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I

Abstract

In political science literature, the development of social trust is often explained in terms
of the influence of different environmental factors, socioeconomic status (SES) being
one of the most important. Yet, even though there is empirical support of a genetic
component in the expression of social trust, less is known about its interaction with
environmental factors. The present study aims to explore heritability of social trust
across socioeconomic status using a twin-design that tests potential gene-environment
(GxE) interactions. Moreover, the study explicitly tests the hypothesis that different
levels of SES may moderate the influence of genetic and environmental effects on social
trust. Data comes from the Swedish Twin Registry and consist of 1535 twin pairs
born between 1943–1959. Social trust was measured through self-report on a scale
of 1–10. Socioeconomic status was assessed as a dichotomized variable of high/low
SES, determined on the basis of the father’s occupation during the twin’s childhood
or adolescence. To test whether SES interacted with genetic and environmental effects
for social trust, I used structural equation modeling (SEM). Results from the best fitting
model show that social trust has a significant genetic component, with an estimated
heritability of 0.41 in low SES and 0.33 in high SES. Results showed no evidence for a
significant difference in heritability between low and high SES. Accordingly, it can be
concluded that the results of the study do not support the hypothesis that SES moderate
the influence of genetic effects on social trust.
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Introduction 1

1 Introduction

Generalized interpersonal (social) trust is widely regarded as an essential part of social
science theory (Bauer & Freitag, 2017). A large number of studies quite consistently
show that high levels of social trust correlates with a wide-ranging number of outcomes –
typically considered normatively desirable – on a societal and individual level. To name
a few, societies in which people expect the trustworthiness of others, are also more likely
to have greater economic growth (Bjørnskov, 2012), experience less corruption (Rothstein,
2013), have better working democratic institutions (Newton, 2001) and be more effective
in overcoming collective action problems (Ostrom, 1998). On the individual level, people
who trust each other, are more likely to experience feelings of wellbeing and are more
inclined to be active in civic organizations and participate in politics (Helliwell & Wang,
2011; Uslaner, 2002).

As for the mechanisms responsible for the formation of social trust amongst people the
literature is less conclusive, and some scholars have resorted to words such as mysterious
or puzzling to describe its nature (Nannestad, 2008; Rothstein, 2013). Broadly speaking
however, the Geist of most present causal hypotheses is that social trust is the result of
environmental factors that can be understood either through early familial socialization,
social-learning or political-institutional frameworks (Nannestad, 2008; Sturgis et al.,
2010). Moreover, empirical findings indicate that social trust differs between individuals
and across populations partly as a function of socioeconomic measures such as income,
education level and occupation (Delhey & Newton, 2003; Huang, Maassen van den Brink,
& Groot, 2009; Rothstein, Holmberg, & Akrhede, 2017; Uslaner, 2002). For example,
in a Swedish survey with a total of 17 000 respondents it is found that the percentage
of so called “high trusters” range from 47% to 73% depending on occupational status
(Rothstein et al., 2017). The question posed in the survey is “Generally speaking, would
you say that most people can be trusted or that you can’t be too careful in dealing with
people?” . This question – or some variation of it – is commonly referred to as the “trust
question” and has been the workhorse for scientist and major research institutes trying
to measure social trust (WVS; OECD; World Bank; SOM-Institute; GSS).

Within the field of behavioral genetics, extensively replicated results from studies utiliz-
ing Monozygotic (MZ) and Dizygotic (DZ) twins to infer heritability, have found that
virtually all observed phenotypic traits are to some degree genetically heritable (Pold-
erman et al., 2015). Venturing into this realm, another explanation has been proposed,
namely, that trust to some extent is likely to be genetically influenced (Cesarini et al.,
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Introduction 2

2008; Dohmen, Falk, Huffman, & Sunde, 2011; Hiraishi, Yamagata, Shikishima, & Ando,
2008; Sturgis et al., 2010). In this context, one of the most interesting findings from a
political sciences perspective is that social trust as measured with the “trust question” is
estimated to have an additive genetic component of 0.33 for males and 0.39 for females
(Oskarsson, Dawes, Johannesson, & Magnusson, 2012).

Nonetheless, exciting the results indicating a genetic basis for social trust are, a more
intriguing question is whether different environmental exposures, such as Socioeconomic
status (SES) might moderate the influence of genetic and environmental effects on social
trust. Within genetics this is referred to as Gene-environment (GxE) interactions. The lack
of such considerations is explicitly pointed out as a concern for the estimated variance
components by Sturgis et al. (2010), however, results from genetic research suggest that
there are significant interactions between the genes and environment in human behavior.
For instance, a study on Swedish twins showed that the genetic component on antisocial
behavior in adolescents was more important in socioeconomically more advantaged
environments, whereas the effect of the environment was higher in adolescents in
socioeconomically less advantaged environments (Tuvblad, Grann, & Lichtenstein,
2006). This observed pattern – in which the influence of genetic factors is more likely
to become expressed in the most favorable environment – has been explained in the
light of the ‘social push hypothesis’ (Raine, 2002) (see Theoretical framework in this
study). Another classic example of a gene-environment interaction hypothesis following
the same pattern is the so-called ‘Scarr-Rowe effect’, after psychologist Sandra Scarr.
It predicts that low SES will have a moderating effect on the heritability of children’s
Intelligence quotient (IQ) (Scarr & Weinberg, 1977). This is particularly telling for
possibility of a gene-environment interaction on social trust since the two – through
multivariate analyses – have been found to be phenotypically related (Oskarsson et al.,
2012).

1.1 Research Aim

The present study aims to further explore heritability of social trust using a data set of
twins and incorporating a model that takes into account potential gene-environment
interactions. I explicitly test the hypothesis that different levels of SES may moderate
the influence of genetic and environmental effects in social trust (Raine, 2002; Scarr &
Weinberg, 1977; Tuvblad et al., 2006). The study was guided by the following research
questions:

• To which extent genetic, environment components and their interaction affect the
expression of social trust?

• Does SES moderate the influence of genetic and environmental effects in social
trust?
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Introduction 3

The conventional ACE approach is used to derive genetic heritability for social trust
on a sample of 808 MZ and 627 same-sex DZ twin-pairs born between 1944-1958 from
The Swedish Twin Registry (Magnusson et al., 2013). The sample is stratified into two
groups, on the basis of a dichotomized variable of low/high SES. Social trust is measured
with the long-standing “Trust question” and SES is measured by the occupation of the
twin’s father during childhood or adolescence utilizing Statistic Sweden’s Socioeconomic
Index (SEI).

The rest of the thesis is structured as follows: First, the theoretical background and
relevant literature underlying the research question is reported; second, I write about the
classic twin design and structural equation modeling used to estimate ACE components;
third, the twin sample and measurements are described; lastly the results of the study
are presented, followed by a discussion and conclusion.
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Theoretical Background and Previous Research 4

2 Theoretical Background and Previous
Research

In this section the theoretical background and previous research is presented. Behavioral
Genetics and its relevance for political science is first discussed. This is then followed
by an overview of the mechanisms underlying GxE interactions and how SES might act
as a moderator for heritability. Before summarizing and formulating the hypothesis,
previous research within political science concerning the formation of social trust is
discussed.

