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1 Introduction

Why are we, as individuals, the way we are? Why do our lives turn out the
way they do? One is hard-pressed to come up with a category of questions
that have occupied human thought throughout history to such an extent as this
one — be it in philosophy, politics, literature, or in everyday conversation. It
should therefore come as no surprise that it also makes up the very core of
contemporary social science. Why do some individuals attain college degrees,
prestigious jobs and high salaries, while others do not? Why are some indi-
viduals capable of influencing the democratic political process, while others
are not? Why do some people get ahead, while others are left behind?

Social-scientific inquiry into social life outcomes has historically been de-
fined by two ostensibly rival explanatory models. Most commonly, though,
explanations for diverging life outcomes have centered upon our environmen-
tal circumstances: how we have been raised and socialized by our parents, how
we have been influenced by our neighbourhoods, schools, and peers, or how
we have been shaped by social and political institutions. Most practitioners
of social science will find themselves identifying either explicitly or implicitly
with this perspective; understanding why people’s lives turn out so differently,
and, by extension, understanding why our societies look the way they look, is
about understanding the power of social forces (Freese, 2018).

This influential, environmental perspective on life outcomes (and social be-
haviour in general) can, however, be contrasted by another, long-neglected
model of understanding why our lives turn out differently: one that empha-
sizes the importance of our biology, and more specifically the genetic make-
up that we each inherit from our parents, and that we bring with us into the
social world. Although we are all, as members of Homo sapiens, well over
99 percent identical with respect to our genetics, this perspective considers
the role of those remaining segments of the genome that have the potential to
make us as individuals meaningfully different from one another. In this line of
thinking, we are not born as mere blank slates to be inscribed by cultural ex-
perience, as once suggested by Locke (cf. Tooby and Cosmides, 1992; Pinker,
2003; Hatemi and McDermott, 2011; Plomin, 2018; Conley, 2025). Rather,
we are born genetically distinct, and this is something that may contribute —
if only in a remote, probabilistic and profoundly complex way — to later dif-
ferences in traits, behaviours, and life outcomes that we care about. This is
the key premise of the quickly growing, interdisciplinary research field of so-
cial science genetics (Conley and Fletcher, 2017; Freese, 2018; Plomin, 2018;
Harden and Koellinger, 2020; Mills and Tropf, 2020; Harden, 2021a; Conley,
2025).
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True enough, it is no longer possible to disregard the vast body of evi-
dence that has been collected, by numerous researchers across various disci-
plines and over the course of several decades, which suggests that individual-
level differences in life outcomes are to a significant extent influenced by
individual-level genetic differences. For starters, a meta-study in Nature Ge-
netics summarized the findings from over 3000 twin studies conducted over
several decades, studying a wide array of traits. The results showed that the
average heritability — the percentage of variation explained by genetic differ-
ences — was approximately 50 percent (Polderman et al., 2015), with much of
the remaining variation accounted for by unique environmental influences. In
2017, the authors Conley and Fletcher declared that, “[t]he genetics revolu-
tion may be well under way, but the social genomics revolution is just getting
started” (2017, p. 11). Nearly ten years later, it seems fair to declare that the
latter, too, is well under way. Indeed, the twin study approach is now being
augmented by molecular-genetic approaches, most notably genome-wide as-
sociation studies (GWAS) and polygenic indices (PGI). These new research
tools are currently revolutionizing our understanding of the partially genetic
basis of a variety of individual life outcomes.

Before we continue further, there is little point in denying that social sci-
ence genetics, better known historically as behaviour genetics, continues to
be a field marked by controversy (Conley and Fletcher, 2017; Harden and
Koellinger, 2020). Social science genetic approaches are still sometimes in-
correctly associated with eugenics: a late 19th and early 20th century Social-
Darwinist, pseudoscientific movement that sought to improve the “quality”
of national populations through coercive, state-led reproductive policies. In
countries like the United States, the United Kingdom, Germany — and in
Sweden — this involved various measures to encourage those whom the state
deemed “fit” to have more children, and to discourage those deemed “unfit”
from doing so. Ultimately, this included forced sterilization of individuals and
groups that were perceived by the state as displaying undesirable traits such as
mental disorders, criminal behaviour, or anti-social behaviour more broadly.
Although eugenic practices would continue into the post-war period in many
countries, the eugenics movement as such reached its gruesome climax with
the emergence of the NSDAP in Germany in the 1930s, and ultimately with
the Holocaust (Rutherford, 2022; Conley, 2025).1

'While we today mostly associate eugenics with extreme right-wing ideologies, one should note
that the eugenics movement, at least initially, cut well across both conservative and progressive
party lines (see e.g. Haldane, 1938). In Sweden, Alva and Gunnar Myrdal’s Kris i befolknings-
fragan, which is perhaps better known as the “founding intellectual document of the Swedish
welfare state” (Gilman, 2017, p. 133), contained, among other things, support for state-led
sterilization of “feeble-minded persons”. Although the Myrdals did not go to the same eugenic
extremes as some other Swedish politicians and public intellectuals of the time, this remains a
troublesome part of their otherwise significant, and not seldom revered political legacy.
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As a consequence of the transgressions committed in the name of eugenics,
the nascent field of behaviour genetics also fell from its growing prominence
during the post-war period, and social science went on to be dominated by
social or cultural explanations for individual behaviour — coupled with a deep
suspicion towards biological or genetic explanations for individual differences
as well as universal human behaviour (see e.g. Pinker, 2003).> As put by
Plomin (2023), though not as an entirely detached observer, “[t]he void was
filled with behaviourism”. At the same time, unfortunately, some of the more
steadfast advocates of behaviour genetics were inclined to interpret evidence
of heritability in overly deterministic terms, and as something that pointed to
the limits on the ability of governments to address social and economic in-
equalities (see e.g. Goldberger, 1979; Rose et al., 1984; Manski, 2011). With
no help from controversial pieces such as Jensen (1969), and later Herrnstein
and Murray (1994), genetically oriented research into human social behaviour
became largely associated with conservatism, hereditarianism, or indeed eu-
genics.

Despite the troublesome legacy, and despite enduring misgivings towards
genetically informed behavioural and social science (Panofsky, 2014; Com-
fort, 2018; Bliss, 2018; Riskin and Feldman, 2022; Burt, 2023), today’s social
science genetics field arguably represents a very different enterprise. To the
extent that the debate about the importance of genes and environments has
been had historically, it has mostly taken the form of entrenched camps por-
traying individuals’ behaviours and life outcomes as “determined” either by
genes or by the environment — nature versus nurture. It is now clear that
we need to reject this crude dichotomy, as well as the common tendency to
interpret genetic influences as putting individuals’ life chances and life out-
comes beyond the reach of societal and political intervention. Indeed, just like
the evidence concerning genetic influence per se has been accruing, so has
the evidence that genes and environments are engaged in various processes
of gene-environment interplay (Plomin et al., 1977; Bronfenbrenner and Ceci,
1994; Turkheimer, 2000; Boardman, 2011; Dias Pereira et al., 2022; Biroli
et al., 2025). Far from operating deterministically, genetic influences may for
example be conditioned by different environmental contexts and policy in-
terventions, in processes of gene-environment interaction (cf. Manski, 2011;
Mills and Tropf, 2020; Harden, 2021a; Rietveld, 2025; Biroli et al., 2025;
Muslimova and Rietveld, 2025).

Moreover, and perhaps as part of the process of loosening up the long-
reigning conflict between nature and nurture, it is becoming increasingly clear
that topics concerning genetic explanations for social outcomes need not be
reserved for the hereditarian right. Not that there has been no diversity of
viewpoints historically (see e.g. Dobzhansky, 1962, 1973a; Rose et al., 1984;

2 As described in depth by Segerstrile (2001), examples of the latter include the hostile reactions
to the then-controversial works of Dawkins (1976) and Wilson (1975).
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Turkheimer, 1997)3, but the literature has recently seen new attempts at high-
lighting, for instance, the ways that genetic insights can be brought to bear
on familiar liberal and luck-egalitarian perspectives on equality of opportu-
nity (e.g. Rimfeld et al., 2018; Harden, 2021a; Dias Pereira, 2022; Gritz and
Petrini, 2025; Conley, 2025). Overall, there is a growing appreciation of the
variety of ways that we can make normative sense of the relationship between
genetic factors and life outcomes.

These kinds of normative deliberations are also relevant as one considers
the pertinent question about how knowledge about the genetics of life out-
comes is received by the public. Researchers have previously theorized that
laypeople are most likely to interpret genetic explanations for differences in
life outcomes as implying both immutability and normative legitimacy (e.g.
Dar-Nimrod and Heine, 2006, 2011). However, research on this topic has
been surprisingly limited, and recent findings serve to question this intuition
(Pogliano, 2024). It is not necessarily the case that citizens, as they for in-
stance learn more about the genetics of life outcomes like education and in-
come, become more accepting of such socioeconomic differences. Given that
genetics insights into life outcomes are accruing, and will continue to do so,
understanding how such insights might impact on citizens’ attitudes towards
inequality, and their perceptions of the effectiveness and legitimacy of govern-
ment intervention, is crucial. The present lack of studies on the subject only
serves to underscore this importance.

1.1 Research questions and thesis summary

This is a thesis about genetics and politics. The thesis aims to advance our
knowledge of the way that individuals’ genetic propensities matter for life out-
comes that we care about — with a particular focus on educational outcomes
and political participation — and how such genetic influences can be both am-
plified and constrained by different types of environments. As will be shown,
this line of research is both normatively and politically relevant as it feeds
into perennial debates concerning fairness and equality of opportunity. Fol-
lowing the paucity of research with regard to the public reception of genetic
explanations for contentious life outcomes, the thesis also seeks to contribute
with new knowledge about the potential societal and political implications of
social science genetics research. This interdisciplinary thesis asks two main
questions:

3Turkheimer (1997, p. 783) long ago called for a “psychometric left” that would act as a coun-
terbalance to the then-dominant “psychometric right”. This “psychometric left” would “recog-
nize that human ability, individual differences in human ability, measures of human ability, and
genetic influences on human ability are all real but profoundly complex, too complex for the
imposition of biogenetic or political schemata”.

16



1. How do genetic propensities and environments interact in shaping edu-
cational outcomes and political participation?

2. How do genetic explanations for socioeconomic life outcomes influence
citizens’ perceptions of, and attitudes towards government intervention?

These research questions are addressed in three solo-authored articles. Stud-
ies I and II, which address the first research question, draw on genetically
informed twin data linked to Swedish administrative registers. Study III ad-
dresses the second research question using original survey-experimental data.

Study I asks whether the association between education-related genetic
propensities and educational attainment changed alongside the expansion of
the Swedish welfare state. Using polygenic indices for educational attain-
ment (EA PGI) linked to register data on educational outcomes for Swedish
twins born between 1920 and 1999, the study finds that education-related
genetic propensities became more predictive of educational attainment over
the twentieth century, a period characterized by major educational expan-
sion and declining economic inequality in Sweden. Additionally, the study
finds that socioeconomic background became less important as a moderator
of genetic influence: in older cohorts, higher socioeconomic background ap-
pears to strengthen the association between EA PGIs and education, whereas
this interaction weakens in later cohorts. The study suggests that macro-
level institutional change can shape both average genetic associations and
gene—environment interactions, with implications for debates about equality
of opportunity in education.

Study II examines whether early-life family and neighbourhood contexts
condition the association between genetic propensities and political partici-
pation. Building on previous research that links education-related polygenic
indices to turnout, the study asks whether such associations vary across so-
cial contexts. Using both multi-generational and geo-coded register data from
genotyped twins in the Swedish Twin Registry, the study analyzes whether
characteristics of the family and neighbourhood environment — specifically
the level of socioeconomic resources and political engagement — moderate the
relationship between an EA PGI and voting. The results suggest that more
favourable environments can reduce the effects of education-linked genetic
propensities on political participation: both politically engaged and socioeco-
nomically advantaged family and neighbourhood contexts appear to weaken
the association between the EA PGI and turnout. The study contributes to de-
bates on political inequality of opportunity by showing that genetic influences
on participation are not fixed, but are conditioned by the social environments
in which individuals develop.

Study III shifts the focus from genetically informed analysis of life out-
comes to the public interpretation of genetic explanations for life outcomes.
The study examines the hypothesis that citizens become less supportive of
government intervention when differences in socioeconomic status (here mea-
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sured using education and income) are explained using genetics. Using two
pre-registered survey experiments fielded in the United States and Sweden,
the study exposes respondents to a short genetic explanation for differences
in education and income, based on findings from twin studies, and examines
its effects on the respondents’ beliefs concerning the effectiveness as well as
the fairness of government intervention. The results provide little evidence
that genetic explanations lead citizens to naturalize inequality or reject polit-
ical intervention. If anything, some estimates point toward increased belief
in the effectiveness and fairness of intervention, particularly among Swedish
citizens. Contributing to a small but growing literature on the public under-
standing of the genetics of socioeconomic life outcomes, the study cautiously
suggests that genetic explanations for socioeconomic differences do not nec-
essarily undermine support for egalitarian policies.

The following sections chart the development of the genetically informed
study of individual social behaviour, with a focus on social life outcomes, par-
ticularly educational attainment and political participation. This will include
an introduction and description of genome-wide association studies (GWAS),
and polygenic predictors of social outcomes (PGI). We will discuss the strengths
of these methods, as well as their limitations, challenges, and potential solu-
tions. This is then followed by a discussion about the key concept of gene-
environment interplay, focusing especially on gene-environment interaction.
This will set the stage for studies I and II. We will then engage in a discussion
concerning the normative implications of genetic contributions to individual
social life outcomes. This not only serves to situate the results of the first two
studies in relation to relevant normative debates, but also to set the stage for
Study III.

The contributions of the thesis are primarily empirical, and while the thesis
does not purport to develop new theory as such, its findings may neverthe-
less inform future theory-building by clarifying the environmental conditions
under which genetic propensities come to matter for social and political out-
comes, and by examining how citizens respond to genetic explanations for
socioeconomic life outcomes. A further aim of this introductory chapter is
also to show how genetically informed research designs can be leveraged to
improve social and political science research. My hope is that this thesis will
inspire greater curiosity about the social science genetic study of individual
behaviour and life outcomes, as well as the deeper moral and political ques-
tions it raises.
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2 Understanding social life outcomes through a
genetic lens

Given the claim that we can approach individuals’ life outcomes with refer-
ence to genetics, how can we as social scientists more concretely study such
outcomes from a genetic perspective? The following section lays the ground-
work for Studies I and II, whose methods draw significantly on recent tech-
nological, methodological and theoretical developments at the intersection of
social science and molecular genetics. As we do so, it is important that we
also become acquainted with the historical context of genetically informed
approaches.

