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Chapter 1

1.1 Introduction

Education increasingly determines who gets ahead in society (Noord et al., 2021; Tannock,
2008). Children who perform well in school are more likely to continue their education and
obtain higher degrees, which in turn has numerous social and economic benefits. These include,
among others, higher income, higher occupational status, better health, and increased civic
engagement for individuals, and economic growth and social cohesion at the societal level (OECD,
2017; UNESCO, 2018). Because of this, the importance of education has been emphasized in
international conventions and development agendas (UNESCO, 2018). For example, the
Sustainable Development Goal on quality education calls for action so that all countries by 2030
“ensure inclusive and equitable quality education and promote lifelong learning opportunities for
all” (United Nations, 2015). This requires ongoing attention for both developing and developed
countries.

In a developed country as the Netherlands, many aspects of education seem to be going well.
Nearly all children attend primary education, and the Netherlands ranks among the highest in
terms of compulsory instruction hours among OECD countries (OECD, 2014). Additionally, most
schools meet the minimal statutory requirements for basic quality based on the assessments
by the Dutch Inspectorate of Education, which is part of the ministry of education (Inspectie van
het Onderwijs, 2017). Nevertheless, the quality and equality of education are under pressure.
There are indications that Dutch primary education does not succeed in making full use of the
potential of pupils (Inspectie van het Onderwijs, 2021a). National and international research
reveals a decline in the average performance levels of Dutch pupils, with only a small proportion
of pupils achieving high levels in reading and mathematics (De Wolf, 2023; Inspectie van het
Onderwijs, 2020; Swart et al., 2023). Additionally, pupils’ performance levels increasingly depend
on the socioeconomic status (SES) of their parents (De Wolf, 2023; Inspectie van het Onderwijs,
2016). Moreover, for pupils’ educational outcomes it matters which school they attend. There
seem to be large differences between schools in pupils’ performance, even if schools have
similar pupil populations (Bolhaar & Scheer, 2019; Inspectie van het Onderwijs, 2017). Recent
developments put further pressure on the quality of education. The COVID-19 pandemic led to
a delay in learning, and widened the differences between families and between schools (Engzell
et al, 2021; Haelermans, Korthals, et al., 2022; Haelermans, van Wetten, et al,, 2022). Also, the
growing shortage of teachers and school leaders has a negative impact on educational quality
(De Wolf, 2023).

Similar situations apply to other countries, including other high-income countries. Despite
the increase in access and duration of schooling in the past decades, too many children go
through primary school without learning enough foundational skills including literacy and
numeracy skills (UNICEF, 2020). Based on data from 2015-2019, 10 to 30% of the children in most
high-income countries did not meet the minimum required proficiency in reading at the end of
lower-secondary school (United Nations, 2019). Additionally, international assessments show
that there is a socioeconomic achievement gap which increased in numerous countries between
1964 and 2015 (Chmielewski, 2019). The COVID-19 pandemic worsened the existing problems in
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many countries: children’s learning progress delayed, especially among children from low-SES
backgrounds (Betthduser et al., 2023).

Schools play a dual role in explaining educational performance and socioeconomic differences
therein. First, schools could be part of the problem. There are between-school differences in
performance, also when pupils’ background characteristics are taken into account (Rjosk, 2022;
Thrupp et al., 2002). Studies indicate that children who attend schools of a lower quality (e.g.,
presence of less effective teachers, more disruptive climate, and low expectations) perform less
well (Hanushek & Rivkin, 2006; Opdenakker & Van Damme, 2007; Scheerens & Bosker, 1997,
Thapa et al,, 2013). If there are large quality differences between schools, children can develop
and show their educational potential in some schools while they face barriers to do so in other
schools. There are also reasons to expect that schools contribute to the SES gap in educational
performance. Children from high-SES backgrounds more often attend higher-quality schools
(Borghans et al., 2015a; Robert, 2010). They may also benefit more from their school environment.
High-SES children enter the school with better academic preparation, allowing them to reap
greater rewards from good learning opportunities than their lower-SES counterparts (Hanselman,
2018).

Second, schools could also be part of the solution. Higher-quality schools have, for example,
better and more experienced teachers, high expectations, and an orderly climate (Scheerens &
Bosker, 1997). Such a school environment may positively affect the performance of all pupils. But it
may also be especially advantageous for those pupils who are less likely to find stable, stimulating,
and resourceful learning environments at home (Hanselman, 2018; Rumberger & Palardy, 2005).
Learning opportunities within schools overlap with those within socioeconomically advantaged
families and may substitute for each other. Therefore, schools may reduce SES differences in
performance.

Itis thus important to study the role of schools to understand how performance differences
are produced and can potentially be reduced. Investigating the role of schools in (SES gaps in)
educational performance has been a core focus in sociological research, especially since the
Coleman Report (Coleman et al., 1966). Despite the numerous studies, it remains unclear whether
for educational inequality schools are part of the problem or of the solution (Downey & Condron,
2016). Two reasons contribute to the unclarity on this matter.

The first reason relates to the conceptual question of what educational inequality entails.
The term ‘inequality’ is used in different ways and there are different perspectives on which
sources of differences are part of educational inequality and problematized as such. First, there
is the mere existence of differences in performance, which has been labeled ‘inequality as
dispersion’ (Van de Werfhorst & Mijs, 2010). Many find dispersion of educational performance
quite acceptable (Ferreira & Gignoux, 2014). The variation in performance levels between pupils
is even needed because the labor market demands differently skilled workers (Strello et al.,
2021). However, dispersion in performance may be more problematic if it has consequences
for health outcomes and civic participation, for example. Despite whether dispersion in itself is
seen as problematic, dispersion results from different sources that can be seen as more or less
problematic. Dispersion in performance does not completely reflect individual choices or actions
of pupils, but also circumstances beyond their control (Ferreira & Gignoux, 2014). This relates to
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the second way how 'inequality’ is used, namely, to refer to differences in performance along the
lines of ascribed characteristics. Most notably, differences by children’s SES background, which
has been commonly viewed as unfair differences and has been labeled ‘inequality of opportunity’
or 'social inequality’ (Strello et al., 2021; Strietholt, 2014; Van de Werfhorst & Mijs, 2010). But for
performance differences along the lines of other characteristics there is less consensus on to
what extent it is problematic.

The school children go tois, just as their SES background, a circumstance beyond children’s
control. The Dutch Inspectorate of Education also warned about school differences in educational
outcomes, implying that school differences are problematic (Inspectie van het Onderwijs, 2017).
But it is unclear if school differences are still seen as problematic if it turns out that schools
play a compensatory role and reduce the SES gap in performance, for example. Differences
in performance related to genetic endowment are also debatable. On the one hand, genetic
differences reflect differences in innate ability. The influence of innate ability on performance is
often seen as legitimate (Dias Pereira, 2021; Tannock, 2008). If there are no social barriers that
hinder the expression of innate talent, a greater proportion of performance will be explained by
genetic differences. Therefore, the genetic contribution to educational performance can be seen
as an indication of opportunity for achievement (Nielsen, 2006). On the other hand, individuals
cannot control their innate ability any more than their social background. Being lucky in the
genetic lottery can therefore also be seen as an unfair source of advantage, and inconsistent with
equality of opportunity (Harden, 2021; Roemer, 1998)." Moreover, genetic endowment does not
only reflect positive influences of genetic potential on educational performance. It also involves
genetically influenced characteristics that negatively affect performance (i.e., genetic risks), such
as behavioral problems and health issues (Krapohl et al., 2014). If the genetic contribution to
education performance is larger in higher-quality schools because genetic potential is more
realized in these schools, this can be seen as higher-quality schools providing more equal
opportunities. However, if the genetic contribution in high-quality schools is larger because
genetic risks are more expressed, most would agree that this is inconsistent with equality of
opportunity.

The second reason for why it is still unclear whether schools increase or decrease educational
inequality is that only a limited number of studies investigate all three aspects: schools, families,
and genes. Even if there is agreement what influences on educational performance are part of
educational inequality, it is still an empirical question how schools, families, and genes together
play a role. Not studying the role of schools, families, and genes simultaneously is problematic for
two reasons. First, the influences may be mistaken for each other because they are correlated.
For example, parents who performed well in school themselves did so partly because of their
genetic endowment. Parents partly transmit these genes to their children, but also tend to provide
a stimulating learning environment at home and tend to choose higher-quality schools for their

1 As both family background influences and genetic influences can be seen as unfair, some argue that only
differences resulting from effort (e.g., motivation, interest, good study habits) are justified. Yet, this is also
not without problems (see Swift & Marshall, 1997). Effort is partly shaped by family background and genetic
predisposition, implying that effort also reflects influences beyond an individual's control (Meyer, 2016;
Swift & Marshall, 1997).
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children. Second, the different factors may interact with each other. For example, high-quality
schools may reduce family background differences in performance, but could simultaneously
increase genetic differences between children. Prior studies tell only part of the story because
they ignore the interaction with either genetic or environmental factors.

In this dissertation, | investigate three reasons why children differ in their educational
performance (i.e., standardized test scores, grade-point-average): differences in children’s school
environment, differences in children’s family background, and genetic differences between
children. | ask:

How does the interplay between schools, families, and genes shape educational inequality?

While sociological research considers the influences of schools, families, and their
interplay on educational outcomes, the role of genetic differences between pupils is often
not considered. Behavioral genetics research investigates genetic differences in educational
outcomes and its dependency on the family environment, but only to a lesser extent the role of
the school environment. Moreover, these studies tend to overlook the complexity and diversity
of environmental conditions (Baier, 2019). Behavioral genetics studies examine how genetic
influences are dependent on either the family or school environment, but seldom consider
that children are simultaneously embedded in both families and schools. As a result, it remains
largely unknown how schools, families, and genes operate together. By combining sociological
theories with methods and models from behavioral genetics, | aim to gain a better understanding
of the interplay between school characteristics, family SES, and genes in shaping educational
performance and its implications for educational inequality. While my focus is on the theoretical
and empirical part of this question, | also discuss the conceptual part since one’s definition of
educational inequality has consequences for the interpretation of the results.

1.2 Theoretical perspectives

1.2.1 Environmental and genetic influences on performance

Family influences

Between-family differences, most notably related to families’ SES, affect children’s educational
performance (Sirin, 2005). Two complementary social mechanisms can be distinguished to
explain the association between parental SES and children’s educational performance. The first
mechanism relates to the resources available within the family. High-SES families are more able to
invest in children’s educational success, because parents’ SES provides access to financial, cultural,
and social resources that parents can invest in or transmit to their children (Blau & Duncan, 1967;
Bourdieu & Passeron, 1977). Second, families differ in their motivations and ambitions. According
to the Relative Risk Aversion theory, high-SES parents have more incentives to invest in the
educational careers that lead to higher degrees than parents with a low social standing, because
they want to avoid that their children will be downwardly mobile (Breen & Goldthorpe, 1997).
Indeed, empirical research has shown that family SES is an important predictor of educational
achievement and attainment (see, e.g., Breen &Jonsson, 2005; Sirin, 2005).
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School influences

Similarly to the family environment, socialization takes place in the school environment, and
some schools are a more advantageous environment for educational achievement than others
(Parcel & Dufur, 2001). There are various ways through which the school environment could
affect educational performance. The first way is via resources. School resources refer to aspects
that can (potentially) be bought either directly (e.g., educational materials) or more indirectly
(e.g., educational time, pupil-to-teacher ratio) (Grubb, 2009; Hofflinger & Von Hippel, 2020).
Aspects related to climate provide another way. School climate characteristics refer to aspects
that cannot readily be bought and are more difficult to change. These include norms, values, and
expectations (e.g., academically oriented culture, high expectations), relationships (e.g., cohesion),
and larger organizational structures (e.g., educational leadership) (Cohen et al., 2009; Grubb,
2009). Additionally, the quality of teachers is important. On the classroom level, teachers play a key
role in the educational performance of pupils via teaching and learning practices (e.g., structured
instruction, differentiation), but also via their contribution to a favorable educational climate (e.g.,
having high expectations of pupils, creating a safe and orderly classroom climate) (Hanushek
& Rivkin, 2006). On the school level, a large share of high-quality teachers may contribute to a
shared achievement-oriented culture (cf. Bosker & Scheerens, 1994). Also, the lack of high-quality
teachers due to teacher shortage or high turnover rates may contribute to an instable school
environment (Ingersoll, 2001). Lastly, the composition of the pupil population may play a role.
Partly, the socioeconomic composition of the pupil body exerts an influence via other school
characteristics. For example, high-SES schools may more easily attract good and experienced
teachers and have more rigorous curricula (Armor et al.,, 2018; Sykes & Kuyper, 2013). On top
of that, there could also be an influence of the SES composition via peer interactions (Armor et
al., 2018). For instance, high-SES students with higher aspirations, better study habits, and less
disruptive classroom behavior may have a positive influence on the performance of their peers
(Gutiérrez, 2023).

Genetic influences

Differences in educational performance also reflect genetic differences between children.
DNA is passed on from parents to offspring. Hence, children’s genetic makeup consists of two
independently inherited DNA sequences, one from the mother and one from the father (Fagerness
& Nyholt, 2008). Humans are largely similar in their genetic makeup. The DNA sequence between
any two individuals is 99.9% identical (Collins & Mansoura, 2001). It is the small part of 0.1% of
genetic variation that contributes to differences in observable characteristics of an individual (i.e.,
phenotypes) such as educational performance (Fagerness & Nyholt, 2008). Performing well in
school relies on many cognitive skills (e.g., intelligence, working memory, attention) as well as non-
cognitive skills (e.g., conscientiousness, perseverance, self-control). Brain activity is an important
cause of the development of these skills, which in turn depends on neural functioning and neural
connectivity. Brain formation and the functioning of its neurons develop under certain genetic
programs, meaning that genes exert at least some influence on the cognitive and non-cognitive
functions involved in learning (Bueno, 2019). To quantify how much of the variation in an outcome
among people in a certain population is related to genetic variation among them, the statistical
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concept ‘heritability” is used. This is often estimated using the classical twin design (see Section
1.3). Behavioral genetics studies applying this design show that educational performance is
substantially heritable, both in the early school years and at later stages of compulsory education
(De Zeeuw et al.,, 2016; Krapohl et al., 2014). The study by Krapohl et al. (2014) shows that the
heritability in educational performance can largely be explained by genetically influenced cognitive
skills (general intelligence) and non-cognitive characteristics (personality, behavioral problems,
self-efficacy, and well-being). While people often mistakenly believe that genetic effects do not
change after conception, the opposite is true. Genetic factors become increasingly important
over the life course (Knopik et al., 2016). For example, it has been found that the heritability of
cognitive ability is lower in infancy than in middle childhood and adolescence (Plomin & Spinath,
2004). The most likely explanation for this is the presence of gene-environment correlations
(Knopik et al., 2016), which I will discuss next.

1.2.2 Correlations between schools, families, and genes

The influences of the schools, families, and genes on educational performance are not
independent but are associated with each other in different ways. Genetic influences are not
fixed and do not operate in a vacuum. Instead, they are expressed in correlation and interaction
with the environment (Sameroff, 2009; Tucker-Drob et al., 2013). The behavioral genetics literature
identifies three types of gene-environment correlation (rGE), that is, passive, evocative, and active
gene-environment correlations (Knopik et al., 2016; Plomin et al., 1977). A passive gene-environment
correlation refers to the association between the genotype that a child inherits from their parents
and the environment the child is raised in (Hart et al., 2021). For example, when children have
parents with a high cognitive ability, they inherit genes that are favorable to the development of
cognitive skills but are also typically raised in an intellectually stimulating environment conducive
to the full development of cognitive abilities (Plomin et al., 1977). These children are passively
exposed to a social environment that fits their genetic predisposition. It is called passive because
it occurs independently of the observed characteristics or activities of the child, in contrast to
the other two types of rGE (Plomin et al., 1977). An evocative gene-environment correlation exists
when genetically influenced characteristics bring about specific reactions from others in the
environment. For example, highly talented children may be recognized by their parents and
teachers as such, and accordingly may receive an enriched environment to maximize their talents
(Diewald et al., 2015; Plomin et al., 1977). This is an example of a positive evocative rGE, but the
correlation could also be negative. For example, children with low reading ability may receive
more tutoring and increased literacy exposure from their parents and/or teachers (Pennington
et al.,, 2009). An active gene-environment correlation is present when individuals actively seek and
select themselves into environments conducive to their genotype. For example, children with
a high cognitive ability may seek peers or certain activities that foster their cognitive growth
(Plomin et al., 1977). Also here a negative correlation is possible, but this is often not considered
by researchers (Carey, 2003). An example would be children with a genetic liability to low cognitive
ability seek out help with learning themselves, which has the potential to increase children’s
performance and reduce the expression of the underlying genetic predisposition.
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Besides these gene-environment correlations, there is also an environment-environment
correlation, namely between the family and school environment. Higher-SES parents more often
choose higher-quality schools for their children than low-SES parents (Borghans et al., 2015a;
Robert, 2010). This selection effect into schools leads to a positive association between family
SES and school quality. Better educational outcomes of children attending higher-quality schools
may therefore not reflect the influences of the school environment but influences of the family.
These influences of the family can both be environmental (i.e., parental investment of time and
resources in children’s education) and genetic, since parents do not only pass on educationally
relevant environments but also genes. Hence, children in the same school are both more socially
and genetically similar. This dissertation covers compulsory schooling, where school enrollment
is (at least in the countries that | study) not restricted by ability or performance on an entrance
test. Moreover, children are too young to influence their own school choice. Therefore, it is unlikely
that children are selected into schools based on genetically influenced traits (i.e., evocative rGE)
or that children actively self-select in schools that match their genotype (i.e., active rGE) (cf. Smith-
Woolley et al., 2018). Instead, it is in this case more likely that a correlation between children’s
genotype and the quality of their school operates via parents’ SES.

1.2.3 Interactions between schools, families, and genes

Multiplication

The influences of schools, families, and genes are not only correlated with each other, they could
also interact with each other in predicting educational performance. One way is by strengthening
each other’s influence on educational performance. | refer to this as multiplication, but it has also
been referred to as a Matthew effect, accumulative advantage, enhancement, or amplification
(e.g., DiPrete & Eirich, 2006; Erola & Kilpi-Jakonen, 2017). Multiplication can take place between
two environmental influences (e.g., an advantaged school environment is more beneficial for
high-SES children), but also between genetic and environmental influences (e.g., positive genetic
influence is stronger for children from high-SES families and in high-quality schools).

In the sociological literature, different arguments are provided for why the family and school
environment may strengthen each other in predicting educational outcomes. The cumulative
nature of skill formation where skills beget skills, suggests that children who gained more skills
early in life (e.g., in high-SES home environments) may increasingly gain more during school
(Heckman, 2000). This could be because they benefit more from the school resources and
academic climate in high-quality schools (Hanselman, 2018). For example, high-SES children may
learn more from instructional materials because they enter school with more language skills (cf.
Bradley & Corwyn, 2002). Additionally, the cultural correspondence between the home and school
environment for high-SES children may play a role. From a cultural reproduction perspective
(Bourdieu, 1986; Bourdieu & Passeron, 1977), it can be expected that the high-status cultural
signals of high-SES children (e.g., behaviors, tastes, and attitudes) are positively evaluated by
teachers and that these children may experience a greater sense of belonging in their class,
leading to better educational performance (De Graaf et al., 2000). This may be especially the case
in higher-quality schools, where the educational environment is more ambitious and academically
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oriented and coincides with high-SES parents’ expectations and ambitions for educational
success.

The behavioral genetics literature provides insights on how genetic and environmental
influences may strengthen each other. The bioecological model suggests that enriched
environments exacerbate the influence of genetic potential (Bronfenbrenner, 1992;
Bronfenbrenner & Ceci, 1994). Enriched environments, such as high-SES families and high-quality
schools, are more resourceful and stable and have higher levels of proximal processes. Proximal
processes are enduring forms of (reciprocal) interactions characterized by increasing complexity.
For example, interactive language practices or guided play activities between parents (or teachers)
and children (Hadley et al., 2023). Therefore, it can be derived that in higher-SES families and
higher-quality schools, the influence of genetic potential is stronger (Haughbrook et al., 2017;
Rowe et al., 1999; Scarr-Salapatek, 1971).

Compensation

Influences of schools, families, and genes could also compensate or substitute for each other.
Again, this could apply to two environmental aspects (e.g., a higher-quality school environment
having a stronger influence for lower levels of parental SES) or to genetic and environmental
influences (e.g., a higher-SES environment compensating for genetic influences that lower
educational performance). A reason to expect such a negative interaction between the family
and school environment, is that learning opportunities within schools overlap with those within
socioeconomically advantaged families and can substitute for each other (Chiu & Khoo, 2005;
Hanselman, 2018). Lower-quality school environment may be less harmful to high-SES students
because the fewer learning opportunities in such schools can be substituted by parental
resources (e.g., providing tutoring), while low-SES parents cannot provide such compensation
(Hanselman, 2018). In the same way, low-SES children may benefit more from high-quality schools
because these schools provide environmental inputs (e.g., resources, academic climate, higher
levels of motivation and aspiration) that these children are less likely to find at home (Coleman
et al.,, 1966; Rumberger & Palardy, 2005).

If there is a compensation interaction between genes and the environment, genetic influence
on educational performance becomes weaker the higher the SES of the family and/or the higher
the quality of the school. According to the diathesis-stress model, the realization of a diathesis (i.e,,
genetic vulnerability) is more likely when the level of environmental risks and stressors is higher
(Rende & Plomin, 1992; Shanahan & Hofer, 2005). The absence of stressors can neutralize the
realization of genetic vulnerability that would otherwise lead to lower educational performance.
Moreover, the presence of positive features in the environment, such as in high-SES families and
high-quality schools, could compensate for the expression of genetic risks (see Shanahan & Hofer,
2005). This gene-environment interaction pattern aligns with the sociological compensatory
advantage mechanism. This mechanism suggests that prior negative outcomes (e.g., health
and cognitive endowments at birth, poor school performance) are less consequential for the
educational performance of children from higher-SES backgrounds (Bernardi, 2014). Given that
these prior outcomes are partly genetically influenced, high-SES parents may compensate for the
realization of genetic risks. Put differently, children from higher-SES families would perform well
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in school irrespective of their genetic potential (Lin, 2020). Hence, the influence of genes can be
expected to be weaker in higher-SES families and higher-quality schools.

1.2.4 Anoverview

Figure 1.1 shows the conceptual model of the influences of schools, families, and genes. Their
overlap consists of gene-environment correlations and interactions. Evocative and active gene-
environment correlations are thought to be pathways through which environments enhance
high genetic potential for educational performance (or compensate for low genetic potential or
genetic risks) (Tucker-Drob et al,, 2013). That is, these gene-environment correlations underly
gene-environment interactions. The presence of adequate opportunities in the environment
influences gene-environment correlations. Family SES, but also school quality, can be seen as
indicators of the quality of environmental opportunity (cf. Tucker-Drob et al., 2013). For example,
in high-SES families, children with high genetic potential for education may evoke more cognitively
stimulating responses (e.g., challenging educational materials), because high-SES parents are
more likely to have the necessary knowledge and resources to provide this (Ruks, 2022).? While
the interdependency between genes and environments could reflect both correlations and
interactions, I only empirically investigate the interactions given the model and data constraints.

Gene-family environment correlation
E.g., active rGE: children with a high reading ability

may be more likely to pick up a book, which are

a | more often present in high-SES families

Gene-family environment interaction
E.g., multiplication: genetic potential is more
strongly expressed in high SES families

Gene-school environment correlation

E.g., evocative rGE: especially high-quality teachers
a b recognize children’s mathematics difficulties and

b | provide them with additional exercises to practice

d Gene-school environment interaction
E.g., compensation: genetic risks are mitigated in
high quality schools
o a
/ﬂ\ Family g8y School Family-school environment correlation
E.g., high-SES parents choose high-quality schools

C | Family-school environment interaction
E.g., high-quality school compensates for low-SES
background

Gene-family-school environment interaction

E.g., gene-family SES interaction is less pronounced
in high-quality schools, because the school
environment can substitute the family environment

Figure 1.1 Conceptual model of the influence of schools, families, and genes, and their overlap
(a-d) which consists of gene-environment correlations (rGE) and interactions.

2 As Ruks (2022) points out, this can also be derived from the sociological literature on primary effects of
SES (Boudon, 1974) which discusses how SES affects educational skills and performance.
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1.3 Methodological approach

1.3.1 Classical Twin Design

In this dissertation, | utilize a quantitative genetics approach, leveraging its established tradition to
unravel the interplay of genetic and environmental factors in educational outcomes (e.g., Behrman
& Taubman, 1989; Eckland, 1967; Scarr-Salapatek, 1971; Taubman, 1976). More specifically, | study
the interplay between families, schools, and genes using different applications of the Classical
Twin Design (CTD).? This design is based on comparing the twin correlations of an outcome (in my
case, educational performance) for identical (i.e., monozygotic; MZ) and fraternal (dizygotic; DZ)
twins reared together in the same family (Knopik et al., 2016). MZ twins share all of their genes
at conception, while DZ twins share on average half of their segregating genes.* Therefore, if MZ
twins are more similar in their educational performance (as indicated by a greater twin correlation)
than DZ twins, this implies that genetic influences are at play. Based on this idea, and further
assumptions (see Table 1.1), the total variance in educational performance can be decomposed
into three components capturing variance associated with additive genetic influences (A), shared
environmental (between-family) influences (C), and non-shared (within family) influences that also
include measurement error (£) (see Figure 1.2). More technical details on the CTD are described
in Appendix A.

MZ:1/DZ: .5

Educational performance Educational performance
twin 1 twin 2

Figure 1.2 The Classical Twin Design.

3 There are other designs to study the interplay between schools, families, and genes that | do not consider
in this dissertation. These include other quantitative genetic designs that apply the same idea as the CTD
and use information of individuals who differ in genetic and/or environmental similarity to infer genetic and
environmental effects (e.g., adoption design, pedigree design) (see, e.g., Knopik et al., 2016). Alternatively,
molecular data can be used to identify specific genes related to an outcome. For example, polygenic scores
(PGSs) can be constructed that summarize the associations between genetic variants and an outcome
(see, e.g., Domingue et al., 2020).

4 DZ twins share half of their segregating genes because all humans are 99.9% identical in their genetic
makeup (Collins & Mansoura, 2001)
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Table 1.1 provides an overview of the assumptions underlying the CTD, bias if the assumption
is violated, evidence on the violation likelihood, and consequences of violation. Importantly, my
primary focus is not on univariate performance decomposition, but on comparative investigation
of ACE components across various levels of family SES, school quality, and over time. The potential
violation of most assumptions is unlikely to depend on family SES, school quality, or grade. Loehlin
et al. (2009) have also shown that interaction effect estimates are less affected by assumption
violations compared to main effect estimates.

Having a clear understanding of the information that can be obtained from the ACE
components as derived from the CTD, as well as their limitations, is essential. The CTD
conceptualizes genetic and environmental influences as unobserved latent variables, instead
of the specific influences of thousands of genes and of the many aspects of children’s family
background, for example. While this approach avoids the need to measure all these influences,
it also creates black boxes. For instance, the A component indicates a link between genetic
differences and educational performance but does not provide details about the number or
nature of these genetic influences (see Medland & Hatemi, 2009). Yet, this is also not the goal
of the CTD, as the focus of the CTD is on understanding the variation in an outcome, similar to
analysis of variance (ANOVA) (Verhulst & Hatemi, 2013).

Focusing on the variance of educational performance also implies that there would be limited
shared environmental variance if all children are raised in equally supportive families and attend
equally good schools. Genetic differences between children would then largely account for the
variance (Asbury & Plomin, 2014). In that case, supportive families and good schools increase
average educational performance but do not explain much of the differences between children,
because these environments are rather universal. A small shared environmental component thus
does not mean that the environment does not matter.

The environment could play a role in more complex ways than modeled in the CTD. Human
characteristics like educational performance are too complex to perfectly divide into genetic and
environmental components. The CTD should be seen as a baseline model providing an initial
decomposition of individual differences (Verhulst & Hatemi, 2013). More complexities, including
the consequences of assortative mating and gene-environment correlations and interactions,
are confounded with the variance components estimates (see Table 1.1). Such complexities can
be modeled by extending the CTD, as | will describe in the next section (1.3.2 Extensions of the
CTD). The design remains a simplification of reality, even with extensions. Therefore, the estimates
of the ACE components should be interpreted with their limitations in mind and should not be
seen as definitive predictive estimates (Verhulst & Hatemi, 2013).
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Examining the interplay between schools, families, and genes: a synthesis

1.3.2 Extensions of the CTD

The CTD can be extended in several ways. Two modeling extensions are most important for this
dissertation. The first extension is the inclusion of a moderator. In this way, gene-environment
interactions can be investigated.> For example, school quality can be included as a continuous
moderating variable, which affects the estimates of the average educational performance and
the underlying genetic and environmental components (Purcell, 2002). The genetic path estimate
abecomes a + baM, for instance (see Figure 1.3). It is also possible to investigate moderation
by modelling the CTD for different subgroups (e.g., boys and girls). This is also known as non-
parametric gene-environment interaction analysis.

In the behavioral genetics literature, the ACE moderation model is referred to as a univariate
model even though it includes multiple variables (in this example, educational performance and
school quality). This is because only educational performance differs between twins and can
be decomposed into the ACE components. The moderator is measured on the family level and
always shared between twins from the same pair, hence, it only reflects shared environmental
variance (Turkheimer et al., 2005).

MZ:1/DZ:.5

MZ:1/Dz:1

O

a+bM c+bM e+ bM e+bM c+bM a+ bM
Educational performance Educational performance
twin 1 twin 2

School
quality

Figure 1.3 ACE moderation model.

5 Note that gene-environment interaction is a term from the behavioral genetics literature which refers to
the whole class of moderation effects of the ACE model (Purcell, 2002). That is, it includes the interactions
between a measured environment (M) and additive genetic effects, shared environmental effects, and
non-shared environmental effects.
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The second extension is the bivariate ACE model, which allows for decomposing the variance
of two variables, as well as their covariance, into ACE components (see Figure 1.4). The so-called
Cholesky decomposition reflects this. The genetic and environmental factors that influence
variable 1 can be partly the same as those influencing variable 2 (captured by the cross-paths

a,, C,, and e,) but there could also be genetic and environmental factors that uniquely affect

21"
variable 2 (see paths a,,, ¢,,, and e,,). While this kind of bivariate modelling is often applied to two
measured variables, | apply it to two latent variables. These are the estimated initial performance
and learning growth, which will be described in more detail in section 1.5. This approach allows

to investigate the genetic and environmental influences on performance over time.

C2

Ay €y €22

Variable 1 Variable 2

Figure 1.4 Bivariate ACE model with Cholesky decomposition.

Note: Only one twin is showed to avoid clutter.

1.3.3 Applications of the CTD to twin data and administrative data

In this dissertation, | apply (extensions of) the CTD to two data sources: twin registry data and
administrative data. Twin registry data come with the advantage that zygosity of the twins is known
but has the disadvantage that it depends on locating and recruiting twins and keeping them to
participate (Figlio et al., 2017). This could result in a smaller and potentially selective sample of
twins. Parents of twins that participate in twin registries have on average a higher SES, which
leads to less variance in educational performance and potentially to an over- or underestimation
of the relative contributions of genes and the environment (Schwabe et al., 2017). Administrative
data have the disadvantage that important variables are not always available. In our case, it is
a disadvantage that the zygosity of twins is unknown. An advantage of administrative data is
that they do not suffer from self-selection bias. Moreover, administrative data provide many
observations, which is advantageous given that this increases the power to detect genetic and
environmental variation and their dependency on the family and school environment (Posthuma
& Boomsma, 2000).

26



Examining the interplay between schools, families, and genes: a synthesis

The zygosity of twins is often determined with questionnaire items and/or based on genetic
markers such as DNA or blood group polymorphism. Zygosity questionnaires are very accurate.
For example, in the Netherlands Twin Registry (NTR) the questionnaire allows for zygosity
determination with 97% accuracy (Ligthart et al., 2019). When zygosity is known, it is possible
to divide the twin data into a group of MZ twins with a genetic relatedness of 1, and a group of
DZ twins with an average genetic relatedness of .50. When zygosity is unknown, these groups
cannot be distinguished. Instead, two groups of twin types with different genetic relatedness can
be created based on the sex composition of twins. This still allows to decompose the variance
in educational performance into the genetic and environmental components, just as the CTD
when zygosity is known. Opposite-sex (OS) twins are always DZ and thus have an average genetic
relatedness of .50. Same-sex (SS) twins are a mixture of DZ and MZ twins, and hence their average
genetic relatedness lies in between the genetic relatedness of DZ and MZ twins (i.e., in between
.50 and 1). In any case, SS twins are on average genetically more similar than OS twins. The same
logic as in the CTD applies: if the educational performance of SS twins is more similar than that
of OS twins, this is indicative of educational performance being genetically influenced. However,
to identify the model, it is needed to impose an assumed genetic relatedness of SS twins. There
are different ways in the literature to do this and it requires additional assumptions. More details
on this are provided in Appendix A. Importantly, these are testable assumptions and one can
check the extent to which the results are dependent on the assumed genetic relatedness of SS
twins. Prior studies showed that assumptions that are needed to fit the model hold (De Zeeuw &
Boomsma, 2017; Figlio et al., 2017). Also, my own robustness analyses show that the conclusions
are not dependent on the assumed genetic relatedness of SS twins.

1.4 The twin design and educational inequality

The absolute and relative variance components as derived from the twin design can be used
to study educational inequality. | focus on the two types of educational inequality that are
distinguished by Van de Werfhorst and Mijs (2010): inequality as dispersion and inequality
of opportunity (see also Section 1.1). Inequality as dispersion is studied by investigating the
distribution, for example, by focusing on the total variance, standard deviation, or different
percentiles of the performance distribution (Hanushek & Wolimann, 2006; Van de Werfhorst &
Mijs, 2010). Inequality of opportunity in education is often narrowed to differences in average
performance between socioeconomic groups (i.e., the influence of parental SES on children’s
performance). By doing this, the considerable variation within groups is overlooked (Ziegler et
al.,, 2021). Focusing on the ACE components of the twin design provide another way to investigate
both inequality as dispersion and inequality of opportunity.

The relative contribution of genetic variance (i.e., heritability) is often seen as an index of (in)
equality of opportunity (Asbury & Plomin, 2014; Nielsen, 2016; Nielsen & Roos, 2015; Pokropek
& Sikora, 2015). In a meritocratic society where children are not constrained by their family
background and all children have the opportunities to develop their full genetic potential, genetic
differences between children will become more visible resulting in a high heritability (Asbury &
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Plomin, 2014). Comparing the heritability of educational performance across contexts, such as
schools of different quality, can thus be used to investigate in which context there is more equality
of opportunity. If high-quality schools would provide more equal opportunities, the relative
contribution of A is expected to be larger and the relative contribution of C is expected to be
smaller. The absolute A, C, and £ components can be used to investigate inequality as dispersion.
The total variance is a measure of inequality as dispersion, and the ACE components show the
underlying genetic, shared environmental, and non-shared environmental sources of dispersion.

Itis important to study both the relative and absolute variance components together. First,
if one would rely on the relative components only, no conclusions on inequality as dispersion
can be made. Dispersion is disregarded since relative components add up to 100% by definition.
Second, relative components conceal that A and C could change independently. Given one’s
view on whether shared environmental differences, genetic differences, or both are problematic
(see section 1.1), it is important to know what drives the pattern. For example, a larger relative
contribution of A and smaller relative contribution of Cin higher-quality schools could be driven
by an absolute increase of A, absolute decrease of C, or both. If there is both a relative and
absolute decrease of C, this reflects the common idea of more equality of opportunity (i.e., less
family background differences). Lastly, relying on only the absolute components would also not
be ideal because the total variance may differ between contexts while the effects of genes and
the environment do not differ. For example, in some schools children may be more similar to
each other concerning their genetic makeup and/or (non-)shared environmental characteristics
(Knigge et al., 2022). Using the relative, standardized, ACE components takes this into account.

To conclude, both relative and absolute variance components can be used to study
educational inequality. Inequality as dispersion, and the underlying sources of the dispersion,
can be investigated by means of the absolute variance components. Inequality of opportunity
can be examined by both the absolute and relative variance components. Since most people
agree that there is more equality of opportunity if children’s performance is less determined by
their family background, a smaller relative and absolute C component capturing environmental
between-family influences can be used as an indicator of (in)equality of opportunity. For the
A component, it is more debatable. If the absolute A component is larger, this indicates more
genetic inequality, which could be seen as problematic. Also, the A component does not only
capture genetic influences of characteristics that are positively valued in school, such as genetic
potential. It also captures genetic differences of characteristics that have a negative effect on
performance, for example, behavioral and health problems (Krapohl et al., 2014). Therefore, |
only use a higher relative A and lower relative C as an indicator of equality of opportunity if this
is driven by a lower absolute C.
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1.5 Four empirical studies

1.5.1 Overview of the studies

In order to provide more insight into the interplay between genes, families, and schools in
explaining educational performance and inequality, | conducted four empirical studies. Table
1.2 provides an overview of the four empirical chapters of this dissertation, summarizing the
interactions that are central in the chapter, data, core measurements, and analytical strategy.
Table 1.3 presents a summary of the results.

Chapter 2: Are classrooms equalizers or amplifiers of inequality?

Chapter 2 examines if there is a compensatory or multiplicative interplay between families and
classrooms in explaining educational performance. The classroom environment (e.g., teacher
quality, pedagogical climate, peer influence) could be more important for the performance
of lower-SES children. In this case, favorable classroom contexts would equalize inequality
with respect to socioeconomic background (i.e., compensation). Conversely, if the classroom
environment is more important for higher-SES children, the classroom context potentially
increases educational inequalities (i.e., multiplication). | investigate the two alternatives by
analyzing the scores on a standardized achievement test (i.e., Cito test) of 4,216 twin pairs from
the Netherlands Twin Register. Given that some twins are in the same classroom while others
are in separate classes, | extend the CTD and estimate a latent classroom component next to
the ACE components. To examine whether classrooms and parental SES multiply or compensate
for each other, l include parental education as a moderator.

On average, only a small part (2%) of performance differences can be accounted for by the
classroom environment. The classroom accounts for almost 8% of the variance in educational
performance for children whose parents finished at most primary education. This decreases to
1% for children with postdoctoral educated parents. This suggests that family and classroom
influences compensate for each other. Still, the role of classrooms is relatively small, and it can be
expected that especially children from high-SES families are in high-quality classes given the socio-
economic selection into schools (Borghans et al., 2015a). Therefore, classroom environments
have a modest potential to reduce SES differences in performance but are, based on the results
of this study, not ‘great equalizers'.

The twin design provides some additional conclusions on inequality of opportunity and
inequality as dispersion. The relative variance components show that heritability is relatively large
(around 75%) for all children regardless of their social origin. This can be interpreted as realized
genetic endowment, reflecting the relative opportunity for achievement, being independent of
children’s socioeconomic background. However, while the relative contribution of genes is the
same across all levels of parental education, the absolute genetic variance is not. The higher the
level of parental education, the less absolute genetic variance, and, to smaller degrees, less non-
shared environmental and less classroom variance. Altogether, this contributes to less inequality
as dispersion with higher levels of parental education. This is consistent with a compensatory
interaction between parental education and genetic, non-shared environmental, and classroom
influences.
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Chapter 3: Does school quality decrease educational inequality?

In Chapter 3, | investigate to what extent genetic and environmental influences on children’s
educational performance depend on the quality of children’s school environment. The behavioral
genetics literature on gene-environment interactions and sociological literature on the relationship
between schools and inequality, provide arguments for both a larger and smaller role of genes
and the shared environment in higher-quality school environments. | investigate whether there
are multiplicative or compensatory interactions between school quality and genetic and shared
environmental influences. Given the selection of high-SES children in higher-quality schools, |
expect a school quality interaction effect to be at least partly explained by SES. To examine if the
school environment and/or the family environment plays a role, I incorporate multiple moderators
(i.e., factor scores for school quality, school SES, and parental SES) in the CTD simultaneously
(Purcell, 2002). | use Dutch administrative data on 18,384 same-sex and 11,050 opposite-sex
twin pairs, enriched with many indicators on the quality of primary schools as obtained from the
Dutch Inspectorate of Education.

The results show that children in higher-quality schools, as measured by many indicators
related to school resources and school climate, have somewhat higher educational performance
(i.e., Cito test score) but that the effect size is small. The variance decomposition indicates that
inequality of opportunity does not depend on school quality. Heritability is not moderated
by school quality or school SES, neither are the relative and absolute shared environmental
variance components. At first sight it seems as if there is less absolute genetic variance (and less
non-shared environmental variance) in higher-quality schools. This suggests less inequality as
dispersion in higher-quality schools. However, these results appear to be related to school SES
and parental SES rather than school quality. Hence, it is not the quality of schools that compensate
for genetic influences, but high-SES families and schools. Altogether, these results indicate that
school quality does not decrease (and neither increase) inequality of opportunity nor inequality
as dispersion. Reducing quality differences between schools would likely not be sufficient to
reduce educational inequality.

Chapter 4: The intersection between gender, family background, and school context

Chapter 4 focuses on the gene-environment interplay in educational performance while
considering further complexities. Family and school environments could moderate genetic and
environmental influences and it is important to investigate families and schools simultaneously
given the socioeconomic selection into school (see also Chapter 3). The role of families and
schools are not necessarily independent and could interact. Moreover, a gene-environment
interaction in educational performance could work differently for boys than for girls. A stronger
interaction for boys can be expected, because investments in high-SES families and schools may
be higher for boys and/or because boys may be more sensitive to their environment (e.g., Autor
etal., 2019; Legewie & DiPrete, 2012). Therefore, | investigate whether gene-SES interactions in
educational performance follow a multiplicative or compensatory pattern with respect to family
SES, school SES, and their intersection, as well as whether such interaction patterns are stronger
for boys. I use data from Statistics Denmark on the educational performance (i.e., GPA at the
end of compulsory school) of 5,010 same-sex twin pairs and 32,283 same-sex sibling pairs. SES
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is measured by whether at least one parent has obtained a college degree. For school SES, the
share of children with college-educated parents is calculated by school and graduation cohort,
and divided into two equally sized groups (cut at the median).

| find a gene-environment interaction for family SES, but not for school SES. In high-SES
families, heritability is lower. This gene-family SES interaction is mainly driven by less absolute
genetic variance in high-SES families. Second, the gene-family SES interaction is moderated by
the children’s gender. In high-SES families, heritability is considerably lower for boys than for
girls. The absolute variances show that this is related to both lower genetic variance for boys
and higher environmental variance. Third, the moderating effect of family SES for boys is almost
entirely driven by children attending low-SES schools.

These findings can be interpreted as high-SES families compensating for lower genetic
potential or genetic risk for boys, especially when they attend low-SES schools. The finding that
the gene-family SES environment interaction is more pronounced in low-SES schools corresponds
with the idea that family and school influences substitute or compensate for each other’s
influence. In general, school SES does not seem to play a large role in educational inequality. | do
not find evidence that inequality of opportunity depends on school SES. Inequality as dispersion
is a bit lower in high-SES schools, driven by smaller absolute genetic variance in these schools. But
when the multiplicity of social contexts is considered, school SES does turn out to play a role. The
gene-family SES interaction appears to be heterogenous, as it is largely concentrated in low-SES
schools. Interestingly, this is the case for boys, but not for girls. A potential explanation could be
that boys are more sensitive to their environment (Legewie & DiPrete, 2012).

Chapter 5: The development of inequality during primary education

Chapter 5 investigates how dispersion in educational performance develops over the primary
school career and why. | study if initial genetic and environmental differences in performance at
the start of formal education are reproduced, exacerbated, or compensated over the primary
school career. | also examine if new genetic and environmental sources of dispersion are
coming into play during schooling. Lastly, | test to what extent dispersion can be explained by
school quality, school SES, and family SES. | apply biometric latent growth models to reading
and mathematics tests scores of around 5,500 same-sex and opposite-sex twin pairs, which |
identified in data of the Netherlands Cohort Study on Education (Haelermans et al., 2020). These
models decompose the variance in initial performance (i.e., the intercept) and learning growth
(i.e., the slope) in genetic and environmental components, as well as the covariance between
initial performance and growth.
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Table 1.3 Overview of the results with respect to inequality of opportunity and inequality as

dispersion.
Relative components Absolute components
Chapter Moderator
A C E CL® \" A C E CL®
2 Parental SES - - - JCL NN ¢ JE  JCL
School quality - - - - VvV LA c - -
controlled for parental ) ) ) )
SES and school SES
School SES - - - - LV LA ‘ JE -
3 controlled for parental
- ; B B d - -
SES and school quality VVobA G
Parental SES - - - - LV LA ¢ JE -

controlled for school

- B - B d -
SES and school quality VVovA TG VE

School SES - - - - LV LA - - -

boys - - - - NAY% - - - -

girls - - - - LV o LA - - -

Parental SES LA - TE - YV o LA - TE -

boys JA 1C 1E - LV o LA - TE -

4 girls - - - - YV LA - - -
low-SES school, boys A ™C ™E - - A ™C ™E

low-SES school, girls - - - - Y - - - -

high-SES school, boys - - - - NN - MNE -

high-SES school, girls - - - - YV o LA - - -

:;:;;Tvariance reading) ) ) ) ) ™V - ) ) )

initial variance - - - - IV LA - - -

5 new variance - - - - ~VoOTA - T™E -

;:;;elvariance math) ) ) ) ) TV TA ) ) )

initial variance ™A JC JE - NaY% - JC JE -

new variance - - - - ~Vve A - ™E® -

Note: V = total variance, A = genetic variance, C = shared environmental variance, E = non-shared environmental
variance, CL = classroom variance, {,/1 = decreasing/increasing with increasing levels on the moderator. Empty
cells indicate no statistically significant change.

2Time is strictly speaking not included as a moderator. Instead, the development of the ACE components is
followed over time as estimated via latent growth modelling. Moderation in this case refers to whether there
is a statistically significant change over time. For the relative components capturing new variance, a change
over time is not applicable

> Only included in Chapter 2.
¢ After including the moderator, shared environmental variance is very minimal or absent.
9 Although statistically significant, the change is substantively very small

¢ While the underlying path estimate is statistically significant, the estimated variance component does not
reach statistical significance at the five percent level.
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The results show, first of all, that existing dispersion at the start of formal education is
compensated over the primary school career. For both reading and mathematics performance,
genetic differences account for a large part of the dispersion in initial performance. For reading,
these genetic differences decrease while environmental differences are largely reproduced
over the school career. For mathematics, the decrease in dispersion results from decreasing
environmental differences, while genetic differences are reproduced. Second, new sources
of dispersion are coming into play over time, mostly new genetic influences. Combining the
development of pre-existing sources of dispersion with these new influences results in an
increase in the total dispersion in educational performance over time. Third, measured school
characteristics did not account for (the development of) dispersion, suggesting that quality
differences between schools likely play a limited role.

Concerning inequality of opportunity, the results suggest that over the school career
inequality of opportunity in reading performance is reproduced. Both the absolute and relative
shared environmental variance do not change during primary school. Inequality of opportunity
in mathematics, on the other hand, does decrease during primary education. Although these
changes occur over the primary school career, more research is needed to investigate whether
itis actually produced by the school environment or not.

1.6 Conclusion and discussion

1.6.1 Lessons learned

In this dissertation, | conducted four empirical studies to answer the question: How does the
interplay between schools, families, and genes shape educational inequality? Four overarching
conclusions can be drawn from this.

1.6.2 Compensation rather than multiplication

In general, schools, families, and genes turned out to play a role in a compensatory way rather
than in a multiplicative way. The compensation interactions between the school and family
environment (Chapters 2, 3, and 4) and schools and genes (Chapters 3, 4, and 5) show that
schools have the potential to reduce shared environmental and genetic differences in educational
performance. The compensatory interaction between family SES and genes (Chapters 2, 3, and 4)
indicates that dispersion in performance related to genetic variance is smaller in high-SES families.
Compensation is stronger in some domains than others. Generally, the gene-environment
compensation interactions involving families are stronger than those involving schools.

The compensation interaction between genes and SES at the family and school level
supports the diathesis-stress model (Rende & Plomin, 1992; Shanahan & Hofer, 2005) and the
compensatory advantage mechanism (Bernardi, 2014). In environments with more risks and
stressors, such as low-SES families and schools, the realization of genetic risks toward lower
performance is more likely. In high-SES environments, where stressors are more often absent
and more positive features are present, the influence of genetic risks (including lower genetic
potential) is neutralized or compensated.
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Families and schools not only compensate for the influence of genes on educational
performance but also for each other. This is in line with the argument that children from low-
SES families could substitute school resources for family resources. Because these children are
less likely to find supportive influences at home, for example, they may be more susceptible to
a supportive environment in school (Coleman et al.,, 1966; Jencks & Mayer, 1990; Rumberger
& Palardy, 2005). Conversely, a high-SES family environment may compensate for a less
advantageous school environment (e.g., by providing tutoring) (Hanselman, 2018).

Another compensation pattern is found when investigating how the initial sources of
dispersion evolve during the primary school period (Chapter 5). Initial dispersion in reading
and mathematics performance decreases. Moreover, inequality of opportunity in mathematics
decreases. This suggests that schools might contribute to reducing inequality, although more
research is needed to know if these changes are indeed induced by the school environment.

Prior empirical studies provided mixed results for both gene-environment interactions and
family-school interactions in education. One explanation that has been offered for the inconsistent
findings for gene-environment interactions is country differences in welfare state provisions,
among others (Tucker-Drob & Bates, 2016). | find support for compensatory gene-environment
interactions in educational performance in the Netherlands and Denmark, countries where the
welfare state arrangements ensure that the living standard of low-SES families is not as low as
in other countries (e.g., the U.S.). Baier et al. (2022) provide arguments for both a stronger and
weaker genetic influence on educational outcomes when welfare states have more protective
features. Also, differences in welfare state provisions are thought to affect the strength of gene-SES
interactions (Baier et al., 2022; Tucker-Drob & Bates, 2016). However, it is unclear how they may
affect the direction of gene-SES interactions, while this is most important for explaining the mixed
results. Next to country differences in welfare state arrangements, other reasons for inconsistent
findings that have been proposed are children’s age, operationalization of family background,
and the ‘selectivity’ of the educational outcome® (Ghirardi & Bernardi, 2023; Mdnkediek et al.,
2023). More theory development and comparative research is needed to provide more insight
into under which conditions compensation is more likely than multiplication. Since this is currently
underdeveloped, empirical support for the compensation interactions should be interpreted in
the study contexts covered in this dissertation and should not be overgeneralized.

1.6.3 School quality plays no role, but school SES and classrooms do
The school environment plays a role in shaping educational inequality, but the quality of schools
is not as important as often argued (Inspectie van het Onderwijs, 2017; Jennings et al., 2015). The
degree of inequality of opportunity and inequality as dispersion did not depend on the quality
of schools (Chapter 3). Instead, the socioeconomic composition of the school and the classroom
environment turn out to be of (modest) importance. School SES differences and classroom
differences were related to educational inequality in a compensatory way (Chapters 2 and 3).

I expected that the school environment affects educational performance and inequality
therein via school resources, school climate, composition of the student body, and teacher quality.

6 With selectivity it is meant how difficult and costly it is to obtain a certain educational outcome.
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School quality, school SES, and the classroom environment show weak associations with average
educational performance (Chapters 2-5). Children who attend higher-quality schools, as measured
by indicators related to school resources and climate, perform on average slightly better. However,
school quality does not multiply or compensate for genetic and environmental influences on
performance (Chapter 3). Thus, school quality is not related to inequality of opportunity or
inequality as dispersion. This does not mean that differences between schools are not important
for educational inequality at all. The SES composition of schools is related to less inequality
of dispersion, especially less genetic dispersion. The literature suggests that a larger share of
high-SES pupils in school contributes to an environment that is more conducive to learning, for
example, because there are fewer classroom disruptions and a more learning-oriented climate
(Kahlenberg, 2001; Rumberger & Palardy, 2005). Moreover, high-SES pupils may have a positive
influence on the aspirations, study habits, and performance of their peers (Gutiérrez, 2023).
This may be beneficial for all pupils, but especially for pupils with lower performance levels (e.g.,
related to the presence of genetic risks).

Not only differences between schools but also within schools play a role. While resources
(e.g., educational materials) and climate (e.g., academically oriented, high expectations) were not
important in explaining educational inequality at the school level, they may still play a role at
the classroom level.  investigated the overall (latent) classroom environment instead of specific
aspects of the classroom, but it can be expected that classroom differences reflect not only
differences in teacher quality but also differences in classroom climate (Byrne et al., 2010). I do
not expect that classroom differences reflect differences in resources, given that it is more likely
that resources vary between schools rather than within schools.