2.1 Behavioral Genetics and Genopolitics

Behavioral genetics is the branch of psychology that attempts to disentangle the relative
importance of genes and environment in shaping human behavioral traits and attitudes.
From starting out as a somewhat controversial sub-field, spurring for example the nature
vs. nurture debate (Galton, 1874), its findings and contributions in the understanding
of human behavior are nowadays widely recognized (Plomin, DeFries, Mcclearn, &
McGuffin, 2008). Partly because of the initial controversy, studies that have found a
genetic basis in human behavior have been extensively replicated. An extract of some
important findings that have endured substantial robustness checks include:

• "All psychological traits show significant and substantial genetic influence",

• "No traits are 100% heritable" and

• "Heritability is caused by many genes of small effect" (Plomin, DeFries, Knopik, &
Neiderhiser, 2016)

The impact the use of genetic methods has had for the behavioral sciences (not to mention
medical sciences in a field such as epidemiology) notwithstanding, it is still a peripheral
approach in the social sciences. For this reason and even though the most commonly
used statistical methods for deriving heritability, such as the twin design used in this
thesis, do not necessarily require knowledge of the biological basis of heredity, a brief
background of the chemical and physiological process by which complex phenotypic
traits, behavioral or otherwise, may be influenced by genetics is in order.
The technical definition of heritability is: "the proportion of total variance in a population
for a particular measurement, taken at a particular time or age, that is attributable to
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Theoretical Background and Previous Research 5

variation in additive genetic or total genetic values" (Visscher, Hill, & Wray, 2008a,
p. 255). By this account what we are interested in, is what makes humans, in terms of
genetics, to vary. The answer to this question is found in our genes. The Human Genome
project (HGP) has estimated that humans have between 20.000 and 25.000 genes. Out of
these, the vast majority are identical and only approximately 1% vary and explain the
difference between individuals. A variant form of a gene, that is the 1%, is referred to an
allele. Humans are diploid organisms, meaning that at a fixed position on a chromosome
called locus (loci for plural) we will have at least two alleles, one inherited from our
mother and one inherited from our father. Depending on the frequency in a population
they are either called minor (a) or major alleles (A), minor being the less frequent and
major more frequent. The genotype at a specific locus is the composition of major and
minor alleles which can take one out of three forms (aa, AA and Aa), the first two are
called homozygous and the last hetrozygous. This provides a way to measure the effect
of loci for the phenotype, or trait, if the effect is additive, meaning that the effect of
loci is associated with the average effect of its corresponding alleles. How are different
alleles created in the first place? Our genes are made up of Deoxyribonucleic acid (DNA)
molecules or more specifically base pair nucleotides that make up the double helix form
of the DNA. Depending on the gene, the number of bases differ from a few hundred to
over 2 million. Occasionally mutations occur in our genes often related to errors in the
process of copying of DNA resulting in different variants of the same gene, that is alleles.
Dominance and Epistasis effects should also be mention. Dominance effect refers to the
fact that one allele can mask or surpress the effect of its corresponding allele. If this is the
case the effect of loci is no longer additive. Epistasis occurs when the effect of one locus
is dependent on another locus. This is also sometimes called gene-gene interaction.

One of the most important insight in behavioral genetics is that all phenotypic traits
are assumed to be influenced by both environmental and genetic factors, which can be
formally noted as P = G + E (Plomin et al., 2016; Polderman et al., 2015). The relative
weight of these factors is what some political scientists have been trying to disentangle
under the name "Genopolitics". The first academic paper was published in The American
Political Science Review by Alford, Funk, and Hibbing (2005). The results from their
study showed that individual differences in political orientations, partly is explained by
genetic factors. Following this study, several other papers have examined the genetic
architecture of poltical attitudes and behavior. For example, voter behavior and social
trust has also been found to be influenced by genetics (Hatemi, Medland, Morley, Heath,
& Martin, 2007; Oskarsson et al., 2012; Oskarsson, Thisted Dinesen, Dawes, Johannesson,
& K. E. Magnusson, 2017). The subfield of Genopolitics has also generated some critique,
most notably by Charney and English (2012). This critique is mainly focused on so
called candidate gene association studies that attempt to explain political behaviors or
attitudes with specific genotypes and not the use of twin-designs. Assumptions and
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possible limitations related to the use of twin methodology will nonetheless be address
in later sections of this thesis.

2.1.1 The Mechanisms of Gene-Environment Interaction

Up to this point, I have focused on some of the main concepts of heritability and
concluded behavioral genetics assumes that complex phenotypic traits are made up of a
genetic as well as an environmental component, i.e. P = G + E . However, the effect of
the genotype on the phenotype can also vary as a function of the environment, this is
referred to as GxE interaction1. Thus, under circumstances were an interaction between
genotype and environment affect the phenotype, we can state that:

P = G + E + (G× E) (2.1)

Moreover, the variance of the phenotype can be expressed:

Var(P) = Var(G) + Var(E) + Var(G× E) (2.2)

This can be exemplified with an example from plant biology in which we have two
initially identical set of plant seeds – for the sake of simplicity we can call them A and B.
Population A is then given optimal conditions whereas the conditions for B constitute the
bare minimum for the population to survive. What we can expect to observe is: 1) Plants
from population A are on average going to be taller. 2) The phenotypic variance around
the mean is going to be greater in population A, meaning that the genetic disposition
is allowed to be more pronounced. This can also be described as the environment
having a mediating effect on population A and a moderating effect on population B. In
actuality this means that the estimated heritability, or proportion of phenotypic variance
accounted by genetic variance may be different depending on the environment.

How significant the effects from GxE interactions are dependent on the plasticity of the
phenotype, which can also be described as the genotype sensitivity, or susceptibility to
the environment. A conceptual representation of phenotypic plasticity is presented in
figure 2.1. In the first example of the diagram (a) there is no interaction and the genotype
solely responsible for the expression of phenotype, in (b) both the environment and
genes affect the phenotype as the levels for genotype A and B are different depending
on the environment. GxE interactions are still not present which can be understood by
the linear development across environment. Both (c) and (d) represent examples of GxE
interactions since the trait development is non-linear or in other words, the expressed

1Although delving further into this phenomenon does not lie within the scope of this thesis it can be noted
that genetic research from the last two decades also shows that the environment we are exposed to is
not completely random and that genetics to some extent influence the environment we are exposed to.
This is referred to as gene-environment correlation and implicates that some observed environmental
effects on the phenotype might actually be influenced by genetics.
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phenotype is not just a product of genetic and environmental factors, but also a product
of an interaction effect between the two, independent of their main effect.

Figure 2.1: Genotype plasticity

Source: Danielson-Francois, Kelly, and Greenfield (2006)

To illustrate how the mechanisms of G× E interactions can work on the molecular level,
a human genetic disorder known as Phenylketonuria (PKU) is particularly instructive.
PKU is a dysfunction in the metabolism which affects the body’s ability to convert the
amino acid Phenylalanine into Tyrosine. Tyrosine is important for the formation of
neurotransmitters which are essential for our brains to function. Left untreated PKU
can lead to severe intellectual disability and seizures. PKU is caused by a mutation
in the PAH gene located in chromosome 12 (12q22-q24.2) and controls the genetic
coding of the enzyme Phenylalanine hydroxylase responsible for breaking down and
converting Phenylalanine to Tyrosine. Phenylalanine is found in most foods although
the levels are relatively higher in high protein foods such as dairy products, meat and
nuts. The treatment consists of a meticulously measured low-phenylalanine diet and
typically results in the patient having none- or only moderate symptoms. This means
that although PKU by definition is 100% genetical, whether or not it is expressed in the
phenotype depends completely on the environmental exposure, in this case diet. Thus,
reverting back to the notation for phenotypic expression presented in the beginning
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of the section: P = G + E + (G× E) , we can say that that in the case of PKU, the
phenotypic expression is almost exclusively a result of the (G× E) part of the equation.

