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LINK TO ABSTRACT

Gregory Clark (20206) argues that, within modern Western societies, the fact
that socioeconomic traits and outcomes tend to run in families can be explained by
simple genetic models. Based on work from Ronald A. Fisher (1919), these models
provide two reasons why members of the same extended family are expected to be
similar to each other. First, relatives are expected to be similar because they have
genes in common, inherited from shared ancestors. Second, assortative mating:
when the people who are married into a family are similar to those who are there
already, this can make it so that also the genes relatives do not have in common
will be correlated in their effects. Assortative mating is then essential for explain-
ing similarity between relatives in law, who do not have recent common ancestors,
and also for explaining that non-immediate biological relatives tend to be more
similar on socio-economic outcomes than their proportion of shared genes would
otherwise allow.

The key problem people have with these models concerns what is lacking
from them: environmental sources of family resemblance. While environmental
effects, in this framework, can be important for the outcomes of an individual,
they are not at all important for understanding why outcomes run in families. The
environmental influences on a person are set to be uncorrelated with those on their
relatives, such that they will not systematically contribute to any similarity between
them.

Despite having read the impressive collection of arguments to the contrary
in Clark’s book, I think it is plausible that environmental factors, such as living
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conditions, networks and connections, and the intergenerational transmission of
skills and values, have contributed to the fact that members of the same family
are correlated in their socio-economic outcomes. This may have been particularly
true in earlier centuries (Clark’s correlational data stretches to seventeenth-century
England, and his simple genetic model is meant to explain the entirety of it). But
I think others will do a better job than I can to justify this position. Here, I will
instead offer Clark ways to defend his idea that family resemblance is fully genetic.
I will provide defenses against two criticisms he could face.

First, Clark’s framework can be criticized for requiring us to believe in an un-
observed trait, or set of traits, that has some quite extreme properties—arguably
so extreme as to be implausible. This unobserved factor is necessary in the models
because the level of assortative mating needs to be stronger than it is for observable
traits. I will argue, however, that if the models allow for genotypic population stratifi-
cation, it will be possible to explain family resemblance as fully genetically caused
without the need for unobserved traits with extreme properties.

Secondly, Clark’s models can be criticized for predicting that zygosity should
not matter that much for how similar twins are. For most relevant traits and out-
comes, this is wrong. Monozygotic twins are in fact much more similar than dizy-
gotic twins across most traits, including the ones Clark seeks to explain (with edu-
cational attainment being a possible exception). But as I will argue, correct predic-
tions for twin correlations can be achieved without the addition of environmental
sources of family resemblance to Clark’s model, with the help of non-additive genetic

effects.

Genotypic Population Stratification, as an
Alternative to Extreme Sorting Factors

Clark’s models rely on assortative mating to explain correlations between
distant relatives. With random mating, the expected genotypic similarity of #th
degree relatives corresponds to (%)n This means that it drops quickly as 7 increases,
going from 0.50 for siblings, to 0.125 for 1st cousins, to 0.03125 for 2nd cousins, to
0.0078125 for 3rd cousins, and so on. For non-biological relatives, such as in-laws,
it is always zero. Expected correlations on observed outcomes cannot be higher
than these genotypic correlations even for outcomes that are completely genetically
determined. However, mating is in fact not random on socio-economic outcomes
(Horwitz et al. 2023). When there is assortative mating on heritable traits, mates
can also be correlated genotypically. This then influences the expected genotypic
similarity of their descendants. Not only will relatives be similar due to having genes
in common, but the genes they do not have in common will now also tend to “pull
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in the same direction.” For a given genotypic mate correlation 7, the expected

genotypic similarity of #th degree relatives becomes (1+Tm)” The higher the value

of m, the less steeply the predicted correlations will drop as # increases.

Clark’s observed patterns of correlations require high values of 7 Much
higher, in fact, than what 7 would be under so-called direct assortment, where
couple formation is purely a function of the exact trait we are studying. For edu-
cational attainment (EA), for example, a mate correlation of 0.45 and a heritability
of 0.50 would then imply a correlation between mates on genetic propensity for
education of 0.225. The values of » in Clark’s models are consistently almost the
triple of this, at around 0.60. The justification given for these high values of  is
that assortment on EA is in fact not happening directly on EA. Instead, people
are assorting on an unobserved trait, or a set of traits, that is strongly genetically
correlated with EA, but which has much higher heritability, and which mates are
much more strongly correlated on. Even if the genetic correlation with EA is per-
fect, the heritability and mate correlation of this trait both need to be close to 0.80
in order to produce a genotypic mate correlation for EA of 0.60.