The finding that school quality is only weakly related to average performance levels and
not related to educational inequality, may be surprising. In the last years, the importance of
school quality has been emphasized, among others in the debate on decreasing educational
performance and increasing inequality (Inspectie van het Onderwijs, 2017, 2023a). However,
the findings of this dissertation are not necessarily incompatible with this. First of all, it could
be that the quality of education decreases in all schools. In that case, the (limited) variation in
school quality would remain the same, while it still affects the average performance levels of
pupils. Second, it could be that educational quality differences play a different role than thought.
Inspectorates notice a wide variety in quality when they visit schools (Inspectie van het Onderwijs,
2017). During such visits, inspectors inform their overall assessment of the school quality in
practice based on observations in some school classes and conversations with teachers (Inspectie
van het Onderwijs, n.d.).” Given that not all classes and teachers are observed, within-school
variation may be overlooked while the results of this dissertation suggest that it is not so much
the quality between schools but within schools that matter.

7 In addition to school visits, school quality is also assessed by conversations with school leaders among
others, and by analyzing data about the school and schoolboard (e.g., the school plan, social safety mon-
itor).
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1.6.4 Family SES plays a role but differently than often thought

It is commonly argued that a substantial portion of the disparities in children’s educational
performance stems from the different rearing environments associated with family SES (Sirin,
2005). The influence of family SES on educational performance is often thought to be uniform
where family SES affects children in the same family in the same way (cf. Freese, 2008). This
dissertation shows that this is only a small part of the story. First, | find that shared environmental
variance in educational performance is relatively small, implying that family SES is less of an
exogenous environment than thought. Second, the results show that genetic influences were
smaller in higher-SES families (Chapters 2-4), which can be interpreted as high-SES parents
compensating for children’s genetic risks for lower performance. Non-shared environmental
influences on children’s performance were also smaller in high-SES families in the Netherlands
(Chapters 2 and 3), but larger in Denmark (Chapter 4). This suggests that part of the influence
of family SES originates from different responses to child dissimilarities, which dissimilarities
are genetically and environmentally caused. Lastly, there is a lot of variation in educational
performance among children with a lower-SES background. This within-group inequality is often
overlooked if the focus is only on differences in performance between SES groups.

Family SES often accounts for all the shared environmental variance in educational
performance. However, the shared environment accounts for only a small part of the individual
differences in educational performance. That is not to say that family SES has little influence
on children’s performance and that classical sociological mechanisms related to parental
resource transmission, investments, and expectations do not apply. Instead, it suggests that
family influence is less likely to be exogenous and more likely to operate in ways that correlate
with children’s genetic endowment (Freese, 2008). This includes, for example, evocative gene-
environment correlations where children’s educational potential is recognized by parents, who
provide an enriched environment to maximize this potential (Diewald et al., 2015; Plomin et al.,
1977). Especially high-SES parents can be expected to recognize children’s talents and/or provide
more enriched environments. Compared to exogenous family SES characteristics, family SES
experiences that operate via gene-environment correlations tend to be more persistent and
recurring. Therefore, they are argued to have more systematic and lasting effects on development
(Tucker-Drob & Harden, 2012a). The gene-family SES interplay thus forms an important way of
how family SES shapes educational performance.

The results show less genetic variance in higher-SES families, which is consistent with the
idea that the expression of genetic risks (or lower genetic potential) is compensated in higher-
SES environments (Bernardi, 2014; Rende & Plomin, 1992; Shanahan & Hofer, 2005). In lower-SES
families, on the other hand, there is more dispersion resulting from more genetic variance. This
could be because in low-SES families there may be more environmental risk factors or stressors
(e.g., family chaos, poverty, divorce) that could lead to heightened expression of genetic risks for
lower performance (Asbury et al., 2005; Shanahan & Hofer, 2005). Genetic variance may also be
larger in these families because of lower incentives to compensate and lower levels of resources
available to invest in compensatory strategies. For example, low-SES parents may be less likely to
invest in supplementary education (e.g., private tutoring or test preparation) that could otherwise
mitigate the negative consequences of genetic risks (Bernardi & Gratz, 2015; Stienstra et al., 2021).
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Family SES is also related to non-shared environmental variance, meaning that the extent
to which environmental factors make children within the same family more different varies by
SES. For Dutch pupils’ educational performance, non-shared environmental variance is lower in
higher-SES families (Chapters 2 and 3). However, in Denmark it is higher, but only among boys.
The interaction between non-shared environmental variance and SES could reflect differential
parental treatment that is stratified by SES (e.g., Conley, 2008; Gratz & Torche, 2016). According to
this literature, parents could have a compensatory response and invest most in the less-endowed
child, among others to avoid unequal outcomes among their children. Alternatively, parents could
also reinforce differences and invest more in the more-able child. These responses may vary with
family SES, due to differences in parenting practices and access to economic, cultural, and social
resources (Gratz & Torche, 2016). If stratified parental responses indeed account for the changes
in non-shared environmental variance by SES, the findings suggest that high-SES parents have
compensatory responses in the Netherlands and reinforcing responses for boys in Denmark.

These differences could result from variations in educational performance measurements. In
the Netherlands, educational performance is measured by a test at age 12, while in Denmarkit is
based on averaged exam grades at age 16. Age has been suggested as a potential moderator of
the ACE-SES interaction (Gottschling et al., 2019; Tucker-Drob & Bates, 2016). However, theoretically
itis unclear how the ACE-SES interaction (that can be positive, negative, or absent) would vary with
age (Monkediek et al., 2023). Therefore, it is hard to derive expectations on whether there would
be reinforcement or compensation with increasing age. Another explanation for the different
findings could be that exam grades represent a more selective educational outcome than the
Cito test score (cf. Ghirardi & Bernardi, 2023). For obtaining a high Cito score, it may be sufficient
if one has either a high ability or ample support of high-SES parents. Obtaining high-exam scores
(averaged over a variety of subjects) may be more difficult and maybe both a high ability and high
SES are needed to get a high GPA. Nevertheless, different parental investment is only one of the
potential explanations. Providing more insight into the underlying mechanisms of non-shared
environmental variance, and its dependency on the family environment, is therefore an interesting
direction for future research (see Section 1.7.4)

1.6.5 Important to study schools, families, and genes together

It is important to study the influences of schools, families, and genes together to prevent that
influences are mistaken for one another and to gain a better understanding of how they play
a role in educational inequality. First, this is because these influences are correlated and the
influence of one factor may be picked up by another factor. For example, family SES and the
school environment are correlated due to the socioeconomic selection into schools. Hence,
their influences are (partly) mistaken by each other if only one of them is studied (Chapter 3). It
is also shown in the interpretation of the components of the twin design, where genetic variance
captures positive active and evocative gene-environment correlations if these are present but
unmodelled (which is the case in this dissertation). Second, it is important to study them together
because there is not one general, independent effect of schools, families, or genes. Instead, the
influence of one depends on one of the other factors. This becomes apparent in the several
observed gene-environment interactions (Chapters 2-4).
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Prior studies may have overestimated and misunderstood the influences of schools, families,
and genes because these influences were not studied simultaneously. For example, the classroom
environment captures influences of pupils’ socioeconomic background or genetic predisposition if
those influences are not sufficiently considered. Even studies with measures and methods that are
thought to exclude such influences, such as added-value measures, do not completely succeed
in this (Haworth et al.,, 2011; Morris et al., 2018). Prior studies may therefore have overestimated
the influence of classrooms (see Chapter 2).

Also, gene-environment interactions would be misunderstood if the family and school
environment are not studied simultaneously (see Chapters 3 and 4). For example, the
compensating role of school quality and school SES decreases substantially when family SES
is taken into account (Chapter 3). Previous studies investigated gene-school environment
interactions without explicitly taking the family environment into account (e.g., Hart et al.,, 2013;
Haughbrook et al.,, 2017; Taylor et al., 2010, 2020). Given the socioeconomic selection into schools,
the school influences may actually reflect family influences. It would therefore be interesting
to replicate these prior twin studies while including the family SES. The prior twin studies that
investigate gene-school environment interactions are conducted using U.S. samples, where
socioeconomic selection into school likely plays a more important role than in the countries that
| studied (i.e.,, The Netherlands and Denmark). Hence, especially in the U.S,, it can be expected
that the school effects actually reflect family-based mechanisms if family SES is not considered.
However, studying multiple interactions simultaneously may be more challenging due to the
smaller sample sizes employed in twin studies. The advantage of administrative data is that
the educational performance of almost the whole population is known. This provides many
observations and thereby increases the power to investigate the interaction between families,
schools, and genes.

Lastly, considering that schools, families, and genes interact leads to a better understanding
of how they play a role in explaining educational performance and inequality. For example, the
classroom environment only plays a very small role in explaining performance differences in
general. But by investigating how the classroom contribution depends on family SES, | show that
the role of classrooms is of importance for a subgroup, namely low-SES children (see Chapter 3).

1.7 Limitations and future research

While this dissertation provides valuable knowledge on the interplay between schools, families,
and genes in shaping educational inequality, there are still challenges and questions for future
research.

1.71 Measurement of school quality

The results of this dissertation point towards a limited role of school quality differences. School
quality was at most weakly associated with average educational performance and learning growth
and did not moderate genetic and environmental influences once SES was considered. This
could be partly related to limitations of the school quality measure. School quality is measured
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by relying on indicators that are used by the Dutch Inspectorate of Education. The inspectorate
primarily assesses whether schools are of (in)sufficient quality based on whether schools meet
the legal standards (Inspectie van het Onderwijs, 2018). Schools that meet the legal standards
and are thus of ‘'sufficient quality’ still vary in their quality. | did not use the overall school quality
judgment of the inspectorate but relied on the underlying items, which increased the variance
in the school quality measure. Nevertheless, the measure likely does not reflect all the quality
differences that exist between schools.

Another limitation of the school quality measure is that it does not sufficiently cover what can
be regarded as the closest and most immediate influence on children’s learning, that is, teachers
and the learning environment they provide (Raudenbush, 2008). Classroom differences play a role,
as shown in Chapter 2. Also, prior research shows the importance of the classroom environment,
especially the role of teachers. For example, pupils who are taught by teachers who use more
effective teaching practices perform better (Burgess et al., 2022). While the inspectorate data
cover classroom environment indicators, they are measured at the school level and thus do not
provide enough information on differences within schools.

To gain more insight into the role of schools, future studies could use different measures
and methods. For example, by using more specific measures on the classroom level, such as
detailed observations of instructional activities, and teachers’ skills and effort in carrying out
specific teaching tasks (Burgess et al., 2022). Alternatively, more insight into the role of schools,
families, and genes can be obtained by comparing what happens if there is no schooling. During
the schoolyear learning is influenced by both school and non-school factors, while in the absence
of schooling, such as during the summer break, learning is solely shaped by non-school factors
(e.g., Downey & Condron, 2016). Comparing the learning gains when school is in versus out of
session, as is done in seasonal comparison studies, shows to what extent inequality is shaped by
the school or non-school environment. Combining twin data with such a seasonal comparison
design, or with a design incorporating the school closure due to the COVID-19 pandemic, would
provide a novel way to gain more insight into the extent to which schools affect inequality as
dispersion and inequality of opportunity. Although the focus of such a design (i.e., what is the
effect of schooling compared to a no-school counterfactual) is different from comparing schools
of different quality as | do in this dissertation, it can still be informative. In the U.S., such studies
suggest that schooling reduces social inequality in average performance and inequality as
dispersion (e.g., Condron et al., 2021; Von Hippel et al., 2018). If this also holds true for countries
like the Netherlands where school quality differences are smaller, then it may be more effective
to focus on increasing school quantity (e.g., via summer schools or a longer school year) rather
than on decreasing between-school differences in school quality (Downey et al., 2004).

1.7.2 Ceiling effect

An alternative explanation for decreasing inequality as dispersion with increasing parental
SES and school SES (see Chapters 2, 3, and 4) are ceiling effects. The Cito score, used as the
operationalization of educational performance in Chapters 2 and 3, is scaled in a particular way
to make scores comparable over the years. The number of correctly answered questions on the
test is transformed into a scale with a range from 501 to 550, a mean of 535, and a standard
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deviation of around 10. Scores that fall below 501 or above 550 are rounded (Van Boxtel et al.,
2010). More pupils are scoring at the upper end of the scale, and these are more often pupils
from higher-SES backgrounds. High-SES pupils more often obtain the maximum score of 550
(De Zeeuw et al., 2019). This could lead to a spurious interaction between SES and (genetic and
environmental) variance in educational performance (see Rohrer & Adams, 2021). The variance
in performance among children from higher-SES families is then not lower because genetic and
environmental influences are smaller (e.g., because they are compensated). Instead, it is lower
because there is variability beyond the range of the scale which becomes censored by the scale.

Although a ceiling effect is possible, | expect that the decreasing variance with increasing
SES reflects (at least partly) substantive compensation mechanisms. The study by De Zeeuw
et al. (2019) investigated the interaction between family SES and the underlying sources of
variance in Cito scores and corrected for the effect of censoring at the high end of the scale,
which led to the same results. Moreover, in Chapter 4 educational performance is measured by
GPA which is more normally distributed than Cito scores. Also, here | find decreasing variance
with increasing SES. Hence, these results could be substantively interpreted. More research into
the mechanisms underlying the decreasing (genetic) dispersion with increasing SES could show
whether the substantive interpretation of compensation indeed underlies the observed pattern.
Future research could include potential mediators of the gene-SES interaction in the twin design
(see Ruks, 2022; Tucker-Drob & Harden, 2012b, 2012c). Relevant mediators for compensation
patterns could include characteristics that have a negative effect on performance, such as ADHD
and dyslexia.

1.7.3 Capturing complexities
Another consideration is that the interplay between schools, families, and genes is more complex
than modeled in this dissertation. | argued that it is important to study schools, families, and
genes together because (i) these factors are correlated and may be mistaken for each other and
(i) these factors interact. The correlations among schools, families, and genes are a problem that
I only partly solve in this dissertation. | isolate the role of the classroom environment from the
alternative genetic and environmental influences it may be correlated with (Chapter 2). Also, |
investigate the role of schools while taking into account that the school environment is correlated
with the family environment (Chapters 3, 4, and 5).2 Moreover, in all chapters | use a twin design
to separate genetic and environmental influences. However, the reality is more complex and
the applications of the twin design in this dissertation only partly capture this complexity. More
specifically, correlations between genes and the family and school environment are not sufficiently
modeled. Depending on the type of correlation (passive, active, or evocative) and their direction
they end up in different ACE components (see Section 1.3).

For example, | find positive associations between family SES and average educational
performance and learning growth (Chapters 2-5), as well as moderating effects of family SES

8 This is common practice in sociological studies, but these studies commonly do not investigate the role
of genes. Behavioral genetics studies that study the role of genes and schools often do not sufficiently
control for the family environment (Hart, Soden, et al., 2013; Haughbrook et al., 2017; Taylor et al., 2010,
2020).
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(Chapters 2-4). However, these associations do not provide evidence for a causal environmental
influence of SES (e.g., related to economic, cultural, and social resources), as they could be
genetically confounded due to the presence of passive gene-environment correlation (Hart et
al., 2021). This is not problematic if one is interested in the stratification of educational outcomes
by family background in a broader sense, capturing all types of (dis)advantages that are associated
with it. However, it becomes more problematic if only socially caused differences are considered
to be unfair and should be compensated. In that case, one would need to disentangle social
and genetic transmission, which requires different designs such as a children-of-twins model
(McAdams et al., 2014).

Another implication is that genetic variance likely captures unmodelled gene-environment
correlations, and that | was unable to disentangle gene-environment interactions from gene-
environment correlations. | find that the contribution of genetic differences to the total amount
of dispersion in performance is relatively large, and this is already the case at the start of formal
education. While this shows that genes matter, it should not be overinterpreted as it is unclear
how the environment mediates these effects. The genetic component likely includes active and
evocative gene-environment correlations (see Section 1.3). Hence, the results suggest that gene-
environment interplay before the start of schooling is important. This most probably reflects
gene-environment correlations in the family environment in early childhood but could also include
similar processes in early childcare and education. Extensions of the CTD could provide more
insight into this. For example, if twin-specific information on the environment is available (e.g.,
child-based reports of parenting behavior), one can estimate if there is genetic variance in this
environmental measure. If so, this indicates the presence of active or evocative gene-environment
correlation (Kendler & Baker, 2007). Combining this with information on educational performance
in a bivariate model would allow for estimating the gene-environment correlation (i.e., genetic
influences that are common to the environmental measure and educational performance).
It would also allow for investigating gene-environment correlation and gene-environment
interaction simultaneously (Johnson, 2007).

1.7.4 Importance of the non-shared environment

In this dissertation, | focused on the role of genetic and shared environmental variance and did not
formulate expectations on the role of the non-shared environment. Non-shared environmental
influences are seldom discussed in the literature on genetic differences in socioeconomic
outcomes (Erola et al., 2021). However, the non-shared environment turned out to play a role in
driving dispersion in educational performance, often even a more important one than the shared
environment. Moreover, the non-shared environment appeared to be context dependent. The
extent to which the non-shared environment plays a role in educational performance differs
depending on parental SES, school SES, and school career stage. Providing more insight into
non-shared environmental influences could enhance the understanding of schools and families
in educational performance and inequality. As a first step, substantive non-shared environmental
influences could be separated from measurement error. For example, if there are repeated
measures for educational performance, measurement error can be assessed and corrected
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for. When the corrected variance in educational performance is then decomposed into the
different variance components, the residual non-shared environmental variance would reflect
more substantive influences. These substantive influences could be systematic (e.g., differential
treatment and experiences) and non-systematic (e.g., accidents, illness, luck) (cf. Plomin et al,,
2001).

Second, the specific non-shared environmental influences could be identified by incorporating
more individual-specific information in the twin design. Possible relevant (systematic) influences
accounting for non-shared environmental differences in educational performance include
differential treatment of parents and/or teachers, differential experiences of the family and school
environment, and personal factors (e.g., differences in personality, effort, motivation, interest,
and enjoyment) (Asbury et al., 2008; Larsen et al., 2019). This would not only provide more insight
into how educational performance differences come about but could also provide more insight
into social inequality in education. Non-shared environmental influences are a source of within-
family inequality. However, non-shared environmental influences, such as parental treatment or
academic motivation and interest, may differ by family socioeconomic background. In that case,
within-family inequality affects between-family inequality (Gratz, 2018).

1.8 Reflections for policy

Several policy reflections arise from this dissertation. First, in developing and evaluating policy it
should be clearer how educational inequality is defined and which sources of inequality should
be reduced. Second, there should be more awareness of the presence of genetic differences
between pupils and the interplay with the environment. Finally, policies should focus more on
SES differences between schools and differences within schools, and less on school quality
differences.

1.8.1 Define educational inequality and consider different sources of
dispersion

Politicians and policymakers should more clearly define what is meant by educational inequality,
and design and evaluate policy based on this definition. Inequality in educational performance
could refer to the total dispersion in performance, dispersion in performance related to family
background differences, and dispersion related to genetic differences. Not all kinds of inequality
are always seen as problematic and unfair. Providing more clarity in this regard facilitates the
implementation of more targeted policies, and thereby a more efficient use of resources.

The answer to how much dispersion in educational performance in general, and which
sources of dispersion in specific, are justified likely differs between different educational outcomes
at different stages in the educational career. For example, everyone should leave compulsory
education with the reading and mathematics skills that are needed to function independently
in society (Asbury & Plomin, 2014; Inspectie van het Onderwijs, 2023a). This would imply that
dispersion, including genetic dispersion, should be minimal for basic skill levels and the school
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system has a responsibility to contribute to this. Once the fundamental skills are established
for all pupils, education could aspire to tap into children’s inherent potential and to provide
support to nurture that potential (Asbury & Plomin, 2014). This can be expected to increase
genetic differences between pupils, and thereby an increased total dispersion in educational
performance. People's view on the desirability of this outcome would likely vary more.

When developing educational policies and interventions, careful consideration should be
given to the specific type of educational inequality these policies aim to address and the potential
consequences they may have on other sources of inequality. Policies could (unintendedly) increase
or decrease genetic and family background differences. As an example, consider differentiation or
ability grouping, which is a popular educational practice where pupils are assigned to groups and
receive instructions and guidance based on their performance level.? Ability grouping could have
several consequences (see, e.g., Hallinan, 1988; Knigge et al., 2022). First, it could allow low-ability
pupils to perform better, for example, because they get more tailored support for the areas in
which they face difficulties. This would decrease genetic dispersion. Second, it could allow high-
ability pupils to perform better because they are provided with more challenging educational
materials, for instance. As a result, genetic dispersion would increase. In theory, both low-ability
and high-ability pupils benefit from ability grouping, which would reproduce genetic dispersion
and increase average performance. However, in practice low-ability pupils do not benefit as
much. Instead, there is evidence that they are negatively impacted by ability grouping. This has
been related to lower teacher expectations and fewer interactions with high-ability pupils, among
others (Condron, 2007; Hanushek & W6mann, 2006). If these negative consequences for low-
ability children outweigh the positive effects for high-ability children, genetic dispersion can be
expected to increase. Lastly, ability grouping potentially increases dispersion related to family
background influences. This is because low-SES pupils may suffer from lower teacher expectations
and may therefore be disproportionately placed into lower-ability groups (Condron, 2007). These
different consequences show that a policy measure can affect different sources of inequality in
multiple ways, and that there may be a trade-off between different sources of inequality. Hence,
itisimportant to clearly identify the source of inequality that should be addressed by the policy,
and to consider whether addressing it may have adverse effects on other sources of inequality
or on average educational performance.

Policies could also intend to reduce educational inequality but may be ineffective in doing
so because they do not specifically address inequality as dispersion and the underlying genetic
and social sources of dispersion. Examples include earlier access to universal childcare (Inspectie
der Rijksfinancién, 2020) and providing a ‘rich’ school day (Ministerie van Onderwijs, Cultuur

9 In the Dutch educational system, pupils with different performance levels are grouped within classes in
primary education (i.e., working with subgroups within a class) and grouped to different classes or schools
in secondary education (i.e., tracking or streaming). While the term ability grouping suggest differentia-
tion based on ability or (genetic) potential, this is in practice not the case. Instead, previously measured
performance is used. This is also why some use alternative terms such as ‘skill grouping’ or ‘attainment
grouping' (Condron, 2007).
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en Wetenschap, 2022) to all pupils.’® Such ‘one size fits all' policies, could increase average
performance, but their effectiveness in reducing the variance is expected to be limited (Asbury &
Wai, 2020). That is, it shifts the entire distribution upwards but would do little to reduce inequality
as dispersion and inequality of opportunity. If the policy goal is to reduce the dispersion, more
individually targeted policies would be a better use of resources. For example, providing earlier
childcare and rich school days only to low-achieving and/or low-SES pupils.

More individually targeted policies would also be better given that this dissertation shows
heterogeneity (or within-group inequality) for low-SES families and low-SES schools. There is more
variance, especially more genetic variance, in low-SES families, low-SES schools, and lower-quality
schools. Some children in low-SES families have more genetic risks towards lower educational
performance and are taught by less effective teachers, while other low-SES children have less
genetic risks and high-quality teachers, for instance. This suggest that it may be worthwhile to
focus on reducing within-group inequality next to between-group inequality. Although there
are positive associations between educational performance and family SES, school SES, and
school quality, these are small compared to the range of individual differences within families and
schools (Scarr & McCartney, 1983). This implies that interventions should focus on subgroups
within these broader groups. For example, rich school days could be focused on those pupils at
school who are most at risk, such as low-achieving pupils, low-SES pupils and/or pupils who are
taught by less effective teachers.

The way schools are funded could also address this. In the Netherlands, there is an educational
disadvantage policy (in Dutch: onderwijsachterstandenbeleid) which includes that some schools
receive additional funding to reduce disadvantages in pupils’ educational performance related
to social, economic, or cultural causes (Walhout & Scholtus, 2022). One could ask the question
to what extent schools should receive additional funding to compensate for genetic differences.
A case could be made that if social background differences should be compensated, genetic
differences should be compensated too. One’s genetic endowment is just as undeserved as one’s
social background (Meyer, 2016). All children with different talents and potentials should be able
to leave school with at least a fundamental level of reading, writing, mathematics, and digital skills
(excluding pupils with severe disabilities) (Asbury & Plomin, 2014). Children who enter school with
more genetic risks for lower performance (e.g., as partly captured by lower measured cognitive
ability), require more educational support to achieve this. Hence, schools could be provided with
more financial resources to ensure that they could provide this additional support. This would
decrease genetic dispersion, and thus reduce the biggest source of within-group inequality among
low-SES families and schools.

10 Therich school day includes extending the school day with additional activities that are focused on pupils’
development in at least two of the following areas: sport, culture, cognitive development, social develop-
ment, and orientation towards yourself or the world (Ministerie van Onderwijs Cultuur en Wetenschap,
2022).
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1.8.2 Realize that genetic differences play a role

In education policies, genetics is seldom considered (Asbury & Wai, 2020). This is despite the
robust evidence provided by prior studies and this dissertation that genetic and environmental
factors - and the interplay between them - play a role in educational outcomes. Although the
precise mechanisms are still to be scrutinized, recognizing the role of genetic differences in
educational performance can shift perspectives on educational inequality and the corresponding
policy approaches to reduce it. It may temper the expectations and responsibilities that are put
on teachers and schools to reduce educational inequality. Moreover, it could bring the focus to
interventions that are closer connected to the main sources of educational inequality, which are
likely more effective interventions.

The discussion and development of educational policies often rely on the (implicit) assumption
that differences in educational outcomes are environmental in origin and on research findings
that do not consider the role of genes (Asbury & Wai, 2020; Krapohl et al., 2014). The dominance
of environmental explanations in policy and the public debate lead to the situation where parents
and teachers are held responsible for children’s lower school performance (Asbury & Plomin,
2014). There is considerable pressure on teachers and schools to reduce educational inequality.
This becomes apparent in the ideal of education as 'the great equalizer’ and as ‘the fundament
of inequality of opportunity’ (Sociaal-Economische Raad, 2021). Teachers and schools are indeed
important for educational performance, and more so for children whose parents had fewer years
of schooling, which is also shown by the results of this dissertation. But the results also indicate
that the idea that the primary school environment could act as a great equalizer seems over-
optimistic. Most of the genetic differences are already present at the start of formal education,
and the extent to which genetic differences account for performance differences does not differ
between schools. The realization that genetic differences play a role may lead to more realistic
expectations of what schools can and cannot do and would prevent unnecessary blaming of
teachers and schools.

That genetic differences play a large role, does not mean that they are fixed and immutable.
Instead, they reflect the realization of genetic endowments via environmentally mediated
processes (Freese, 2008). This could include processes in the school environment too. However,
it should be realized that most of the genetic differences are already present at the start of formal
education. Therefore, there is most to gain by intervening before formal education starts. This
includes the family environment, but also kindergarten and childcare environments, for example.
While genes cannot be changed, the extent to which genes drive experiences can. Policymakers
could support the process of gene-environment correlations (Asbury & Wai, 2020). In high-SES
families genetic potential is more likely to be expressed because there are more resources and
experiences available, and parents may be more likely to adapt the rearing environment to their
children’s potential (Baier & Lang, 2019). In low-SES families this occurs less. However, gene-
environment correlations could also take place in other institutions than the family, such as in
early childhood education and care. Therefore, if low-SES children receive more (higher-quality)
early childhood education and care than high-SES children, this could substitute for the aspects
in their family environment that hamper effective gene-environment correlations and thereby
decrease educational inequality. Policy could foster this by ensuring that (i) low-SES children
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have more access to childcare than high-SES children, (ii) childcare provides a wide range of
developmental opportunities, including educational experiences and materials that fit children’s
genetic potential and further nurture their potential (Kovas et al., 2013), and (iii) there are childcare
workers who have the sensitivity and time to notice the talents and challenges of a child, and
respond accordingly (Asbury & Plomin, 2014).

1.8.3 Look beyond school quality differences

Policy should be directed to the aspects of schools that appear to have the mostimportant impact.
This dissertation shows that this is not school quality, but other aspects that differ between and
within schools. Instead of reducing the quality between schools to address educational inequality,
the focus should be on reducing school segregation and differences between classrooms. Even
though the effects of school SES and classrooms are not strong, the school environment may still
be an appealing option for policy interventions directed at increasing educational performance
and decreasing educational inequality (Downey & Condron, 2016). Via schools, a diverse range of
children can be reached, while it is more difficult to intervene in the family environment.

Based on the results of this dissertation, the focus should be less on reducing quality
differences between schools and more on reducing school segregation. Often, emphasis is placed
on quality differences between schools. This becomes apparent in the importance that parents,
especially high-SES parents, place on choosing the best school for their children (Borghans et
al,, 2015a). Also, the Inspectorate of Education monitors school quality and aims to promote
quality for better education (Inspectie van het Onderwijs, 2021b). However, quality differences
between schools - as measured by various indicators encompassing school resources and climate
- seemed to have a limited impact on average educational performance, inequality as dispersion,
and inequality of opportunity. School SES, on the other hand, does play a role. Therefore, policies
directed to decreasing school segregation have the potential to reduce inequality as dispersion.
These include, for example, changing the school application process or influencing the school
choice behavior of parents (Bulder et al., 2020).

When addressing school segregation, it is important to keep in mind two considerations.
First, as argued before, the definition of educational inequality should be clear. Desegregation
of schools can be expected to decrease dispersion. Based on this dissertation, this decrease
in dispersion is expected to be mainly related to a decrease in genetic dispersion. Decreased
genetic dispersion could be caused by an increase of performance among children with lower
abilities while not changing the performance of children with a high ability. It is a political choice
whether this outcome is desirable or not. Second, one should be aware that segregation does
not only occur between schools, but also within schools. Pupils and their parents are more likely
to form connections with same-SES others in class (Zwier & Geven, 2023). Ideally, this form
of segregation should be addressed too, especially given the finding of this dissertation that
classroom differences play a role. Interventions that would address such within-class segregation
could include the stimulation of cross-SES interactions via seating arrangements or group work
(Gremmen et al.,, 2018).

The finding that differences between classes play a role could also be considered in the way
school quality is evaluated. It may be more important to focus on assuring and promoting the
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quality of education within schools instead of between schools. A more in-depth evaluation of
the quality of teaching, as is recently done in the ‘Monitor Teaching Quality’ of the Inspectorate of
Education, is a valuable step in this direction (Inspectie van het Onderwijs, 2023b). The variation
in teaching quality is likely the key factor contributing to differences between classes (cf. Byrne et
al., 2010). Therefore, promoting teaching quality is important for better education and improved
educational outcomes, especially for disadvantaged pupils. To what extent this is realized depends
on the equal access to high-quality teachers. Given the shortage of teachers, which is more
prominent in disadvantaged schools, this requires ongoing attention in the coming years.
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Chapter 2

2 Abstract

We investigate the influence of the classroom environment on educational performance and
whether classroom effects are dependent on parental socioeconomic status (SES). We consider
that the classroom environment can have a compensatory effect and decrease educational
inequality, in which case the classroom context is more important for children originating from
lower-SES families. Alternatively, there can be an amplifying effect, in which case the classroom
environment is more important for high-SES children, which would increase educational
inequality. We investigate the two alternatives by applying a twin design to data from 4,216
twin pairs from the Netherlands Twin Register (birth cohorts 1991-2002). Some twin pairs share
a classroom and other twins from the same pair are in different classrooms. We use this fact
to decompose the variance in educational performance at the end of primary school into four
components: genetic variance, classroom variance, shared environmental variance not related
to the classroom, and non-shared environmental variance. We find that of the total variance in
educational performance only a small share (around 2%) can be attributed to differences between
classrooms within schools. The influence of the classroom was larger when the level of parental
SES was lower (up to 7.7%) indicating a compensatory effect.

This work was supported by the Dutch Research Council (NWO) research talent grant for the project ‘Quality
and inequality: The compensatory and multiplicative effects of school quality’ (NWO: 406-18-557, awarded to
Stienstra, Knigge, and Maas) and an NWO Veni grant for the project ‘Towards equal educational opportunities:
The complex interaction between genes, families, and schools’ (NWO: 451-17-030, awarded to Knigge). We
gratefully acknowledge research program ‘Consortium on Individual Development’ which is funded through
the Gravitation program of the Dutch Ministry of Education, Culture and Science and the NWO (NWO: 0240-
001-003); ‘Decoding the gene-environment interplay of reading ability’ (NWO: 451-15-017); ‘Netherlands Twin
Registry Repository: Researching the interplay between genome and environment’ (NWO: 480-15-001/674);
‘Twin-family study of individual differences in school achievement’ (NWO: 056-32-010); ‘Longitudinal data
collection from teachers of Dutch twins and their siblings’ (NWO: 481-08-011); 'KNAW Academy Professor
Award’ (PAH/6635).

We are grateful to the twin families and the teachers for their participation. Earlier versions of this work were
presented at the ISA RC28 spring meeting (Frankfurt, 2019), Dag van de Sociologie (Amsterdam, 2019), Social
Stratification Research Seminar (Amsterdam, 2019), Migration and Social Stratification Seminar (Utrecht, 2019),
and ICS spring day (Nijmegen, 2019). We thank the participants at these meetings for their valuable comments.
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2.1 Introduction

Do schools reduce social inequality in educational performance and serve as ‘the Great Equalizer’?
Or do they reproduce or even amplify inequalities? Over the past century, these questions have
been a core focus of social science scholars and central to the debate on educational policies
and reforms (Coleman et al., 1966; Downey et al., 2004; Downey & Condron, 2016). There are
diverging ideas on how children from different socioeconomic status (SES) backgrounds benefit
from their school environment. On the one hand, schools could amplify inequality. Even if low-
SES and high-SES children attend the same school, various opportunities and practices in the
classroom may favor the educational performance of high-SES children. For example, high-SES
students could profit more from the materials and lessons in effective classrooms because they
enter the school with better academic preparation (Hanselman, 2018; Stanovich, 1986). On the
other hand, schools could reduce inequality (i.e., a compensatory effect). Learning opportunities
in schools and families overlap and could substitute for each other. An advantageous classroom
environment would then benefit students from less resourceful family environments more (Chiu
& Khoo, 2005; Hanselman, 2018).

Given the concerns about (increasing) educational inequality in many countries (OECD, 2019),
itis important to understand to what extent the classroom context works as an equalizer and is
part of the solution, or contributes to inequality and is thus part of the problem. Therefore, we
ask: ‘To what extent are classroom effects contingent on SES background?’ Empirical studies did
not provide a conclusive answer to this question yet (e.g., Alexander et al., 2007; Downey et al,,
2004, 2019; Downey & Condron, 2016; Von Hippel et al., 2018). The reasons for the mixed findings
remain unclear. They do not seem to be dependent on students’ age or country, for example.

Investigating classroom effects on educational performance is complex. The quality of teachers
and the classroom environment is difficult to observe (Hanushek & Rivkin, 2006). For example,
measures for teacher quality (e.g., teachers’ experience and educational level) often have a small
effect on educational performance (Rivkin et al., 2005). While it could be that the importance
attributed to teacher quality is overstated, it could also be that measurable characteristics cover
only a small part of the true variation in teacher quality (Rivkin et al., 2005). Another challenge is
that classroom effects can be biased when alternative influences on educational performance
are not sufficiently controlled for. For example, high-SES parents more often choose high-quality
schools for their children (Borghans et al., 2015a). Also, children’s educational performance is
genetically influenced (De Zeeuw et al.,, 2019), and the composition of classrooms concerning
genetic predisposition may not be independent of the classroom environment. For example,
children with a higher polygenic score for learning could be concentrated in higher-quality
classrooms (cf. Smith-Woolley et al., 2018). The classroom environment may capture influences
of children’s socioeconomic background or genetic predisposition if those influences are not
sufficiently considered.

Prior research tries to deal with such issues by considering so-called value-added models.
These models use students’ prior achievement to estimate the contribution (‘added value’) of
the teacher or school to students’ progress in achievement over time (OECD, 2018). Such value-
added effects can be adjusted by student- and school-level covariates to further control for
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pre-existing differences between students, although it is debated to what extent such covariates
should be included (Marks, 2021). Value-added models are often argued to provide a suitable
way to estimate the contribution of classrooms or schools separate from alternative influences
(see, e.g., Wayne & Youngs, 2003), but they also come with disadvantages. One of these, which
has only been limitedly acknowledged, is that value-added effects can be genetically influenced
and may therefore provide biased estimates of the contribution of teachers and schools (Morris
et al, 2018).

In this study, we take genetic influences into account by using a suitable method that is
rarely applied in this research area. We estimate overall classroom effects and their dependency
on parental SES by comparing the educational performance of twins who attend the same or
different classrooms. With this method, classroom influences are not directly measured but rather
a latent factor that can be estimated from the data, in addition to other latent factors capturing
the contribution of genes, the shared environment (i.e., influences making twins raised in the same
family more similar), and non-shared environment (i.e., influences making twins raised in the same
family dissimilar) (e.g., Plomin, DeFries, McClearn, & McGuffin, 2008). With this twin design, we can
detect classroom effects that suffer less from insufficient measures and bias due to unobserved
influences. An additional advantage of the twin design is that we do not only isolate classroom
effects but also pinpoint the sources of alternative influences, i.e., genetic, shared environmental,
or non-shared environmental influences.

Two prior studies used this approach to estimate classroom influences in Australia and the
United States (Byrne et al., 2010; Grasby et al., 2020)."" They found that 0-9% of the variance in
literacy and numeracy could be accounted for by the classroom environment. We take the next
step by investigating if and how classroom effects depend on parental SES. In this way, we can
look at whether the classroom environment affects educational performance in an SES-neutral,
equalizing, or amplifying way.

We do so by analyzing data on 4,216 twin pairs from the Netherlands Twin Register (NTR).
We use the score on the nationwide standardized achievement test (i.e., Cito test) to measure
educational performance. Children take this test at the end of primary school around age 12.
The test score, combined with the teacher’s recommendation, determines the enrolment in a
secondary educational track. The Cito score is thus important for children’s educational careers.
A key aspect of primary education in the Netherlands is that within-school tracking or academic
streaming - a practice where classroom allocation is based on prior educational performance
- is uncommon. This means that being in the same classroom does not depend on similarity in
educational performance between twins, making the Dutch context well suited for investigating
classroom effects with the twin method.

11 There are a few other twin studies that also provide information on twins in the same and different classes,
but that do not explicitly test for classroom variance (Eifler et al., 2019; Kovas et al., 2007).
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2.2 Theory

2.2.1 Classroom influences

A classroom variance component derived from twin models is an omnibus measure for
several interrelated ways through which the classroom environment could affect educational
performance. Although we do not test the specific influences, we provide an overview of ways
through which the classroom environment could contribute to educational performance.

The first route is via the quality of teachers. Teachers play a key role in the educational
performance of students, either directly (e.g., via instructions) or indirectly (e.g., contributing to
a safe and orderly classroom climate). How well teachers do their job and thereby facilitate student
achievement, is difficult to observe (Hanushek & Rivkin, 2006). Hence, much of the literature and
empirical evidence is based on observable teacher characteristics that are thought to affect
teachers’ performance, such as knowledge and experience (Hanushek & Rivkin, 2006; Parcel
& Dufur, 2001). These studies show that teacher experience matters, but generally only in the
first years of their employment. After three to five years of experience, additional experience
does not explain additional variation in students’ educational performance (see Coenen et
al., 2018). Teachers' cognitive skills have been found to be positively associated with student
performance (Hanushek et al., 2019), although there are indications that it matters for students’
math performance but not for reading (Coenen et al.,, 2018). Lastly, teaching certificates and
advanced degrees (i.e., having a Master’s or PhD degree relative to a Bachelor’s degree) are in
general not associated with students’ performance (Coenen et al., 2018; Hanushek & Rivkin,
2006; Wayne & Youngs, 2003).

A second classroom feature that affects educational performance involves the available
resources in the classroom. These are, for example, equipment, smaller class sizes, and a lower
student-teacher ratio. Smaller class sizes and a better student-teacher ratio are thought to reduce
resource dilution effects: students have fewer classmates to “compete” for teachers’ time and
attention (Parcel & Dufur, 2001). Furthermore, it has been argued that in smaller classes there
are fewer disciplinary problems and therefore there is more instructional time and greater
opportunity to learn (e.g., by having more time for individualized instructions) (see Blatchford
& Russell, 2020). In empirical studies, indicators such as per-pupil expenditure, student-teacher
ratio, and class and school size have been used. Per-pupil expenditure shows a consistent positive
association with educational performance (Greenwald et al.,, 1996), whereas for student-teacher
ratio, class size and school size positive but also no or negative relations with educational
performance are found (Blatchford & Russell, 2020; Greenwald et al., 1996).

A third aspect is the climate in the classroom. When there is an academically oriented
environment with high expectations, this signals certain standards about schoolwork and ideal
students’ performance, which is thought to affect educational performance (Anderson, 1982). Also,
when there is a cohesive community with dense social ties this could positively benefit students’
performance (Dronkers & Robert, 2008; Parcel & Dufur, 2001). Such a cohesive community could
affect students’ sense of belonging, which has been shown to relate to academic performance (Ma,
2003). Empirical studies show that the climate in classes and schools contributes to educational
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outcomes, with some evidence that it does not only influence short-term performance but that
its effect seems to persist for years (Thapa et al., 2013).

Lastly, peers in the classroom can play a role. Students’ educational performance can be
influenced by their peers in different manners. One way is via direct interactions in learning. This
does not only relate to, for example, figuring out a solution to an exercise, but also to processes
such as developing vocabulary and obtaining knowledge that other students gained from museum
visits, traveling, and so on (Hanushek et al., 2003; Kahlenberg, 2001). Additionally, peers influence
each other’s motivation, aspirations, and attitudes toward education (Hanushek et al., 2003;
Kahlenberg, 2001; Raabe & Wolfer, 2019). Furthermore, peers affect the extent to which an
environment is conducive to learning (Kahlenberg, 2001). For example, if other students show
disruptive behavior, this affects the classroom processes and lowers the learning opportunities for
all students in the class (Lazear, 2002). Students who are highly motivated and skilled, on the other
hand, contribute to a learning-oriented peer culture (Rumberger & Palardy, 2005). Numerous
empirical studies show that peer influences on students’ educational outcomes (e.g., grades,
standardized test scores) exists, as well as peer influences on other outcomes that contribute
to educational performance including motivational outcomes (e.g., goals, efficacy, interest) and
positive behavioral styles (e.g., cooperative behavior, self-confidence) (see Wentzel & Muenks,
2016). Given these mechanisms and prior empirical studies, we expect that the classroom context
influences children’s educational performance.

2.2.2 The moderating role of parental SES

Children’s educational performance is strongly affected by their family background. Children from
a high-SES background perform on average better in school. This may be because of multiple
reasons, including genetics, and the financial, cultural, and social resources high-SES parents
can investin children’s educational success (Blau & Duncan, 1967; Bourdieu & Passeron, 1977)."?
We examine whether parental SES also affects the extent to which the classroom environment
matters for educational performance.

One possibility is that there is a compensatory effect that leads to reduced educational
inequality. In this case, the educational performance of children from low-SES backgrounds will
depend more on their school environment than the performance of children from high-SES
backgrounds. A reason to expect a compensatory effect is that learning opportunities within
schools overlap with those within socioeconomically advantaged families and can substitute for
each other (Chiu & Khoo, 2005; Hanselman, 2018). A low-quality classroom environment may
be less harmful to high-SES students because the fewer learning opportunities in such classes
can be substituted by parental resources (e.g., providing tutoring), while low-SES parents cannot
provide such compensation (Hanselman, 2018). In a similar vein, a higher-quality classroom
environment may be more beneficial for students from less advantaged family backgrounds.
Low-SES students may be more susceptible to the supportive environment in advantageous
classrooms because they are less likely to find supportive influences at home (Coleman et al.,

12 Because parental genes can influence both parental SES and children’s educational performance (via
children’s genes), the association between parental SES and children’s educational performance may be
partly spurious. We come back to this issue and its implications in the Conclusion and Discussion section.
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1966; Jencks & Mayer, 1990; Rumberger & Palardy, 2005). For example, children in low-SES families
receive less language stimulation at home as low-SES parents, in general, tend to expose their
children to less vocabulary and grammar, read to them less, and purchase fewer reading materials
for their children (Bradley & Corwyn, 2002). These children may benefit more from the available
books in the classroom and interactions with peers that contribute to developing vocabulary.

There are also reasons to expect the opposite pattern: the classroom environment may be
especially beneficial for high-SES students. This refers to an amplification effect, which has also
been referred to as multiplication and multiplicative accumulation (Erola & Kilpi-Jakonen, 2017a)
or cumulative advantage (DiPrete & Eirich, 2006). High-SES students may take greater advantage
of the classroom environment because they enter this environment with better academic
preparation (Hanselman, 2018). Taking language stimulation as an example, high-SES students
enter school with a stronger vocabulary. They may therefore benefit more from the learning
opportunities in school than low-SES students, because they may understand instructional
materials better and learn more from particular lessons than low-SES students (Hanselman,
2018; Stanovich, 1986).

Another consideration relates to the cultural correspondence between the classroom and
the home environment. From a cultural reproduction perspective (Bourdieu, 1986; Bourdieu &
Passeron, 1977), it can be expected that the high-status cultural signals of high-SES children (e.g.,
behaviors, tastes, and attitudes) are positively evaluated by teachers and that these children may
experience a greater sense of belonging in their class, leading to better educational performance
(De Graaf et al., 2000). This could be especially the case in high-quality classrooms. In such
classrooms, the climate is more ambitious and academically oriented, which coincides with high-
SES parents’ expectations and ambitions for educational success. This may further increase
high-SES students’ educational performance. For low-SES students, on the other hand, such
a classroom environment means a mismatch between their family background and classroom
experiences which may lead to negative self-perceptions and emotional distress, negatively
affecting educational outcomes (Crosnoe, 2009). Additionally, it can be expected that there is a
stronger influence of the transmission of norms if multiple actors socialize students in the same
way (Centola & Macy, 2007). Therefore, if the culture at home and in the classroom matches and
both parents and teachers emphasize, for example, the importance of educational performance,
students may be more likely to internalize this norm and behave according to it.

Empirical tests of compensation and amplification effects based on a twin design have not
yet been performed. Prior empirical studies investigate compensation and amplification effects
through an interaction between parental SES and measured classroom (or school) characteristics,
or by investigating the ‘overall’ contribution of classrooms or schools (e.g., with a value-added
approach), all with mixed results. Studies with measured characteristics focused on many
different aspects of the classroom and found no interaction with SES (e.g., concerning teacher
quality: Akiba, LeTendre, & Scribner, 2007; Borman & Kimball, 2005), compensatory effects (e.g.,
concerning student composition and climate, see: Berkowitz et al., 2015; Gustafsson et al., 2018;
Opdenakker & Damme, 2001, and amplification effects (e.g., concerning resources, climate, and
teacher quality, see: (Atlay et al., 2019; Gustafsson et al.,, 2018; Scholten & Wolbers, 2018).
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The results of studies that investigated the overall classroom effect as an omnibus measure
capturing all the influences are also inconclusive. For example, the value-added study by Kyriakides
etal. (2019) shows that more effective classrooms and schools compensate for the socioeconomic
achievement gap. Additionally, it has been reported that the absence of schooling, for instance
during the summer break (e.g., Alexander et al., 2007, Downey et al.,, 2004) or the COVID-19
pandemic (e.g., Engzell et al., 2021), increases the SES gap in educational outcomes. The finding
that the SES gap is smaller when schools are in session than when school is not in session has led
to conclude that schools have a compensatory effect. Yet, there are also studies that challenge
this conclusion. The findings of seasonal comparison studies do not always replicate (Von Hippel
etal, 2018, 2023; Von Hippel & Hamrock, 2019). Additionally, the study by Hanselman (2018) used
a value-added approach and found no interplay with economic background, which suggests that
classrooms and schools neither amplify nor compensate for socioeconomic inequality, but rather
reflect existing inequality.

Since there are neither clear theoretical nor empirical arguments to favor either compensation
or amplification, we consider two alternative hypotheses: the classroom environment has a larger
influence on educational performance if students’ SES background is lower (H1 - compensation) and the
classroom environment has a larger influence on educational performance if students’ SES background
is higher (H2 - amplification,).

2.3 Data and methods

2.3.1 Data

We analyze twin data collected by the Netherlands Twin Register (NTR), which was established in
1986 by recruiting twins and multiples a few weeks or months after birth. The NTR is still ongoing
and registers around half of all newborn multiples in The Netherlands (Boomsma et al., 2002).
For young twins, twins' parents receive a survey at registration and when twins are 2, 3, 4/5, 7,
9/10, and 12 years old. After obtaining parental consent, twins' teachers receive surveys when the
twins are 7,9/10, and 12 years old. More details on the NTR are reported elsewhere (see Ligthart
et al,, 2019; van Beijsterveldt et al., 2013).

We include twins from birth cohorts 1991-2002. For these cohorts, Cito data are available for
atleast one of the twins for 5,672 twin pairs (1,943 monozygotic [MZ] pairs and 3,729 dizygotic
[DZ] pairs). The NTR determines the zygosity of twins based on questionnaire items and on DNA
or blood group polymorphism. The questionnaire items allow for determination of zygosity with
an accuracy of 97% (Ligthart et al., 2019).

To determine whether twins were in the same classroom or not, we rely on the information
from the mother’s, father’s, and teacher’s reports when twins were 12 years old. Changing
classrooms is not very common in the Netherlands. The large majority of pupils share their
classroom with the same children throughout their primary school career (Polderman et al.,
2010). We initially rely on mother’s report. If data were missing, we took father’s report, and if both
parents’ reports included missing data we used the teacher’s report. Parents were asked which
school situation is or was most applicable: (1) same class, (2) same school, parallel class, (3) same
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school, different class, (4) different school, (5) partly same, partly different. The class information
from the teacher report was also measured when twins were around 12 years old, but in a less
specific way than in the parents’ report as only a distinction between ‘in the same class’ or ‘notin
the same class’ was made. We excluded those twin pairs for whom it was unclear whether they
=897, 15.8%) or because they
=333, 5.9%), leading to a sample of

were in the same class or not, either due to missing data (/\lp

airs

were partly in the same and partly in different classes (N, .
4,442 twin pairs. Additionally, we repeated the analyses after also excluding twins who went to
different schools (N

s ™ 175, 3.1%) and those who were in the same school but in different grades
(N

=657, 11.6%). The conclusions remain the same (see Appendix B2 for the results).
=226) as our
model cannot deal with missingness on the moderator. We used Full-Information Maximum

pairs

Lastly, we excluded twin pairs with missing information on parental SES (N s
Likelihood (FIML) estimation (Arbuckle, 1996) to handle missing values for all other variables. Our
final sample consists of 4,216 twin pairs (880 MZ twin pairs in the same class, 596 MZ twin pairs
in different classes, 1,444 DZ twin pairs in the same class, and 1,296 DZ twin pairs in different
classes).

2.3.2 Measurements
To measure our dependent variable, educational performance, we use students’ scores on the
Cito test. These scores were initially obtained via teacher reports and later also via the parents’
surveys and via children’s self-report at later ages. The Cito scores from the different sources are
highly correlated: the correlation between the Cito scores reported by parents and twins is .98
and between teachers and twins is .93 (Van Beijsterveldt et al., 2013). The Cito test is a nationwide
standardized educational achievement test that is taken at the end of primary education (around
age 12). It consists of multiple-choice items on Dutch language, mathematics, study skills, and
world orientation (e.g., geography, biology, and history). The domains are combined into a total
score using ltem Response Theory, and this score is standardized on a scale from 501 to 550.
Because the subdomain world orientation is not mandatory, this is not included in the calculation
of the total score. The national average is a score of 535, with a standard deviation (SD) of 10. Our
sample has a somewhat higher average and lower SD (see Table 1). Means and variances of the Cito
scores for twin 1 (typically the firstborn twin) and twin 2 are not statistically significantly different.
We measure parental SES by parental education, which is the most stable and mostimportant
indicator of parental SES when predicting children’s educational performance (Sirin, 2005). We
use the information on the mother’s and father’s highest educational level from the parents’
survey when the twins were around 10 years old. When the mother’s or father’s education at
age 10 was missing, we used information from the survey for younger twins (ages 7,3, and 1). The
original variable from the parent survey for 10- and 7-year-old twins consisted of 13 categories
ranging from elementary school to post-graduate degree or PhD. The variable measured at twins
ages 3 and 1 consisted of five categories ranging from elementary school to scientific education.
We converted these categories into scores on the International Standard Level of Education
(ISLED) scale (Schroder & Ganzeboom, 2014). The ISLED is a well-validated continuous measure of
education with a range from 0 to 100, which allows for comparison across surveys and countries.
We coded the categories into the highest level of finished education using the online appendix
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(see ISLED, 2014). We used the average ISLED score when multiple values were applicable (e.g., for
the category combining higher general secondary education ‘havo’ and pre-university education
'VWOQO'). An overview of the coding is presented in Table B1.1 (Appendix B1).

In all analyses, we control for sex (girls = 0, boys = 1) and age (in years) when the Cito test was
taken. While most children take the test when they are 12 years old, there is variation in age (see
Table 2.1) which we want to correct for.

Table 2.1 Descriptive statistics for MZ twins in the same classroom, DZ twins in the same
classroom, MZ twins in different classrooms, and DZ twins in different classrooms.