2.1.2 Socioeconomic Moderation of Social Trust Heritability

How might SES moderate heritability of social trust then? The logic is in essence
the same as in the example with the plants from the previous section, were some
environments do not allow the genetic disposition to be equally pronounced as in
others. Following the impressive feat of successfully sequencing the complete human
genome in 2003, we have just begun to understand the molecular mechanisms behind
GxE for some complex behavioral traits. In a landmark study from 2018 for example,
were the sequenced genome of approximately 1.1 million individuals was analyzed,
1,271 genome-wide significant single-nucleotide polymorphisms (or simply SNPs) for
educational attainment were found (Lee et al., 2018). As we will see however, scientist
deploying other methods than molecular analyses, such as twin or adoption studies,
found causal evidence for the pattern of SES moderating genetic influence for several
behavioral phenotypes much earlier than this. Before going into these examples let
me say that – examining potential GxE interactions should be of both theoretical and
practical relevance for social scientists. First of all, it can help us understand in which
environments biology is allowed to “shine through” as formulated by Raine (2002,
p. 314). This could have real policy implications. For example, if variation for an
outcome like social trust is explained less by genetic factors and more by environmental
factors in a low SES neighborhood compared to high SES neighborhoods, this would
suggest that low SES neighborhoods might benefit more from interventions trying to
raise the general living standard. Hence, decreasing the environmental hindrances for
people more predisposed to develop trusting attitudes. Conversely, in areas of high
SES neighborhoods that already allow for greater genetic variation, individual rather
than systemic interventions might be more effective. From a theoretical perspective it
is a valuable confounder that has the potential to shed new light on the mechanisms
of a previously observed correlation between an environmental exposure and a certain
outcome, typically investigated from a strict environmental perspective. A clear example
on the importance of understanding the etiology of human behavior partly as the result
of complex interactions rather than through the lenses of an outdated Nature vs. Nurture
debate, is a study on criminal behavior in Swedish adoptees (Cloninger, Sigvardsson,
Bohman, & von Knorring, 1982). In the study, a sample of 862 Swedish male adoptees
was divided into four groups depending on whether their biological parents were
criminal or not and on how they were raised by their adoptive parents. The results are
illustrated in table ?? and especially striking is that 40% of the men, displayed criminal
behavior when both risk factors were present. This is notably more than just the genetic
(12.1% ) and environmental (6.7% ) factors accrued, suggesting a substantial interaction
between the two.
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Table 2.1: GxE of antisocial behavior
Postnatal Not Postnatal

Congenital 40% 12.1%
Not congenital 6.7% 2.9%

Source: Cloninger, Sigvardsson, Bohman, and von Knorring (1982)

Various studies have provided evidence for specific measurements of SES to have a
significant moderating effect on behavioral traits, ranging from antisocial behavior
(Raine, 2002; Tuvblad et al., 2006), IQ (Bates, Lewis, & Weiss, 2013; Scarr & Weinberg,
1977; Turkheimer, Haley, Waldron, D’Onofrio, & Gottesman, 2003), alcohol consumption
(Hamdi, Krueger, & South, 2015) and reading disability (Friend, DeFries, & Olson, 2008).
Yet within political science GxE interactions have been sparsely researched. This is
probably explained in large by the fact that behavioral genetic methods is still, very
much, a new approach in political science and that data just until recently has been
limited.

In the present context it is warranted to revert some attention to the fact that tests
on the moderating effect of SES have also produced somewhat inconsistent and at
times contradictory results. Amongst GxE interaction studies of SES and behavioral
traits, IQ is by far the most replicated and in several cases support for the Scarr-Rowe
hypothesis is absent and in some instances the variance accounted by genetics greater
in disadvantaged environments (Tucker-Drob & Bates, 2015). Amongst these, a British
report that showed minimal interactions and no significant difference in estimated
hereditability between low respectively high SES, stand out because of the considerable
sample size of 8716 twin pair (Hanscombe et al., 2012). In a rigorous meta-analysis
Tucker-Drob and Bates (2015, p. 1), pooled the results of previous GxE interaction
reports on SES and IQ, testing for publication biases and between-studies heterogeneity.
Their conclusion was that: “In U.S. studies, we found clear support for moderately
sized Gene × SES effects. In studies from Western Europe and Australia, where social
policies ensure more uniform access to high-quality education and health care, Gene
× SES effects were zero or reversed.” (Tucker-Drob & Bates, 2015). These findings are
of main importance going forward for two reasons. First of all, IQ and social trust are
phenotypically related (Oskarsson et al., 2012). This potentially means that the same
observed pattern, of a national variation on the presence of GxE interactions could be
true for social trust. Secondly, from a global perspective Sweden is one of the most
developed welfare states with social policies including free education and healthcare.
Furthermore, one of the replicated studies in the mentioned meta-analysis utilizes a
Swedish twin sample and a separately conducted study (also a Swedish sample but of
adults twins) confirms that the variance accounted by genetics does not seem to vary as
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a function of SES in Sweden (van der Sluis, Willemsen, de Geus, Boomsma, & Posthuma,
2008).

2.2 The Formation of Social Trust – Previous Research

The formation of Social trust has long been a central topic in the political science literature.
For example, the American voluntary associations that Tocqueville (1838) urged people
to learn from in his magnus opus Democracy in America almost two centuries ago by
stating that “Nothing, in my opinion, is more deserving of our attention than the
intellectual and moral associations of America.”, Robert Putnam, thought to constitute a
space for face-to-face interactions, vital for fostering norms reciprocity and generating
social trust amongst citizens (Putnam, 2000). Although gaining immense popularity
even outside the academic sphere, support for the theory has been mixed when tested
empirically (Nannestad, 2008). In a large study conducted by Uslaner and Brown (2005)
for example they looked at aggregated data on American state-level for the 1970s, 1980s,
and 1990s. What they found was that the causal link seems to be reversed. In other
words that it is social trust that leads to engagement in civic organizations and not the
other way around. Furthermore, what seemed to be the strongest determinant of social
trust was the inequality which increased rapidly during the same period.

Others scholars have instead argued that the quality of political institutions should be
viewed as the springboard for social trust formation (Rothstein & Stolle, 2008; Sønder-
skov & Dinesen, 2016). Following this view, one influential interpretation of the causal
mechanisms at work is that when institutions responsible for policy implementation
(legal and administrative branches) can guarantee procedural fairness, social trust is
generated amongst citizens in society. More specifically Rothstein and Stolle (2008,
p. 456) write that procedural fairness influence “how citizens experience feelings of
safety and protection, how they make inferences from the system and public officials to
other citizens, how they observe the behavior of fellow citizens, and how they experience
discrimination against themselves or those close to them”. The distinction between insti-
tutions responsible for policy implementation on the one hand and institutions on the
representation side (parties, parliaments) on the other, is important because confidence
or trust in the later relies on partisan affiliation rather than principles of impartiality. This
means that voters will trust the representative institutions more if the party on which
they voted on holds power and conversely distrust the representative institutions to a
larger extent in the opposite scenario. Scholars from the institutional school of thought
also deem the socialization theory – in which social trust is rather generated through
social interactions networks and voluntary associations – an insufficient explication
partly based on the same logic. They argue, that there is a scant acknowledgement of the
sometimes divisive and conformist nature of voluntary associations. Although social

Uppsala University Matias Piqueras



Theoretical Background and Previous Research 11

trust is higher within the group it might have the opposite effect towards members of
other associations, i.e. generate distrust (Ibid).

A third school of thought emphasise that social trust is a rather stable attitude or
value that is adopted at an early stage of life through a process of familial socialization
(Dohmen et al., 2011; Stolle & Hooghe, 2004; Uslaner, 2002). A central figure in favor
of this view is Eric M Uslaner. He makes the claim that social trust is a moral value on
the basis that trusting individuals are more inclined to give to charity and participate
in voluntary associations. And, that these values are mainly fostered in societies with
high equality, "Equality promotes trust in two ways. First, a more equitable distribution
of income makes people with less more optimistic that they too can share in society’s
bounty. And optimism is the basis of trust. Second, a more equitable distribution of
income creates stronger bonds between different groups in society." (Uslaner, 2002).

Whether it has to do with the quality of political institutions, the prevalence of civic
engagement and participation in voluntary associations or how much equality a country
enjoys, it is undoubtedly so that the society in which we are part of has a large effect on
how much we trust one another. However, there are still clear individual differences
that can be predicted by SES markers such as income, education level and occupation
(Delhey & Newton, 2003; Huang et al., 2009; Rothstein et al., 2017; Uslaner, 2002). Out
of these it is often interpreted that education in particular is important and represents
both a causal and strong relationship with social trust. The mechanism believed to be
responsible for this is that education exposes individuals to other views that their own
and thus makes them more open-minded, accepting and trusting (Huang, van den Brink,
& Groot, 2011).