2.1 Twin studies, a hundred years on

The traditional, pre-molecular approach to studying the importance of genetic
differences for a trait or outcome has been to exploit naturally occurring fam-
ily differences in genetic relatedness. The oldest and best-known example of
this is the twin study. The twin study has a long historys; it first appeared more
than a century ago, and its first application was likely a study of cognitive abil-
ity (Merriman, 1924), a topic that has no doubt remained important within the
field of behaviour genetics to this day (Plomin, 2023). More than a century
later, twin studies have become relatively well known among social scientists,
as well as in the broader public (cf. Willoughby et al., 2019). Even so, it is im-
portant to explain the basic principles of how they work, and the assumptions
on which they are based.*

Fundamentally, a twin study consists of the comparison of trait similarity
between twin pairs that share their entire genetic makeup (monozygotic twins),
with that of twin pairs that share on average 50 percent of their segregating
genes (dizygotic twins).> Based on a set of important assumptions — most

4 Another well-established design that addresses genetic influences indirectly is the adoption
study (e.g. Cesarini et al., 2014; Scheeren et al., 2017; Oskarsson et al., 2018). By compar-
ing adopted children to both their biological and adoptive relatives, adoption designs can help
separate genetic influences from features of the rearing environment. These designs have made
important contributions to genetically informed social science by showing how family resem-
blance may reflect both genetic transmission and environmental exposure. For the purposes of
the present chapter, however, we will focus on twin studies, as they provide a useful bridge
between classical genetically informed designs and molecular-genetic approaches.

SBecause children inherit one half of the mother’s genotype at random, and one half of the
father’s genotype at random, specific dizygotic twin siblings, and regular biological siblings for
that matter, can be more or less genetically similar to each other.
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notably the equal environments assumption (EEA), the assumption of there
being no assortative mating, and the assumption that the trait is not subject to
gene-environment interplay — the only factor that can make monozygotic twin
siblings more similar in their traits than dizygotic twin siblings is the two-fold
increase in genetic similarity. Exploiting the equations formulated by Falconer
(1960), researchers then use a so-called ACE model to partition the variance
in the outcome into parts explained by genetic differences (A), shared en-
vironmental differences (C), or non-shared/unique environmental differences
(E; this parameter also includes measurement error). The magnitude of A is
interpreted as the extent to which the trait is genetically heritable.

What do twin studies have to say in regard to the genetics of individuals’
social life outcomes? As mentioned above, the meta-study by Polderman et al.
(2015) arrived at an average heritability of approximately 50 percent (Polder-
man et al., 2015), looking at a wide array of traits and outcomes. This study
effectively confirmed what Turkheimer (2000) 15 years prior had named the
First Law of Behaviour Genetics: “all human behavioural traits are heritable”
(p. 160). This statement might not be so controversial if one considers more
obvious candidates such as height or BMI, for which heritability also tends
to exceed 50 percent. Perhaps more surprising — and perhaps more contro-
versially — the First Law also extends to psychiatric traits, personality types,
and, importantly, to ubiquitously valued life outcomes such as educational at-
tainment (Branigan et al., 2013; Silventoinen et al., 2020), income (Benjamin
etal., 2012; Hyytinen et al., 2019; Brescianini et al., 2024), occupational class
(Van Hootegem et al., 2024), as well as political participation and attitudes
(Fowler et al., 2008; Klemmensen et al., 2012; Dawes et al., 2014).

If we hone in on educational attainment and political participation — two
life outcomes with particular bearing on this thesis — twin studies have esti-
mated the (average) heritability of the former to be approximately 40 percent
and the latter to be approximately 50 percent. While heritability is likely to de-
pend to some extent on environmental context (see more below), educational
attainment represents an important exception to the Second Law of Behaviour
Genetics, which states that “[t]he effect of being raised in the same family
is smaller than the effect of genes” (Turkheimer, 2000, p. 160). Indeed, the
shared environment — environmental factors that impact twin siblings in the
same way, and that make them more similar to each other — tends to be rela-
tively important in explaining variation in educational attainment (Freese and
Jao, 2017). This finding has been interpreted as a measure of inequality of
opportunity with respect to education, because the shared environment will
include factors related to family socioeconomic status and the resources asso-
ciated with it (e.g. Nielsen and Roos, 2015). The relatively large role played
by the shared environment also puts it at odds with the Third Law, which states
that a “substantial portion of the variation in complex human behavioural traits
is not accounted for by the effects of genes or families” (Turkheimer, 2000, p.
160). Indeed, a general pattern is otherwise that complex social traits are to
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a significant extent explained by non-shared environmental factors that make
twins more different from each other (Polderman et al., 2015). Examples of
the non-shared environment include twin-unique peer influences, life events,
and other idiosyncratic experiences. Political participation tends to be better
aligned with these three laws, with variation in something like voting being ex-
plained by genetic variation and unique environmental influences, rather than
shared environmental influences.

2.2 The final, polygenic frontier?

Twin studies have been instrumental in challenging the “environment-only”
understanding of social life outcomes that was long prevailing in social sci-
ence. At the same time, as the twin study method started making inroads into
mainstream social and political science (e.g. Alford et al., 2005), the EEA
assumption in particular became the subject of controversy. Critics argued
that identical twins are likely to experience more similar environments than
fraternal twins, precisely because of them being genetically identical. An in-
creasingly similar rearing environment on the part of identical twins would
cause heritability to be overestimated.® Assortative mating, in turn, is a pro-
cess where spouses partner up on the basis of a trait that is genetically heri-
table, which leads to a genetic correlation between spouses that is larger than
if they had chosen each other at random. Assortative mating on a trait within
the parental generation can also affect the downstream twin study estimates
produced for that trait, such that heritability will be underestimated, and the
effect of the shared environment will be overestimated.” Gene-environment
interplay can also affect baseline ACE estimates in unpredictable ways. In
other words, twin studies are subject to assumptions whose violations may
serve to both overestimate or underestimate the degree to which outcomes are
attributed to genetics, or to the (shared or non-shared) environment.

Another limitation of twin studies is that they only produce population pa-
rameters, and do not allow for statistical analyses on the individual level. This
particular limitation is well-illustrated by the misconception that heritability

There have been attempts to scrutinize the EEA empirically. For example, Conley et al. (2013)
exploited multiple samples of misclassified twin pairs (twins that had been misclassified as
identical when they were actually fraternal, and vice versa) and found that, at least with re-
gard to BMI and high-school educational performance, the EEA appears to hold up (see also
Monkediek, 2021). EEA-based critiques against twin studies still live on, however.

"Heritability estimates are obtained by doubling the difference between the trait similarity of
MZ twins and DZ twins, such that A = 2(rMZ — rDZ). The multiplication by 2 follows the
assumption that DZ siblings are 50 percent similar on average, compared to 100 percent for MZ
twins. However, increased genetic similarity among parents will tend to increase the genetic
similarity between DZ twins. This means that the factor by which the difference is multiplied
should be higher than 2. And because the shared environment estimate comes from C = rMZ —
A, an underestimated heritability will lead to an overestimated effect of the shared environment.
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tells us how much of any given individual’s trait can be explained by genetics
or by the environment. Moreover, twin studies can only estimate how large a
fraction of the variation in the outcome, within the particular population un-
der study, can be attributed to latent genetic differences; it remains silent with
regard to what actual genetic variants are at work.

Before venturing further, it is necessary to go through some fundamentals
of the human genome. Human DNA consists of approximately 3 billion base
pairs composed of four nucleotide molecules: adenine (A), thymine (T), cy-
tosine (C), and guanine (G). Adenine pairs with thymine, and cytosine pairs
with guanine. Particular stretches of this 3-billion—base-pair sequence consti-
tute genes, of which humans have roughly 20,000 to 25,000. Genes contain
the instructions for building specific chains of amino acids (proteins), which
in turn regulate cellular processes and, ultimately, the way that the organism
functions. DNA is organized into 23 pairs of chromosomes: 22 pairs of auto-
somal chromosomes, and one pair of sex chromosomes.® Chromosomes are
inherited in pairs, one from each parent. For each base-pair position, individu-
als therefore carry two copies of the DNA sequence, one on each homologous
chromosome.

Humans share approximately 99.9 percent of their DNA. The individual-
level genetic variation that has the potential to make a difference therefore
resides in that remaining 0.1 percent. Those vanishingly few places in the
genome where we differ from each other are called genetic polymorphisms.
The most common type of genetic variation is single-nucleotide polymor-
phisms (SNPs). As the name suggests, these are instances where the DNA
sequence varies with respect to single base pairs. Where one person has a
CG pair, another person has an AT pair, and so on. For most SNPs, only two
possible nucleotides occur in the population: the major and the minor allele.
The minor allele is the least common variant that occurs in the population,
and by convention it is the number of minor alleles at a given SNP locus that
researchers are interested in. We can receive one minor allele each from our
parents, such that we end up having 0, 1, or 2 minor alleles at a given SNP. By
counting the minor alleles (i) for SNP j, we obtain the individual’s genotype
at SNP ;.

During the early 2000s, twin studies, with their assumptions and limita-
tions, were briefly thought to have been succeeded by so-called candidate
gene studies. These were studies in which researchers assessed the effects
of variation in single or a handful of genetic markers, hypothesized to affect
some outcome of interest. Although the “candidate gene era” would see some
viral studies on the effect of, for instance, a mutation in the MAOA gene on
antisocial behaviour (Caspi et al., 2003), or particular variations of the MAOA

8Current social science genetics work does not consider genetic variants located in sex chromo-
somes, but only those located in autosomal DNA.

9Having either O or 2 minor alleles means that the individual is homozygous for the SNP in
question. Having 1 minor allele means that the individual is heterozygous for the SNP.
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and SHTT gene on voter turnout (Fowler and Dawes, 2008), it would prove to
be rather short-lived — at least as far as its social science relevance was con-
cerned. Indeed, around the same time as the meta-twin study by Polderman et
al. (2015) summarized the collective twin study endeavors of the past decades,
significant advances were being made in the realm of molecular genetics.

The end of the candidate gene era within social science can for all intents
and purposes be marked by a publication by Chabris et al. (2015). Chabris
et al. argued that the existing candidate gene studies were severely under-
powered to credibly detect the effects of single genetic markers, and, more
importantly, that the enterprise of looking for significant single-variant effects
on complex social outcomes was probably a dead end to begin with. As they
note, more well-powered studies (by the standards of the time) were failing
to replicate many of the previously documented effects from genetic markers,
thus implying that those effects were in fact false positives. This critique was
encapsulated in what the authors fittingly dubbed the Fourth Law: complex
social traits and behaviours are influenced not by a few, but by a vast number
of genetic variants, each exerting only a very small influence on the outcome.
This is another way of saying that the behaviours and outcomes that we care
about as social scientists tend to be highly polygenic.'”

This paradigm shift in the molecular-genetic study of social behaviour
(Becker et al., 2021) was brought about by the genome-wide association study
(GWAS). GWAS is essentially a large-scale, data-mining exercise, where the
genomes of hundreds of thousands, or even millions of individuals (Okbay et
al., 2022) are analyzed in order to detect SNPs that show a statistically signifi-
cant association with an outcome of interest. Because effects of singular SNPs
tend to be very small, and because a vast number of individual regressions
(millions) need to be run in order to assess the effects of each individual SNP,
GWAS:s typically only reject the null hypothesis —i.e. that a particular SNP is
not statistically associated with the outcome — if the association is statistically
significant below the stringent p-value threshold of 5x10~%. Having taken note
of the premature conclusions from the candidate gene era, GWAS researchers
adopted this strict threshold to reduce the risk of false positives. Worth em-
phasising is that what is crucial in a GWAS is merely that a SNP turns out to
be associated with the outcome in question, regardless of what priors and ex-
pectations the researcher might have. GWAS is a hypothesis-free approach to

10This is not to say that “non-social” outcomes cannot be polygenic as well. The risk of develop-
ing common diseases, such as breast cancer, or Alzheimer’s, is also influenced by a multitude
of genetic variants with small individual effects (Visscher et al., 2021). Of course, as is the case
with regard to some monogenic diseases, a single, adverse SNP allele can be enough for the
relevant gene to produce partly or entirely dysfunctional proteins, with potentially disastrous
consequences for the individual. These types of diseases include Huntington’s disease, cystic
fibrosis, and phenylketonuria (PKU). The latter, however, is also an important example of a
monogenic disease whose negative effects can very effectively be reduced through environmen-
tal intervention (in this case, a specific dietary intervention).

23



mapping the associations between multiple genetic variants and different traits
and outcomes. Here, it is crucial to emphasize the interdependency of tech-
nological and scientific progress; the reason that the candidate gene era was
reliant on studying only one or two genes at a time was that the genotyping
technologies of that time were extremely expensive. The GWAS revolution
would not have been possible without the dramatic decrease in genotyping
costs that has occurred in recent years (Benjamin et al., 2024).

By showing that traits and behaviours are influenced not by a few important
genes, but by a vast number of genetic variants with less individual impor-
tance, GWAS has shifted the focus away from particular genes, and towards
broader genetic liabilities for manifesting certain traits, developing certain be-
haviours, or attaining certain outcomes. As it turned out, there was no “one
gene” for just about anything. This shift in focus would be symbolized by
two new genomically based tools for studying genetic influence. The first is
Genomic Complex Trait Analysis (GCTA): a method that estimates heritabil-
ity of traits within samples of unrelated individuals. GCTA obtains what is
commonly referred to as SNP heritability (Yang et al., 2011). While SNP her-
itability is important, and will be mentioned again, more relevant to this thesis
is the second tool made available by GWAS: polygenic indices, or PGI.

A PGI'! is an individual-level genetic variable that can be created for any
individual that has had their DNA sequenced on a genotyping array. A PGI
aggregates the information about multiple outcome-related SNPs, discovered
in a preceding GWAS, to create an indicator of that individual’s genetic lia-
bility for demonstrating a particular outcome. To create a PGI, one needs to
have first performed a GWAS on the outcome of interest. The final output of
a GWAS is a long list of SNPs and their corresponding beta coefficients with
regard to the outcome in question, having by convention controlled each re-
gression for sex, birth year, and a series of principal components (PC). The
PCs are used to control for systematic genetic differences across populations
(see further discussion below). With the GWAS results in hand, the researcher
takes each of the hundreds or thousands of beta coefficients, or weights, from
the respective SNP regressions, and multiplies them with the number of minor
alleles that an individual (contained in another, independent sample) has for
that SNP. The weighted sums of minor alleles are then aggregated into a single
“score”.1?

The principle by which PGIs are constructed can be illustrated using a sim-
ple and stylized example. Suppose that the human genome consisted of only 2
SNPs. A GWAS finds that the minor allele for the first SNP has an effect of 0.5
on some outcome, and that the minor allele for the second has an effect of 0.3.

" These are also sometimes called polygenic scores (PGS), or polygenic risk scores (PRS).