Same classroom Different classrooms

Variable Mean SD Min. Max. N Mean SD Min. Max. N

MZ twins
Cito twin 1 538.07 8.27 508 550 872 538.42 8.33 509 550 562
Cito twin 2 537.57 8.49 505 550 866 538.36 8.20 510 550 552

Boy twin 1 044 - 0 1 880 049 - 0 1 595
Boy twin 2 0.44 - 0 1 880 0.49 - 0 1 595
E‘:f;ft“so” 6395 1764 2298 9263 880 6872 1733 2298 9263 596
Age 1226 049 11 14 740 1227 052 N 14 472
Forcito .80 77

DZ twins

Cito twin 1 537.82 8.83 503 550 1,415 537.78 8.46 510 550 1,132
Cito twin 2 537.74 8.60 501 550 1,416 537.73 8.34 509 550 1,110

Boy twin 1 049 - 0 1 1444 052 - 0 1 1,294
Boy twin 2 047 - 0 1 1,443 053 - 0 1 1,296
ngecjt“sm 64.80 1729 2298 9263 1,445 6777 1755 2298 9263 1,296
Age 1225 047 10 14 1181 1228 051 11 14 936
[ 47 44

Note: For twin-specific variables, the N refers to the number of individuals. For the twin pair variables (education
parents and age), the N refers to the number of pairs.

2.3.3 Twin model

The classical twin design, as shown in Figure 2.1, decomposes the variance in educational
performance into variance due to three latent factors: additive genetic influences (A), common or
shared environmental influences (C), and non-shared or unique environmental influences including
measurement error (£) (Frani¢ et al., 2012; Knopik et al., 2016). Twin data enable disentangling the
different variance components, as twins differ in genetic relatedness (MZ twins share all of their
genes at conception, DZ twin pairs share on average half of their segregating genes) and MZ and

60



Are classrooms equalizers or amplifiers of inequality?

DZ twin pairs are assumed to share their environment to the same extent. Hence, the covariance
in educational performance between twin 1 and twin 2 is Covyz = a* + ¢Zfor MZ twins and
Covpy = 0.5a° + ¢2for DZ twins. A larger similarity in performance for MZ twins than DZ twins
is consistent with a hypothesis that genetic influences play a role. If MZ twins are not alike, the
source of this dissimilarity is by definition the non-shared environment.

MZ:1/DZ: .5

MZ:1/DZ:1

O~ ©

a C e e Cc a
Educational performance Educational performance
twin 1 twin 2

Figure 2.1 The Classical Twin Design (CTD).
Note: The CTD is fitted to data from monozygotic (MZ) and dizygotic (DZ) twins. The latent variables (circles)

represent genetic (A), shared environmental (C), and non-shared environmental (£) factors. Their influence on
educational performance (observed variables: squares) is given by path coefficients a, ¢, and e.
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We can estimate a fourth variance component capturing classroom influences (CL) because
we have measured information on whether twins attend the same classroom in primary school
or not. When twins share their classroom, classroom influences may make twins more similar
in their educational performance. Classroom influences make twins dissimilar if they are in
different classrooms. The difference between twin correlations of twins in the same and different
classrooms is the basis to estimate classroom influences (Byrne et al.,, 2010). As can be seen in
Figure 2.2, the covariances in educational performance between twins for the different groups are:

Covyzsc = a* + 2 + ¢/’ for MZ twins in the same classroom (2.1)
Covyzpce = a® + ¢*for MZ twins in different classrooms, (2.2)
Covpzsc = 0.5a* + ¢2 + cl*for DZ twins in the same classroom, (2.3)
Covpzpc = 0.5a* + ¢Zfor DZ twins in different classrooms. (2.4)

Estimating classroom variance changes the interpretation of C and £. These components now
refer to the shared environmental and non-shared environmental influences not related to the
classroom. The classroom component mainly captures within-school differences, because most
twins attend the same school. Since between-school differences in the classroom environment
are very limited in our case, this may lead to an underestimation of the classroom effect compared
to regular multilevel studies of children in classes. This affects the interpretation of the results
but does not prohibit testing our hypotheses.

We use multigroup Structural Equation Modelling (SEM) to decompose the variance in
educational performance into A, C, CL, and E. The model includes the measured educational
outcome for twin 1 and twin 2 for the groups: MZ twins in the same classroom (MZSC), DZ twins
in the same classroom (DZSC), MZ twins in different classrooms (MZDC), and DZ twins in different
classrooms (DZDC). The latent factors A, C, CL, and E are set to a variance of one to identify the
model. The path coefficients g, ¢, c/, and e represent the effects of the standardized latent factors
on the observed outcome. The total variance of educational performance is given by summing
all squared path estimates:

‘/l()tul:VA+VC+VCl+VE:a2+CZ+CI2+€2 (25)

The variance components can be standardized. For example, the proportion of the genetic
variance component to the total variance in educational performance, which is called heritability,
is given by:

2
%
a =4 (26)

a2+ 2+ clP+ e Vi
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The contribution of genetic and environmental factors can depend on a moderator, in our
case parental SES (see Figure 2). For example, c/ becomes ¢l + b, M, where M is the level of
parental SES. The total variance in this moderation model becomes:

Voduer = (a + baM)2 + (c +bCM)2 + (et +bC,M)2 + (e +b€M)2 (2.7)

MZ:1/DZ:.5

Mz:1/DZ: 1

SC:1/DC:0

o

o
c1) cL1 cL2 [c2

T 7
c+ bM cl+ byM cl+ bgM c+ bM
a+ baM VeﬁbeM e+bEMMa+baM
Educational performance Educational performance
twin 1 twin2

Figure 2.2 ACE moderation model extended with a classroom factor (CL).

Note: The latent variables represent genetic (A), shared environmental (C), classroom (CL), and non-shared
environmental (E) factors, with the corresponding path coefficients a, ¢, ¢/, and e. These are estimated from
data in monozygotic (MZ) and dizygotic (DZ) twins who are in the same classroom (SC) or different classrooms
(DC). The correlation between CL1 and CL2 equals 1 if twins share a classroom, otherwise it is zero. M stands
for Moderator and is a measure of parental SES, which is also included in the model as a fixed effect (triangle).
The model also includes fixed effects of age and sex (not shown to avoid clutter).

2.3.4 Analytical strategy
We fit a series of models in Mplus using FIML estimation. In all models, we control for age and
sex. We do not take nesting into classes and/or schools into account, partly because of the
practical reason that we do not have a school identifier for 60% of the twins, and partly because
the number of twin pairs in the dataset per school is low (on average 1.5 for those with a school
identifier).

We decompose the variance in educational performance with and without a classroom
component. This shows how the classroom component is captured by the Cand £ components if
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it remains unmodelled. Then, we include our measure for parental SES, which is expected to have
a main effect on educational performance and explain part of the total variance. More specifically,
because parental SES is measured at the family level and always shared between twins, it can
only explain shared environmental variance (Turkheimer et al., 2005). In our final model, we
allow the paths to be moderated by parental SES in a continuous, linear gene-environment
moderation model (Purcell, 2002). With this model, we test whether there is a compensatory
(HT7) or amplifying (H2) effect. If compensation takes place, classroom level variance would be
smaller the higher the parental SES (i.e., b, is negative), whereas in the case of amplification
classroom level variance would be larger with higher levels of parental SES (i.e., b, is positive).
Given that compensation and multiplication could occur simultaneously, a negative interaction
effect means that compensation is stronger than possible amplification effects (the reversed
is true when we find a positive interaction). Lastly, we elaborate on how selection into school
classes may bias our results.

Before fitting the twin models, we check whether the means and variances of educational
performance are equal for twin 1 and twin 2 (first and second born), MZ and DZ twins, and twins
in the same and different classrooms. Therefore, we fit a saturated model that describes the
data with no free parameters left (i.e,, no constraints on means and variances) and compare this
with models that included the constraints using likelihood-ratio tests. The assumptions of equal
means and variances are met.

2.4 Results

2.4.1 Decomposition of educational performance

The decomposition of educational performance into the A, C, CL, and £ components is presented
in Model 2 of Table 2.2. The total variance in educational performance is 72.00 (= 6.99% + 2.70°
+1.242+ 379%). The classroom variance is V. = 1.24? = 1.54. While for classroom variance the
path loading of 1.24 is statistically significant (p =.022), the variance of 1.54 is not (p = .252).
This may be because the power for estimating a variance component is smaller than for a path
loading. Standardizing this variance component shows that individual differences in educational
performance are for 2.1% related to differences in classroom environment (mainly) within
schools (V.,/V,,.)-
(V,=2.70>=7.29) and non-shared environmental variance (V, = 3.79 = 14.33), making up 10.1%
and 21.0% of the total variance in educational performance, respectively. The largest source of

Additionally, there is statistically significant shared environmental variance

variance in educational performance is genetic (V, = 6.99? = 48.85). This leads to an estimated
heritability of 67.8%.

If classroom variance is unmodelled, it is captured in the C and £ components, because
part of the twin pairs share the same classroom while the other part does not. Model 1 (Table
2) shows that if the classroom variance is not modeled, the shared environmental variance is
V. =2.882=8.29 and the non-shared environmental variance is V, = 3.86% = 14.913. Comparing
these shared and non-shared environmental variances with those in Model 2 (V. =7.29 and
V. =14.33, respectively) shows that the classroom variance is to a larger extent captured in the C
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component. This is as expected given that the twins in our sample were more often in the same
than in different classrooms.

We can use the difference in the C variance components from Models 1 and 2 to calculate
the extent to which shared environmental influences can be attributed to shared classroom
experiences. Around 11.5% of the differences in educational performance can be attributed to
shared environmental influences if classroom effects are not considered and this is 1.4 percentage
points lower (10.1%) if we take classroom effects into account. This shows that 1.4/11.5 = 12% of
the shared environmental influences can be attributed to the same classroom experiences. One
could do the same for the non-shared environment (£) and different classroom experiences, but
this is not very informative given that £ does not only include different environmental influences
and experiences but also measurement errors.

2.4.2 Therole of parental SES

Model 3 (Table 2.2) includes the main effect of parental education, our measure for parental SES,
which has a positive significant effect on educational performance, where each unit increase
in parental education is associated with a 0.15-point increase in Cito score (b =0.15, p <.001).
The standardized effect (not shown in Table 2.2) is .32, meaning that an SD increase in parental
education is associated with almost a third of an SD increase in educational performance (i.e., a
medium effect). Parental education entirely explains the (non-classroom) shared environmental
variance.”

In Model 4 (Table 2.2), we allow the variance components to be moderated by parental
education. These interaction effects are indicated by b, b, b_, and b,. If there is a compensatory
effect (H1), we would expect classroom influences to become smaller with increasing parental
education (i.e,, b, is negative). In case of an amplification effect (H2), we expect to observe the
opposite, namely larger classroom influences with increasing parental education (i.e., b, is positive).
Our findings point towards a compensatory effect, as there is a negative significant moderation
of the classroom effect (b, =-0.03, p =.006). The classroom variance in this moderation model
is computed by Ve [ M = (cl + bC,M)% For children with the lowest educated parents (i.e.,
primary education - ISLED 22.98), the estimated classroom variance is V,, =(3.43 + (-0.03 x
22.98))?=7.63. As can be seen in Figure 2.3, the classroom level variance decreases and almost
approaches zero (V,, = 0.55) for the highest educated parents (i.e., postdoctoral education -
ISLED 92.63).

13 Including parental education also leads to decreased model fit. This would be less the case if we would
drop the C component. We did not do so because the Cvariance may still turn out to be of importance for
part of the parental education scale when we estimate the moderation model in the next step. Moreover,
it has been argued that presenting more parsimonious models where Cis dropped lead to oversimplified
models with overestimation of the A component (Verhulst et al., 2019).
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Figure 2.3 Unstandardized classroom variance in educational performance moderated by
parental education (ISLED) including 95% confidence interval.

Note: Results based on Table 2.2 Model 4.

We find that classroom variance reduces with increasing parental education, but also the
total variance in educational performance decreases with higher levels of parental education (see
Figure 2.4a). To investigate whether the compensation pattern appears because of the decreasing
total amount of variance, we also look at the standardized results, where this is taken into account
(see Figure 2.4b). The standardized results also show a pattern of compensation. We previously
showed that for children with the lowest educated parents the estimated classroom variance is
7.63. Dividing this by the total variance in educational performance among these children (98.89),
shows that 7.7% of the variance in educational performance can be attributed to the classroom
context. For the average parental education (higher and pre-scientific secondary school - ISLED
67.11), 3.5% can be attributed to classroom effects, and for children with the highest educated
parents (postdoctoral education - ISLED 92.63) 1.2%.

Although we did not hypothesize on the moderation of other variance components, the
results show that there are statistically significant negative moderations of unstandardized genetic
influences (b,=-0.03, p <.001) and non-shared environmental influences (b,= -0.02, p = .002). Yet,
these largely disappear when we look at the standardized components (see Figure 2.4b). With
increasing parental education, the relative genetic variance of educational performance and
non-shared environmental variance increase a little bit but are largely stable around .75 and .20,
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respectively. Shared environmental variance is not dependent on parental education: it is entirely

explained by parental education for all levels of parental education.
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Figure 2.4. Decomposition of the (a) unstandardized and (b) standardized variance in educational
performance moderated by parental education (ISLED).

Note: Sources of variance include genetic (A), shared environmental (C), classroom (CL), and non-shared
environmental (E) variance. Results based on Table 2.2 Model 4.
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2.4.3 Selection into classrooms

The Dutch Association of Parents of Multiples (NVOM) advises that the decision to allocate twins
to the same versus different classrooms when they start school should be made on an individual
basis by teachers and parents together (NVOM, 2019). To what extent schools follow this advice or
have a different policy is not entirely clear. International studies show that an official school policy
to separate twins is exceptional. For example, a survey in the United Kingdom showed that only 1%
of the schools had an official policy on the education of twins (Preedy, 1999). Precise information
on the Dutch context is lacking, although the NVOM (2019) reports that 9% of the parents that
participated in their survey indicate that only the school decides on the classroom allocation.

There may be, however, other selection effects. One of them relates to zygosity. An assumption
underlying the classical twin design is that environmental influences are shared to the same extent
by MZ and DZ twins. Under this assumption, greater similarity in educational performance among
MZ twins compared to DZ twins can be attributed to MZ twins' greater genetic similarity. However,
if MZ twins are more often in the same classroom than DZ twins, greater similarity in MZ twins'
performance is due to both greater genetic similarity and greater classroom similarity. In our
sample, MZ twins are somewhat more often in the same classroom than DZ twins (respectively
59.6% vs. 52.7%, y’ = 18.57,df = 1, p <.001). If classroom sharing is unmodelled, this would lead to
an overestimation of genetic influences (Grasby et al., 2020). However, since we explicitly model
classroom sharing, a bias is avoided in our study. Greater similarity among MZ twins is no longer
an unobserved mixture of greater genetic similarity and being more often in the same classroom
because incorporating classroom information allows for separating these sources.

While selection based on zygosity is not problematic for estimating classroom influences,
selection based on other characteristics may be. Twins (dis)similarity in certain characteristics
may be a reason to allocate twins to the same class or different classes. This is only problematic
if such characteristics also affect our dependent variable: educational performance at age 12.
Studies suggest that there are mainly two characteristics that affect the decision to place twins
in separate classrooms: ability and behavioral problems (Jones & De Gioia, 2010). As these
characteristics may also affect educational performance, the estimated classroom component
could be inflated. This is because greater twin similarity in educational performance for twins in
the same class would then reflect similarity in prior ability or (the lack of) behavioral problems,
rather than being solely a consequence of exposure to the same classroom context. We do not
expect such selection processes to play a major role in Dutch primary schools. In Dutch primary
education, there is no ability tracking. Neither parents nor schools can choose a high-performing
classroom for one twin and a low-performing classroom for the other. Moreover, prior twin studies
investigating classroom effects in countries where within-school tracking is common indicate that
class allocation based on prior performance did not affect the conclusions on classroom effects
(Byrne etal., 2010; Grasby et al., 2020). Concerning behavioral problems, studies using Dutch twin
samples show that the association between problem behavior and classroom allocation, if any, is
small and that it does not affect educational performance in the long run (i.e., performance at the
age of 12) (Polderman et al., 2010; Van Leeuwen et al., 2005). Thus, the Dutch educational context
and prior empirical evidence lead us to conclude that it is unlikely that originally dissimilar twins
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end up in different classes. Even if it would occur, the effect on the (over)estimation of classroom
effects will likely be minimal.

Lastly, if the decision to place twins in different classrooms is selective (because of differences
in performance or behavioral problems), it would influence the interaction that we are interested
in if the bias depends on parental SES. The literature suggests that low-SES parents tend to be
more ‘twinship oriented’ (i.e., treating twins more similar), while high-SES parents tend to be more
'differentiation oriented’ (i.e., treating twins more dissimilar, emphasizing individuality), which may
be especially pronounced for MZ twins (Robin & Casati, 1994; Tourrette et al., 1989). If so, our
reported negative interaction effect between parental SES and the influence of the classroom
would be an underestimation, because the classroom effect would be overestimated for high-
SES parents but not so much for low-SES parents. We find that twins of lower-SES parents are
somewhat more often in the same class (x* = 78.41, df =9, p < .001) (see Figure 2.5). We do not
expect the underestimation of the interaction to be large, because the SES difference in class
allocation is small and our results indicate that high-SES parents are not more differentiation-
oriented than low-SES parents. Environmental influences that make twins more dissimilar, such
as parents treating twins differently, are captured in the non-shared environment component
(E). If high-SES parents would indeed be much more differentiation-oriented, one would expect
E to be larger in high-SES families, which is not the case (see Figure 2.4a).
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Figure 2.5 Proportion of MZ twins and DZ twins in the same class by parental education (ISLED).

Note: The size reflects the number of observations.
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2.5 Conclusion and discussion

In many countries, educational inequality based on socioeconomic background is of great
concern, leading researchers, policymakers, and educational professionals to question how to
counter this. Classrooms are important contexts in children’s lives, but it is unclear whether these
are part of the problem by amplifying educational inequality or part of the solution by reducing
educational inequality. We used a novel approach based on Dutch twin data and showed that the
role of classrooms in explaining educational performance of primary school pupils is relatively
minor when alternative sources (including genetic and non-shared environmental influences)
are considered. However, classroom influences are stronger for children from lower-SES families.
This suggests that classrooms compensate for influences of family background and thus serve
as equalizers rather than amplifiers of educational inequality.

We find that on average 2.1% of the variance in educational performance of Dutch primary
school pupils is attributable to classroom influences. Our classroom estimate falls within the
range (i.e., 0-9%) that has been previously found in twin studies (Byrne et al., 2010; Grasby et al.,
2020). There are different ways to interpret this result. On the one hand, finding an explained
variance of 2.1% indicates that only a small part of a/l differences in educational performance can
be accounted for by the classroom environment. Given the general view that teachers and other
classroom aspects are important for children’s educational outcomes, this may be somewhat
surprising. It is important to be aware that our classroom effect shows the extent to which
the classroom environment explains differences in performance, not the effect on the average
performance. For example, a good teacher may increase average student performance, but
if most classes have good teachers it would not explain much of the individual differences in
performance. Yet, one would not conclude that good teachers are not important.

On the other hand, the classroom effect may also be interpreted as being more substantial if
we relate it to the environmental part of the variance instead of the overall variance. The reason
is that genetic variance is a major source of differences in educational performance. In our case,
genetic differences account for 68% of the total variance, which implies that only 32% of the
differences in educational performance result from environmental factors. Compared to these
environmental differences, the share of the variance that is explained by classrooms is more
sizeable. For example, we showed that of all the environmental influences that children from the
same family share (e.g., parents, neighborhood, school, etc.) 12% can be attributed to the same
classroom experiences. Moreover, classrooms are more important for some children than for
others, as we discuss next.

Classroom effects are not the same for all children but are dependent on family background.
The classroom influences are larger the lower-educated the parents are, explaining up to 7.7%
of the total variance in educational performance for children from the lowest educated families.
This suggests a compensatory effect and is in line with the argument that children from low-SES
families could substitute school resources for family resources. Because these children are less
likely to find supportive influences at home, for example, they may be more susceptible to a
supportive school environment (Coleman et al., 1966; Jencks & Mayer, 1990; Rumberger & Palardy,
2005). However, finding a compensatory effect does not mean that amplification effects do not
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take place atall. They could occur simultaneously: favorable classroom environments could have
a compensating effect for low-SES children while at the same having an amplifying effect for
high-SES children. If this would occur to the same extent, we would not find any differences in
the classroom component by SES. Since we find larger classroom effects for low-SES children, we
can conclude that compensatory effects of classrooms are stronger than possible amplification
effects.

While we did not hypothesize on how other sources of variance depend on SES background,
we find less genetic and non-shared environmental variance in higher SES families. Gene-
environment interaction in educational outcomes is often studied from a bioecological framework,
where genetic potential for high educational performance is thought to be actualized in more
advantaged environments such as high-SES families (Bronfenbrenner & Ceci, 1994; Rowe et al.,
1999; Scarr-Salapatek, 1971). However, we find that genetic variance is higher in low-SES families.
This can be interpreted as genetic influences associated with lower educational performance
having more detrimental effects on children from more disadvantaged socioeconomic
backgrounds (see de Zeeuw et al.,, 2019). When we take into account that the total amount of
variance in educational performance decreases by standardizing the results, we do not find a
moderation of genetic variance (nor non-shared environmental variance) by parental SES.

Although the analysis of twin data allows us to contribute to prior studies by investigating
classroom effects and their dependency on parental SES in a novel way, it does not solve all
issues. In particular, the (moderating) effect of measured parental SES should not be interpreted
as causal. Parents’ genetic potential influences parents’ SES, and they transmit part of this genetic
potential to their children, which in turn influences the children’s school performance. If these
genes that parents and their children share are unmodelled, the association between parental
SES and children’s education is likely genetically confounded and thus does not only reflect
environmental effects (e.g., effects of resources and behaviors shaped by parental SES) (Hart et
al., 2021). This issue is not specific to our twin analyses but applies to most analyses involving
parental SES and children’s outcomes (except those with a causal design such as an instrumental
variable or difference-in-difference approach). For our conclusions, this means that the observed
compensation of the impact of family background by classrooms does not pertain necessarily
only to environmental (dis)advantages passed on by families, but possibly also to the transmission
of genetic (dis)advantages. This is not problematic if one is interested in the stratification of
educational outcomes by family background in a broader sense, capturing all types of (dis)
advantages that are associated with it. If one is interested in separating environmental and
genetic intergenerational transmission, one would need other designs such as the children-of-
twin design or measured genotype design.

The analysis of twin data also comes with some complexities of its own. A concern may be that
twins form a special group and that conclusions based on twin data are not generalizable to the
general population. Twins, especially identical ones, may be raised in more similar environments
and may be treated more similarly than fraternal twins or non-twins. This could affect estimations
if differential treatment is related to the outcome (i.e., educational performance). We do not
expect this to be the case. Prior studies show only limited evidence for a violation of the equal
environment assumption and if a violation occurred it did not affect the genetic and environmental
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effects on educational outcomes (Conley et al., 2013; Monkediek et al., 2020). Additionally, in a
population-based study on educational performance in the Netherlands, twin-based estimates
of Cito scores were not biased (Schwabe et al., 2017). These findings suggest that our results are
generalizable to the general population of Dutch primary school pupils.

Nevertheless, relying on twin data may lead to conservative estimates of classroom effects.
Twins almost always attend the same school, meaning that we capture only within-school
differences between classrooms. Some classroom characteristics (e.g., SES composition, school
resources) may cluster within schools, implying that the differences between classrooms in our
study are smaller than the differences between classrooms in general. This is something we
cannot capture with our design. The classroom effects that we find, therefore, probably reflect
aspects that vary between classrooms within a school (e.g., teacher quality, climate) rather
than aspects that vary mostly between schools (e.g., resources, student composition). In future
research, measured classroom characteristics could be included in the twin model to investigate
which specific characteristics explain the classroom variance. Another reason why our estimate of
classroom effects is conservative is related to non-shared environmental influences. In our study,
the non-shared environment after distinguishing the classroom component makes up around
20% of the total variance in educational performance. Part of this non-shared environmental
variance may still be related to what happens in the classroom. Even if twins are in the same
classroom, they may perceive their classroom environment differently or teachers could treat
them differently, for example. Thus, sharing a classroom could also lead to differences between
twins, which is captured in the non-shared environment component. Altogether, this means that
our classroom estimate should be seen as a lower bound. Future work using complementary
approaches could provide more insight into the interrelated influences of genes, families, and
classrooms.

In conclusion, we find that classroom influences depend on family SES in Dutch primary
schools. There is more classroom variance with lower levels of parental education, suggesting
that children from lower-SES families benefit more from a high-quality classroom than children
from high-SES families. However, we cannot conclude that classroom environments are great
equalizers because the role of classrooms in explaining differences in educational performance
is relatively small. Moreover, it can be expected that especially children from high-SES families are
in high-quality classes given socioeconomic selection in schools (Borghans et al., 2015a). High-
SES children are thus more likely to be in high-quality classes while the added value of such an
environment is relatively little for them in terms of educational performance. Contrarily, low-SES
children, for whom a high-quality class environment could make more of a difference, are likely
to be less often exposed to this. Our results are thus indicative of a compensatory effect and
show the modest potential of the classroom environment to reduce educational inequalities.
Whether this potential is actually realized depends on the quality of the classroom environment
that low-SES children are exposed to.
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Chapter 3

3 Abstract

We study to what extent schools increase or decrease environmental and genetic influences
on educational performance. Building on behavioral genetics literature on gene-environment
interactions and sociological literature on the compensating and amplifying effects of schools
on inequality, we investigate whether the role of genes and the shared environment is larger or
smaller in higher-quality school environments. We apply twin models to Dutch administrative
data on the educational performance of 18,384 same-sex and 11,050 opposite-sex twin pairs,
enriched with data on the quality of primary schools. Our results show that school quality does
not moderate genetic and shared-environmental influences on educational performance once the
moderation by SES is considered. We find a gene-environment interplay for school SES: genetic
variance decreases with increasing school SES. This school SES effect partly reflects parental SES
influences. Yet, parental SES does not account for all the school SES moderation, suggesting that
school-based processes play a role too.

This work was supported by the NWO research talent grant for the project ‘Quality and inequality: The com-
pensatory and multiplicative effects of school quality'(NWO: 406-18-557, awarded to Stienstra, Knigge, and
Maas), an NWO Veni grant for the project ‘Towards equal educational opportunities: The complex interaction
between genes, families, and schools' (NWO: 451-17-030, awarded to Knigge), and the CBS ODISSEI Microdata
Access Grant for the project ‘Gene-environment interplay in education: The impact of school quality and
tracking’ (awarded to Knigge, Stienstra, and Maas).

We thank Esmee Bosma for her help with the data cleaning of the school quality indicators. Prior versions of
this work were presented online at the ICS forum day (2020), the Migration and Social Stratification seminar
(2020), the RC28 spring meeting (2021), Dag van de Sociologie (2021), and the Genes, Social Mobility, and the
Inequalities across the Life-Course conference of the ifo Institute (2021). We thank all the participants for
their valuable comments.
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3.1 Introduction

Children who perform well in school are more likely to continue their education and obtain
higher degrees, which in turn has numerous economic and social benefits including higher
income, higher occupational status, and better health (UNESCO, 2018). Inequalities in educational
performance thus translate into inequalities in other domains. It is therefore important to know
why some pupils perform better than others and how inequality can be reduced. An often-studied
source of differences in children’s performance levels are social differences among them, most
notably, the influence of their family socioeconomic status (SES) background (Sirin, 2005). Another
important source of differences are genetic differences between children (De Zeeuw et al., 2015).
The extent to which these family background influences and genetic influences play a role could
be dependent on children’s school environment. Higher-quality schools could strengthen the
influence of families and genes and thereby increase performance differences between pupils.
Conversely, higher school quality could also decrease differences in performance because the
family background and/or genetic influences are reduced in these schools.

There are opposing arguments on whether family background and genetic influences are
multiplied or compensated in higher-quality schools. Social science literature suggests that family
background influences could be stronger in high-quality schools, for example, because high-SES
children benefit more from good learning opportunities as they enter school with better academic
preparation (Hanselman, 2018). Alternatively, the stable, stimulating, and resourceful learning
environment in school could compensate for a less favorable home environment (Coleman et
al., 1966; Rumberger & Palardy, 2005). In that case, especially low-SES children may benefit from
higher-quality schools. Similarly, the behavioral genetics literature provides opposing models on
whether advantageous environments such as those provided by high-quality schools increase
or decrease genetic influences. From the bioecological model, stronger genetic influences in
higher-quality schools can be expected because the more resourceful and stable environment
in such schools could promote the realization of genetic potential for greater achievement
(Bronfenbrenner, 1992; Bronfenbrenner & Ceci, 1994). However, weaker genetic influences can
also be expected. Following the diathesis-stress model (e.g., Rende & Plomin, 1992) and the idea
of compensation interaction (Shanahan & Hofer, 2005), the absence of stressors and the more
supportive learning environment in higher-quality schools could compensate for the realization
of genetic risks for lower performance.

To what extent schools increase or decrease environmental and genetic influences on
educational performance is important to know for reducing educational inequality. Whether
schools reduce educational inequality does not only depend on the multiplicative or compensatory
effect of schools. It also depends on which sources of differences in performance are seen as
part of educational inequality. Family background differences in educational performance are
commonly problematized and labeled as inequality of educational opportunity, or social inequality
in education (Strietholt, 2014; Van de Werfhorst, 2014; Van de Werfhorst & Mijs, 2010). Concerning
genetic differences, there are different standpoints on whether genetic differences (or genetic
inequality) in educational performance are problematic and should therefore be reduced. On
the one hand, genetic differences in educational performance can be seen as an indicator of
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opportunity for achievement (Guo & Stearns, 2002; Nielsen, 2006). If the realization of children’s
innate talent is not restricted by social barriers, differences in educational performance would
be to a larger extent explained by genes (Nielsen, 2006). This (implicitly) assumes that differences
due to good or bad luck in the genetic lottery are justified (Dias Pereira, 2021; Diewald et al., 2015).
On the other hand, one cannot control their genetic endowment any more than their family
background. Genetic differences could therefore, just as social differences, be interpreted as
an unjust source of inequality (Diewald et al., 2015; Harden, 2021; Tannock, 2008). Thus, family
background differences are generally seen as unfair and as a form of educational inequality, and
this source of inequality can be dependent on the school environment. The school environment
may also affect the role of genetic differences in performance, but there are different perspectives
on whether genetic differences are seen as an unfair and problematic source of inequality as well.

We investigate how the school environment contributes to educational inequality and ask: ‘To
what extent does the school environment increase or decrease genetic and family background
influences on educational performance?’ We study this by using a twin design, which provides
latent overall measures capturing genetic, shared (i.e,, common, between-family) environmental,
and non-shared (i.e., unigue, within-family) environmental variance in educational performance
(Knopik et al. 2016). We investigate how genetic and shared environmental variance varies across
schools of different quality, also known as gene-environment interaction analysis. While gene-
environment interactions are predominantly focused on the family environment, more recently,
interactions with the school environment have been studied. These studies yielded mixed results
concerning whether more advantageous school environments increase or decrease genetic and
shared environmental differences (Hart, Soden, et al,, 2013; Haughbrook et al., 2017; Taylor et al,,
2010, 2020). Additionally, it is unclear whether these gene-environment interactions can indeed
be attributed to the school environment or reflects processes in the family environment instead.
Children from high-SES parents more often attend high-quality schools (Borghans et al., 20153;
Robert, 2010). School effects may therefore be confounded with family effects. Therefore, in
this study, we do not only investigate whether the school environment moderates genetic and
environmental influences but also to what extent the moderation by school quality is actually a
moderation related to SES.

We study 29,434 twin pairs (birth cohorts 1994-2007), that we identified in administrative
data from Statistics Netherlands (CBS). These data cover the whole population and therefore do
not suffer from the self-selection bias that twin samples may do (Figlio et al.,, 2017; Schwabe et
al., 2017). Additionally, the number of observations provided by administrative data lead to ample
power to detect genetic and shared environmental influences and their interactions with school
quality. The administrative data contain children’s scores on a national standardized achievement
test (Cito test) administered at the end of primary school around age 12. We enriched these data
with many school quality indicators, as derived from the Dutch Inspectorate of Education.

The Netherlands provides an interesting context for investigating the role of school
quality on educational inequality. The Cito test is a high-stakes test with major importance for
children’s educational careers. Together with a recommendation of the teacher, the test result
determines which secondary school track children will attend. Once enrolled in a particular track,
opportunities to switch to a higher track are limited (Naayer et al., 2016). Educational inequality in
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this test score, whether it is related to social background differences and/or genetic differences,
has thus large implications for future educational and career opportunities.

3.2 Theory

3.2.1 Influence of school quality on genetic differences

Although there is no clear definition of school quality, there seems to be a consensus that it entails
at least two aspects: school resources and school climate. School resources refer to aspects that
can (potentially) be bought either directly (e.g., educational materials) or more indirectly (e.g.,
educational time, teacher attention) (Grubb, 2009; Hofflinger & Von Hippel, 2020). School climate
characteristics cannot readily be bought and are more difficult to change. These include norms,
values, and expectations (e.g., academically oriented culture, high expectations), relationships
(e.g., teacher-pupil relationships, cohesion), teaching and learning practices (e.g., structured
instruction, differentiation), and larger organizational structures (e.g., educational leadership)
(Cohen et al., 2009; Grubb, 2009).

High-quality schools can be expected to both increase and decrease genetic influences
on educational performance. An increase can be expected from the bioecological model
(Bronfenbrenner, 1992; Bronfenbrenner & Ceci, 1994), according to which genetic potential
for developmental outcomes such as greater educational achievement is more actualized with
increased levels of proximal processes (i.e., enduring forms of interaction in the immediate
environment, e.g., parent-child interactions). This model has generally been applied to the role
of family environment in explaining cognitive ability, which has become known as the Scarr-Rowe
hypothesis (Rowe et al., 1999; Scarr-Salapatek, 1971). This hypothesis claims that in high-SES
families, genetic potential is more fully expressed. Environments such as those provided by high-
SES families can be seen as more advantaged and stable. They more often comprise different
resources (e.g., material resources, cultural capital) and proximal processes that are more aligned
with children’s genetic potential and are therefore expected to enhance genetic expression
(Baier & Lang, 2019; Bradley & Corwyn, 2002; Bronfenbrenner & Ceci, 1994). While the focus was
originally on the realization of genetic potential for cognitive abilities, this has been extended
to educational outcomes. For both outcomes, support for the Scarr-Rowe interaction has been
mixed (Baier et al., 2022; Baier & Lang, 2019; De Zeeuw et al., 2019; Tucker-Drob & Bates, 2016).

The bioecological model and Scarr-Rowe hypothesis could be applied to the impact of
schools on genetic influences on educational performance. Similar to high-SES families, high-
quality schools are more stable and resourceful environments. In these schools, higher levels of
positive proximal processes (e.g., teacher-child interactions) can be expected, which implies that
teachers’ behavioral patterns are more responsive to children’s characteristics and actions. This
is seen as the principal mechanism through which genetic potential for effective developmental
functioning is actualized (Bronfenbrenner & Ceci, 1994). Available school resources (e.g., more
experienced teachers, more teacher attention) and school climate (e.g., monitoring students’
progress, differentiation) may make it easier to discover children’s specific talents. Additionally, a
high-quality school environment is characterized by aspects that could lead to children developing
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their talents further, such as the availability of challenging materials and the presence of high-
achievement norms.

From the diathesis-stress model, on the other hand, can be derived that with increasing
school quality genetic influences decrease. According to this model, the realization of genetic risk
for lower performance (e.g., learning or behavioral problems) is more likely when there are more
environmental risks and stressors (Rende & Plomin, 1992; Shanahan & Hofer, 2005). The school
environment in low-quality schools can be expected to have more environmental stressors,
such as higher levels of classroom disorder and negative peer influences. Hence, the expression
of genetic risks is more likely in such environments but decreases when such environmental
stressors are less present as in high-quality schools. Moreover, high-quality schools have other
positive features which may compensate for the realization of genetic risk (Shanahan & Hofer,
2005). For example, in high-quality schools, teachers may be more likely to notice specific risk
factors for lower performance and these schools may also be better able to provide adequate
support (e.g., remedial teaching).

3.2.2 Influence of school quality on family background differences

The influence of the family environment can also be expected to become either more or less
important depending on the quality of the school. In the sociological literature, several arguments
are provided for why the influence of family background might be stronger in higher-quality
schools. One is that children from high-SES families have a cumulative advantage and benefit
more from a high-quality school environment because they enter school better academically
prepared (Hanselman, 2018). Based on the idea that ‘skills beget skills’, children’s skills gained
early in life increase children’s capacity to benefit from later instruction in school (Heckman,
2000; Serenson & Hallinan, 2016). For example, in high-SES families, children may develop more
language skills because their parents tend to engage children more in conversations and use a
richer vocabulary (Bradley & Corwyn, 2002). They may therefore understand instructional material
better and reach higher performance levels in school. Another argument is that there is greater
cultural correspondence between the home and school environment for high-SES children. The
more ambitious and academically oriented culture in high-quality schools coincides with high-SES
parents’ expectations and ambitions. For low-SES students, such a culture means a mismatch
between their family and classroom experiences which may lead to negative self-perceptions and
emotional distress, negatively affecting educational outcomes (Crosnoe, 2009).

On the other hand, family background influences can also become less important in high-
quality schools. According to the bioecological model, proximal processes do not only increase
the realization of genetic potential, but also reduce, or buffer against, (shared) environmental
differences in developmental outcomes (Bronfenbrenner & Ceci, 1994). Sociological literature
provides more insight into how a higher-quality school environment may reduce family
background differences in performance. Children from disadvantaged families tend to grow up
in a more unstable environment outside school, receive less parental support, and have access
to fewer parental resources. The environment in high-quality schools may be especially important
for them (Coleman et al., 1966; Jencks & Mayer, 1990; Rumberger & Palardy, 2005). High-quality
schools provide access to learning opportunities that overlap with those in socioeconomically

80



Does school quality decrease educational inequality?

advantaged families. If learning opportunities in families and schools substitute for each
other, school resources typically benefit students from a less resourceful family environment
more than they benefit high-SES students (Chiu & Khoo, 2005; Hanselman, 2018). Also, school
climate aspects (e.g., academic climate, good student-teacher relationships) improve student
achievement, especially for children from more disadvantaged families (Gustafsson et al., 2018).
These children could have a ‘differential sensitivity’ to such aspects in their school environment
because they experience them less in their families (Coleman et al., 1966). Differences in
educational performance attributable to family background may thus become less pronounced
in high-quality schools.

3.2.3 Socioeconomic selection into schools

Children from high-SES parents more often attend high-quality schools (Borghans et al., 20153;
Robert, 2010). Consequently, higher-quality schools are not only characterized by their more
advantageous resources and climate but also a high-SES composition. This composition may also
affect educational performance. Moreover, the school's SES composition may affect the influences
of genes and the environment on educational performance. Partly, school SES influences overlap
with those of school quality because they are correlated. Schools’ SES composition is associated
with school characteristics such as teaching and instruction practices, and school organization
and management processes (Reardon & Owens, 2014). For example, high-SES schools may more
easily attract good and experienced teachers and have more rigorous curricula (Armor et al., 2018;
Sykes & Kuyper, 2013). Since we explicitly measure school quality and rely on many indicators, we
likely capture school-based influences related to school quality characteristics such as teaching
and instruction practices, and school organization. However, school SES may also reflect other
school-based mechanisms that are less captured by school quality, such as peer interactions
(Armor et al., 2018). For instance, high-SES students with higher aspirations, better study habits,
and less disruptive classroom behavior may have a positive influence on the performance of
other students (Gutiérrez, 2023). Given such school-based mechanisms, some previous studies
proposed that a large proportion of students from high-SES backgrounds is an indicator of school
quality (Jonsson & Treuter, 2019; Van Hek et al., 2017). For this reason, it is worthwhile to study
school SES in addition to school quality.

Another maybe even more important consequence of socioeconomic selection into school
is that the school environment may capture family SES influences if these are not considered.
High-SES parents tend to provide more stable and resourceful environments, just as high-quality
schools do. Hence, parental SES may moderate genetic and shared environmental influences
similar to school quality. Not considering this would overestimate the moderation by school
quality.

Altogether, we explore whether school quality increases or decreases genetic and family
background differences in educational performance. To provide more insight into the possible
moderation of the school environment we additionally study if school SES increases or decreases
genetic and family background differences in educational performance and explain part of the
moderation effect of school quality. Lastly, we investigate if the moderation effect of schools is
explained by parental SES.
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3.3 Data and methods

3.31 Data

We use linked microdata from Statistics Netherlands (CBS) covering the whole population.™
We construct a dataset including twin families with information on children’s educational
performance, school environment, and family SES. To construct twin families, we rely on basic
demographic information on children and their legal parents, using linked parent-child data (CBS,
1995) combined with the municipal personal records database (CBS, 2021). We identify families
based on children who share the same legal parents. Only knowing the legal parents and not the
biological parents is not very problematic for our purposes. This is because genetic influences are
derived from genetic relatedness between children (i.e., twins), not between parents and children.”®
After constructing families, we identify twin pairs. Since the birth day is not available because of
privacy reasons, we base this on children who have the same birth month and year. Based on the
sex composition, we identify same-sex (SS) and opposite-sex (OS) twin pairs. Multiple twin pairs
in one family are analytically complex. Therefore, we select one random twin pair in these cases.

We use the Cito database (CBS, 2018) to obtain information on educational performance.
These data are available for 2006-2019 (birth cohorts 1994-2007) at the time of this study. Primary
schools can permit Cito to share the data with the CBS, who anonymized the data and assigned
identification numbers to link the data at the individual and school level.

Data sources on parental SES that we use to construct school SES are the highest education
database (CBS, 2019) for the year 2018 and personal income for the period 2005-2018 (CBS,
2011). Data on educational attainment are largely based on diverse registrations of individuals
who completed their education at an educational institution funded by the government. There is
no (reliable) register data available for privately funded education (which is relatively rare in the
Netherlands), education abroad, and long-term corporate training. To add information on this,
the CBS used data from the Labor Force Survey which is collected on a sampling basis. Income
data is based on administrative information, mostly provided by the tax authorities.

We supplement children and parent data from CBS with official information on the school
environment obtained from the Dutch Inspectorate of Education and the Dutch Education
Executive Agency. Inspectorate of Education data include many indicators that are used to assess
the quality of schools by the inspectorate and are generally available from 1999 onward. Education
Executive Agency data include information on general school characteristics such as the number
of students and teachers. These data are (mostly) available from 2011 onward. School data can
be linked to the CBS data via a school identifier (BRIN).

14 Allresults are based on own calculations using non-public microdata from Statistics Netherlands. Under
certain conditions, these microdata are accessible for statistical and scientific research. For further infor-
mation: microdata@cbs.nl.

15 Yet, there is still a small chance that the identified twins are not full biological siblings. There are a few
cases where siblings share the same parent ID, but parental date of birth differs. This might indicate that
siblings do not share the same parent. Correcting for this did not change the results.
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3.3.2 Selections and selectivity

Figure 3.1 shows the sample selection. We only study twins from birth cohorts 1994-2007,
due to data availability of our dependent variable. Only twin pairs for whom at least one twin
has information on educational performance are included. One reason for missingness is that
some schools did not permit to share the results with CBS. Another reason is that schools can
choose to administer another test. Most schools use the Cito test. Until recently, around 80%
of the schools administered this test and these schools did not differ from the total school
population regarding region, school size, urbanization, and percentage of students from low-
educated families (Van Boxtel et al., 2010). For the most recent years, the percentage of schools
administering the Cito test decreased (63.8% in 2017/2018, 55.9% in 2018/2019) and became a
bit more selective. Schools in more urbanized areas and larger schools more often administered
the Cito test (Inspectie van het Onderwijs, 2019; Van Boxtel et al., 2010). Excluding these years
did not substantially change our results.

We only include twins who went to the same primary schools. Most twins (in our data 98%)
go to the same school. Those who attend different schools form a selective group (e.g., one twin
attends a school for special needs). For 6,415 twin pairs, at least one of the twins had missing
information on the school identifier. In most of these pairs (6,234 pairs), there was a co-twin with
non-missing information. In these cases, we assume that both twins attended the same school.
We exclude the twin pairs where both twins had missing information on school data. We also
exclude twin pairs with missing information on parental SES. This leads to our analytical sample
of N =29,434.

pairs

3.3.3 Measurements

We measure our dependent variable, educational performance, by students’ scores on the Cito
test. The Cito test is a nationwide standardized educational achievement test taken at the end
of primary education around age 12. It consists of multiple-choice items on Dutch language,
mathematics, study skills, and world orientation (e.g., geography, biology, and history). The
domains are combined into a standard score with a formula taking into account the difficulty of
the test for that year, to make the scores comparable over the years. Because the subdomain
world orientation is not mandatory, this is not included in the standard score. The scoreison a
scale from 501 to 550, with a national average of 535 and a standard deviation of 10 (Van Boxtel
et al., 2010). The Cito score is available for multiple years if children repeated the final grade. In
these cases, we use the most recent year.

For our moderator school/ quality, we use data from the Inspectorate of Education and
Education Executive Agency to construct a factor score. The Inspectorate data consist of many
official indicators that are used to assess the quality of schools. These are generally available for
the period 2000-2011, and sometimes up to 2019. Data from the Education Executive Agency
includes information on the financing of schools and the number of students and staff, among
others. These data are available for the period 2011-2019, where each school has a measure for
each year. However, the indicators derived from these data do not end up in our measurement
modelin the end (see Appendix C1). The inspectorate data are not collected for scientific research
purposes, but to assess whether schools meet a certain quality standard. The inspectorate
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usually visited schools once every four years, and the set of indicators that were used differed
over the years. Although this provides a rich source of information, these data are not directly
suited for research and require extensive data handling. The structure of the Inspectorate data
with the resulting missing data makes it impossible to measure school quality per year or even a
couple of years. Therefore, for each indicator, we take the average of all available years. Iltems are
mostly measured on a three-point scale (insufficient, sufficient, good) or a four-point scale (bad,
insufficient, sufficient, good). Sometimes, also a two-point scale is used (insufficient, sufficient;
no, yes).

Twins identified in administrative data,
birth cohorts 1994 — 2007 No cito data available
Nnairs = 46,985 - Npairs =16,570
At least one twin has cito data available
Npairs = 30,415 Attend different schools
- Npairs =563
School unknown
Twins attend same school - Npgirs =184
Npairs = 29,668
No school data available
- Npairs =196
School data available
Noairs = 29,472
No family SES data available
Family SES data available - Npgirs = 38
Npairs =29,434
Analytical sample
Npairs =29,434
Ny, = 18,384, N = 11,050

Figure 3.1 Selection of analytical sample.
Note. SS=same-sex twin pairs, OS=opposite-sex twin pairs.

We construct factor scores based on the standardized items using factor analyses with
Full Information Maximum Likelihood (FIML) estimation in Mplus. We conduct two Exploratory

Factor Analysis (EFA) analyses: one for all the items related to school resources leading to two
dimensions, and one for school climate leading to seven dimensions. Altogether, this leads to

84



Does school quality decrease educational inequality?

nine dimensions of school quality: (1) range of educational activities, (2) (implementation of)
school curriculum, (3) guidance of educational needs, (4) parental involvement, (5) monitoring
and evaluating (special needs) students, (6) learning climate, (7) social climate, (8) safety, (9) quality
assurance. Based on these dimensions, we construct one overall school quality factor in a third
(confirmatory) factor analysis. The dimensions of social climate, parental involvement, and safety
have a low loading on this overall factor (Table C1.3, Appendix C1) and/or a low correlation with
schools’ average Cito score (Table C1.4, Appendix C1). As an alternative operationalization, we
exclude these dimensions and construct a factor score based on the remaining six dimensions.
This does not lead to substantially different results and therefore we keep all the dimensions in.
Given the numerous latent variables and items, it is not possible to integrate the full measurement
model with our analytical model. Therefore, we save the factor scores and include these in
our analytical model as a single variable while imposing a measurement error correction. More
information on this correction - as well as further details on the procedure, items, and factor
analyses - are provided in Appendix C1.

Parental SES is measured by a factor score based on parental education and income. For
parental education, we use the father's and mother’s highest attained level of education, which
is coded according to the International Standard Classification of Education (ISCED) 2011. We rely
on the most recent data file from 2018. For income, we use the father’s and mother’s percentile
scores of personal yearly income of the year before the Cito test. Personal income includes the
gross income from labor, own company, income insurance benefits, and social security benefits
(excluding child benefits and child-related budget). Premiums for income insurance have been
deducted. For the percentile score, personal income is divided into 100 equal groups of people
with income in private households. We construct a factor score for SES based on standardized
items using CFA in Mplus (Appendix C2). FIML is used to handle missing data, which is especially
present for parental education (Table C2.1 in Appendix C2).

School SES is an aggregate of parental SES. We use the average parental SES of all children in
the school who took the Cito test in the year that the twins took this test.

We control for year of birth and sex (0 = female, 1 = male) in all models. Descriptive statistics
of all variables are presented in Table 3.1.
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Table 3.1 Descriptive statistics for same-sex (SS) and opposite-sex (OS) twins.

SS twins OS twins
Variable N Mean S.D. N Mean S.D.
Twin specific
Cito twin 1 16,530 535.17 9.77 9,909 535.08 9.82
Cito twin 2 16,456 535.32 9.68 9,909 535.13 9.73
Male twin 1 18,384 0.49 - 11,050 0.50 -
Male twin 2 18,384 0.49 - 11,050 0.50 -
Twin pair
School quality 18,384 0.10 0.46 11,050 0.10 0.45
School SES 18,384 0.03 0.34 11,050 0.03 0.34
Parental SES 18,384 0.06 0.77 11,050 0.04 0.78
Year of birth 18,384 2000.12 3.73 11,050 2000.19 3.68

Note: All continuous independent variables are z-standardized prior to the analyses. Minimum and maximum
values are not provided because of the confidentiality guidelines of Statistics Netherlands.

3.3.4 Twin model

In the classical twin design, structural equation modeling (SEM) is used to decompose the
variance in a characteristic into three latent components. First, a component capturing additive
genetic variance (A). Second, common or shared environmental variance (C), which includes all
environmental aspects making twins more alike such as influences of family resources, parenting
practices, educational expectations, and the broader environmental context that differs between
families (Baier & Lang, 2019). We use the C component as a comprehensive measure of family
background influences, reflecting social inequality in educational performance. Last, unique, non-
shared, environmental variance (£), capturing aspects making twins dissimilar. These include, for
example, subjective experiences, differential treatments, luck, and measurement error (Knopik
et al,, 2016). Latent components A, C, and E are set to a variance of 1. Path coefficients g, ¢, and
e represent the effects of the latent factors on educational performance. The variance is equal
to the square of the path coefficient; hence the ACE model can be written mathematically as:

V

e =AC+ e =V, +V o+ V, (31)
where V, . is the total variance of our phenotype educational performance. We extend this
model by including a continuous moderator (M) (see Purcell 2002). In our case, our moderator
school quality affects the average educational performance as shown by u + b, M. It could
also moderate, for example, a to become a + b,M (see Figure 3.2). The total variance in this
moderation model changes to:

Voaues = (@ + JbﬂM)2 +(c+ b(.M)2 +(e+ beM)2 (3.2)
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Parameters in this model are usually identified because zygosity is available. Identical (i.e.,
monozygotic; MZ) and fraternal (i.e., dizygotic; DZ) twins differ in genetic resemblance: where MZ
twins are genetically identical at conception, DZ twins share on average half of their segregating
genes. Hence, the genetic correlation (A7-A2) can be constrained to 1 for MZ twins and 0.50
for DZ twins. It is assumed that MZ and DZ twins share their environment to the same extent,
meaning that shared environmental correlation (C7-C2) can be constrained to 1 for both MZ
and DZ twins. Accordingly, the MZ covariance is Cov,,, = V, 4+ V and for DZ twins this is
CVOVDZ = OSVA + VC .

Constraining the shared environmental variance to be equal reflects the Equal Environment
Assumption (EEA).'® Additional assumptions are no assortative mating, generalizability of twins
to the general population, minimal gene-environment correlation, and absence of non-additive
genetic effects. Violations of these assumptions could bias Aand C but do so in different directions
(see Table 1.1 in Chapter 1 of this dissertation)(Rijsdijk & Sham, 2002). The consequences of
violations (upward or downward bias of A and C) are reflected in the difference in genetic
relatedness between twin types. We perform the analyses with different genetic correlations to
test to what extent our results are sensitive to the assumptions.