Symptomatic of these seemingly incoherent accounts, the Danish political scientist Peter
Nannestad posed the question "What have we learned about generalized trust, if any-
thing?" in an article with the same title. Examining the current state of the main causal
hypothesis laid out above he concludes that "The question of trust is a huge puzzle that
is not even near solution." and that future research should concentrate on replication
and robustness analysis of these (Nannestad, 2008, p. 431-432). It is difficult to disagree
with the necessity of validating which theories hold or not, however it should be noted
Nannestad does not take into account findings that suggest a genetic basis for social
trust (Cesarini et al., 2008; Hiraishi et al., 2008; Oskarsson et al., 2012; Oskarsson et al.,
2017; Sturgis et al., 2010). In the study conducted by Sturgis et al. (2010) they looked at
five items relating to trust from NEO-PI-R (NEO-personality-Inventory) used to deter-
mine a persons personality from the Big-5 (openness to experience, conscientiousness,
extraversion, agreeableness, and neuroticism) (Costa Jr. & McCrae, 1995). They found
that the aspects of trust captured by the NEO-PI-R were all influenced by genetics
whith heritability estimates ranging from 0.14 to 0.31. Oskarsson et al. (2012) were the
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first to explore heritability for the "trust question". Apart from finding a considerable
genetic component of 0.39 for females and 0.33 for men, they found that social trust is
phenotypically correlated with three other psychological traits: extraversion, personal
control, and IQ. In a later study Oskarsson et al. (2017) explored the relationship be-
tween educational attainment and social trust using a discordant twin-design where the
differences attributed to unique environment for MZ twins is analysed (this can be a
powerful strategy for disentangling causal links between environment and behavioral
outcomes) (Vitaro, Brendgen, & Arseneault, 2009). They found that the relationship –
often interpreted as causal – was upward biased due to omission of IQ as a confounding
variable.

How then should the present theoretical landscape be understood in the light of these
findings? First of all, considering the long-standing disagreements it would seem
unproductive to ignore the possibility that part of the reason social trust formation is
so puzzling, might be because it is partly confounded by other factors we have not
looked at so closely. Secondly and arguably more important, saying that that social
trust is influenced by genetics is not to say that environmental factors are not important
and neither is it necessarily to say that they are mutually exclusive. On the contrary,
considering the underlying genetic mechanisms can help us better understand why
environmental factors are important, in some cases provide additional explanatory
power to some of the patterns we’ve already observed and perhaps even – to some
degree – synthesise what we know about the individual- and societal determinants of
social trust to a more coherent theory. Consider for example the link between equality
and the degree of social trust in society found by Uslaner (2002). If social trust displays
the same pattern of GxE interactions as IQ (heritability does not seem to be moderated
by SES in countries with strong social policies) (Tucker-Drob & Bates, 2015). This would
suggest that genetic mechanisms also explain why equality is important for social trust
formation. Another example, as pointed out by Sturgis et al. (2010) – the observation
that social trust seems to be stable in-between generations is equally supportive of a
genetic basis as it is of familial socialization. A last example, in relation to an interesting
observation mentioned almost in the passing by Rothstein (2013, p. 1013), "People who
for some other reason score high on the social ability to trust and cooperate with others
disproportionately join voluntary associations". What Rothstein refer to as "some other
reason" could in part be due to genetic influence. As suggested by Oskarsson et al.
(2012), not only is social trust genetically heritable but also correlated with extraversion
which at least, to some degree, is associated with participation in voluntary associations
(Bekkers, 2005). In other words, a genetic explanation would in this case support for
Rothsteins claim that trust generated through voluntary associations is mostly an effect
of self-selection.
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2.3 Summary and Hypothesis

To sum up, it should by now be quite evident that the literature on social trust formation
in political science is rather discordant in their conclusions. At the same time there
is growing evidence that social trust in part is influenced by genetics. An interesting
pattern observed for other behavioral traits is that the genetic variation is moderated
by SES. IQ for example which is genetically correlated with social trust, displays this
pattern. This suggests that we might observe similar GxE effect on social trust. Against
this background I arrive at the main hypothesis (H1) of this thesis:

Hypothesis 1 (H1): Heratibility of social trust interacts with SES. Low SES individuals will
display lower levels of heritability and higher levels environmental influence. High SES indi-
viduals will display comparably higher levels of heritability and lower levels of environmental
influence.

Because the sample consists of Swedish twins and Sweden is a comparably egalitarian
country with low inequality and strong social policies there is also the possibility that
GxE interaction effects are not present in this sample (Tucker-Drob & Bates, 2015)(See
this study for reference). Consequently, a second hypothesis can also be formulated:

Hypothesis 2 (H2): Heratibility of social trust does not interacts with SES in a Swedish sample.
Estimates for heratibility and environmental influence will be equal for low and high SES.

It should be noted that the second hypothesis (H2) is in essence the same as the null-
hypothesis and does not in it self evidence the presence of GxE interactions elsewhere.
We would then need counterfactual evidence from other countries.
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3 Research Design and Methodology

This section deals with the design and methods of the study. Firstly, I provide an account
of the univariate twin-design and ACE-model for estimating the phenotype variance
components (Additive Genetic, Shared environment and non-shared environment). This
is followed by a discussion on model assumptions and lastly a brief overview of the
statistical method of Structural equation model (SEM).

3.1 Univariate Twin-Design: Estimating Variance Components
using the ACE-model

Several methods such as animal studies, adoption studies, twin studies and more modern
genomic methods attempting to identify causal variants in DNA, have been developed
for disentangling the relative influence of genetic and environmental factors. To this day
the twin design remains one of the most frequently used because of its simplicity and
ingenuity. It utilizes the fact that identical twins or MZ share 100% of their DNA code
and that fraternal twins or DZ share on average, 50% of their DNA code. At the same
time, both MZ and DZ twin pairs share many common environmental features such as
the same parents, household and other socioeconomic markers. Thus, we can see that in
any given twin-pair both MZ and DZ twins will have two sources of covariance, that
is, shared genes and shared environment. However, DZ twins also have two sources of
variance, segregating genes and unique environment, whereas MZ twins only have the
unique environment as a source of variance. Based on this we can logically arrive to the
conclusion that if MZ twins are more correlated in a population for a measured trait, then
the trait is likely to be influenced by genetics. So how can we make use of the known
sources of variance and covariance to model twin-data we collected and estimate their
relative weight for a measured trait? The most common way is deploying the so called
ACE-model. ACE being an abbreviation of: additive genetic effect, shared-environment
effect and unique environment effect, that is, the variance components assumed to effect
the phenotype 1. Let us look at an example were we first calculate the respective MZ
and DZ correlations and then estimate the ACE components. The equations used in
this section can be found in methodology books for behavioral- or quantitative genetics
(Falconer, 1996; Neale & Cardon, 1992; Plomin et al., 2008). The simulated sample and
computations are my own.

