of individuals in the 

Dutch population aged 15-75 years holding a higher educational degree tripled from 1 

out of 9 in 1981 to 1 out of 3 persons in 2021 (Statistics Netherlands, 2022a). Whereas 

governmental spending on education increased substantially between the 1960s and 

today in absolute terms, it has fluctuated as a share of GDP between the 1960s (4.3 

percent of GDP), 1980s (6.9 percent of GDP), and 2000s (4.6 percent of GDP) (Statistics 

Netherlands, 2022b). Against the backdrop of a steady increase in educational 

attainment, but with heavily fluctuating public investments in education, the question 

arises: What happened to equal access and opportunities in education over the past 

decades? 

In this study, we draw on large-scale intergenerational registry data from Statistics 

Netherlands to evaluate how the contribution of family background to the educational 

attainment of Dutch individuals born between 1966 and 1995 has evolved. The family 

background constitutes an important source of inequality of opportunity in populations 

(Becker & Tomes, 1979; 1986, Taubman, 1981, Björklund & Jäntti, 2020). And, like the 

distribution of education itself, the family environment has experienced a similarly 

impressive societal transition in the Netherlands. For example, female labour force 

participation between the ages of 25 and 54 increased from 30 percent in 1970 to 70 

percent in 2010, by far the largest increase in all OECD countries (Olivetti and Petrongolo, 

2017). 

To investigate the role of family background in educational attainment over Dutch 

cohorts, we estimate and evaluate correlations between various types of family members. 

Relationships between parental and child outcomes, which reflect the degree of 

persistence or mobility within a population, have long served as the most popular tools 

to assess the role of the family background (Solon, 1999; Black & Devereux, 2011; Jäntti 

& Jenkins, 2015). Owing to these long-standing practices and the increasing availability 



of data, estimates of intergenerational persistence are well documented across outcomes, 

countries and time periods (see e.g., Hertz et al. (2007) and Hu & Qian (2022) for 

educational attainment), and many theoretical advancements have been made in mobility 

research (see e.g., Francesconi & Heckman (2016), Mogstad (2017), and Cholli & Durlauf 

(2022) for summaries). 

Several studies suggest, however, that parent-child correlations alone do not capture all 

relevant family background factors (e.g., Björklund & Jäntti (2020), Adermon et al. 

(2021), and Collado, Ortuno-Ortin & Stuhler (2023)). Instead, evaluating relationships 

between various types of family members with varying similarities can be informative 

about the observed and unobserved family characteristics contributing to the variance or 

inequality in an outcome and persistence thereof. For example, a comparison between 

identical and non-identical twins is often used to reveal the importance of genetic factors, 

whereas correlations in education across in-laws shed light on the importance of 

environmental forces such as assortative mating. Evaluating such similarities can, 

therefore, lead to insights into the driving factors behind intergenerational mobility and 

their persistence (Bjorklund & Salvanes, 2011; Björklund & Jäntti, 2020). 

A clear connection between theory and empirics is necessary to understand these driving 

factors (as also argued by Björklund and Jäntti (2012), Mogstad and Torsvik (2021), and 

Cholli and Durlauf (2022)). Therefore, in Section 2, we start by introducing the measures 

used to evaluate the role of the family background, discussing how they are related to 

each other based on existing theoretical work, and defining what is captured under the 

umbrella term ‘family background’. After introducing the data in Section 3, in Section 4 

we report correlations between parents and children as well as between various sibling 

types, evaluate how these correlations have developed over cohorts, and draw 

conclusions about the explanatory power of family background and parental educational 

attainment for offspring educational attainment. With recent studies underlining the 

importance of understanding and accounting for heterogeneities and non-linearities in 

persistence across (types of) families within populations (e.g., Bingley & Cappellari 

(2019) and Cholli & Durlauf (2022)), we additionally assess heterogeneities across 

dimensions other than birth cohort, namely by various family characteristics and birth 

region. We use these results to benchmark the heterogeneities we observe across birth 

cohorts. 



We focus on educational attainment measured using years of schooling which constitutes 

an important component of socio-economic status. The Dutch context is a particularly 

interesting case for assessing educational mobility because it is characterised by early 

tracking, a high degree of specialization within tracks and the presence of both 

vocationally and academically oriented tracks. Such a high level of specialization 

ultimately has consequences for labour market outcomes, as skills obtained align more 

with the degree obtained compared to more generalised educational systems such as 

those in the US and UK (Van de Werfhorst, 2002). While education mobility has been 

analysed before in the Dutch context (De Graaf & Ganzeboom, 1990; De Graaf & 

Ganzeboom, 1993; Sieben et al., 2001), our analysis is more comprehensive and draws on 

data from more recent cohorts, i.e., from 1966 onward, compared to these earlier studies. 

Overall, we find that correlations between regular siblings explain 32 percent of the 

variance in educational attainment between individuals. With intergenerational 

correlations ranging between 0.24 and 0.27, parental education accounts for 73.3-76.2 

percent of this share, when non-stationarity, heterogeneity, and dependence are taken 

into account. Strikingly, while the variance in educational attainment decreases over 

cohorts, the share of the variance attributed to factors shared by siblings remains fairly 

stable at around 0.34. Likewise, the intergenerational elasticity and intergenerational 

correlation also appear to be roughly stable over the birth cohorts. As a result, despite 

decreasing education inequalities, highly fluctuating public investments in education, and 

an unprecedented increase in female labour force participation, we conclude that family 

background has remained equally important for educational attainment in the analysed 

birth cohorts. 

Section 2 – Theoretical background 

The family background is a catch-all concept that refers to all family characteristics and 

endowments that are relevant to a particular outcome of individuals, such as parental 

outcomes and resources (Björklund & Jäntti, 2020). Family background is a textbook 

example of what the Equality of Opportunity framework (e.g., Roemer and Trannoy, 

2016) defines as “circumstances”, i.e., factors an individual has no control over. 

Therefore, the explanatory power of family background is often used to evaluate the 

degree of inequality of opportunity in a particular society. Clearly, it can be disputed 



whether all factors captured by family background (e.g., parental investments in 

offspring, genetic transmission) constitute unfair sources of advantage in society. This 

normative discussion is beyond the scope of this contribution. Our primary goal is to 

study the evolution of commonly employed inequality measures over cohorts in the 

Netherlands. Below, we give an overview of the most commonly used indicators for such 

evaluations, focussing on what they capture as well as how the various indicators are 

interrelated. 

2.1 Relative correlations 

Relative correlations are instrumental to theorise about mechanisms that underlie family 

background effects because correlations between different types of relatives are 

informative regarding different sources of shared variance. Below we discuss how using 

sibling correlations as a starting point. 

Sibling correlations 

Sibling correlations reflect the share of the variance in an outcome that stems from any 

factors shared by siblings. Following Solon (1999), we define the outcome 𝑦𝑖𝑗  as a 

function of shared factors 𝑎𝑖  and individual specific factors 𝑏𝑖𝑗 . The correlation 𝜌 

between sibling 𝑗  and sibling 𝑗′ in family 𝑖  then is the fraction of the variance (𝜎2 ) in 

shared factors 𝑎 over the total variance in an outcome 𝑦: 

 𝑦𝑖𝑗 = 𝑎𝑖 + 𝑏𝑖𝑗, (1) 

 𝜌𝑦𝑖𝑗,𝑦
𝑖𝑗′

=
𝑐𝑜𝑣(𝑦𝑖𝑗,𝑦𝑖𝑗′)

𝜎𝑦
2 =

𝜎𝑎
2

𝜎𝑎
2+𝜎𝑏

2 . (2) 

Sibling correlations are an indicator of family background influences that are shared by 

siblings. They describe shared variance due to shared parental outcomes and resources, 

shared parenting styles, shared parental involvement and networks, shared genes, etc. As 

such, they are generally considered to represent a lower-bound indicator of the overall 

influence of the family background (Björklund & Jäntti, 2020). This is because siblings 

may receive differential treatment, may be subjected to different shocks at different 



points in the lifecycle, and share only half of their genes on average. 1  Conversely, 

correlations between monozygotic twins are seen as the upper bound of the influence of 

family background, as they share their genetic makeup fully, are subjected to the same 

environmental shocks at the same point in the life cycle due to a shared date of birth, and 

may be treated more similarly by parents. Similar evaluations can be made regarding 

other sibling types. Dizygotic twins, for example, share their date of birth in addition to 

what is shared by regular siblings. Furthermore, half-siblings share only 25 percent of 

their genetic makeup, one parent, and may not go to the same school or live in a similar 

neighbourhood, which can be consequences of family background factors as well (Doepke 

et al., 2019). 

Any sibling correlation by itself is a fairly unspecific measure of family background 

influences because it is not informative about what drives these correlations. 

Discrepancies in what makes different sibling types more or less similar can be exploited 

to assess what factors may explain the variance in an outcome and to what extent. 

Furthermore, other relative correlations such as parent-child correlations, spousal 

correlations and correlations with extended family members can be informative about 

inter- or multigenerational components of the sibling correlation, i.e., of family 

background influence (Collado et al., 2023). We discuss these approaches further in the 

subsections below, starting by introducing intergenerational correlations. 

Intergenerational correlations 

Studies on intergenerational mobility use observed parental outcomes to assess 

similarities between parent and child. Such similarities are attributed to a transmission 

from parent to child, leading to a perpetuation of outcomes and inequalities across 

generations resulting from inequalities of opportunity. The Becker and Tomes (1979, 

1986) model outlines the channels, i.e., parental investments, endowments, and luck, 

through which intergenerational transmission of socioeconomic characteristics occurs. 

Endowments were originally introduced as a black box consisting of any material or 

immaterial factors that can be transmitted from parent to child and that are related to 

both the parental and child outcomes considered. For example, shared genetic factors, 

 

1 Interactions between siblings, however, can both amplify or reduce sibling similarity. 



social capital, and cultural capital can lead to similarities between parental and child 

outcomes. While additional channels exist that were not taken into account in the original 

model (Francesconi & Heckman, 2016; Mogstad, 2017; Cholli & Durlauf, 2022; Blanden 

et al., 2023), studies have often relied on this transmission from parent to child with 

respect to a particular outcome to assess persistence, and through that, the degree of 

inequality of opportunity in a population. 