3.3.5 Twin model with unknown zygosity
We do not have information on zygosity but instead rely on data from 18,384 SS twin pairs and
11,050 OS twin pairs. OS twins are always DZ, hence their genetic correlation (A7-A2) is equal to
0.50. SS twins are a mixture of MZ and DZ twins. The true value for the average genetic correlation
of SS twins (i.e., rSS)is unknown, and there are different ways in the literature to deal with this
(Figlio et al. 2017; Pokropek and Sikora 2015; Rodgers, Rowe, and May 1994). A common way is
using Weinberg's differential rule to estimate the proportion of MZ and DZ twins within SS twin
pairs (Weinberg, 1901). According to this rule, the probability of male births equals the probability
of female births, and therefore among DZ twins the number of SS twins equals the number of
OS twins. The total number of DZ twins is thus twice the number of OS twins. The proportion of
MZ twins within SS pairs in our data can be estimated by p, ... = (No.~ N,o) / N, = (18,384 - 11,050)
/18,384 = .40. For DZ twins within SS pairs thisis p, .. =1 - .40 =.60. This leads to an average
genetic relatedness among SS twins of rSS, = (1*.40) + (.5*.60) =.70. Another common approach,
which is based on the assumption that among SS twins half will be MZ and half will be DZ, is to
userSS. =75 (i.e, the average genetic relatedness of MZ and DZ twins) (e.g., Rodgers et al. 1994).
While the MZ twin rate is relatively stable over time and MZ twinning is thought to be the
result of arandom event, this is not the case for DZ twins. DZ twin births are related to individual
characteristics (DZ twin pregnancies are more common when the mother is older, taller, has a
higher BMI, and smokes, among others) and the usage of assisted reproductive technology (ART)
such as in vitro fertilization (IVF) (Glasner et al., 2013). There are also indications that usage of ART
is related to MZ twin pregnancies, but the underlying causes are unknown (Glasner et al., 2013;

16 Violation of the EEA could overestimate A and underestimate C, but only if differential treatment is related
to the outcome under study. Several studies showed that the EEA is unproblematic for a wide range of
outcomes (for an overview, see, Felson 2014), including school performance specifically (Conley et al., 2013;
Monkediek, 2021).
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Vitthala et al.,, 2009). In the Netherlands, the average maternal age and use of ART increased over
the past decades, although the IVF policy has become more conservative (increasingly only one
embryo is being transferred) (Glasner et al.,, 2013). Assuming a fifty-fifty mixture of MZ and DZ
twins among the SS pairs is likely not realistic for the population that we study. Relying on the
estimated genetic relatedness using Weinberg's differential rule overcomes this problem. Indeed,
when we calculate the MZ/DZ ratio among SS twins we find a larger share of DZ twins among SS
twins (i.e., a ratio of 40/60, leading to the estimated genetic relatedness of rSS_=.70).

Relying on a twin model with unknown zygosity has been criticized (e.g., Eaves &Jinks, 1972).
One concern is that the design is less powerful than using information on zygosity. This is less
applicable to our study given the use of population data. Another concern is that the method
relies on the assumption that the correlation of SS twin pairs only differs from that of OS twin
pairs because SS twins are on average genetically more similar, not for other non-genetic reasons
(Figlio et al., 2017). This assumption is violated if SS DZ twins are more similar to one another than
OS DZ twins because the first are from the same sex and the latter are not. One could test this
by comparing intraclass correlation coefficients (ICCs) of SS and OS pairs with known zygosity.
This has been done for reading and mathematics achievement using data from the Netherlands
Twin Register (De Zeeuw & Boomsma, 2017). Comparing the similarity in educational achievement
for SS and OS pairs and MZ and DZ pairs with different sex compositions demonstrated that the
assumption holds (De Zeeuw & Boomsma, 2017). Another way to test this is by comparing the ICCs
of SS and OS non-twin sibling pairs. This shows that SS siblings are slightly more similar (average
ICC for males and females = .44) than OS siblings (ICC =.42), suggesting small sex influences
(Appendix C3)."” Although the difference is only .02, it could still lead to a non-negligible upward
bias in estimates of genetic variance and a downward bias in shared environmental variance.'®
One can correct this bias by using a larger value for rSS_."° We, therefore, perform our analyses
using three values of rSS_ (.70, .75, .80). As we will show, our conclusions are robust to the different
values.

17 Additionally, comparing ICCs of OS twins and OS siblings shows that OS twins are more similar than OS
siblings, suggesting that twin status influences pair similarity. The difference is relatively small, especially
considering that OS twins have the same age while OS siblings differ in age.

18 To give an intuition for the possible size of the bias, if one uses the ICC of OS DZ twins (.45), the descrip-
tive estimate of heritability would be .80, which can be calculated with the formula (ICC., -ICC,) / (rSS,
-rOS,)=(.61-.45)/(70 - .50). If we assume that the sex-effect for twins is the same as for non-twin siblings,
the ICC for SS DZ twins would be .45 + .02 = .47. Based on this ICC, heritability would be .70.

19 Theoretically, one would adjust the shared environmental correlation of OS twins downwards to consider
that their environments are less similar because they are of different sexes. However, genetic and shared
environmental relatedness account for the same pattern in the data (cf. Spinath et al. 2004), so it makes
sense to only adjust one at a time. Practically, increasing rSS is similar to decreasing the shared environ-
mental correlation of OS twins.
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Figure 3.2 ACE moderation model.

Note. Latent variables represent genetic (A), shared-environmental (C), and non-shared environmental (£)

components of educational achievement, with corresponding path coefficients a, ¢, and e. Measured variable M

. . . . . . Ngg — N, N,
refers to the moderator. Genetic covariance for same-sex (SS) twin pairs is estimated by $s = I% +-5N—f’: =70

and is .5 for opposite-sex (OS) twin pairs. We also use .75 and .80 as alternative values for rSS_.

3.3.6 Analytical strategy

We fit a series of ACE models in Mplus. We have data on 29,434 twin pairs nested in 5,843 schools.
To account for this nested structure, we adjust the standard errors for clustering at the school
level. In all models, the influences of sex and birth year are controlled for by including them as
covariates. We z-standardize all continuous independent variables prior to the analyses. Before
fitting the twin models, we test for equal means and variances between SS and OS twins. The
difference in the mean of educational performance (Wald test = 0.83, df= 1, p = .362) and variance
in educational performance (Wald test =0.12, df =1, p =.733) are not statistically significant,
indicating that equality of means and variances can be assumed.

We first examine the ACE model and include the main effects of school quality, school SES,
and parental SES on educational performance in a stepwise fashion. It should be noted that
these school and family measures are always shared between twins and thus can only explain
shared environmental variance in the ACE model, even though these measures include genetic
and non-shared environmental variability (Turkheimer et al., 2005). Hence, their associations
with educational performance should not be interpreted as causal, as they can be genetically
confounded (see, e.g.,, Hart et al., 2021). Next, we allow the ACE components to be moderated
by school quality and school SES to test whether genetic and shared environmental variance in
educational performance increases or decreases with increasing school quality and school SES.
Subsequently, we test the moderation by school quality and school SES simultaneously, to see
whether school SES explains part of the moderation effect of school quality. Lastly, we control
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for the moderation by parental SES to further scrutinize whether moderation by the school
environment measures reflects school-based processes or are instead driven by what happens
in the family environment. We perform several robustness checks to assess to what extent our
results are dependent on our model assumptions and operationalization of school quality.

The few behavioral genetics studies examining whether the school environment moderates
genetic and shared environmental variance generally looked at absolute variance components
(Hart et al. 2013; Taylor et al. 2020, 2010), although standardized components were also used
(Haughbrook et al. 2017). For standardized components, each variance component is made
proportional to the total variance. For example, relative genetic contribution (i.e., heritability) is
obtained by SVi= % An advantage of standardized components is that it considers that the
total variance may differ between contexts while the effect of genes and the environment do not
differ. For example, in certain schools children may be more genetically similar or more similar
concerning their (non-)shared environmental background than in other schools (Knigge et al.,
2022). An advantage of using unstandardized, absolute variance components is that genetic
and shared environmental variances can be contingent on school quality independent of each
other. Solely focusing on standardized components will conceal underlying processes. As both
standardized and unstandardized variance components have pros and cons, we report both.

3.4 Results

3.41 Genetic and environmental influences on educational performance
Before examining the ACE moderation model, we first investigate unmoderated genetic and
environmental influences on educational performance by decomposing the variance in educational
performance in genetic (A), shared environmental (C), and non-shared environmental (£) variance.
We do so for different values of rSS_. The total variance in educational performanceis V,, =95.34.
While the total amount of variance does not depend on rSS, the variance decomposition differs.
In our lower bound scenario (rSS.=.70, Model 1, Table 3.2), genetic differences explain 90.9%
of the variance in educational performance (SV, = 86.65 / 95.34 = .909) and we find no shared
environmental variance. When we use rS5.= .75 (Model 2, Table 3.2), we find that the variance
in educational performance is to a lesser extent attributable to genetic differences (73.0%) and
more to shared environmental variance (8.9%). When we further increase rSS_(Model 3, Table 3.2),
genetic variance becomes smaller and (non-)shared environmental variance larger. Altogether,
61-91% of the variance in educational performance can be attributed to genetic variance, 0-15%
to shared environmental variance, and 9-24% to non-shared environmental variance.
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Table 3.2 ACE model for cito for different values of rSS_ (N, =18,384, N, . =11,050).

Model 1 Model 2 Model 3

rss.=.70 rss.=.75 rss,=.80
Parameter Estimate s.e. Estimate s.e. Estimate s.e.
Intercept 534.63 ***  (0.08) 534.63 *** (0.08)  534.63 ***  (0.08)
a 9.31 *** (0.06) 8.34 **x* (0.24) 7.62 **F* (0.22)
c 0.00 (0.04) 291 **%  (0.47) 378 ***  (0.32)
e 295 **%x  (0.12) 416 ***  (0.16) 4.80 ***  (0.11)
v, 86.65 ***  (114) 69.61 ***  (3.96) 58.00 ***  (3.30)
V. 0.00 (0.00) 8.46 ** (2.74) 14.26 *** (2.42)
V. 8.69 ***  (0.71) 17.28 *** (1.32) 23.08 *** (1.02)
e ; 6 ;
Loglikelihood -190307.99 -190307.98 -190307.98
Scaling correction factor 1.08 1.30 1.30
AlC 380627.98 380627.97 380627.97

Note: ***p<.001 (two-tailed test). Controlled for sex and year of birth. Robust standard errors accounting for
clustering at the school level are shown in parentheses. Parameters a, ¢, and e refer to the unmoderated path
coefficients capturing genetic, shared-environmental, and non-shared environmental influences, respectively.

Squaring these path coefficients gives the variance components V,, V,, and V..

Next, we sequentially include the main effects of school quality, school SES, and parental SES
on educational performance (Table C4.1, Appendix C4). The estimated sizes of these associations
do not depend on rSS,. School quality is statistically significantly associated with educational
performance (b = .61, §=.06, p <.001). This is not substantial; each standard deviation (S.D.)
increase in school quality is associated with a 0.61 point (0.06 S.D.) increase in Cito score.
Additionally, sequentially including school SES and parental SES shows that parental SES has a
much stronger association with educational performance (b = 2.89, f = .30, p <.001) and explains
part of the association between educational performance and school quality and school SES.
The school quality association with performance reduces to .24 (B =.02, p <.001). Controlled
for parental SES (and school quality), shows that there is a relatively weak positive association
between school SES and educational performance (b =0.92, 8 =.09, p <.001). If there is shared
environmental variance present, as is the case for rSS_=.75 and rSS_= .80, this is (almost) entirely
accounted for by school quality, school SES, and parental SES.

3.4.2 Genetic and environmental influences moderated by school quality
and school SES

Next, we test how school quality moderates genetic and environmental variance while using

a genetic correlation of rSS_=.70 (Model 1, Table 3.3). We could have used .75 and .80 as well,

which we do in the next section as robustness checks. We find that with increasing school quality,

genetic influence decreases statistically significantly, b, SQ = -.019, p =.009 (Figure 3.3a and Table
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3.3, Model 1). Shared environmental variance is absent once school quality is taken into account.
Because of the decreasing genetic variance, the total variance in educational performance also
decreases with increasing school quality. When this is taken into account by standardizing the
ACE components, we see that the relative genetic influences barely decrease with increasing
school quality (Figure 3.3b).
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Figure 3.3 Unstandardized and standardized genetic (A), shared environmental (C), and non-
shared environmental (E) variances of educational performance moderated by school quality,
including 95% Cl.

Note: Based on Model 1 of Table 3.3 using a genetic correlation of r5S_=.70.

Similar to our findings for school quality, our results show that school SES decreases genetic
influence and does not affect shared environmental influence on educational performance
(Figure 3.4 and Table 3.3, Model 2). Although we did not have expectations on the moderation of
non-shared environmental variance, we find that school SES statistically significantly decreases
non-shared environmental variance (Model 2, Table 3.3). When the decreasing total variance
with increasing school SES is taken into account, we do not find any moderations in the relative
contribution of genetic and environmental variances (Figure 3.4).
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Figure 3.4 Unstandardized and standardized genetic (A), shared environmental (C), and non-
shared environmental (£) variances of educational performance moderated by school SES,
including 95% Cl.

Note: Based on Model 2 of Table 3.3 using a genetic correlation of rSS5.=.70.
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3.4.3 Simultaneous test of the moderating role of school quality and SES
The average SES of children in a school may explain part of the moderation effect of school
quality. When we test the moderation by school quality and school SES simultaneously in Model
3 (Table 3.3), the model fits the data better than the model that only includes the moderation by
school quality. When the moderation effects of school SES are taken into account, the genetic
moderation by school quality is indeed reduced and no longer statistically significant. School
SES could capture both school effects (e.g., peer group processes) and family effects. Therefore,
we additionally include parental SES as a moderator in Model 4, which fits the data better than
Model 3. This final model shows that the moderating role of school SES is for a part attributable
to parental SES. The previously found moderation of genetic variance by school quality is thus
partly attributable to selection of high-SES children in high-SES schools. When this is considered,
we find no evidence for moderation effects of school quality anymore (Figure 3.5).
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Figure 3.5 Unstandardized and standardized genetic (A), shared environmental (C), and non-
shared environmental (£) variances of educational performance moderated by school quality
controlled for the moderation effect of school SES and parental SES, including 95% Cl.

Note: Based on Model 4 of Table 3.3 using a genetic correlation of rSS_=.70.
The final model shows that the moderating role of school SES is for a part attributable to

parental SES, but not entirely. School-based processes likely play a role too, as the genetic
moderation effect by school SES reduces, but more than half the size of the genetic moderation
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coefficient remains and is statistically significant (see Table 3.3, Model 4). We also find a statistically
significant moderation of shared environmental variance by school SES once parental SES is
controlled for. However, we find the evidence for decreasing shared environmental variance rather
weak given the small amount of shared environment variance that is present to begin with. Lastly,
the decreasing non-shared environmental variance by school SES that we found in Model 3 (Table
3.3), appears to be attributable to parental SES (see Model 4, Table 3.3).

3.4.4 Robustness checks

First, we performed auxiliary analyses to test whether our findings are robust against using
different values of genetic relatedness of SS twins. Conclusions based on our estimated genetic
relatedness of rSS.= .70 still hold when the alternative values .75 and .80 are used (Figure 3.6;
Appendix C4). We still find no moderation of genetic and shared environmental variance by school
quality. In our main analyses, we found a significant moderation of genetic variance by school
quality when we did not control for school SES and parental SES. In our robustness check, this
moderation effect by school quality is not statistically significant. As can be seen in Figure 3.6
(and more detailed in Appendix C4), the moderation effects, as well as the variance components
in general, are estimated with less precision. Concerning the moderation by school SES, we still
find a decrease of genetic variance with increasing school SES. When controlling for parental
SES this negative moderation remains statistically significant and substantial when rSS =75 is
used (as was the case for our main results using rSS_=.70), but not if rSS_=.80 is used. Lastly,
concerning our expectation that SES confounds the gene-school quality moderation effect, we
found empirical support for this when using rSS_=.70. For rSS_=.75 and .80, we do not find
statistically significant moderation effects of school quality in the first place, meaning there is
no moderation effect that can be confounded by school SES and parental SES (Tables C4.2 and
C4.3, Appendix C4).

Second, we investigated whether our gene-environment interaction is driven by SES
differences in the estimated MZ/DZ ratio among SS twins. We relied on the average estimated
genetic relatedness of SS twins of rSS_=.70 (and, alternatively, values of .75 and .80). However,
given the factors that affect DZ twin pregnancies (e.g., IVF usage, maternal age, BMI, smoking), rSS..
may differ between SES groups. If there are relatively more DZ twins in higher-SES families than
in lower-SES families, rSS_ will be lower in high-SES families than the assumed average of .70. Our
observed gene-SES interaction could then be the result of an underestimation of genetic variance
among twins from high-SES families (and an overestimation of genetic variance among lower-SES
families). Our gene-SES interaction does not appear to be driven by SES differences in the MZ/
DZ ratio. If anything, the estimated proportion of DZ twins among SS twins is larger for low-SES
than high-SES families. Our gene-SES interaction may therefore even be slightly underestimated.
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Third, we investigated non-parametric gene-environment interactions for school quality
and school SES. The ACE moderation model including a continuous moderator assumes linear
moderating effects on the ACE components, while there may be threshold effects (Purcell 2002).
For example, it could be that only the most disadvantaged schools show increased genetic
differences. Therefore, we performed a multigroup (i.e., non-parametric) gene-environment
interaction for quantiles of school quality and school SES (see Appendix C5). The results largely
mirror the main analyses with continuous linear moderations. The only difference is that for
school quality (not controlled for school SES and parental SES) the genetic variance is not declining
linearly with increasing school quality. There is more genetic variance in the lowest quality schools
and less in the other four quantiles. Only the difference in genetic variance between the first and
fourth quantile is statistically significant (Wald test: ¥* = 5.78, df = 1, p =.016). For school SES, there
is a clearer linear decline in genetic variance although not all group differences are statistically
significant (see also the large confidence intervals in Figure C5.3, Appendix C5).

Lastly, we used different operationalizations of our school quality variable. The influence of
certain more specific school quality aspects might be masked by using one overall school quality
measure. We looked more specifically into the moderating role of school quality by separating it
into the school resources and school climate dimensions. We reach the same conclusion if we use
these dimensions instead of one overall school quality factor. School resources and school climate
are both positively associated with average educational performance, with a similar strength as
the overall school quality factor (Figure C6.1, Appendix C6). Similar to the main results, we find that
school resources and climate negatively moderate genetic variance, but not when school SES and
parental SES is controlled for (Table C6.1, Appendix C6). We also investigated all nine underlying
school quality dimensions separately. When school SES is controlled for, only three dimensions
remain statistically significantly associated with average performance (see Figure C6.2, Appendix
C6). These are guidance of educational needs, monitoring and evaluating (special needs) students,
and learning climate. For these three dimensions, we performed moderation analyses. None
of the dimensions moderates genetic variance. However, once we control for both school SES
and parental SES, the remaining shared environmental variance turned out to be moderated by
learning climate (see Model 2 of Table C6.2, Appendix C6). We do not interpret this effect, because
itis the only statistically significant school quality moderation we found out of many tests, and we
did not correct p-values for multiple testing. Moreover, the effect is not substantial.

3.5 Conclusions and discussion

Inequality of educational opportunity is seen as a problematic phenomenon in many societies,
making researchers, policymakers, and educational practitioners question how to reduce it.
Especially high-quality schools may have the potential to reduce educational inequality. We
investigated this using gene-environment interaction analyses applied to administrative data
on twins. Smaller shared environmental variance in higher-quality schools is indicative of less
inequality of opportunity in these schools. Family background would then be less decisive for
educational performance. Whether smaller genetic variance is also indicative of less inequality
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depends on one's perspective what educational inequality entails. If genetic variance is seen as
unfair because children have no control over the genes they inherit, smaller genetic variance
would indicate less inequality. Alternatively, genetic variance can be considered to capture innate
talent, and performance differences due to differences in talent could be seen as fair. In that case,
smaller genetic variance gives an indication of more inequality of opportunity.

We do not find evidence that school quality decreases educational inequality, neither
concerning social inequality nor genetic inequality. Initially, it seems to be the case that genetic
variance is smaller in higher-quality schools. However, the lower genetic variance in these schools
appears not to be related to school quality but to school SES and parental SES instead. If genetic
differences in performance are seen as unfair and part of educational inequality, there is less
inequality in high-SES schools. We would have misattributed the decreasing genetic variance in
educational performance to higher-quality school environments instead of higher-SES family and
school environments (and overestimated the influence of school SES) if school quality, school
SES, and parental SES were not studied simultaneously.

These findings thus suggest that not school quality but instead SES plays a role. The
results suggest that it is both parental SES and school SES that matter, and that the underlying
mechanisms thus reflects processes in both the family and school context. The smaller genetic
influence in higher-SES environments is consistent with the diathesis-stress model (Rende &
Plomin, 1992). This model suggests that the fewer environmental risks and the more positive
factors in higher-SES families and schools neutralizes or compensates for the expression of
genetic risks towards poor educational performance (see also Shanahan and Hofer 2005). Low-
SES environments are generally considered less favorable for educational performance and may
thus enforce such influences of genetic risk. This implies that if children have genetic risks (e.g.,
related to learning or behavioral problems), this will have fewer negative consequences for their
educational performance if they have high-SES parents and attend high-SES schools. For example,
because high-SES parents are more likely to provide adequate support. This is consistent with the
sociological compensatory advantage mechanism, according to which prior negative outcomes
(e.g., health and cognitive endowments at birth, previous school results) are compensated by
high-SES parents (Bernardi, 2014). Such negative prior outcomes are genetically influenced; hence,
the compensatory advantage mechanism could be expanded to include the compensation of
disadvantageous genetic dispositions. Similarly, a larger share of high-SES children in school may
contribute to a more advantageous environment. For example, high-SES pupils may influence the
performance, aspirations, and student habits of their peers and contribute to an environment that
is more conducive to learning (Gutiérrez, 2023; Lazear, 2002). This may be especially beneficial
for pupils with more genetic risks for lower performance.

The decreasing genetic variance is accompanied by a decrease in the total variance in
performance with increasing SES (i.e., there is less dispersion). It could be that pupils differ less in
their performance levels in higher-SES environments because genetic influences are compensated
via the potential mechanisms that we just discussed. However, there could also be less variance
in performance in high-SES environments because these environments are more homogenous
in terms of children’s genetic makeup and/or environmental characteristics. In that case, focusing
on the standardized results would be more appropriate. The standardized results do not show a
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gene-environment interaction. Hence, an alternative explanation for the lower genetic variance
in high-SES schools is that selection into schools plays a role instead of a substantive interplay
between genes and the school environment.

Although we had no expectations of the moderation of non-shared environmental variance
in performance, we find that it decreases with increasing SES. One interpretation of this finding
may be that similar to the compensation of genetic risks, also non-shared environmental risks
may be compensated in high-SES environments. Non-shared environmental risks include child-
specificinfluences that negatively affect educational performance (e.g., accidents, iliness, negative
peer influences). If one twin has the risk of lower educational performance due to such individual
circumstances, high-SES parents may be more likely to compensate for this (Bernardi, 2014;
Conley, 2008). Contrarily, low-SES parents may not have the opportunity to compensate (e.g., due
to their lower levels of economic and cultural resources), hence, twins may end up performing
more differently. This would then be reflected in the larger non-shared environmental differences
with lower SES. Since the non-shared environment also includes measurement error, an
alternative interpretation is that there is less measurement error in the educational performance
of high-SES twins. More research is needed for conclusions on the potential differential impact
of the non-shared environment.

We did not find evidence for genetic and environmental influences being dependent on
school quality, and only small effects of school quality on average educational performance.
This could mean that the school environment is not as important for (inequality in) educational
performance as thought. It may also be that there is less (systematic) variation in school quality
in the Netherlands than in other countries because of how the educational context is organized.
Private schools are rare and both public schools and religious schools receive public financing,
proportional to the number of pupils. Schools attended by pupils from more disadvantaged
backgrounds receive additional funding (Ritzen et al., 1997). This could result in fewer quality
differences between schools than in other countries where school funding is more unequal. In
other contexts, the effects of school quality on average performance may be stronger and the
gene-school quality interaction might work differently. More comparative research could provide
insight into this. An alternative explanation is that school quality matters, but that we do not
sufficiently capture it with our indicators. For example, maybe it is not so much between-school
quality differences but within-school differences that play a role (e.g., teacher quality, classroom
processes). When differences in educational performance between twins that are in the same
versus different classrooms are investigated, the classroom environment indeed turned out to
play a role in the Netherlands (Stienstra et al., 2023 / Chapter 2).

In addition to the operationalization of school quality, also the operationalization of
educational performance deserves some further reflection. Our measure, pupils’ Cito score, has
the advantage that it is based on a test that is taken nationwide and is standardized. Moreover, it
is a meaningful measure in the Dutch context given its importance for pupils’ future educational
career. However, if one thinks of this measure as capturing the full underlying educational
performance distribution of pupils, the Cito test has some disadvantages. It has certain properties
that results in a negatively skewed distribution with some censoring at the top (and to a lesser
extent also the bottom) of the distribution (Van Boxtel et al.,, 2010). The negatively skewed
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distribution results from the chosen difficulty level of the test, expressed by the p-value which
indicates the proportion of pupils who answered the item correctly. For the Cito test, it is aimed
to have questions of a difficulty between .40 and .90 and an average of around .70 (Van Boxtel
etal, 2010). The censoring results from the scaling of the items. To make the scores comparable
over the years, the number of correct answers on the test are transformed into a scale with a
mean of 535, a standard deviation of 10, and a range from 501 to 550. If the transformed scores
are below 501 or above 550, they are rounded to the minimum or maximum (Van Boxtel et al.,
2010). More pupils score at the upper end of the scale. Also, this occurs more among children
from higher-SES backgrounds; they more often obtain the maximum score of 550 (De Zeeuw et
al,, 2019). On the one hand, it could be argued that this does not matter that much. In the end,
it is children’s position on the Cito score scale that matters for their future educational career.
Hence, it is worthwhile to study this reality, including the properties of the scale. On the other
hand, when one is interested in the underlying sources of differences of the (latent) educational
performance of pupils, it is important to study the full range of differences between pupils instead
of a somewhat censored scale. In this study, it could be that the reducing (genetic) variance with
increasing SES could be a ceiling effect. However, | expect that the decreasing variance with
increasing SES reflects (at least partly) substantive compensation mechanisms. The study by De
Zeeuw et al. (2019) investigated the interaction between family SES and the underlying sources
of variance in Cito scores and corrected for the effect of censoring at the high end of the scale,
which led to the same results.

Another potential limitation relates to the use of SS and OS twins. Although we use high-
quality administrative data, a limitation is the absence of information on zygosity. This could also
lead to biased estimates for genetic and shared environmental variance. Since the true genetic
relatedness among SS twins is unknown, we had to rely on estimated genetic relatedness. To
check how sensitive our results are to the model assumptions, we used different values for genetic
relatedness among SS twins. We think our approach led to valid conclusions. Previous studies
on educational performance for similar cohorts in the Netherlands, but based on a non-random
twin sample with zygosity, found estimates for genetic, shared environmental, and non-shared
environmental variance within the range of our estimates (i.e., 61-81% genetic, 0-15% shared
environmental, and 9-24% non-shared environmental variance) (De Zeeuw et al., 2016; Knigge
et al,, 2022; Stienstra et al., 2023). Moreover, our conclusions relating to the gene-environment
interactions remain the same irrespective of which value of genetic relatedness among SS twins
is chosen.

The observed decrease in genetic differences and non-shared environmental differences
in more advantageous environments is not entirely surprising, as a prior twin study on
educational performance in the Netherlands found less unstandardized genetic variance (and
less environmental variance) in educational performance with increasing family SES (De Zeeuw
et al., 2019).%° We show that this also holds for school SES. Also studies using polygenic indices
(PGls) provide evidence in line with this compensation pattern. PGls are composite measures
for each individual based on the correlation between genetic variants and an outcome, and

20 In Chapter 2, we replicate this finding using another operationalization of family SES.
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therefore provide an estimate of an individual's genetic liability to this outcome (Dudbridge, 2013).
Recent studies used this for investigating the interaction between schools and the influence of
educational attainment PGl on educational attainment, college completion, and dropping out of
math, amongst others, and likewise found evidence for compensation (Cheesman et al., 2022;
Harden et al., 2020; Trejo et al., 2018).

These findings can be used as a starting point for future research to investigate the
mechanisms underlying the negative gene-SES interaction. The (decreasing) genetic differences
in higher-SES environments as provided by the twin model, but also the educational attainment
PG, can be seen as a black box. They do not provide enough information on whether the genetic
influence on educational performance occurs via characteristics that have a positive effect (e.g.,
cognitive ability) or negative effect (e.g., deviant behavior, psychiatric disorders). Future studies
could identify mediators of the gene-SES interaction by investigating whether the gene-SES
interaction in educational performance can be explained by gene-SES interactions in (non-)
cognitive characteristics (see Ruks, 2022). Empirically distinguishing between positive genetic
potential and negative genetic risk would provide a more informative way to investigate whether
the environment enhances genetic potential (i.e., bio-ecological model) or compensates for
genetic vulnerability (i.e., diathesis-stress model, compensatory advantage). If more advantageous
environments compensate for genetic risks, it can be expected that this would be especially
pronounced for (the genetic component of) more specific learning problems such as dyslexia
and ADHD than (the genetic component of) general educational performance or cognitive ability,
for example. This could be investigated by including such specific characteristics that have a
negative effect on educational performance in the twin design and/or using the PGls of these
characteristics.

Both the twin design and usage of PGls have advantages and disadvantages (see, e.g., Mills
& Tropf, 2020). Therefore, providing a definite conclusion on the interplay between the school
environment and genetic and shared environmental influences requires combining different
methods. For now, based on our twin analyses, we conclude that school quality does not decrease
(and neither increase) educational inequality. We find evidence for a gene-environment interplay
in educational performance in the Netherlands, where genetic differences are smaller in more
advantageous environments consistent with the idea of compensation of genetic risks. This
gene-environment interplay in education turns out to be an SES composition effect rather than a
school quality effect. Therefore, the results of this study suggest that reducing quality differences
between schools would likely not be sufficient to reduce educational inequality.
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Chapter 4

4 Abstract

We investigate the role of gender, family SES, school SES, and their intersection in educational
performance using a twin design. Drawing on theories of gene-environment interaction, we test
whether high-SES environments compensate for genetic risks or enhance genetic potential, and
its dependency on gender. Using data on 37,000 Danish twin and sibling pairs from population-
wide administrative registers, we report three main findings. First, for family SES, but not for
school SES, we find that genetic influences play a slightly smaller role in high-SES environments.
Second, this relationship is moderated by gender: in high-SES families, the genetic influence is
considerably lower for boys than for girls. Third, the moderating effect of family SES for boys is
almost entirely driven by children attending low-SES schools. Our findings thus point to significant
heterogeneity in gene-environment interactions, highlighting the importance of considering the
multiplicity of social contexts.

This work was supported by the NWO research talent grant for the project ‘Quality and inequality: The com-
pensatory and multiplicative effects of school quality'(NWO: 406-18-557, awarded to Stienstra, Knigge, and
Maas) and the ECSR Visitor Grant (awarded to Stienstra).

Prior versions of this work were presented at the Welfare, Inequality, and Mobility seminar (University of
Copenhagen, 2021), Migration and Social Stratification seminar (Utrecht University, 2022), European Social
Science Genomics Network conference (Bologna, 2022), European Consortium for Sociological Research (ECSR)
conference (University of Amsterdam, 2022), and the ECSR Network Workshop ‘Compensatory advantage and
other inequality generating mechanisms’ (European University Institute, 2022). We thank the participants for
their valuable comments.
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41 Introduction

Educational performance has consequences for economic, social, and health outcomes.
Therefore, ample research has focused on the question of why some students perform better
than others. Children differ from one another in many ways, including their gender, the family
they are raised in, and the school they attend. An additional source of individual differences
that received less attention in the sociological literature is genetic influences. Twin studies show
that differences in children’s educational performance are for a large part explained by genetic
differences between them (e.g., de Zeeuw, de Geus, & Boomsma, 2015). Genetic influences do
not operate in a vacuum but are influenced by the environment, including historical contexts,
institutions, and local communities (Elder & Shanahan, 2006; Herd et al., 2019). The extent to
which genes play a role in educational performance can thus be expected to depend on key
socializing contexts in children’s lives, including their family and school environment.

There are competing expectations on how genes and environmental contexts interact in
shaping children’s educational performance. On the one hand, genetic influences may be larger
in more advantageous environments. According to the bioecological model, genetic potential is
enhanced in more stable and resourceful environments, such as provided by high-SES families
(Bronfenbrenner, 1992; Rowe et al., 1999; Scarr-Salapatek, 1971). On the other hand, genetic
influences may be smaller in such advantageous environments. This pattern follows from
the diathesis-stress model that states that the realization of genetic risks is less likely to be
encouraged if levels of environmental risks and stressors are lower (Rende & Plomin, 1992), but
also from the sociological idea that an advantageous environment may compensate for negative
endowments (Bernardi, 2014; Shanahan & Hofer, 2005).

Twin studies provide a way to investigate gene-environment interactions in children’s
educational outcomes. Previous research has examined interactions in educational outcomes
with family SES (Baier et al., 2022; Baier & Lang, 2019; Figlio et al., 2017; Tucker-Drob & Bates,
2016) and, to a lesser degree, the school environment (Hart, Soden, et al., 2013; Haughbrook et al.,
2017; Taylor et al., 2010, 2020). Yet, so far family and school environments have been studied as
independent contexts. Moreover, gender differences in these gene-environment interactions have
not been examined. Research suggests that boys’ academic outcomes are more strongly affected
by environmental factors than girls’, as the gender gap appears to be larger in disadvantaged
families and schools (e.g., Autor et al.,, 2019; Legewie and DiPrete, 2012). For example, boys may
be more sensitive to school contexts, whereas the educational performance of girls is less
responsive to the extent to which the school environment is learning-oriented, disruptive, or
disorganized (Legewie & DiPrete, 2012; Van Hek et al.,, 2017). Therefore, if the family and school
environment moderate genetic and environmental influences, this moderation could be more
pronounced among boys than girls. Providing insight into this is of interest to both researchers
and policymakers in light of the reversal of the gender gap in education (Buchmann & DiPrete,
2006).

In this paper, we examine gene-environment interactions across family and school
environments and investigate whether these interactions differ by gender. Thus, we effectively
study the genetic influence on educational performance at the intersection between gender,
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family background, and school context. To do so, we analyze high-quality data on about 37,000
Danish twin and sibling pairs from population-wide administrative registers. These registers
comprise information on children’s compulsory school grade-point-average (GPA), their parents’
socioeconomic status, the schools they attend, and child’s gender. One significant advantage
of our register data is that they provide us with many cases, yielding sufficient statistical power
to detect the different interactions, something that is not possible in relatively small twin
samples. However, our data do not comprise information on zygosity. Therefore, we rely on
the comparison of same-sex (SS) twins and siblings. We follow previous studies and estimate
the genetic relatedness of SS twins (e.g., Figlio et al., 2017; Rodgers et al.,, 1994). By comparing
SS twins with an assumed average genetic relatedness of 75%, with SS siblings who share 50%
of their genetic makeup, we decompose the variance in GPA into genetic variance (A), shared
environmental variance (C), and non-shared environmental variance (£). We subsequently break
down these components by groups defined by family SES, school SES, and gender.

By considering the multiplicity of contexts, we advance existing research in this area. Prior
research examines families and schools as separate environments, thus potentially neglecting
that individuals are simultaneously embedded in both family and school environments.?" Adding
gender as an extra layer to the interaction allows us to examine whether these interactions play
out differently for boys and girls.

4.2 Theory

4.21 Gene-environment interactions in educational performance

Today scholars realize that genetic and environmental influences are not additive but
interdependent explanations for educational performance (Conley & Fletcher, 2017; Freese, 2008).
This interdependency is apparent in gene-environment interactions, that is, when environmental
characteristics moderate genetic influences (Shanahan & Hofer, 2005). Theories on how genes
and the environment interact are dominated by two competing interaction patterns (Asbury et
al., 2005). On the one hand, there could be a multiplicative interaction between genes and the
environment. An advantaged social context would then enhance the actualization of genetic
endowment for education (Shanahan & Hofer, 2005). Such an interaction pattern can be derived
from the bioecological model (Bronfenbrenner, 1992; Bronfenbrenner & Ceci, 1994), which poses
that enriched environments exacerbate the influence of genetic potential. Enriched environments
have higher levels of positive proximal processes (i.e., enduring forms of interaction characterized
by increasing complexity) that promote the actualization of genetic potential. Simultaneously,
these environments are also thought to buffer against environmental differences in developmental
outcomes. Under this model, more advantageous environments will therefore increase genetic
variance and decrease shared environmental variance.

21 Chapter 3 of this dissertation forms an exception, as this study examines the family and school environment
simultaneously.
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On the other hand, there could be a compensatory interaction between genes and the
environment. It has been argued that a social context could compensate for genetic vulnerabilities
in educational performance (Shanahan & Hofer, 2005). The diathesis-stress model states that the
realization of a diathesis (i.e., a genetic vulnerability) is more likely when the level of environmental
risks and stressors is higher (Paris, 1999; Rende & Plomin, 1992). The absence of these stressors
and/or the presence of positive features in the environment can neutralize or compensate for the
realization of genetic vulnerability. This model implies an interaction pattern in opposite direction
from the bioecological model, namely less genetic variance in advantageous environments.
Although the diathesis-stress model has mostly been applied to psychopathological outcomes
such as depression and ADHD, it can also be considered for “positive” developmental outcomes
such as cognitive ability and educational performance. For example, if there is a favorable literacy
environment, a child with genetic risks for poor reading may reach more similar reading levels as
a child without genetic risks (Pennington et al., 2009).

4.2.2 Family background and school SES

Gene-SES interaction: multiplication

The family SES environment is often considered as an enhancing social context in studies
investigating gene-environment interactions in cognitive and educational outcomes (Hart, Soden,
et al,, 2013). The bioecological model predicts that genetic potential for educational outcomes
is more fully realized in high-SES families, while in low-SES families the importance of shared
environmental influences is larger (Bronfenbrenner & Ceci, 1994; Scarr-Salapatek, 1971).2? In high-
SES families, the home environment is not only more resourced and stable but also thought to
be more adapted to children’s genetic potential. High-SES parents’ parenting style is more active
and focused on planned interactions and cognitively and emotionally stimulating activities with
their children (Lareau, 2003). This implies that high-SES parents actively foster children’s specific
talents (Baier & Lang, 2019).

The type of school in terms of SES composition that children attend can also be expected
to play a role in the gene-environment interplay. School SES could have an effect beyond the
family, as it relates to peer group influences, the quantity and quality of resources and teachers,
and organizational and management processes within the school, amongst others (Caldas &
Bankston, 1997; Sykes & Kuyper, 2013). Low-SES schools are characterized by more instability
and disorganization than high-SES schools. For example, students in low-SES schools may
experience higher levels of classroom disorder (Van Hek et al,, 2017) and teacher shortage
and turnover (Ingersoll, 2001). If we follow the bioecological model, such unstable and less
resourceful environments reduce the extent to which genetic potential is realized because in
such environments there are lower levels of proximal processes (Bronfenbrenner & Ceci, 1994).
High-SES schools, on the other hand, may provide a more stable and resourceful environment
with teacher-child interactions that are more responsive to children’s potential. A high SES

22 The gene-family SES interaction in cognitive ability has also become known as the Scarr-Rowe hypothesis.
This hypothesis can be seen as a specific case of the more general gene-environment interaction that
follows from the bioecological model.
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composition is also positively associated with school characteristics that contribute to better
learning outcomes such as teacher quality, school resources, and academic culture (Rumberger
& Palardy, 2005; Sykes & Kuyper, 2013). Therefore, it can be expected that in high-SES schools
children’s specific talents are more easily discovered (e.g., via more experienced teachers) and that
these schools are better equipped to further develop children’s talents (via, e.g., the availability
of challenging materials or high-achievement norms) (see also Stienstra et al., Chapter 3). This
pattern may be less prevalent in low-SES schools, and thus genetic potential may more often be
left unrealized in these schools.

Gene-SES interaction: compensation

In contrast to the multiplication of genetic influences, a compensation interaction implies that
genetic influences are lower in high-SES contexts. Under the diathesis-stress model, genetic
differences associated with negative outcomes are more likely to be realized when the level
of environmental risks and stressors is high (Rende & Plomin, 1992). Such risks and stressors
more often appear in low-SES families, which more often are single-parent families, have
financial problems, experience stress, and are characterized by home disorganization and
unpredictability (Bradley & Corwyn, 2002; Dumas et al.,, 2005). Many of the characteristics that
pertain to low-SES families also pertain to low-SES schools in that they have more environmental
risk factors. As mentioned earlier, the school environment in these schools is more often unstable
and disorganized than high-SES schools. In high-SES schools, genetic variance in educational
performance can be expected to be lower, simply because risk factors and stressors appear
less often. If there are fewer risk factors and stressors in the environment, genetic risks are less
often realized.

Moreover, in addition to fewer risk factors, high-SES environments are characterized by more
protective factors. The protective factors in high-SES families and schools may neutralize or
compensate for low genetic endowment (or negative genetic risk) for educational performance.
For example, in supportive educational environments at home or in school, children with reading
disabilities receive adequate support, and the negative consequences of genetic susceptibilities
for reading disabilities can be avoided (Friend et al., 2008). This idea is consistent with the notion of
compensatory advantage, a situation in which prior negative outcomes (e.g., health and cognitive
endowments at birth, poor school performance) entail fewer negative consequences for children
from higher-SES backgrounds (Bernardi, 2014). To the extent that the negative outcomes are
genetically influenced, this notion could be expanded to include the compensation of genetic risks.

Although the bioecological model is the dominant framework in studies investigating gene-
environment interplay in education, the empirical evidence for this is mixed. A meta-analysis of
gene-environment interactions of family SES in educational performance and cognitive ability
found support for the bioecological model in the United States (Tucker-Drob & Bates, 2016).
Outside the United States, often no interaction or a compensation interaction pattern has been
found (Asbury et al., 2005; Baier et al., 2022; De Zeeuw et al., 2019; De Zeeuw & Boomsma, 2017;
Figlio et al., 2017; Ruks, 2022). Compared to the family environment, the school environment
is much less studied. Also here the results are inconclusive. Genetic influences on reading
performance and general educational performance were both found to be larger (Haughbrook
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etal., 2017; Taylor et al., 2010, 2020) and smaller (Hart et al., 2013; Stienstra et al., Chapter 3) in
more advantageous school environments, as measured by (proxies for) school quality, teacher
quality, and school SES.

The interplay between family SES and school SES

The roles of family SES and school SES are not necessarily independent and could interact.
To our knowledge, such interaction has not yet been considered in gene-environment studies
of educational performance. However, sociologists pay substantial attention to the interplay
between family and school environments. Family SES and school SES could - just as genes and
SES - compensate or multiply for each other’s influence. In case of compensation, family and
school influences could act as substitutes in predicting educational outcomes. Higher levels
of parental resources could substitute for poorer learning opportunities at low-SES schools by
providing, e.g., supplemental educational investments such as private tutoring (Hanselman, 2018).
Similarly, low-SES children may benefit more from high-SES schools because these schools provide
environmental inputs (e.g., resources, academic climate, higher levels of motivation and aspiration)
that these children are less likely to find at home (Coleman et al., 1966; Kahlenberg, 2001). In case
of multiplication, children from high-SES families would have a cumulative advantage and reap
greater rewards from the learning opportunities in high-SES schools. High-SES children enter
school better academically prepared and may therefore benefit more from school opportunities
(Hanselman, 2018). Moreover, the cultural overlap between family and school environments may
play a role. From a cultural reproduction perspective, high-SES students are more positively
evaluated by teachers, and they experience a greater sense of belonging at school, all leading to
improved educational outcomes (Bourdieu & Passeron, 1977; De Graaf et al., 2000).

Applied to gene-environment interactions in education, a compensation effect of families and
schools would imply that the gene-family SES interaction is stronger in low-SES schools than in
high-SES schools. If families and schools multiply each other’s influence in the enhancement of
genetic potential or compensation of genetic risk, then the gene-family SES interaction would be
stronger in high-SES schools (see Table 4.1).

4.2.3 Gender differences
Boys tend to perform better in math, whereas girls outperform boys in most other educational
outcomes (Downey & Vogt Yuan, 2005). Boys and girls also differ in the dispersion of educational
performance: boys show greater variance in educational performance irrespective of area
(reading, mathematics, and science) and educational level (primary or secondary school) (Baye
& Monseur, 2016; Gray et al., 2019). We expect that the moderating role of family and school SES
on genetic and environmental influences differs between boys and girls. Studies suggest that
environmental factors have a larger impact on boys' academic outcomes than girls, as the gender
gap appears to be larger in disadvantaged families and schools (Autor et al., 2019; Legewie &
DiPrete, 2012). Thus, insofar as the environment moderates genetic and environmental influences,
this moderation would be more pronounced among boys than girls (see Table 4.1).

Two interrelated mechanisms may account for SES disparities in the gender gap: investments
in boys relative to girls could depend on SES (i.e., differential investment) and boys could be more
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affected by investments and circumstances associated with SES (i.e., differential sensitivity) (Autor
etal., 2019). First, concerning differential investments, high-SES parents are argued to invest more
in boys, and low-SES parents more in girls (Freese & Powell, 1999). When gender roles are more
traditional, fathers are expected to spend less time with their children in general. Additionally,
mothers might be more focused on girls and fathers more on boys. Given that low-SES families
tend to have more traditional gender-role attitude and a higher level of single mothers, parents
may spend less time monitoring and interacting with boys than girls in low-SES families (e.g.,
Bertrand & Pan, 2013; Buchmann & DiPrete, 2006). In contrast, high-SES parents may provide
more compensatory investments in boys than girls (Autor et al., 2019). Parents may invest more
resources to improve boys’ education because boys are expected to have a lower likelihood of
earning a college degree (Quadlin, 2019). Especially high-SES parents may compensate since they
have a larger pool of resources (Conley, 2008). Still, empirical evidence for differential investments
by child gender and its dependency on family SES is mixed (Autor et al.,, 2019; Buchmann et
al., 2008). The notion of differential investment also applies to the school context. It could be
that aspects of higher-quality school environments, such as teacher involvement and attention,
are more beneficial for boys than girls simply because they are more exposed to such teacher
interactions (Opdenakker, 2021). Teachers seek to give equal treatment to girls and boys and
believe they do so (Younger et al., 1999). Yet, they may still (unconsciously) favor one gender over
the other, although the direction is not entirely clear (Buchmann et al., 2008). For example, some
studies suggest that boys receive more questions and feedback from the teacher, while others
found that teachers’ attitudes, expectations, and the broader learning environments favor girls
(Meece, Glienke, & Burg, 2006).

Second, even if inputs from the family or school environment are qualitatively and
quantitatively similar for boys and girls, they may be more influential for boys’ educational
performance given boys’ greater sensitivity to their environment.?*> One reason for this greater
sensitivity is related to boys' lower levels of intrinsic motivation (Opdenakker, 2021; Vantieghem &
Van Houtte, 2018). If boys are more often externally motivated, they may also be more triggered
by environmental factors such as the encouragement of the teacher (Opdenakker, 2021). Another
reason is provided by the gender-role socialization perspective, according to which mothers are
more important for the development of girls’ educational aspirations and attainments, and fathers
more for boys (Buchmann et al., 2008). Therefore, in single-mother families or in families with
little father contact - which is more prevalent in low-SES families - boys may be more strongly
impacted by the absence of a male role model and lower levels of paternal time and resources
(Buchmann & DiPrete, 2006; Lei & Lundberg, 2020).

The third reason for boys' greater sensitivity is that boys may be particularly sensitive to how
gendered identities are constructed in schools. Masculinity tends to be associated with disruptive
behavior and opposition to school authority, not with educational effort and performance, which

23 Disentangling whether the underlying causes of boys’ greater environmental sensitivity are genetic or
environmental in origin is difficult. Environmental sensitivity is a characteristic that can be genetically influ-
enced (Pluess & Belsky, 2013), but to our knowledge there is no research investigating gender differences
in this relationship. Therefore, we focus on the (largely environmental) explanations that are available in
the literature. Still, one should be aware that the actual mechanisms are probably more complex than what
is suggested here (including genetic and environmental influences, and their interplay).
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more often is labeled as feminine and thereby stigmatized (Legewie & DiPrete, 2012; Van de
Gaer et al., 2006). For this reason, boys may be more likely to develop an anti-school subculture,
whereas for girls femininity is not associated with disengagement from school. These gendered
patterns are reinforced by peer pressure to conform to (gender-stereotypical) norms of the
peer group, which is experienced stronger for boys than girls (Warrington et al., 2000). These
processes may be especially prevalent in schools lacking academically oriented learning climates
such as schools with lower school quality and less motivated and lower performing students
(e.g., low-SES schools). In such schools, there may be a stronger oppositional culture in male
than female peer groups. Disengagement from school could increase boys' peer group status in
such schools (Legewie & DiPrete, 2012). Conversely, a school context that is more academically
oriented promotes academic competition as an aspect of masculinity and thereby provides a
different way of 'doing gender’ (Legewie & DiPrete, 2012). Therefore, boys are argued to benefit
more from aspects that contribute to this learning-oriented culture, such as high-quality teachers,
and a larger proportion of high-SES students and girls in the classroom (Legewie & DiPrete, 2012;
Van Hek et al., 2017; Van Houtte, 2004).

Table 4.1. Overview of the expected gene-environment interaction patterns.

Moderator Multiplication Compensation

Family SES (+)  genes x family SES

-)  genes x family SES
School SES (+)  genes x school SES () genes x school SES
Family SES x School SES

Compensation

Low-SES school (++)  genes x family SES (--)  genes x family SES

High-SES school (+)  genes x family SES () genes x family SES
Multiplication

Low-SES school (+)  genes x family SES () genes x family SES

High-SES school (++)  genes x family SES (--) genes x family SES
Gender (+ 1) all of the above ) all of the above

stronger for boys stronger for boys

Note. (+) indicates a positive gene-environment interaction where A is higher and C is lower with increased levels
of SES, (-) indicates a negative gene-environment interaction where A is lower and C is higher with increased
levels of SES. A double sign (+ + or - -) indicates that the interaction is expected to be stronger.

4.3 Data and methods

4.31 Data

We analyze data from the Danish administrative registers, which are annually updated databases
comprising a range of information on all members of the population. The register data are of
exceptional quality, containing highly reliable variables and only very few missing observations
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(Jensen & Rasmussen, 2011). We mainly rely on the education registers of Statistics Denmark,
which are generated from the administrative records from the education institutions. We restrict
our analyses to all children in the Danish registers who completed compulsory school between
2003 and 2014 (with the vast majority being born between 1986 and 1998). We choose these
cohorts as 2003 is the first cohort for which GPA is observed in the administrative registers. Given
our twin study design, we only consider (i) SS twin pairs and SS sibling pairs, (ii) siblings who are
spaced by no more than three years, and (iii) twins and siblings that attend the same school type.*
Our final sample comprises 5,010 twin pairs and 32,283 sibling pairs.

For the cohorts we analyze, children attend compulsory school from grades 1 through 9;
that is, primary and lower secondary schools which children attend from approximately ages 6
through 16. These grades are completely untracked, and students typically follow their classmates
through grade 9. As a result of how schools are funded in Denmark and the fact that all school-
level teachers are college-educated, there is less variation in school quality compared to many
other countries. Thus, Denmark presents itself as a best-case scenario in that if we can detect
interaction effects between genetic influences, family SES, and school SES, they will likely exist
in other systems too. In Denmark, children are as a general rule allocated to schools based on
their school district. Districts usually span different neighborhoods with different socioeconomic
compositions, and this creates variation in the parental SES composition of schools. Although
variation in school quality is comparably low in Denmark, significant differences still exist across
schools. Recent studies also show that teachers in Denmark sort into schools in ways that lead
high-SES schools to have higher-quality teachers on average (Gensowski et al., 2020). Moreover,
school SES composition reflects differences in peer environments and culture, also likely
producing differences in learning environments.

4.3.2 Measurements

Our dependent variable is compulsory school grade-point-average (GPA), which covers grades from
a wide range of courses at the end of lower secondary school. This includes grades in the major
reading, writing, grammar, and oral abilities, English (oral), mathematics, and physics/chemistry.
GPAis based on grades awarded by the teacher during the school year and grades on final exams
awarded by teachers and external examiners. Grades are measured on a 7-point scale ranging
from -3 to 12 and include the values -3 (ECTS equivalent: F), 0 (F+), 2 (E), 4 (D), 7 (C), 10 (B), 12
(A) (Ministry of Children and Education, 2023). According to Table 4.2, girls have higher GPAs on
average and slightly lower dispersion than boys. Moreover, female siblings have on average a
slightly higher GPA than female twins in the full sample.

24 Although siblings mostly attend the same school, not all go to the same schools. In our sample, 75 percent
attend the same type of school (as defined by family SES composition), and 67 percent attend the same
school. We rely on attending the same school type instead of same school, but the choice is not expected
to influence the results. For testing the school SES interaction, it is important that twin and sibling pairs
attend the same type of school. Including children attending the same type of school but not the same
school, leads on average to greater environmental similarity for the group of twins than the group of sib-
lings, because twins are more likely to attend the same school. Our robustness checks show that assuming
a lower environmental relatedness among siblings does not affect our conclusions.
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Our two focal variables are parental SES and school SES composition. We measure SES by
whether at least one parent has obtained a college degree (i.e., the equivalent of a bachelor’s
degree or higher). Parental education is the most stable and mostimportant indicator of parental
SES when predicting children’s educational performance (Sirin, 2005).2> We construct the school
SES composition measure using the full population of children completing compulsory school
between 2003 and 2014. We calculate by school and graduation cohort the share of children
with college-educated parents and then divide this measure into two equally sized groups (cut at
the median). As Table 4.2 shows, both the school SES composition variable and parental college
variable are well balanced across the four groups.