1there are also other alternatives such as the ADE-model that measures both additive– and dominance
genetic effect but not shared environment.
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Suppose we observed the following values for some phenotype (P):

Table 3.1: Simulated twin-sample
MZ DZ

Twin 1 Twin 2 Twin 1 Twin 2
1 2 3 2
4 4 2 1
3 2 3 4
1 2 1 2

Based on this we can calculate variance for twin 1 (t1) and twin 2 (t2) in MZ- and DZ
pairs separately. To calculate the variance for t1 in MZ we would simply

VarMZt1 =
∑n

i=1
(
Xi − X

)2

n− 1

=
(1− 2.25)2 + ···+ (1− 2.25)2

4− 1

=
6.76

3

(3.1)

If we also calculate we the variance for t2 we can then see that covariance t1 and t2 MZ
twins will be

CovMZ =
∑n

i=1
(
Xi − X

)(
Yi −Y

)
n− 1

=
(1− 2.25)(2− 2.5) + ···+ (1− 2.25)(2− 2.5)

4− 1

=
3.5
3

(3.2)

Given the variance and covariance we can calculate the Pearson’s r correlation

rMZ =
Covt1,t2√
Vart1Vart2

=
3.35

3√
( 6.76

3 )( 2.265
3 )

= 0.78

(3.3)

Let’s say we did the same procedure as above for DZ twins. Now remembering that the
MZ twins share 100% of their DNA and DZ twins 50%, both share 100% of the shared
environment and 0% of the unique environment we can see that the correlation for MZ
and DZ twin pairs respectively will equal
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rMZ = h2 + c2 = 0.78

rDZ =
h2

2
+ c2 = 0.49

(3.4)

where h2 is simply the proportion of total phenotype variance that can be attributed to
additive genetic variance, i.e:

h2 =
Var(P)
Var(A)

(3.5)

These initial results are in themselves interesting as they suggest that MZ twins, on
average, are less different from each-other than DZ pairs for this phenotype. However,
at this point nothing can be said about the relative weight of the different variance
components. To calculate this we would use Falconers equation, named after geneticist
Douglas Falconer (Falconer, 1996). The equation is straight forward and states that:
h2 = 2 (rmz − rdz), sometimes also referred to as "double the difference" since we simply
multiply the difference between two Pearson’s r coefficients by 2. In our example we
can see that

0.78− 0.49 = h2 − h2

2
+ c2 − c2

=
h2

2
0.59 = 2 (0.78− 0.49)

(3.6)

We can now conclude that in this simulated example, the proportion of variance between
individuals that can be attributed to additive genetic effect, equals to 0.59. Since we have
used Pearson’s correlation, a standardized form of the covariance, we know that the
total of all variance components must equal 1, to measure the importance of the unique
environment (e2) for the phenotype we can therefore see that

h2 + c2 + e2 = 1

[2 (rMZ − rDZ)] + [rMZ − 2 (rMZ − rDZ)] + e2 = 1

[2 (0.78− 0.49)] + [0.78− 2 (0.78− 0.49)] + e2 = 1

∴ 0.78 + e2 = 1

∴ e2 = 0.22

(3.7)

And lastly, to measure the effect of shared-environment c2 = 1− (h2 + e2) = 0.19. In
conclusion, the estimated heratiability or proportion of variance accounted by additive
genetic effect is 0.59, the effect of shared-environment 0.19 and unique environment 0.22.
Now, a couple of things must be said about the above conclusions. First and foremost,
a number of assumptions had to be made. For example we assumed that the genetic
effect for the phenotype was purely additive i.e. that dominance or epistasis effects were
absent. This assumption along with a couple more will be discussed in the next section.
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Secondly, what is also important to mention is that these estimates do not say anything
about potential GxE interactions. In order to do so we would have to incorporate an
environmental variable into the model. There are several ways of approaching this.
One way is to use a more sophisticated model that is able compute heritability along
a continuous environmental measure as suggested by Purcell (2002). However, in my
thesis I follow the most straight forward way of coping with this, instead stratifying the
original sample into two groups on the basis of a dichotomous environmental variable,
in this case high/low SES and then running the ACE-model twice, once for each subset
(Plomin et al., 2008). We can then compare the difference between the estimates generated
by the the models. If the estimated heritability is found to be higher in the high SES
group and lower in the low SES group, the interpretation is that G × E interactions
likely play a role for the expression of the measured phenotype. Conclusions like this,
should nonetheless, be done with some caution. For example, we cannot simply say that
G× E = h2

A − h2
B. A more compelling alternative is instead to utilize the strength of SEM

– a statistical approach described more in detail in a later section – which can provide
our estimates with the benefit of Confidence interval (CI). If there is no CI overlap, we
can atleast say (from a statistical viewpoint) that the estimates are significantly different.

3.1.1 ACE-model Assumptions

The statistician George Box famously noted that "All models are wrong, but some are
useful" (Box, 1979). The ACE-model is no exception and rests on several assumptions
with regards to the underlying genetic and environmental mechanisms operating for the
phenotype under investigation. In terms of utility then, what lies at its core is, the extent
to which the assumptions can be considered reasonable for social trust. Accordingly, I
shall devote this section to briefly discuss, not all, but the most important assumptions
of the model in relation to social trust, why they are necessary and the implications if
violated. The ACE model makes the following assumptions:

• Trait development is additive. Meaning no dominance or epistasis (gene-gene
correlation) genetic effect.

• Equal environment assumption (EEA). Meaning that MZ and DZ twin pairs share
their environments to the same extent.

• No Gene–environment correlations or interactions for the trait.

• Twins are no different from the general population for the measured trait.

• No assortative mating (mating in the population occurs at random).

While all the assumptions listed above are in essence theoretical, some are also incorpo-
rated out of technical necessity in the way the model is specified, while others mostly
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affect the way we might interpret the estimated parameters. The ACE-models builds
on what is called a variance components approach, which relies on the equation used to
calculate the variance of a sum

Var(X + Y) = Var(X) + Var(Y) + Cov(X,Y) (3.8)

If we did not assume the absence of dominance (D) and epistasis (I) or that genes and
environment are uncorrelated we would very quickly end up with an unmanageable
equation

Var(P) = Var(A + D + I + C + E)

= Var(A) + Var(D) + Var(I) + Var(C) + Var(E)...

+2Cov(A,C) + 2Cov(A, E) + 2Cov(D,C) + 2Cov(D, E)...

+2Cov(I,C) + 2Cov(I, E) + 2Cov(C, E)

(3.9)

However, imposing these conditions we are able to make considerable constraints
(Plomin et al., 2008).

Var(P) = Var(A) + Var(C) + Var(E) (3.10)

The notion that we can expect social trust to develop additively draws on decades of
genetic research that has found that behavioral traits are polygenic, meaning that they
are affected by many genes across the genome (Plomin et al., 2016). This is so widely
accepted within genetics that the "polygenic model" has been called the fourth law of
genetics (Chabris, Lee, Cesarini, Benjamin, & Laibson, 2015). The technical reason we
can’t estimate additive, non-additive and shared-environment effect is associated with
negative degrees of freedom when using SEM if we only have data from twins reared
together. Luckily, intraclass twin correlations can be analysed to detect non-additive
genetic effects. If the MZ correlations are more than twice the DZ correlations, this is
a clear indication that dominance effects are present for the phenotype. Furthermore,
the umx-package in R also allows us to fit both the ADE and ACE model separately
and compare them (see appendix). If the assumption is violated it implicates that the
heritability estimates will be upward biased.

Gene-environment correlation refers to the phenomenon that environmental exposures
are not always completely random and to some extent also influenced by genetics. For
my study this means that if we observe a GxE interaction, it may in part be confounded
by a gene-environment correlation. As a result, we would not be able to tease out the
relative importance of the two. Strictly speaking, the ACE-model also assumes that
GxE interactions are minimal. This assumptions can be relaxed since I explicitly test
the hypothesis of SES moderating social trust by sub-setting the sample. A violation
of this assumption would occur if any observed GxE interaction is caused by other
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environmental factors that have not been measured or tested. This is the same issue as
with any statistical model – we simply can’t test all environmental factors simultaneously.

The EEA assumption should also be mentioned. This is the most basic assumption of
the ACE model and has been both criticized and debated. It has been suggested that
MZ twins are treated more equally than DZ twins (Morris-Yates, Andrews, Howie, &
Henderson, 1990). This is a legitimate concern since a violation implicates that MZ twins
will share their environment to larger extent and therefore bias the estimated heritability
upwards. The most compelling evidence that the EEA is not systematically violated
probably comes from a study that examined samples of twins that had been misclassified
at birth as MZ when they were in fact DZ, or vice versa. In this case we would expect
the estimates in this sample to be biased in the opposite direction if EEA is violated. This
was however not the case as the estimates for the measured traits were consistent with
previous studies (Conley, Rauscher, Dawes, Magnusson, & Siegal, 2013).