121 arge GWAS studies typically meta-analyze SNP regressions within multiple cohorts and
datasets to estimate the average SNP weights. To avoid overfitting and upward bias in pre-
dictive accuracy, the dataset in which a researcher constructs PGIs should have been excluded
from the meta-analysis used to derive those SNP weights.
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It then turns out that an individual in one’s sample has zero copies of the minor
allele at the first SNP, but two at the other SNP. The PGI would consequently
add up to (0.5 x 0) + (0.3 x 2) =0.6. Another individual in the sample instead
possesses one minor allele each, and would therefore have a PGI of (0.5 x 1)
+ (0.3 x 1) =0.8. In this example, the second individual would have a slightly
higher PGI, and thus an elevated genetic liability, statistically speaking, for
demonstrating the outcome being studied. In reality, of course, the beta coef-
ficients will be much smaller, and the number of relevant SNPs will be much
higher. Formally, we can define a polygenic index for an individual i as the
sum of minor alleles x;; at SNP j, weighted by the beta coefficient of SNP j:

J
PGI,‘: Zﬁjxxij (1)
j=1

PGIs provide researchers with a new and in many respects more flexible
way of quantifying an individual’s genetic propensity towards manifesting par-
ticular traits, behaviours, and life outcomes, and assessing the degree to which
that directly measured genetic propensities actually influence outcomes. Once
created, a PGI can be included in a standard OLS regression model just like
any other social science variable. Its association with the outcome is then con-
ventionally measured in terms of standard deviations from the mean. Whereas
twin studies provide information about the relative contribution of genetic and
environmental sources of variation in a population, PGIs make it possible to
assign individuals a summative index measuring their propensity for a given
trait or outcome. This should not be understood as enabling precise prediction
of individual outcomes. For complex social outcomes, PGlIs are probabilistic
predictors: they indicate that individuals with higher scores are, on average,
more likely to manifest a particular outcome, but this does not mean that they
are predestined to do so (see more below). PGIs also leave substantial levels
of variation unexplained. The novelty and significance of PGIs is therefore not
that they can be used to determine individual life outcomes, but that they allow
researchers to incorporate measures of genetic propensities into conventional
regression-based analyses. And whereas one would previously have required
a sample of twins to study genetic influences, PGIs can in principle be used in
samples of unrelated individuals, provided they have been genotyped. As will
be explained, however, doing so comes with important limitations.

2.3 The molecular genetics of education, and beyond

Assuming that a sufficiently large dataset of genotyped and phenotyped indi-
viduals can be assembled, a GWAS can be conducted on any type of outcome.
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Over the last decade or so, GWASs have been used to map the genetic architec-
ture of things like height (Wood et al., 2014; Yengo et al., 2018), BMI (Locke
et al., 2015), personality traits (van den Berg et al., 2016; Karlsson Linnér et
al., 2019; Gupta et al., 2024), tobacco and alcohol use (Liu et al., 2019), sexual
debut (Mills et al., 2021), and sexual orientation (Ganna et al., 2019). With re-
spect to ubiquitously valued life outcomes and their antecedents, GWAS have
also been used to study cognitive ability (Trampush et al., 2017; Savage et al.,
2018), occupational status (Akimova et al., 2025), and income (Kweon et al.,
2025).

However, no GWAS has attracted such widespread interest among social
scientists as the one capturing the influence of genetic variants on individu-
als’ educational attainment, i.e. length of schooling. In the sense of being
a positional good, education is crucial to understanding social stratification
in the modern industrial era, and appears to have become even more of a di-
viding force in our knowledge- and skill-intensive, post-industrial period (e.g.
Esping-Andersen, 2005; Autor, 2014; Case and Deaton, 2020). There is no
doubt that education tends to be a key predictor of most things that we value
both on an individual and on a societal level — be it good health, high income,
occupational prestige, or political influence. In short, education functions as a
central sorting mechanism in our contemporary societies, structuring access to
a wide range of other social goods that go on to make for a good life. Because
of this, education is also central to normative debates concerning equality of
opportunity.

Determining precisely, across all possible contexts and outcome domains,
whether educational attainment should primarily be seen as a cause or as an
outcome is a tall order. As political scientists, we tend to gravitate towards
questions about how education shapes social and political behaviour, rather
than what shapes education. Understanding the causes and mechanisms that
explain individuals’ level of education per se should nevertheless be of great
importance to political scientists — if not primarily for substantive reasons,
then at least because it can help illuminate the potentially rather significant
endogeneity challenges that come with studying the relationship between ed-
ucation and other forms of social behaviour. After all, it might not be the
educational exposure, or the credentials awarded as a consequence, that is the
root cause of social and political behaviour or other valued life outcomes, but
rather the genetically conditioned cognitive, behavioural or social attributes
that make prolonged schooling more likely in the first place. While there is
certainly room for both perspectives on the role of educational attainment — as
“cause” or as “proxy” (Persson, 2015; Feng, 2025) — there is arguably signif-
icant value in focusing on educational attainment as an important outcome in
and of itself.

Due to its substantive importance as a life outcome, combined with the fact
that educational attainment is a variable that is available in many different
genetically informed datasets, surveys, and cohorts, it is not difficult to un-
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derstand why researchers in social science genetics would gravitate towards
the molecular genetics of education. Hence, educational attainment would
be among the very earliest outcomes to be studied by social scientists in a
GWAS. It is also why it would go on to be the outcome for which the largest
and most powerful GWAS has been performed to date — exceeded only by in-
dividual height. The first GWAS of education was conducted by Rietveld et
al. (2013). This GWAS included 101,069 individuals, and discovered 3 SNPs
that managed to reach p < 5x1078. The PGI constructed based on all SNPs
in the GWAS (including those not reaching statistical significance) could ex-
plain approximately 2 percent of the variation in education between unrelated
individuals. The next iteration by Okbay et al. (2016) was based on 293,723
individuals, discovered 74 SNPs, and could construct a PGI that explained
3.2 percent. The third GWAS was comprised of 1.1 million individuals found
1,271 SNPs and explained approximately 11 percent. The fourth and latest
three-million individual GWAS by Okbay et al. (2022) would discover 3,952
SNPs. In total, the PGI based on this GWAS could explain up to 16 percent
of the variation in educational attainment. This is broadly comparable to the
explanatory power of parental level of education.

While the combined explanatory power of education-related SNPs has in-
creased following the increases in GWAS samples, this GWAS-based heri-
tability remains well below the 40 percent average heritability that has been
estimated in twin studies. This discrepancy makes for a key example of what
has been dubbed the missing heritability problem (Maher, 2008; Matthews and
Turkheimer, 2022). Some have interpreted this discrepancy as indicating that
previous twin study heritability has been inflated (e.g. due to violations of the
EEA), and that the lower heritability estimated based on GWAS lies closer to
the “true” heritability. Others argue that GWAS-based heritability (PGI heri-
tability and SNP heritability) will approach twin study heritability as GWAS
samples get even larger, and as it becomes possible to credibly measure the
effects of rare genetic variants.

Missing heritability notwithstanding, the GWASs of education, and the rel-
atively powerful PGI that could be constructed from them, have been instru-
mental in shaping the emergent social science genetics field. The association
between EA PGIs and education has naturally been the subject of many studies
to date, commonly with an eye toward processes of gene-environment inter-
play (see more below). There has also been an increase in studies exploring
the association between education-related genetic propensities, as measured
by EA PGls, and outcomes beyond education. Either because the genetics
related to education are also just very important for a variety of positive life
outcomes (capturing relevant cognitive, behavioural or other social attributes),
or because the GWAS samples on which EA PGIs are constructed are signifi-
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cantly larger than the samples for other traits'?, it turns out that EA PGIs are
associated not only with education, but with a host of other social, economic,
health-related, and even political behaviours and life outcomes.

The phenomenon by which genes for a particular trait are also associated
with other traits is called (horizontal) pleiotropy (Chabris et al., 2015).
Pleiotropy is expected to be especially prevalent for complex social traits,
since they tend to be highly polygenic and likely depend on combinations
of different cognitive, behavioural, psychological, and social characteristics
rather than discrete biological pathways. Notably, and perhaps unsurprisingly,
EA PGIs have been linked to earnings (Papageorge and Thom, 2020), wealth
(Barth et al., 2020), and occupational prestige (Buser et al., 2024), but also
other social behaviours such as smoking (Pasman et al., 2022) and fertility
(Barban et al., 2016). With particular relevance for political science, EA PGls
has also been linked to voter turnout (Dawes et al., 2021; Aarge et al., 2021;
Ahlskog et al., 2025). This is a finding that serves to question whether the
commonly assumed association between education and turnout should in fact
be seen as causal, or rather correlational (or somewhere in between). A non-
negligible part of the effect on turnout is mediated by cognitive ability and edu-
cational attainment (Dawes et al., 2021), thus shedding light on some of the in-
termediate traits that link the EA PGI to voter turnout (i.e. vertical pleiotropy).
Nevertheless, a significant part of the effect remains unexplained, which points
to the presence of additional pleiotropic pathways that link education-related
genetics to participation.

2.4 Key challenges in the analysis and interpretation of
PGIs

The emergence of GWAS and PGIs has been a significant development in
terms of opening up the black box that was the heritability estimates inferred
from twin studies. Nevertheless, these tools also have some noteworthy limi-
tations. Some of these limitations are intrinsic to the methods as they currently
stand, whereas others can, as we shall see, be addressed.

First of all, even though it has become quite cheap to genotype large sam-
ples of individuals, the genotyping arrays that are currently used are not able
to capture all of the potentially important genetic variants that could influ-
ence behavioural phenotypes. The PGIs that are constructed based on current
GWAS are therefore not able to leverage the entirety of that small portion of
DNA in which phenotypically relevant genetic variation occurs. Specifically,
conventional genotyping arrays are limited to measuring so-called common

131t could theoretically be that genes for other outcomes are in reality predictive on a magnitude
similar to the EA PGI, but we cannot yet muster large enough GWAS samples to construct as
powerful PGIs for those traits.
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SNPs: SNPs that have a minor allele frequency that is typically above 1 per-
cent in the population. There are currently some expectations within the social
science genetics field around the role played by rare variants: genetic variants
for which the minor allele frequency is typically lower than 1 percent. It is hy-
pothesized that such rare genetic variants may have larger effects than common
variants (Benjamin et al., 2024). Indicative results concerning the importance
of rare variants for outcomes including educational attainment have appeared
recently (Wainschtein et al., 2025), which may suggest at least a partial rem-
edy to the above-mentioned missing heritability problem. Still, a potentially
important fraction of the genetic architecture underlying complex behavioural
traits remains out of reach given current technologies and methods. In turn,
this puts a limitation on the real-world relevance of the PGIs that are used in
current applications.

Relatedly, because the effects of common SNPs tend to be very small, and
because current GWAS samples are not infinitely large, it is not possible to
detect the effects of all the common SNPs measured on the genotyping array,
even though they exist. Additionally, the weights attributed to detected SNPs
will be estimated imperfectly. This will lead the PGIs that are constructed
based on current GWAS samples to be measured with error, and will only be
a noisy approximation of the “true” PGI, or what has been called the “ad-
ditive SNP factor” (Becker et al., 2021).!* In short, the measurement error
in currently used PGIs will cause their estimated effects to be attenuated. To
these more inherent limitations, we might also add that PGIs can be influenced
by more technical features related to their construction, such as the way that
linkage disequilibrium is handled in the GWAS stage.!>

An important contribution of this thesis is its emphasis on causal identifi-
cation of genetic effects. To an outside reader, this statement might appear
puzzling at first glance. What could possibly confound the effect of one’s own
DNA? As it turns out, there are a number of factors to consider. While a PGI
does contain information about the genetics of the individual, it is not certain
that all of this information actually maps onto how an individual’s specific
genotype causally affects his or her behaviours and subsequent life outcomes.
When the SNPs that are included in a PGI come from a GWAS of unrelated in-
dividuals — as is currently the case — these may also pick up confounding from
1) population stratification, 2) genetic nurture (or indirect genetic effects), and
3) assortative mating (e.g. Young et al., 2019). Together, these factors con-
tribute to complicating the interpretation of PGIs.

Population stratification refers to a phenomenon in which influences that
actually originate in the environment masquerade as effects of an individual’s
genetics. Due to different long-term processes of isolation, drift, and migra-

14This measurement error leads the predictive power of the PGI, in terms of its R, to fall short
of the GCTA equivalent based on the same SNPs.

I5For example, nearby SNPs tend to be correlated (called linkage disequilibrium), and the dif-
ferent methods for accounting for this correlation can have downstream effects on PGIs.
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tion, populations (or sub-populations within populations) can exhibit system-
atic differences in allele frequencies (Price et al., 2010). If these groups also
differ environmentally, genetic associations can arise even if genes play no
causal role. A well-worn hypothetical example is the chopsticks gene, as de-
scribed by Hamer and Sirota (2000). Suppose some particular genetic variant
is more common in Asian populations. The use of chopsticks is also more
common in Asian populations. Even though chopstick use is obviously a cul-
tural phenomenon, a GWAS might find that this genetic variant is statistically
associated with chopstick use, and some researcher might, erroneously, con-
clude that the variant causes chopstick use. Let us instead consider educational
attainment, and different subpopulations within one and the same country. It
could be that some genetic variants are systematically more prevalent among
individuals living in more urban, and more socioeconomically enriched areas
than among individuals living in less urban and less enriched areas (Abdel-
laoui et al., 2019). If individuals in the former areas tend to attain more edu-
cation for purely environmental reasons (higher proximity to universities, for
instance), we may erroneously attribute a causal effect on educational attain-
ment to those genetic variants.

The conventional solution to the issue of population stratification is to con-
trol for a set of principal components (PC) that capture the main ancestral
differences within one’s genetic data. As we control for PCs, we can poten-
tially account for the bias introduced from systematic ancestral differences in
the data. Nevertheless, residual confounding can remain even when control-
ling for 10-20 PCs (as is the current norm within the literature); population
stratification, in the sense of systematic differences in allele frequencies, can
still exist within samples of relatively similar genetic ancestry. Stringently
controlling for population stratification requires stronger research designs (see
below).

Genetic nurture refers to a crucial aspect of both genetic and environmental
inheritance: not only do parents pass on some of their genes to their children,
but their genes can also be consequential in shaping the environment that chil-
dren experience (Kong et al., 2018; Balbona et al., 2021; Wang et al., 2021;
Young, 2023). This means that, besides the direct, intergenerational pathway
to children’s outcomes that operates through genetic inheritance, there is an in-
direct pathway through which the genes of parents can affect the outcomes of
their children through the environment. Because the family environment will
be bound up with parental genetics — which are correlated with the child’s
genetics via both transmitted and non-transmitted alleles — genetic nurture
induces passive gene-environment correlation (Biroli et al., 2025), and may
therefore confound PGI effects. Prior studies suggest that genetic nurture will
be substantial for complex social outcomes such as educational attainment. In
a regression model where parental factors are not accounted for, the effect of
an individual’s PGI for education will therefore also contain non-negligible
influences from parental genetic nurture. Recent research also shows that in-
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direct genetic effects can originate in relatives beyond parents (Nivard et al.,
2024), thus highlighting the potentially long arm of genetic nurture.

Assortative mating may generate bias in ways that are less immediately
intuitive than population stratification or genetic nurture. Assortative mating
refers to the process in which individuals partner up based on a shared trait,
or visible traits that are related to that trait. If this trait is heritable, assortative
mating on this trait will make partners more similar with respect to the genetics
that influence it than would be expected by chance. Assortative mating will
cause genetic variants in the offspring’s PGI to become increasingly correlated
with other genetic variants that are related to the trait that the PGI is predicting,
in a way that they would not be if mating was random. Assortative mating can
therefore also inflate the PGI effect, particularly if the PGI is for a trait where
assortative mating is expected to be prevalent (Young et al., 2019; Okbay et
al., 2022). Education features among the traits for which assortative mating
is substantial (see Sunde et al., 2024), which means that EA PGI effects are
likely to be especially susceptible to bias from assortative mating.