I agree thatitis very reasonable, across socio-economic outcomes, to say that
assortative mating is unlikely to be direct. In the case of educational attainment,
for example, this would require that mates are choosing each other purely on years
spent in education, and not at all on things that are correlated with this, such as in-
telligence, personality, socio-political values, or socio-economic background. But
I think it is far less reasonable to suggest that this unobserved sorting factor, com-
prising all the things related to education that mates are in fact assorting on, has
the kinds of extreme attributes it needs to have in order to get us to the necessary
value of 7. Quite simply, I struggle to imagine what kinds of traits this sorting
factor would consist of.

In the book, intelligence and personality are suggested to be important (Clark
2026, 16): “But in the case of education people match in marriage on the basis of
a whole set of characteristics relating to education—general knowledge, linguistic
complexity, sense of humor, organization—that actually match more closely with
the genotype that predicts educational attainment than does years of education.”
However, I think it is unlikely that intelligence plays such a central role. While the
heritability of intelligence could potentially be high enough, mate correlations on
intelligence are far too low (at ~0.40; Horwitz et al. 2023), even though intelligence
can be measured quite accurately (Crawford et al. 2012). Personality traits are worse
candidates because mate correlations on those are much lower still (Watson et al.
2004).

So, what is this sorting factor? Presumably we should be quite familiar with
whatever it is, if we care so much about it in our mates, and we are in fact able
to discern it well enough in them to produce such extreme mate correlations. If
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the sorting factor indeed exists, my best bet is that it is a combination of the traits
mentioned above, as well as several others. But I think it is a better bet that sorting
factors as extreme as those required in Clark’s models do not in fact exist.

To those who, like me, are looking for alternatives to believing in extreme
sorting factors, a turn towards models that allow environmental reasons for family
resemblance could be tempting. Environmental effects are quite unconstrained in
how they can be predicted to correlate between relatives, which gives much free-
dom in designing explanations of family resemblance that fit the data well without
requiring extreme sorting factors. For instance, it is plausible that the population
one is studying is socially stratified, such that it in fact consists of several partially
segregated sub-populations (“strata”), and that people tend to find their mates
within the strata they are born into. If these strata differ slightly in cultural, so-
cial, or material conditions that affect the outcomes studied, even distant relatives
and in-laws will have non-zero correlations on these outcomes, simply from being
likely to belong to similar strata.

At this point, however, it is relevant to consider correlations between mates
on polygenic scores for educational attainment. In the UK, this correlation is 0.18
(Okbay et al. 2022), in Germany it is 0.17 (Ménkediek et al. 2025), and in Norway
it is 0.14 (Sunde et al. 2024). These correlations might seem low, but when one
takes into account that polygenic scores are very noisy measures of “true” geno-
types, they can be considered high. So high, in fact, that they align with the values
of genotypic mate similarity (i.e., 7) estimated in Clark’s framework. I can further
add that more distant relatives and in-laws also, within the large genotyped MoBa
sample in Norway (Magnus et al. 20106), have correlations on polygenic scores for
education that align with predictions from Clark (I'm currently working on a pa-
per presenting these correlations). Most models explaining family resemblance as
largely due to environmental factors would predict correlations on polygenic scores
to be far lower.

Are we then back to having to believe that assortative mating on EA is hap-
pening on a sorting factor with extreme heritability and mate correlations? I think
not. A good alternative, I think, is to consider a kind of population stratification
different than the one described above; it can be referred to as genotypic stratification.
While the term population stratification is most commonly used to describe situa-
tions where genes are correlated with environmental effects, it is also possible for
environments to be correlated with genetic effects (Brumpton et al. 2020). In the
book, Clark mentions research suggesting that this is indeed happening, showing
that people’s decisions about whether and where to move can be predicted from
their polygenic scores for education. The particular example used was movement
to and from coal mining towns in England (Abdellaoui et al. 2019), and similar evi-
dence also exists e.g., from Estonia (Kuznetsov et al. 2025). Beyond this, it is plau-
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sible that further stratification can be happening within geographic regions, e.g., via
social structures and networks. Through simulations, I’ve found that if such strati-
fication goes on for several generations, then genes for relevant outcomes can accumnlate
within strata over time. Patterns of correlations across relatives, for both observed ed-
ucation and polygenic scores, can then be approximated very well without the need
for extreme sorting factors (a presentation of these results will also be part of the
aforementioned paper I’'m working on). The similarity of distant relatives and in-
laws is then largely due to a likelihood of belonging to similar strata, and to thereby
be subjected to similar kinds of “genotypic background radiation.” As genes have
accumulated in strata due to selective movements over time, even random pairings
of people from the same stratum will be correlated. The high genotypic similarity
of mates, as observed from high mate correlations on polygenic scores (e.g., Okbay
et al. 2022; Sunde et al. 2024), is then not only due to “normal” assortative mating,
but also due to effects from belonging to the same stratum.