3.2 Structural Equation Modeling

As we saw it is possible to calculate ACE components by hand and this is in fact a
good way to illustrate the logic behind twin design. Nowadays however, the standard
analysis method for estimating the ACE components is SEM (Rijsdijk & Sham, 2002). The
strength of SEM lies in the possibility of modeling the relationships between unobserved
(latent) and observed variables while at the same time obtaining standard statistics for
significance testing and model evaluation, something simply not possible following the
techniques laid out in the previous sections. In the context of twin studies, we can say
that the observed variable is the variance in the phenotypic trait – in this case social
trust – and the latent variables are the variance components: Additive genetic influence,
Shared environment and Non-shared environment. Imposing a priori conditions to the model
(MZ twins will share 100% of their DNA whereas DZ twins will share 50% DNA and
that both MZ and DZ twins will share 100% of the common environment) the model
then decomposes maximum likelihood estimates on the relative weight of the variance
components on the observed trait based on the observed correlations between twins. The
full model can be depicted in a path diagram, which is shown in figure 3.1. The double-
headed arrows represent the path coefficients for A, C and E, the single-headed arrows
represent the regression coefficients i.e. the relative effect of the variance component on
the observed trait. The expected variances and covariance components assumed by the
model can also be written in matrix form:

CovMZ =

[
VA + VC + VE VA + VC

VA + VC VA + VC + VE

]
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CovDZ =

[
1
2 VA + VC + VE

1
2 VA + VC

1
2 VA + VC

1
2 VA + VC + VE

]

The models are fitted in R using the umx-package which is specifically designed to
provide accessible templates for twin models (Bates, Maes, & Neale, 2019)

Figure 3.1: SEM

Note: Path diagram for the SEM. A = 1 for MZ twins and .5 for DZ twins. C = 1 for both MZ and
DZ twins.
Source: Bates, Maes, and Neale (2019)
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4 Data and Measurements

4.1 Twin-Sample

The present study was conducted using summary statistics on survey data from the
Swedish Twin Registry (STR)1. This is the world’s largest twin registry containing
data on more than 75,000 twin-pairs. Zygosity has been determined either through
DNA-testing, twins being of opposite sex or questions tapping into intra-pair childhood
similarity (Magnusson et al., 2013). The specific survey; Screening Across the Lifespan
Twin survey, Younger cohort (SALTY), is a collaboration project between researchers
in epidemiology, medicine, economics and political science initiated in 2007 and com-
pleted in 2010. Being a collaboration, the survey consists of various areas, one being a
comprehensive battery of questions aimed at understanding the genetic architecture of
attitudes and personality traits relevant to the field of economics and political science
(Benjamin et al., 2012). A total of 24,916 twins born between 1943-1959 were contacted
for the survey, resulting in responses from a total of 11,372 twins and 3,496 complete
twin-pairs. Statistics for participation and participation rate split by zygosity and sex for
the complete sample were taken directly from Magnusson et al., 2013 and presented in
Table 4.1. The actual sample in this thesis comprise 808 (484 female and 324 male) MZ
pairs and 627 (376 female and 251 male) same-sex DZ pairs. The significant reduction
in sample size is attributed to three factors 1) One of the siblings in a twin-pair failed
respond, 2) Opposite-sex DZ twins are excluded (MZ twins are per definition same-sex),
3) Data on occupational status for the father of a twin pair was missing.

Table 4.1: SALTY questionnaire
Zygosity MZ SSDZ Unknown
Sex Male Female Male Female OSDZ Male Female Total
Complete pairs 465 692 502 718 1,109 9 1 3,496

(35%) (44%) (24%) (34%) (26%) (10%) (2%) (30%)
Twin individuals 1,347 1,722 1,902 2,199 4,115 59 28 11,372

(47%) (52%) (42%) (49%) (44%) (26%) (19%) (46%)

Note: Number of Twins Participating in the SALTY Paper Questionnaire split by sex and zygosity.
Source: Magnusson et al. (2013)

1Data from the twin registry is protected for integrity reasons and raw data can only be accessed by
researchers affiliated with a specific ongoing research project (which includes my supervisor). For that
reason, the data provided to me are summary statistics including the variance-covariance matrices
necessary for structural equation modeling rather than raw data.
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4.2 Social Trust

In the present study, social trust is assessed with the long-standing “trust question”
in which respondents are asked to answer: “Generally speaking, would you say that
most people can be trusted or that you can’t be too careful in dealing with people?” . A
10-point scale (1-10) is used where 1 = “You can’t be careful enough” and 10 = “Most
people can be trusted”. This measurement instrument was first introduced more than
half a century ago by sociologist and political scientist Rosenberg (1956) and has later
on become somewhat of a standard for survey-based studies of social trust (GSS; WVS;
ESS). Notwithstanding its immense popularity, some concerns in terms of validity and
reliability have been raised that are not be extenuated. Perhaps the most obvious one
being the underspecified nature of the question – leaving the respondent to specify who
“most people,” are. The consequences Nannestad (2008, p. 417) speculates might be
that responses are “partially or totally incommensurable across individuals, groups,
or countries, and/or across points in time” . Due to the use of the term “careful” it
has also been suggested by Miller and Mitamura (2003) to measure caution rather than
trust. They conducted a survey consisting of 100 measures of trust on a sample of
student in a Japanese and an American university and found that Americans score
significantly higher on trust on all questions except the “trust question” . Results from
experimental designs combining survey and experiment methodology indicate that the
“trust question” does not appear to correlate with actual trust but rather trustworthiness
(Glaeser, Laibson, Scheinkman, & Soutter, 2000). In another independently conducted
experiment where a trust game is repeated very similar results are reported. The players
response in the “trust question” was not found to have any impact on their behavior in
the trust games (Ahn, Ostrom, Schmidt, & Walker, 2003). In conclusion more research
is probably still needed in developing more accurate measurement instruments for
trust in survey research. However, conceptualizing alternative ways to measure trust
does not lie within the scope of this thesis. I am rather interested in developing the
understanding of the genetic mechanisms in the formation of social trust as it is most
commonly measured. Furthermore, it is not likely that the “trust question” has had its
day. The ambiguous phrasing aside, it still seems to be a rather fruitful measure. First
of all, when the reliability has been tested by comparing the consistency across several
surveys it has been found to be, given the concerns listed above, paradoxically and
unexpectedly highly reliable on the aggregated level (Ciriolo, 2007). Nannestad (2008)
hypothesis that one explanation could be the relative ease of answering the question.
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4.3 Socioeconomic Status

For analytical purposes the measurement for SES is a dichotomized variable of high/low
SES. SES is determined on the basis of the father’s occupation during the twin’s child-
hood or adolescence. The data was retrieved from the Swedish Population and housing
census (SPHC) of 1960, administered by the official statistics of Sweden. This means
that the oldest twins were 17 years and the youngest 1 year during the time the data
was collected. The SPHC, includes a classification of professions into occupation groups,
also called SEI. The occupation groups that have been included in the low SES side of
the variable are: (1) Agricultural and forestry workers etc., (2) workers, other than group
1. (3) Individuals without gainful employment (this also includes students). Occupation
groups included in high SES are: (4) Entrepreneurs within industry, trade, transport
and service. (5) Entrepreneurs within liberal professions, including Lawyers, Doctors et
al. (6) Business executives. (7) Civil servants. The number of twin-pairs with a father
corresponding to one of the above is shown in table 4.2. It can be noted that the sample
is predominated by some occupation groups, workers from group one and two for
example represent 50.8% of the sample, and civil servants 31% while business executives
only amount to 2.6% . The mere fact that some occupation groups are over-represented
does not in itself pose a problem. In actuality the sample might theoretically be fairly
representative of the male occupational distribution in 1960. From a statistical viewpoint
being born a twin can be seen as a natural experiment, thus fulfilling the condition
for random sampling. Furthermore, since occupation for this purpose is a proxy for
a binary measurement of SES, the distribution is extraneous as long as the different
groups can be said to belong in their given cohort. This is where things become more
complicated although by dichotomizing a nominal scale like occupation, the cut-off
point is by definition going to be arbitrary.