As a response to these challenges, a new gold standard has emerged with
regard to isolating genetic influences on behavioural outcomes using PGIs (see
e.g. Harden and Koellinger, 2020; Madole and Harden, 2022; Abdellaoui and
Verweij, 2021; Cheesman et al., 2023; Biroli et al., 2025). In short, what is
needed is a way to hold constant the influences of population stratification,
genetic nurture, and assortative mating, and thus retrieve the causal effect of
the genetic propensity that is measured by a PGI. One powerful way to do so
is to exploit the random genetic differences that arise between biological sib-
lings. This natural experiment arises thanks to the phenomenon of Mendelian
random segregation, which essentially means that the alleles that one inherits
from one’s parents will be random, conditional on parental genotype. The
cleanest way to empirically address confounding of PGIs is to control for
parental genotype directly, i.e. by controlling for the corresponding parental
PGI. However, access to both offspring and parental PGIs in the same data has
historically been very rare (see Alemu et al., 2025; Biroli et al., 2025).16

However, if one has access to genotyped, non-identical siblings (such as
dizygotic twins) one can also control for parental genotype by using family
fixed effects. The family fixed effects approach provides a reliable alterna-
tive to the parental PGI approach. As an early indication of how the effect
of a PGI for educational attainment (EA PGI) on realized educational attain-
ment is attenuated when controlling for family fixed effects, Selzam et al.
(2019) found evidence of a decrease of about 40 percent. Okbay et al. (2022)
later used a larger sample to show a reduction of about 50 percent for educa-
tional attainment and other phenotypes. For cognitive ability, interestingly, the

160ne notable exception has been the MoBa survey in Norway, which contains the PGIs of
thousands of Norwegians together with those of their parents. This has made possible new
insights regarding the nature of nurture (Demange et al., 2022; Pingault et al., 2023; Hughes
et al., 2024), as well as assortative mating (Sunde et al., 2024).

31



within-family effect appears to resemble the between-family effect quite well
(i.e. it does not appear to suffer from substantial confounding). Previous work
on how EA PGIs influence voter turnout has also shown evidence that the ef-
fect on turnout in second-order elections is attenuated within families, most
likely as a result of accounting for genetic nurture effects. Effects on turnout
in first-order elections appear to be less substantially attenuated (see Dawes
et al., 2021). Nevertheless, the benefits of being able to exploit within-family
differences when estimating the effect of PGIs on complex social outcomes
are significant, since it allows us to state with greater confidence that we are,
in fact, capturing the effects of an individual’s own genotype, rather than the
influence of parental or familial genotypes, or other environmental factors in
genetic disguise.!’

At this point — and as a way of turning our attention to more substantive
interpretative challenges — it is also important to emphasize that, even though
a within-family PGI design allows us to retrieve the causal, or “direct” effect,
this should not be interpreted as saying that the genes involved are necessarily
proximate to the outcome, such that genes operate like discrete on-off switches
that determine the phenotype (cf. Okbay et al., 2022; Demange et al., 2022;
Harden, 2023).!% 1In reality, and as perceptively noted long ago by Anastasi
(1958, p. 210), among the various individual genetic influences on complex
social traits “are found all degrees of remoteness of causal links”. The genetic
architecture of educational attainment, for one, certainly includes variants as-
sociated with cognitive skills (see e.g. Okbay et al., 2016; Rustichini et al.,
2023), as well as non-cognitive skills (Demange et al., 2021; Malanchini et
al., 2023; Rustichini et al., 2023).!° It will most likely also include personal-
ity traits like conscientiousness and self-efficacy (Krapohl et al., 2014). The
genetic architecture of education could, however, also include variants associ-
ated with very different traits — traits that do not as easily map onto concepts
like talents and merit, and whose associations with education are far from “di-
rect”.

7For the purposes of distinguishing causal effects of PGIs, the ideal setup would be to first
perform the GWAS using family data, where SNP associations are discovered in the presence
of controls for parental genotype, and then use those SNPs in a dataset with family structure or
parental PGIs. As noted by Biroli et al. (2025), such a PGI would not suffer from downward
attenuation like one that is based on non-family GWAS data. There are examples of such family-
based GWAS for educational attainment and other traits (Howe et al., 2022; Tan et al., 2025),
but they are currently too small to be of significant use. In the future, such samples might
potentially become large enough that we will be able to reap those benefits in full.
18When genetics researchers talk about direct genetic effects, they are typically seeking to dis-
tinguish the causal quantity of the PGI effect from the non-causal quantity, which arises due to
the various sources of confounding discussed above.
19Fascinatingly, SNPs that are associated with education have been shown to be implicated in
developmental processes in the brain, e.g. neuron-to-neuron communication (Okbay et al.,
2022).
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As a revealing example, let us assume, as is not implausible, that more
attractive individuals are treated better in their social interactions than less
attractive individuals, and are seen as more competent (e.g. Mulford et al.,
1998; Jeger, 2011). More attractive individuals might therefore become more
encouraged and motivated in their educational strivings. This would mean that
genetic variants that cause attractiveness, so to speak, take the shape of “edu-
cation genes”. By extension, this might also mean that some part of the link
between genetics and education that operates via study motivation and perse-
verance can be traced to anthropometric, or appearance-related genes. This
example is helpful in illustrating how even the effects of an ostensibly fixed
biological trait — the form of one’s own physical features — can be socially me-
diated (by the perceptions of other people), as well as environmentally depen-
dent (the beauty standards of the day). Another useful example that has been
used in the literature is, of course, that of eyesight. Poor eyesight is a biolog-
ical characteristic with a substantial genetic component, but its consequences
are highly contingent on the environment. In societies where corrective lenses
are inexpensive and widely available, poor eyesight is unlikely to matter for
one’s educational outcomes, whereas it could potentially matter under other
societal circumstances.

All of this is to underscore that genetic influences on complex social out-
comes such as education, while encompassing familiar and intuitive traits such
as cognitive and non-cognitive skills, are likely to be more remote, more com-
plex, and more socially contingent than they may initially appear. When we
study the genetics of education by using a polygenic index, this will inevitably
include a wide range of genetic liabilities that become relevant to the pheno-
type in light of how society is organized and what it happens to value at a given
moment in time. What constitutes a genetic propensity for education, then, re-
flects not only a biological reality but also a social one (cf. Conley, 2025). And
insofar as it does reflect a biological reality, it is important to clarify that it does
not by itself suggest any particular normative interpretation. An individual’s
genetic propensity for education, as captured by a PGI, is in itself nothing
more than the possession of a particular configuration of SNPs. Whether that
propensity should be interpreted as, say, a marker of merit or of deservingness
is a separate question from whether it exists as such (see Chapter 4). This
is a crucial distinction that cannot be stressed enough. Understanding the re-
mote, probabilistic nature of genetic influences on complex social outcomes
(Madole and Harden, 2022) is also crucial as we transition into a discussion
about the codependence of genetic and environmental effects.
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2.5 Theorizing gene—environment interaction

Indeed, genes and environmental factors are not independent, nor is it likely
that their effects operate independently of one another.? Gene—environment
interplay refers to the various processes through which genes and different
facets of the environment jointly explain human behaviour (e.g. Shanahan and
Hofer, 2005; Spinath and Bleidorn, 2017; Harden and Koellinger, 2020; Dias
Pereira et al., 2022; Biroli et al., 2025). One particular pursuit of social science
genetics has been to move beyond the study of average genetic effects and
explore gene—environment interaction: that is, instances where the effect of
a genotype on an outcome differs depending on the environment, or where
the effect of an environmental exposure differs depending on a genetic factor
(Plomin et al., 1977).

The theoretical plausibility of gene-environment interaction, or GxE, has
been recognized for many decades (Anastasi, 1958; Scarr-Salapatek, 1971;
Dobzhansky, 1973b; Plomin et al., 1977; Bronfenbrenner and Ceci, 1994;
Shanahan and Hofer, 2005), and there is certainly a tradition of twin study
researchers exploring the degree to which the heritability of an outcome dif-
fers across environmental conditions (see below). Nevertheless, despite being
able to see in what kinds of environments the overall heritability of a trait
tends to be larger or smaller (Purcell, 2002), heritability would inevitably re-
main a black box, and the researcher would be at a loss with regard to how
different types of genetics might be susceptible to environmental moderation.
Additionally, because twin study heritability is a product of a sample-level
variance decomposition rather than an individual-level parameter (Visscher et
al., 2008), it cannot be directly incorporated into regression-based frameworks
that estimate interaction effects at the level of individual observations. Finally,
since heritability will be estimated relative to how much variation there is in
the outcome, the importance of genetics could decrease following increased
variation in the environment, even though the effect of genes remained the
same. Recently, the emergence of PGIs has created new momentum for inves-
tigating interactive processes involving genetics and environments. PGIs now
allow researchers not only to go beyond studying latent genetic influences and
estimate how more specific genetic propensities influence social outcomes,
but also how these influences could differ across types of environmental expo-
sures.

While much of the above has focused on genetics, a discussion about GXE
requires a discussion about the environment. What, exactly, is the environ-
ment? A short, correct, but not necessarily very helpful answer to this ques-
tion is that the environment comprises everything that is external to the in-

201n the words of (Lockyer and Hatemi, 2018, p. 281), “simplistic monocausal biological or envi-
ronmental explanations for complex social traits are implausible ... to have any true understand-
ing of the origins and development of complex behaviours, we must focus on developmental
processes that treat nature and nurture as interdependent”.
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Figure 1. Stylized model of multi-level gene-environment interaction

dividual (cf. Huckfeldt and Sprague, 1993; Perrin and Lee, 2007). A more
analytically useful formulation is provided by Boardman et al. (2013, p. 65),
who defines it as an “external, multilevel, and multidimensional feature that
determines an individual’s exposure to risks and access to resources”. This
perspective is important in that it emphasizes how environmental influences
operate across multiple levels — from immediate and proximate interpersonal
contexts to broader institutional and societal structures (see also Mills et al.,
2020).

Indeed, environmental influences are all around us from conception. Before
we are even born, we are impacted by the intrauterine environment, which is
itself tied to maternal health in the form of factors related to nutrition and
consumption of harmful substances like tobacco and alcohol, and characteris-
tics of the built environment such as airborne environmental toxins (Gronqvist
et al., 2020; Erixson et al., 2024). Naturally, such factors will be bound up
with our parents’ socioeconomic status — a crucial proximal environment that
comes further into play as we are born, and as we develop through childhood,
adolescence and into adulthood. But just as individuals are born into differ-
ent families with different amounts of social, economic and cultural resources,
they are also born into different neighbourhoods, cities, regions, countries, and
different historical periods (Bronfenbrenner and Ceci, 1994; Boardman et al.,
2013; Mills et al., 2020). One of the contributions of this thesis is to highlight
how instances of these kinds of micro-, meso-, as well as macro-level envi-
ronments can be consequential for the way that genetic influences unfold with
regard to social life outcomes (cf. Figure 1).
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Historically, however, GXE research has in large part been oriented around
the proximal social environment, especially the family context (cf. Perrin and
Lee, 2007; Boardman et al., 2013).21 A relevant and important example of
this is the behaviour genetics-era study of whether the heritability of cognitive
skills and adjacent psychological traits varies as a consequence of differences
in socioeconomic background. This line of research has given rise to what has
become known as the Scarr-Rowe hypothesis: that the heritability of cogni-
tive ability is higher for children in high-SES families than it is for children
in low-SES families (Scarr-Salapatek, 1971; Scarr, 1992; Rowe et al., 1999;
Turkheimer et al., 2003; Harden et al., 2007; Tucker-Drob and Bates, 2016).

This literature draws upon the bioecological model of nature-nurture inter-
play as conceived by Bronfenbrenner and Ceci (1994). A key premise of this
model is that “traits do not spring forth from genotypes fully formed” (Rowe
et al.,, 1999, p. 1152), but depend on enduring exchanges with a develop-
mentally constructive and beneficial social environment. Bronfenbrenner and
Ceci (1994) refers to these exchanges as proximal processes. Where proximal
processes are abundant (i.e. where family SES is high), the likelihood that
individuals will be able to reach their “genetic potential” will be amplified (cf.
Shanahan and Hofer, 2005; Erola et al., 2022). Conversely, where they are
weaker, individuals will face constraints that hinder them from realizing that
potential. This essentially describes a complementary relationship wherein so-
cioeconomically resourceful environments enhance the returns to favourable
genetic endowments.?

More recently, this bioecological framework has been adopted in studies
of how the effects of education-related genetic variants, as proxied by an EA
PGI, on realized educational attainment (or other antecedent outcomes, such as
grades or test performance) differ depending on socioeconomic background.
Corroborating findings from some more recent twin studies concerning the
heritability of educational outcomes (Baier and Lang, 2019; Erola et al., 2022),
a number of studies have found that the educational returns to EA PGI are
indeed larger for individuals from high-SES family backgrounds (Papageorge
and Thom, 2020; Uchikoshi and Conley, 2021; Ronda et al., 2022).

However, there are also studies several years apart (that is, based on older
and newer PGIs) that provide no particularly clear evidence of an interaction
(Conley et al., 2015; de Zeeuw et al., 2019; Isungset et al., 2022a; Breinholt
et al., 2025). There are also studies providing evidence to the very contrary:

21This may have been due to data-related difficulties with regard to measuring things beyond
parental characteristics. It may also have been a consequence of the disciplinary overlap be-
tween behaviour genetics and psychology.

22 Another way of making sense of this interaction is with reference to a “Matthew effect”, where
advantage begets further advantage (Merton, 1968; Rigney, 2010). The term itself originates in
the Gospel of Matthew (13:12), which states that “for whosoever hath, to him shall be given,
and he shall have more abundance: but whosoever hath not, from him shall be taken away even
that he hath.”
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that the link between the EA PGI and education is weakened when the socioe-
conomic background is stronger (von Stumm et al., 2020; Lin, 2020; Isungset
et al., 2022a; Ghirardi et al., 2024; Houmark et al., 2025). These latter studies
point to a different way of making sense of the interaction between genes and
the (family) environment, namely in terms of substitution, or compensatory
advantage. From this perspective, environmental advantage primarily serves
to compensate less favourably endowed individuals, so that they can avoid ad-
verse life outcomes and downward social mobility (see Ghirardi et al., 2024).

Findings with respect to the interaction between genetics and the family
environment, then, appear to point in rather different directions. Does family
socioeconomic advantage increase the returns to genetic advantage, or cush-
ion against the risks of genetic disadvantage? One reason for the diverging
findings may be the relatively large variety of outcomes used in the literature,
with studies of continuous years of education, college completion, high-school
completion, grade persistence, grade point average, etc. It could have to do
with differences related to PGI construction. It has also been proposed that
the selectivity of the (educational) outcome determines whether family SES
works to enhance or constrain genetic propensities.>3

Albeit to a lesser extent, researchers have also begun investigating interac-
tions with meso-level environments such as neighbourhoods or school con-
texts. Neighbourhood characteristics will inevitably be correlated with family
characteristics — and will to some extent tap the same mechanisms — but neigh-
bourhoods may also matter in their own right by capturing peer influences,
institutional resources, and collective norms that are not reducible to family
background alone (e.g. Galster, 2013). There are studies showing how the
complementary mechanism plays out on the school level (Trejo et al., 2018),
but the evidence, at least as regards educational outcomes, points mostly in
the direction of compensation, whether on the level of schools (Harden et
al., 2020; Arold et al., 2025; Cheesman et al., 2025), or neighbourhoods
(Cheesman et al., 2022; Silva et al., 2025). This is to say that favourable neigh-
bourhoods tend to reduce individuals’ reliance on genetically conditioned traits,
which is likely to be most beneficial for those at the lower end of the distribu-
tion.