The most popular way to empirically evaluate the degree of transmission between two 

generations is through the so-called intergenerational elasticity, 𝛽1. This elasticity can be 

estimated through Equation (3), where 𝑦𝑖,𝑐 represents the outcome of a child, 𝑦𝑖,𝑝 reflects 

the outcome of the parent, and 𝑥 is a vector of controls: 

𝑦𝑖,𝑐 = 𝛽0 + 𝛽1𝑦𝑖,𝑝 + 𝛾𝑥 + 𝜀𝑖,𝑐. (3) 

Elasticity 𝛽1 captures the change in the child outcome that is associated with a marginal 

increase in the parental outcome. While intergenerational elasticities are informative of 

the association between the level of education between parent and child, they do not take 

into account the varying (non-stationary) position in society of parent versus child with 

respect to educational attainment within their generation. Intergenerational 

correlations, expressed as 
𝑐𝑜𝑣(𝑦𝑐,𝑦𝑝)

𝜎𝑦𝑐𝜎𝑦𝑝

= 𝛽1

𝜎𝑦𝑝

𝜎𝑦𝑐 
, where 𝜎𝑦 denotes the standard deviation in 

outcome y, do take this into account.2 

Connecting sibling correlations and intergenerational correlations 

Solon (1999) connects estimates from intergenerational studies and sibling correlations 

by expanding the simple model in Equation (1) by splitting up the shared factors, 𝑎𝑖, into 

 

2 Estimates based on a single outcome from a single parent may not fully capture the importance of parental 
influences or wider dynastic effects. Recent multigenerational studies, for example, suggest that 
grandparental characteristics explain a part of the child outcome independent of the parental effect 
(Pfeffer, 2014; Solon, 2018; Colagrossi et al., 2020). Such patterns are not only found for vertical (across 
generations) kinships, but also for horizontal (within generations) kinships (Adermon et al., 2021; Collado 
et al., 2023). Still, as emphasized by Adermon et al. (2021), intergenerational transmission from one 
generation as measured by 𝛽1 can be a useful tool to compare differences in persistence across time and 
geographic regions. 



educational attainment of the parent, 𝑦𝑖,𝑝, and shared factors unrelated to this attainment 

of the parent, 𝑎𝑖,𝑅: 

 𝑦𝑖𝑗 = 𝑎𝑖 + 𝑏𝑖𝑗 = 𝛽1𝑦𝑖,𝑝 + 𝑎𝑖,𝑅 +  𝑢𝑖𝑗 , (4) 

Equation (4) can now be used to formulate an expression of correlations between 

siblings: 

 
𝜌𝑦𝑖𝑗,𝑦

𝑖𝑗′
= (𝛽1

𝜎𝑦𝑝

𝜎𝑦𝑐 
)

2

+ 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙. (5) 

In both Equation (4) and (5) 𝛽1  equals the intergenerational elasticity coefficient as 

estimated by Equation (3). Equation (5) implies that when inequality is equal in the two 

generations (𝜎𝑥
2 = 𝜎𝑦

2 ), then the part of the sibling correlation explained by parental 

characteristic 𝑦𝑖,𝑝 equals the square of the intergenerational elasticity. When variance is 

non-stationary, this part instead equals the square of the intergenerational correlation 

(Björklund et al., 2010). 

Based on this approach, Björklund and Jäntti (2020) (as well as Björklund et al. (2010) 

and Björklund and Salvanes (2011)) argue that extant empirical evidence reveals a large 

gap between sibling correlations, viewed as lower bound estimates of the share of the 

variance in an outcome explained by differences between families, and the share of the 

variance in an outcome that is explained by indicators of parental socioeconomic status. 

This suggests that a large share of the relevant background characteristics is not 

accounted for by standard intergenerational mobility measures. For example, Björklund 

and Jäntti (2020) show for the Swedish context that the sibling correlation implies that 

43 (30) percent of this variation in years of schooling (income) is explained by factors 

shared by siblings, while parental education only explains around 9 (3) percent of the 

variation, suggesting parent-child correlations heavily underestimate the importance of 

the family background.3 

 

3 The additional inclusion of other relative types can be used to increase the complexity of the model 
expressed in Equation (4), to make a more concrete distinction between observed and latent family 
influences at the sibling, parent-child and extended family level. Based on 141 kinship types, Collado et al. 
(2023) find that direct transmission of years of schooling from parent to child accounts for only 1-2 percent 
of the variation in years of schooling in the Swedish context. Latent parental factors explain around 20 



This large unexplained component could be the result of heterogenous transmission 

across families that deviates from the simple linear, homogenous transmission that is 

assumed by the coefficient 𝛽1 in Equation (3). A recently developed approach by Bingley 

and Cappellari (2019) suggests that in a more general model with heterogeneous 

transmission across families, the share of variance explained by parental education is 

much higher when the intergenerational effects are allowed to vary across families. This 

leads to an expression of the sibling correlation in which the intergenerational 

component enters linearly rather than quadratically as in Equation (5). Using Danish 

data, they find that factors shared by siblings account for 34 percent of the variation in 

years of schooling, and that the intergenerational component now accounts for 74 

percent of the sibling correlation. Following the same approach, Ahsan et al. (2022) find 

that intergenerational transmission accounts for 70-76 percent of the sibling correlation 

in educational attainment across various developing countries. All in all, their results 

suggest that, in various contexts, over two-thirds of the variance in an outcome attributed 

to differences in family background characteristics can be explained by parental 

education and its correlates. 

Twin correlations and heritability 

The behavioural genetics literature provides an alternative approach to decompose 

sibling correlations. Heritability studies can be used to break down the variance in an 

outcome into the share of the variation that is attributed to variance in (i) genetic factors, 

i.e., heritability or genetic inheritance, (ii) environmental factors that are shared by 

relatives or social inheritance, and (iii) unshared or idiosyncratic environmental factors 

(Knopik, Neiderhiser, DeFries & Plomin, 2016). Each share can be obtained by making 

assumptions about the composition of covariance between different relative types. The 

most popular is the classical twin model that compares monozygotic and dizygotic twins, 

assuming they share 100 percent and 50 percent of their genetic material on average, 

respectively. We provide a detailed explanation of the classical twin model in Section B 

of the Appendix.  

 
percent, and all parental and extended family factors added up explain up to 45 percent of the variance in 
years of schooling, largely accounted for by latent factors. 



Based on classical twin studies, a recent meta-analysis of results from multiple countries 

and birth cohorts ranging from 1900 to 1989 finds that the share of the variance 

explained by genetic, shared environmental and unique environmental factors are 43, 31 

and 26, respectively (Silventoinen et al., 2021). They additionally find that heritability is 

higher and shared environmental components are lower in younger cohorts compared to 

older cohorts. Some studies hypothesize that such larger genetic and smaller 

environmental components for individuals result from exposure to more advantaged 

environments, e.g., with respect to educational policy (Silventoinen et al., 2021; Heath, 

1985), parental education (Turkheimer, Haley, Waldron, Donofrio & Gottesman, 2003; 

Baier & Lang, 2019) or higher levels of mobility (Engzell & Tropf, 2019). Other studies 

suggest that such interaction effects are context-dependent, as findings are not consistent 

across countries (Tucker-Drob & Bates, 2016).  

Methodologically, correlations between genetic and environmental factors (see Mills and 

Tropf (2020) for a discussion) complicate the formulation of expectations about changes 

in the genetic, shared environmental and unique environmental shares as well as the 

interpretation of such changes, however. When the assumptions of the model are 

violated, for instance, due to unmodelled gene-environment interplay, a reduction in 

social inheritance and a reduction in genetic inheritance can become indistinguishable 

(Knopik, Neiderhiser, DeFries & Plomin, 2016). Relatedly, assortative mating of parents 

may vary over cohorts and results in underestimation of genetic inheritance and 

overestimation of social inheritance because dizygotic twins are more similar to each 

other than expected under random mating (Wolfram & Morris, 2023).4 In our data, we do 

not find evidence that patterns of assortative mating vary greatly over time. Hence, even 

though the exact heritability estimate may be subject to some bias due to unmodelled 

gene-environment interplay, gauging how heritability and shared environmental factors 

vary over cohorts should help unpack how family background has shaped educational 

attainment over time.   

 

4 In itself, the non-random matching of parents is also a relevant indicator when analysing the impact of 
family background on educational outcomes, because stronger assortative mating translates into stronger 
intergenerational persistence (Güell, Rodríguez Mora, & Telmer, 2015; Bingley, Cappellari & Tatsiramos, 
2022). We refer to Appendix B for the assessment of spousal correlations in our data. 



Section 3 – Data 

We draw on administrative data on the Dutch population from Statistics Netherlands 

(CBS). The initial dataset consists of all registered individuals that could be linked to their 

parents. These links are most representative and reliable starting in 1966 (Statistics 

Netherlands, 2023a). Therefore, we exclude individuals born before 1966 from our 

analysis sample. Furthermore, we restrict the sample to individuals born in the 

Netherlands and to families with up to 6 children. We select individuals aged 25 or higher 

to retain individuals who are most likely to have completed their educational career. 

Given that we have access to data releases until 2021, this leads to a sample which 

contains individuals born between 1966 and 1995. This leaves us with approximately 5.4 

million individuals. We observe the educational attainment of approximately 4.4 million 

of these individuals.5 To be able to estimate intergenerational associations, we further 

restrict our sample to individuals for which we observe the educational attainment of at 

least one parent. This results in the analysis sample of 2,417,460 individuals from 

1,341,403 families (the latter being defined based on mother and father combinations). 

Figure A.1 in the Appendix shows that individuals from older cohorts are somewhat 

underrepresented in our analysis sample. Our sample is most representative from 

approximately 1980 onward, when we start observing a larger and more stable share of 

the population. Table E.1 in the Appendix contains balance checks on observed 

background characteristics and outcomes. The results indicate that in most cases 

differences between the analysis sample (children for which attainment of at least one 

parent is known) and the general sample (children for which educational attainment is 

known) are small. The exceptions are that, on average, parents are younger and hourly 

wages are lower in the analysis sample. 

In the register, highest attained level of education is recorded in 18 categories of the 

Dutch education system, ranging from 1 (completion of first 2 years of primary 

education) being the lowest level to 18 (doctorate) being the highest. We convert the 18 

categories into years of education. For the conversion, we use the nominal years of 

education that are associated with completing a particular level. All levels and their 

 

5 The number of individuals for which we observe educational attainment is lower due to various reasons, 
such as death or migration before the age of 25 and, specifically for older cohorts, these discrepancies can 
be due to educational attainment not having been recorded in registries. 



conversions can be found in Table A.2 in Appendix A. Table 1 contains descriptive 

statistics on the main outcome variable and some background variables. The age of the 

individuals in the sample ranges from 25 to 55. On average, individuals are 36.4 years old 

and have completed 15.7 years of education. The vast majority of individuals in our 

sample, 87.0 percent, have one or more regular siblings, 10.7 percent do not have any 

siblings (i.e., they are singletons), and 2.3 percent are part of a twin pair. In addition, 

approximately 9.2 percent of the individuals in our sample have at least one half-sibling.6 

Table 1: Descriptive statistics of the analysis sample (N = 2,417,460). 
 

Mean Std. dev. Min. Max. 

Years of education 15.708 2.550 2 22 

Female (1/0) 0.492 0.500 0 1 

Age (years) 36.435 7.656 25 55 

Birth year 1984.533 7.725 1966 1995 

Parent born abroad (1/0) 0.158 0.365 0 1 

Sibling (1/0) 0.870 0.336 0 1 

Half-sibling (1/0) 0.092 0.289 0 1 

Singleton (1/0) 0.106 0.308 0 1 

Twin (1/0) 0.023 0.148 0 1 

Notes: Std. dev = Standard deviation; Min. = Minimum; Max. = Maximum. Together with the share of higher 

order multiples (0.0007; triplets etc.), the shares of siblings, singletons and twins add up to 1.000 (note 

that half-siblings can also be classified into these categories). 