Table 4.2. Descriptive statistics for the analytical sample.

Male Male Female Female

twins siblings twins siblings

s 2,459 16,974 2,551 15,309
Average GPA 6.33 6.38 6.85 7.06
SD GPA 2.31 2.22 2.24 2.15
Proportion college-educated parents 0.40 0.43 0.38 0.41
Proportion high-SES schools 0.53 0.54 0.52 0.53

4.3.3 Methods

We apply the Classical Twin Design (CTD) to sibling and twin data to separate genetic and
environmental sources of variance in educational performance. In the CTD, the similarity in
an outcome among MZ twins is compared with the similarity among DZ twins. MZ twins are
genetically identical while DZ twins share on average half of their segregating genes. Based on
this information and the assumption that both types of twins share their shared environment
to the same extent, the variance in an outcome can be decomposed into three components:
genetic (A), shared environmental (C), and non-shared environmental variance (£) (Knopik et al.,
2016). The genetic component captures additive genetic influences on educational performance,
which include genetically influenced characteristics such as cognitive skills and non-cognitive
skills (Demange et al.,, 2021; Krapohl et al.,, 2014). The genetic component may also capture
more complex processes such as gene-environment correlations and interactions if these
are present but unmodeled (Rijsdijk & Sham, 2002). Shared environmental variance includes
all non-genetic sources of twin similarity in educational performance, including parental SES,
shared school experiences, and neighborhood characteristics (Engelhardt et al., 2019). Non-
shared environmental variance captures non-genetic sources of twin dissimilarity, including
distinct events (e.g., differential treatment by parents or teachers, peer influence, illness) or
events that twins experience differently. It also includes variance due to random measurement

25 Having a college degree or not is substantively relevant because it is an important dividing line in society.
Moreover, in our case it is also practical to have binary variables given that it makes our results with multiple
interactions easier to communicate (see Purcell, 2002).
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error. Measured environmental characteristics, in our case family SES and school SES, are always
shared between siblings and therefore explain shared environmental variance (Turkheimer et al,,
2005). This means that the shared environmental variance that is left after taking into account
the environmental measures refer to shared environmental variance not related to our family
SES and school SES measures.

Our data do not contain information on zygosity. Therefore, we rely on data on SS twins and
SS non-twin sibling pairs. Previous studies used twins' sex composition to approximate their
zygosity (e.g., Erola, Lehti, Baier, & Karhula, 2021; Figlio et al., 2017; Pokropek & Sikora, 2015;
Rodgers, Rowe, & May, 1994). Opposite-sex (OS) twin pairs are always DZ and share, just as non-
twin sibling pairs, on average half of their genes.? SS twin pairs are a mixture of DZ and MZ twin
pairs and thus genetically more similar, yet, the exact average genetic correlation is unknown.
There are different approaches to deal with this. The approach that we use is based on the
assumption that among SS twins the mixture of MZ and DZ twins is fifty-fifty (see, e.g., Rodgers et
al., 1994). The genetic relatedness of SS twins then equals the average of MZ and DZ twins' genetic
relatedness, thatis, .75.2” We performed several robustness analyses to check this assumption,
and the assumption that SS twins and sibling pairs share their environment to the same extent.
If the genetic relatedness of twins is lower than .75, this results in larger genetic variance and
smaller shared environmental variance. And if siblings do not share their shared environment to
the same extent as twins, this leads to a smaller genetic variance and larger shared environmental
variance. Importantly, while the imposed genetic relatedness could affect the levels of the ACE
components, it cannot affect the gender gaps in these components.

We use structural equation models using full information maximum likelihood estimation in
Stata to decompose the total variance in educational performance into A, C, and E. The twin and
sibling pairs differ in their (assumed) genetic correlation (.75 vs. .50, respectively). The shared
environment is assumed to be perfectly correlated between twins and between siblings, while
the non-shared environment is uncorrelated between twins and between siblings as it only
contributes to within-pair differences. Based on this parameterization, the expected covariances
in the educational performance of SS twins and siblings are:

Covss pwins = - 15A+ C (4.3)

Covgg siblings = - 50A + C (4.4)

26 We do not use OS twins (nor OS siblings). Comparing SS and OS twins with unknown zygosity provides
insufficient information to identify a model in which both ACE components and sex differences are sepa-
rately identified. Additionally, using opposite-sex twins requires the assumption that they have only lower
similarity in educational performance than SS twins because they are less genetically similar, not because
they differ in sex (Figlio et al., 2017). Excluding OS pairs may lead to more robust results if gender differences
exist (see Pokropek and Sikora, 2015).

27 Other approaches include estimating the genetic relatedness based on the number of SS and OS twin
pairs in the data or use available twin registry information on the number of MZ twins among same-sex
twins. In our case, this results in a somewhat lower estimated genetic relatedness for SS twins (.70).
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Therefore, A can be estimated by:

A = (CoVss 1yins — Cov )(.75 = .50) (45)

SS siblings

Shared environmental variance is the residual of the twin or sibling covariance not accounted
for by A. Variance unexplained by A and C results from non-shared (or unique) environmental
influences including measurement error (£).

We estimate the covariances and resulting variance components for different subgroups,
also known as non-parametric gene-environment interaction analyses. The subgroups include
family SES (low vs. high), school SES (low vs. high), gender (boys vs. girls), and their intersections.
The means and variances of educational performance were constrained to be equal between
twins and siblings and allowed to differ between the different subgroups (i.e., family SES, school
SES, and gender). We rely on the standardized variance components, but also examine the
unstandardized ones. Focusing on only the standardized variance components would conceal
the underlying processes. By including the unstandardized components, we can investigate if a
gene-environment interaction is driven by absolute changes in both Aand C, or only by a change
in one of the two. We performed several checks to test whether our results are robust to different
modeling specifications, which we report at the end of the results (see section 4.4.4).

4.4 Results

4.41 ACE decompositions by gender, family SES, and school SES

First, we investigate to what extent the ACE decomposition in educational performance differs
by gender, family SES, and school SES separately. In the full sample, the proportional genetic
contribution (i.e., heritability) is 68.6% for boys and 76.3% for girls, but this gender difference is
not statistically significant at a five percent level (p = .082). Both environmental sources of variance
are larger for boys than for girls, but only the difference in non-shared environmental variance
is statistically significant (difference = 5.8, p = .002).

To examine general (non-gender specific) patterns of a gene-environment interplay in the
Danish student population, we break down the ACE decomposition by family SES and school
SES pooled over both genders (see Table 4.3). For family SES, we find that the proportional
genetic contribution (i.e., heritability) is 86% in low-SES families and 75% in high-SES families.
Additionally, we find larger contributions of the shared (yet, not statistically significant) and non-
shared environment in high-SES families than in low-SES families (see Table 4.3). These results are
consistent with the compensation interaction pattern. The unstandardized components show
that the finding of lower genetic variance in high-SES compared to low-SES families results from
both smaller absolute genetic variance and larger environmental variance (see Table 4.3). The
decrease in genetic variance is stronger than the increase in environmental variance, leading to
the less total variance in educational performance in high-SES families.

For school SES, the minor (and non-significant) differences in genetic and environmental
influences are in the same direction as family SES (see Table 4.3). Although we find some
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differences by school SES, the genetic and environmental influences are largely similar between
low-SES and high-SES schools. Thus, we find no support for a general gene-environment
interaction for school SES.

Table 4.3 ACE decomposition for GPA separately by family SES and school SES.

1. Family SES 2. School SES
Low-SES  High-SES . Low-SES High-SES .
(N=21,734) (N=15,559) Difference (N=17,373)  (N=19,920) Difference
vean 604 e 760 o 157 o, 610 ., 720 .. 10 .,
(0.01) (0.01) (0.02) (0.02) (0.01) (0.02)
arionce 468 wwx 389 e 079 L, 492 .. 4Am ., 051 .
(0.04) (0.04) (0.05) (0.04) (0.04) (0.06)
" 8574 ., 7494 . -1080 TITT e TAT9 .. 299
(3.05) (4.05) (5.07) (3.37) (3.12) (4.59)
o 147 ., 1623 ., 477 1768 ,,, 2016 ,,, 248
(1.87) (2.39) (3.03) (2.04) (1.88) 2.78)
0 e 280 883 ,,, 603 455 ... 505 ., 050
(1.30) (1.79) 2.21) (1.46) (1.35) (1.99)
.\ 401 L., 291 .. 10 ., 383 ,,, 330 ,,, 053 ,
(0.14) (0.16) 0.21) 0.17) (0.14) 0.22)
c 054 ,,, 063 ,,, 009 087 ,,, 089 .. 0.02
(0.09) (0.10) 013) 0.10) (0.09) 013)
. 013, 034 ., 021 , 022 ., 022 ,,, 000
(0.06) (0.07) (0.09) (0.07) (0.06) (0.09)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs. Results are based on models with an average genetic relatedness of .75 for
SS twins.

4.4.2 Gene x SES interactions by gender

To examine how gene-SES interactions depend on gender, we further break down the variance
decompositions by gender. We do this for two separate models, one for family SES and one for
school SES. Figures 4.1 and 4.2 show the results, and we refer to Table D1.1 in Appendix D1 for
more details including standardized and unstandardized ACE estimates, total variances, and
means.

We find that the gene-family SES interaction differs by gender (see Figure 4.1). The relative
variance components show that for boys, but not for girls, A is statistically significantly lower in
high-SES families (difference = 21.25, se = 7.73, p =.006), while both C (difference = 10.91, se = 4.53,
p =.016) and £ (difference = 10.33, se = 3.45, p = .003) are significantly higher (see Figure 4.1). We
observe this interaction for boys because we find no gender differences in the ACE decomposition
in low-SES families, while we do find these differences in high-SES families. In high-SES families,
Ais considerably lower for boys than for girls. For boys in high-SES families, 66% of the variance
in educational performance can be attributed to genetic variance; for girls, 90%. Boys in these
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families are thus more dependent on environmental influences. This result holds for both the
shared environment and the non-shared environment (see Figure 4.1a). The unstandardized
variance components (Figure 4.1b) show that the gene-SES interaction for boys is driven by
both absolute lower genetic variance in high-SES families and higher non-shared environmental
variance. The unstandardized variance components also show a statistically significant decrease
in genetic variance for girls with increasing SES. Given that for girls the shared and non-shared
environmental variance decrease with a similar degree, we do not find this when we look at the
relative components.

‘ (a) Standardized | ‘ (b) Untandardized ‘

| Lowsesfamilies  |[  HighSESfamilies |
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Figure 4.1 ACE decomposition for boys and girls by family SES.

Note: *p<.05, **p<.01, ***p<.001 (two-tailed). Genetic (A), shared environmental (C), and non-shared
environmental (£) variance including 95% Cl. Results are based on models with an average genetic relatedness
of .75 for SS twins.

In contrast to family SES, school SES barely shows any gender differences (see Figure 4.2).
We do not find any gene-environment interaction with the school SES environment when looking
at the standardized components (Figure 4.2a). The relative contributions of A, C, and £ do not
statistically significantly differ between low- and high-SES schools among both boys and girls. In
low-SES schools, the non-shared environmental contribution to boys' education performance
(E=8.82%, se=2.35, p<.001) is significantly larger (p =.007) than for girls (E=0.70%, se =1.89,
p =.710). The unstandardized variance shows less genetic variance for girls in high-SES schools.
Other than that, there are no statistically significant gender differences in the genetic and
environmental sources of variance for children attending low- and high-SES schools.
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Figure 4.2 ACE decomposition for boys and girls by school SES.

Note: *p<.05, **p<.01, ***p<.001 (two-tailed). Genetic (A), shared environmental (C), and non-shared
environmental (£) variance including 95% Cl. Results are based on models with an average genetic relatedness
of .75 for same-sex twins.

4.4.3 Gene x family SES x school SES interactions by gender

Although high-SES children more often attend high-SES schools, this relationship is far from
perfect. In our data, 25% of high-SES children attend low-SES schools, whereas 38% of low-SES
children attend high-SES schools. In Figure 4.3 (and Table D1.2 in Appendix D1), we report the ACE
decomposition for boys and girls for the interaction between school and family SES.

We find that the moderating effect of family SES that we found for boys is almost entirely
driven by children attending low-SES schools. For boys attending low-SES schools, standardized
A is significantly lower in high-SES families compared to low-SES families (difference = 36.29,
se=14.37, p =.011), while both C (difference = 21.56, se = 8.19, p =.009) and E (difference = 14.74,
se=6.57, p=.025) are significantly larger in high-SES families. For boys in high-SES schools, on
the other hand, we do not find such interaction for family SES. Here we only find that boys’
non-shared environmental variance is significantly larger in high-SES families than in low-SES
families (difference = 10.61, se = 4.46, p = .018). This stronger gene-family SES interaction (for
boys) in low-SES schools is in line with the idea of families and schools acting as substitutes. The
unstandardized results (Figure 4.4b) likewise show that the gendered gene-SES interaction is
concentrated in low-SES schools.
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Figure 4.3. Standardized (a) and unstandardized (b) ACE decomposition for boys and girls by
school SES x family SES.

Note: *p<.05, **p<.01, ***p<.001 (two-tailed). Genetic (A), shared environmental (C), and non-shared
environmental (£) variance including 95% Cl. Results are based on models with an average genetic relatedness
of .75 for SS twins.

4.4.4 Robustness checks

To test the robustness of our findings, we perform five auxiliary analyses (reported in Appendix
D2). First, we estimate the interactions by gender, school, family SES, and their intersections based
on the Intraclass Correlation Coefficients (ICCs) of twins and siblings. The interaction between
genes and the SES environment involves changes in the twin and sibling (dis)similarities as a
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function of SES. Parameterizing these (dis)similarities in ICCs instead of ACE components has
the advantage that assumptions on the genetic and environmental relatedness of twin and
sibling pairs are not needed, although it results in less precise information on the sources of
(dis)similarities (Turkheimer & Horn, 2014). Results based on the ICCs are similar to those we
report based on the ACE model. Second, we take into account that the genetic similarity of twins
may not be exactly .75 and the environmental similarity of siblings may be lower than 1. To reflect
both sources of uncertainties, we performed analyses with .70 and .80 as an estimate for the
average genetic relatedness among SS twins. The gender differences and interactions by family
and school SES are similar, pointing to that the substantive conclusions in the main analyses hold
up. Third, we use alternative birth spacing among siblings (two instead of three years) to check if
the potentially smaller environmental relatedness among them compared to twins influences our
results. The gender differences and interactions by family and school SES are substantively similar,
but we have a harder time detecting significant interaction terms which may stem from the loss
of statistical power. Fourth, controlling for cohort fixed effects in our structural equation models
does not change any of our results. Fifth, we test whether our results are robust against coding
school SES into terciles. Our conclusions remain the same as those reported in the results section.

4.5 Conclusion and discussion

Children differ in their educational performance and one reason for this lies in genetic differences
between them. Other common explanations include differences concerning family background,
school environment, and gender. These influences are not independent. The importance of
genetic influences on education depends on the social context, including the family and school
context (Shanahan & Hofer, 2005). Also, non-genetic research suggests that boys' educational
performance is more dependent on the school and family environment than that of girls (Autor
etal, 2019; Legewie & DiPrete, 2012). We add to these strands of literature by considering gene-
environment interactions at the intersection between family background, school SES context,
and gender. Our empirical analyses on the educational performance of about 37,000 Danish
twin and sibling pairs from population-wide administrative registers reveal three main findings.

First, we find a gene-environment interaction for family SES, but not for school SES. In both low-
SES and high-SES families, genetic influences play a large role in explaining children’s educational
performance, but they do so to a greater extent in low-SES families. This compensation pattern
is in line with the diathesis-stress model and the sociological idea of compensatory advantage
(Paris, 1999; Pennington et al., 2009; Rende & Plomin, 1992; Shanahan & Hofer, 2005). In low-
SES families, environmental risks factors are more often present such as stressful life events,
which may increase the expression of genetic risks for lower performance. In high-SES families,
on the other hand, such risks factors are less often present. Moreover, high-SES parents may be
more likely to compensate for the expression of genetic risks, for example, by providing a more
favorable literacy environment in case of higher genetic risks for poor reading (Pennington et al.,
2009). This finding contradicts the bioecological model, in which case we would have found an
enhancement pattern with more genetic variance in high-SES families as genetic potential would

122



The intersection between gender, family background, and school context

be more fully realized in such environments (Bronfenbrenner, 1992; Bronfenbrenner & Ceci, 1994;
Rowe et al., 1999; Scarr-Salapatek, 1971).

Second, we find that the gene-family SES interaction is further moderated by the child’s
gender. In high-SES families, the genetic influence is considerably lower for boys than for girls.
Additionally, shared and non-shared environmental influences are larger for boys than girls in
these families. We thus find a gene-family SES compensation interaction for boys but not for girls.
This result is consistent with the idea that environmental factors have a larger impact on boys,
due to differential investments and/or differential sensitivity (see, e.g., Autor et al., 2019). One
interpretation of this finding is that high-SES parents provide more compensatory investments
in boys such as tutoring, investments that eventually reduce their genetic risk toward lower
educational performance.

Third, the moderating effect of family SES for boys is almost entirely driven by low-SES schools.
In low-SES schools, but not in high-SES schools, genetic influences play a much smaller role and
shared and non-shared environmental influences play a larger role for high-SES boys. In other
words, for boys in low-SES schools, our findings are in line with the compensation interaction
pattern, suggesting that genetic risks are more actualized in low-SES families and neutralized or
compensated in high-SES families. One explanation for this finding is that especially the genetic
risks towards lower school performance of boys in low-SES schools may be compensated by
parental SES. Especially for boys, low-SES schools may provide a disadvantageous context, as
boys are more responsive to an environment that is less learning-orientated and more disruptive
(e.g., Legewie & DiPrete, 2012). It may be that especially with such risky school circumstances, a
high-SES family environment has a compensating influence. This also corresponds with the idea
that family and school influences substitute each other’s influence, leading to a more pronounced
gene-family SES interaction in lower-SES schools.

In the United States, the gene-SES interaction is more often found to follow the bioecological
model, while the interaction was not found or even reversed in European countries (e.g., De Zeeuw
& Boomsma, 2017; Tucker-Drob & Bates, 2016). Our finding of greater genetic variance in low-SES
families contributes to the evidence pointing towards a reversed interactions outside the United
States. It also contributes to the increasing empirical studies into gene-environment interactions
in education within Europe. A recent cross-national study by Baier et al. (2022) find no significant
gene-family SES interactions in GPA in Germany and Norway, but a significant gene-environment
compensation interaction in Sweden. We likewise find a significant compensation interaction
in Denmark. Country-specific welfare state arrangements and features of educational systems
may play a role, but more comparative research is needed to understand how such contextual
characteristics affect gene-environment interactions in education.

Furthermore, while we find that genetic influences play a larger role in low-SES families, this
pattern does not extend to school SES. In contrast to the United States (Hart, Soden, et al., 2013)
where larger genetic variance in low-SES schools is found, we do not find such an interaction in
Denmark. This could be due to the fact that there is less variation in the school environment in
Denmark than in the United States, partly as a result of the public funding of schools and relatively
uniform teacher quality (all teachers are college-educated) in Denmark. Still, this does not mean
that school SES does not play a role in Denmark. The gene-family SES interaction appears to be
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heterogenous, as it is largely concentrated among boys attending low-SES schools. This finding
highlights the importance of investigating the intersection of gender, family SES, and school SES.
Thus, future gene-environment interaction studies could benefit from considering the multiplicity
of contexts for complex outcomes such as educational performance (Seabrook & Avison, 2010).

Most prior twin studies likely did not investigate multiple interactions as it requires large
and socioeconomically diverse twin samples. Twin samples with known zygosity often lack the
power to detect (multiple) interaction effects. Moreover, twin samples are more likely to suffer
from self-selection bias (Trejo et al., 2018). Relying on twin-sibling analyses based on population-
wide register data, as we do, has the advantage that it comprises all socioeconomic strata and
provides us with many cases to investigate the gene-environment interactions. A trade-off here
is that these data do not contain zygosity information. While analyses with unknown zygosity
also reduce statistical power (Eaves & Jinks, 1972), the sample size provided by population data
can offset such issues.

Although the twin design applied to twin and sibling register data allows us to investigate the
complex interplay between genes, gender, and family and school SES, it also comes with some
disadvantages. First, we relied on comparing SS sibling types that differ in genetic relatedness:
twins and non-twin siblings. This design relies on two assumptions: (i) twins' genetic relatedness
is 0.75 and (ii) siblings’ shared environmental relatedness is 1. Violation of these assumptions
may influence the ACE decomposition. However, we do not find that these assumptions affect
our conclusions. We provide several robustness checks that relax these assumptions, and the
results are largely similar. Moreover, possible violations of the assumptions do not influence
gender differences in ACE.

Second, our ACE moderation models do not allow for causal interpretations. The environmental
moderators that we use, family SES and school SES, are endogenous (Schmitz & Conley, 2017).
Therefore, the gene-environment interactions as reported in our study could mean that effects
of genetic risks are weaker in high-SES families but could also reflect environmental constraints
placed on the (genetic) variation in educational performance making the high-SES subgroup more
homogenous. Although both may be related to inequality, we are mainly interested in the first
interpretation. Yet, drawing such conclusion requires other research designs such as applying
quasi-natural experimental approaches to gene-environment interaction models (Schmitz &
Conley, 2017).

In conclusion, our study suggests that the importance of genetic and environmental influences
on educational performance differs by (the intersections between) family SES, school SES, and
gender. For boys, but not for girls, genetic influences play a considerably smaller role in high-SES
families than in low-SES families. This interaction appears to mainly take place among high-SES
boys attending low-SES schools. These findings show that it is important to consider the multiplicity
of context. This may be especially important for educational outcomes, which are influenced by
complex processes related to genes, gender socialization processes, and environments in the
family and school. Focusing on only one aspect would lead to a misunderstanding of how genetic
and environmental factors play a role.
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Chapter 5

5 Abstract

linvestigate whether differences in educational performance (i.e., dispersion) and the underlying
genetic and environmental differences are reproduced, exacerbated, or compensated during
schooling (Grades 1-5, approximately age 6-11). | use longitudinal data comprising reading and
mathematics test scores of around 5,500 same-sex and opposite-sex twin pairs, identified in
the Netherlands Cohort Study on Education. Results of the biometric latent growth models lead
to three main conclusions. First, the dispersion in initial educational performance that exists
at the start of formal education is compensated during the schooling period, but the extent to
which this is related to a decrease in genetic and environmental differences varies by educational
domain. For reading, genetic differences decrease while environmental differences are largely
reproduced over the school career. For mathematics, the decrease in dispersion results from
decreasing environmental differences, while genetic differences are reproduced. Second, new
influences are coming into play during schooling, mostly new genetic influences. Combining the
development of initial sources of dispersion with these new influences results in an increase
in the total dispersion in educational performance during primary education. Third, measured
school characteristics did not account for (the development of) dispersion, suggesting that quality
differences between schools likely play a limited role. However, schools may still be of importance
in a more complex way. Via gene-environment correlations and interactions, schools may still play
arolein the decrease of the dispersion in initial performance and the new genetic influences that
are coming into play, which is an important direction for future studies.

This work was supported by the NWO research talent grant for the project ‘Quality and inequality: The com-
pensatory and multiplicative effects of school quality'(NWO: 406-18-557, awarded to Stienstra, Knigge, and
Maas) and a grant for the usage of the Netherlands Cohort Study of Education (NCO) data by the Netherlands
Initiative for Education Research (NRO: 40.5.22326.0022, awarded to Stienstra).

I'am grateful to Ineke Maas, Antonie Knigge, and Rolf van der Velden for their valuable comments and discus-
sion on this work. | thank Esmee Bosma for her help with the data cleaning of the school quality indicators.
Earlier versions of this work were presented at the Migration and Social Stratification Seminar (Utrecht, 2022),
the Interuniversity Workgroup Social Inequality and Life Course (ISOL) meeting (Amsterdam, 2022), the 41st
Congress of the German Sociological Association (Bielefeld, 2022), and the Learning and Work Seminar (Maas-
tricht, 2023). I thank the participants at these meetings for their helpful feedback.
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5.1 Introduction

Inequalities in educational performance contribute to divergence in life outcomes, including
educational attainment, income, health, and social outcomes. Important questions for public
policy are, therefore, why some children perform better than others and how inequalities can
be reduced. When children begin formal education, they differ already considerably in their skill
levels. These differences reflect the different environments children originate from including their
families (Downey et al.,, 2004; Reardon, 2019), as well as genetic differences between children (De
Zeeuw et al,, 2016). The question addressed in this paper is, how does schooling affect such initial
differences? Pre-existing inequalities could be reproduced, exacerbated, and/or compensated by
schools. However, what happens and why remains unclear (Downey & Condron, 2016).

A common way to assess the role of the school versus non-school environments in explaining
inequality is by measuring the extent that children change in their educational performance over
time (i.e., with learning gains/growth or value-added models) (Timmermans & van der Werf, 2017).
While differences in performance when children enter school can only be due to non-school
factors, differences in growth are due to a mixture of school and non-school factors (Von Hippel
& Hamrock, 2019). To further disentangle how inequality is shaped by school versus non-school
influences, studies applied a seasonal comparison design (Cooper et al., 1996). This is done by
comparing learning gains during the school year (influenced by both school and non-school
factors) with learning gains or losses during the summer break (influenced by non-school factors).

Such prior studies often investigated the average learning gains along the lines of ascriptive
background characteristics, including gaps in learning between children from different
socioeconomic status (SES) backgrounds, boys and girls, and different races or ethnicities
(Alexander et al., 2007; Downey et al., 2004, 2022; Downey & Condron, 2016; Passaretta & Skopek,
2018). The influence of such ascriptive characteristics on educational performance and learning
growth has been labeled ‘inequality of educational opportunity’ (Van de Werfhorst & Mijs, 2010).
Although important and insightful, the emphasis on inequality of educational opportunity comes
at the expense of understanding the broader question of how schooling affects the total variance
in educational performance (Condron et al.,, 2021; Montt, 2011). The total variance in educational
performance is another type of inequality in learning, labeled by Van de Werfhorst and Mijs
(2010) as ‘inequality as dispersion’. Focusing on dispersion seems particularly relevant given that
ascribed characteristics such as SES only explain a small proportion of the variance in educational
performance and growth (Condron et al., 2021; Downey et al., 2004; Montt, 2011; Von Hippel et
al., 2018). Most of the differences thus remain unexplained by these characteristics (Condron
et al., 2021).

To gain a more profound understanding of how schools shape inequality, | focus on inequality
in learning as indicated by the dispersion in pupils’ scores on national achievement tests in reading
and mathematics taken throughout primary education. More specifically, | ask: ‘Does dispersion
of educational performance when children enter school increase or decrease during primary
education, and why?". To answer this, | take a behavioral genetics approach. This has the advantage
that not only dispersion in performance throughout primary education can be examined, but
also different sources underlying the dispersion. By using data on twins, insight can be provided
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into how much of the total variance in educational performance and learning growth can be
attributed to genetic variance, shared environmental variance (i.e., environmental aspects shared
by twins that make them more similar, such as parental influence), and non-shared environmental
variance (i.e., environmental aspects that affect twins individually, making them more dissimilar).

Prior behavioral genetics studies have shown that genetic differences explain a relatively large
part of the variance in educational performance at a single measurement occasion, but differences
in learning growth have only rarely been studied (Kievit et al., 2021). The relatively few twin studies
that investigate learning growth mostly focus on the development of reading (and, to a lesser
extent, numeracy) skills in early childhood instead of educational performance over the whole
primary school period. These studies generally find that the proportion of variance that is related
to genetic influences (i.e., heritability) is lower for growth than for initial performance (Christopher
etal, 2013; Grasby & Coventry, 2016; Hart, Logan, et al., 2013; Logan et al., 2013; Petrill et al., 2010).
This indicates that learning over time has a stronger environmental component than performance
at a single measurement point. The family and/or school environment may play a role in this.
However, prior behavioral genetics studies usually do not include measured environmental
characteristics as specific underlying sources of dispersion. The study by Christopher et al. (2013)
is a notable exception, as they included parental education and schools’ average reading and
writing scores. Although these measures influenced average initial performance and growth
rates, they did not account for significant shared environmental variance. In this study, | include
measured school and family characteristics to further examine the specific shared environments
that play a role.

| use data from the Netherlands Cohort Study on Education (in Dutch: Nationaal
Cohortonderzoek Onderwijs [NCO]), comprising longitudinal measurements of pupils’ performance
on national achievement tests in primary schools derived from school administrative systems
(Haelermans et al., 2020). These data provide a unique opportunity to investigate the development
of dispersion in reading and mathematics because of three great advantages. First, the test scores
are scaled in such a way that children’s achievement is measured on a single continuous scale
throughout primary education (via Item Response Theory), making the test scores comparable
between schools, grades, and measurement moments. This overcomes the problem of some
previous studies where results on the change in achievement gaps during schooling were biased
by test score scaling artifacts (Von Hippel & Hamrock, 2019). Second, given that children are
frequently tested in Dutch primary education, | can rely on ten measurement points. Prior studies
measuring learning growth based on two time points face the risk that pupils may have a very
high or low score on the first test by chance and will perform worse or better on the second test,
respectively (Caro et al., 2009). The resulting decrease in dispersion would then be driven by
regression toward the mean. Relying on many time points minimizes this source of bias. Lastly,
the administrative nature of the data including the many observations allows for the identification
of sufficient twins to apply biometric latent growth models (McArdle et al., 1998). In this way, | can
investigate how much of the dispersion at the beginning of schooling is related to genetic and
environmental differences between children, and whether these underlying sources of dispersion
increase or decrease over the primary school career. Moreover, these models provide information
on genetic and environmental influences that come into play later during primary education (i.e.,
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are unrelated to initial performance). Another advantage of the administrative nature is that data
on children’s family and school environment is available or can be linked, allowing me to further
examine the shared environmental influences that play a role (in this case, school quality, school
SES, and family SES).

Altogether, this will provide insight into the extent to which dispersion in educational
performance in general - and the underlying genetic and (non-)shared environmental differences
in specific - is exacerbated or compensated during the primary school period. This is important
to scrutinize for both research and policy, as it provides insight into how inequality develops and
whether more attention should be paid to identifying and counteracting inequality-generating
mechanisms before or during schooling.

5.2 Theory

When children enter primary school, they differ in their educational performance levels. The
dispersion in educational performance could increase, decrease, or remain stable throughout
primary education. The development of the total dispersion in performance during schooling
consists of two parts. First, initial sources of dispersion in performance (i.e., differences present
at the start of primary education) could increase or decrease. Second, new sources of dispersion
could come into play during the schooling period. | first outline environmental and genetic reasons
for dispersion in initial performance. Then, | discuss how initial environmental and genetic
dispersion in educational performance might develop over time. Lastly, | discuss the new sources
of dispersion that could come into play over the school career.

5.2.1 Differences in initial educational performance
Children’s initial performance can be seen as the outcome of the advantages that children bring
to school (Hanselman & Fiel, 2017). These advantages relate to individual characteristics (e.g.,
cognitive ability) and early learning opportunities. Since children have not been exposed to
the primary school environment, the learning opportunities are largely related to the family
environment (Reardon, 2019). Depending on parental SES, children receive different learning
opportunities at home. Studies show time and again that children from more advantaged
backgrounds perform better in school (Sirin, 2005). Such SES differences in performance are
already present when children start schooling (Passaretta & Skopek, 2021), emphasizing the
role of early educational opportunities as provided by children’s home environments (Bradley
& Corwyn, 2002). These early educational opportunities include, for example, access to books
and educational toys, and parental stimulation of learning to count and read, which are all more
prevalentin high-SES families (Bradley & Corwyn, 2002). Besides the home environment, there are
also other environmental conditions shaping children’s early educational opportunities including
neighborhood conditions (e.g., presence of public libraries), high-quality childcare, and preschool
programs (Reardon, 2019).

Initial educational performance does not only reflect differences in children’s environmental
circumstances, but also genetic differences between children. Genes influence educational

131



Chapter 5

performance via embodied characteristics that are valued in school, such as cognitive and
non-cognitive skills (Freese & Jao, 2017; Krapohl et al., 2014). For Dutch school pupils at the
early stage of primary education (around age 6-8), it has been found that the relative genetic
contribution (i.e., heritability) is rather high for different educational domains (arithmetic, reading,
reading comprehension, and spelling), accounting for 60 to 80% of the variance (De Zeeuw et al.,
2016). Such genetic influences do not operate in a vacuum but are expressed in correlation and
interaction with the environment (Sameroff, 2009; Tucker-Drob et al., 2013). Children with different
genotypes evoke different responses from their environments and increasingly select (and are
selected in) environments based on early genetically influenced behaviors and characteristics
(Tucker-Drob et al., 2013). For example, children’s reading ability may be more stimulated for
children who have a genetic predisposition towards reading because they are more likely to pick
up a book (i.e., active gene-environment correlation) and parents may be more likely to buy a
book for them (i.e., evocative gene-environment correlation) than for children whose genetic
predisposition is less inclined towards reading (Knigge et al., 2022).

In short, when children enter school, they can be expected to differ in their educational
performance because of the different environmental conditions they are exposed to prior to
schooling and because of genetic differences between them. These genetic differences are
not fixed and immutable but reflect the realization of genetic endowments via environmentally
mediated processes.

5.2.2 Development of differences in educational performance

Children differ in their initial performance at the start of primary education and these differences
are related to both genetic and environmental differences between children. These differences
could persist throughout primary school. In this case, the initial differences in educational
performance would be reproduced (see Figure 5.1 - reproduction). It is, however, questionable
whether differences in initial performance are simply reproduced over the school career
(Dumont & Ready, 2020; Pfost et al., 2014). There are opposing ideas on how initial differences in
performance develop over time. Initial environmental and genetic influences affecting educational
performance at the beginning of school could become more important over the school career
(Figure 5.1 - exacerbation), or less important (Figure 5.1 - compensation). Depending on whether
initial differences are exacerbated or compensated during the school career, dispersion in
educational performance would increase or decrease, respectively. This does not necessarily
mean that the total dispersion in educational performance changes in the same way over time,
because dispersion does not only result from the initial dispersion but also from new sources
of dispersion that come into play over time. If there are such new influences, some children may
progress faster in their educational performance than others, leading to an increase in the total
dispersion in performance over the school career.
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Figure 5.1 Possible associations between initial performance and growth.

Exacerbation of initial differences

Initial differences in performance can increase over time, which is expressed as a positive
association between initial performance and learning growth. Pupils who initially perform well
would then show the greatest learning gains, while those lacking the initial advantages fall further
behind (Kwiatkowska-White et al., 2016). This has also been referred to as a ‘Matthew effect’ or
‘cumulative advantage’ (DiPrete & Eirich, 2006; Stanovich, 1986). Exacerbation of initial educational
differences could occur because environmental differences increase over time and/or because
genetic differences increase over time. This is expected to largely operate via interactions between
the initial environmental and genetic influences on performance at the start of schooling and
later (school) influences.

Environmental differences in performance, which are expected to mostly relate to family
background, could increase during primary education due to cumulative advantage processes.
In this case, increasing dispersion is not due to an increased influence of parental SES per se
but rather the legacy of pre-existing SES inequalities (Hanselman, 2018). High-SES pupils may
increasingly benefit from their SES background during schooling, which could be explained
by the idea that ‘skills beget skills’. Children’s skills gained early in life (e.g., in effective home
environments) increase children’s capacity to benefit from later instruction in school (Heckman,
2000; Sgrenson & Hallinan, 2016). For example, high-SES children enter the school with
better academic preparation because high-SES parents emphasize verbal skills more (e.g., by
engaging children more in conversations) and provide more experiences that foster learning
(e.g., taking children to cultural events) (Bradley & Corwyn, 2002). They may therefore develop
their skills faster in school, for instance, because they understand instructional materials better
(Hanselman, 2018). Certain school practices can also contribute to such ‘rich-get-richer’ dynamics.
For example, if teachers have higher expectations of high-SES pupils, pupils with different SES
backgrounds will get different learning opportunities. High-SES pupils will then further improve
their educational performance while low-SES pupils are more hindered in their learning, increasing
the SES differences in performance over time. Initial family background differences could also
increase over time because SES influences on educational performance increase. Parental SES
and parental involvement positively relate to learning growth (Fan, 2001). This could be because
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high-SES parents are better able to adapt their children’s school experiences to their children’s
(perceived) needs (e.g., arrange special educational resources for their child such as a gifted
program) (Horvat et al., 2003). Parental interventions in school could complement children’s
learning opportunities, making them especially effective for advantaged pupils (Hanselman, 2018).

Similarly, dispersion in initial performance could increase because initial genetic differences
increase over time. This process has been labeled ‘amplification’ in the behavioral genetics
literature (Plomin, 1986; Tucker-Drob et al., 2013). Existing genetic differences could increase
via transactional processes. Children select and evoke environments and responses based on
(small) genetically influenced differences in educational performance, which will lead to increased
genetic differences over time (Briley & Tucker-Drob, 2013). For example, genetically influenced
differences in early cognitive or non-cognitive abilities (e.g., motivation, intellectual interest) may
lead some pupils to take more advanced educational material or spend more time in intellectually
stimulating activities (Tucker-Drob et al., 2013). Dispersion in educational performance will then
increase over time. Additionally, there may be genetic influences that are not very important
for educational performance at the beginning of the schooling period but become increasingly
important in later grades (Briley & Tucker-Drob, 2013). This could relate to general cognitive
processes that contribute to learning progress (e.g., memory, attention control) (Welsh et al.,
2010), but also to genetically influenced non-cognitive characteristics that are important for
growth. It has been shown, for example, that motivation and learning strategies were strong
predictors of achievement growth but were less strongly related to initial performance (Murayama
et al, 2013).

The exacerbation of genetic differences in children’s performance can be facilitated by school
practices, similar to how this works for SES differences. Initially high performing pupils (whose
high performance can be partly explained by genetic endowment) may get praised more often
by teachers or receive more attention from them, leading to increased motivation and self-
efficacy that positively reinforces performance (Ready, 2013). Also learning opportunities could
be differentiated by performance. If students are grouped based on their prior performance
within or between classrooms (i.e., ability grouping or tracking), this may widen the genetic (and
environmental) differences underlying performance and thereby increase the gap between low-
and high-performing students (Hallinan, 1988; Welsh et al., 2010).

Compensation of initial differences

Initial differences in educational performance could also decrease over time. In that case, initially
lower-performing pupils have higher growth rates than the pupils who initially performed higher
(Kwiatkowska-White et al.,, 2016). This would be expressed as a negative association between
initial performance and learning growth and would contribute to a decrease in dispersion in
performance over the school career.

Dispersion in initial performance could be compensated because the SES influence on
performance may become less important over the school career. If this is the case, pupils who
initially benefited from their SES background at the start of primary school benefit less over time.
Conversely, those who were hindered by their SES background in their initial performance are
hindered less throughout primary school. One reason for such a pattern is that schools tend
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to provide most benefits for the children who need it most, including pupils from lower-SES
backgrounds and those with lower initial performance (Downey et al.,, 2022). For example, the
instructions in class could be directed to the level of average or below-average pupils, and teachers
may also spend more time with them (Ready, 2013; Wright et al., 1997). Initially low-performing
pupils may then improve faster (and high-performing pupils may not be challenged enough),
leading to a compensatory growth pattern. Schools could also compensate for initial disadvantage
in a less active way. The school environment varies less than non-school environments (Downey
et al., 2004). Children learn in groups and share the same teacher, educational material, and
learning goals, whereas learning at home is less standardized and less homogeneous. Going to
a standardized school environment thus makes that high-SES pupils are less able to continue
reaping the benefits of their family environment while low-SES pupils may be less hampered by
their family environment. This would decrease dispersion in educational performance.

A more genetically related explanation can be provided by the developmental lag model.
According to this model, children differ in the rate at which cognitive skills develop, so children
who initially have a lower performance will catch up over time (Francis et al., 1996). Some children,
especially those who grow up in poverty, may have a delay in mental processes that support
effective learning and have a large genetic component, including working memory and attention
control (Welsh et al., 2010). If they develop these processes later during the school years, this
may result in faster learning growth rates for them. It has also been hypothesized that children
with reading disabilities may have a lag in the maturation of the brain and poor readers could
catch up to their peers as the brain matures (Francis et al., 1996).

New sources of dispersion
During primary education, new influences on educational performance can come into play.
These are influences that are not related to initial educational performance but consistently
and systematically affect later performance. Such new influences increase the dispersion
in performance by definition. The new influences that come into play over time could be
environmental and genetic. Environmental influences can be expected to mostly relate to the
school environment, which becomes prominent in children’s learning when they start formal
education. Children in high-quality schools may develop their skills faster than those in low-
quality schools (Borghans et al., 2015b; Reardon, 2019). School effectiveness research identified
numerous factors that could play a role, including teaching practices, whether teachers have high
expectations of students, classroom climate, and instructional effectiveness (Scheerens, 2000).
For example, Connor et al. (2009) found that children who received more precise individualized
instruction had stronger literacy skill growth.

The family environment could play a role too, but probably to a much lesser extent. To be
a new source of dispersion, the family influences should reflect influences that come into play
during schooling that are unrelated to performance at the start of schooling. This could be, for
example, parental school involvement (e.g., in school activities and via teacher contact) (Fan, 2001).
Most family influences are likely influences that already operate before children enter school and
continue to have an influence during schooling.
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Besides new environmental influences, there could be new genetic influences that come into
play over time, a process that has been labeled ‘innovation’ in the behavioral genetics literature
(Plomin, 1986; Tucker-Drob et al., 2013). New genetic influences may come into play as part of
natural development: biological maturation across childhood may activate genes (Briley & Tucker-
Drob, 2013; Welsh et al., 2010). Next to the emergence of novel genetic influences as a function
of age, also (new) environments could activate genes (Briley & Tucker-Drob, 2013). For example,
it has been found that new genetic influences on reading skills arise when children move from
kindergarten to the first grade of primary school (Byrne et al., 2007). This could occur because
the activation of genes is dependent on certain experiences, but also via genetically influenced
characteristics that were irrelevant to performance in the home and pre-school context but
become increasingly important for performance in primary school (Briley & Tucker-Drob, 2013).
The latter could relate cognitive characteristics that are irrelevant for initial performance but
increasingly important over time due to the different (more complex) content covered in later
grades (e.g., abstract thinking). It could also be related to genetically influenced non-cognitive
characteristics such as learning motivation and intellectual interest (Tucker-Drob & Harden, 2012b,
20120).

5.2.3 Empirical evidence and hypotheses

‘Traditional’ (i.e., not genetically informed) studies into the development of educational
performance point toward a compensatory pattern, where the gap between the lowest and
highest performers decreases over time. A meta-analysis of reading development showed that
42% of the findings supported a compensation pattern over all aspects of reading, 25% a stable
achievement gap, and 23% a Matthew effect (Pfost et al., 2014).

Genetically informed studies not only provide insight into whether dispersion in educational
performance is exacerbated or compensated during the primary school period but also provide
insight into the underlying sources of dispersion. Concerning genetic dispersion, studies generally
find that genetic influences on learning are smaller than those on initial performance and that new
genetic influences come into play over time (Kievit et al., 2021). Conversely, (shared) environmental
influences on learning growth are more substantial than those on initial performance (Christopher
etal, 2013; Grasby & Coventry, 2016; Hart, Logan, et al., 2013; Logan et al., 2013; Petrill et al., 2010).
There are indications that the shared environmental influences on growth are largely unique, that
is, unrelated to initial performance (Grasby & Coventry, 2016; Hart, Logan, et al.,, 2013; Petrill et
al., 2010). Since environmental influences on initial performance are thought to largely capture
family background effects, these unique environmental influences on learning growth potentially
capture the effect of schools. However, most studies do not include measured characteristics of
the environment and one study that did so was not able to explain shared environmental variance
by school and family variables (Christopher et al., 2013).

All'in all, there are two opposing ideas of how inequality in educational performance develops
over the school career. Pre-existing differences in educational performance could follow a
cumulative pattern, leading to an exacerbation of initial dispersion over time. Alternatively, there
could be a compensatory growth pattern, where initial dispersion decreases over time. Empirical
evidence seems to point towards compensatory growth, yet results are mixed, and it is not
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clear under which conditions accumulation or compensation takes place. Hence, | formulate
two hypotheses: initial dispersion in educational performance increases over the school career (H1a)
and initial dispersion in educational performance decreases over the school career (H1b). | will explore
to what extent the increasing or decreasing dispersion over the school career is related to the
influence of genes or the environment. Furthermore, | will investigate the new genetic and
environmental sources of dispersion that come into play over the school career and what this
means for the total dispersion in educational performance. Lastly, | will examine the role of the
environment more specifically by investigating the influences of measured school quality, school
SES, and parental SES.

5.3 Data and methods

5.3.1 Data
| use data on national tests on reading and mathematics of the pupil monitoring system
(leerlingvolgsysteem in Dutch, abbreviated as LVS) from Grade 1 until Grade 5 (equivalent to the
Dutch grades 3-7, ages 6-11).% These data are collected as part of the Netherlands Cohort Study
on Education (NCO). Under certain conditions, the so-called NCO-LVS-data are accessible for
scientific research via Statistics Netherlands (CBS).?° A description of the NCO is provided by
Haelermans et al. (2020). Since 2014, primary schools must use a pupil monitoring system, but
schools are free to choose the test provider. The LVS developed by the Central Institute for Test
Development (Cito) is the main provider chosen by most schools (Nusche et al., 2014), and these
test results are included in the dataset. Children take the tests on fixed moments twice a year:
a midterm test (M-test, administered between mid-January and mid-February) and an end-of-
term test (E-test, administered in June). The test scores are stored by schools’ administration
systems. As part of the NCO, all primary school boards were contacted with the request to share
the LVS data. Participating schools receive a report on the learning growth of their pupils twice a
year. After the permission of schools, the administration system exported the data to Statistics
Netherlands, which pseudonymized the student and school ID. If parents objected to the export of
their child’s data, the data were not exported for those children. The projectis ongoing, and | use
the most recent data that are available for researchers at the moment of this study. These include
data originating from four data exports that took place between the end of November 2020 and
the beginning of August 2021 (NCO, 2022). More than 1900 schools decided to participate, which
comprises almost 30% of the total number of primary schools in the Netherlands.

The data that were requested by the NCO comprise school years 2013/2014 to 2020/2021 and
gradually consist of more grades over the school years. This means that for school year 2013/2014
only data for Grade 1 is available, for 2014/2015 Grades 1 and 2, etcetera (see Figure 5.2). After

28 Inthe Netherlands, children participate in kindergarten for two years from approximately age 4 to 6. This
is part of the publicly funded primary school system and counted as the first two grades (OECD, 2016).

29 Further information and the procedure to request the data can be found on the websites of CBS (https://
www.cbs.nl/en-gb/onze-diensten/customised-services-microdata/microdata-conducting-your-own-
research) and NCO (https://www.nationaalcohortonderzoek.nl/onderzoek).
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data cleaning by the NCO (e.g., removing duplicates, excluding tests for special education; see
NCO, 2022), the NCO-LVS-data consist of 438,355 pupils. In less than 2% of the test records in
the whole dataset, the test is not administered at the right time (NCO, 2022). Therefore, in a few
cases, the variable name of the test score may indicate that the score belongs to, for example,
the E-test, while this does not match with the variable indicating the corresponding test type
(e.g., test type indicates an M-test). This could be because children can take a test that fits their
level, for example, the M4-test for pupils who are ahead of their level when the E3-test is taken
(Tomesen et al., 2018). This is not a problem because the underlying measurement technigue
(see Measurements section) makes sure that scores remain comparable. | focus on the test time
points and not on the test type. This means that, for example, E1 refers to the test taken at the
end of Grade 1, although a few pupils did not take the E1 test at that time but a test that belongs
to a prior or later test moment.

In addition to the LVS data, | use information from other microdata of Statistics Netherlands
(CBS). The files that | use are the municipal personal records database 2021 (CBS, 2021), the linked
parent-child data 2021 (CBS, 1995), educational attainment file 2020 (CBS, 2019), personal income
files 2013-2019 (CBS, 2011), primary school registrations 2013-2019 (CBS, 2014), and school quality
data from the Inspectorate of Education.

5.3.2 Selections and selectivity

I use pupils’ scores on the reading and mathematics tests of Grades 1-5, taken during the school
years 2013/2014 to 2019/2020. As | am interested in general learning growth, | exclude the tests
that were taken during and after the school closure due to COVID-19 (i.e., all the tests from the
M-test of 2019 onward). For the respective cohorts, test results are available for 378,378 pupils.
Twin pairs are identified in the linked parent-child data combined with the municipal personal
records database, based on children who have the same legal parents and the same birth month
and year (birthday is not available because of privacy reasons). Linking this to the NCO-LVS-data
shows that of the 378,378 pupils, 10,803 individuals can be identified as twins.*° The percentage of
twins in the data is 2.9%, which is comparable to the percentage of twins in the Dutch population
(Webbink et al., 2006). | exclude twins that do not attend the same primary schools (N=21),
reducing the sample to 10,782 twins. | also exclude 49 twins with outliers (see section 5.3.3).
This leads to the final analytical sample of 10,733 twins (N, =5,699) of which | can analyze the
learning growth in reading of 5,304 twin pairs and mathematics of 5,576 twin pairs. Note that the
number of twins is lower than two times the number of twin pairs because for some pairs there
is only information on one twin. Twin pairs that are incomplete can still be analyzed. Individuals
who miss one or more observations on the test (e.g., due to absence on the test day) are still
included in the analyses if there is data on the co-twin and/or other test occasions using Full-
Information Maximum Likelihood (FIML) estimation (Arbuckle, 1996). Missingness on covariates
is also dealt with using FIML.

30 This number also includes some individual twins of whom the co-twin is not in the NCO-LVS-data, leading
to incomplete twin pairs. Excluding these incomplete twin pairs did not change the results.
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Chapter 5

Potential selectivity in the sample could result from two main sources: selectivity in the NCO-
LVS-data and selectivity due to relying on twins. First, the NCO-LVS-data could be somewhat
selective at the school and pupil level. Some schools may be more likely to export their data, and
there can be selectivity in the preference for using the tests provided by Cito rather than one of
the other test providers. Also on the pupil level, selectivity could result from parents who did not
permit sharing the test data of their children. There could also be missing test data. Exclusion
from taking tests is rare but could occur if pupils are absent (e.g., due to illness) or have a very
large learning loss. Yet, the number of pupils that are excluded from the tests is generally relatively
small (Haelermans, Korthals, et al., 2022). The representativeness of the sample compared to
the full population on several school and pupil background variables has been investigated by
Haelermans et al. (2021).%" They find that pupils with a second-generation migration background,
pupils who attend larger schools, and schools with a larger percentage of lower-educated parents
were overrepresented. However, these differences between the sample and the total population
were small and controlling for the selectivity of the sample with inverse probability weighting
resulted in only minor differences in the analyses (Haelermans et al,, 2021).

Second, relying on twins may induce selectivity. Therefore, | check whether the twin sample
differs from the full NCO-LVS sample concerning parental education, parental income, school
composition, and school quality. Compared to the full sample, twins have parents with a higher
educational level and income and attend schools with a higher SES (see Table E1.1 in Appendix
E1). However, although statistically significant, these differences are small. Moreover, the
small differences between the twin sample and full sample do not result in differences in (the
development of) dispersion (see Appendix E).

5.3.3 Measurements

Standardized test scores

The measures of pupils’ reading and mathematics performance are derived from the LVS of Cito.
| use the M- and E-tests for Grades 1 to Grade 5. Grade 5 is the penultimate grade of primary
school in the Netherlands. I do not use the tests taken in Grade 6, because the timing of the tests
is different, and the final test is the Central End-of-primary-school test (Centrale Eindtoets) of which
the scaling of scores differs. There is no mid-term assessment for reading in Grade 1, therefore,
I rely on all the subsequent tests for reading. Figure 5.2 shows an overview of the different test
moments by domain used in this study. Almost 5% of twins repeated a grade between grades
1 and 5. In the case of grade repetition, | use the last test score. Twin pairs with an outlier on
either the intercept and/or slope (defined as M + 3 S.D.) are excluded from the analyses. As a
robustness check, | also perform the analyses excluding those twin pairs of whom one or both
twins repeated a grade between Grade 1 and Grade 5 (see Tables E2.1 and E2.2, Appendix E2),

31 Although the raw data are the same for the present study and the study by Haelermans et al. (2021), the
sample is not. Amongst others, the cohort selection differs, with the most important difference being that
the study by Haelermans et al. (2021) includes test occasions during the COVID-19 pandemic. Schools were
more likely to abstain from administering the tests for a larger share of pupils during the pandemic. The
sample of the current study does not include this source of selectivity.
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and where outliers were not excluded (see Tables E2.3 and E2.4, Appendix E2). This did not
substantially change the results.