These diverging findings, especially for the interaction with family SES,
also encourage us, I argue, to look upon genetic influences through the lens of
macro-level environments. From the political science perspective, it is highly
relevant to understand how macro-level societal structures and policy envi-
ronments influence the way that genetic influences on educational attainment

23As argued by Ghirardi and Bernardi (2025, p. 2), “[i]f an educational outcome is non-selective,
the genetic propensity for education is less decisive for its attainment, and the family of origin
can facilitate its achievement even in cases of low genetic propensity for education. If an out-
come, however, is highly selective, a high genetic propensity for education is a key prerequisite
for its attainment, but it might not be enough, and additional resources and high aspirations
associated with the family of origin become crucial.”
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unfold. Indeed, it has been argued that genetic contributions to educational
outcomes will be larger in more modernized societies: societies that are more
economically developed, and that compensate for unequal starting positions
by way of reducing inequality directly, and by investing in (equal) educational
opportunities (Adkins and Vaisey, 2009; Selita and Kovas, 2019). Some ev-
idence of this has accrued in the twin study literature (Heath et al., 1985;
Branigan et al., 2013; Baier et al., 2022) and the PGI-based literature (Herd
et al., 2019; Lin, 2020; Lahtinen et al., 2023). Still, this hypothesis remains
a tentative one, as other studies have found evidence to the contrary (Conley
et al., 2016; Okbay et al., 2016; Silventoinen et al., 2020).

The macro-level perspective is important not only for understanding whether
more equalized societies tend to allow for stronger genetic influences on edu-
cation, but also for qualifying how we interpret lower-level gene—environment
interactions, such as those between EA PGls and socioeconomic background.
From the perspective of equality of opportunity (to which I return below), one
would ideally want to see that the fruits of economic development do not ac-
crue primarily to those who are already advantaged. A plausible downstream
consequence of modernization and equalization is that the interaction between
genetics and socioeconomic background — one that in more closed and unequal
societies might be expected to be complementary in nature — becomes weaker
(cf. Tucker-Drob and Bates, 2016). The key point here is that the importance
of genetics for education, both on average and depending on socioeconomic
starting conditions, is not necessarily intrinsic to a society, but something that
may depend on the particular institutional arrangements that structure educa-
tional opportunity. By extension, this implies that policy can shape not only
average levels of educational attainment, but also the degree to which genetic
differences are reflected in attainment, and the extent to which socioeconomic
disadvantage conditions the realization of individual genetic predispositions.

Finally, whereas the social science genetics literature has hitherto had plenty
to say about the interaction between genetics and environments with respect
to educational attainment and other socioeconomic outcomes, it has had far
less to say about another key domain of life outcomes: political participa-
tion. Studying the genetics of participation in the form of voting is especially
important because voting constitutes citizens’ most basic and fundamental ex-
pression of political voice, and because the normative implications of genetic
influences on this key form of civic participation are likely to differ from those
associated with educational attainment and other socioeconomic outcomes.
While genetically conditioned differences in the latter may, under some con-
ditions (to which I return below), be permissible, inequalities in the former
are much more difficult to justify. Extending the study of environmentally
contingent genetic influences to political participation therefore offers an op-
portunity not merely to apply existing frameworks to a new outcome domain,
but to make a novel contribution to the political behaviour literature by ex-
ploring how social environments such as the family and the neighbourhood
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may shape the extent to which genetic differences are expressed in terms of
political inequality.

2.6 Key challenges to analyses of GXE

GxE, then, refers to the way that the effects of genotype may differ depending
on some aspect of the environment. Conceptually, this assumes a distinct sepa-
ration of G from E, and that the interaction term (GxE) therefore captures how
the effect of genotype differs over levels of the environment. For a study of
GxE, being able to identify the causal effect of the genetic factor is important,
since we might otherwise partly be interacting genetically correlated parts of
the environment with the environment. But even with a causal identification
of genotype, it is also crucial that we consider the “nature” of the environ-
ment. This brings us to the other dimension of gene-environment interplay:
gene-environment correlation (or rtGE). Gene-environment correlation refers
to the processes through which the environments that we experience are at
least partly due to us selecting into those environments based on our genet-
ics. In relation to its implications for studying gene-environment interaction,
another way of thinking about it is as “genetic influence on environmental
measures” (Plomin, 2014, p. 631). In line with the typology laid out nearly 50
years ago by Plomin et al. (1977), there are three forms of gene-environment
correlation: passive, active, and evocative.

Passive gene-environment correlation refers to instances where our envi-
ronment has, in a sense, already been genetically selected for us. It was noted
above how indirect genetic effects from parents and relatives (genetic nurture)
can induce passive gene-environment correlation, such that it confounds the
main effect of PGIs. For the purposes of studying GxE, this is also impor-
tant because the environments that we are interested in could be partly genet-
ically influenced by parental genotype, such that E becomes partly influenced
via one’s genetic relationship to one’s parents. Parental socioeconomic status
is a prominent example of a putatively social environment in which passive
gene—environment correlation may be prevalent (Biroli et al., 2025; Slob et
al., 2026). If we are unable to obtain exogenous variation in parental socioe-
conomic status, we may partly end up interacting child G with parental G (and
not parental E).

Active gene-environment correlation instead describes how the individual’s
own genetics influence what environments the same individual experiences.
Intuitive examples include which peers we find ourselves spending time with
(Sotoudeh et al., 2019), which type of school we go to (Cheesman et al., 2022),
what spouse we end up with (Zheng et al., 2025), and what neighbourhoods
or regions we end up living in (Abdellaoui et al., 2019; Kuznetsov et al.,
2025). The possibilities for active gene-environment correlations to transpire
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are many, and the key message is that many of the environments we experience
are unlikely to be random, but may depend on our genetics.

Evocative gene-environment correlation, finally, refers to instances where
genetically influenced traits and behaviours elicit specific responses from the
environment, thereby shaping the individual’s environmental exposure. An
intuitive example is parental behaviour in relation to their children. Although
we might instinctively think about “parenting styles” as an exogenous part of
an individual’s upbringing, evocative gene-environment correlation prompts
us to consider that the child’s genetically influenced traits and attributes might
steer parents into adopting a particular behaviour (see e.g. Breinholt and Con-
ley, 2023). Empirically, the distinction between active and evocative gene-
environment correlation is not clear-cut, since active selection into a social
environment will inevitably include evocative processes (cf. Shanahan and
Boardman, 2009), and both represent causal pathways for the child’s geno-
type.

Gene—environment correlations call for careful consideration both in the
choice of environmental exposures and in the interpretation of genetic inter-
actions with those exposures. (Domingue et al., 2020). Following growing
insights about gene—environment correlation and genetic selection, GXE re-
search has increasingly gravitated toward exploiting more exogenous envi-
ronments. For example, the literature on macro-level variation in genetic in-
fluences often exploits birth cohort differences. Provided that a sufficiently
broad range of cohorts can be assembled, individuals’ birth years can serve
as a window into their societal and institutional contexts (Ryder, 1965; Brani-
gan et al., 2013; Domingue et al., 2016; Lahtinen et al., 2023; Isungset et
al., 2025). If available, birth year differences can also be coupled with sharp
societal and institutional changes over time in order to further illuminate the
mechanisms by which specific societal factors have downstream implications
for gene-outcome associations (e.g. Rimfeld et al., 2018; Fraemke et al., 2024;
Dobewall et al., 2024). One useful feature of birth year, of course, is that in-
dividuals cannot select into it. Another relevant example is gender. Insofar
as gender captures differential exposure to norms and institutions that affect
men and women differently, it can serve as an indicator of the degree of social
openness or closure, especially when paired with a birth cohort design (Herd
et al., 2019; Isungset et al., 2021).

Researchers have also exploited other ways of identifying exogenous envi-
ronmental differences. For instance, studies have used sibling birth order as a
proxy for differences in parental investment (Muslimova et al., 2024; Isungset
et al., 2022b). Researchers have also sought out natural or quasi-natural ex-
periments (Schmitz and Conley, 2017a; Biroli et al., 2025). This includes the
usual suspects within the econometrician’s toolbox: difference-in-differences
(Barcellos et al., 2021; Lahtinen et al., 2024; Okbay et al., 2025), instrumental
variables (Schmitz and Conley, 2017b), and regression discontinuities (Biroli
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et al., 2025; Garcia-Sierra and Gritz, 2025). This movement within the field
is a welcome one, and has served to raise the bar for GXE research.

Nevertheless, there are cases in which an exogenous measure of the envi-
ronment is not available. Researchers may often be able to achieve a causal
identification of either the genetic factor or the environmental factor, but not
both (for an example of the contrary, see e.g. Muslimova et al., 2024). More-
over, a singular focus on exogenizing the environment is not always desirable.
Many substantively important environments are not exogenous, and failing
to study them has costs as well. In cases where the environmental variation
must strictly be treated as observational, the appropriate response is arguably
not to abandon the question, but to strive to understand the prevalence of
gene—environment correlation and, ideally, to discuss the direction in which
potential biases may affect the results.

When working with observational data, it appears inadvisable to interact G
with environmental variables for which active gene—environment correlation
is clearly expected — that is, variables that are likely to be causally downstream
from G.?* Understanding the interplay between genes and social contexts such
as neighbourhoods is, as shown above, a growing topic of interest in social sci-
ence genetics (e.g. Cheesman et al., 2022; Silva et al., 2025; Harerimana et al.,
2025). Interacting individuals’ genetics with characteristics of their current
neighbourhood may well serve theory (cf. Huckfeldt, 1979), but doing so en-
tails interacting the PGI with something that is itself partly an outcome of the
PGI. As shown by Akimova et al. (2021), including a strongly heritable out-
come or trait as a covariate in an interaction model may induce collider bias,
thereby obscuring estimates of GXE. To reduce the risk of bias from active
gene—environment correlation, a safer strategy for studying interactions with
neighbourhoods, or with similar socially selected environments, is to measure
these environments early in life, before individuals have had opportunities to
select into them, preferably while also controlling for parental characteristics.
For parental characteristics, this attribute is present by design, since we can-
not actively select into our family of origin. Overall, childhood family and
neighbourhood characteristics (e.g. socioeconomic status, or political engage-
ment) are good examples of what Biroli et al. (2025) call predetermined but
endogenous environments: environments that are immune to active selection,
but that may still be correlated with parental genotype — or other, potentially
unobserved environmental factors.

In such cases, one way to further strengthen one’s research design is to
combine the pre-determined environmental measure with within-family ge-
netic variation (Ahlskog, 2024; Harerimana et al., 2025). In a naive design
where a between-family PGI is interacted with parental factors, both the PGI

Z4Historically, there have in fact been many examples of researchers interacting genetic measures
with one downstream behaviour in order to study gene—environment interaction for another
downstream behaviour.
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and the environment can vary between families, making the interaction vul-
nerable to passive gene—environment correlation and other forms of family-
level confounding. By contrast, if one interacts a within-family PGI with a
between-family environmental measure, one can ask whether random genetic
differences between siblings are expressed differently across family or neigh-
bourhood contexts. This will not make the environmental moderator exoge-
nous, but it does represent a notable step in the right direction since it allows
researchers to ask whether genetic differences between siblings are expressed
differently across environments that, while not being exogenous with respect
to the outcome, are fixed prior to the individual’s opportunities to select into
them.
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3 Advancing GxE research using genotyped
twin data linked to high-quality registers

Studies I and II are based on a sample of genotyped twins in the Swedish
Twin Registry (STR). STR, which was established in the 1960s, is the world’s
largest twin registry, with records of more than 200,000 Swedish twins born
since 1886 (Zagai et al., 2019). The articles are based specifically on the
subset of twins that have provided their DNA for research purposes (N =
45,423). There are several attributes of these data that make them particu-
larly advantageous for studying the effects of PGIs on life outcomes — and
not least how those effects might vary depending on different environments.
The following section introduces the key data sources used, and expands on
some caveats related to using these data for studying genetic associations, and
gene-environment interaction.

A key advantage of the STR sample is the high prevalence of genotyped
dizygotic twin pairs: instances where we have data on the genotypes (and
ideally also the phenotypes) for both twins in a dizygotic twin pair. Either
by controlling for twin pair fixed effects or by differencing the independent
and dependent variable (as is done in studies 1 and 2), this means that we can
account for parental genotype and thereby identify the causal effect of within-
pair genetic differences on within-pair outcome differences — net of population
stratification, genetic nurture, and assortative mating. Although this entails a
significant sample restriction, the subset of complete dizygotic twin pairs with
PGIs (N = 19,090) is nevertheless much larger than those that can be obtained
in many other surveys and datasets used in the literature. Study I makes use of
all twins (singleton MZ and DZ twins, as well as full-pair DZ twins), whereas
Study II focuses on the full-pair DZ twins only.

Following in the footsteps of previous international collaborations within
the Social Science Genetics Association Consortium (SSGAC), the studies
rely on PGIs from the Polygenic Index Repository (Becker et al., 2021). The
PGI Repository is a collaborative initiative within the SSGAC with the purpose
of constructing a variety of different PGIs based on large GWAS datasets,
using the same harmonized methodology throughout (e.g. related to quality
control procedures, and correcting for linkage disequilibrium), and making
them openly available for researchers interested in applying harmonized, state-
of-the-art PGIs in their research.?’

25 An updated PGI repository was published in 2025, featuring a series of new as well as updated
PGls, and an improved methodology for constructing PGIs (Alemu et al., 2025).
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A variety of educational, economic, occupational, and political characteris-
tics and outcomes can then be studied for the twins, using high-quality register
data supplied by Statistics Sweden. These data come in the shape of more re-
cent centralized registers (e.g., LISA), and historical census data (e.g., FoB).
The register-based nature of these different measures sets them apart from
the self-reported measures that are still often used in other cohorts and sur-
veys, offering higher quality and reliability. For the purpose of exploring how
genetics interact with macro-level societal factors, specifically, another key
feature of the sample is its uniquely longitudinal character; the data include
a vast range of birth cohorts, with twins born as early as 1911 and as late as
2005. Thanks to linkages between the STR data and the Multi-Generational
Register, there is also the possibility of connecting a large portion of the twins
to equally rich information on their parents. Using the linkages with the Total
Population Register, it also becomes possible to obtain fine-grained data on
the twins’ most proximal geographical neighbours, leveraging full-population
register data. Taken together, these data make it possible to examine how
genetic influences may unfold differently across environmental contexts rang-
ing from micro-level factors, such as parental and family characteristics, to
meso-level environments, such as neighbourhood conditions, and macro-level
factors, such as birth cohort.

These data come with many advantages with regard to studying
gene-environment interaction. Nevertheless, there are also some caveats and
limitations that warrant discussion. It is important to recognize that the geno-
typed STR sample is not fully representative of the Swedish population. The
STR twins and their parents tend to be of higher socioeconomic status, and
tend to be more politically engaged than the general population. This could
have different consequences for studies of PGIs and their interaction with en-
vironmental factors. For one, it could decrease the variability of genetic pre-
dictors, environments, and outcomes (cf. Stoolmiller, 1999). In studies of
GxE, this could have consequences for our results; if we use environmental
measures that, to some extent, miss out on real, theoretically relevant environ-
ments (e.g. extreme socioeconomic impoverishment, or a total lack of civic
engagement), then our findings of GXE may be understated as a consequence
of non-representativity (Boardman and Fletcher, 2021). Previous work has
also noted the potential for survey selection to cause collider bias, thereby
introducing unpredictable biases into studies of genetic associations and gene-
environment interaction (Munafo et al., 2018; van Alten et al., 2024). While
it is difficult to ascertain exactly how these factors might affect one’s findings,
they should nevertheless be mentioned. It would be valuable to scrutinize this
in future work — both for STR-based research specifically and for research
based on non-representative samples more generally.