Figure 1 shows how the mean and standard deviation of years of education have evolved 

over birth years.7 Panel (a) in Figure 2 shows that the average years of education in the 

child generation is relatively stable especially when compared to the steep incline in the 

maternal but also paternal years of schooling. The average years of education of children 

increases from 15.1 to 15.8 (4.3 percent) over cohorts born in 1966 to 1985, after which 

it remains fairly stable. The mean years of education increases from 11.5 to 14.1 (22.9 

percent) for mothers and from 13.1 to 14.6 (11.8 percent) for fathers of children born 

between 1966 and 1995. Conversely, the standard deviations shown in panel (b) of 

Figure 1 appear to be decreasing steadily for children, by 25.2 percent, evidencing 

 

6 Defined as individuals sharing one parent. In case individuals have a half sibling of the same birth order 
from both the father and mother side, we randomly select one pair for inclusion in the analysis sample to 
preclude the double inclusion of individuals. 

7  Figure A.2 in Appendix A provides additional details on distributional differences between children, 
mothers and fathers in our sample. 



decreasing educational inequalities. The standard deviation in maternal years of 

schooling increased slightly until 1980. From 1980 onward, the standard deviation in 

maternal and paternal education decreased by 10.1 and 13.0 percent, respectively. A 

possible explanation for these decreases is that the share of individuals with a higher and 

middle level of education has increased, and the share with a lower level of education has 

decreased over the cohorts (Statistics Netherlands, 2022c). Comparing across 

generations, mean years of education is higher whereas the standard deviation is lower 

for the child generation compared to the parent generation. 



Figure 1: Mean (panel a) and standard deviation (panel b) of years of education by birth year. 

  (a) (b) 

 



Section 4 – Results 

In this section, we first describe cross-sectional results for all indicators discussed in 

Section 2. In the second part of this section, we provide results for the longitudinal, 

cohort-based analysis. In the third part of this section, we benchmark the observed 

changes over cohorts by assessing heterogeneities by family structure and birth region. 

4.1 Cross-sectional results 

Sibling correlation 

Because of the presence of families with more than two siblings in our sample, we 

estimate correlations between siblings in outcome 𝑦  using linear mixed models and 

restricted maximum likelihood (REML) estimation (Mazumder, 2008): 

 𝑦𝑖𝑗 = 𝛽0 + 𝛾𝑥 + 𝑎𝑖 + 𝑢𝑖𝑗 . (6) 

Here, 𝑎𝑖 captures the family characteristics shared by siblings in family i. The variance 

between families in such characteristics is estimated by including family random effects 

using an indicator that takes the same value for a set of siblings and is unique across 

families. Lastly, we include control variables x for birth year and gender. Important to 

note is that controlling for these factors reduces the variance associated with the factors 

in the model, which can both increase and decrease the sibling correlation. As we will 

show below, however, the overall effect of controlling for these two factors is fairly small 

in the sample. 

Following Calvin et al. (2012), we make an additional separation between factors shared 

by same-sex siblings and opposite-sex siblings by including an indicator that is equal 

within a set of siblings and unique otherwise as well as an indicator that takes the same 

value for a set of same-sex siblings and is unique to each individual otherwise. These 

indicators are shown in Equation (7) as 𝑆𝑖𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑟𝑖  and 𝑆𝑎𝑚𝑒−𝑠𝑒𝑥 𝑠𝑖𝑏𝑙𝑖𝑛𝑔𝑖 , 

respectively: 

 𝑎𝑖 = 𝑆𝑖𝑏𝑙𝑖𝑛𝑔 𝑝𝑎𝑖𝑟𝑖 +  𝑆𝑎𝑚𝑒−𝑠𝑒𝑥 𝑠𝑖𝑏𝑙𝑖𝑛𝑔𝑖. (7) 



Figure 2 shows the correlations across the various sibling types. Sibling types are ordered 

by the magnitude of the correlation. Clear jumps in correlations are visible between half-

siblings and regular siblings, as well as between regular siblings and twins. Based on 

estimations by type (making no gender distinction), shared factors explain 20 percent of 

the variance in educational attainment for half-siblings, 33 percent for regular siblings, 

and 44 percent for twins. Variance explained for same-sex siblings is up to 6 percentage 

points higher for half siblings and regular siblings, but the gap is much larger among 

twins: correlations between same-sex twins are on average 19 percentage points higher 

compared with opposite-sex twins.8 Correlations between siblings (same-sex and mixed) 

are slightly lower than what was recently found in the Finish context (𝜌 = 0.371-0.408, 

birth cohorts 1950-1989, see Lahtinen et al. (2022)) and Swedish context (𝜌 = 0.376-

0.431, birth cohorts 1966-1976, see Collado et al. (2023)), similar to correlations in the 

Danish context (𝜌 = 0.338,  birth cohorts 1959-1985, see Bingley and Cappellari (2019)), 

but much smaller compared to most correlations found in Middle Eastern, Latin 

American, Caribbean, Asian and African countries (𝜌 = 0.379 – 0.769, birth cohorts 1970s 

to 1990s, see Ahsan et al. (2022)). 

Figure C.1 in Section C of the Appendix additionally shows that the jump in correlations 

across half-siblings and regular siblings is largely driven by a substantially higher total 

variance for half-siblings. That is, the lower correlation between half siblings is driven by 

the larger differences in attainment between families with half siblings, rather than by a 

jump in the variance explained by family characteristics. Total variance is more stable 

across regular siblings and twins, suggesting that here the jump is primarily explained by 

a larger share of variance explained. Comparing across sexes, the total variance is higher 

between brothers than between sisters, which appears to be the main driving force 

behind the slightly larger correlation between sisters. 

  

 

8 Table E.2 in the Appendix shows the sibling correlations for the larger sample of individuals for which 
attainment is known (without the constraint on observing parental education), which are virtually identical 
to the estimates shown in Figure 2. 



Figure 2: Sibling correlations in educational attainment. Error bars represent 95 percent 

confidence intervals. 

 

 

Intergenerational transmission 

We estimate both the intergenerational elasticity and the intergenerational correlation, 

and include gender and birth year as controls, as reflected by 𝑥 in equation (3). In our 

estimations, 𝑦𝑖,𝑝 equals the educational attainment of the parent for whom educational 

attainment is observed if it is observed for only one parent. For half of the observations 

where the educational attainment of at least one parent is known we observe the 

attainment of both parents. 9  Therefore, we include estimates where the educational 

 

9  Table A.1 in the Appendix shows the number of individuals for whom we observe the educational 
attainment of only the mother (mother), only the father (father) or both. For approximately half (48.6 
percent) of the individuals in our analysis sample we observe educational attainment of both parents. For 
29.1 (22.3) percent of the sample we only observe educational attainment of the mother (father). 



attainment of the mother is preferred, and estimates for when the educational attainment 

of the father is preferred, in cases where both are known. 

Figure 3 shows that estimates are similar across both sibling types and across definitions 

of parental education (i.e., whether the educational attainment of the mother (M) or 

father (F) is used when the educational attainment of both parents is known). Estimates 

of the intergenerational elasticity (lighter colours) lie between 0.15 to 0.18, translating 

into a 1.8 to 2.2 month increase in the educational attainment of the child upon a one-

year increase in the educational attainment of the parent. These estimates are lower 

compared to what is reported for most European countries, including the Netherlands 

(0.25), when a binary indicator for high versus low education is being used (Colagrossi et 

al., 2020). When we use a similar binary indicator we find higher elasticities as well, 

approximately 0.3110, which is still in the lower ballpark of the estimates from Colagrossi 

et al. (2020). Taking into account differing levels of variance in the parent versus the child 

generations, we find intergenerational correlation coefficients ranging between 0.24-

0.27. This difference between the elasticity and correlations is explained by the variance 

being higher in the parent generation compared to the child generation (cf. Figure 1 and 

Figure C.4). 

  

 

10 Estimates are available in Table E.7 in Section E of the Appendix. 



Figure 3: Intergenerational transmission of educational attainment. 

IGE=Intergenerational elasticity; IGC=Intergenerational correlations. Error bars 

represent 95 percent confidence intervals. 

When we perform the analysis on the subsample of individuals for which we observe the 

educational attainment of both parents we find that, on average, the intergenerational 

elasticities and correlations are quite similar for mothers compared to fathers when they 

are considered simultaneously11: intergenerational correlations for mother and father 

are 0.18 and 0.20, respectively. Comparing the sum of parental elasticities, 0.24, to the 

results where one parent is included, 0.15-0.18, suggests that a regression with just one 

parent might somewhat overestimate the role of that parent due to correlations between 

parents, i.e., assortative mating (Holmund, Lindahl & Plug, 2011), while underestimating 

the combined role of both parents. Figure B.1 in the Appendix indeed shows that there is 

 

11 Estimation results are reported in Table E.3 in Section E of the Appendix. Table C.1 and C.2 in Appendix 
C additionally show that elasticities in the sample where attainment of both parents is observed are very 
similar to elasticities shown in Figure 3. The results are similar when female children and male children 
are considered separately, the exception being that the elasticity between fathers and sons is slightly higher 
at 0.14. 



strong evidence of assortative mating in our sample, with parental education correlating 

between 0.41 and 0.45 over the cohorts considered.  

Our estimates of the intergenerational elasticity using both parents are lower compared 

to estimates for European countries, and most other continents, found by Hu and Qian 

(2023) based on a percentile rank in educational attainment for birth cohorts 1956-1990, 

a relative measure of education which accounts for differing degrees of expansion in 

education across, e.g., time. When we use percentile ranks instead12, we find estimates of 

intergenerational elasticities in the Netherlands that are very similar to estimates found 

for Europe by Hu and Quian (2023), namely between 0.20 and 0.26, where maternal 

coefficients and coefficients for sons are generally lower compared to paternal 

coefficients and coefficients for daughters. 

Connecting intergenerational mobility and sibling correlations 

Using the approach by Solon (1999) and Björklund et al. (2010) and the estimates for 

sibling correlations and intergenerational elasticities and correlations, we compute the 

share of sibling correlations accounted for by parental education for the Dutch context. 

While the sibling correlation explains 20 to 50 percent of the variance in educational 

attainment, parental education explains a fairly constant 2-3 percent of total variance if 

stationarity of the education distribution is assumed. When non-stationarity is accounted 

for, i.e., when intergenerational correlations are used instead, parental education 

explains 6-7 percent of the total variance. Using the intergenerational correlation, factors 

associated with parental education explain around 30, 19 and 13 percent of the 

correlation between half siblings, siblings and twins, respectively. The differences 

between sibling types in the share explained by parental education are the result of 

differences in the sibling correlation. While the intergenerational component appears to 

explain a larger share of sibling correlations in the Dutch context compared to the 

estimates of Björklund and Jäntti (2020) based on Sweden, both findings suggest that a 

large share of the sibling correlation in educational attainment is left unexplained by 

parental education. 