The reading tests assess the understanding of written texts, including both factual and
literary content. Pupils are presented with a series of texts and have to answer multiple-choice
questions. The mathematics tests assess both abstract problems (involving addition, subtraction,
multiplication, and division) and applied problems that describe a concrete task (e.g., involving
time or money). All tests are shown to have high validity and reliability with reliability coefficients
around .90 (Hop et al.,, 2016; Tomesen et al., 2018).%? The test provider Cito used ltem Response
Theory (IRT) to relate the answers of pupils on the test to a score on a continuous scale that
reflects the underlying latent performance level. IRT weighs which questions are answered (in)
correctly to come to an estimation of pupils’ performance level. An advantage of IRT is that
comparable scales can be created across different tests, allowing comparison over time and thus
a calculation of student growth trajectories in primary school (Scheerens et al,, 2012). When the
test changes and includes new questions, questions from earlier tests are used as an ‘anchor’
for the continuous scale.

Ideally,  would have measured initial performance before children enter school. Instead, the
first observation of pupils’ performance is in Grade 1 when children are around 6 years old. Since
this is the first grade where formal teaching starts, it can still be expected that differences in
performance capture mostly influences of pupils’ (family) background instead of school influences
which likely become more important over time.

Parental SES

I measure parental SES by a factor score based on parental education and income. | use the
father’s and mother’s highest attained level of education coded according to the International
Standard Classification of Education (ISCED) 2011. For this, | used administrative data from the
highest education database. For income, | rely on the father’s and mother’s percentile scores of
their personal yearly income for which I'look at the year of twins’ starting cohort at school (Grade
1). I constructed a factor score for SES using FIML estimation to handle missing data (see Table
E3.1, Appendix E3).*

32 To assess the construct validity, Cito assessed amongst others the association with other (older generation)
LVS-tests, to what extent the test items represent a unidimensional construct, and whether the items are
of good quality. Criterium validity is not applicable for the LVS tests, because the tests have no predictive
measurement pretension.

33 Educational attainment is sometimes missing. The educational attainment register data are based on di-
verse registrations of completed education at governmentally funded institutions, combined with data from
the Labor Force Survey collected on a sampling basis. The coverage is high, but the data do not include the
whole population. Diplomas in higher education are registered from the mid-1980s onwards and there is no
(reliable) register data available for education obtained abroad, long-term corporate training, or privately
funded education (which is relatively rare in the Netherlands). This may lead to some selectivity, but since
I'rely on afactor score based on multiple indicators (i.e., father's and mother's income and education) this
is less problematic compared to relying on education as the only SES indicator.
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School SES

To measure school SES composition, | rely on data of all pupils that attended the school in the
period that | study (2013-2019). For each year, | took the average of the parental SES measure.
Next, | averaged this over the years.

School quality

| constructed a factor score to measure school quality based on the indicators that the Dutch
Inspectorate of Education uses to assess whether schools meet a certain quality standard. These
indicators were available for the years 2000-2011, and sometimes until 2019. Generally, schools
are visited by the inspectorate every four years and the set of indicators that were used differed
over the years. This data structure means that it is impossible to measure school quality per year
or even a couple of years. Therefore, for each indicator, the average of all available years is taken.
Items were mostly measured on a three-point scale (insufficient, sufficient, good) or a four-point
scale (bad, insufficient, sufficient, good). Sometimes, also a two-point scale was used (insufficient,
sufficient; no, yes). | conducted Exploratory Factor Analyses (EFA) with Full Information Maximum
Likelihood (FIML) estimation in Mplus: one for all the items related to school resources leading
to two dimensions, and one for school climate leading to seven dimensions. Altogether, this led
to nine dimensions of school quality: (1) range of educational activities, (2) (implementation of)
school curriculum, (3) guidance of educational needs, (4) parental involvement, (5) monitoring
and evaluating (special needs) students, (6) learning climate, (7) social climate, (8) safety, and (9)
quality assurance. Based on these dimensions, | constructed one overall school quality factor
in a third (confirmatory) factor analysis.>* Given the numerous latent variables and items, it was
not possible to integrate the full measurement model with the analytical model. Therefore, |
saved the factor score and included it in the analytical model as a single variable while imposing
ameasurement error correction. More information on this correction - as well as further details
on the procedure, items, and factor analyses - are provided in Appendix E3.

Control variable
In allmodels, I control for sex differences (girls = 0, boys = 1) by including it as a covariate with an
influence on the intercept and slope. All descriptive statistics are presented in Table 5.1.

34 Three dimensions (parental involvement, social climate, and safety) had a low loading on the overall factor.
Therefore, as an alternative measure, | constructed a factor score excluding these dimensions. Using this
alternative measure did not lead to substantially different results. Also analyzing the resource and climate
dimensions separately, or all the nine quality dimensions separately, did not lead to other conclusions (see
Appendix E2).
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Table 5.1 Descriptive statistics for the reading (N=10,214; N,
N  =5576)samples.

pairs

=5,304) and mathematics (N=10,616;

Reading Mathematics

Variable N Mean SD N Mean SD
M1 - - - 9,505 116.68 32.88
E1 5,084 116.18 28.15 8,169 142.41 29.14
M2 6,755 136.14 27.62 8,142 163.40 29.74
E2 6,327 144.02 26.35 6,769 185.06 29.44
M3 6,704 156.35 26.46 6,709 202.42 28.61
E3 4,029 159.19 25.74 5,406 215.51 28.02
M4 5,402 171.50 24.86 5,409 22790 27.35
E4 2,945 180.70 26.59 4,058 241.07 26.49
M5 4,089 191.95 26.54 4113 254.25 27.68
ES 1,682 197.42 25.79 2,559 265.85 27.74
Male 10,214 0.49 - 10,616 0.50 -

School quality 10,179 0.10 0.48 10,579 0.10 0.47
School SES 10,214 0.49 0.27 10,616 0.49 0.27
Parental SES 10,180 0.09 0.86 10,578 0.09 0.85

Note: N = number of individuals, M = mid-term test, E = end-of-year test.

5.3.4 Latent growth model

To examine the dispersion in educational performance over time, latent growth modeling (LGM)
is used. Alinear latent growth model, presented in Figure 5.3, consists of two latent factors. The
first factor, the intercept, estimates the average initial educational performance and individual
differences in initial performance (Gl%”ercepl)
are fixed to one, given that the intercept is constant over time. All test scores have residual

. The factor loadings on the underlying test scores

variance, capturing time-specific and measurement error sources of variation across time. The
second factor, the slope, describes the average learning growth rate and individual differences in
the growth rate (02

slope
between the different tests is not equal. There are about five months between the M -test and

). The factor loadings for the slope are fixed at the time scores. The spacing

E-test, and seven months between the E-testand M, -test. To reflect this, the loadings are fixed
with intervals of .4 year and .6 year. The first measurement occasion (i.e., E1 for reading, M1 for
mathematics) is fixed at zero. The resulting mean of the slope factor can be interpreted as the
change between time score 0 and time score 1 and thus reflects the average growth over one
year. The covariation between the intercept and slope is freely estimated and shows whether
higher initial performance is associated with stronger learning growth (i.e., positive covariance,
increasing dispersion) or weaker learning growth (i.e., negative covariance, decreasing dispersion).

143



Chapter 5

Uintercept,slupe

2
Uinterzept

Test M1 Test E1 Test M2 Test E2 Test M3 Test E3 Test M4 Test E4 Test M5 Test ES

@b@b@@b@éé&@é

Figure 5.3 Latent growth model.

Note: M = mid-term, E = end-of-year. For reading, there is no M1-test. In this case, the first observation refers
to the E1 test with a loading of the slope fixed at 0, and the other loadings fixed with a .6 interval between the
E and M, tests and .4 between the M, and E, tests (i.e,, 0.6 for M2, 1 for E2, 1.6 for M3, etc.).

5.3.5 Twin model

To investigate the extent to which genetic and environmental differences play a role in initial
performance and learning growth, I apply a twin design (see Figure 5.4). The classical twin design is
based on the comparison of the resemblance in an outcome between identical (i.e.,, monozygotic;
MZ) and fraternal (i.e., dizygotic; DZ) twins. These twin types differ in their genetic similarity (MZ
twins share all of their genes at conception, and DZ twins on average half of their segregating
genes) and are assumed not to differ in their shared environmental similarity.* Therefore, if MZ
twins have more similar educational performance than DZ twins, this indicates that education
is genetically influenced. Based on this idea, one can use structural equation modeling (SEM) to
decompose the variance in educational performance into three latent components capturing
additive genetic variance (A), shared environmental variance (C), and non-shared environmental
variance (£) (Knopik et al., 2016).

Since | rely on administrative data, | do not have information on whether twins are MZ or
DZ. Therefore, | follow the strategy of previous research (Erola et al., 2021; Figlio et al., 2017) and
compare same-sex (SS) and opposite-sex (OS) twins. OS twins are always DZ, hence they share
half of their segregating genes. SS twins are a mixture of MZ and DZ twins and therefore their
genetic similarity is somewhere between .5 and 1. The exact genetic correlation of SS twins (rSS )
is unknown, but the mixture of MZ and DZ twins among SS twins is often assumed to be fifty-fifty

35 This is called the Equal Environment Assumption (EEA). Although MZ twins can be expected to grow up in
more similar environments and to be treated more similarly (Joseph, 2014), there is not much evidence
that this relates to differences in educational outcomes. Studies showed that the EEA is unproblematic for
many outcomes (for an overview, see (Felson, 2014)), including educational outcomes (Fletcher & Conley,
2013; Monkediek, 2021).
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(see, e.g,Marks et al., 2023; Rodgers et al., 1994). Therefore, the average of MZ and DZ twins’
genetic relatedness can be used, thatis, an rSS_of .75. As robustness checks (see Appendix E2),
I'also conduct the analyses with .70 and .80 as alternative values.*®

In the SEM model, | constrain the genetic correlation (A7-A2) to be .75 for SS twins and .5
for OS twins, and the shared environmental correlation (C7-C2) to be 1 for both SS and OS
twins. The resulting covariance in educational performance between twin 1 and twin 2 is
Covsg = .75a* + c2for SStwins and Covgg = 0.5a* + ¢2 for OS twins. The latent variance
components A, G, and £ are set to a variance of 1. Path coefficients a, ¢, and e represent the effects
of the latent factors on educational performance. The variance is equal to the square of the path
coefficient; hence the ACE model can be written mathematically as:

Ve = @>+ 2+ =V, + Vo +V (56)

For standardized components, each variance component is made proportional to the total
variance. For example, relative genetic contribution (i.e., heritability) is obtained by:

Vs
v

educ

SV, = (5.7)

It is important to be aware of what the ACE components do and do not capture. The latent
component A provides an omnibus measure of genetic variance in educational performance,
which captures differences in intelligence but also numerous non-cognitive traits that have a
genetic component such as self-efficacy and behavioral problems (Krapohl et al., 2014). Similarly,
the C and £ components provide omnibus measures of the environment, capturing influences
that make twins more similar (e.g., related to the family, school, and neighborhood) and dissimilar
(e.g., differential experiences and treatment, different friends, luck, measurement error),
respectively. Educational performance has been shown to have a moderate to large heritability
and a relatively smaller amount of environmental variance (De Zeeuw et al., 2015). That is not
to say that environmental influences are not important. Children with a genetic predisposition
towards being good at learning would not learn to read, write, and perform calculations without

36 There are reasons to expect a higher or lower rSS_. The, rSS_ could be lower, first, because the MZ/DZ ratio
among SS twins may not be fifty-fifty. The DZ rate could be higher due to a higher maternal age and usage
of assisted reproductive technologies, amongst others (Glasner et al., 2013). Therefore, alternatively, Wein-
berg's differential rule can be used to estimate the rSS_based on the number of SS and OS twins in the data
(Weinberg, 1901). This leads to an estimated relatedness of rSS_ = 1*(N. - N,/ N.) + 0.5%(N ./ N,) = 1%(3544
-2155/3544)+0.5%(2155 / 3544) = .70. Second, the presence of assortative mating increases the genetic
relatedness of DZ twins relative to MZ twins (Loehlin et al., 2009). This implies that the difference in genetic
relatedness between SS and OS twins becomes smaller. This smaller difference is captured by using rSS, of
70 instead of .75, while holding rOS, constant at .50. Contrarily, | also use a higher value of rSS_ to reflect
that SS twins may not only have more similar performance because they are genetically more similar, but
also because they are of the same sex. Theoretically, one would adjust shared environmental correlation
of OS twins downwards to consider that their environments are less similar because they are of different
sexes. However, genetic and shared environmental relatedness account for the same pattern in the data
(cf. Spinath et al,, 2004). Therefore, | use a higher value of rSS_, which is practically the same as using a
lower value for the shared environmental correlation of OS twins.
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being taught so by teachers and parents. If children’s reading, writing, and mathematics skills
increase over time, as well as the heritability of these skills, this can be seen as an achievement
of parents and teachers and should not be seen as a sign of genetic determinism (Asbury &
Plomin, 2014). Moreover, the ACE components capture differences in educational performance. If
all children are raised in equally supportive families and attend equally good schools, there would
be limited environmental variance in educational performance and most of the differences would
be accounted for by genetic differences between children (Asbury & Plomin, 2014). Supportive
families and good schools would then increase average educational performance but not explain
much of the differences between children, because these environments are rather universal.

S$S:.75/ 0S: .50

$S:1/0S: 1

'

a c e e c a
Educational performance Educational performance
twin 1 twin 2

Figure 5.4 The classical twin design applied to same-sex (SS) and opposite-sex (OS) twins
decomposing the variance in educational performance into genetic (A), shared environmental
(€), and non-shared environmental (E) components.

5.3.6 Analytical strategy

I apply the twin design to a latent growth model. This combination has also been referred to as
a biometric latent growth model (McArdle et al., 1998). The variance in the intercept and slope,
as well as their covariance, is decomposed into the ACE components (see Figure 5.5). It could
be that the genetic and environmental influences on initial performance (i.e., the intercept) and
learning growth (i.e., the slope) are the same, but there may also be genetic and environmental
influences that only influence growth. Therefore, so-called Cholesky decomposition is used to
decompose two sets of ACE components capturing variance related to the intercept (V,, V., V)
and the slope (V,,, V., V... The paths a77, c77, and e71 reflect the genetic and environmental effects
on the intercept, and a27, c21, and e27 show to what extent these same influences also predict
the slope. The paths 022, c22, and e22 show the effects that are independent of the intercept
and thus uniquely influence the slope. The total variance in the intercept and slope is given by:

|2 all>+ c1?+ el =V, + Vo + Vg (5.8)

intercept =
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Vipe = (0217 +a222) + (c212 4 ¢22) + (€212 4 €22%) = Vjy + Vey + Vir (59)
The covariance between the intercept and slope can likewise be decomposed in ACE components.
This covariance decomposition tells us how much of the covariation/correlation between the
intercept and slope is accounted for by shared genetic and environmental effects (de Vries et al.,
2021). This is done by calculating the respective covariance over the total covariance, where the
total covariance of the intercept (/) and slope (s) is given by:

COVintercept, stope = (all xa2l)+ (cll xc21)+ (ell X e21)
= COVAi’AS'i' COVC,',CS"F COVEi,Es (510)

1 b
« ®

all c11 ell e22 ¢22 a22

Test M1 Test E1 Test M2 Test E2 Test M3 Test E3 Test M4 Test E4 Test M5 Test E5

@é@é@é&&@é

Figure 5.5 Biometric latent growth model decomposing the variance in the intercept, slope, and
their covariance, into genetic (A), shared environmental (C), and non-shared environmental (£)
variance.

Note: M = mid-term, E = end-of-year. For reading, there is no M1-test. In this case, the first observation refers
to the E1 test with a loading of the slope fixed at 0, and the other loadings fixed with a .6 interval between the
E.and M,,, tests and .4 between the M, and E tests (i.e,, 0.6 for M2, 1 for E2, 1.6 for M3, etc.).

Based on the variance in the intercept, variance in the slope, and their covariance, the
expected total variance (i.e., dispersion) at timepoint t can be calculated using the following
formula (McArdle et al., 1998; Muthén & Khoo, 1998; Reynolds et al., 2002):
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Vierformancelt =al 12 + (2%t X (all x a21))+(a21 X 1)*+(a22 x 1)*+
eI+ (2% X (11X c21))+ (c21 X 1 +(c22 X 1)+

ell” 4+ (2x 1 x (el1 x e21)) +(e21 X 1)*+(e22 x 1)’ (511)

| split this into two parts to examine the development of initial dispersion in performance
(i.e., all paths associated with the intercept, namely paths 77 and 27) from the development of all
the new influences that uniquely contribute to the variance in learning growth (i.e.., all paths that
are only associated with the slope, namely paths 022, c22, and e22).

To identify the model, the variances of the intercept and slope are fixed to zero because their
variances are now fully explained by the ACE components. Furthermore, the means and variances
of the intercepts and slopes are constrained to be the same for twin 1 as for twin 2, and the same
for SSand OS twins.*” Also, the residual variances for the underlying test scores were constrained
to be equal for both twins and SS and OS twins.*® The model includes correlations between the
residual variances of each test score of twin 1 and twin 2, separately for SS and OS twins. This is
because these residuals could include meaningful twin similarity that is unrelated to the latent
factors due to time-specific factors that are shared by twins (e.g., lower test results due to family
disruptions) (Christopher et al., 2013). Moreover, model comparisons show that including twin
correlations between the residuals improved the model fit (see Table E4.1, Appendix E4).

| fit a series of LGMs, which all control for sex differences in the intercept and slope. The
standard errors are clustered by the school identifier to take the hierarchical data structure into
account. To determine whether learning growth follows a linear pattern, | fit biometric growth
models with a linear slope and a quadratic slope. Model comparison using chi-square difference
test shows that for both domains the model with a quadratic slope fits the data better (see Table
E4.2, Appendix E4). However, the model including the quadratic slope shows that the quadratic
slope has a small effect and little variance. Given this, and the fact that nonlinearity complicates
the estimation and interpretation of model parameters (Dominicus, 2006), | continue with the
linear model in the biometric analyses.

The biometric LGM with a linear slope examines genetic and environmental differences
in initial performance, learning growth, and their covariation. The covariation between initial
performance and learning growth can be positive or negative, and would indicate if inequality is

37 lused Wald-tests for parameter constraints to test whether the means and variances of the intercept and
slope statistically significantly differ between twin 1 and twin 2 and the SS and OS groups. This was not
the case, hence, the means and variances across twin 1 and 2 and SS and OS twins could be equalized.

38 Some studies additionally constrain the residual variances equal across time points (see Christopher et
al., 2013; Reynolds et al., 2005), but imposing these constraints did not improve model fit (see Appendix
E4).
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increasing or decreasing, respectively.®” A negative association between initial performance and
growth could appear because of genetic or (shared) environmental effects but could also be a
statistical phenomenon caused by regression to the mean (Ready, 2013). This is less likely to form
a problem in the current design, as relying on the many time points counteracts this source of
bias (Caro et al.,, 2009). Moreover, measurement error is part of the residual variances or the non-
shared environmental variance component in the model, so we can separate this from genetic
and shared environmental influences.

Lastly, I will more specifically investigate the contribution of schools by including school quality
and school SES as covariates in the model, with an influence on the intercept and the slope. |
also include parental SES to take socioeconomic selection in schools into account (Borghans et
al,, 2015a; Robert, 2010). Both twins are raised in the same family and attend the same school.
That means that the school and family characteristics are part of the shared environment. To
the degree that these measures account for shared environmental variance, their inclusion
reduces the relative contribution of the residual shared environment and increases the relative
contribution of genes (Christopher et al.,, 2013).

I perform several supplementary analyses, which are presented in Appendix E2. The results
show that the conclusions are robust to alternative model specifications.

5.4 Results

5.4.1 Differences in initial educational performance

Figure 5.6 shows the total dispersion in reading and mathematics performance over the primary
school period, including the underlying genetic and environmental sources of dispersion. When
formal education starts in Grade 1, there is already considerable variation in educational
performance. The total variance in the intercept is 512.82 for reading and 694.21 for mathematics
(see Table 5.2). As can be seen in Figure 5.6, and more detailed in Table 5.2, genetic variance is
the major source contributing to differences in initial educational performance. For reading,
genetic differences account for 84% of the differences in initial performance in Grade 1. For initial
mathematics performance, this is somewhat lower but still high, namely 70%. When it comes to
the role of the environment, the shared environment is almost as important as the non-shared
environment. The shared and non-shared environment account for, respectively, 8% and 7% of
the variance in initial reading performance (but note that the shared environmental variance in
reading is not statistically significant, see Table 5.2). For mathematics, both the shared and non-
shared environment account for 15% of the variance in initial performance.

39 This shows the development of different sources of dispersion over the school career - which is the focus
of this paper - but does not provide insight in the more complex underlying mechanisms. For example,
the parental resources that gave high-SES children an advantage at the start of education could continue
to have an influence on later performance (i.e., ACE affect both initial performance and learning growth).
Alternatively, it could also be that high-SES children start with an advantage and perform higher in Grade
1,and that these higher initial performance levels affect their learning growth (i.e., the influence of ACE on
learning growth is mediated by initial performance).
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5.4.2 Development of differences in educational performance

Children improve their educational performance over time; there is on average statistically
significant learning growth for reading (b = 18.36, p<.001) and mathematics (b = 31.78, p<.001).
These learning growth rates refer to the average improvement in reading and mathematics test
scores per year. Not all children improve at the same pace, which is captured by the statistically
significant variance of the slopes for reading and mathematics (respectively 12.32 and 21.58,
see Table 5.2). The presence of variance in the learning slope implies that the total dispersion in
educational performance changes during the primary school career. This change results from two
developments: (i) the change in initial differences, which depending on whether these differences
increase or decrease would lead to more or less dispersion, and (ii) new influences that come into
play over time leading to more dispersion.

The differences in initial educational performance decrease over time (see Figure 5.6). This
is reflected by the negative covariance between initial performance and growth, shown in Table
5.2. The intercept and slope are negatively and statistically significantly associated for reading
(COV, =-14.08, p<.001) and mathematics (COV,, =-38.81, p<.001). Transforming these covariances
into correlations show that the association between the intercept and slope is relatively weak for
reading (r =-.18, p<.001), but more substantial for mathematics (r = -.32, p<.001). These negative
associations indicate a compensatory growth pattern where those children who initially have
a lower test score grow faster than those who initially performed higher (and vice versa). This
is in line with hypothesis 1b: initial dispersion in educational performance decreases over the
primary school career.

While the total amount of differences in initial performance decreases during schooling, Figure
5.6 shows that itis not the case that all the underlying sources of dispersion decrease. The initial
differences in reading performance decrease over time due to a decrease in the initial genetic
differences. This is reflected in the statistically significant genetic covariance as shown in Table
5.2 (cov,

Al As

environmental differences (cov,,,

(COV,, .= -3.19, p=327)in reading performance. The initial differences in mathematics performance

=-13.42, p=.040). There is neither a statistically significant change in initial shared
=2.53, p =.496) nor in non-shared environmental differences

decrease over time due to a decrease in initial shared environmental differences (COVMS: -26.97,

p=.012) and non-shared environmental differences (COV.., =-17.57, p=.001). Here, the change

Eifs
in initial genetic differences is not statistically significant (COV, , = 5.73, p=.713). The decreasing
shared environmental differences likely reflect the reducing impact of family background, given
that the initial sources of performance differences at the start of schooling are assumed to be
largely related to the home environment (given the limited exposure to the school environment
at that moment). These family background differences decrease and approach zero near the end
of primary education (see Figure 5.6).

In addition to the changes in pre-existing sources of dispersion in educational performance,
there are also new sources of dispersion coming into play. For both reading and mathematics
performance, these new sources mainly include new genetic influences, although there are
also new non-shared environment influences (see Figure 5.6 and Table 5.2). For mathematics
performance, the new genetic variance (9.15) and non-shared environmental variance (2.12) do
not reach statistical significance at the five percent level (see Table 5.2). This is probably a power
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issue, since the underlying path estimates are statistically significant (see Table E5.1, Appendix E5).
The new influences increase dispersion in performance by definition. Combining the (decreasing)
dispersion in initial performance with the dispersion that is coming into play during the school
period (and thus is unrelated to the initial situation), leads to an increase in the overall dispersion
in educational performance (see Figure 5.6). This means that at the beginning of formal education
(Grade 1) children differ in their performance levels but near the end of formal education (Grade 5)
they differ even more. The new genetic and non-shared environmental influences that are coming
into play outweigh the decrease in initial genetic differences (for reading) and initial shared and
non-shared environmental differences (for mathematics).
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Figure 5.6 The development of the total, genetic (A), shared environmental (C), and non-shared
environmental (E) variance in reading and mathematics performance.

Note: Controlled for sex. Based on the variance in the intercept and slope and their covariance, reported in
Table 5.2.
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Altogether, | find that initial dispersion in reading and mathematics performance at
the beginning of primary education decreases during the primary school career. This is due
to a decrease in genetic differences for reading, and a decrease in shared and non-shared
environmental differences for mathematics. However, the total dispersion in reading and
mathematics performance is increasing over time. This is because new influences are coming
into play during the school career, mainly new genetic influences but also some non-shared
environmental influences. The increase due to the new influences is stronger than the decrease of
theinitial differences, leading to an overall increase of dispersion in performance over the primary
school career. Although the focus is on dispersion (i.e., unstandardized variance components),
I also investigated how the relative contributions of genetic, shared environmental, and non-
shared environmental factors develop over the school career (see Figure E5.2, Appendix E5).
These largely reflect the patterns of the absolute variances. Additionally, it shows that the
relative contributions of genes, the shared environment, and non-shared environment to the
total amount of variance in reading performance do not change in a statistically significant way.
For mathematics performance, the relative contribution of genes increases while the relative
contribution of both sources of environmental variance decreases.

5.4.3 Role of the school environment

The finding that initial dispersion decreases during the schooling period, and that there is shared
environmental variance in learning growth, suggests that the school environment could play a
role. I include measured characteristics of the school environment - school quality and school
SES - to further investigate this. Given socioeconomic selection in schools (Borghans et al., 2015a;
Robert, 2010), I also include parental SES. The results are presented in Table 5.3.

As initial performance mainly reflects influences before the start of schooling, I do not expect
that school characteristics affect the intercept. However, the results show that school quality
is positively associated with the mathematics intercept (8 =.05, p =.008) and that school SES
is positively associated with the intercepts of both reading performance (8= .04, p =.016) and
mathematics performance (8 = .04, p = .015). Children who attend higher-SES and higher-quality
schools thus have on average higher initial educational performance. Although statistically
significant, the effects are small. One S.D. increase in school SES is associated with only 0.04 S.D.
increase in initial reading and mathematics performance. For the association between school
quality and initial mathematics performance, this is only 0.05. Parental SES is more substantially
related to initial performance (8= .31, p<.001 for reading; 8= .27, p<.001 for mathematics).
Comparing the total variance in the intercept between Model 2 and Model 1 shows that the
inclusion of all the measured characteristics explains 10% and 8% of the total variance in the
reading and mathematics intercepts, respectively.

In contrast to the expectation, | do not find evidence for a positive association between school
quality and the slope for either reading or mathematics. For school SES, there is a statistically
significant positive association with the reading slope. Children in higher-SES schools have higher
learning growth rates in reading (8 =11, p < .001), but this effect is rather weak. Parental SES
is a statistically significant, yet also rather weak, predictor of both reading (8=.11, p <.001)
and mathematics growth (8 =.06, p =.023). Although some of the measured environmental
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characteristics are thus significant predictors of average learning growth, their effects are small
in magnitude and their impact on explaining differences in learning growth is limited. Of the
total variance in the reading and mathematics slope, only 4% and 1% of the variance can be
explained. For the development of reading performance, this means that the small amount of
shared environmental variance that was present can entirely be explained by the measures
(see Table 5.3, and Figure E5.1 in Appendix E5). For mathematics performance, the amount of
unexplained shared environmental variance is hardly affected by the inclusion of the school and
family measures.

Table 5.3 Estimates of the biometric growth models including covariates for reading (N,,=5304)
and mathematics (Npm,5:5,576).
Reading Mathematics
Model 1 Model 2 Model 1 Model 2
Mean
Intercept mean 125.57 *** 123.26 *** 125,93 *#** 123.09 ***
Brcnootauotny 0.02 0.05 **
[ 0.04 * 0.04 *
:Bpgysmalst 031 *k*k 027 *k*k
Slope mean 18.36 *** 17.61 *** 31.78 *** 31.46 ***
BMOO,MW 0.04 -0.04
[ 011 *** 0.04
[ R— 011 ek 0.06 *
Variance
Interceptvariance  512.82 *** 459.08 *** 694.21 *** 636.98 ***
SV, 0.84 *** 091 *** 0.70 *** 0.71 ***
SV, 0.08 0.00 015 * 0.12
SV, 0.07 * 0.09 #*** 0.15 *** 018 ***
Slope variance 1232 *** 11.85 *#** 21.58 *** 21.33 ***
SV, 0.81 *** 0.80 *** 0.43 0.40
SVe 0.01 0.00 033 * 0.35 **
SV 018 * 0.20 * 024 * 0.25 **

E

Note: #p<.05, **p<.01, ***p<.007 (two-tailed test). Controlled for sex. SV,, SV,, SV, refer to standardized genetic,
shared environmental, and non-shared environmental variance, respectively. Estimates of school quality,
school SES, and parental SES are standardized regression coefficients (beta’s) on the intercept and slope.
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5.5 Conclusion and discussion

In this study, | aimed to provide more insight into the development of dispersion in educational
performance throughout primary education by taking a behavioral genetics approach. By
investigating the learning growth of twins identified in the Netherlands Cohort Study of
Education, | studied if the pre-existing genetic and environmental differences between children
are reproduced, exacerbated, or compensated during the schooling period. | also showed to
what extent new sources of dispersion are coming into play, and what this means for the total
dispersion in performance. Moreover, by investigating the underlying sources of differences more
insight could be provided into the role of the school environment. This led to three main findings.

First, the dispersion in initial educational performance at the start of formal education
becomes smaller over time, consistent with a compensatory growth pattern. Dispersion in
performance at the beginning of primary education can be largely attributed to genetic differences
between children, but environmental differences are also present. For reading, these genetic
differences decrease during the school career, leading to the decrease in the dispersion of initial
reading performance. For mathematics, the decrease in the dispersion of initial performance is
driven by a decrease in shared and non-shared environmental differences. Genetic differences
could become smaller because children differ in the rate at which cognitive skills develop, so
those who initially have a lower performance may catch up over time (Francis et al., 1996). Another
potential mechanism is that those who perform low at the beginning of primary school (e.g.,
because of lower innate ability or because their genetic potential is not fully realized in the period
before Grade 1), improve faster because they benefit more from their school environment or
receive more attention. This results in gene-environment correlations that are captured in the
genetic component. The decreasing environmental differences in mathematics may be partly
driven by low-SES children who have lower initial performance but improve faster during school
than high-SES children. Low-SES children may benefit more from school inputs (e.g., resources,
academic climate, higher levels of motivation and aspiration) because they are less likely to find
these at home (Coleman et al., 1966; Rumberger & Palardy, 2005).

Second, new influences are coming into play over time. If these new sources of dispersion
are combined with the development of the initial dispersion in performance, | find that the total
dispersion in educational performance increases. The new sources of dispersion are mainly
new genetic influences, but to a small extent also new non-shared environmental influences.
The increase in genetic differences during schooling due to new genetic influences could be
understood from the processes of innovation (Briley & Tucker-Drob, 2013). For example, exposure
to new learning activities and peer groups may lead to the activation of genes. However, although
innovation occurs during the schooling period, it does not necessarily reflect the influence of
exposure to the school environment. It could be related to the family environment as well, for
example if changes in the family environment (e.g., parental divorce, move to a new place) lead to
the expression of new genetic influences. Also, genetically influenced characteristics that become
relevant for later performance (e.g., intellectual interest) could be expressed via processes in the
family (Tucker-Drob & Harden, 2012b). Lastly, it is possible that the new genetic influences are
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related to neither the school nor family environment, but come into play as a function of age
(Briley & Tucker-Drob, 2013)

Third, the results suggest that the role of schools in the development of dispersion is likely
limited. If all children would perform better and learn faster in certain schools, this would be
captured in the contribution of the shared environment. The role of the shared environment is
more important in explaining differences in learning growth than in explaining differences in initial
performance for mathematics. However, the shared environmental factors affecting learning
growth in mathematics are almost entirely common with those affecting initial mathematics
performance. These shared environmental influences are probably more related to the non-
school environment than the school environment, given the limited exposure to school before
the first measurement occasion in Grade 1. Including measures of the school environment also
suggest that the role of schools in (compensatory) learning growth is likely limited. School quality
and school SES are only weakly associated with average learning growth and barely account for
the (shared environmental) variance in learning growth.

Interestingly, there are differences between educational domains. Genetic differences in initial
performance play a larger role for reading than mathematics. Language skills are for an important
part acquired before children enter school, while mathematic skills are typically learned in school
(Passaretta & Skopek, 2021). Hence, it can be expected that initial performance differences in the
language domain are more strongly affected by children’s family environment than mathematics. It
may be counterintuitive that the component reflecting family influences - the shared environment
component - is relatively small for reading and that genetic differences play a large role. This
finding can be understood from transactional models of development (Sameroff, 2009). Genetic
differences between children are translated to genetic differences in educational performance via
environmentally mediated processes (Freese, 2008). Based on children’s genetic predisposition
towards reading, children may seek out literacy activities or evoke specific responses from
others (e.g., provided with books by their parents) (Knigge et al., 2022; Pennington et al., 2009).
The family environment may facilitate or constrain such processes (Ruks, 2022). Given the
greater importance of the (early) family environment for the development of reading skills than
mathematics skills, this may explain the greater realization of genetic endowment for reading.
The idea that reading is more strongly the domain of the family and mathematics more of the
school, is also supported by the findings on the associations between initial performance and
learning growth. For mathematics the negative association is stronger than for reading, indicating
that initial dispersion in mathematics is more strongly reduced during the primary school career
than initial dispersion in reading.

While the results suggest that schools’ influence in explaining compensatory learning
growth is probably limited, it could also be related to the limitations of this study concerning
the measurement of the school environment. It could be that schools play a role in a way that
| cannot capture. First, the school measures reflect between-school effects, while the within-
school (classroom) environment may be particularly important for educational performance and
growth. For example, pupils who are taught by more effective teachers learn faster (Burgess et al.,,
2022), but school-level indicators do not provide enough information on this. Second, the school
and classroom environment need to be stable and systematically related to learning growth to
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explain (shared environmental) variance in growth. It could be that these environments are not so
systematically related to growth, but they could be still of importance for performance at specific
time points. For example, if children get assigned different teachers each year and these teachers
vary in quality, teacher effectiveness would not be observed as strong predictor of learning growth
because its influence is not systematic over the school career. But in the grade(s) where children
are taught by an effective teacher, their performance may still be higher than if they were assigned
a less effective teacher. Third, initial educational performance is not measured at the start of
primary education (age 4) but two years later. Hence, it could be that initial performance is already
affected by the school environment (i.e., the kindergarten period). In the Netherlands, children
participate in kindergarten from approximately age 4 to 6, which is part of the publicly funded
primary school system (OECD, 2016). Although formal learning of reading and mathematics starts
from age 6 onwards, there is gradual preparation for this during kindergarten via play, structure,
and independence, amongst others. The school environment influences this process, and these
school factors may continue to exert an influence on performance in the later grades. Thus, the
overlap in shared environmental factors contributing to both initial performance and growth
does not necessarily arise from the non-school environment.

To gain more insight into the role of schools, future studies could use different measures
and methods. For example, by using more specific measures on the classroom level, such as
classroom composition, instructional activities, and teacher effectiveness. Since children
typically get a different teacher each year, ideally longitudinal data on teachers’ effectiveness
and activities is needed, which is difficult and costly to obtain. Alternatively, classroom influences
could be identified as a latent factor capturing all (unmeasured) classroom influences affecting
performance. This can be estimated by comparing twins who are in the same classroom
with twins who are in different classrooms (Byrne et al., 2010; Grasby et al., 2020; Stienstra
et al., 2023). Unfortunately, a classroom identifier is not available in the NCO-LVS-data. Lastly,
future research could broaden the scope and investigate what dispersion looks like if there
is no schooling. It could be that differences in the school environment are indeed of limited
importance in explaining dispersion in learning, especially in a country as the Netherlands where
nearly all primary schools are governmentally funded, and schools attended by pupils from more
disadvantaged backgrounds receive additional funding (Ritzen et al., 1997). But even if school
differences are small, the fact that children are exposed to a rather universal school environment
may still be of great importance for the development of (genetic and environmental) dispersion
in educational performance. Combining twin data with a seasonal comparison design or with a
design incorporating the school closure due to the COVID-19 pandemic would provide a novel
way to gain more insight into the extent to which inequality as dispersion - and the underlying
genetic and environmental sources - is dependent on the school environment.

Despite the issues related to the measurement of school quality, the observed decreases
of dispersion in performance are unlikely to be explained by differences between schools.
Individual differences in learning growth are much smaller than individual differences in initial
performance. The finding that differences in learning growth are for a substantial part driven
by shared environmental differences, as | find for mathematics, does not have large practical
implications if the magnitude of the effect is small (Christopher et al., 2013). Hence, there is more
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to gain by altering the initial situation (i.e., prior Grade 1), than the situation during schooling.
Given that it is more difficult to intervene in the family environment, one way to do this is via
longer duration and/or higher quality early formal childhood education and care (i.e., preschool)
for low-SES children than high-SES children. Preschool attendance could foster children’s skills,
especially for low-SES children (Ghirardi et al., 2023). Hence, preschools could reduce shared
environmental differences in initial educational performance (Tucker-Drob, 2012). Given my
finding that shared environmental influences on initial performance are common with shared
environmental influences on growth, expanding (high-quality) preschool access could have lasting
consequences as it would improve the initial situation but possible also later performance via
improved learning growth. Moreover, preschools may affect dispersion in initial educational
performance via gene-environment transactions. For example, talented children are recognized
as such and consequently receive an enriched environment to maximize their talents (Diewald
et al,, 2015). It can be expected that this occurs less effectively in lower-SES families. However,
the preschool environment may substitute for this, especially if low-SES children receive more
(higher quality) early childhood education and care.

Dispersion in educational performance is not necessarily problematic because society
requires differently skilled individuals (Strello et al., 2021). However, dispersion is more difficult to
defend ifitis related to the family environment, or if it is produced by schools leaving children with
lower performance or ability behind. This research showed that family influences as captured by
shared environmental differences are reproduced for reading and compensated for mathematics.
Yet, shared environmental differences contribute relatively little to the dispersion in performance.
The lion's share of dispersion in performance during primary education in the Netherlands
is related to genetic differences and already present at the beginning of formal education in
Grade 1. This likely captures more complex relations between children’s genetic endowment
and their (family) environment. These genetic differences are also compensated for reading and
reproduced for mathematics, leading to a decrease of dispersion in initial performance over the
primary school career. New genetic differences are expressed during schooling. When these new
influences are combined with the initial dispersion in performance, the total dispersion increases
during schooling. Whether the decrease of dispersion in initial performance and the new genetic
influences that are coming into play during schooling are produced by the school or non-school
environment remains a question for future research.
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Appendices

A. Supplements to Chapter 1

A.1. Classical Twin Design

The Classical Twin Design (CTD) provides insight into how much of the variance in an outcome
is accounted for by genetic and environmental variance. Two sources of environmental variance
can be distinguished: shared environmental variance (C) and non-shared environmental variance
(E). C captures all non-genetic influences that are shared between twins and contribute to twin
similarity and is thus a between-family component. £ captures all non-genetic influences that
contribute to twin dissimilarity and is a within-family component. For the genetic variance, A, it
is a bit more complex. As monozygotic (MZ) twins are genetically identical, there is no difference
in genetic variance within twin pairs but only between MZ twin pairs. Dizygotic (DZ) twins share
on average half of their segregating genes, hence, among DZ twins A reflects both within and
between twin pair variances.

Comparing the similarity in educational performance between MZ twin pairs and DZ twin pairs
allows for the estimation of the ACE components. The similarity (i.e., covariance or correlation)
in the educational performance of MZ and DZ twins reared together can be estimated using the
following formulas (Neale & Maes, 2004):

Covyz=a*+c*= V,+ V. (AT)
CovDZ:.5a2+c2:.5VA+ Ve (A2)

Dividing the covariances by the total variance V
(Vi = Vy + V. + V), gives the twin correlations. The separate variance components can be

calculated by:

which is the sum of the variance components

total’

Vy= 2 x (Cov,,, — Covpz) = (Cov,,, — Covpz)/.5 (A.3)
Ve= @2 X Cov,,) — Covyz = Covpz — .5V, (A4)
Ve = Viotar — Covmz (A5)

The expected variances and covariances of educational performance within MZ and DZ twins can
also be written as the following two model-implied covariance matrices, Z(6):

suam= (1 e (3 )i (3 0

£p,0) = <.15 ’15>VA+ (} }>V6+ <(1) ?)vE (A7)

Each matrix shows the relation between twin pairs for the stated variance components. The off-
diagonal of the genetic relatedness matrix reflects the genetic relatedness of MZ twins (1) and
DZ twins (.5) (Hunter et al., 2021).
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The variance components can be standardized (i.e., standardized variance; SV). For
example, the proportion of the genetic variance component to the total variance in educational
performance, which is called heritability, is given by:

a? Vi

SV, = - (A8)
at+ 2+ e Vi

Multigroup structural equation modeling (SEM) is used to decompose the variance into the
ACE components (Rijsdijk & Sham, 2002). The most basic model includes two groups (i.e.,, MZ
and DZ twins), one observed outcome variable for twin 1 and twin 2, and the latent components
A, C, and E for both variables (see also Figure 1.2). For both zygosity groups and both twins
within a pair, means and variances are constrained to be equal (note that this is an assumption
that has to and can be tested). The latent components A, C, and £ are set to a variance of 1.
The correlation between C7 and C2 is set to 1 for both zygosity groups, reflecting the equal
environment assumption. The correlation between A7 and A2 differs between the groups,
reflecting the difference in genetic relatedness. It is set at 1 for MZ twins, and .5 for DZ twins.

The identification and interpretation of the ACE components relies on several assumptions,
which are simplifications that are needed for modeling. These assumptions are often testable,
and prior research as well as my own robustness checks show that in general the underlying
assumptions are met (see also Table 1.7).
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A.2. CTD when zygosity is unknown

In most chapters of this dissertation, as well as in other studies (Baier et al., 2022; Erola et al., 2021;
Figlio et al., 2017; Pokropek & Sikora, 2015; Scarr-Salapatek, 1971), the CTD is fitted by comparing
the similarity in an outcome among same-sex (SS) twins with that of opposite-sex (OS) twins.
While the genetic relatedness of OS twins is known (i.e., .50 because they are DZ by definition),
the genetic relatedness of SS twins (rSS; ) is unknown. Because SS twins are a combination of MZ
and DZ twins, the average rSS, will fall within the range .5 to 1. The estimated rSS_ (and the rOS,
of .5) can be incorporated in the CTD similar to the genetic relatedness of MZ and DZ twins. That
is, constraining the correlation between AT and A2 to be rSS_for SS twins, and .5 for OS twins.
There are commonly two ways to calculate the rSS,.

1. Assume that the average genetic relatedness of SS twins is .75

This is based on the assumption that among SS twins, half will be MZ and half will be DZ. Given
this fifty-fifty mixture, the average of the genetic relatedness of MZ and DZ twins can be used,
leading to an rSS, of .75 (Marks et al., 2023; Rodgers et al., 1994).

2. Estimate the average genetic relatedness of SS twins

Using Weinberg's differential rule, the proportion of MZ and DZ twins within the group of SS twins
can be calculated (Weinberg, 1901). According to this rule, the probability of male births equals
the probability of female births. Therefore, among DZ twins the number of SS equals the number
of OS twins. The total number of DZ twins is thus twice the number of OS twins. The proportion
of MZ and DZ twins within SS pairs in the data can be estimated by:

Puzss = (N — Nog)/ N (A9)

Pozss = 1 = Puzss. (A10)

Accordingly, the average genetic relatedness among SS twins is:

rSSG = (1 X pyzss) + (5 X Ppzss). (A1)

Assumptions and potential limitations

The application of the CTD to SS and OS twins rely on the same assumptions as the CTD applied
to MZ and DZ twins (see Table 1.1 for an overview). In addition to these standard assumptions,
the CTD applied to SS and OS twin data relies on the assumption that SS twins are only more
similar than OS twins because SS twins are on average genetically more similar, not for other
non-genetic reasons (Figlio et al., 2017). If sex differences play a role, this assumption is violated.
SS DZ twins will then be more similar to one another than OS DZ twins, because the first are from
the same sex and the latter are not. This would result in an upward bias in estimates of genetic
variance and a downward bias in shared environmental variance. The presence of sex influence
can be tested (see Chapter 3) and one can correct for a possible bias by using a larger value for
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r5S..4% All analyses based on SS and OS data (Chapter 3, 4 and 5) are therefore conducted using
three values of rSS_ (i.e., .70, .75, and .80). The conclusions are robust to the different values.

Second, when investigating the interaction between the ACE components and an
environmental moderator, it is assumed that the rSS_ is the same across all values of the
moderator. However, the MZ/DZ birth ratio may depend on parental SES. While MZ twin births
are thought to be largely the result of a random event, DZ twin births are more common when
assisted reproductive technologies are used, when the mother is older, taller, has a higher BMI,
and smokes, amongst others (Glasner et al,, 2013). These factors may differ by SES, hence, the
estimated rSS. may also differ by SES. If this is the case, a gene-SES interaction may then result
from the bias resulting from assuming the same rSS_ for all SES groups. This did not appear to
be the case (see Chapter 3).

Third, one should be aware that misspecification of rSS_ leads to biased estimates. When
zygosity is known, the A is calculated as 2 X (Cov,,, — Covpz), or, to put differently,
(Cov,,, — Covpz)/.50, where .50 is the difference in genetic relatedness (Ar,) of MZ and DZ
twins. The difference in genetic relatedness between twin types becomes smaller when SS and
OS twins are compared (Ar_of .30, .25, or .20, depending on whether rSS_of .70, .75, or .80 is
used, respectively). The smaller Ar, the larger the estimated A and the smaller the estimated C.
Thisis no problem if the Ar_reflect real differences, for example, if a smaller Ar, results from the
larger share of DZ twins among SS twins and/or the presence of assortative mating. However,
the A and C will be over or underestimated if the assumed Ar_islarger or smaller than the true
difference. We investigate the robustness of the results by modelling different plausible values
of rSS, in the range of .70 to .80 (see also Figlio et al., 2017).

Lastly, applying the CTD to data with unknown zygosity is less powerful compared to when
zygosity is known. Generally, the more distinct the genetic and environmental relatedness of
the relatives that are sampled, the greater the power to distinguish the A, C, and £ (Medland &
Hatemi, 2009). If Ar_is relatively large, as is the case when comparing MZ and DZ twins, there is
less information required to distinguish the covariance structure of MZ twins with that of DZ twins.
This is because the only difference in the implied covariance structure is the genetic correlation.
When Ar_becomes smaller (i.e., when relying on SS/OS data), the covariance structures become
more similar for the two groups. In order to fit the implied covariance matrixes more precisely
to the covariance matrices generated from the empirical data, larger sample sizes (and thereby
smaller estimated standard errors) are needed (Lyu & Garrison, 2023).#' Thus, when using SS/OS
twin data, greater sample sizes are needed to obtain the same level of power as a CTD applied
to MZ/DZ data. Given the usage of population data for the models with unknown zygosity in this
dissertation, the sample sizes are much larger than those of twin samples with known zygosity.
This counteracts the reduced power resulting from unknown zygosity.

40 Theoretically, one would adjust the shared environmental correlation of OS twins downwards to consider
that their environments are less similar because they are of different sexes. However, genetic and shared
environmental relatedness account for the same pattern in the data (cf. Spinath et al. 2004), so it makes
sense to only adjust one at a time. Practically, increasing rSS is similar to decreasing the shared environ-
mental correlation of OS twins.

41 See Lyu and Garrison (2023) for more information - including a mathematical derivation - on the relation
between power, sample size, and genetic relatedness.
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B. Supplements to Chapter 2

B.1.

Operationalization parental educational attainment

Table B1.1. Coding of level of parental education (twin age 10, 7, 3 or 1) into ISLED scores.

Twin age 10 and 7 Twin age 3 and 1 ISLED Label
(1) Primary school (1) Lower education 22,98  Primary school or first stage of
basic education
(2) Few years ‘mavo’ or ‘mulo’ 22.98  Primary school or first stage of
(lower general secondary basic education
education)
(4) Few years 'LTS' (lower technical 2298 Primary school or first stage of
education) basic education
(6) Few years ‘havo/VWO' (higher 22.98  Primary school or first stage of
general secondary education/pre- basic education
university education)
(5) Finished ‘LTS’ (lower technical 29.34  Lower secondary school,
education) technical training [lts]
(2) Lower secondary 37.31* Lower secondary school,
school, lower general technical training [lts] or lower
secondary education secondary school, theoretical
training [mulo, mavo]
(3) Finished ‘mavo’ or ‘mulo’ (lower 45.27  Lower secondary school,
general secondary education) theoretical training [mulo, mavo]
(8) Few years ‘MBO’ (lower 45.27  Lower secondary school,
vocational education) theoretical training [mulo, mavo]
(9) Finished '"MBO' (lower 52.70  Upper secondary professional
vocational education) education [MBO]
(3) vocational education ~ 62.31°  Upper secondary professional
‘MBOQ’, general secondary education [MBO], higher
education 'havo, VWO’ secondary school [havo], or
pre-scientific secondary school
[VWO]
(7) Finished 'havo/VWO' (higher 67.11¢  Higher secondary school [havo]
general secondary education/pre- or pre-scientific secondary
university education) school [VWO]
(10) Few years 'HBO' (university of 67.11¢  Higher secondary school [havo]
applied sciences) or university or pre-scientific secondary
school [VWO]
(11) Finished "HBO' (university of (4) higher vocational 7793  Tertiary professional education
applied sciences) education ‘HBO' [HBO]
(12) Finished university (5) scientific education 8713  Tertiary scientific education
[WQ]
(13) Post-doctoral education 92.63% Post-doctoral education

and second stage of tertiary
education, PhD

@ Average of 29.34 (lower secondary school) and 45.27 (lower general secondary education).
b Average of upper secondary professional education (52.70), higher secondary school (62.30), and pre-

scientific secondary school (71.92).

cAverage of 62.30 (higher secondary school) and 71.92 (pre-scientific secondary school).
dAverage of 90.63 (post-doctoral education) and 94.62 (second stage of tertiary education, PhD).
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B.2. Robustness checks different operationalization classroom allocation
As a robustness check, we used a stricter definition of classroom allocation where we also
excluded twins who went to different schools and those who were in the same school but in
different grades. This leads to a sample of 3,443 twin pairs (880 MZ twin pairs in the same
classroom, 596 MZ twin pairs in different classrooms, 1,444 DZ twin pairs in the same classroom,
and 693 DZ twin pairs in different classrooms). Similar to the main analyses, we first checked the
assumptions of equal means and variances using likelihood-ratio tests. Distinguishing a classroom
component requires the variance in educational performance to be equal between the different
groups (i.e, MZ and DZ twins in the same class, and MZ and DZ twins in different classes). However,
in contrast to the main analyses, the assumption of equal variances between twins in the same
and different classrooms cannot be met when we use the stricter operationalization of classroom
allocation. Since there are different ways to deal with this, we provide three robustness analyses.
First, we fitted an ACE model for MZ and DZ twins in the same and different classrooms where we
allow the variances to be different (see Analysis 1). This is probably the most appropriate test, but
less informative as it does not allow for decomposing the fourth classroom variance component.
Therefore, as alternative tests, we ignored that the variances are unequal and nevertheless
performed analyses including a classroom component. In Analysis 2, we ignored the violation
of equal variances by fitting the model with a classroom component while we constrained the
variances across groups to be equal (although the LR-test showed that they cannot be equalized).
Lastly, in Analysis 3, we estimated the model with a classroom component while we equalized
the variances by standardizing the Cito scores within each group. This standardization artificially
creates equal variances between the groups.

All three tests lead to the same conclusions as those reported in the main text: there is
classroom variance that significantly decrease with increasing parental education. The evidence
for a compensation effect is thus robust against a different operationalization of classroom
allocation and different ways of modeling.

Analysis 1: ACE model
We decomposed the variance in Cito scores (unstandardized) for MZ and DZ twins in the same
and different classes into ACE components, where we allowed the variances to differ between
twins in the same and different classrooms. Although we do not directly estimate a classroom
component, the Cand £ components for twins in the same and different classes allow us to infer
whether there is a classroom effect. If twins are in the same class, the classroom is part of their
shared environment. If there are classroom effects, one would thus expect twins in the same
class to be more alike (larger C) than twins in different classes. Similarly, for twins in different
classes, the classroom is part of their unique, non-shared environment. Hence, these twins can
be expected to have a larger £ than twins in the same class if classroom effects are present.
Table B2.1 shows larger shared environmental variance for twins in the same classroom
(V. =9.17) than for twins in different classrooms (V.= 6.37), indicating a classroom effect.
Standardizing the variance components also shows that the shared environment explains a larger
proportion of the variance in educational performance if twins are in the same classroom (12.4%)
than if twins are in different classrooms (10.4%). While the absolute non-shared environmental
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variance is similar in both groups, the standardized results show that the non-shared environment
explains more variance for twins in different classrooms (24.0%) than for twins in the same
classroom (19.2%). This is also consistent with classroom influences being present.