Another aspect to consider is that the ability to generalize from STR to the
broader population is limited by the fact that the PGIs are only constructed
for twins of European genetic ancestry. This follows from the fact that the
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largest and most powerful GWASs conducted to date, those concerning ed-
ucational attainment included, are based only on participants with European
genetic ancestry. This puts a limit on the ways in which GWAS statistics,
and the PGI studies that are based on those statistics, can be used to make
inferences to the entirety of the populations within European countries. This
problem of *GWAS Euro-centrism’ is well-known in the field (e.g. Mills and
Rahal, 2019; Benjamin et al., 2024; Breinholt et al., 2025), and there has also
been an increase in GWAS samples including individuals of non-European an-
cestry. Fortunately, this situation is likely to improve during the coming years.
Detecting interactions between variables will also, inevitably, be more de-
manding than detecting their main effects, even with samples as sizeable as
STR. This issue is also compounded due to the PGI being estimated with error
(Domingue et al., 2020; Becker et al., 2021). Another issue that is inherent
to current PGIs is that they are based on SNPs that have been discovered in
a GWAS that includes individuals from a variety of different environments.
This means that the SNPs that manage to break through the “environmental
noise” will tend to be those that have strong main effects, but that are stable
across environments (Harden and Koellinger, 2020; Domingue et al., 2020;
Boardman and Fletcher, 2021). In other words, current PGIs probably have a
built-in tendency to not have different effects in different environments.
While fixed effects-based PGI models represent a significant step forward
from PGI analyses on unrelated individuals, they also come with their own set
of challenges. For starters, they are expected to be statistically less powerful
than models based on parental PGI controls (Alemu et al., 2025). Additionally,
using a PGI that is based on a between-family GWAS in a within-family anal-
ysis is likely to introduce additional measurement error (Trejo and Domingue,
2018). Fixed effects models could also theoretically be biased by indirect ge-
netic effects from siblings (Young et al., 2022; Fletcher et al., 2024). While
this possibility should be taken seriously, and definitely calls for further in-
vestigation, it is worth mentioning a recent study based on Norwegian data,
which finds little evidence of sibling indirect effects, at least in the case of
educational performance (Valstad et al., 2026). Overall, a fruitful direction
for future research is to triangulate GXE findings using conventional between-
family models, fixed effects models, and parental PGI control models, in order
to evaluate the strengths and limitations of the fixed effects approach.
Combined, these factors may challenge our ability to detect GXE internally
as well as externally, even if our environment is credibly identified, and even
if the interaction is sizeable in reality. Although there may be biases that could
serve to underestimate as well as overestimate GXE estimates, it is not unlikely
that findings of GxE, especially when based on sibling fixed effects models,
represent the lower bounds of what a particular GXE would look like in the
real world. While it is important to be transparent about these limitations, they
should also not detract from the overarching fact that these data provide a rare
opportunity to study plausibly causal effects of genetic propensities on reliably
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measured life outcomes in conjunction with reliably measured environmental
factors.

3.1 Study I

Study I exploits the historical depth of the Swedish Twin Registry in a study
of how individuals’ genetic propensities for educational attainment affect their
realized educational attainment within different time periods. In so doing, it
contributes to a growing research literature concerning the genetics of edu-
cational attainment, as measured using EA PGI, and more specifically the
interplay between genetics, socioeconomic advantage, and societal factors.
The study exploits the significant range of birth cohorts within STR, and asks
whether the influence of individuals’ propensities for educational attainment
on realized educational attainment increased in Sweden over the course of the
20th century, in conjunction with its rapid and profound transformation into
one of the most affluent and egalitarian countries of the post-war period.

Additionally, it explores the question of whether socioeconomic advantage
(in this case operationalized in terms of high parental education) serves as a
source of complementary advantage to individuals’ genetics, such that it am-
plifies their effects (to the benefit of individuals with higher PGIs), or as a
source of compensatory advantage, such that it reduces them (to the benefit
of individuals with lower PGI). As already shown, previous research provides
conflicting evidence, with some studies finding evidence of the former, and
others of the latter. A particular contribution of this study is that it combines
these two ostensibly separate questions, and asks whether the interaction be-
tween EA PGI and socioeconomic background has also evolved over time
within Sweden.

Relying on both conventional between-family and within-family models (in
which causal genetic effects can be distinguished), the results suggest that the
influences of education-related genetic propensities on educational attainment
increased in Sweden, especially during the mid-twentieth century. Notably,
the analyses also indicate that parental education did indeed serve to amplify
genetic influences, such that the EA PGI was more predictive of education
among twins with more highly educated parents. However, this Scarr-Rowe-
type interaction could only be found within the very oldest cohorts in the sam-
ple (born 1940-1950). Among the younger cohorts, no clear evidence of an
interaction between PGI and parental education could be distinguished. This
study therefore highlights an important example of how a politically driven
decrease in societal closure may alter the degree to which individuals’ genetic
propensities for education are allowed to predict their educational attainment,
both on average and depending on socioeconomic background. Albeit with
some methodological caveats, this study is informative with regard to how
genetic influences can unfold in more and less equal societies.
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A lack of a precise identification of the macro-level environment represents
one of the study’s key limitations. In terms of understanding the mechanisms
by which cohort changes in EA PGI influences occur, it would have been ad-
vantageous to have complemented the study with a more precise measurement
of E, such as educational reforms whose moderating effects could be compared
between cohorts, or other sharper macro-level institutional changes. Although
such designs should theoretically allow for a more qualified understanding of
how macro-level institutions have an impact on genetic associations, there are
challenges facing these types of studies as well. For example, recent work
using the Swedish compulsory schooling reform in order to interact exposure
to extended mandatory schooling with EA PGIs was largely unable to detect
GxE - a finding that the authors mainly attributed to a lack of statistical power
(Okbay et al., 2025).

Relatedly, there is the study by Rimfeld et al. (2018), which reported that
the influence of education-related genetic propensities on educational and oc-
cupational outcomes increased in cohorts born or raised in Estonia just after
the collapse of the Soviet Union. A recent article, partly by the same authors,
revisits those findings, and reports that the evidence of a sharp discontinuity
attributable to the Soviet Union collapsing in Estonia was much more lim-
ited than previously indicated (Kuznetsov et al., 2026). As the authors note in
their conclusion, “[o]ur findings are better explained by gradual environmental
changes, age-related effects, and survivor bias than by a single historical step-
change in genetic influence” (p. 25). Apart from being an excellent example
of scientific rigour and honesty, Kuznetsov et al. (2026) provides an example
of how radical institutional changes may be insufficient to understand the in-
terplay between genes and society, and their cautions about the uncertainty of
current GXE findings should be taken seriously.?® Given the methodological
challenges facing this area of GXE research, there is likely to be complemen-
tary value in assessing both overall cohort trends and more concrete institu-
tional changes.

Working within the Swedish context to further identify historical as well as
more recent policy reforms that could either amplify or dampen genetic in-
fluences on educational and other socioeconomic life outcomes represents a
fruitful area for future research. For example, economists have shown that a
reform from the 1940s that allowed municipalities to provide pupils with free
school lunches had a positive impact on later life outcomes, and especially for
low-SES children (Lundborg et al., 2022). Studying the interaction between
PGI-based measures of genetic propensities and children’s nutritional environ-
ments could be a novel way of contributing to the literature on the interplay
between genetic factors and institutional factors. There is also a paucity of

26 A they continue, “Many reported GxE findings are unlikely to be true, in part due to small
sample sizes and winner’s curse, the complexity of modelling interactions and the difficulty of
reliably measuring environmental exposures.” (p. 25)
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studies on the moderating role of early childhood education, despite childcare
likely being important in terms of compensating for socioeconomic disadvan-
tages (e.g. Havnes and Mogstad, 2011). Universal childcare, specifically, has
been described as “possibly far more decisive than education reforms in terms
of equalizing the opportunity structure” (Esping-Andersen, 2015, p. 126).
This is also something that may be possible to explore using Swedish data.

On this point, it should be uncontroversial to state that the Sweden of 2026
is quite different from the Sweden of 1966. Economic disparities have risen
(especially in terms of wealth), the welfare state has lost some of its compen-
sating properties, and the increasing prevalence of independent schools means
that the encompassing properties of the old comprehensive schooling system
may to some extent have been weakened.”’” As new cohorts progress through
the educational system into adulthood, it should be worthwhile to revisit the
results of Study I and possibly obtain further insights with regard to the ge-
netics of education within this, in important ways, new Swedish institutional
landscape. This would also provide a welcome opportunity to scrutinize the
previous findings by using additional modes of triangulation (e.g., parental
PGI control models); finding ways of accounting for selection into the analyt-
ical sample as well as the underlying GWAS sample; replicating the findings
using the most recent PGI for educational attainment (Okbay et al., 2022); re-
fining the measurements of socioeconomic background; accounting for poten-
tial sibling influences; more adequately addressing possible floor and ceiling
effects; and more.

3.2 Study 1T

The second study retains its focus on the effects of genetic propensities for ed-
ucational attainment, as measured using EA PGI. However, instead of study-
ing the way that the EA PGI influences its target trait (i.e. educational attain-
ment), Study II illustrates how these types of genetics can also have effects
on a different outcome, one with considerable relevance for political science:
political participation. In the paper, I make a conceptual contribution by argu-
ing that education-related genetics can be viewed as a key example of genetic
resources: genetically inherited attributes that individuals can “use” in order
to lower the costs of participating politically. This has implications for how
we should evaluate genetic influences on political participation, since previous
work maintains that differences in participation ought only to be the result of
differences in individuals’ motivation to participate, and not underlying differ-
ences in resources (Verba et al., 1995; Lindgren and Oskarsson, 2023).

2T At the same time, we should note that previous work by economists suggests that, despite
the introduction of the voucher system, the influence of parental background on educational
outcomes has remained relatively stable over time (see Holmlund, 2016).
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In the paper, I then explore whether individuals’ lifetime average voter
turnout is predicted differently by EA PGI depending on their early-life so-
cial contexts, in terms of political engagement, and of socioeconomic status.
The idea that the family context plays a key role in determining whether one
becomes a politically active citizen or not is well-recognized and well-studied
(Beck and Jennings, 1982; Verba et al., 1995; Plutzer, 2002; Jennings and
Niemi, 2014). However, previous work also emphasizes the role of local resi-
dential contexts, or neighbourhoods (Huckfeldt, 1979; Huckfeldt and Sprague,
1993; Persson, 2011; Elder et al., 2023). In the study, I consider both family-
level and neighbourhood-level measures of political engagement and SES, in
order to assess how these factors may act to amplify or constrain the way that
genetic resources unfold with regard to individuals’ electoral participation. As
a particular methodological contribution, I exploit fine-grained geographical
coordinates for individuals in Swedish full-population data combined with a
k-nearest neighbours algorithm to create credible measures of the twins’ prox-
imal neighbourhood characteristics.

Making novel contributions both to the political behaviour literature on re-
sources and political inequality, and to the social science genetics literature
that considers family and neighbourhood factors in studies of GXE, the study
finds evidence that early-life environments that are conducive to participation
— that are high in both SES and in political engagement — tend to reduce the
effect of EA PGIs on voting within fraternal twin pairs. Parental political en-
gagement, in particular, appears to compensate for within-pair differences in
genetic resources. Although the results show some minor differences, these
findings generalize to both first-order and second-order elections. Method-
ologically speaking, this is fortunate in that it serves to alleviate some concerns
that the negative interaction merely captures a ceiling effect. One possible po-
litical implication of the study is that, by increasing turnout and other forms
of political engagement through environmental intervention, we may be able
to reduce the civic reliance on genetic resources in future generations.

One limitation of this study is that it does not take school contexts into ac-
count. It would have been at least as relevant to study school-level measures of
the same environmental factors — for example, the extent to which the parents
of other students at one’s school are politically engaged. Instances of such
parent-of-peer effects have been shown in previous work based on Swedish
registers (Aggeborn et al., 2020). Although school characteristics are likely
to be correlated with neighbourhood characteristics, and may in part capture
the same processes, it would nevertheless be compelling to incorporate the de
facto environment in which children spend a large share of their daily lives. It
would have been possible to create these types of school-level measures with
relative ease, were it not for the fact that the school identifiers in the STR
sample are different from those in the full-population data. With access to
harmonized identifiers, and had the analyses been conducted prior to the inde-
pendent school reform of 1992 (or at least before this reform started to really
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affect families’ schooling decisions), one could also have made a stronger case
that school context was predetermined rather than actively selected. It might
be possible to circumvent this linking issue by using secondary data coupled
with assumptions about school-neighbourhood distances. This is worth con-
sidering in future research on the environmentally contingent effects of genet-
ics on political participation as well as other life outcomes.

Overall, however, the neighbourhood approach as such constitutes a contri-
bution in its own right, adding to a small but growing literature on how genetic
influences on life outcomes vary across residential contexts (e.g. Cheesman et
al., 2022; Silva et al., 2025; Harerimana et al., 2025). Another potentially
fruitful area for future research is to assess genetic influences not only on
collective, institutionalized, and relatively low-cost forms of political partici-
pation, but also on more individualized and more costly forms of political in-
fluence. Doing so would also present an opportunity to assess the same types
of potential methodological caveats mentioned in relation to Study 1. Ideally,
a follow-up study would also include contexts beyond Sweden.

3.3 Using genetic insights to improve social science

As a way of rounding off this part of the chapter, it is worth discussing some
other uses for PGIs and other genetically based methods that are not necessar-
ily about estimating genetic effects for their own sake, but about improving the
study of social and political outcomes more generally. Although it has been
emphasized that within-family identification of PGIs is necessary in order to
estimate genetic influences in a causal and less confounded way, it should be
said that PGIs need not be rendered entirely useless in the absence of family
data, whether in the form of genotyped siblings or parents. Ultimately, the
utility of the PGI will depend on the research question and the qualities of the
research design (Fletcher, 2023).

If the purpose is to isolate the causal effect of a person’s genes on the same
person’s outcomes, then a family design is necessary. If, however, the purpose
is, say, to study the effects of some observed variable (perhaps an environmen-
tal exposure) on some other observed variable (e.g. a specific aspect of politi-
cal behaviour), and if one is worried about confounding from pre-determined
genetic and genetically correlated environmental factors, then a PGI might be
useful in the form of a control variable (cf. Fletcher, 2023; Benjamin et al.,
2024). Whatever effects the PGI captures, genetic or environmental, we can
be sure that those effects occur prior to observed traits (i.e. there is no risk of
reverse causality). Researchers have also noted the utility of including naive
PGls in balance tests (Benjamin et al., 2024). A between-family PGI can also
be informative when it is not the magnitude of the genetic effect that is impor-
tant per se, but the way that the effect changes depending on environmental
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circumstances, though primarily when the environmental factor can be exoge-
nously identified, or plausibly so.