 

12 Estimation results are available in Table E.8 in Section E of the Appendix. 



As discussed in Section 2, Bingley and Cappellari (2019) recently proposed a novel 

method to estimate the share of sibling correlations accounted for by the 

intergenerational component. Essentially, they allow for (i) heterogeneity in the 

intergenerational elasticity across families, and (ii) a dependence between the elasticity 

estimate and parental education. We find that the variance explained by the random 

slope 13 , which represents heterogeneity in the intergenerational elasticity between 

families, is close to zero in our sample. In accordance with findings by Bingley and 

Cappellari, however, allowing for dependence between 𝛽 and 𝑦𝑖,𝑝, increases the share of 

the sibling correlation accounted for by parental attainment to 76.5, 72.0, and 73.3 

percent, for mixed, female and male siblings, respectively, when maternal attainment is 

preferred.14 Shares are slightly higher at 78.2, 72.4 and 76.2 percent, respectively, when 

paternal attainment is used. For twins, the shares are substantially lower, between 49.2 

and 56.2 percent, resulting from the higher twin correlations in combination with a 

similar intergenerational correlation. The parent-child correlations are higher than the 

half-sibling correlations, suggesting that the model presented in Equation (5) is not 

appropriate for half-siblings. 

Although we do not observe the educational attainment of many extended family 

members, we can compare the intergenerational estimates based on single parents to 

estimates for which both parents and siblings are included. When we do this for the 

subsample of families with two children where the educational attainment of both 

parents and siblings is observed (N = 230,791)15, we find that the variance explained 

increases from around 6.5 percent to approximately 16 percent. When father and mother 

education are considered separately, the intergenerational elasticities are approximately 

0.165-0.167 and 0.179-0.181 for mothers and fathers respectively. When they are 

 

13 See Table E.5 in Section E of the Appendix for results. 

14 Bingley and Cappellari (2019) use, amongst other methods, seemingly unrelated regression for fathers, 
first sons and second sons to obtain their estimates. Our data is not balanced with respect to family size or 
parental education observed, however. Therefore, we use our own estimates for sibling correlations and 
intergenerational correlations to obtain the share of sibling correlations accounted for by the 
intergenerational component. Using seemingly unrelated regressions for a subsample of first and second 
born daughters and their mothers or a subsample of first and second born sons and their father (estimation 
results reported in Table C.3 and C.4, respectively, in Section C of the Appendix) we find shares between 
70.9-77.2, depending on gender and birth order considered. However, the sample sizes for these 
regressions are much smaller at 84,065 and 83,176 for women and men, respectively. 

15 Estimation results are available in Table C.5 in Section C of the Appendix. 



considered together, the coefficients reduce to almost half this size. Interestingly, the 

coefficient of the sibling, irrespective of birth order is at 0.246 larger than the coefficients 

of the two parents combined, suggesting that siblings have explanatory power over each 

other’s educational attainment above and beyond of what is explained by parental 

education.16 

Heritability 

Finally, we apply methods from behavioural genetics to compute the variance explained 

by genetic, shared environmental and unique environmental differences. Because our 

administrative data does not contain information on the zygosity of twins, which would 

be required to apply the classical twin model, we use correlations between same-sex 

twins and regular siblings (Benyamin et al., 2005; Calvin et al., 2012). In Section B of the 

Appendix, we describe how comparisons between these types can be used to carry out 

the decomposition. 

Our estimates for same-sex twins and sibling correlations are 0.49 and 0.35, respectively. 

Combined, these correlations suggest that genetic, shared environmental, and unique 

environmental factors explain 57, 6, and 37 percent of the variation in educational 

attainment, respectively. 17  Based on a meta-analysis of multiple countries and birth 

cohorts ranging from 1900 to 1989, Silventoinen et al. (2021) find that these percentages 

are 43, 31 and 26, respectively. Our estimates for heritability and unique environmental 

factors thus appear to be somewhat higher, and lower for shared environmental factors 

than these average estimates. The estimates for the shared (13 percent) and unique (26 

 

16 Other interesting findings are that the birth year of the sibling holds a small positive relationship with 
educational attainment of an individual irrespective of birth order, indicating that having a sibling that is 
closer in age is associated with a higher educational attainment. Furthermore, being female is associated 
with a higher educational attainment, while having a sibling that is female holds a small negative 
relationship with attainment for both siblings. 

17 The 1:1 sex ratio assumption discussed in Section B of the Appendix together with the assumption that 
correlation for same-sex regular siblings can proxy for the correlation between same-sex DZ twins can be 
used to calculate the correlation between same-sex MZ twins, representing the upper bound of the variance 
explained by factors shared by siblings. The correlations in Figure 2 imply a correlation between same-sex 
MZ twins of 0.64. This is slightly lower than the same-sex MZ twin correlations for years of schooling in 
Sweden reported by Björklund and Jäntti (2012). 



percent) and heritability (60 percent) in the 1980-1989 cohorts in Silventoinen (2021), 

however, appear to be closer to what we find. 

When we control for parental education, we find that same-sex twin and same-sex sibling 

correlations become lower, around 0.302 and 0.460 respectively when the mother’s 

education is preferred. When paternal (compared to maternal) education is preferred 

results are very similar. This translates into a slightly higher heritability of approximately 

60.5. The shared environmental component becomes slightly negative but very close to 

zero, while the unique environmental component increases slightly as well, to 39.6. This 

implies that, in this particular sample, the variation explained by parental education was 

initially captured under the shared environmental component, which is in line with the 

conclusions of Tropf and Engzel (2020). 

4.2 Longitudinal analysis 

To analyse heterogeneities over time, we perform estimations in 5-year moving cohorts 

starting between 1966 and 1991. The moving nature of these cohorts and the fact that an 

individual with a sibling in one cohort can additionally have a sibling in another cohort 

means that estimations across cohorts are not strictly independent.18 We focus mainly on 

estimations for regular siblings and gender decompositions thereof, as these are the most 

precise estimates. We additionally perform the estimates for the various twin types, 

which are particularly relevant for the decompositions into variance explained by genetic 

and environmental variance. The results for twins are reported in Figure C.7 in Section C 

of the Appendix. 

Figure 4 shows that the sibling correlations across birth cohorts are fairly stable around 

0.34. There appears to be a small drop from 1975 to 1977, followed by a slight increase 

from 1977 to 1983. These changes appear to be driven by fluctuations in brother 

correlations. The slight decline from 1987 to 1991 is driven by a drop in correlations 

between sisters. All fluctuations are fairly small in magnitude, however, ranging from 1.4 

to 2.5 percentage points – 3.9 to 7.6 percent – in variance explained. While sister 

 
18 For example, the final three cohorts consist of individuals born in 1989-1993, 1990-1994, and 1991-
1995, respectively. Individuals born in 1990 and 1991 will be included in both estimations for 1989-1993 
and for 1990-1994. Additionally, the latter individual (born in 1991) can be included in estimations for 
1991-1995 if they have another sibling born in 1992-1995. 



correlations tend to be higher compared to brother correlations, the gap becomes 

insignificant for siblings born from 1987 onward. This same conversion does not take 

place for opposite-sex siblings, however, who maintain their significantly lower sibling 

correlation.19 These correlations are much lower compared to results for Dutch cohorts 

born between 1930 and 1970 (Sieben et al., 2001). However, the results are similar in the 

sense that the correlations are relatively stable across the cohorts. Twin correlations 

appear more volatile compared to correlations between regular siblings, in particular in 

cohorts born before 1977, although these estimates are less precise. Interestingly (Figure 

C.3 in Section C of the Appendix), while the total variance in educational attainment 

decreases over the birth cohorts by 41.0 percent, the variance explained by factors shared 

by siblings drops by approximately the same percentage (41 percent) over this period. 

As a consequence, the sibling correlation, or the share of the variance attributed to factors 

shared by siblings, remains relatively stable across the birth cohorts. 

Figure 4: Sibling correlations in educational attainment in moving 5-year birth cohorts. 

Error bars represent 95 percent confidence intervals. 

 

 

19 Figure C.2 in Section C of the Appendix additionally shows that opposite-sex siblings have a very similar 
progression across birth cohorts compared to same-sex siblings when the distinction in gender is not made. 



Figure 5 shows the intergenerational transmission coefficients for five-year moving birth 

cohorts between 1966 and 1995 using maternal education when available. Estimates 

using paternal education when the education attainment of both parents is known are 

presented in Figure C.4 in Section C of the Appendix, which gives very similar results. The 

estimates of the intergenerational elasticity are fairly constant over cohorts. Earlier 

studies on intergenerational mobility of education in the Netherlands have found that the 

association between parental education and occupation and child education decreased 

across birth cohorts from 1920 to 1970 (De Graaf & Ganzeboom, 1990; De Graaf & 

Ganzeboom, 1993). Driven by the decreasing elasticity for female children (sisters) and 

the mostly stable elasticity for male children (brothers), we find that the association 

between parental education and the education of female children are larger compared to 

male children until 1973. After cohort 1973, the elasticity for female children is lower 

than for male children. The decline for girls is in line with studies on Dutch children born 

between 1890-1960 (De Graaf & Ganzeboom, 1990; De Graaf & Ganzeboom, 1993). 

However, while the decline for boys was found to be stronger than the decline for girls in 

earlier cohorts, our results suggest that the decline for boys has stagnated in the cohorts 

born in 1966 and after. 

The intergenerational correlation shows a similar trend, but the convergence is delayed 

until cohort 1988 in case maternal education is used and to 1985 when paternal 

education is used. When the education attainment of the father is used, the 

intergenerational correlation for boys is increasing while the correlation for girls is 

decreasing. When the education of the mother is preferred, the same pattern is observed, 

however boys face a steeper incline while girls face a flatter decline.20 

  

 

20 Figures C.4 in Section C of the Appendix shows the ratios in standard deviation of parental education and 
child education by birth year. These ratios increase strongly between 1966 and 1985: standard deviations 
in educational attainment in the parental generation are 45-67 percent higher compared to the child 
generation. From 1986 onward, they start decreasing again. 



Figure 5: Intergenerational transmission of educational attainment in moving 5-year 

birth cohorts. IGE=Intergenerational elasticity; IGC=Intergenerational correlations. Error 

bars represent 95 percent confidence intervals. 

 

Comparisons between indicators 

Figure 6 shows the shares of the sibling correlation explained by the intergenerational 

component (i.e., shared parental influences) when maternal education is preferred.21 

Based on the Bingley and Cappellari (2019) approach (left axis, solid lines) the shares 

fluctuate between 70-76 percent across the birth cohorts, and are higher for those born 

in 5-year cohorts starting in 1977-1979. This seems to be driven by the stark increase in 

the share for boys. While the share is quite volatile across older male cohorts, the shares 

are comparatively more stable across female cohorts. Estimates based on the Solon 

(2019) or Björklund et al. (2010) approach (right axis, dashed lines), are much lower at 

around 18 percent. Expectedly, however, the two methods yield closely correlated values, 

implying that both may be useful for comparisons across time or place, for example. 

 
21 Figure C.6 in the Appendix shows that results are similar when paternal education is preferred in case 
educational attainment of both parents is known. 



Figure 6: Share of sibling correlation accounted for by parental education in moving 5-

year birth cohorts. IGC=Intergenerational correlations; ρ= sibling correlation. 