Table 4.2: Distribution of occupation

Low SES High SES

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

MZ 34 356 19 104 21 26 258
(2.4%) (24.8%) (1.3%) (7%) (1.5%) (1.8%) (17.3%)

DZ 33 306 12 57 10 12 197
(2.3%) (21.3%) (0.8%) (3.9%) (0.7%) (0.8%) (13.7%)

Note: (1) Agricultural and forestry workers etc., (2) workers, other than group 1. (3) Individuals
without gainful employment (this also includes students). Occupation groups included in high
SES are: (4) Entrepreneurs within industry, trade, transport and service. (5) Entrepreneurs within
liberal professions, including Lawyers, Doctors et al. (6) Business executives. (7) Civil servants.
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5 Results

In this section the results and analysis are presented. Firstly, descriptive statistics for
the sample are given. This is followed by the main results consisting of an analysis of
intraclass twin correlations and the results from SEM. For the SEM, model fit statistics
are considered and apart from the ACE-model, the AE-model is also fitted.

5.1 Descriptive Statistics

Descriptive statistics are presented in table 5.1. Consistent with previous research the
means for social trust was higher for the high SES group (Rothstein et al., 2017). As
expected in a Swedish sample, the difference is small as the social trust in general is high.
When testing for sex differences, no statistical significance was found as all P-values
were > 0.05 . This is also consistent with previous findings in Sweden (Ibid). Going
forward male and female twins not separated. The main reason for this being that
larger sample sizes are always preferred in twin studies as small samples usually pose
problems for model fitting. Large samples are particularly important when seeking
to detect differences in heritability between two environments Plomin et al. (2008).
Furthermore, It has also been found through simulation models that very large samples
sizes are generally required to detect the effect of shared environment(C) (Visscher,
Gordon, & Neale, 2008b). Given that the there was no significant difference between
male and female, analyzing them together should not pose any major problems for the
results in terms of being representative for both male and female.

Table 5.1: Descriptive statistics

MZ DZ

SES N Means SDs Psex N Means SDs Psex

Low SES 818 6.82 2.16 702 6.69 2.28
Female 532 6.82 2.11 442 6.76 2.31
Male 286 6.8 2.25 .901 260 6.55 2.23 .235

High SES 798 7.1 2.05 552 7.22 2.01
Female 436 7.05 2.1 310 7.29 2.03
Male 362 7.16 1.98 .447 242 7.12 2 .325

Note: N = Total amount of twins, not twin-pairs. The scale the measure social trust is 1-10.*P <
0.05 two-tailed test of difference between Male and Female. MZ = monozygotic; DZ = dizygotic.
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5.2 Main Results

As a first step in the analysis, within-twin pair correlations for the measure of social
trust for High and Low SES, respectively, are presented in table 5.2. The correlation for
MZ twins is significantly higher compared to the DZ twins for high SES. Invoking the
assumption of shared environment for MZ and DZ twins this indicates the presence
of genetic influence on social trust. For low SES, the MZ correlations can be said to
be on the edge of significantly higher than DZ, meaning that the presence of genetic
influence solely based on correlations should be interpreted with caution. Furthermore,
the difference between MZ and DZ twin correlations was greater in the High SES group,
suggesting that hereditability for social trust might be higher for individuals from
socioeconomically advantaged families.

Table 5.2: Intraclass twin correlations

SES MZ DZ

Low SES .38 .26
[.32; .44] [.19; .33]

High SES .34 .15
[.28; .4] [.07; .23]

Note: 95% confidence interval.

For the high SES group the point estimate for MZ correlations was more than twice the
DZ correlations. This can be an indication of dominance or epistasis (or both) genetic
effects for the trait social trust. If this is the case, the ACE model might not be the best fit
as the shared environment (C) by definition will be estimated a negative value. However,
the implications in terms of model fitting, based on these initial findings can probably be
relaxed. The estimate is only marginally more than twice and assuming that social trust
is polygenic it is likely to be caused by measurement errors in the sample. Accordingly,
it is possible to calculate a CI for the difference between two independent correlation
coefficients applying the following formula:

z1 − z2 ± zσz1−z2

We can intuitively see that if the DZ correlations are doubled 0.1548× 2 = 0.3096 the
lower limit (LL) and upper limit (UL) of the CI has to be 0 for the MZ correlation to be
significantly more than twice the DZ correlation. First, we convert both the correlation
coefficients of Pearson r to Fisher’s z, this gives us r0.3353 = z0.349 and r0.3096 = z0.320
. This means that z1 − z2 = 0.349− 0.320 = 0.029 .

σz1−z2 =

√
1

N1 − 3
+

1
N2 − 3

=

√
1

795
+

1
549

= 0.0555
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The z for 95% confidence interval is 1.96 which gives us LL = 0.029− 1.96× 0.0555 =

−0.0798 and UL = 0.029 + 1.96× 0.0555 = 0.1378 . Finally, converting back to persons r
gives us a 95% CI with the LL = −0.08 and UL = 0.138 . This suggests that we cannot
with certainty say that the MZ correlation is more than twice the DZ correlation, i.e. that
dominance or epistasis genetic effects present a problem demanding a rejection of the
ACE model on the outset.
Proceeding the results from the structural equation model are presented in figure 5.1
and table 5.3. Table 5.3 also includes 95% confidence intervals, model fit statistics and
comparison between the ACE model and AE model.

Figure 5.1: ACE-model results

(a) ACE components for low SES (b) ACE components for high SES

The results are presented as estimated variance components for additive genetic, shared
environment and non-shared environment. The point estimate for the effect of shared
environment on social trust is zero for high SES (as expected from the intraclass corre-
lations) and close to zero (.1) for low SES, neither are significantly different from zero.
Accordingly, the AE model is also fitted as the ACE model does not seem to represent the
best fit for the data. Comparing the two models, we can see that the reduced AE model
is the better fit for both SES groups. Following common conventions when fitting SEM
models the principle of parsimony prescribes that a nested model with fewer parameters
is preferable to the saturated ACE model if there is no significant worsening of fit (p >
0.05) (Little, 2013). This means that the shared environment, at least according to these
estimates, does not seem to impact the variation in social trust between individuals.
The estimates for heritability (A) are significant at the 95% security level in all cases for
the full ACE model and reduced AE model. In line with previous results this shows that
social trust is estimated to have a considerable genetic component and that the effect of
shared-environment is negligible (Oskarsson et al., 2012; Sturgis et al., 2010). The results
do not support the proposed hypothesis (that heritability will be higher in the high SES
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group) in any convicting way. When comparing the heritability estimates between high
and low SES there is no significant difference. For the ACE model the estimates could
with caution be said to point in the hypothesized direction. Conversely, the AE model
points towards heritability being higher in low SES.

Table 5.3: Univariate Results

SES Additive Genetic Shared Environment Non-shared env.
A C E −2LL P(∆χ2)

Low SES .29 .1 .61 7,706.32
[.12; .47] [.00; .24] [.55; .67]

.41 — .6 7,708.14 .177
[.35; .46] — [.54; .65]

High SES .35 .00 .67 6,423.06
[.15; .55] [.00; .15] [.61; .73]

.33 — .67 6,423.1 .843
[.27; .39] — [.62; .73]

Note: 95% confidence interval. 2LL = twice the negative log-likelihood for the ACE model and
AE model. P2 = significance test of the difference in between the full ACE model and the nested
AE model.
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6 Discussion

The present study set out to test whether the heritability for social trust differs across SES.
In line with the Scarr-Rowe and Social Push theory I hypothesized that the variation
between individuals that can be attributed to genetic variation i.e. heritability will
be greater in environments of high SES and conversely, less pronounced in low SES
environments (Raine, 2002; Scarr & Weinberg, 1977). The results did not support this
hypothesis, neither the ACE- nor AE-model displayed a significant difference between
the heritability estimates in low and high SES groups. The criterion’s for the second
hypothesis of the thesis (Social trust heritability is not moderated by SES in a Swedish
sample), supported by the phenotypic correlation between social trust and IQ can be
said to be fulfilled (Oskarsson et al., 2012; Tucker-Drob & Bates, 2015). Without further
research providing counterfactual evidence it is however impossible to draw any causal
conclusions or say that there is an effect attributed to Sweden’s social policies and
comparably high equality. It is equally possible that the results simply reflect that
individual differences in social trust, in general, are not explained by GxE interactions
in any significant way.