Table B2.2 shows the sources of variance for twins in the same and different classrooms
moderated by parental education. The difference in shared environmental variance between
twins in the same and different classrooms becomes smaller with increasing parental education
(see Figure B2.1). The same applies to non-shared environmental variance. With lower levels
of parental education, there is a larger difference in these sources of environmental variance,
indicating classroom influences. These become smaller and are eventually absent with increasing
parental education.

Analysis 2: ACE model including classroom component with unstandardized Cito scores
Table B2.3 shows the results of the model including a classroom component where we equalized
the variance in educational performance for twins in the same and different classes, even though
the LR-test showed that the variances differ. Model 1 shows that there is very small and non-
significant classroom variance (V,, = 0.25). Only 0.3% of the variance in educational performance
can be explained by classroom effects.

Classroom variance decreases significantly with increasing parental education (b,=-0.02,
p =.042), as shown in Model 2. Figure B2.2 plots the moderation of the unstandardized and
standardized variance components. In both cases, the results show a pattern of compensation.
For children with the lowest educated parents (primary education - ISLED 22.98), 5.2% of the
variance in educational performance can be attributed to the classroom context. For the average
parental education (higher and pre-scientific secondary school - ISLED 67.11), 2.4% can be
attributed to classroom effects, and for children with the highest educated parents (postdoctoral
education - ISLED 92.63) this is 0.9%.

Analysis 3: ACE model including classroom component with standardized Cito scores

Another way to deal with unequal variances is by standardizing the Cito scores within each group.
The results are presented in Table B2.4. There is significant classroom variance (V; = 0.04,
p =.037), making up 4.5% of the total variance in educational performance. Classroom variance
decreases significantly with increasing parental education (b,=-0.003, p =.020), as shown in
Model 2. Figure B2.3 plots the moderation of the unstandardized and standardized variance
components. In both cases, the results show a pattern of compensation. For children with the
lowest educated parents (primary education - ISLED 22.98), 10.6% of the variance in educational
performance can be attributed to the classroom context. For the average parental education
(higher and pre-scientific secondary school - ISLED 67.11), 6.3% can be attributed to classroom
effects. For children with the highest educated parents (postdoctoral education - ISLED 92.63),
this is 3.5%.
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Table B2.1 Results of twin model for unstandardized educational performance for MZ twins in the

same classroom (N = 880), DZ twins in the same classroom (N

pairs

classrooms (N

pairs

=596), and DZ twins in different classrooms (N

pairs

=693).

pairs

=1,444), MZ twins in different

Same classroom

Different classrooms

Estimate se Estimate se
Intercept 551.06 *** (3.83) 551.06 *** (3.83)
a 713 FF*F (0.27) 6.35 *** (0.38)
c 3.03 *F* (0.55) 2.52 ** (0.83)
e 378 *** (0.13) 3.83 *** (0.17)
v, 50.76 *** (3.77) 4031 *x* (4.81)
v, 917 ** (3.36) 6.37 (4.20)
v, 14.07 *** (0.96) 1470 *** (1.30)
Vi 74.20 *** (1.94) 6138 *** (2.15)
Freely estimated parameters 33
LL -29756.05
AlC 59578.11

Note: Estimates are unstandardized, controlled for year of birth and sex in all models. Se = standard error,
V, = genetic variance, V. = shared environmental variance, V, = non-shared environmental variance, Vtotal = total
variance, LL = loglikelihood, A/C = Akaike Information Criterion.

*p<.05, **p< .01, ***p< 001 (two-tailed tests).
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Table B2.2. Results of twin moderation model for unstandardized educational performance

for MZ twins in the same classroom (N

MZ twins in different classrooms (N

pairs

pairs

= 880), DZ twins in the same classroom (N
=596), and DZ twins in different classrooms (N

=1,444),
=693).

pairs

pairs

Same classroom

Different classrooms

Estimate se Estimate se
Intercept 535.04 *** (3.64) 535.04 *** (3.64)
Parental education 016 *** (0.01) 0.16 *** (0.01)
a 9.67 *** (0.58) 8.31 *** (1.58)
c 1.35 (1.89) 5.28 (3.74)
e 4.56 *x* (0.45) 6.36 *** (0.73)
b, -0.04 *x* (0.0 -0.03 (0.02)
b, 0.00 (0.0 -0.06 (0.05)
b, -0.01 (0.01) -0.04 *** (0.01)
Freely estimated parameters 48
LL -44098.16
AlC 88292.32

Note: Estimates are unstandardized, controlled for year of birth and sex in all models. Se = standard error,
a = genetic path, c = shared environmental path, e = non-shared environmental path, b = moderation by
parental education, LL = loglikelihood, AIC = Akaike Information Criterion.

***p<.007 (two-tailed tests).

30

25

Difference in variance

22 30 38 46

54

62 70 78

Parental education

Difference C

- - -Difference E

Figure B2.1 Difference in shared environmental (C) and non-shared environmental (E) variance
in unstandardized educational performance between twins in the same and different classes,

moderated by parental education.

Note: Results based on Table B2.
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Table B2.3. Results of twin models for unstandardized educational performance for MZ twins

in the same classroom (N, = 880), DZ twins in the same classroom (N, = 1,444), MZ twins in
different classrooms (/\/WS =596), and DZ twins in different classrooms (/\/pa”S =693).
Model 1 Model 2
Estimate se Estimate se
Intercept 550.31 *** (3.82) 534.85 *** (3.63)
Parental education 0.16 *** (0.01)
a 6.89 *** (0.22) 9.53 *** (0.48)
c 2.84 *** (0.22) 0.00 (0.00)
cl 0.50 (1.43) 281 * (1.10)
e 379 *xx (0.12) 4.80 *k* (0.40)
b, -0.04 F* (0.01)
b, 0.00 (0.00)
b, 0.02 * (0.01)
b, 0,02 (0.01)
v, 4745 *x* (3.02) @
v, 8.07 ** (2.68) .
v, 0.25 (1.41) 2
2 14,34 F** (0.93) s
Vi 7010 *x* (1.50) :
Freely estimated parameters 31 44
LL -29765.90 -44102.47
AlC 59593.79 88292.94

Note: Estimates are unstandardized, controlled for age and sex in all models. Se = standard error, V, = genetic
variance, V, = shared environmental variance, V,, = classroom variance, V, = non-shared environmental
variance, V, = total variance, LL = loglikelihood, A/C = Akaike Information Criterion.

! 7 total
2Not applicable, because in the moderation model the size of a variance component depends on the level of
parental education.

*p<.05, **p<.01, ***p<.001 (two-tailed tests)
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Figure B2.2 Decomposition of the unstandardized (a) and standardized (b) variance in
unstandardized educational performance moderated by parental education.

Note: Sources of variance include genetic (A), shared environmental (C), classroom (CL), and non-shared
environmental (F) variance. Results based on Table B3 Model 2.
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Figure B2.3. Decomposition of the unstandardized (a) and standardized (b) variance in
standardized educational performance moderated by parental education.

Note: Sources of variance include genetic (A), shared environmental (C), classroom (CL), and non-shared
environmental (E) variance. Based on Table B4 Model 2.
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Table B2.4. Results of twin models for standardized educational performance for MZ twins in the
same classroom (N__ = 880), DZ twins in the same classroom (N = 1,444), MZ twins in different

pairs pairs

classrooms (Npm =596), and DZ twins in different classrooms (Npm =693).
Model 1 Model 2

Estimate se Estimate se
Intercept 1,51 ***k (0.46) -0.24 (0.44)
Parental education 0.02 *** (0.00)
a 0.81 *** (0.03) 1.06 *** (0.06)
c 0.31 *** (0.07) 0.00 (0.01)
cl 0.21 *** (0.05) 0.46 *** 0.11)
e 0.21 *** (0.05) 0.56 *** (0.05)
b, 0.00 *** (0.00)
b, 0.00 (0.00)
b, 0.00 * (0.00)
b, 056 (0.05)
v, 0.65 *** (0.04) .
V. 010 * (0.04) @
v, 0.04 * (0.02) a
v, 0.20 *** (0.01) a
Vi 0.99 *** (0.02) :
Freely estimated parameters 31 44
LL -15532.94 -29905.32
AlC 31127.88 59898.64

Note: Estimates are unstandardized, controlled for age and sex in all models. Se = standard error, VA = genetic
variance, VC = shared environmental variance, VCL = classroom variance, VE = non-shared environmental
variance, Vtotal = total variance, LL = loglikelihood, AIC = Akaike Information Criterion.

#Not applicable, because in the moderation model the size of a variance component depends on the level of
parental education.

*p<.05, **p<.01, ***p<.001 (two-tailed tests).
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C. Supplements to Chapter 3

C.1. Measurement model school quality

Several steps were taken to construct this variable. First, we correlated all the items with the
average Cito score of the school.** There were only a few items that correlated well with average
educational performance, so we included also low positive correlations (larger than ~.030)
that were statistically significant. Second, we divided the items into items that are related to
school resources and to school climate. Third, we ran two Exploratory Factor Analyses, one for
school resources and one for school climate. Several criteria were used for extracting factors:
Kaiser's criterion (eigenvalue >1), inspection of the scree plot, and interpretability criteria. The
interpretability criteria were: there should be at least two items with substantial loading (>.3),
items that load on a factor should share conceptual meaning, and the rotated factor pattern
should demonstrate a simple structure (no cross-loadings; items that load high on one factor have
low loadings on the other factors). We extracted the resulting number of factors and excluded
items that did not load (loading <.3) on any of the factors. All the resulting models have a good
model fit (RMSEA, CFl, SRMR).

This procedure led to two dimensions of school resources (Table C1.1), and seven dimensions
of school climate (Table C1.2). We saved these nine dimensions as nine factor scores and
constructed one overall factor out of them by using the nine factor scores in a new Confirmatory
Factor Analysis (CFA). As an alternative operationalization, we excluded the dimensions that
had a low loading on the overall school quality factor (Table C1.3) and/or had a low correlation
with schools’ average Cito score (Table C1.4). This alternative operationalization based on the
remaining six dimensions did not lead to substantially different results and therefore we kept all
the nine dimensions in.

To correct for measurement error, we calculated the error variance of the nine school quality
indicators (that are saved as factor scores) and specified this in the measurement model when
constructing the overall school quality factor. Also, we specified the error variance for the overall
school quality factor when it was included as a single indicator variable in the analytical model.
The error variance (see Brown, 2015) is calculated as:

Var(error) = Var(X) x (1 — py) (C1)

where Var(error) is the error variance of the single indicator variable X, Var(X) is the total variance
of the single indicator variable, and Py is the reliability coefficient of the single indicator variable.
The reliability coefficient is calculated by:

VA X Lsum?
VA X Lsum®> + Vsum + 2 X Csum

Px = (C2)

42 We did this to optimize our measure for school quality. We also extracted the factor scores without dropping
the items that did not correlate with school-level educational performance. The resulting school quality
variable had a slightly lower main effect on students’ educational performance, but it did not substantially
change our results.
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where VA is the variance of the factor, Lsum is the sum of all item loadings, Vsum is the sum of
all residual variances of the items, and Csum is the sum of all residual covariances (which is zero
if no covariance parameters are included in the measurement model, as in our case). We have
two sets of single indicator variables. First, the nine school quality dimensions, and second, the
two second-order overall school quality factors. The resulting reliability coefficients and error
variances can be found in Table C1.3.

Table C1.1 Factor analysis for the resource items (N, . = 9,709).
Range of (Implementation
Label educational of) school
activities curriculum

The school provides a wide range of activities aimed at acquiring

knowledge, insight, skills, and attitudes. 86 (01
The school ensures that there is coherence between the 50 (02)
subjects concerning cross-curricular skills. ’ '
General, cross-curricular skills and attitudes are part of the

) , .87 (.02)
supply in the relevant subjects.
The school ensures that the actual educational program 47 (05)
corresponds to the planned program. ’ '
For groups of pupils, the school ensures a school curriculum 45 (05)
that fits the educational needs of the pupils. ’ '
For individual pupils, the school ensures a school curriculum 5 (04)
that fits the educational needs of the pupils. ' '
The school curriculum is adjusted to the educational needs of

) 48 (.04)
the pupils.
The school curriculum prepares pupils for further education. .39 (.06)
The school curriculum is partly aimed at the desired language 37 (03)
development of the pupils. ' '
School varies the amount of time for education, depending on 36 (04)

the educational needs of the pupils.

Note: All factor loadings are statistically significant (p <.001, two-tailed test). Standard error in parentheses.
Standardized effects.
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Table C1.3 Factor loadings, estimated reliability, and error variance for the dimensions measuring

school quality (N, = 9,709).
p  Frror sQ1 sQ2
variance

1. Range of educational activities .82 14 .61 (.02) 53 (.02)
2. (Implementation of) school curriculum .65 .02 .38 (.02) .30 (.02)
3. Guidance of educational needs 79 19 .63 (.02) .56 (.02)
4. Parental involvement 91 .02 34 (.02) a
iél\e/lssr;izzgegnatzd evaluating (special 61 08 g (02) 70 (02)
6. Learning climate .55 .05 .55 (.02) .66 (.02)
7. Social climate 79 .04 .25 (.03) a
8. Safety 77 .07 26 (.03) 2
9. Quality assurance .65 18 .66 (.01) .62 (.02)
P 72 74
Error variance .09 .06

Note: All factor loadings are statistically significant (p<.001, two-tailed test). Standard error in parentheses.

Standardized effects. SQ = school quality.

@ Excluded because of low factor loading and/or low correlation with average cito score.
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Table C1.5 Factor loadings for the resources and climate dimensions of school quality

(N ooie = 9,709).
Resources Climate
1. Range of educational activities 71 (.02)
2. (Implementation of) school curriculum 42 (.02)
3. Guidance of educational needs 61 (.02)
4. Parental involvement 33 (.02)
5. Monitoring and evaluating (special needs) students .61 (.03)
6. Learning climate .57 (.03)
7. Social climate .23 (.03)
8. Safety 25 (.03)
9. Quality assurance 67 01
p 48 .66
Error variance .22 10

Note: All factor loadings are statistically significant (p<.001, two-tailed test). Standard error in parentheses.
Standardized effects.
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C.2. Measurement model socioeconomic status (SES)

Table C2.1. Descriptive statistics and factor loadings for SES.

Appendix C

N Mean S.D. SES
ISCED father 1,023,068 4.32 211 .68 (<.01)
ISCED mother 1,148,977 3.95 2.08 .80 (<.01)
Income (percentile) father 1,749,550 75.93 22.54 43 (<.01)
Income (percentile) mother 1,620,932 44.29 25.86 51 (<.01)

Note: All factor loadings are statistically significant (p<.001, two-tailed test). Standard error in parentheses. All

items were standardized prior to the factor analysis.
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C.3. Intraclass Correlation Coefficients

We compare the ICC of SS and OS twins with SS and OS siblings. Sibling pairs were selected by
choosing a random sibling in a family with a co-sibling who is closest in age. In order to increase
comparability of sibling pairs with twin pairs, we only included closely spaced siblings with a
maximum age difference of three years. In addition, we made the same sample selections as for
twins: birth cohorts 1994-2007, available cito scores, attending the same primary school, and
exclude missings on school quality.

0.65
0.62
56 $ 7 0.61
0.55
]
O
0.50
: 0.45 :
0.45 % 1 0.45 3 0.44
s 0.42
0.40
—2—twin SS-f —==twin $S-m —e—twin OS
=——sibs SS-f —u=—5ibs S5-m —e—sibs OS

Figure C3.1. Intraclass correlation coefficient (ICC) for Cito-scores of same-sex female (SS-f),
same-sex male (S5-m) and opposite-sex (OS) twin and sibling pairs, including 95% Cl.
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Table C4.1. ACE model for cito with main effects of school quality and school SES for different

values of rSS, (Nsspm.,S =18,384, NOSWS =11,050). (continued)
rsS.=.80

Model 1 Model 2 Model 3
Parameter Estimate s.e. Estimate s.e. Estimate s.e.
Intercept 53463 ™ (0.08) 534.64 (0.07) 53466 (0.07)
a 762 (0.22) 761 (0.22) 761 0.21)
c 373 ™ (0.32) 3.06 ™ (0.39) 166 (0.70)
e 480 0.11) 481 ™ (0.17) 481 (0.10)
v, 58.01 (3.30) 5793 (3.27) 5796 (3.22)
2 1392 Y (2.42) 936 ' (2.37) 276 (2.33)
v, 23.07 ™ (1.02) 2311 (1.01) 2311 (1.00)
School quality 061 ™ (0.07) 025 " (0.06) 024 (0.06)
School SES 219 ™ (0.06) 092 ™ (0.06)
Parental SES 289 ™ (0.05)
ey s o " :
Loglikelihood -232015.68 -231112.87 -229724.67
Scaling correction 2.70 2.50 2.40
AlC 464051.36 462247.74 459473.35

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Controlled for sex and year of birth. All continuous
independent variables are z-standardized prior to the analyses. Robust standard errors accounting for
clustering at the school level are shown in parentheses. Parameters g, ¢, and e refer to unmoderated path
coefficients capturing genetic, shared-environmental, and non-shared environmental influences, respectively.
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C.5. Non-parametric gene-environment interaction
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Figure C5.1. Unstandardized genetic (A), shared environmental (C), and non-shared environmental
(E) variances of educational performance moderated by quintiles of school quality in a non-
parametric gene-environment interaction analysis, including 95% Cl.

Note: Based on a model using a genetic correlation of r§5.=.70, controlled for sex and year of birth.
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Figure C5.2. Standardized genetic (A), shared environmental (C), and non-shared environmental
(E) variances of educational performance moderated by quintiles of school quality in a non-
parametric gene-environment interaction analysis.

Note: Based on a model using a genetic correlation of rSS =70, controlled for sex and year of birth.
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Figure C5.3. Unstandardized genetic (A), shared environmental (C), and non-shared
environmental (E) variances of educational performance moderated by quintiles of school SES
in a non-parametric gene-environment interaction analysis, including 95% CI.

Note: Based on a model using a genetic correlation of rSS_=70, controlled for sex and year of birth.
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Figure C5.4. Standardized genetic (A), shared environmental (C), and non-shared environmental
(E) variances of educational performance moderated by quintiles of school SES in a non-
parametric gene-environment interaction analysis.

Note: Based on a model using a genetic correlation of rSS =70, controlled for sex and year of birth
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C.6. Results school quality dimensions

School culture —A—

School resources —A—

-04 -02 .00 .02 .04 .06 .08 .10
Standardized effect (beta)

A Model 1 Model 2

Figure C6.1. Main effects of the school climate and school resources on educational performance,
including 95% Cl.

Note: Based on separate analyses for each school quality factor (Model 1), controlled for school SES and
parental SES (Model 2). Both models control for sex and year of birth. N =18,384; N =11,050.

Sspairs OSpairs
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Table C6.1 ACE model for cito with main effects and moderation effects of school quality (school

resources or climate), school SES, and parental SES (/\/SSPM =18,384, NOSWS =11,050).
SQ =school resources SQ =school climate
Model 1 Model 2 Model 1 Model 2
Parameter Estimate s.e. Estimate s.e. Estimate s.e. Estimate s.e.
Intercept 534.63 " (0.08) 534.67 ™ (0.07) 534.63 " (0.08) 534.67 ™ (0.06)
a 9.28 ™" (0.06) 8.21 ™ (0.07) 9.28 ™ (0.06) 8.21 " (0.07)
b,SQ -0.20 ™ (0.06) -0.01 (0.07) -0.18 ™ (0.06) 0.00 (0.06)
b SchoolSES -0.31 ™" (0.06) -0.31 ™ (0.06)
b ParentalSES -0.61 ™ (0.06) -0.62 (0.06)
c a 0.25 (0.19) 0.00 (0.03) 025  (0.19)
b.SQ a -0.33 0.27) 0.00 (0.01) -0.29  (0.25)
b_SchoolSES -0.85 " (0.23) -0.86 " (0.22)
b ParentalSES 0.72 " (0.19) 0.73 ™ (0.19)
e 298 ™ (0.12) 3.92 " (0.09) 298 "™ (0.12) 3.92 " (0.09)
b,5Q 0.09 " (0.12) -0.01 (0.08) 0.05 (0.12) -0.05 (0.09)
b,SchoolSES -0.04 (0.09) -0.04 (0.09)
b ParentalSES -0.23 (0.08) -0.22 7 (0.08)
School quality 0.66 ™ (0.09) 0.21 ™ (0.07) 0.62 ™ (0.07) 0.23 ™ (0.06)
School SES 091 *  (0.06) 0.91 ** (0.06)
Parental SES 294 (0.05) 2.94 ** (0.05)
eyemaes : E :
Loglikelihood -217438.01 -214782.43 -217429.35 -214778.46
igfliencgtion factor 283 191 2:09 171
AIC 434898.01 429606.87 434884.69 429598.92

Note: *p<.05, **p<.01, ***p< 001 (two-tailed test). * Fixed to zero for model convergence. A genetic
correlation of rSS, = .70 is used. Controlled for sex and year of birth. All continuous independent variables
are z-standardized prior to the analyses. Robust standard errors accounting for clustering at the school level
are shown in parentheses. Parameters g, ¢, and e refer to the unmoderated path coefficients capturing genetic,
shared-environmental, and non-shared environmental influences, respectively. The b coefficients refer to the
moderation effects of g, ¢, and e, by school quality (i.e., resources or climate), school SES, and parental SES.
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School quality dimension

1. Range of educational activities e TTTATT

2. School curriculum e T AT
3. Guidance educational needs L e AT

4. Parental involvement oA
5. Monitoring and evaluating students e A
6. Learning climate oy [T
7. Social climate A
8. Safety L
9. Quality assurance | A
—— —T—T—T—

-04 -02 .00 .02 .04 .06 .08 .10
Standardized effect (beta)

A Model 1 Model 2

Figure €6.2 Main effects of the school quality dimensions on educational performance, including
95% Cl.

Note: Based on separate analyses for each school quality dimensions (Model 1), controlled for school SES and
parental SES (Model 2). Both models control for sex and year of birth. N. =18,384, N =11,050.

SSpairs 0OSpairs
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D. Supplements to Chapter 4

D.1. Supplementary tables

Table D1.1 ACE decomposition for boys and girls by family SES and school SES.

1. Family SES
Low-SES family (N = 21,734) High-SES family (N = 15,559)
Boys (N=11,104)  Girls (N=10,630)  Boys(N=8,329) Girls (N =7,230)
Viean 570 .. 639 .. 728 .. 798 .,
(0.02) (0.02) (0.02) (0.02)
‘ 466 ., 445 . 399 ., 351 L.,
Variance (0.05) (0.05) (0.05) (0.05)
oA 8761 s 8812 L., 6637 .. 9048 .,
(4.63) 4.20) (6.19) (5.52)
0 801 ,, 1051 ., 1892 ., 702,
(2.79) 2.61) (3.57) (3.37)
- 438 137 1471 ., 2.51
(2.0 1.76) (2.80) (2.36)
p 408 ., 392 .. 265 ., 317 .
(0.22) (0.19) (0.25) (0.20)
c 037 ., 047 .. 076 ..\ 025
(0.13) 0.12) (0.15) 0.12)
c 020 0.06 059 ., 0.09
(0.09) (0.08) 0.12) 0.14)
2. School SES
Low-SES school (N = 17,373) High-SES school (N = 19,920)
Boys (N = 8,966) Girls (N = 8,407) Boys (N =10,467) Girls (N =9,453)
Vean 576 .. 648 ., 691 .., 752 s
(0.02) (0.02) (0.02) (0.02)
. 490 ., 467 ., 444 418 .,
Variance (0.06) (0.06) (0.05) (0.05)
%A 73.89 ., 8529 .. 7449 ., 7825 ..
(5.29) (4.52) (4.69) 4.27)
0 1730 .. 14.00 ., 1818 .. 1888 .,
(312) 2.81) 2.79) (2.63)
o 882 s 0.70 733 .. 2.88
(2.35) (1.89) (2.06) (1.81)
p 362 . 398 ., 330 ., 327 s
(0.26) 0.21) ©0.21) (0.18)
c 085 .. 065 ., 081 ., 079 ..
(0.16) (0.13) (0.13) 017
c 043 ., 0.03 033 , 0.12
0.12) (0.09) (0.09) (0.08)

Note: *p<.05, **p<.01, ***p<.007 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs.
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Table D1.2. ACE decomposition for boys and girls by the intersection between family SES and

school SES.
Low-SES school
Low-SES family (N = 13,374) High-SES family (N = 3,999)
Boys (N = 6,845) Girls (N = 6,529) Boys (N = 2,121) Girls (N = 1,878)
Mean 545 L, 617 s 6.73 s 755 ix
(0.02) (0.06) (0.04) (0.04)
Variance 466 .. 448 L. 444 . 3.83 Lk
(0.06) (0.02) 0.11) (0.10)
% A 86.82 ., 9116 4ps 5053 s 97.59 s
(6.20) (5.46) (12.96) (10.32)
% C 710 800 2866 .. 312
(3.70) (3.39) (7.31) (6.44)
%E 6.08 0.84 2082 ., -0.71a
(2.71) (2.29) (5.99) (4.29)
A 407 s 410 ., 227 363 L
(0.29) (0.26) (0.58) (0.29)
C 0.32 035 126 L4 017
0.17) (0.16) (0.33) (0.20)
E 027 0.03 091 ., 0.02
0.13) (0.10) 0.27) (0.12)
High-SES school
Low-SES family (N = 8,360) High-SES family (N = 11,560)
Boys (N = 4,259) Girls (N =4,101) Boys (N = 6,208) Girls (N =5,352)
Vean 610 .4 674 ik 747 e 813 s
(0.03) (0.03) (0.02) (0.02)
. 440 ., 421 L. 370 L. 331 .
Variance (0.08) (0.08) (0.05) (0.05)
% A 94.03 L, 4 8793 L« 76.23 i« 90.20 L.«
° (7.28) (6.82) (7.22) (6.69)
% 417 10.05 1136 L, 6.02
(4.45) (4.24) 4.21) (4.05)
%E 1.80 2.02 1241 . 3.77
(3.10) (2.85) (3.23) (2.88)
p 418 as 375 ik 282 4 298 .
(0.34) (0.30) (0.28) (0.23)
c 016 040 042 ., 0.20
(0.27) (0.19) (0.16) (0.14)
c 0.06 0.07 046 4, 0.12
(0.15) (0.13) (0.12) (0.10)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and £
refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to the
number of twin/sibling pairs. * A negative estimate is actually impossible and could results from low power,
small effect size, or model misspecification (see Lyu and Garrison, 2023 and the discussion in Appendix D2).
We can force this estimate to have a lower bound of zero and the ACE decomposition would then become
(94.6%, 4.7%, 0.6%), but this is generally discouraged (Lyu & Garrison, 2023; Verhulst et al., 2019) .
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D.2. Robustness checks

D.2.1. Intraclass Correlation Coefficients

The interactions by gender, family SES, school SES, and their intersections can also be investigated
based on the Intraclass Correlation Coefficients (ICCs) of twins and siblings instead of the ACE
parameters that are derived from them. An advantage of this approach is that the assumptions
that are needed to fit the ACE model, which are sometimes seen as controversial, can be
relaxed (Turkheimer & Horn, 2014). In our case, relying on ICCs instead of ACE components also
circumvents the potential problem that we do not know the exact genetic relatedness of SS twins.

Since heritability is computed by twice the difference between the ICCs for MZ and DZ twins,
a larger difference between the ICCs results in a higher heritability. Therefore, if the ICCs for MZ
and DZ twins would diverge as a function of SES, this is consistent with a larger heritability in
higher-SES environments (i.e., enhancement, bioecological model) (Turkheimer & Horn, 2014).
Applied to our study, we expect the ICCs to diverge between SS twins and siblings with increasing
SES if it follows the enhancement pattern, and to converge if it follows the compensation pattern.

The results based on the ICCs are largely similar to what we found based on the ACE models.
For school SES, our main analyses showed (i) a larger £ for boys than girls in low-SES schools and
(ii) no gene-environment interactions for boys and girls. For family SES, we found smaller A and
larger C and E for boys in high-SES families, that is, a gene-environment interaction for boys in
line with compensation. The findings based on the ICCs are largely in line with these (see Figure
D2.1). The only difference is that although the converging lines for boys as a function of family SES
follows a compensation pattern, the decrease in ICC of twin boys from .749 to .718 is statistically
non-significant (p =.109).

When we look at the intersection between school SES and family SES, the findings based on
the ICCs also support our conclusions based on the ACE models. As shown in Figure B2, the ICCs
for boys in low-SES schools converge (i.e., compensation) while this is not the case for girls and in
high-SES schools. This convergence for boys results both from a statistically significant decrease
in the twin correlation (from .729 to .690, p =.027) and an increase in sibling correlation (from
.504 to .537, p =.003) with increasing SES.

D.2.2. Alternative values for the average genetic relatedness of SS twins

We assumed that the average genetic relatedness of SS twins is .75, the average genetic
relatedness of MZ and DZ twins. Additionally, we assumed that the shared-environmental
relatedness among SS siblings is 1, while this may be slightly lower. A higher and lower genetic
relatedness takes both uncertainties into account since genetic and shared environmental
relatedness account for the same pattern in the data (see Spinath, Price, Dale, & Plomin, 2004).
Therefore, we use .70 and .80 as alternative values for the genetic relatedness of twins. The results
are presented in Tables D2.1-D2.4. As expected, the ACE estimates differ. Overall, the Ais larger
and Cis smaller when a lower genetic relatedness is used (i.e., .70), while the reverse is true for
the imposed genetic relatedness of .80. Importantly, the gender differences and interactions
by family and school SES are similar, thus the conclusions based on the main analyses still hold.
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It should be noted that the results sometimes show negative estimates, which are actually
impossible. Alternative modeling strategies could be used to force the ACE estimates to be
between 0 and 100%, but putting constraints on the higher and lower bound of the estimates
is generally discouraged (Lyu & Garrison, 2023; Verhulst et al,, 2019). Negative estimates are
not unusual if the difference in genetic relatedness between the different pairs is less than .50,
which is the case when comparing twins (with a genetic relatedness of .70, .75, or .80) with
siblings (.50) (Lyu & Garrison, 2023). In general, it could occur from low power, small effect size, or
model misspecification (Lyu & Garrison, 2023; Verhulst et al., 2019). For example, if educational
performance is primarily affected by A and C and a relatively small number of pairs is used,
confidence intervals of £ will be large. The model will then lead to a negative £ (Lyu & Garrison,
2023). Given that we perform ACE decompositions on smaller subgroups (by sex, family SES, and
school SES), such a situation is not unlikely.

Also model misspecification may lead to negative estimates, if a too simplified model is used
or if an ADE model would be better suited, for example (Lyu & Garrison, 2023). The twin/sibling
correlations sometimes indicate non-additive genetic effects (D) when genetic relatedness among
twins is set at .70. When zygosity is known, D is implicated if r,,, > 2*r_, If zygosity is unknown
and genetic relatedness is set at .70 for twins, D is implicated if rg . . > 1.4%r . This would
become 1.5 and 1.6 times the sibling correlation if a genetic relatedness of .75 and .80 would be
used, respectively. When we use a genetic relatedness of .70 for SS twins, we sometimes find
indications of non-additive genetic effects.** Data on twins (and siblings) reared together do
not provide enough information to identify both the D and the C components (Rijsdijk & Sham,
2002). Therefore, either an ACE or ADE model can be fitted. Since we want to compare our main
results (based on .75) to those of alternative values, it is not desirable to compare ACE-models
against ADE-models. Therefore, we always used ACE models, even if the twin/sibling correlations
suggested otherwise. Although the estimates are sometimes impossible (e.g., A > 100%, £<0%),
at least comparisons are possible.

D.2.3. Alternative birth spacing among SS siblings
Another way to check to what extent the potential smaller environmental relatedness among
siblings (compared to twins) influences our results, is by using alternative birth spacing among
siblings. As a robustness check, we select siblings that differ at most two instead of three years.
This decreases the observed number of sibling pairs from 32,283 to 19,452. If birth spacing
becomes closer, siblings’ shared (family) environment can be expected to become more similar
to one another and therefore also more similar to those of twins. As a result, smaller estimates
of Aand larger estimates of C can be expected.

As can be seen in Table D2.5 and D2.6 we indeed find smaller A's and larger C's now.
Importantly, the gender differences in the ACE decomposition are substantively similar. However,
in some cases, the differences are not statistically significant anymore.

43 Note that a similar pattern of correlations, that is, much greater MZ (SS twins) correlations than DZ (SS
siblings) correlations is also consistent with the presence sibling contrast/competition effects (Neale &
Maes, 2004; Rietveld et al., 2003), see also Table 1.1 in Chapter 1.
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= |n high-SES families, the difference between boys'and girls’ Cis no longer statistically significant.

= |n the main analyses, we found that for boys A was significantly smaller in high-SES families
and C and £ were significantly larger. This interaction is now only statistically significant for
the £ component.

= When we look at the intersection between family SES and school SES (see Table D2.6), we
still find that the interaction is driven by high-SES families in low-SES schools, but again, only
statistically significant for the £ component.

D.2.4. Cohort fixed effects

We included school cohort fixed effects when testing for gender differences in de gene-
environment interplay for school SES and family SES (see Table D2.7) and their intersection (see
Table D2.8). The results are substantively similar to those reported in the main text.

D.2.5. School SES terciles

We reran the analyses dividing school SES in terciles (i.e., low-, middle-, and high- SES schools)
instead of quantiles based on the median value (i.e., low- and high-SES schools). The results of
the gene-school SES interaction by gender are presented in Table D2.9 and show - similar to the
main results - that there is no gene-school SES interaction for neither boys nor girls. None of the
gender differences in ACE are statistically significant, except the gender difference in £in low-SES
schools. Table D2.10 presents the results of the gene-family SES-school SES interaction by gender.
These results also indicate that our conclusions are insensitive to the alternative specification of
the SES groups. There is no gene-family SES interaction for girls in any of the school types. For
boys, we do find a statistically significant gene-family SES interaction concentrated in low-SES
schools but not in the other school types.

The gender differences in low-SES schools are more pronounced and more imprecisely
estimated in low-SES schools when we divide school SES into terciles. This finding is a result
of the loss of statistical power when breaking down SES into more groups. It should also be
noted that the total sample size of these robustness analyses (N = 31,362) is somewhat lower
than the main analyses (N = 37,293). This is due to the sample selection criterium that twins and
siblings should attend the same school type, which in some cases no longer is the case when
we distinguish three types of schools. Moreover, some of the estimates in Table B9 and B10 are
imprecise and sometimes even impossible (e.g., >100 or <0). Ideally, we would use alternative
modeling specifications, such as dropping a component if it is lower than zero or fitting an ADE
instead of ACE model (see section 2 of Appendix D2). However, if we would do this, we could no
longer compare the results between the several groups, or between the robustness analyses
and the main analyses. Therefore, we used the same model specification as the main results.
For the estimates the robustness checks with terciles, this implies that the focus should be on
the patterns instead of the exact magnitude of the estimates.
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Figure D2.1. Intraclass Correlation Coefficient (ICC) for boys and girls by family SES and school
SES, including 95% Cl.
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Figure D2.2. Intraclass Correlation Coefficient (ICC) for boys and girls by school SES x family SES,
including 95% C
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Table D2.1 ACE decomposition for boys and girls by family SES and school SES, genetic relatedness

twins = .70.
1. Family SES
Low-SES family (N = 21,734) High-SES family (N = 15,559)
Boys (V=11,104)  Girls (N = 10,630) Boys (V=8,329) Girls (N =7,230)
Vean 570 .. 639 ., 728 ... 798 ..
(0.02) (0.02) (0.02) (0.02)
‘ 466 ., 445 . 399 ., 351 L.,
Variance (0.05) (0.05) (0.05) (0.05)
oA 10952 ., 1015 ., 8296 ., 1310 .,
(5.79) (5.25) (7.74) (6.90)
0 294 -0.50 1063 -4.29
(3.36) (3.12) (4.33) 4.05)
- 657 ., 965 .. 6.42 880 .,
(2.56) (2.26) (3.56) (3.02)
2. School SES
Low-SES school (N = 17,373) High-SES school (N = 19,920)
Boys (N=8,966) Girls (N = 8,407) Boys (V=10,467)  Girls (N =9,453)
Veon 576 ., 648 .. 691 .. 752 ..
(0.02) (0.02) (0.02) (0.02)
‘ 490 ., 467 ., 444 . 418 .,
Variance (0.06) (0.06) (0.05) (0.05)
oA 90236 ., 10662 ,,, 9312 ., 9781 .,
(6.61) (5.65) (5.86) (5.34)
0 806 334 886 ., 910 ,,
3.77) (3.36) (3.36) (3.15)
- 042 996 ., 1.98 690
(2.98) (2.43) (2.63) (2.32)

Note: *p<.05, **p<.01, ***p<.007 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs.
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Table D2.2 ACE decomposition for boys and girls by the intersection between school SES and
family SES, genetic relatedness twins = .70.

Low-SES school

Low-SES family (N = 13,374) High-SES family (N = 3,999)
Boys (N=6,845)  Girls (N = 6,529) Boys (N=2,121)  Girls (N =1,878)
Viean 545 . 617 ., 673 ... 755 ..
(0.02) (0.02) (0.04) (0.04)
. 466 .. 448 . 444, 383 .,
Variance (0.06) (0.06) 0.11) 0.10)
oA 10853 ., 1395 ., 6316 ., 12199 .,
(7.75) (6.82) (16.20) 12.91)
0 375 3.39 234, 9.08
(4.46) (4.05) (8.90) (7.70)
. 478 1055 ., 14.50 201,
(3.46) (2.94) (7.57) (5.52)
High-SES school
Low-SES family (N = 8,360) High-SES family (N = 11,560)
Boys (N=4,259)  Girls (N =4,101) Boys (V=6,208)  Girls (N = 5,352)
Viean 610 ., 674 ., 747 ., 813 .,
(0.03) (0.03) (0.02) (0.02)
. 440 ., a2 ., 370 .., 331 L.
Variance (0.08) (0.08) (0.05) (0.05)
oA n754 ., 10991 ., 9529 ., 1275 .,
(9.09) 8.52) (9.02) (8.37)
” 7.59 094 1.83 5.25
(5.34) (5.07) (5.09) 4.87)
- 995 897 2.88 750
(3.97) (3.67) @11 (3.69)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs

199



Appendices

Table D2.3 ACE decomposition for boys and girls by family SES and school SES, genetic
relatedness twins = .80.

1. Family SES
Low-SES family (N = 21,734) High-SES family (N = 15,559)
Boys (V=11,104)  Girls (N = 10,630) Boys (V=8,329)  Girls (N = 7,230)

Vean 570 ., 639 .. 728 ., 798 ..

(0.02) (0.02) (0.02) (0.02)
‘ 466 ., 445 . 399 L., 351

Variance (0.05) (0.05) (0.05) (0.05)

oA 7301 ., 7344 ., 5531 L., 7540 .,
(3.86) (3.50) (5.16) (4.60)

0 1531 ., 1785 ., 2445 . 1456 .,
(2.42) (2.27) (3.07) (2.93)

0 E 1.68 ., 871 .. 2024, 1005 .,
(1.64) (1.43) 2.31) (1.93)

2. School SES
Low-SES school (N =17,373) High-SES school (N = 19,920)
Boys (N=8,966) Girls (N = 8,407) Boys (N=10,467)  Girls (N = 9,453)

Vean 576 ... 648 . 691 ., 752 ..

(0.02) (0.02) (0.02) (0.02)
. 490 ,, 467 . 444 . 418 .,

Variance (0.06) (0.06) (0.05) (0.05)

" 6157 .. 7108 ., 62.08 ,,, 6521 .,
(4.47) (3.76) (3.97) (3.56)

0 2345 ., 2111 ., 2438 ., 2540 .,
(2.69) (2.44) 2.47) (2.29)

. 1497 ., 781 . 1354 ., 940 .
(1.93) (0.54) (1.69) (1.48)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs.
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Table D2.4 ACE decomposition for boys and girls by the intersection between school SES and
family SES, genetic relatedness twins = .80.

Low-SES school

Low-SES family (N = 13,374) High-SES family (N = 3,999)
Boys (V=6,845)  Girls (N =6,529) Boys (NV=2,121)  Girls (N = 1,878)
Viean 545 . 617 ., 673 .. 755 .
(0.02) (0.02) (0.04) (0.04)
. 466 ., 448 ., 444 . 383 .,
Variance (0.06) (0.06) 0411 (0.10)
" 7235 ., 7596 ., 4210 ., 8133 ,,,
(5.16) (4.55) (10.80) (8.60)
0% 1434, 1560 ., 3287 ., 125
(3.20) (2.94) (6.26) (5.60)
. 1331 ., 844 . 2503 ., 742,
(2.22) (1.86) (4.95) (3.49)

High-SES school

Low-SES family (N = 8,360) High-SES family (N = 11,560)
Boys (N=4,259)  Girls (N =4,101) Boys (V=6,208) Girls (N =5,352)
Mean 6“0 KKKk 674 Kk kK 747 K*k*k 813 *k*k
(0.03) (0.03) (0.02) (0.02)
. 440 ., 421 ., 370 .. 331 .,
Variance (0.08) (0.08) (0.05) (0.05)
" 7836 ., 7328 ., 6352 .., 7517 .
(6.06) (5.68) (6.02) (5.58)
0 1200 ., 1738 ., 1771 . 1354 .,
(3.86) (3.69) (3.62) (3.51)
. 964 . 935 ., 1877 . 129 .,
(2.53) (2.32) (2.66) (2.36)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs
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Table D2.5 ACE decomposition for boys and girls by family SES and school SES (maximum sibling
spacing of two years).

1. Family SES
Low-SES school (N = 11,785) High-SES school (N = 12,677)
Boys (V=5,982)  Girls (N =5,803) Boys (N=6,554)  Girls (N = 6,123)
Vean 568 ., 6.40 ., 6.85 ., 746 .,
(0.03) (0.03) (0.02) (0.03)
. 505 ., 482 .. 460 . 433 .,
variance (0.08) (0.07) (0.07) (0.07)
oA 63.25 .. 7751 . 68.45 . 7249 .
(5.58) 4.81) (5.03) 4.81)
. 2219 .., 2044 ., 2346 ., 2383 .,
(3.44) (3.11) (3.44) (3.11)
- 956 .., 2.05 809 ., 368
(2.36) (1.9 (2.36) 1.91)
2. School SES
Low-SES family (N = 14,420) High-SES family (N = 10,042)
Boys (N=7,218)  Girls (N =7,202) Boys (V=5,318)  Girls (N = 4,724)
Vean 560 ., 629 ., 723 .. 793 .,
(0.02) (0.02) (0.02) (0.03)
‘ 477 s 457 .. 416 ., 365 .,
Variance (0.07) (0.06) (0.07) (0.06)
oA 7960 ., 8185 ., 6463 ., 8222 .,
4.98) (4.54) (6.56) (5.93)
- 1455 ., 1572 oy 2117 ., 1400 .,
(3.15) (2.95) (3.98) (3.80)
. 585 . 243 1421, 378
(2.04) (1.79) (2.83) (2.38)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs.
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Table D2.6. ACE decomposition for boys and girls by the intersection between family SES and
school SES (maximum sibling spacing of two years).

Low-SES school

Low-SES family (N = 9,046) High-SES family (N = 2,739)
Boys (N=4,537)  Girls (N = 4,509) Boys (V=1,445)  Girls (N = 1,294)
Vean 536 ., 607 ., 669 ., 753 ..
(0.03) (0.03) (0.05) (0.05)
. 477 .. 456 ., 461, 408 .,
variance (0.08) (0.08) (0.14) (0.13)
" 7918 ., 8495 ., 5206 ., 83.41 .,
(6.60) (5.90) (13.47) 1071
. 1337, 1301, 2843 ., 15.00
@12) (3.81) (7.93) (6.93)
- 745, 2.04 1951, 1.60
2.75) (2.34) (6.00) (4.24)
High-SES school
Low-SES family (N = 5,374) High-SES family (N = 7,303)
Boys (V=2,681)  Girls (N =2,693) Boys (V=3,873)  Girls (N = 3,430)
Vean 601 ., 666 . 743, 808 .
(0.04) (0.04) (0.03) (0.03)
, 451, 438 . 384 ., 340 .,
Variance (0.10) (0.10) (0.07) (0.07)
" 8414 ., 8126 ., 7307 ., 8393 .,
(7.93) (7.42) (7.76) (7.28)
0% 1212, 1578, 1456, 1130
(5.11) (4.84) “.77) (4.64)
. 373 2.97 1238 ., 477
(3.17) 2.97) (3.28) (2.95)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs
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Table D2.7 ACE decomposition for boys and girls by family SES and school SES, controlled for
cohort fixed effects.

1. Family SES

Low-SES family (N = 21,734) High-SES family (N = 15,559)

Boys (N = 11,104) Girls (N =10,630) Boys (N = 8,329) Girls (N =7,230)

Vean 098 ., 2029 ., 058 .. 128 .,
(0.02) (0.02) (0.02) (0.02)
. 462 ., 443 ., 390 ., 340 .,
variance (0.05) (0.05) (0.05) (0.05)
%A 9155 . 957 . 6968 ., 9349 ..
“.72) (4.26) 6.37) (5.67)
o 4.72 773 L. 1557 4is 4.05
(2.84) (2.65) (3.67) (3.46)
- 3.74 0.70 1474 . 2.46
(2.04) (1.78) (2.88) (2.42)
2. School SES
Low-SES school (N = 17,373) High-SES school (N = 19,920)
Boys (N = 8,966) Girls (N = 8,407) Boys (N = 10,467) Girls (N =9,453)
Vean 2090 ., 2018 ,,, 019 ., 081 .y
(0.02) (0.02 (0.02) (0.02)
. 490 ., 465 ., 437 ., .,
variance (0.06) (0.06) (0.05) (0.05)
oA 7667 ., 87.89 .. 7803 . 8082 .,
(5.35) (4.55) “.79) (4.35)
0 1498 ., 1200 ., 1507 0y 16.57 ..
(3.26) (2.84) (2.85) (2.68)
o 834 ., 0.11 690 ., 2.62
(2.37) (1.90) 2.10) (1.84)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs.
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Table D2.8 ACE decomposition for boys and girls by the intersection between family SES and
school SES, controlled for cohort fixed effects.

Low-SES school

Low-SES family (N = 13,374)

High-SES family (N = 3,999)

Boys (N = 6,845)

Girls (N =6,529)

Boys (N =2,121)

Girls (N =1,878)

Viean 120 ., 048 ., 008 .. 090 .,
(0.02) (0.02) (0.04) (0.04)
. 466 L. 448 .. 441 s 377 jan
Variance (0.06) (0.06) ©0.11) (0.10)
%A 8972 .. 9408 ., 5377 .. 9934 .,
(6.26) (5.49) (13.14) (10.43)
% 475 5.80 2577 . 1.56
(3.74) (3.47) (7.43) (6.51)
o E 553 013 2046, -0.89
(2.74) (2.30) (6.06) (4.33)
High-SES school
Low-SES family (N = 8,360) High-SES family (N = 11,560)
Boys (N = 4,259) Girls (N =4,101) Boys (N =6,208) Girls(N =5,352)
Mean -0.62 *kK 0.0 *hk 075 *hH 1.42 *hK
(0.03) (0.03) (0.02) (0.02)
. 436 ., 418 ., 361 .. 320 .,
Variance (0.08) (0.08) (0.05) (0.05)
o 4 9904 ., 9134 ., 7935 .. 9343 ,,,
(7.47) (6.93) (7.43) (6.88)
% C 0.10 7.21 8.13 2.78
0 (4.54) “.37) (4.32) (4.17)
o £ 0.87 1.45 1251 ., 378
(3.15) (2.89) (3.33) (2.97)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs.
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Table D2.10 ACE decomposition for boys and girls by the intersection between family SES and
school SES (terciles).

Low-SES school

Low-SES family (N = 6,992) High-SES family (N = 1,462)
Boys (N=3,550)  Girls (N = 3,442) Boys (N = 808) Girls (N = 654)
Viean 535 ., 604 ., 658 .. 730 .,
(0.03) (0.03) 0.07) (0.07)
. 475 . 464 ., 460 ., 397 .
Variance (0.09) (0.09) (0.19) 0.18)
%A 96.98 .., 9206 ., 26.49 11053 .,
(7.73) (6.89) (19.34) (13.69)
% 175 8.61 449 . 11.25
4.87) 4.42) (10.96) (9.26)
o 127 0.67 2860 145
(3.23) 2.76) 8.97) (5.00)
Middle-SES school
Low-SES family (N = 6,097) High-SES family (N = 3,597)
Boys (N=3,136)  Girls (N = 2,961) Boys (N=1,909)  Girls (N =1,688)
Viean 573 L., 644 ., 712 ., 776 ..,
(0.03) (0.03) (0.04) (0.04)
, 456 ., 434 406 ., 363 .,
Variance (0.09) (0.09) (0.10) (0.10)
" 9114 ., 9721 .., 9321 .. 76.86 .,
(8.42) (7.56) (11.84) (10.54)
0% 3.93 4.03 0.85 1569
(5.25) (4.89) 717) (6.62)
- 4.93 1.24 5.94 7.45
(3.50) (2.99) (5.10) (4.35)
High-SES school
Low-SES family (N = 4,726) High-SES family (N = 8,487)
Boys (N = 2,403) Girls (N =2,323) Boys (N = 4,542) Girls (N = 3,945)
Viean 617 .. 683 ., 756 ., 822 ..
(0.04) (0.04) (0.02) (0.02)
. 442 ., 408 ., 357 .. 307 .
Variance (0.10) (0.10) (0.06) (0.06)
%A 9036 ., 7803 ., 7855 .. 8590 ..
(9.53) (9.33) (8.27) (7.94)
. 6.86 1519, 9.31 8.16
(5.84) (5.74) (4.88) 4.79)
- 278 6.78 1214, 5.94
(4.05) (3.95) (3.66) (3.44)

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). Estimates with standard errors in parentheses. A, C, and
E refer to genetic, shared-environmental, and non-shared environmental variance, respectively. N refers to
the number of twin/sibling pairs.
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E. Supplements to Chapter 4

E.1. Comparing the NCO twin sample to the full sample

For the external validity of this study, it is important that the (development in) dispersion of
twins' educational performance is similar to that of pupils in the general population. | first assess
whether the twin sample and the full sample differ with respect to the covariates that are included
in this study. Compared to the full sample, twins have parents with a higher educational level
and income and attend schools with a higher SES (see Table E1.1). However, although statistically
significant, these differences are small. Moreover, the small differences between the twin sample
and full sample do not result in differences in (the development of) dispersion. Table E1.2 shows
the comparison of initial performance, learning growth, and their association between the twin
sample and the full NCO-LVS sample. There are no substantial differences. Twins have on average
lower initial reading and mathematics performance and higher growth rates than pupils in the
total sample, but the differences are small (see Table E1.2). More importantly, the variances of
initial performance (i.e., initial dispersion) and growth are either not statistically significantly
different between the twin and full sample or only slightly different (see Table E1.2 and Figure
E1.1). Also, the development of dispersion during the primary school career is highly similar for
twins versus the general pupil population (see Figure E1.2).

Table E1.1 Differences in the family and school variables between the full sample and twin sample.

Full sample Twin sample Difference (M)

Variable N M SD N M SD Cohen'sd
ISCED father 259,662  4.40 2.08 7,718 4.56 2.07 -0.08  ***
ISCED mother 297423  4.36 2.07 8,353 4.53 2.07 -0.09  *F*
Income father 345,386 7378  23.19 10,287 75.08 22.85 -0.06  *F*
Income mother 336,019 49.06 2568 9,596 50.87 25.99 -0.07  *F*
SES school 373,063 0.00 0.86 10,692 0.08 0.85 -010  FF*
School quality 377178 0.48 0.26 10,733 0.49 0.27 -0.04

Note: ***p<.001 (two-tailed test). Samples excluding outliers on the intercept and slope.
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Table E1.2. Differences between the full sample and twin sample in the means and variances of
the intercept and slope as estimated in a latent growth model.

Full sample T ceTmale Difference Difference
° P ) (sD)"
N M SD N M SD Cohen’s d F

Reading
Intercept 291,860 123.52 20.90
Slope 291,860 1875 159
Math
Intercept 354,319 13240 24.61
Slope 354,319  32.04 2.69

8,602 12232 20.81

8,602

10,495 130.09

10,495

0.06 *** 1.01

18.80 1.58 -0.03  ** 1.02

24.22 0.09 *** 1.03 *

32.08 2.63 -0.02 1.05 **

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test). ¢ Variance ratio test is used to test if the variance between

the full sample and twin sample differs. This is the case if the variance ratio, SD

significantly different from 1.