 

Finally, we assess changes in the variance components of the twin model. Here, we pool 

the observations into three 10-year birth cohorts, rather than the 5-year moving birth 

cohorts, to deal with the smaller number of twin observations and to obtain more reliable 

estimates.  It can be derived from Figure 7 that heritability is roughly 7 percentage points 

higher in the younger cohorts compared to the older cohort, combined with a 5 and 2 

percentage point decline in unique and shared environmental components, 

respectively.22 

  

 

22 While intergenerational elasticities in these ten-year cohorts decline by roughly 2 percentage point 
across cohorts, intergenerational correlations are mostly stable. 



Figure 7: Decomposition of variance in years of education into share explained by genetic 

(h2), shared environmental (c2) and unique environmental (e2) variation in 10-year birth 

cohorts. 

 

4.3 Heterogeneity 

Factors that drive similarities or differences between relatives can interact (Cholli & 

Durlauf, 2022), while institutional factors such as policies and labour market 

opportunities can vary across time and place (Mare, 2011). Furthermore, the influence of 

parental outcomes or resources can depend on the characteristics of the family, of 

parents and of children. To benchmark the relatively small changes across birth cohorts 

as found in Section 4.2, we assess heterogeneities by family structure and birth region. 

In Appendix D, we report results by family structure, looking at family size, age gap, birth 

order, and age at first birth. Overall, we find that there are no large differences in 

intergenerational associations and sibling correlations across the analysed family 

characteristics. Observed heterogeneities are about the same size or smaller than those 

observed across birth cohorts. 



Heterogeneities by birth region are, however, larger. Region of birth is recorded in 40 

COROP areas as defined by Statistics Netherlands.23 These areas are equivalent to the 

European NUTS 3 level and include one or more adjacent municipalities. Panel (a) of 

Figure 8 shows the sibling correlations across regions. There appear to be some 

differences between regions, with sibling correlations ranging from 0.28 to 0.37. Thus, 

while the largest difference across birth cohorts was a difference of 3 percentage points, 

differences across regions of birth can go up to 9 percentage points. For the 

intergenerational component, we focus on the case where maternal attainment is 

preferred when the attainment of both parents is observed.24 Panel (b) of Figure 8 shows 

that the intergenerational correlation varies more strongly compared to birth cohorts as 

well, ranging between 0.18-0.30. The intergenerational elasticities and correlations are 

strongly correlated across regions (ρ = 0.932, p < 0.001), indicating that the ratio between 

variance in the parent and child generation is relatively stable across the regions. In line 

with the findings of Deutscher and Mazumder (2023) the correlation between sibling 

correlations and intergenerational elasticities (ρ = 0.757, p < 0.001) and, in our case 

additionally, between sibling correlations and intergenerational correlations (ρ = 0.781, 

p < 0.001) is strongly positive across regions in the Netherlands. Regions with strong 

sibling correlations also tend to exhibit stronger intergenerational correlations, which is 

consistent with our finding that parental education explains a sizable share of the sibling 

correlation. Still, Panel (c) of Figure 8 shows that the shares of the sibling correlation 

accounted for by parental attainment vary considerably, between 62 and 85 percent. 

These differences can be driven by a multitude of factors. Regions differ substantially in 

labour force participation (Statistics Netherlands, 2021), in terms of broad indicators of 

social welfare, as well as narrower income-based definitions such as GDP per capita and 

income inequality (Statistics Netherlands, 2022d, 2023b), educational factors (Statistics 

Netherlands, 2010; Environmental Data Compendium, 2014), implementation of 

governmental policies (Statistics Netherlands, 2022e), experience of discrimination 

(Statistics Netherlands, 2022f), population composition e.g., in terms of age structure 

 

23 Because samples of same-sex twins are too small by region to obtain estimates that are sufficiently 
precise and credible, and because no variation between regions is left when we opt for a higher aggregation 
of regions, we abstain from including estimates from the twin model in this section. 

24 The results for when paternal education is preferred are shown in Figure D.12 to D.13 in Section D of the 
Appendix. Because the conclusions are the same, we do not discuss those further in this section. 



(Statistics Netherlands, 2012), and likely much more. The relatively low number of 

regions, however, constrains linking such regional differences to the estimated sibling 

and intergenerational correlations. It is clear, though, that heterogeneities by birth cohort 

are relatively smaller than heterogeneities by birth region: in terms of the impact of 

family background on educational attainment, it seems to matter more where you were 

born than when you were born for cohorts born in the final trimester of the previous 

century. 

 



Figure 8: Heterogeneity by birth region. Panel (a) presents sibling correlations, panel (b) presents intergenerational correlations, and 

panel (c) presents the parental share in sibling correlations. 

   

(a) (b) (c) 

Notes: Names of the regions corresponding to the numbers shown in the figures above are documented in Table A.3 in Section A of the Appendix.



Section 5 – Conclusion 

We evaluated estimates of intergenerational and sibling correlations in the Dutch birth 

cohorts born between 1966 and 1995 to gauge the role of family background in 

educational attainment. We find varying degrees of correlation between relative types, 

most importantly that correlations between regular siblings explain 32 percent of 

variance between individuals within our sample. Our sibling correlations are lower 

compared to geographically distant countries (Ahsan et al. 2022), but also compared to 

Sweden (Collado et al. 2023) and Finland (Lahtinen et al., 2022). However, the 

correlations are quite similar to those found in the Danish context (Bingley & Cappellari 

2019). Intergenerational correlations lie between 0.24 to 0.27, which appears to be fairly 

low compared to other European countries (Colagrossi et al., 2020). Interestingly, based 

on the approach developed by Bingley and Cappellari (2019), we find that parental 

education accounts for 73-76 percent of the sibling correlation, which is quite similar to 

the 65 to 80 percent range reported in earlier studies.  

Together, these findings suggest that parental education is the key driver of sibling 

correlations in education attainment in the Netherlands. This finding is also corroborated 

by our estimates based on the universe of Dutch twins, which shows that the heritability 

of years of education is estimated to be 57 percent, and the shared environment 

component essentially reduces to zero after controlling for parental education. To be 

sure, we do not claim that parental education is the key causal component of family 

background, but instead it is likely to reflect all kinds of wider dynastic influences 

including assortative mating, social capital and other environmental influences. 

Additionally, about one-fourth of variance explained by factors shared by siblings is not 

accounted for by parental education. The remaining share may be explained by latent 

factors that do not (perfectly) correlate with parental education, for example, family 

structure, social problems, parental involvement, and parental attitudes factors 

(Björklund et al., 2010) or neighbourhoods, peers and the timing of events (e.g., changing 

neighbourhoods) that can affect attainment (Deutscher, 2020). Indeed, it appears that 

intergenerational correlations, which do not account for all latent factors, can understate 

persistence (Colagrossi et al. 2020; Adermon et al. 2021; Collado et al., 2023). Based on 

more distant relatives one could consider a broader set of mechanisms that connect more 

distant social ties. Factors such as persisting institutional factors that allow durable forms 



of capital (e.g., financial, physical, and potentially social capital) to persist, the availability 

of kin (due to fertility decisions and death), social isolation, persisting hardship, as well 

as biological mechanisms can all be multigenerational in nature (Mare, 2011). 

Investigating these latent factors driving sibling correlations seems a fruitful area for 

future research. The current study points to regionally differing factors as a particularly 

interesting starting point. 

In line with earlier studies, which find that persistence rates can differ across countries 

(Colagrossi et al. 2020) and regions, time, groups or families within countries (Chetty et 

al., 2014; Solon, 2018; Bingley & Cappellari, 2019; Deutscher & Mazumder, 2020; Kenedi 

& Sirugue, 2023), we investigated how sibling correlations vary across birth cohorts born 

between 1966 and 1995. There were stark and pervasive changes in the distribution of 

educational attainment between generations: average years of education increased, 

especially in the generation of parents. At the same time, overall inequality in education 

dramatically decreased. Somewhat unexpectedly, however, there are no large changes in 

intergenerational associations nor in sibling correlations across the analysed birth 

cohorts. That is, sibling correlations are fairly stable around 0.34 with the largest 

difference across birth cohorts a mere 3 percentage points. Together, these findings 

suggest that family background has remained approximately equally important for 

educational attainment across birth cohorts 1966-1995. Hence, despite a reduction in 

overall educational inequality, the share of inequality related to family background has 

not reduced over time. In other words, inequality of opportunity in educational 

attainment in the Netherlands has persisted over cohorts 1966 and 1995. However, the 

fact that the role of family background is considerably smaller in certain Dutch regions 

indicates that there is scope to further enhance equal opportunities and access to 

education. 
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Appendix 

Section A – Additional data descriptions 

Table A.1: Number of observations in the analysis sample. 

Year of 
birth 

Analysis 
sample 

Mothers Fathers 
Both 

parents 
Families Siblings 

Half 
siblings 

Singletons 
Opposite 
sex twins 

Same-sex 
twins 

1966 21281 7402 4229 9650 15042 4882 530 6770 31 71 

1967 25025 8504 5135 11386 17238 6140 608 7083 32 91 

1968 29639 9998 6242 13399 19648 7796 694 6850 48 113 

1969 35751 11926 7912 15913 22890 10049 826 6634 59 162 

1970 38894 12896 8669 17329 24353 11521 847 5812 68 136 

1971 42397 14161 9721 18515 25670 12963 936 5369 67 177 

1972 45246 14674 10673 19899 27188 14395 974 5180 90 218 

1973 45540 14903 10710 19927 26898 14509 1017 5011 86 209 

1974 48327 15667 11511 21149 28063 15642 1058 4924 87 207 

1975 50961 16478 12109 22374 29016 16740 1130 5025 92 210 

1976 55291 17835 13290 24166 30970 18521 1199 5163 104 279 

1977 58058 18482 13955 25621 31840 19351 1297 5391 129 291 

1978 63403 20535 14998 27870 34508 21451 1371 5863 118 308 

1979 67561 21120 16091 30350 35952 22947 1381 6103 165 362 

1980 75759 23570 17852 34337 39382 25690 1626 6866 173 442 

1981 79963 24691 18656 36616 40769 27186 1673 7257 200 487 



1982 82113 24672 19144 38297 41200 28567 1676 7174 203 504 

1983 87392 26026 20265 41101 42923 30455 1697 7441 228 543 

1984 95675 28356 21910 45409 46744 33714 1833 8107 287 647 

1985 103230 30049 23667 49514 50172 36706 1864 8685 346 726 

1986 111643 31913 25564 54166 54401 39977 1900 9535 395 809 

1987 116412 33071 26558 56783 56296 41526 1885 10305 393 900 

1988 118516 33305 26341 58870 57620 42352 1899 10886 445 933 

1989 122234 33988 27048 61198 60437 43932 1962 11677 505 994 

1990 129775 35654 28500 65621 65912 46372 1841 12932 543 1111 

1991 132500 35911 28345 68244 70398 46222 2055 14352 600 1181 

1992 132202 35247 28007 68948 74178 44137 1981 14518 635 1164 

1993 133421 34820 27528 71073 82541 39303 1978 14698 643 1249 

1994 135693 34867 27672 73154 93715 31370 2014 15527 692 1249 

1995 133558 33652 26687 73219 95439 28889 2196 15816 680 1304 

Total 2417460 704373 538989 1174098 1341403 783305 43948 256954 8144 17077 

 



Figure A.1: Number of observations by year of birth. 