An underrated advantage of PGIs is also that they offer a way of getting
at traits when those traits cannot be directly observed. For example, Swedish
military conscription data have been a useful resource for studying the asso-
ciation between (non)cognitive skills and other life outcomes and behaviours
(e.g. Lindqvist and Vestman, 2011; Oskarsson et al., 2015; Edin et al., 2022;
Biilbiil, 2026). One limitation of these otherwise powerful data is that they
have been available more or less only for men. If we were instead to use a
PGI — which can be created for men and women just the same — to proxy for
cognitive skills, we may not actually need to observe cognitive skills. A PGI
could thus provide us with a way of exploring the link between individuals’
(propensity for) cognitive skills and various life outcomes, regardless of gen-
der. Psychological and personality traits can also be hard to come by outside
of more niche surveys; these are also things that could be proxied using PGIs
(Schwaba et al., 2025). In this sense, PGIs can be used to expand the range
of individual-level variables available to social scientists, albeit as noisy and
probabilistic proxies for traits rather than direct measures of the traits them-
selves. In turn, this can bring new opportunities for studying novel as well as
long-standing social science topics.

More broadly, seen from the perspective of “conventional” social science,
the fact that genetic propensities can influence individual traits, as well as the
environments that individuals are embedded in, points to the significant diffi-
culties in studying causal relationships between social variables using obser-
vational data. As social and political scientists, we are often interested in the
relationships between various, ostensibly social phenomena. Even if one’s in-
terest lies solely with such questions, and even if one has no interest in genetics
for its own sake, it is necessary to consider that those phenomena can partly
lie downstream from genetic factors. This goes for questions about the effects
of environmental contexts on life outcomes, as well as effects of individuals’
traits on their own outcomes.

For example, does one’s educational attainment affect one’s propensity to
vote in elections? Insofar as genetic factors are associated with both edu-
cational attainment and political participation, this can severely overstate the
naive association between these two outcomes (Dinesen et al., 2016; Ahlskog,
2021). Controlling for an EA PGI can present a way to assess whether educa-
tional attainment is associated with voting, net of the shared genetic architec-
ture of these variables that is captured by the PGI. If one’s interest lies in the
contextual effect of one’s neighbourhood of residence, the same EA PGI con-
trol may be useful, since one’s education-related genetics could be predictive
of the neighbourhood that one lives in, as well as whether one votes. Genetic
confounding should therefore be taken seriously, even in cases where the vari-
ables of interest appear, at first glance, to be purely social or circumstantial.
Indeed, even life events that might appear “random” — things that just happen
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to people for apparently no good reason other than brute luck — have also been
shown to be partly influenced by genetics (Bemmels et al., 2008).

In the interest of balance, it is important to note that these kinds of associ-
ations need not only be influenced by predetermined genetic factors, but also
by pre-determined social factors (e.g. related to factors like family SES or
socialization). If one’s interest is solely to study the association between two
social phenomena with greater causal leverage, genetically informed methods
can also be used to adjust for both genetic and social confounding, for exam-
ple through co-twin designs in samples of identical twins (Vitaro et al., 2009;
Ahlskog, 2021; Ahlskog and Oskarsson, 2022; Feng, 2025).

As political and social scientists, we need to arrive at a place where the
genetics of behaviour is, if not studied for its own sake, then at least accounted
for rather than brushed aside as being “not social”, and therefore irrelevant for
social scientific inquiry. Although awareness of the various roles played by
genetic factors in shaping social behaviour has gradually grown, there is still a
long way to go in this regard. As genetically informed methodologies become
better known, and as tools such as polygenic indices become more accessible
to researchers, we may be moving toward a more methodologically rigorous
future.
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4 Reckoning with genetics

In the previous chapter, it has been shown how we can understand life out-
comes such as educational attainment and political participation from a ge-
netic perspective, and moreover how genetic influences on these outcomes
can be conditioned by the environment in different ways. These questions
are primarily of an empirical nature. Nevertheless, few topics are as insepa-
rable from normative considerations as the genetics of social behaviour and
life outcomes. This chapter therefore attempts to chart the normative implica-
tions of genetic contributions for life outcomes. This discussion will then feed
into Study III, which explores how genetic contributions to life outcomes are
interpreted by citizens in relation to inequality.

4.1 Genetics, equality of opportunity, and fairness

Few normative concepts are as widely and readily embraced as that of equal-
ity of opportunity. There is a vast literature on the topic, spanning multiple
disciplines, with authors employing a range of definitions. It is beyond the
scope of this chapter to do full justice to this literature. Nevertheless, to be-
gin with what should be a widely appealing definition, equality of opportunity
can be understood as an institutional regime in which “a person’s chances to
get ahead (attain an education, get a good job) should be unrelated to ascribed
characteristics such as race, sex, or class (or socioeconomic) origin.” (Breen
and Jonsson, 2005, p. 223). Understood in this way, equality of opportunity
becomes closely related to the ideal of meritocracy, as originally (albeit satiri-
cally) conceived by Young (1958), and as expressed in later years (e.g. Miller,
1996; Swift and Marshall, 1997). Although historically also defended for
reasons of efficiency and productivity rather than individual fairness, the nor-
mative appeal of meritocratic equality of opportunity lies in its emancipatory
message: that individuals’ talents and capacities should not be constrained by
the circumstances of their birth. This idea has long held widespread appeal
among academics, policy makers, and the public, encompassing significant
parts of both the right and left (see e.g. Arrow et al., 2000; Bloodworth, 2016;
Mulligan, 2017).

To be sure, the meritocratic ideal has been crucial to both liberal and so-
cialist movements before and after the breakthrough of democracy. A classic
election poster by the youth wing of the Swedish Social Democratic party in
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the 1940s depicts an errand boy casting a resigned glance at the cheerful cele-
bration of a student graduate, crowned with the characteristic Swedish student
cap. The meritocratic message could not have been clearer: “Talented but
poor. Give him an equal chance!” Combined, of course, with a commitment
to addressing inequalities of outcomes, this meritocratic ideal appears as rele-
vant to social democracy today as it did then, as it also does to liberalism. As
regards the current appeal of meritocratic equality of opportunity among the
public, there are numerous studies which suggest that the degree to which cit-
izens see income differences as fair depends on whether they are construed as
a result of dispositional factors like individual ability and productivity, rather
than situational factors like social circumstances (Almas et al., 2010; Starmans
et al., 2017; Almas et al., 2020; Piff et al., 2020; Ahrens, 2022; Wright and
Aldama, 2023).

To this very point, it is difficult to think of something as internal and as
personal as our own unique version of the human genome. Although we need
not necessarily go so far as to call it a blueprint (Plomin, 2018), it may yet
be argued that our DNA is a non-negligible part of who we are as individuals,
being partly constitutive of the attributes and potentials that we bring with us
into the world. From this perspective, it may indeed seem reasonable, as sev-
eral contributors to behaviour genetics and social science genetics have done,
to treat the magnitude of genetic influence on outcomes such as educational at-
tainment as indicative of the level of equality of opportunity in a given society.
After all, genetic contributions to life outcomes such as educational attainment
appear to be well-aligned with the meritocratic ideal. Hence, as summarized
by Rimfeld et al. (2018, p. 269) in their widely cited study on genetic influ-
ences in Estonia before and after the collapse of the USSR, “the extent of
genetic influence on [...] social outcomes can be viewed as an index of suc-
cess in achieving meritocratic values of equality of opportunity by rewarding
talent and hard work, which are to a large extent influenced by genetic factors,
rather than rewarding environmentally driven privilege”. For other formula-
tions along the same lines, see e.g. Heath et al. (1985), Ayorech et al. (2017),
Engzell and Tropf (2019), Lin (2020), Lahtinen et al. (2024), Isungset et al.
(2025), Das and Nollet (2026), and Linarte and Sporlein (2026).

Despite its intuitive meritocratic appeal, this perspective becomes more
contentious as one situates it more deeply within classic perspectives on dis-
tributive justice (cf. Dias Pereira, 2022). In philosophical traditions that em-
phasize the value of self-ownership (e.g. Nozick, 1974), genetic contributions
to life outcomes appear permissible, assuming that the differences that arise
are procedurally just, and not the results of historical injustices. However, a
more complex picture arises as one considers liberal conceptions of equality
of opportunity such as the one famously presented by Rawls (Rawls, 1999,
2001). Rawls explicitly recognizes genetic endowments as being as morally
arbitrary as social advantages, but he nevertheless assigns them a distinct role
within his account of fair equality of opportunity: “those who have the same
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level of talent and ability and the same willingness to use these gifts should
have the same prospects of success regardless of their social class of origin.”
(2001, p. 44). In other words, despite conceptualizing them as “gifts”, Rawls
sees genetic factors as a permissible source of outcome differences under the
assumption that they are not constrained by social origin. At the same time,
when coupled with the difference principle — according to which inequalities
in income and wealth are only permitted so long as they benefit the least ad-
vantaged — Rawls’ conception of equality of opportunity renders genetic en-
dowments intriguingly dual in character, since they also become a common
asset to be harnessed in the interests of the least fortunate. At least with regard
to educational attainment, which we can view as a proxy for what Rawls calls
“offices and positions”, fair equality of opportunity therefore appears to per-
mit a socially equal contribution of genetics as a means of achieving fairness.
At the same time, this requires inequalities in income and wealth to be kept in
check so as to uphold the fair value of political liberty, and of fair equality of
opportunity itself. In other words, equality of opportunity necessitates some
modicum of equality of outcomes.

Rawls is in many ways clear about treating genetic endowments as just as
morally arbitrary as social advantages when it comes to the distribution of
income and wealth. He is also keen on distinguishing his conception of equal-
ity of opportunity from meritocracy, which he defines as “an equal chance to
leave the less fortunate behind in the personal quest for influence and social
position” (Rawls, 1999, p. 91). Still, his discussion about fair access to offices
and positions introduces what appears to be a rather meritocratic sentiment.
As he notes, “if some places were not open on a basis fair to all, those kept out
would be right in feeling unjustly treated [...] [t]hey would be justified in their
complaint not only because they were excluded from certain external rewards
of office, but because they were debarred from experiencing the realization of
self [...] they would be deprived of one of the main forms of human good”
(1999, p. 73). In this sense, Rawls acknowledges that a society in which indi-
viduals are prevented from developing and exercising their talents would itself
be unjust — even if those talents represent morally arbitrary circumstances.

Depending on one’s exact interpretation, for instance with regard to how
strict the difference principle should be applied, fair equality of opportunity
can be used to further both liberal and egalitarian ends (see e.g. Harden, 2021a).
However, any framework that places genetic endowments on a different foot-
ing from social circumstances is bound to attract disagreement from those
subscribing to luck egalitarian perceptions of equality of opportunity (e.g.
Dworkin, 2000; Roemer, 1996; Arneson, 2018; Trannoy, 2019; Sandel, 2021),
and for whom this conception of equality of opportunity would not be egali-
tarian enough. Although there has been some debate concerning what actually
constitutes circumstances and what constitutes luck (Lefranc et al., 2009), the
idea is essentially that individuals make two fundamental draws in the lottery
of life: one in the social lottery, and one in the genetic lottery (Harden, 2021b;
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Conley, 2025). Seen from the luck egalitarian perspective, only factors that are
within individuals’ control — usually understood to include effort and choice —
are permissible as sources of differences in life outcomes.”® Therefore, gen-
uine equality of opportunity, according to the luck egalitarian, requires com-
pensation not only for social disadvantage, but also for the unequal distribution
of genetic advantages. This perspective on equality of opportunity, as applied
to education and other socioeconomic outcomes, also appears to have been
gaining traction within social science genetics. A case in point is a recent
study finding that a comprehensive schooling reform in the UK decreased the
association between EA PGI and socioeconomic outcomes. The authors in-
terpreted this as suggesting a trend towards increased equality of opportunity
(Garcfia-Sierra and Gritz, 2025). There are also other examples of studies that
support, or at least engage conceptually with the luck egalitarian perspective
(see e.g. Hufe and Peichl, 2020; Erola et al., 2023; Gritz and Petrini, 2025;
Cheesman et al., 2025; Muslimova and Rietveld, 2025). If — as suggested by
the results of Study I — genetic influences on education have increased over
time, as well as become more socioeconomically equal, this may therefore be
considered progress from the perspective of fair equality of opportunity. From
the luck egalitarian point of view, however, it would rather seem that we have
traded in one unfair source of educational inequality for another.

The luck egalitarian perspective appears to become especially appealing if
we leave the domain of educational attainment and social status more broadly,
and consider specifically individuals’ influence on political matters via the
democratic process. As we do so, it also becomes clear that we cannot evalu-
ate the distribution of all social goods in the same way (cf. Walzer, 1983). Fair
equality of opportunity would hold that for differences in educational attain-
ment, and to some extent downstream outcomes such as income and wealth,
genetic contributions may be permissible on the basis of reflecting individual
attributes rather than social circumstances. With respect to political offices,
one might also be inclined to argue that it is in the interest of efficiency, at
least, that our elected politicians are the most competent based on their per-
sonal attributes as opposed to their social background (Besley et al., 2017;
Dal B6 et al., 2017). However, it is difficult to argue that differences in more
basic forms of electoral participation, such as voting, are permissible if they
arise from differences in genetically inherited attributes. Basic political voice
is not a good to be distributed according to natural talents, and assuming that
other social goods are unequally distributed, it becomes especially important
not only that citizens are political equals in the formal sense, but that effective
participation differences are not the results of factors that are outside individ-
uals’ control.

28Sandel (2021, pp. 123-124) makes an especially elegant formulation: “[i]f our talents are gifts
for which we are indebted — whether to the genetic lottery or to God — then it is a mistake and a
conceit to assume we deserve the benefits that flow from them”.
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In sum, the moral implications of genetics within discussions about fair-
ness and equality of opportunity remain profoundly complex and deeply con-
tested. The idea that individuals should be free to realize their inner potential
without undue environmental constraints has considerable intuitive appeal —
hence the inclination of researchers to treat genetics as a legitimate part of de-
bates concerning (in)equality of opportunity. As has been shown, however, the
modern social science genetics field presents an increasing diversity of view-
points with regard to whether genetics should be seen as permissible sources
of variation in individuals’ life outcomes. It is likely that this meritocratic
perspective will be further challenged by the luck egalitarian objection that it
is difficult to justify why the benefits that flow from our genetic endowments
should be regarded as any more deserved than those that flow from our social
origins. As has also been made clear, there is likely to be some value in being
domain-specific when we evaluate genetic contributions to life outcomes; it
is not necessarily the case that we can evaluate all domains of life outcomes
according to the same parameters.

The implications of genetic differences for equality of opportunity are there-
fore contestable in two important respects. They will depend fundamentally on
our moral intuitions with respect to what sources of individual advantage can
be considered fair, and as an additional layer, they may differ across different
outcome domains. As for the underlying tension — that is, the difficulty of con-
ceptually separating individual dispositions and talents from arbitrary genetic
circumstances — this is unlikely to be resolved within the foreseeable future.
The tension will endure. For although our genetics and our genetic propensi-
ties are no less unchosen than our social circumstances, it appears much more
difficult to deny their role in constituting who we are as persons (Lefranc et al.,
2009). In discussions of equality of opportunity and fairness, then, genetics is
likely to continue occupying its role as a “special circumstance” (Dias Pereira
et al., 2022).