There are some clear limitations and potential concerns with my study that should be
mentioned. Apart from the general assumptions of the ACE model, there are some
concerns with regards to validity and reliability. In terms of validity, it can be questioned
if occupation of the twins father during the twins childhood/adolescence is the best
proxy for SES. Although the 1960s from when the data was collected, undoubtedly, was
more patriarchal and men to a higher degree than now were the main providers of the
family, it still does not give the whole picture about a family’s situation and neither does
it take into account exceptions or outliers. Another issue related to the SES variable is
that the dichotomy shadows the nuances that exist within the groups. This might bias
the results in the sense that GxE interactions might not be visible since the extremes
(least and most trusting) are not compared. However, the summary statistics give
some indication at least that SES is captured fairly well since there is a clear difference
between low and high SES in terms of social trust. This is also in line with previous
research that has looked at other facets of SES (Huang et al., 2011; Rothstein et al., 2017;
Uslaner, 2002). That the effect of shared-environment seems to explain so little of the
individual differences in social trust is rather striking and also raises some important
questions. Before going any further into these, it should be made clear that this result
was no surprise given that the same twin-sample was used by Oskarsson et al. (2012)
as in this thesis only larger(1,169 MZ and 1,286 DZ pairs). This is attributed to the
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fact that they did not suffer from the loss caused by missing SES data. Furthermore,
this observation was already pointed out by Sturgis et al. (2010) in their initial report
exploring the genetic basis of social trust. Going back to the questions it raises – we
know that very large sample sizes are generally needed for detecting the effect of
shared-environment (Visscher et al., 2008b). This implicates that the estimated effect of
shared-environment might in some cases be downward biased as a result. Secondly, this
result is fundamentally different from what we would expect to observe following the
view that early familial socialization is the main determinant for social trust formation
(Dohmen et al., 2011; Stolle & Hooghe, 2004; Uslaner, 2002). As it stands then, either has
the importance of familial socialization been remarkably overestimated and possibly
confounded by the genetic basis of for example educational attainment (Oskarsson et al.,
2017). Or the second possibility, the effect of shared environment has not been captured
due to the samples being too small.
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7 Conclusion

To my knowledge, potential GxE interaction effects on the genetic basis of social trust
as measured by political scientists, has not been tested prior to this. Although the
results from this study do not by any means provide a conclusive answer to the genetic
mechanisms underlying social trust, they could be interpreted as a first indication that
social trust might operate in a similar manner as IQ. That is, GxE interaction effects are
less prevalent in societies characterized by equality and social welfare than in societies
with less distributive policies. Without further research in other countries the question,
nonetheless, remains highly speculative. However, my study together with evidence of
IQ and social trust being phenotypically related should at least provide some theoretical
motivation for further investigation.

In terms of practical implications, the absence of GxE interactions suggest that we should
not treat low and high SES groups any different, at least on the basis of the relative
weight of genetic and environmental factors when considering efforts and policies
aimed at increasing social trust. Furthermore, the estimates from this sample show
that the unique or non-shared environment explains most of the difference between
individuals and that shared-environment explains close to nothing. This calls to question
the research that emphasise the importance of early familial socialisation and suggests
that other environmental factors outside the family sphere, such as friends, school or
work environment might be more, or at the at least equally important in explaining
individual differences in social trust.

At present there are still pieces missing from the puzzle, that is, the formation of social
trust. At the same time, our knowledge of the genetic basis of social trust is still in the
bud. Further explorations down this path are exciting as they could potentially help us
better understand why equality, as an example, is important for social trust formation. It
is recommend that future research should, apart from testing the main hypothesis of this
thesis in other geographical contexts, use a continuous measurement for SES that might
be better opted for capturing and detecting GxE interactions. Moreover, even larger
sample sizes should probably be used to validate if the effect of shared-environment, in
twin studies of social trust, has gone undetected or not.
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Appendix: R code

#Necessary packages

require(OpenMx)

require(umx)

###----------------------------------------------------------------------###

LOW SES MODEL

###----------------------------------------------------------------------###

#Define variance-covariance matrix

mzlist = c(4.76305, 1.7534, 1.7534, 4.58372)

MZ0 = matrix(mzlist, ncol=2, nrow=2)

dzlist = c(5.23136, 1.33206, 1.33206, 5.17481)

DZ0 = matrix(dzlist, ncol=2, nrow=2)

#Define row/col names

rownames(MZ0)=c("trust1","trust2")

rownames(DZ0)=c("trust1","trust2")

colnames(MZ0)=c("trust1","trust2")

colnames(DZ0)=c("trust1","trust2")

#Correlations based on matrix

umxCov2cor (DZ0)

umxCov2cor (MZ0)

#Create ACE-model, N=twins != twin-pairs

M1_SEI0 = umxACEv( selDVs=c("trust"), sep="" , mzData=MZ0, dzData=DZ0,

numObsMZ = 818, numObsDZ = 702, addCI = TRUE)

#Run ACE-model with confidence intervals

umxCI(M1_SEI0, run = "yes")

#Create ADE-model,Test for dominance effect

M2_SEI0 = umxACEv("ADE", selDVs=c("trust"), sep="" , mzData=MZ0, dzData=DZ0,

dzCr = .25, numObsMZ = 818, numObsDZ = 702, addCI = TRUE )

umxCI( M2_SEI0, run = "yes")
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#Create AE model for model comparsion. C (Shared environment) dropped.

M3_SEI0 = umxModify ( M2_SEI0 , update = "A_r1c1" ,

comparison = TRUE , name = "CE")

umxSummaryACEv(M3_SEI0)

umxCI(M3_SEI0, run = "yes")

#Model comparison between ACE and AE

umxCompare(M1_SEI0, M3_SEI0)

umxSummary( M3_SEI0, comparison = M1_SEI0)

###----------------------------------------------------------------------###

HIGH SES MODEL

###----------------------------------------------------------------------###

#Define variance-covariance matrix

mzlist = c(4.29925, 1.40408, 1.40408, 4.07785)

MZ1 = matrix(mzlist, ncol=2, nrow=2)

dzlist = c(4.2302, 0.629249, 0.629249, 3.90704)

DZ1 = matrix(dzlist, ncol=2, nrow=2)

#Define row/col names

rownames(MZ1)=c("trust1","trust2")

rownames(DZ1)=c("trust1","trust2")

colnames(MZ1)=c("trust1","trust2")

colnames(DZ1)=c("trust1","trust2")

#Correlations based on matrix

umxCov2cor (DZ1)

umxCov2cor (MZ1)

#Create ACE-model, N=twins != twin-pairs

M1_SEI1 = umxACEv( selDVs=c("trust"), sep="" , mzData=MZ1, dzData=DZ1,

numObsMZ = 798, numObsDZ = 552, addCI = TRUE, addStd = TRUE )

#Run ACE-model with confidence intervals

umxCI(M1_SEI1, run = "yes")

#Create ADE-model,Test for dominance effect

M2_SEI1 = umxACEv ("ADE", selDVs=c("trust"), sep="" , mzData=MZ1, dzData=DZ1,

dzCr = .25, numObsMZ = 798, numObsDZ = 552, addCI = TRUE )

umxCI( M2_SEI1, run = "yes")
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#Create AE model for model comparsion. C (Shared environment) dropped.

M3_SEI1 = umxModify ( M1_SEI1 , update = "C_r1c1" , comparison = TRUE

, name = "AE") <- umxSummaryACEv(M3_SEI1)

umxCI(M3_SEI1, run = "yes")

#Model comparison between ACE and AE

umxCompare(M1_SEI1, M3_SEI1)

umxSummary( M3_SEI1, comparison = M1_SEI1)
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