Table A.2: Educational attainment measures. 

Level of education 
(labels from 

Statistics Netherlands) 

Level of education 
(in 18 categories from 
Statistics Netherlands) 

Years of education 
(Conversion to nominal 

years) 
Primary education years 1-2 1 2 
Primary education years 3-8 2 8 
Praktijkonderwijs 3 13 
VMBO-B/K 4 12 
MBO 1 5 13 
VMBO-G/T 6 12 
HAVO-, VWO-onderbouw 7 11 
MBO 2 8 13.5 
MBO 3 9 16 
MBO 4 10 16.5 
HAVO bovenbouw 11 13 
VWO bovenbouw 12 14 
HBO associate degree 13 15 
HBO bachelor 14 17 
WO bachelor 15 17 
HBO master 16 18 
WO master 17 18.6 
Doctorate 18 22 



Figure A.2 shows the distributional differences for educational attainment between 

children, mothers and fathers in our sample. Differences are particularly striking 

between mothers and children. The most frequently obtained degree by mothers is for 

pre-vocational secondary education (12 years). The median mother has obtained a 

secondary vocational education degree (13.5 years). Children, in particular female 

children, are much more frequently at the higher end of the distribution: the median for 

both genders equals 17 years of education which is equivalent to a bachelor’s degree. 

Interestingly, the differences between genders seem to be reversed between parental and 

child generations. Where lower (higher) levels of education are more (less) frequently 

obtained by females in the parent generation, the opposite is true in the child generation, 

where female children more (less) frequently obtain a higher (lower) level of education 

compared to male children. 

Figure A.2: Distributional differences between generations in years of schooling. 

  



Table A.3: Names of COROP regions. 

# Name # Name 

1 Oost-Groningen 21 Agglomeratie Haarlem 

2 Delfzijl en omgeving 22 Zaanstreek 

3 Overig Groningen 23 Groot-Amsterdam 

4 Noord-Friesland 24 Het Gooi en Vechtstreek 

5 Zuidwest-Friesland 25 Agglomeratie Leiden en Bollenstreek 

6 Zuidoost-Friesland 26 Agglomeratie 's-Gravenhage 

7 Noord-Drenthe 27 Delft en Westland 

8 Zuidoost-Drenthe 28 Oost-Zuid-Holland 

9 Zuidwest-Drenthe 29 Groot-Rijnmond 

10 Noord-Overijssel 30 Zuidoost-Zuid-Holland 

11 Zuidwest-Overijssel 31 Zeeuwsch-Vlaanderen 

12 Twente 32 Overig Zeeland 

13 Veluwe 33 West-Noord-Brabant 

14 Achterhoek 34 Midden-Noord-Brabant 

15 Arnhem/Nijmegen 35 Noordoost-Noord-Brabant 

16 Zuidwest-Gelderland 36 Zuidoost-Noord-Brabant 

17 Utrecht 37 Noord-Limburg 

18 Kop van Noord-Holland 38 Midden-Limburg 

19 Alkmaar en omgeving 39 Zuid-Limburg 

20 IJmond 40 Flevoland 

  



Section B – Additional methods 

Heritability 

Heritability studies decompose the variance in an outcome into the share associated with 

genetic, shared environmental and unique environmental differences between 

individuals. The share of variation in an outcome that can be explained by variation in 

genes is often called the heritability of an outcome (Knopik, Neiderhiser, DeFries & 

Plomin, 2016). The most common way to calculate these shares using family data is to 

compare correlations in outcomes between monozygotic (MZ) twins and dizygotic (DZ) 

twins, i.e., the classical twin model: 

If we assume that an outcome Y is an additive function of genes (A), shared environment 

(C), and unshared environment (E), and that these components do not correlate or 

interact, then: 

 𝑌 = ℎ𝐴 + 𝑐𝐶 + 𝑒𝐸. (B.1) 

Consequently, the covariance between twins is equal to: 

 𝜎𝑦1𝑦2
= ℎ2𝜎𝐴1𝐴2

+ 𝑐2𝜎𝐶1𝐶2
. (B.2) 

The rationale behind the comparison of twins is that MZ twins share all their genes by 

descent, whereas DZ share only 50 percent of their genes on average in the absence of 

assortative mating. Then, 𝜎𝐴1𝐴2
 equals 1 for MZ twins and 0.5 for DZ twins. Finally, 𝜎𝐶1𝐶2

 

is assumed to be 1 for both MZ twins and DZ twins, i.e., the equal environments 

assumption. The resulting covariance in MZ twins and DZ twins is equal to ℎ2 + 𝑐2 and 

1

2
ℎ2 + 𝑐2, respectively. These expressions can be used to calculate the parameters 𝑎2 and 

𝑐2. When we use correlations of MZ and DZ twins rather than covariances, the share of 

the variance explained by variance in genetic (heritability), shared environmental, and 

unique environmental factors equal ℎ2, 𝑐2 and 𝑒2 (= 1 − ℎ2 − 𝑐2), respectively. 

When zygosity is not observed (as in our administrative data), correlations between 

other relatives can be used to obtain the parameters. Benyamin et al. (2005) use the 

proportion ( 𝑝𝑀𝑍|𝑆𝑆 ) of MZ twins among same-sex (SS) twin pairs to estimate the 



components of the twin model using SS and opposite-sex (OS) twins. This calculation 

rests on the assumption that the proportion of dizygotic twins equals twice the 

proportion of opposite-sex twins because of a 1:1 sex ratio (Calvin et al. 2012): 

 𝑝𝑀𝑍|𝑆𝑆 =
𝑝𝑀𝑍

𝑝𝑆𝑆
=

1−2𝑝𝑂𝑆

1−𝑝𝑂𝑆
. (B.3) 

In our sample, the approximated share of monozygotic twins within the set of same-sex 

twins is fairly constant over the first two cohorts used for the longitudinal heritability 

analysis, 0.59 and 0.57, respectively, which is very close to the share found based on a 

Dutch survey of primary school pupils aged 8-12 in 1994-2002 (0.58; Calvin et al., 2012). 

This share is lower in the third cohort, however, at 0.49, potentially due to the increased 

likelihood of dizygotic twinning as a result of IVF treatments (Statistics Netherlands, 

2011; Groeneveld et al., 2012). Calvin et al. (2012) express the intraclass correlations (t) 

of SS and OS twins as: 

 𝑡𝑆𝑆 = 𝑐2 +
1

2
(1 + 𝑝𝑀𝑍|𝑆𝑆)ℎ2, (B.4) 

 
𝑡𝑂𝑆 = 𝑐2 +

1

2
𝑟𝑔ℎ𝑚ℎ𝑓 . (B.5) 

Assuming equal heritability for men (m) and women (f) and a genetic correlation (𝑟𝑔) 

equal to one, we can calculate the components of the model as follows: 

 ℎ2 = 2(𝑡𝑆𝑆 − 𝑡𝑂𝑆)/𝑝𝑀𝑍|𝑆𝑆, (B.6) 

 𝑐2 = (𝑡𝑂𝑆(1 + 𝑝𝑀𝑍|𝑆𝑆) − 𝑡𝑆𝑆)/𝑝𝑀𝑍|𝑆𝑆, (B.7) 

 𝑒2 = 1 − ℎ2 − 𝑐2. (B.8) 

Thus, if we assume that the probability that a DZ twin pair is same-sex equals 0.5 (or a 

1:1 sex ratio; Calvin et al. (2012)), the components of the twin model can be weighted 

using 𝑝𝑀𝑍|𝑆𝑆 to account for the fact that not all SS twins are MZ twins, while all OS twins 

are DZ twins. 25  Ultimately this results in an estimation with a stronger equal 

 

25 Suppose for example that, within a particular sample, all same-sex twins are MZ twins. Then we would 
have 𝑝𝑀𝑍|𝑆𝑆 = 1 and 𝑡𝑆𝑆 = ℎ2 + 𝑐2, therefore ℎ2 = 2(𝑡𝑆𝑆 − 𝑡𝑂𝑆) (assuming ℎ𝑚 = ℎ𝑓 and 𝑟𝑔 = 1). If, instead, 

same-sex twins include DZ twins to some extent, i.e., 𝑝𝑀𝑍|𝑆𝑆 ≠ 1 , then 𝑡𝑆𝑆 = 𝑝𝑀𝑍|𝑆𝑆(ℎ2 + 𝑐2) + (1 −

𝑝𝑀𝑍|𝑆𝑆) (
1

2
ℎ2 + 𝑐2) =

1

2
 (1 + 𝑝𝑀𝑍|𝑆𝑆)ℎ2 + 𝑐2 . Filling in this expression of 𝑡𝑆𝑆  and the expression of 𝑡𝑂𝑆  in 

Equation (B.5), we can find ℎ2 (again, assuming ℎ𝑚 = ℎ𝑓 and 𝑟𝑔 = 1). 



environments assumption, i.e., SS twins and OS twins are influenced by the same shared 

environment to the same extent, requires an additional assumption of equal heritability 

across gender, and makes it impossible to perform estimations by gender. 

In this study, we compare SS twins to SS siblings instead using the same weighting 

approach and assuming 𝑡𝑆𝑆 𝑠𝑖𝑏𝑙𝑖𝑛𝑔𝑠 = 𝑐2 +
1

2
ℎ. Again, the equal environments assumption 

is less likely to hold than in the classical twin study comparing MZ and DZ twins, as 

regular siblings are born at different points in time. This means they are likely to be 

treated less similarly compared to same-sex twins due to having different peers, being 

subjected to a different policy environment or simply due to being the younger or older 

sibling. However, the higher sibling correlations of SS siblings compared to OS siblings as 

well as twins implies that the violations are likely to be stronger in the case of the OS twin 

vs. SS twin comparison. 

Assortative mating 

Partner, or spousal, correlations can be used to directly evaluate the degree of assortative 

mating. As we do not observe marriages or partnerships directly in our dataset, we define 

two individuals in our sample of individuals born between 1966 and 1995 to be partners 

based on the first child (born before or in 2021) of each individual. Of the individuals with 

a partner (N = 2,567,985) in the full sample (not restricted to the educational attainment 

of at least one parent observed, N = 4,401,006), we observe the educational attainment 

of both in the case of 1,743,196 individuals, i.e., 871,598 partner pairs. We find a Pearson 

correlation between partners of 0.38. There is no clear trend visible across birth year (of 

the child), with correlations fluctuating between 0.35 and 0.41 (Figure B.1). When we 

instead estimate correlations between parents of their first-born child born between 

1966-1995 for which the educational attainment of both parents is known (N = 597,583, 

i.e., 597,583 parent pairs), we obtain a Pearson correlation of 0.42. Correlations fluctuate 

between 0.40 and 0.45 and are highest for the oldest children. Again, however, there is 

no clear trend apparent, although together the two approaches suggest that assortative 

mating is somewhat lower in the younger cohorts. These correlations are close to the 

correlation between spouses found in the Swedish context (Collado et al., 2023) and the 

Danish context (Bingley et al., 2022). However, the findings of Collado et al. (2023) 

suggest that the spousal correlation in latent factors that are relevant for the educational 



attainment of children might instead be much higher and that assortment thus could take 

place predominantly on latent factors rather than on observed years of schooling. 