4.2 Citizens, genetics, and perceptions of inequality

As noted above, few topics are as inseparable from normative considerations
as the genetics of social behaviour and life outcomes. Moreover, it is gener-
ally difficult for researchers in social science genetics to avoid questions about
the broader political and societal implications of their findings. One important
dimension of this concerns how citizens understand and interpret evidence of
genetic contributions to complex social outcomes. While the field has in many
ways ushered in a new research paradigm in which monogenicity has been
replaced by polygenicity, where determinism has given way to probabilism,
and where gene-environment interplay is assumed to be the norm rather than
the exception, it still remains quite unclear how ordinary citizens make sense
of genetic explanations for life outcomes. This is especially surprising given
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the context of historical controversies surrounding the genetics of inequal-
ity and its implications for politics (see e.g. Goldberger, 1979; Rose et al.,
1984; Goldberger and Manski, 1995; Rosanvallon, 2000; Manski, 2011; Con-
ley and Fletcher, 2017; Rietveld, 2025), combined with the concerns raised in
some previous work about the potential consequences of encouraging citizens
to think about life outcomes as being traceable back to differences in DNA
(cf. Dar-Nimrod and Heine, 2006, 2011; Phelan et al., 2013; Suhay and Ja-
yaratne, 2013). Understanding how citizens interpret genetic contributions to
life outcomes is important not only because it can inform us about how people
understand inequality and how such understandings might in turn shape their
social and political attitudes, but also because it may say something about how
social science genetics is received beyond the narrow sphere of academia.

As suggested in previous survey research, citizens tend to be meritocrats in
the sense of being more tolerant of inequality if individuals’ internal disposi-
tions are the cause of that inequality, rather than socially ascribed character-
istics. However, the literature on which these insights are based has largely
neglected the role of genetics. Given the complex and contested role of genet-
ics in debates surrounding fairness, it is, theoretically speaking, not entirely
straightforward whether citizens are more likely to interpret genetics as a sig-
nal of fair dispositions or as unfair circumstances. It may be, as has been
suggested in previous work (e.g. Dar-Nimrod and Heine, 2011), that citizens
will interpret genetics as a legitimate source of socioeconomic inequality. This
has at least been suggested empirically by one study (Goya-Tocchetto et al.,
2016). At the same time, contradictory evidence has recently been provided
(Pogliano, 2024). Given the paucity of studies on this topic, it remains unclear
whether citizens are, as it were, merely surface-level meritocrats, or whether
they are also, in fact, “genetic meritocrats”.

Another crucial dimension of this topic concerns whether citizens also in-
terpret findings of genetic influence as suggesting that life outcomes are ge-
netically immutable. There has arguably been a tendency to conflate these
two dimensions, despite the former being about normative evaluations, and
the latter about descriptive evaluations. The latter is nevertheless something
that has been a particular source of concern, since genetic determinism may
erroneously lead people to believe that government intervention is ineffectual
—regardless of what normative parameters we use to evaluate inequality. After
all, someone might say, can there be any argument with biology (cf. Rose et al.,
1984)? Although the existing social science genetics literature together with
Studies I and II of this thesis makes clear that genetic influences are inherently
probabilistic and environmentally contingent, there are nevertheless signs that
the way that people instinctively think about genetics tends to draw them to-
wards deterministic and fatalistic interpretations of what it means for some-
thing to have a genetic etiology. The idea that discrete changes in genotype
make for discrete changes in phenotype — Mendel’s round and wrinkled pea
seeds come to mind — still appears to be a deeply ingrained mental figure. This
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tendency was likely not helped by the candidate gene era, during which studies
for all intents and purposes appeared to be discovering one “gene for X’ after
another (cf. Ritchie, 2020). Previous survey-based work has also illustrated
the power of genetic insights to foster more deterministic and essentialist atti-
tudes and perceptions (e.g. Dar-Nimrod and Heine, 2006, 2011; Phelan et al.,
2013; Parrott and Smith, 2014; Schmalor and Heine, 2018; Morin-Chassé,
2020; Nam and Sawyer, 2023). To the author’s knowledge, however, there
have been no specific investigations into whether genetic explanations for so-
cioeconomic life outcomes lead citizens to adopt more deterministic percep-
tions of socioeconomic inequality, in the sense of weakening their belief in the
feasibility of government intervention. Given what we now know about the
complex and remote nature of genetic influences on complex life outcomes,
findings to this effect might be a cause for pause.

4.3 Study III

Study III contributes with a novel investigation of whether and how knowledge
about genetic influences on socioeconomic outcomes affects citizens’ percep-
tions of inequality — both in terms of perceived possibility of reducing so-
cioeconomic differences, and in terms of the fairness of reducing such differ-
ences. The study is based on an original, pre-registered, country-comparative
information provision experiment (Morton and Williams, 2010; Haaland et al.,
2023; Stantcheva, 2023). In brief, information survey experiments provide a
way of causally testing for “effects of specific information on outcomes, such
as policy views or individual choices”, and to study “the impact of correcting
misperceptions and checking belief updating” (Stantcheva, 2023, p. 226).

This particular information provision experiment was fielded in the United
States (N=2,003) and in Sweden (N=2,005) in 2024, in collaboration with
YouGov, a well-known international survey data provider. Representative
samples with regard to age, sex, educational attainment, and region of resi-
dence were collected in both countries for the purpose of studying the attitudi-
nal effects of genetic explanations for socioeconomic outcomes. Each survey
contained three groups: one pure control group and two treatment groups.
Although contemporary survey experiments often include a larger number of
treatment arms, the decision to limit the study to two treatment arms was mo-
tivated by a desire to maximize statistical power, especially given the ambition
of the study to go beyond average treatment effects and identify heterogeneous
treatment effects.

The respondents in the two treatment groups were provided with a con-
cise, text-only, twin study-based genetic explanation for individual-level dif-
ferences in education and income. As a way of scrutinizing the respondents’
normative reactions to genetic explanations for life outcomes — and as a way of
directly incorporating the circumstantial nature of genetics into the normative
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equation facing the respondents — the two treatment groups were provided one
of two otherwise identical treatment variants: one that neutrally discussed the
role of genetic differences between individuals, and one that explicitly framed
genetic differences as outcomes of the genetic lottery. The purpose of this
treatment was then to explore the extent to which, and the direction in which
a sizeable (and possibly inflated) genetic explanation for socioeconomic out-
comes affected the American and Swedish citizens’ perceived possibility for,
and perceived fairness of their respective governments reducing differences
in these outcomes.?’ Beyond testing whether the information treatment influ-
enced the respondents’ responses to these more principled questions concern-
ing government intervention, the survey also measured citizens’ support for
redistributive policy proposals, and attitudes in relation to equal opportunity.

Overall, and despite treatment groups of considerable size, the effects on
the main outcomes were small and mostly not statistically significant. These
modest effects are likely attributable to the fact that the respondents reported
relatively high prior beliefs. That is, the respondents reported a perceived
importance of genetic differences for education and income that put most of
them rather close to the 50 percent heritability estimate provided to them in the
information treatment, thus making it difficult for the treatment to manipulate
them in any significant manner. As discussed in the paper, it remains unclear
whether this should chiefly be interpreted as constituting the respondents’ true
beliefs, or as constituting an example of central response bias.

That said, the results do not provide any clear evidence that the respondents
reduced their belief in the effectiveness of government intervention, nor their
belief in its fairness. Contrary to expectations, the patterns instead suggest that
respondents reacted to the treatment by increasing their belief in both the pos-
sibility and the fairness of government efforts to reduce differences in income
and educational levels. These patterns were also partly clearer when assess-
ing the treated respondents whose posterior beliefs exceeded their prior beliefs
(i.e. they complied with the treatment and increased their genetic attribution).
Notably, there were also relatively consistent, positive effects on respondents’
support for redistributive policy proposals. While one of the key contributions
of the study is its comparative design — covering two rather different country
contexts with respect to culture and politics concerning inequality — the ex-
periment did not show substantial differences between American and Swedish
citizens. This is probably attributable to the experiment’s limited ability to
shift respondents’ beliefs. Having said this, the patterns of increased belief
in and support for government intervention were more consistent among the

29The reasoning behind using twin study estimates to inform the importance of genetic differ-
ences, and not GWAS, was that it is substantively more relevant to assess the effects of a larger
genetic contribution, especially given that GWAS might one day approach the heritability es-
timates from twin studies. From a purely methodological standpoint, using a larger estimate
also increased the likelihood that the experiment would be able to manipulate the respondents’
existing beliefs.
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Swedish respondents. As an example, the treatment appears to have caused a
sizeable increase in Swedish citizens’ support for progressive taxation.

In other words, whereas previous research has shown that dispositional ex-
planations for inequality are related to higher acceptance of inequality — and
thus a lower acceptance of government intervention — this study does not pro-
vide clear indications that those results extend to genetics. Rather, they indi-
cate that citizens (at least in more egalitarian Sweden) may interpret genes not
as indicators of fair merit, but as unfair circumstances that lie outside individ-
uals’ control. This at least seems to be the case when it comes to economic
disparities. The overall results of the paper remain inconclusive, however, and
further studies are needed in order to replicate them, preferably using larger
samples, and using variations in treatment strength.

Even with its limitations, the study provides novel insights into how lay
citizens could perceive socioeconomic inequalities and the role of political in-
tervention in the face of genetic explanations for life outcomes. Notably, it
contributes to building a much-needed research literature about the broader,
societal consequences of a social science genetic approach to social life out-
comes. Interest in these topics is likely to increase in the coming years, and
this study will hopefully serve as a resource for future inquiries into how re-
sults from social science genetics are received by the public. Even with the
results from this study, it remains crucial for researchers to be vigilant, and to
communicate their results in a careful and nuanced way. As genetic perspec-
tives become increasingly integrated into the study of social life outcomes,
understanding not only what they reveal about our societies, but also how they
are interpreted by the citizens within them, will remain an essential task for
social science genetics.
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5 Closing remarks

This thesis makes novel contributions to the study of genetic influences on
social life outcomes. First of all, it highlights the intricate ways that genetic
effects on educational outcomes and political participation can be conditioned
by environmental factors. Building on a multi-level understanding of gene-
environment interaction, and leveraging the various strengths of Swedish twin
data combined with high-quality registers, Studies I and II show — in their own
distinctive ways — how the causal effects of possessing genetic variants asso-
ciated with educational attainment can differ across environmental contexts
ranging from the immediate family context, the residential environment, to
the level of society itself. The studies provide evidence that genetic influences
can be both amplified and constrained by favourable early-life circumstances,
as evidenced by the contrasting findings in studies I and II. Study I also high-
lights how social, political and institutional developments at the societal level
towards equality of opportunity can be reflected in the association between
genetics and education.

Specific ways of improving on these studies have already been discussed, as
have more concrete suggestions for future research based on them. As a more
general suggestion, the social science genetics field should continue to benefit
from adopting a “holistic” understanding of the environment, one that seeks to
contextualize findings with respect to the particular sample that is used and the
societal context that has shaped the individuals that are part of it. Additionally,
most of the existing research on gene-environment interplay in recent years
has focused on environments that, while correlating with many other things
as well, essentially consist of other people, whether parents, neighbours or
classmates.

It might prove beneficial for the field to also consider the role of more con-
crete environmental hazards, with just a few interesting examples being heavy
metal toxins (e.g. lead), particle pollution, and other airborne threats to in-
dividual development. One basic reason for doing so is that such exposures
may capture qualitatively different aspects of the environment than those cap-
tured by family, school, or neighbourhood characteristics. Even though they
may be correlated with parental factors, residential sorting, and other forms of
social disadvantage (but see Erixson et al., 2024), they are not necessarily re-
ducible to these factors. These types of environmental exposures fit naturally
into existing GxXE frameworks (e.g. Zhang and Belsky, 2022), perhaps even
better than many of the environments that have so far received more attention,
because they have relatively direct developmental consequences. Lead, for
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one, is known to be able to have severe negative effects on early-life cognitive
development and later health outcomes. Importantly, this is also an exam-
ple of a toxic substance that has been significantly reduced in many advanced
democracies as a consequence of forceful policy interventions (Grénqvist et
al., 2020). If we are interested in understanding the implications of policy
choices for genetic associations — as we very much should be — airborne lead
pollution and similar environmental hazards present intriguing cases to con-
sider in future work.

At the same time as the social science genetics field has ushered in a new re-
search paradigm when it comes to understanding the various intricacies of ge-
netic influences on complex life outcomes, our knowledge has lagged behind
with respect to how citizens — those to whom this research ultimately speaks,
and who have the ability to shape the direction of politics — receive and inter-
pret findings about genetic contributions to life outcomes. Another important
avenue for research concerns how the genetics of political orientations (e.g.
Alford et al., 2005; Hatemi et al., 2014; Ahlskog, 2024) are interpreted by
citizens in relation to views on democracy and political outgroups. Pessimisti-
cally, genetic explanations for why we think differently about politics could
lead to increased outgroup hostility. However, and more optimistically, if po-
litical disagreement is construed as partly reflecting innate differences between
individuals, it could also be seen as a cause for greater tolerance of opposing
viewpoints. Apart from widening the scope to include these topics, it will be
important for the field to continue building an understanding of how genetic
explanations for life outcomes, especially contentious ones such as education,
income, and other factors that contribute to socioeconomic status, might in-
fluence citizens’ as well as politicians’ perceptions of immutability, fairness,
and the legitimacy of politics as a means of addressing social and economic
disparities.

In the end, what each of us takes away from the fact that genetics con-
tribute to behaviours and life outcomes, and from the evidence that genetic
contributions may be accentuated or reduced in specific environments, will
undoubtedly differ. Knowing history, we should not overlook the fact that ge-
netic explanations for behaviours and life outcomes have been exploited as a
way of denying individuals their most basic forms of human dignity (Mukher-
jee, 2016; Harden, 2021a; Rutherford, 2022; Harden, 2023). No doubt, the
hereditarian right has its lessons to learn about the various environmental con-
tingencies of genetic effects, and of the senselessness of deriving dignity from
DNA. The blank-slate left, for its part, needs to become better acquainted with
the notion that individuals are much more than mere cultural products, and,
importantly, that the way that we design our institutions, and the ways that
we choose to address socioeconomic and civic inequality, can actually have
an impact on the relationship between genetic inheritance and individual life
outcomes.
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There is an unfortunate irony in that people who would prefer that genetic
differences were inconsequential for social behaviour, as they are confronted
with empirical findings to the contrary, tend to default to a deterministic under-
standing of what it would mean for genetics to be related to social behaviour.
And precisely because such genetic determinism appears to challenge an on-
tology in which the individual is understood primarily as the product of social
forces — and, with it, the optimistic belief that inequalities can be addressed
through social and political intervention — they dismiss the research outright
rather than engage with its multifaceted empirical and normative implications.
Given the speed with which genetic insights into social behaviour are accu-
mulating, it is arguably no longer possible to proceed as if genetic factors are
inconsequential for individual social behaviour. We cannot brush genetic evi-
dence aside as being irrelevant to inquiries into social and political behaviour,
nor can we ignore it in normative and political debates about equality of op-
portunity (and of outcomes), meritocracy, and fairness. There is no doubt that
the question of how we ought to view the presence of genetic influences on
individual life outcomes is profoundly political. But once again, acknowledg-
ing that genetics matter does not in itself necessitate any specific normative or
political conclusions. Genetic contributions to life outcomes do not constitute
the end of the debate concerning inequality, but the beginning.
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