/SD is statistically

(full sample)’ = (twin sample),
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Figure E1.1 The distribution of the intercept and slope of reading (left) and mathematics (right)

for the full sample and twin sample.
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Figure E1.2 The total variance in reading (left) and mathematics (right) performance during
primary school for the full sample and twin sample.

Note: Controlled for sex. Based on the variance of the intercept and slope, and their covariance.
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E.2. Robustness checks

E.2.1.  Exclusion of pairs of whom one or both twins repeated a grade

| performed the analyses while excluding the twin pairs where one or both twins repeated a
grade during the observed primary school period (i.e., Grade 1-5). This leads to twin samples
of N .= 4,905 for reading and N

growth models for reading and mathematics are presented in Table E2.1, and the results of the
models including the environmental covariates are shown in Table E2.2. The results are similar

= 5,165 for mathematics. The results of the biometric latent

pairs

to those of the main analyses.

E.2.2. No exclusion of outliers on the intercept and slope

I performed the analyses while twin pairs with outliers on the estimated intercept and/or slope
(defined as M + 3 SD) are not excluded. This increases the sample size to N, =5,591 for reading
and N, =5722 for mathematics. If outliers are not excluded, there is more variance in the
intercept and slope. However, the decomposition into genetic, shared environmental, and non-
shared environmental components remains similar. Also, the covariances are similar to those
reported in the main analyses. Only the small amount of initial shared environmental differences
that are present slightly increases in a statistically significant way (p =.040) when outliers are
not excluded (see Table E2.3). When the school and family variables are included (see Table
E2.4), this explains more variance in the reading and mathematics slopes compared to the main
analyses. However, the contribution of genetic and shared environmental variance remains similar
regardless of whether the environmental explanatory variables were included. This confirms our
finding that our school and family measures do not account for significant shared environmental
influences on reading and mathematics.

E.2.3. Alternative operationalizations school quality

I perform three robustness checks with alternative operationalizations of the school quality
measure. All results are controlled for sex, school SES, and parental SES. First, | use an alternative
school quality factor score where the dimensions with low loadings are excluded (see Appendix
E3 for the measurement model). The effects on the intercept are presented in Figure E2.1 (Model
1). The explained variance in the reading and mathematics intercepts (11% and 8%, respectively)
and reading and mathematics slopes (4% and 1%, respectively) are similar to the main results.
Second, | used the school climate and school resources factors instead of one overall school
quality factor (see Figure E2.1, Model 2). The explained variance in the reading and mathematics
intercepts are 11% and 9%, respectively. For the reading and mathematics slope, this is 4% and
2%, respectively. Lastly, I investigated the effects of all the nine underlying school dimensions
separately (see Figure E2.2). The explained variance in the reading and mathematics intercepts
are somewhat lower, 9% and 5%. The measures explain 4-5% of the variance in the reading slope
and 1% in the mathematics slope.

211



Appendices

E.2.4. Different genetic relatedness of SS twins

To assess how sensitive the results are to the assumed genetic relatedness among SS twins (rSS,.),
I conducted the analyses with different values (i.e.,.70 and .80 instead of .75). The rSS_ affect the
estimated genetic and environmental variances; the higher the rSS_, the less genetic variance and
the more environmental variance. However, despite the value of rSS_ that is used, the conclusions
remain the same. The development of dispersion over the school period is similar (see Figures
E2.3 and E2.4). For reading, initial differences decrease (rather weakly) over the primary school
career and this is related to the small decrease in initial genetic variance in reading. Concerning
mathematics performance, initial differences likewise decrease over time, and this is related
to a decrease in shared and non-shared environmental variance. The only difference is that
the decrease in shared environmental variance in initial mathematics performance is no longer
statistically significant (p = .056) when an assumed genetic relatedness of .70 is used (see Table
E2.5). When using an rSS, of .80, some new shared environmental variance is coming into play
in mathematics performance (see Figure E2.4), but these new shared environmental influences
unique to the slope are (like the main results) not statistically significant (see Table E2.6). Also,
the results for the models including the explanatory family and school variables are substantially
similar regardless of the assumed genetic relatedness that is used (see Table E2.7).
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Table E2.2 Estimates of the biometric growth models including covariates for reading (N

=4,905)

pairs

and mathematics (N =5,165), using the sample excluding pairs where one or both twins repeated

pairs

a grade during Grade 1-5.

Reading Mathematics

Model 1 Model 2 Model 1 Model 2
Mean
Intercept mean 12615 #** 123.83 *** 126.51 *** 123.62 ***
Bqchool quatiy 0.02 0.05 **
[ 0.04 * 0.03 *
JH— 011 ** 0.03 *
Slope mean 18.40 *** 17.66 *** 31.80 *** 31.52 ***
Bechoorquatty 0.06 -0.04
Bachoor ses 0.31 *** 0.03
Brarenronses 0.10 ** 0.05
Variance
Intercept variance 523.22 *** 470.04 *** 704.24 *F* 646.77 ***
NA 0.87 *** 091 *** 0.74 *** 0.74 ***
SV, 0.06 0.00 0.13 0.10
SV, 0.06 0.09 *** 013 *** 016 ***
Slope variance 1219 *** 1175 *** 21.06 *** 20.85 ***
SV, 0.83 *** 0.83 *** 0.36 0.36
SV, 0.02 0.00 039 * 039 *
NYZ 0.16 0.18 0.25 ** 0.25 **

E

Note: *p<.05, **p<.01, ***p<.001 (two-tailed test).

Controlled for sex. SV,, SV,, SV, refer to standardized genetic,

shared environmental, and non-shared environmental variance, respectively. Estimates of school quality,
school SES, and parental SES are standardized regression coefficients (beta’s) on the intercept and slope.
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Table E2.4 Estimates of the biometric growth models including covariates for reading (N, =5,591)

and mathematics (N =5,722), using the sample including outliers on the intercept and slope.

pairs

Reading Mathematics

Model 1 Model 2 Model 1 Model 2
Mean
Intercept mean 125.33 *** 122.65 *** 12477 *** 122.07 ***
Bichoot quaiiy 0.02 0.05 **
Bichoor ses 0.05 ** 0.03 *
JEF—— 0.30 *** 0.27 ***
Slope mean 18.56 *** 1773 *** 32.06 *** 31.64 ***
Bschool quatiy 0.03 -0.04
Bachoor ses 010 *** 0.05
JE—— 0.14 *** 0.06 *
Variance
Intercept variance 544.67 *** 491.08 *** 765.39 *** 703.64 ***
sV, 0.84 *** 0.89 *** 0.71 *** 0.75 ***
SV, 0.08 0.01 017 * 0.1
SV, 0.08 ** 0.10 *** 013 *** 0.15 ***
Slope variance 18.74 *** 15.58 *** 0.58 ** 0.57 **
sV, 0.68 *** 0.73 *** 0.24 0.25
SV, 0.08 0.03 018 * 018 **
N% 0.24 ** 0.24 ** 27.20 *** 17.85 ***

-

Note: *p<.05, **p<.01, ***p<.007 (two-tailed test). Controlled for sex. SV, SV,, SV, refer to standardized genetic,
shared environmental, and non-shared environmental variance, respectively. Estimates of school quality,
school SES, and parental SES are standardized regression coefficients (beta’s) on the intercept and slope.
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Model 1
School quality R A
(6 dimensions) ——eo— —e—
Model 2
- A — A
School climate
——— ——1
School resources e L
-30 -20 -.10 .00 .10 .20 -30 -20 -.10 .00 .10 .20
Standardized effect (beta) Standardized effect (beta)
A Intercept @ Slope A Intercept @ Slope

Figure E2.1 Standardized effects of school quality measures on the intercept and slope of reading
and mathematics performance, including 95% confidence intervals.

Note: Controlled for sex, school SES, and parental SES.

School quality dimension

1. Range of educational activities AT e
2. School curriculum L — L
3. Guidance educational needs A B H—A—
4. Parental involvement A L
5. Monitoring and evaluating students L — ° A
6. Learning climate »—‘:—c —h——
7. Social climate —rA—i —A—
_— —_
8. Safety A A
9. Quality assurance ——A—] . o H—A—1
-1 -10 -05 .00 .05 .10 .15 .20 -15 -10 -05 .00 .05 .10 .15 .20
Standardized effect (beta) Standardized effect (beta)
A Intercept @ Slope A Intercept @ Slope

Figure E2.2 Standardized effects of school quality dimensions on the intercept and slope of
reading and mathematics performance, including 95% confidence intervals.

Note: Controlled for sex, school SES, and parental SES. The results reflect nine different model (each model
includes one school quality dimension and the control variables).
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Table E2.7 Estimates of the biometric growth models including covariates for reading (N

pairs

=5,576), using an average genetic relatedness of SS twins of .70 and .80.

and mathematics (N

pairs

=5,304)

Reading (rSs, = .70)

Reading (rSs, = .80)

Model 1 Model 22 Model 1 Model 2
Intercept
Bicroor qualty 0.02
Bachoor ses 0.04 wH
Bpwmm s 0.31 Ex
SV, 0.94 rHE 0.72 i 0.80 rHEE
SV, 0.05 0.14 * 0.04
SV, 0.01 0.14 kK 0.16 Ex
Total variance 512.31 whE 512.77 wHRE 458.49  ***
Slope
ﬁschuo/quu/rty 0.04
:Bsmo/ SES 0.11 o
praremu/ SES on e
SV, 0.86 wEx 0.77 kK 0.76 Ex
SV, 0.01 0.01 0.00
SV, 0.14 0.22 w 0.24 w
Total variance 12.32 Hhk 12.32 wxK 11.85 whk
Mathematics (rSS; = .70) Mathematics (rSS; = .80)
Model 1 Model 2 Model 1 Model 2
Intercept
BMUU/WU,W 0.05 ** 0.05 **
Bichoor ses 0.04 * 0.04 *
,Bpmm,sfS 0.27 *** 0.27 ***
SV, 0.83 *** 0.80 *** 0.59 *** 0.63 ***
SV 0.10 0.09 0.21 ** 015 *
SV, 0.08 * 011 ** 0.20 *** 0.23 ***
Total variance 694.66 *** 638.27 *** 694.21 *** 635.99 ***
Slope
lBsmau/quumy -0.04 -0.04
Beoroorses 0.04 0.04
Brarentorses 0.06 * 0.06 *
SV, 0.49 0.50 * 0.36 0.35
SV, 0.31 0.30 0.37 ** 0.37 **
SV, 0.20 * 0.20 * 0.28 *** 0.28 ***
Total variance 2159 *** 21.33 *** 21.58 *** 21.32 ***

Note: *p<.05, **p<.01, ***p<.007 (two-tailed test). Controlled for sex. SV, SV,, SV, refer to standardized genetic,
shared environmental, and non-shared environmental variance, respectively. Estimates of school quality,
school SES, and parental SES are standardized regression coefficients (beta’s) on the intercept and slope.

@ Model does not converge
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Figure E2.3 The development of the total, genetic (A), shared environmental (C), and non-shared
environmental (£) variance in reading and mathematics performance, using rSS, = .70.

Note: Controlled for sex. Based on the variance in the intercept and slope and their covariance, reported in
Table E2.5.
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Figure E2.4 The development of the total, genetic (A), shared environmental (C), and non-shared
environmental (E) variance in reading and mathematics performance, using rSS, = .80.

Note: Controlled for sex. Based on the variance in the intercept and slope and their covariance, reported in
Table E2.6.
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E.3. Measurement models

E.3.1. Measurement model socioeconomic status (SES)

Table E3.1 Descriptive statistics and factor loadings for parental SES (N = 373,956).

Appendix E

N M SD Factor loadings SES
ISCED father 260,228 4.39 2.08 .69 (<.01)
ISCED mother 298,072 4.35 2.07 .82 (<.01)
Income (percentile) father 346,141 73.76 23.21 .50 (<.01)
Income (percentile) mother 336,737 49.05 25.68 62 (<.01)

Note: All factor loadings are statistically significant (p <.001, two-tailed test). Standard error in parentheses.

Standardized effects.

E.3.2. Measurement model school quality
The same measurement model as in Chapter 3 is used. See Appendix C.1. for the details.
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E.4. Model fit latent growth models

Table E4.1 Model fit of the biometric latent growth models with different residual specifications

for reading (NWS =5,304) and mathematics (Nm =5,576).
Model fit Model comparison
Freely
Loglikelihood estimated AIC Comparison  Chi? Adf p
parameters
Reading
1. Uncorrelated -190,003.44 24 380,054.89 - - - -
2. Correlated (*) -189,547.50 42 379,179.00 1 911.88 18  <.001
. lated,
3. Correlated, same -189,695.81 25 379,441.62 2 29662 17 <001
over time
4. Correlated, fi
orrelated, samelor  189,567.80 33 379,201.60 2 4060 9 <001
S5/0S
Mathematics
1. Uncorrelated -335,829.34 25 671,708.68 - - - -
2. Correlated (*) -333,002.15 45 666,094.30 1 412542 20 <001
3. Correlated, same
‘ -334,177.15 26 668,406.30 2 153196 19 <001
over time
4. lated, f
Correlated, samefor 53 141 60 35 666,153.20 2 8802 10 <001

SS/0S

Note: Controlled for sex. Model indicated by (*) is the preferred model.

Table E4.2 Model fit of the latent growth models with linear and quadratic slope for reading

(N =5,304) and mathematics (N_._=5,576).
pairs pairs
Model fit Model comparison
Freely
Loglikelihood estimated AIC Chi? Adf p
parameters
Reading
1. Linear -189,547.50 42 379,179.00 - - -
2. Quadratic (*) -189,403.10 47 378,900.20 288.80 5 <.001
Mathematics
1. Linear -270,703.44 45 541,496.89 - -
2. Quadratic (*) -267,605.12 50 535,310.23 6196.65 5 <.001

Note: Controlled for sex. Model indicated by (*) is the preferred model.
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Table E5.1. Path estimates of the biometric linear latent growth model for reading (Npg,,5:5,304)
and mathematics (N, =5,576).
Reading Mathematics
estimate s.e. estimate s.e.
Intercept 125.57 *** (0.50) 12593 *x* (0.51)
Slope 18.36 *** (0.14) 31.78 *** (0.16)
all -20.79 *** (1.14) 2210 *** (1.69)
c11 6.51 * (2.52) 10.26 *** (2.53)
ell 6.18 *** (1.34) 10.04 *** (1.24)
all 0.65 * (0.32) 0.26 (0.72)
c21 0.39 (0.58) -2.63 ** (0.86)
e21 -0.52 (0.51) .75 wxk (0.44)
a22 3.09 *x* (0.24) 3.02 Fx* (0.83)
22 0.00 (0.00) -0.52 (3.96)
e22 1.39 *#** (0.32) -1.46 ** (0.50)
Loglikelihood -188635.13 -269,569.86
Freely estimated parameters 48 51
AlC 377366.27 539,241.71

Note. *p<.05, **p<.01, ***p<.001 (two-tailed test). a = genetic, ¢ =shared environment, e = non-shared
environment, AIC = Akaike Information Criterion. The paths a7, c77, and el7 reflect the genetic and
environmental effects on the intercept, and a27, 27, and e27 show to what extent these same influences also
predict the slope. The paths a22, c22, and e22 show the effects that are independent of the intercept and

thus uniquely influence the slope.
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Figure E5.1 The development of the total, genetic (A), shared environmental (C), and non-shared
environmental (E) variance in reading and mathematics performance.

Note: Controlled for sex, school quality, school SES, and parental SES.
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Figure E5.2 The development the relative contributions of genetic (A), shared environmental (C),
and non-shared environmental (E) variance to the total variance, initial variance, and new variance
in reading and mathematics performance.

Note: Controlled for sex.
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Usage of summary data

All chapters rely on data that are not publicly available but may be accessed by researchers under
certain conditions. In addition to the raw (individual level) data, results can be partly reproduced
using summary data which can be publicly shared. Mplus requires a summary data input file
including the means, variances, and covariances of all variables. In case of multi-group analysis,
as is the case with twin models, these data have to be provided by group. In addition, the number
of observations needs to be included in the analysis syntax. Example input data is presented in
Box A (in .txt format). The summary data files for each chapter can be found on my OSF profile
(https://osf.io/xch24/).

Box A. Summary data input structure for Mplus.

[mean tl] [mean t2] )

[variance t1] ke MZ. twins
[covariance tl,t2] [variance t2]

[mean tl] [mean t2] /)

[variance t1] L. DZ twins
[covariance tl,t2] [variance t2]

Note: t1 =twin 1, t2 = twin 2.

In Box B, an example is provided how summary data can be used to obtain the ACE decomposition
in Mplus. The results show this for the univariate twin model, but extensions are possible such as
bivariate models or moderation models with a multigroup setup (i.e., to test for non-parametric
gene-environment interactions). Unfortunately, analysis with a continuous linear moderator
requires raw data in Mplus.
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Box B. Example syntax using summary data in Mplus.

TITLE: Univariate ACE decomposition
DATA:
FILE

summdata.txt ;
TYPE = means covariance ;
NGROUPS = 2 ;
NOBS = 3061 18673 ;
VARTIABLE:
NAMES = v1 v2 ;

! Constrain means and variances to be the same for both groups

MODEL CONSTRAINT:

new(a c e x y z) ;

v=atcte ;

cdz=.5%a+c ;

[vl v2] (m) ; ! Constrain means and variances to be the same
vl v2 (v) ;5 ! for both twins of both zygosity groups

MODEL G1:

vl with v2 (cmz) ; ! Covariance MZ twins (or SS twins

MODEL G2:

vl with v2 (cdz) ; ! Covariance DZ twins (or 0OS twins)

cmz= l*a+c ; ! Change 1 to rSS5g (e.g., .75) for SS twins
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Data and code for the empirical chapters

Chapter 2

Individual level data is provided by the Netherlands Twin Register. These data may be accessed
upon reasonable request and after approval of the data access committee. For more information,
see https://ntr-data-request.psy.vu.nl/index.html.

Code for replication using the individual level data
can be found at OSF: https://osf.io/mxzpe/. With
slight modifications (see Box B) the same code
can be applied to the summary data, except the
modelling of linear moderation. The summary
data can also be found at OSF.

Chapter 3

All results are based on own calculations using non-public micro data from Statistics Netherlands
(CBS). These data are under certain conditions accessible for scientific research. Further
information and the procedure to request the data can be found on the websites of CBS (https://
www.cbs.nl/en-gb/onze-diensten/customised-services-microdata/microdata-conducting-
your-own-research). School quality data were obtained via a user agreement with the Dutch
Inspectorate of Education. Quality data are partly publicly available (from school year 2015/2016
onward) via https://www.onderwijsinspectie.nl/trends-en-ontwikkelingen/onderwijsdata/
kwaliteitsindicatoren.

Code for replication using the individual level data
can be found at OSF: https://osf.io/xsgdt/. With
slight modifications (see Box B) the same code
can be applied to the summary data, except the
modelling of linear moderation. The summary
data can also be found at OSF.
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Chapter 4

The administrative register data can be accessed via the Research Services at Statistics Denmark
but requires formal affiliation with a Danish research institution. Interested researchers are
welcome to reach out to Kristian Bernt Karlson (kbk@soc.ku.dk) to learn more about this
opportunity and how the different registers have been recoded and combined in order to produce
the data file used in this chapter.

[m] S [m
- Code for replication using the individual level
data can be found at OSF: https://osf.io/unm9b/.
With slight modifications (see Box B) the same
code can be applied to the summary data. The

summary data can also be found at OSF.

[=] -

Chapter 5
All results are based on own calculations using non-public micro data from CBS and the

o

Netherlands Cohort Study on Education (NCO). Data are accessible for statistical and scientific
research under certain conditions. Further information and the procedure to request the data
can be found on the websites of CBS (https://www.cbs.nl/en-gb/onze-diensten/customised-
services-microdata/microdata-conducting-your-own-research) and NCO (https:/www.
nationaalcohortonderzoek.nl/onderzoek). School quality data were obtained via a user agreement
with the Dutch Inspectorate of Education. Quality data are partly publicly available (from school
year 2015/2016 onward) via https://www.onderwijsinspectie.nl/trends-en-ontwikkelingen/
onderwijsdata/kwaliteitsindicatoren.

Code for replication using the individual level
data can be found at OSF: https://osf.io/kc9g3/.
With slight modifications (see Box B) the same
code can be applied to the summary data. The
summary data can also be found at OSF.
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Onderwijskwaliteit en ongelijkheid: De wisselwerking tussen
scholen, gezinnen en genen

Achtergrond

In veel landen staan de kwaliteit en gelijkheid van onderwijs onder druk. Te veel kinderen verlaten
de basisschool zonder voldoende basisvaardigheden (Unicef, 2020; United Nations, 2019).
Daarnaast zijn er indicaties dat de onderwijsprestaties van kinderen steeds meer afhankelijk
zijn geworden van de sociaaleconomische status (SES) van hun ouders en van de school die ze
bezoeken (Chmielewski, 2019; Inspectie van het Onderwijs, 2017; Unicef Office of Research, 2018).
Recente ontwikkelingen, zoals de COVID-19-pandemie en het groeiende tekort aan leraren en
schoolleiders, brengen verdere uitdagingen met zich mee voor onderwijskwaliteit en -ongelijkheid.
Het bestuderen van de rol van scholen is cruciaal om onderwijsongelijkheid te begrijpen en
mogelijk te verminderen. Sociologisch onderzoek heeft zich hier al decennia op gericht (Coleman
et al,, 1966). Desondanks blijft veel onduidelijk over hoe scholen en onderwijsongelijkheid met
elkaar samenhangen (Downey & Condron, 2016).

Twee redenen dragen bij aan deze onduidelijkheid. De eerste reden heeft betrekking op
de conceptuele vraag wat onderwijsongelijkheid inhoudt. Ongelijkheid betekent verschil,
maar welke verschillen maken deel uit van onderwijsongelijkheid en worden als zodanig
geproblematiseerd? Hierover bestaan verschillende perspectieven. Men kan zich richten op
de totale prestatieverschillen, die de spreiding (of prestatiekloof) tussen de slechtst en best
presterende leerlingen omvat. Dit type ongelijkheid wordt in dit proefschrift aangeduid als
'spreiding’ (inequality as dispersion) (Van de Werfhorst & Mijs, 2010). Men kan zich ook richten
op specifieke oorzaken van verschillen. Een vaak bestudeerde oorzaak die ten grondslag ligt
aan prestatieverschillen is de sociaaleconomische achtergrond van kinderen. SES-verschillen
in prestaties wordt vaak aangeduid als 'kansenongelijkheid’ (inequality of opportunity) of ‘sociale
ongelijkheid’ (Strello et al., 2021; Strietholt, 2014; Van de Werfhorst & Mijs, 2010). Kinderen hebben
zelf ook weinig controle over de schoolomgeving waarin zij zich bevinden, net zoals ze ook geen
controle hebben over hun gezinsachtergrond. Daarom kunnen prestatieverschillen tussen
scholen ook gezien worden als problematisch. Maar het is onduidelijk of schoolverschillen nog
steeds als problematisch gezien worden als ze een compenserende rol spelen en bijvoorbeeld
SES-verschillen doen verminderen.

Bij de conceptuele vraag wat onderwijsongelijkheid inhoudt, is daarnaast de rol van genetische
verschillen in onderwijsprestaties, soms ook wel ‘genetische ongelijkheid genoemd’, niet eenduidig.
Terwijl sociale verschillen (bijvoorbeeld SES-verschillen) in onderwijsprestaties vaak worden gezien
als oneerlijk, is er minder consensus over of de spreiding als gevolg van genetische verschillen
problematisch is. Enerzijds weerspiegelen genetische verschillen variatie in aangeboren potentie,
wat vaak wordt gezien als een legitieme oorzaak van prestatieverschillen (Dias Pereira, 2021;
Tannock, 2008). Als er geen sociale barrieres zijn die de expressie van aangeboren potentie
belemmeren, zal een groter deel van de verschillen in onderwijsprestaties worden verklaard
door genetische verschillen. Daarom kan de genetische bijdrage aan prestatieverschillen worden
gezien als een indicatie van kansengelijkheid (Nielsen, 2006). Anderzijds is het zo dat individuen
geen controle hebben over hun aangeboren potentie, net zoals zij geen controle hebben over hun
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sociale achtergrond. Geluk in de genetische loterij kan daarom ook worden gezien als oneerlijk
en in strijd met het idee van gelijke kansen (Harden, 2021).

De tweede reden waarom de rol van scholen in onderwijsongelijkheid nog onduidelijk
is, is dat weinig studies alle drie de aspecten onderzoeken: scholen, gezinnen en genen.
Zelfs als er consensus is over welke invioeden op onderwijsprestaties deel uitmaken van
onderwijsongelijkheid, blijft het nog een empirische vraag hoe scholen, gezinnen en genen
samen een rol spelen. Het niet gelijktijdig bestuderen van deze factoren is problematisch om
twee redenen. Ten eerste kunnen de invioeden met elkaar worden verward omdat ze met elkaar
correleren. Bijvoorbeeld, ouders die zelf goed presteerden op school deden dit mede vanwege
hun genetische aanleg. Deze ouders geven deze genen deels door aan hun kinderen, maar ze
zorgen ook vaker voor een stimulerende leeromgeving thuis en kiezen vaker voor scholen van
hogere kwaliteit voor hun kinderen. Ten tweede kunnen de verschillende factoren met elkaar
interacteren. Scholen van hoge kwaliteit kunnen bijvoorbeeld verschillen in prestaties op basis
van gezinsachtergrond verminderen (i.e., compensatie), maar tegelijkertijd genetische verschillen
tussen kinderen vergroten (i.e., multiplicatie). Eerdere studies vertellen slechts een deel van het
verhaal omdat ze de interactie met ofwel genetische ofwel omgevingsfactoren negeren.

Zowel de sociologie als gedragsgenetica bieden verschillende theorieén voor multiplicatie-
en compensatie-effecten. Multiplicatie vergroot prestatieverschillen, bijvoorbeeld omdat
de school- en thuisomgeving elkaars invioed versterken. Kinderen uit hoge-SES-gezinnen
profiteren mogelijk meer van scholen van hoge kwaliteit, omdat ze de school beginnen met
meer vaardigheden en academische voorbereiding van huis uit (Hanselman, 2018; Heckman,
2000). Ook vanuit het idee van culturele reproductie kan worden verwacht dat hoge-SES-
kinderen bevoordeeld worden door leerkrachten en zich meer thuis voelen op school, wat leidt
tot betere onderwijsprestaties (Bourdieu, 1986; Bourdieu & Passeron, 1977; De Graaf et al.,
2000). Genetische en omgevingsinvloeden kunnen elkaar eveneens versterken. Bronfenbrenners
bio-ecologisch model stelt dat stabiele, hulpbronrijke omgevingen met continue wederkerige
interacties genetische potentie tot uiting brengen (Bronfenbrenner, 1992; Bronfenbrenner &
Ceci, 1994). Hieruit volgt de voorspelling dat genetische potentie voor betere onderwijsprestaties
meer tot uiting komt in hoge-SES-gezinnen en hogekwaliteitscholen.

Bij compensatie worden prestatieverschillen juist kleiner. De thuis- en schoolomgeving
kunnen elkaar compenseren, omdat de leermogelijkheden in hoge-SES-gezinnen overlappen
met die in hogekwaliteitscholen (Chiu & Khoo, 2005; Hanselman, 2018). Kinderen uit lage-SES-
milieus profiteren mogelijk meer van goede scholen (zoals het academische klimaat en de
hogere niveaus van motivaties en aspiraties), omdat ze die minder vaak thuis ervaren (Coleman
et al,, 1966; Rumberger & Palardy, 2005). Andersom kunnen hoge SES-ouders mogelijk beter
compenseren voor een lagere schoolkwaliteit, bijvoorbeeld door extra begeleiding en bijles
(Hanselman, 2018). Een hoge-SES-thuisomgeving of -schoolomgeving zouden ook kunnen
compenseren voor genetische invloeden die anders tot lagere prestaties leiden. Volgens het
kwetsbaarheid-stressmodel komt een genetische kwetsbaarheid (zoals leerproblemen) eerder
tot uiting bij meer risicofactoren en stressoren in de omgeving (Rende & Plomin, 1992; Shanahan
& Hofer, 2005). Positieve omgevingskenmerken, zoals vaker aanwezig in hoge-SES-gezinnen en
hogekwaliteitscholen, compenseren voor genetische kwetsbaarheden of risico’s (see Shanahan
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& Hofer, 2005). Dit komt overeen met het compenserend voordeel (compensatory advantage)
mechanisme, dat stelt dat eerdere negatieve uitkomsten of capaciteiten (bijvoorbeeld lagere
cognitieve capaciteiten of een slechte gezondheid) minder negatieve consequenties hebben voor
de onderwijsprestaties van kinderen uit hoge-SES-gezinnen (Bernardi, 2014).

In dit proefschrift stel ik de vraag: Hoe draagt de wisselwerking tussen scholen, gezinnen en genen
bij aan onderwijsongelijkheid? Terwijl sociologisch onderzoek de invloeden van scholen, gezinnen
en hun interactie op onderwijsresultaten bestudeert, wordt de rol van genetische verschillen
tussen leerlingen vaak buiten beschouwing gelaten. Vanuit de gedragsgenetica worden genetische
verschillen en omgevingsverschillen in onderwijsresultaten onderzocht. Gedragsgenetici
bestuderen onder andere in hoeverre deze genetische verschillen en omgevingsverschillen
afhangen van de thuisomgeving (zoals ouderlijke SES), maar besteden minder aandacht aan
de schoolomgeving. Bovendien blijken deze studies vaak voorbij te gaan aan de complexiteit
en diversiteit van omgevingsomstandigheden (Baier, 2019). Hoewel gedragsgenetische studies
onderzoeken hoe genetische invioeden afhankelijk zijn van zowel de gezins- als de schoolsituatie,
wordt er zelden rekening gehouden met dat kinderen tegelijkertijd in zowel gezinnen als op
scholen zijn ingebed. Hierdoor blijft het grotendeels onbekend hoe scholen, gezinnen en genen
samen functioneren.

Met dit proefschrift beoog ik beter te begrijpen hoe de wisselwerking tussen schoolkenmerken,
SES van de ouders en genen onderwijsprestaties beinvloedt en wat de implicaties hiervan zijn
voor onderwijsongelijkheid. Hoewel mijn focus ligt op het theoretische en empirische deel van
deze vraag, bespreek ik ook het conceptuele deel aangezien de definitie van onderwijsongelijkheid
gevolgen heeft voor de interpretatie van de resultaten. Ik onderzoek de wisselwerking tussen
scholen, families en genen door sociologische theorieén te combineren met theorieén en
methoden uit de gedragsgenetica.

Vanuit de gedragsgenetica wordt het onderzoeken van de invlioed van genen en omgeving
op onderwijsprestaties vaak gedaan door de gelijkenis in prestaties tussen identieke tweelingen
(die 100% van hun genen delen) en niet-identieke tweelingen (die ~50% van hun genen delen)
te vergelijken. Als identieke tweelingen vergelijkbaardere onderwijsprestaties hebben dan niet-
identieke tweelingen, wijst dit erop dat onderwijsprestaties genetisch beinvioed worden. Op basis
van dit idee kunnen verschillen in onderwijsprestaties worden opgesplitst in drie componenten:
een genetisch component, een gedeelde omgevingscomponent (dat alle omgevingsinvioeden
omvat die tweelingen op elkaar doen lijken) en een niet-gedeelde omgevingscomponent
(omgevingsinvioeden die tweelingen van elkaar doen verschillen, inclusief meetfouten).
Ik pas variaties van de methode toe op de onderwijsprestaties van kinderen, waaronder
gestandaardiseerde testresultaten en cijffergemiddelden. Hiervoor werk ik met gegevens van het
Nederlands Tweelingen Register (Hoofdstuk 2), Nederlandse registerdata van het Centraal Bureau
voor de Statistiek (CBS) aangevuld met data van de Inspectie voor het Onderwijs (Hoofdstuk 3
en 5), en Deense registerdata (Hoofdstuk 4).
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Samenvatting van de resultaten per hoofdstuk

Hoofdstuk 2: Klasomgeving vermindert sociale ongelijkheid

In hoofdstuk 2 onderzoek ik of de thuis- en schoolklasomgeving elkaars invloed versterken of
verzwakken bij het verklaren van onderwijsprestaties. Ik maak gebruik van het feit dat sommige
tweelingen in dezelfde klas zitten terwijl andere in aparte klassen zitten. Op deze manier kan ik
de bijdrage van de klasomgeving onderzoeken naast die van de andere omgevings- en genetische
bronnen van verschillen. Gemiddeld kan slechts een klein deel (2%) van de prestatieverschillen
in de score op de Cito-eindtoets verklaard worden door de klasomgeving. Voor kinderen wiens
ouders hoogstens basisonderwijs hebben voltooid, is de klasomgeving echter verantwoordelijk
voor bijna 8% van de variantie in onderwijsprestaties. Dit daalt naar 1% voor kinderen van
ouders met een postdoctorale opleiding. De klasomgeving (bijvoorbeeld kwaliteit van de leraar,
pedagogisch klimaat, invloed van klasgenoten) is dus belangrijker voor de prestaties van kinderen
uit lagere-SES-milieus. Dit suggereert dat gunstige klascontexten ongelijkheid met betrekking tot
sociaaleconomische achtergrond kunnen compenseren.

Hoofdstuk 3: Schoolkwaliteit vermindert onderwijsongelijkheid niet

In hoofdstuk 3 onderzoek ik in hoeverre genetische en omgevingsverschillen in onderwijsprestaties
afhankelijk zijn van schoolkwaliteit. De resultaten tonen aan dat kinderen op scholen met een
hogere kwaliteit, gemeten aan de hand van vele indicatoren gerelateerd aan schoolmiddelen
en schoolklimaat, enigszins hogere Cito-scores hebben, maar dat de effectgrootte klein is.
Daarentegen hangt kansenongelijkheid niet af van schoolkwaliteit. Ook de spreiding in prestaties
hangt niet af van schoolkwaliteit zodra rekening wordt gehouden met het feit dat hogeropgeleide
ouders scholen van hogere kwaliteit kiezen. Niet schoolkwaliteit, maar de SES-compositie van de
school en de SES van de ouders zijn gerelateerd aan spreiding. De totale spreiding en spreiding
als gevolg van genetische en niet-gedeelde omgevingsverschillen zijn lager in scholen en gezinnen
met een hogere SES. Het verminderen van kwaliteitsverschillen tussen scholen is daarom
waarschijnlijk niet voldoende om onderwijsongelijkheid te verminderen.

Hoofdstuk 4: De wisselwerking tussen gender, gezinsachtergrond en
schoolcontext

In hoofdstuk 4 worden gen-omgevingsinteracties in onderwijsprestaties onderzocht met verdere
bijkomende complexiteiten. Genetische en omgevingsinvioeden op onderwijsprestaties kunnen
afhangen van de SES van het gezin en de schoolpopulatie, maar de rollen van gezinnen en scholen
zijn daarbij niet noodzakelijk onafhankelijk en kunnen met elkaar interacteren. Bovendien kan een
gen-omgevingsinteractie in onderwijsprestaties anders werken voor jongens dan voor meisjes.
Ik onderzoek de gemiddelde examencijfers van leerlingen in Denemarken, en vind een interactie
tussen genen en SES van het gezin, maar geen interactie tussen genen en de SES-compositie van
de school. In hoge-SES-gezinnen spelen genen een kleinere rol bij het verklaren van verschillen
in onderwijsprestaties. Deze gen-SES-interactie hangt af van geslacht. In hoge-SES-gezinnen
blijkt de rol van genen aanzienlijk lager voor jongens dan voor meisjes, waardoor ik alleen een
gen-SES-interactie vind voor jongens. Tot slot blijkt de modererende rol van de SES van het
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gezin voor jongens vrijwel alleen op te gaan voor kinderen die naar lage-SES-scholen gaan. Een
mogelijke interpretatie van deze bevindingen is dat als jongens een hoger genetische risico voor
lagere onderwijsprestaties hebben dit wordt gecompenseerd in hoge-SES-gezinnen, vooral
wanneer ze een lage-SES-school bezoeken. De bevinding dat de interactie tussen genen en SES
van het gezin meer uitgesproken is in lage-SES-scholen komt overeen met het idee dat gezin- en
schoolinvioeden elkaar compenseren.

Hoofdstuk 5: De ontwikkeling van ongelijkheid tijdens de basisschool

In hoofdstuk 5 bestudeer ik de ontwikkeling van spreiding in prestaties gedurende de
basisschoolperiode (groep 3 t/m 7) in Nederland. Ik onderzoek (1) of genetische en
omgevingsverschillen in taal- en rekenprestaties worden gereproduceerd, gemultipliceerd of
gecompenseerd gedurende de basisschoolperiode, en (2) in hoeverre prestatieverschillen kunnen
worden verklaard door schoolkwaliteit, SES-compositie van de school en SES van het gezin. De
resultaten tonen allereerst aan dat de spreiding in prestaties aan het begin van formeel onderwijs
wordt gecompenseerd gedurende de basisschoolperiode. Zowel voor lees- als rekenprestaties
spelen genetische verschillen een grote rol bij de initiéle spreiding in prestaties. Voor lezen nemen
deze genetische verschillen af terwijl omgevingsverschillen grotendeels worden gereproduceerd
gedurende de schoolloopbaan. Het omgekeerde is het geval voor rekenen; de afname in spreiding
wordt veroorzaakt door afnemende omgevingsverschillen, terwijl genetische verschillen worden
gereproduceerd. Ten tweede komen in de loop van de tijd nieuwe invloeden naar voren die zorgen
voor prestatieverschillen. Dit zijn voornamelijk nieuwe genetische invioeden, wat resulteert in
een toename van de totale spreiding in prestaties over de tijd. Ten derde verklaren gemeten
schoolkenmerken de spreiding niet, wat suggereert dat kwaliteitsverschillen tussen scholen
waarschijnlijk een beperkte rol spelen.

Vier conclusies

In dit proefschrift heb ik vier empirische studies uitgevoerd om antwoord te geven op de vraag:
Hoe draagt de wisselwerking tussen scholen, gezinnen en genen bij aan onderwijsongelijkheid? Hieruit
kunnen vier overkoepelende conclusies worden getrokken.

1. Eerder compensatie dan multiplicatie

Scholen, gezinnen en genen blijken elkaar eerder te compenseren dan multipliceren. Des te hoger
de SES van de ouders, des te minder de klasomgeving ertoe doet en des te minder genetische
verschillen er zijn met betrekking tot onderwijsprestaties. Ook voor school SES geldt dat naarmate
een groter aandeel van de leerlingen op een school een hogere SES heeft, omgevingsverschillen en
genetische verschillen vaak kleiner zijn. Deze resultaten laten zien dat de school- en klasomgeving
de potentie hebben om gedeelde omgevings- en genetische verschillen in onderwijsprestaties
te verminderen. Over het algemeen zijn deze compenserende gen-omgevingsinteracties met
betrekking tot gezinnen sterker dan die met betrekking tot scholen.
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2. Schoolkwaliteit speelt geen rol, de klasomgeving en de SES-compositie van de

school wel

De schoolomgeving speelt een rol in onderwijsongelijkheid, maar de kwaliteit van scholen is niet
z0 belangrijk als vaak wordt beweerd (Inspectie van het Onderwijs, 2017; Jennings et al., 2015). De
mate van kansenongelijkheid en spreiding blijkt niet af te hangen van schoolkwaliteit. Dit betekent
echter niet dat scholen onbelangrijk zijn voor onderwijsongelijkheid. Een groter aandeel leerlingen
met een hoge-SES op school hangt samen met minder spreiding van onderwijsprestaties, vooral
minder genetische spreiding. Bovendien blijkt de klasomgeving een rol te spelen, aangezien
lage-SES kinderen meer profiteren van de klasomgeving. Verschillen in de SES-compositie van de
school en de klasomgeving zijn dus op een compenserende manier gerelateerd aan verschillende
aspecten van onderwijsongelijkheid.

3. SES van het gezin speelt een rol, maar anders dan vaak gedacht

Er wordt vaak beweerd dat een aanzienlijk deel van de verschillen in onderwijsprestaties
voortkomt uit de verschillende opvoedingssituaties die samenhangen met ouders’ SES (Sirin,
2005). De invloed van SES op onderwijsprestaties wordt meestal gezien als uniform, waarbij
SES op dezelfde manier van invlioed is op kinderen binnen hetzelfde gezin (cf. Freese, 2008).
Dit proefschrift toont aan dat dit slechts een klein deel van het verhaal is. Ten eerste blijkt de
gedeelde omgevingsvariantie in onderwijsprestaties relatief klein is, wat impliceert dat gezins-
SES minder een exogene omgevingsinvloed is dan gedacht. Ten tweede tonen de resultaten
aan dat genetische invlioeden kleiner zijn in gezinnen met een hogere SES. Dit kan worden
geinterpreteerd als hoge-SES-ouders die compenseren voor genetische risico’'s op lagere
onderwijsprestaties van hun kinderen. Niet-gedeelde omgevingsinvioeden op de prestaties van
kinderen zijn ook afhankelijk van de SES van het gezin. Een deel van de SES-invioed komt dus
voort uit verschillende reacties van ouders op kinderen uit hetzelfde gezin. Ten slotte is er veel
variatie in de onderwijsprestaties van kinderen uit lage-SES-gezinnen, meer dan voor kinderen
uit hoge-SES-gezinnen. Dat er veel verschillen zijn binnen groepen wordt vaak over het hoofd
gezien als de focus ligt op verschillen in prestaties tussen SES-groepen.

4. Belangrijk om scholen, gezinnen en genen samen te bestuderen

Het gelijktijdig bestuderen van scholen, gezinnen en genen is van belang om hun invioeden niet
verkeerd te interpreteren en hun rol in onderwijsongelijkheid beter te begrijpen. Ten eerste
zijn deze factoren gecorreleerd, waardoor de invloed van een factor die niet bestudeerd wordt
onterecht toegewezen kan worden aan een factor die wel wordt bestudeerd. Zo zitten kinderen
uit hetzelfde sociaaleconomische milieu vaak bij elkaar op school. Als alleen de schoolomgeving
of alleen de thuisomgeving wordt bestudeerd, worden deze invloeden (deels) door elkaar
gehaald. Dit is bijvoorbeeld te zien in hoofdstuk 3. Daar lijkt de schoolkwaliteit en -compositie
eerst belangrijk, maar zodra de SES van de ouders wordt meegenomen, wordt de invioed van de
schoolomgeving grotendeels (en voor schoolkwaliteit zelfs volledig) verklaard door de SES van de
ouders. Ten tweede zijn de effecten van scholen, gezinnen en genen onderling afhankelijk van
elkaar: de invloed van de ene factor hangt af van een andere factor. Dit blijkt uit de verschillende
gen-omgevingsinteracties die ik in de empirische hoofdstukken van dit proefschrift heb gevonden.
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De klasomgeving verklaart bijvoorbeeld maar een heel klein deel van de prestatieverschillen in het
algemeen. Maar als ik kijk hoe de invloed van de klas verschilt naar gelang de SES van het gezin,
dan zie ik dat de klasomgeving vooral belangrijk is voor kinderen met een lage-SES-achtergrond.
Door rekening te houden met de interacties tussen scholen, gezinnen en genen, krijgen we dus
een beter inzicht in hun rol bij het verklaren van onderwijsprestaties en -ongelijkheid.

Beperkingen en toekomstig onderzoek

Hoewel dit proefschrift waardevolle kennis biedt over de wisselwerking tussen scholen, gezinnen
en genen in onderwijsongelijkheid, zijn er nog uitdagingen en vragen voor toekomstig onderzoek.
Allereerst wijzen de bevindingen van het proefschrift op een beperkte rol van schoolkwaliteit,
wat mogelijk deels te maken heeft met meetbeperkingen. Schoolkwaliteit wordt gemeten op
basis van indicatoren die worden gebruikt door de Onderwijsinspectie. De inspectie richt zich op
het naleven van wettelijke normen (Inspectie van het Onderwijs, 2018), waardoor hun oordelen
waarschijnlijk niet alle kwaliteitsverschillen tussen scholen reflecteren. Bovendien bevatten deze
data geen gedetailleerde informatie van de meest directe invioeden van scholen op het leren van
kinderen, namelijk de invloed van leraren en de leeromgeving die zij bieden (Raudenbush, 2008).
Om de rol van scholen diepgaander te onderzoeken, zouden toekomstige studies verschillende
metingen en methoden kunnen gebruiken zoals observaties van de vaardigheden en inzet van
leraren bij het uitvoeren van specifieke onderwijstaken (Burgess et al., 2022).

Ten tweede is er een alternatieve verklaring voor de afnemende spreiding bij toenemende
ouderlijke SES, namelijk een zogenoemde plaffondeffect. Sommige metingen van
onderwijsprestaties, zoals de Cito-toets, hebben een bepaald maximum en zijn niet moeilijk
genoeg voor sommige kinderen, waardoor ze niet goed kunnen laten zien hoeveel ze weten
of kunnen. Dit kan leiden tot een schijninteractie tussen SES en (genetische en omgevings-)
variantie in onderwijsprestaties (zie Rohrer & Adams, 2021). De variatie in prestaties bij kinderen
uit hoge-SES-gezinnen is dan niet lager vanwege substantiéle invloeden (zoals de compensatie van
genetische risico’s), maar omdat hoge-SES kinderen vaker de hoogste score halen en er door de
testeigenschappen onvoldoende onderscheid gemaakt worden tussen de prestatieniveaus van
de hoogstscorende leerlingen. Hoewel dit een mogelijk scenario is, beargumenteer ik in onder
andere hoofdstuk 1 dat de afnemende variantie bij toenemende SES ten minste gedeeltelijk
substantiéle compensatiemechanismen weerspiegelt. Om deze mechanismen beter te begrijpen,
is het nodig om meer onderzoek te doen door mogelijke tussenliggende factoren op te nemen in
het tweelingmodel, zoals ADHD of dyslexie (zie Ruks, 2022; Tucker-Drob & Harden, 2012b, 2012¢).

Ten derde is de wisselwerking tussen scholen, gezinnen en genen complex en reflecteren de
toepassingen van het tweelingmodel in dit proefschrift deze complexiteit slechts gedeeltelijk.
De correlaties tussen genen en de gezins- en schoolsituatie zijn niet allemaal gemodelleerd. Een
implicatie hiervan is dat dit proefschrift geen causaal bewijs levert voor de omgevingsinvlioed
van gezinnen en scholen. Een andere implicatie is dat de rol van genetische verschillen niet
moet worden overgeinterpreteerd, omdat het waarschijnlijk is dat veel genetische invioeden
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gemedieerd worden door de omgeving. Uitbreidingen van het tweelingmodel kunnen hier meer
inzicht in verschaffen.

Tot slot richtte ik me op de rol van genetische en gedeelde omgevingsvariantie en formuleerde
ik geen verwachtingen over de rol van de niet-gedeelde omgeving. Echter blijkt de niet-gedeelde
omgeving een belangrijke bron van prestatieverschillen, vaak zelfs belangrijker dan gedeelde
omgevingsfactoren. Bovendien blijken niet-gedeelde omgevingsinvioeden afhankelijk te zijn
van de gezin- en schoolomgeving. Niet-gedeelde omgevingsinvioeden kunnen invioeden van
gezinnen en scholen omvatten. Om hier meer inzicht in te krijgen, zouden specifieke metingen
op individueel niveau kunnen worden meegenomen, bijvoorbeeld aspecten van de ouder-kind
relatie of individuele ervaringen en percepties van de gezins- en schoolsituatie.

Beleidsreflecties

Uit dit proefschrift komen verschillende beleidsreflecties voort. Ten eerste zou bij het ontwikkelen
en evalueren van beleid duidelijker moeten worden gemaakt hoe onderwijsongelijkheid
wordt gedefinieerd en welke bronnen van ongelijkheid moeten worden verminderd.
Onderwijsongelijkheid kan bijvoorbeeld verwijzen naar de totale spreiding in onderwijsprestaties,
verschillen in prestaties naar gezinsachtergrond en genetische verschillen in prestaties. Niet al
deze vormen van ongelijkheid worden altijd als problematisch en oneerlijk beschouwd. Voor
effectief onderwijsbeleid is het van belang om duidelijk te hebben over welk specifieke type
ongelijkheid het gaat en om de impact van het beleid op andere bronnen van ongelijkheid in
ogenschouw te nemen. Anders bestaat het risico dat beleidsmaatregelen onbedoeld genetische
en/of gezinsverschillen vergroten of verkleinen, of de dieperliggende oorzaken missen. ‘One
size fits all-beleid, zoals het verlengen van onderwijstijd of universele kinderopvang voor alle
leerlingen, kan resulteren in een stijging van de gemiddelde prestaties, maar lijkt weinig effectief
te zijn voor het verminderen van spreiding en kansenongelijkheid (Asbury & Wai, 2020). Voor het
effectief aanpakken van ongelijkheid hebben specifieke maatregelen gericht op bijvoorbeeld
leerlingen met lage prestaties of een lage-SES-achtergrond de voorkeur. Uit dit proefschrift
blijkt namelijk dat er meer variantie is, vooral meer genetische variantie, in lage-SES-gezinnen
en -scholen. Dit suggereert dat het de moeite waard is om te focussen op het verminderen van
ongelijkheid binnen groepen, met name binnen de lage-SES-groep.

Een tweede punt betreft het vergroten van het bewustzijn omtrent genetische verschillen
tussen leerlingen en de wisselwerking tussen genen en de omgeving. Onderwijsbeleid houdt
vaak geen rekening met genetica, ondanks sterk bewijs, inclusief dit proefschrift, dat genen en
omgeving gezamenlijk invioed uitoefenen op onderwijsresultaten (Asbury & Wai, 2020). Hoewel
de precieze mechanismen nog nader onderzoek vereisen, kan het erkennen van de rol van genen
in onderwijsprestaties leiden tot andere perspectieven op onderwijsongelijkheid en het daaraan
gekoppelde beleid. Een te sterke nadruk op omgevingsfactoren leidt tot de situatie waarin ouders
en leraren verantwoordelijk worden gehouden voor de lage onderwijsprestaties van sommige
kinderen (Asbury & Plomin, 2014). Het besef dat genen ook een rol spelen, kan de verwachtingen
en verantwoordelijkheden die aan leraren en scholen worden gesteld om onderwijsongelijkheid
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te verminderen wat matigen. Bovendien kan het de focus verleggen naar interventies die de
belangrijkste bronnen van onderwijsongelijkheid aanpakken en daarmee waarschijnlijk effectiever
zijn. Hierbij valt te denken aan interventies die helpen voorkomen dat genetische risico’s tot uiting
komen in de leerprestaties van met name de lage-SES-groep (aangezien de hoge-SES-groep zelf
al beter in staat is dit soort risico’s te compenseren).

Tot slot zouden beleidsmaatregelen verder moeten kijken dan verschillen in schoolkwaliteit
en zich meer moeten richten op SES-verschillen tussen scholen en op verschillen binnen scholen.
Dit zijn namelijk de schoolaspecten die het belangrijkst blijken te zijn. Hoewel de SES-compositie
van de school en de klasomgeving bescheiden effecten hebben, blijft de schoolomgeving een
aantrekkelijke context voor interventies om prestaties te verhogen en ongelijkheid te verminderen
(Downey & Condron, 2016). Via scholen kan een diverse groep kinderen worden bereikt, terwijl het
moeilijker is omin te grijpen in de gezinsomgeving. Wat de beoordeling van schoolkwaliteit betreft
laat dit proefschrift zien dat het belangrijk is om de onderwijskwaliteit binnen scholen (de kwaliteit
in elke klas) te waarborgen en bevorderen. Meer diepgaande evaluaties van de onderwijskwaliteit,
zoals recentelijk gedaan in de Monitor Leskwaliteit van de Onderwijsinspectie, zijn een belangrijke
stap in deze richting (Inspectie van het Onderwijs, 2023b). De variatie in de kwaliteit van het
onderwijs dat gegeven wordt binnen dezelfde school is waarschijnlijk de belangrijkste factor die
bijdraagt aan verschillen tussen klassen (cf. Byrne et al., 2010). Het verbeteren van leskwaliteit
komt daarom ten goede aan onderwijsresultaten, waarschijnlijk vooral voor kwetsbare leerlingen.
In hoeverre dit wordt gerealiseerd, hangt af van gelijke toegang tot goede leraren. Gezien het
lerarentekort, dat zich ook nog eens concentreert op scholen die vanwege hun leerlingpopulatie
het meest gebaat zijn bij goede leerkrachten, vraagt dit om voortdurende aandacht in de komende

jaren.
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In many countries, the quality and equality of education are under pressure.
Investigating the relationship between three key elements that shape pupils’
performance - schools, families, and genes - is essential to understand and
reduce educational inequality. This dissertation studies these three elements
simultaneously because they may be mistaken for each other otherwise and may
interact in ways that increase or decrease educational inequality. Theory and
methods from sociology and behavioral genetics are used to analyze educational
performance data of twins enriched with information on the school environment.
Differences in educational performance related to family socioeconomic status
and genes are smaller in more advantageous school environments. This shows
that schools have the potential to compensate for educational inequality. While the
importance of school quality has been highly debated, the classroom environment
and socioeconomic composition are more relevant for reducing educational
inequality.
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