Figure B.1: The correlations of educational attainment between parents and between 

partners by birth year of the firstborn child. 

Notes: The green line represents the correlation between parents of first-borns born in 1966-1995. The 

grey line represents the correlation between partners (individuals that have at least one child together) 

born in 1966-1995, estimated by the birth year of their first child. In both cases, more parent/partner pairs 

are observed in the younger cohorts. In the case of the green line, this is because there are much fewer 

cases where the educational attainment of both parents is observed in older cohorts. In the case of the grey 

line this is due to the fact that older cohorts comprise those with much younger parents (for example, given 

that partners are born in 1966-1995, children born in 1986 would have parents aged at most 20 years old 

who are likely born in the oldest cohort(s), whereas individuals born in 2006 have parents aged at most 40 

years old and who can be born in much younger cohorts compared to parents of individuals born in 1986. 

  



Section C – Additional results 

Figure C.1: Variance decomposition by sibling type. 

  



Table C.1: Intergenerational elasticities (in case the educational attainment of both 

parents is known, that of the mother is used). 

  (1) (2) (3) (4) (5) (6) (7) 

  All All All Females Females Males Males 
               

EA at least one parent known         
                

EA parent 0.157*** 0.157*** 0.157*** 0.159*** 0.154*** 0.155*** 0.159*** 

  (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 

Year of birth  0.000* 0.001**  0.016***  -0.014*** 

   (0.000) (0.000)  (0.000)  (0.000) 

Female   0.501***     

    (0.003)     

Constant 13.6*** 13.6*** 13.3*** 13.8*** 13.6*** 13.4*** 13.6*** 

  (0.008) (0.009) (0.009) (0.010) (0.011) (0.010) (0.012) 

N 2417460 2417460 2417460 1188715 1188715 1228745 1228745 

R2 0.063 0.063 0.072 0.071 0.073 0.057 0.059 

       

EA both parents known              

       

EA parent 0.171*** 0.173*** 0.173*** 0.172*** 0.170*** 0.169*** 0.175*** 

  (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 

Year of birth  -0.007*** -0.007***  0.009***  -0.021*** 

   (0.000) (0.000)  (0.000)  (0.000) 

Female   0.508***     

    (0.005)     

Constant 13.5*** 13.6*** 13.3*** 13.7*** 13.6*** 13.2*** 13.6*** 

  (0.011) (0.013) (0.013) (0.015) (0.017) (0.015) (0.017) 

N 1174098 1174098 1174098 574876 574876 599222 599222 

R2 0.071 0.072 0.082 0.080 0.081 0.066 0.069 
        

Note: Standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001.  



Table C.2: Intergenerational elasticities (in case the educational attainment of both 

parents is known, that of the father is used). 

    (1) (2) (3) (4) (5) (6) (7) 

    All All All Females Females Males Males 

                 
EA at least one parent known          

                 

EA parent   0.161*** 0.160*** 0.160*** 0.159*** 0.155*** 0.162*** 0.165*** 

    (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 

Year of birth    0.003*** 0.003***  0.018***  -0.011*** 

     (0.000) (0.000)  (0.000)  (0.000) 

Female     0.502***     

      (0.003)     

Constant   13.5*** 13.4*** 13.2*** 13.8*** 13.5*** 13.2*** 13.4*** 

    (0.008) (0.009) (0.009) (0.010) (0.012) (0.011) (0.012) 

N   2417460 2417460 2417460 1188715 1188715 1228745 1228745 

R2   0.066 0.066 0.076 0.071 0.074 0.063 0.064 

           
EA both parents known       
           

EA parent   0.180*** 0.180*** 0.180*** 0.173*** 0.171*** 0.186*** 0.188*** 

    (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 

Year of birth    0.000 0.000  0.016***  -0.014*** 

     (0.000) (0.000)  (0.000)  (0.000) 

Female     0.509***     

      (0.005)     

Constant   13.2*** 13.2*** 13*** 13.6*** 13.3*** 12.9*** 13.1*** 

    (0.012) (0.014) (0.014) (0.016) (0.018) (0.016) (0.018) 

N   1174098 1174098 1174098 574876 574876 599222 599222 

R2   0.079 0.079 0.089 0.080 0.083 0.079 0.081 
         

Note: Standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001.  



Figure C.2: Same-sex and opposite-sex sibling correlations by birth year. Error bars 

represent 95 percent confidence intervals. 

 

Figure C.3: Variance components sibling correlation by birth year. 

 



Figure C.4: Ratio of the standard deviation of educational attainment of parents to that 

of the children by birth cohort. Results for educational attainment of the mother (M) and 

Father (F) in case both are known. 

 

Figure C.5: Intergenerational transmission of educational attainment in moving 5-year 

birth cohorts IGE and IGC (Educational attainment of the father is used when both 

educational attainment of the mother and father are known). Error bars represent 95 

percent confidence intervals. 

 

  



Figure C.6: Comparison of results based on the Bingley and Cappellari (2019) and Solon 

(1999)/Björklund et al. (2010) approaches (Educational attainment of the father is used 

when both educational attainment of the mother and father are known). 

 

Figure C.7: Twin correlations by birth year. Error bars represent 95 percent confidence 

intervals. 

  



Table C.3: Educational attainment correlation matrix seemingly unrelated regressions 

(Mothers and daughters in subsample in which educational attainment of both parents is 

known). 

  Daughter 1 Daughter 2 Mother 

Daughter 1 1.000 0.348 0.263 

Daughter 2 0.348 1.000 0.247 

Mother 0.263 0.247 1.000 

N = 84065       

Table C.4: Educational attainment correlation matrix seemingly unrelated regressions 

(Fathers and sons in subsample in which educational attainment of both parents is 

known). 

  Son 1 Son 2 Father 

Son 1 1.000 0.324 0.250 

Son 2 0.324 1.000 0.245 

Father 0.250 0.245 1.000 

N = 83176       

Table C.5: Regression results for subsample in which educational attainment (EA) of 

both parents is known in families with two children. 

 

(1) 
First- 

born (FB) 

(2)  
Second-

born (SB) 

(3) 
First-

born (FB) 

(4)  
First-

born (FB) 

(5) 
Second-

born (SB) 

(6)  
Second-

born (SB) 

EA mother 0.088*** 0.091*** 0.165***   0.167***   

  (0.002) (0.002) (0.002)   (0.002)   

EA father 0.102*** 0.104***   0.179***   0.181*** 

  (0.002) (0.002)   (0.002)   (0.002) 

EA sibling 0.246*** 0.246***         

  (0.002) (0.002)         

Gender FB 0.490*** -0.131***         

  (0.009) (0.009)         

Gender SB -0.115*** 0.484***         

  (0.009) (0.009)         

YoB FB -0.023*** 0.015***         

  (0.001) (0.002)         

YoB SB 0.013*** -0.025***         

  (0.001) (0.002)         

Constant 29.4*** 27.8*** 13.6*** 13.3*** 13.6*** 13.2*** 

  (1.371) (1.367) (0.023) (0.025) (0.023) (0.024) 

N 230791 230791 230791 230791 230791 230791 

R2 0.161 0.163 0.060 0.071 0.062 0.072 
Notes: Standard errors in parentheses. * p<0.05, ** p<0.01, *** p<0.001.  



Section D – Additional heterogeneity results 

Family size, age gap and birth order. Almost half of our sample belongs to a family with 

two children. A little under a third of the sample are families with three children. Families 

with one child and families with four children each account for around 10 percent of the 

sample. We perform the estimations for families with two to four children. Figure D.1 

shows that the sibling correlation is larger for families with three children compared to 

families with two children. For regular siblings the share of the variance explained 

increases slightly by 2.2 percentage points between families with two children to families 

with three children. Overall, while both indicators appear to increase in magnitude with 

family size, the differences are quite small. The intergenerational transmission 

coefficients are shown in Figures D.2 and D.3. On average, the intergenerational 

correlation increases from 0.22 to 0.29, translating into an increase of 5.9 to 7.6 percent 

of variance in educational attainment explained by parental education between families 

with two to four children, respectively. Figures D.5 and D.6 additionally show the 

estimates by birth order, with again a similar range of correlations. Intergenerational 

correlations appear to decrease somewhat with birth order, i.e., the intergenerational 

correlation is highest for first-borns and lowest for the last child. Figure D.4 shows that 

sibling correlations decrease most strongly over the interval of one- to three-year age 

gaps, after which correlations stabilise. For siblings born up to five years apart, the 

correlations between the first- and second-born are consistently lower compared to first 

and third as well as second and third-born children. 

  



Figure D.1: Sibling correlations by family size. Error bars represent 95 percent 
confidence intervals. 

 

Figure D.2: Intergenerational estimates family size (Educational attainment of the 
mother is used when both educational attainment of the mother and father are known). 
Error bars 95 percent confidence intervals. 

  



Figure D.3: Intergenerational estimates family size (Educational attainment of the father 
is used when both educational attainment of the mother and father are known). Error 
bars represent 95 percent confidence intervals. 

 

Figure D.4: Sibling correlations by birth order and age gap. Error bars 95 percent 
confidence intervals. 

  



Figure D.5: Intergenerational estimates by birth order and family size (Educational 
attainment of the mother is used when both educational attainment of the mother and 
father are known). Error bars represent 95 percent confidence intervals. 

 

Figure D.6: Intergenerational estimates by birth order and family size (Educational 
attainment of the father is used when both educational attainment of the mother and 
father are known). Error bars represent 95 percent confidence intervals. 

 

  



Age at first birth. We additionally assess heterogeneities by age of the parent at first 

birth. Figure D.7 shows the sibling correlations by age of mother and age of father. Sibling 

correlations appear to be largely stable across the age of the parent when the first child 

is born. While the share of variance explained by factors shared by siblings, Figures D.8 

and D.9 show that total variance in educational attainment decreases significantly as 

parents are older, reaching a minimum at the age of 29 for mothers and 31 for fathers. 

The total decrease is around 50 percent in both cases. Thus, while there appear to be 

quite significant differences in inequalities between individuals depending on the age of 

a parent at their first birth, the share attributed to factors shared by siblings, i.e., the 

sibling correlation, is quite stable across this dimension as well. 

Figures D.10 and D.11 show the intergenerational transmission estimates. The 

intergenerational elasticity appears to increase slightly as mothers are older at first birth, 

from 1.2 to 2.3 months, indicating that the increase in the educational attainment of the 

child associated with a marginal increase in the attainment of the mother is larger for 

mothers having their first child at a later age. While elasticities are more stable as fathers 

are older, magnitudes between 1.6 to 1.9 months, correlations increase more steeply in 

both cases. 

Figure D.7: Sibling correlations across maternal and paternal age at first birth. Error bars 

represent 95 percent confidence intervals. 

  



Figure D.8: Decomposition of sibling correlation across age of mother at first birth. Error 

bars represent 95 percent confidence intervals. 

 

Figure D.9: Decomposition of sibling correlation across age of father at first birth. Error 

bars represent 95 percent confidence intervals. 

  



Figure D.10: Intergenerational estimates across maternal and paternal age at first birth 

(Educational attainment of the mother is used when both educational attainment of the 

mother and father are known). Error bars represent 95 percent confidence intervals. 

 

Figure D.11: Intergenerational estimates across maternal and paternal age at first birth 

(Educational attainment of the father is used when both educational attainment of the 

mother and father are known). Error bars represent 95 percent confidence intervals. 

 



Figure D.12: Intergenerational correlation across regions (Educational attainment of the 

father is used when both educational attainment of the mother and father are known). 

Names of the regions corresponding to the number in the figure are documented in Table 

A.3 in Section A of the Appendix. 

 

Figure D.13: Parental share in sibling correlations across regions (Educational 

attainment of the father is used when both educational attainment of the mother and 

father are known). Names of the regions corresponding to the number in the figure are 

documented in Table A.3 in Section A of the Appendix. 

  



Section E – Results robustness analyses 

Table E.1: Balance checks. 

β SE N Variable Compared samples 

0,025 0,001 5389969 Female Registered vs. EA observed 

-0,002 0,000 4401006 Female EA observed vs. One parent 

6,594 0,010 5389798 YoB Mother Registered vs. EA observed 

7,295 0,008 4400888 YoB Mother EA observed vs. One parent 

6,641 0,010 5387748 YoB Father Registered vs. EA observed 

7,325 0,008 4399313 YoB Father EA observed vs. One parent 

0,140 0,001 5389969 Family size Registered vs. EA observed 

0,114 0,001 4401006 Family size EA observed vs. One parent 

-0,012 0,004 115286 Twin type Registered vs. EA observed 

-0,006 0,003 96367 Twin type EA observed vs. One parent 

0,032 0,000 5389969 Abroad Registered vs. EA observed 

0,056 0,000 4401006 Abroad EA observed vs. One parent 

     

0,027 0,000 3734627 Sib observed EA observed vs. One parent 

0,091 0,002 96367 Twin observed EA observed vs. One parent 

     

-0,010 0,000 4098182 Full time Registered vs. EA observed 

-0,007 0,000 3465105 Full time EA observed vs. One parent 

0,528 0,019 4098182 Hourly wage Registered vs. EA observed 

-3,404 0,015 3465105 Hourly wage EA observed vs. One parent 

-10,243 0,611 4098181 Yearly hours worked Registered vs. EA observed 

1,585 0,497 3465104 Yearly hours worked EA observed vs. One parent 

Notes: Balance checks are performed using the regression 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 = 𝛽0 +  𝛽1𝑆𝑎𝑚𝑝𝑙𝑒 + 𝜀, where Sample 

is a dummy variable and equals 1 for the EA observed (One parent) sample in the Registered vs. EA 

observed (EA observed vs. One parent) comparison. YoB=Year of birth.  



Table E.2: Sibling correlations in the full sample (no constraint on observing parental 

educational attainment). 

ICC SE N Gender Sib type 

0,335 0,001 1033154 Both Regular 

0,308 0,001 3734627 Both Regular | OS 

0,346 0,001 3734627 Both Regular | SS 

0,361 0,001 1839979 Female Regular 

0,334 0,001 1894648 Male Regular 

0,443 0,007 26554 Both Twins 

0,320 0,008 96367 Both Twins | OS 

0,489 0,004 96367 Both Twins | SS 

0,506 0,006 48776 Female Twins 

0,470 0,006 47591 Male Twins 
Notes: ICC=Intraclass correlation coefficient; SE=Standard error. 

Table E.3: Sibling correlations and intergenerational transmission in subsample where 

educational attainment of both parents is observed. 

Indicator Value SE N SDc SDP IGC 

Sibling correlation 0,335 0,001 1033154       

IGE Mother 0,114 0,001 1033154 2,495 3,941 0,180 

IGE Father 0,129 0,001 1033154 2,495 3,911 0,179 
Notes: IGE=Intergenerational elasticity; SE=Standard error; SD=Standard deviation; IGC=Intergenerational 

correlation. 

Table E.4: Comparison between methods of estimation: Mixed effects (REML), 

Spearman, OLS (based on subsample with two children per family). 

Indicator Method Outcome Corr. p N 

Sibling correlation ICC Ranked YoS 0,336 0,001 956360 

Sibling correlation ICC EA level 0,455 0,001 956360 

Sibling correlation ICC YoS 0,308 0,001 956360 

Sibling correlation Spearman Ranked YoS 0,472 0,000 478180 

Sibling correlation Spearman EA level 0,389 0,000 478180 

Sibling correlation Spearman YoS 0,389 0,000 478180 

IGC Spearman Ranked YoS 0,283 0,000 956360 

IGC Spearman EA level 0,367 0,000 956360 

IGC Spearman YoS 0,283 0,000 956360 

IGC OLS Ranked YoS 0,305   956360 

IGC OLS EA level 0,571   956360 

IGC OLS YoS 0,232   956360 
Notes: IGC=Intergenerational correlation; Corr.=Correlation. 

 



Table E.5: Comparison between estimation approaches of Solon (1999)/Björklund et al. (2010), Mazumder (2011), and Bingley and 

Cappellari (2019). 

Indicator Value SE Parent SDc SDp Method IGE SE Var(IGE) SE 
IGE 0,157 0,001 Mother preferred 2,550 4,063 OLS         
IGC 0,250   Mother preferred 2,550 4,063 OLS         
Sibling correlation 0,341 0,001 Mother preferred     Mixed         
Sibling correlation 
(parental control) 0,295 0,001 Mother preferred     

Mazumder 
(2011)         

Sibling correlation 
(parental control 
+ random slope) 0,295 0,001 Mother preferred     

Bingley & 
Cappellari 

(2019) 0,157 0,000 9,49×10-15 2,91×10-13 
IGE 0,160 0,001 Father preferred 2,550 4,071 OLS         
IGC 0,256   Father preferred 2,550 4,071 OLS         
Sibling correlation 0,341 0,001 Father preferred     Mixed         
Sibling correlation  
(parental control) 0,292 0,001 Father preferred     

Mazumder 
(2011)         

Sibling correlation 
(parental control 
+ random slope) 0,292 0,001 Father preferred     

Bingley & 
Cappellari 

(2019) 0,160 0,000 4,73×10-14 1,98×10-15 
Notes: SE=Standard error; SD=Standard deviation; IGE=Intergenerational elasticity. 

 



Table E.6: Sibling correlations after controlling for parental education (Mazumder, 

2011). 

Corr. SE N Parental control Gender Sib type 

0,282 0,001 1033154 Mother preferred Both Regular 

0,264 0,001 2104339 Mother preferred Both Regular | OS 

0,302 0,001 2104339 Mother preferred Both Regular | SS 

0,313 0,002 1034180 Mother preferred Female Regular 

0,292 0,002 1070159 Mother preferred Male Regular 

0,400 0,008 26554 Mother preferred Both Twins 

0,284 0,010 54407 Mother preferred Both Twins | OS 

0,459 0,006 54407 Mother preferred Both Twins | SS 

0,466 0,008 27292 Mother preferred Female Twins 

0,451 0,009 27115 Mother preferred Male Twins 

0,276 0,001 1033154 Father preferred Both Regular 

0,261 0,001 2104339 Father preferred Both Regular | OS 

0,299 0,001 2104339 Father preferred Both Regular | SS 

0,312 0,002 1034180 Father preferred Female Regular 

0,288 0,002 1070159 Father preferred Male Regular 

0,401 0,008 26554 Father preferred Both Twins 

0,284 0,010 54407 Father preferred Both Twins | OS 

0,460 0,006 54407 Father preferred Both Twins | SS 

0,466 0,008 27292 Father preferred Female Twins 

0,452 0,009 27115 Father preferred Male Twins 

0,255 0,001 1033154 Both parents Both Twins 

0,235 0,002 1033154 Both parents Both Regular | OS 

0,276 0,002 1033154 Both parents Both Regular | SS 

0,289 0,002 505704 Both parents Female Regular 

0,265 0,002 527450 Both parents Male Regular 

0,382 0,008 26554 Both parents Both Twins 

0,246 0,015 26554 Both parents Both Twins | OS 

0,445 0,009 26554 Both parents Both Twins | SS 

0,446 0,012 13306 Both parents Female Twins 

0,441 0,012 13248 Both parents Male Twins 
Notes: Corr.=Correlation; SE=Standard error. 

  



Table E.7: Alternative educational outcome (college level attained: 0/1). 

Gender IGE SE N SDc SDP IGC Parent 

Both 0,314 0,001 2417460 0,495 0,412 0,261 Mother preferred 

Female 0,332 0,001 1188715 0,500 0,411 0,274 Mother preferred 

Male 0,296 0,001 1228745 0,487 0,412 0,250 Mother preferred 
Notes: IGE=Intergenerational elasticity; SE=Standard error; SD=Standard deviation; IGC=Intergenerational 

correlation. 

Table E.8: Alternative educational outcome (percentile rank). 

Gender Sib type IGE SE N Parent 

Both All 0,218 0,001 1174098 Mother preferred 

Both All 0,249 0,001 1174098 Father preferred 

Both Half 0,242 0,003 100050 Mother preferred 

Both Half 0,216 0,003 100050 Father preferred 

Both Twin 0,239 0,007 26554 Mother preferred 

Both Twin 0,231 0,007 26554 Father preferred 

Both Regular 0,218 0,001 1033154 Mother preferred 

Both Regular 0,249 0,001 1033154 Father preferred 

Female All 0,239 0,001 574876 Mother preferred 

Female All 0,252 0,001 574876 Father preferred 

Female Half 0,265 0,005 49550 Mother preferred 

Female Half 0,222 0,004 49550 Father preferred 

Female Twin 0,245 0,010 13306 Mother preferred 

Female Twin 0,243 0,010 13306 Father preferred 

Female Regular 0,239 0,002 505704 Mother preferred 

Female Regular 0,251 0,002 505704 Father preferred 

Male All 0,201 0,001 599222 Mother preferred 

Male All 0,250 0,001 599222 Father preferred 

Male Half 0,225 0,005 50500 Mother preferred 

Male Half 0,213 0,005 50500 Father preferred 

Male Twin 0,236 0,010 13248 Mother preferred 

Male Twin 0,221 0,010 13248 Father preferred 

Male Regular 0,201 0,002 527450 Mother preferred 

Male Regular 0,250 0,002 527450 Father preferred 
Notes: IGE=Intergenerational elasticity; SE=Standard error. 

Table E.9: Alternative sample (excluding families with more than four children). 

Indicator Value SE N SDc SDp IGC 

Sibling correlation 0,342 0,001 2333780    
IGE | Mother preferred 0,158 0,001 2333780 2,543 4,001 0,248 

IGE | Father preferred 0,161 0,001 2333780 2,543 4,009 0,254 
Notes: SE=Standard error; SD=Standard deviation; IGC=Intergenerational correlation. 