It could here be argued that what I have presented is not an alternative to
believing in extreme sorting factors, but rather a way to understand what they con-
sist of. “Stratum membership” could be conceptualized as a trait in itself, which is
genetically correlated with education, and which is part of what mates are assort-
ing on. But this would require some adjustments to Clark’s framework. Specifi-
cally, stratum membership is not fully determined by a person’s own genes and/or
random chance. Rather, it depends on the genes of one’s ancestors, who made
the move to this stratum, at some point in the past. Predicted genotypic corre-
lations between distant relatives will then no longer be a product of correlations
between the relatives connecting them, as Fisher’s formula requires. If genotypic
stratification is indeed occurring, then Clark’s derivations of “true underlying cor-
relations” (Clark 20206, 42) between siblings, spouses, and patent/offspring pairs,
based on observing the relative sizes of different correlations, will then no longer
work. These estimates of true correlations rely on an assumption that assortative
mating is happening purely on phenotypes that are determined by a person’s own
genotype plus randomness. This does not hold if there is genotypic stratification,
and members of the same extended family tend to live in, and find their mates in,
the same stratum.

Non-additive Genetic Effects as a Way to
Explain the Similarity of Monozygotic Twins

A problem with Clark’s models which is #0¢ solved by genotypic stratification
is that monozygotic twins tend to have very high correlations. For most outcomes
relevant to this book, such as socio-economic status (Van Hootegem et al. 2024),
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intelligence (Bouchard 1998), and income (Benjamin et al. 2012), these correlations
tend to be about twice as high as those for dizygotic twins. Educational attainment
is a possible exception, with dizygotic twin correlations here often being substan-
tially closer to those of monozygotes (Branigan et al. 2013), though there are in-
dications that the distance between these correlations is increasing in more recent
cohorts (Silventoinen et al. 2020).

Why is it a problem that correlations between monozygotic twins are high?
When ignoring assortative mating, it is not a problem. Then, correlations for
monozygotes that are twice as high as those for dizygotes are exactly what you
would expect, if family resemblance is fully due to additive genetic effects. While
dizygotes are just like siblings, in that they share on average half of their segregat-
ing genes, monozygotes are genetically identical. They are then twice as similar
genotypically, and they should be twice as similar phenotypically as well.

But with assortative mating, things change. When parents are as strongly
genotypically correlated as Clark’s models require them to be, it is no longer the
case that monozygotes are expected to be twice as similar as dizygotes. While
monozygotes cannot get any more similar than they already are, assortative mating
makes it so that the genotypic correlation of dizygotes increases from 0.50 all the
way up to being close to 0.80. The correlations for monozygotes should then only
be about 25-30 percent higher than those for dizygotes, rather than twice as high.

Interestingly, introducing environmental effects into this picture could easily
just make things worse. Twins, regardless of zygosity, tend to grow up together
in the same household, and so if there are environmental effects associated with
households, or the broader environments households are located in, then this im-
plies that the predicted difference in correlation strength for monozygotes versus
dizygotes becomes smaller, not larger. Still, specific kinds of environmental effects
are often invoked as ways to selectively elevate predicted correlations for monozy-
gotes. In particular, there could be environmental effects that are only correlated
between monozygotic twins, and which are uncorrelated for everyone else. Or
there could be gene-environment interactions, where the effects of genes depend
on the environmental context (Hunter et al. 2023).

The solution I will highlight here, though, does not involve environmental
effects. Instead, it involves genetic effects that are non-additive. When genetic effects
are additive, the effect of having a genetic variant is fully independent of all the
other variants on that genome. When effects are instead non-additive, they do
depend on other variants on the genome. For example, let us say that having the
cognitive ability to achieve strong educational outcomes only helps you actually
achieve those outcomes when combined with a desire to achieve them and the
energy to carry out the work. The effect of genes for intelligence on educational
outcomes would then depend on the presence or absence of genes for these other
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traits, such that their effects on education would be, in part, non-additive.

Non-additive effects will then be perfectly correlated between monozygotes,
but they can quickly become almost uncorrelated between all other kinds of rela-
tives (including dizygotic twins) as the pattern of dependencies within the genome
becomes more complex.

For certain traits, such as height, genetic effects appear to be mostly addi-
tive (Wainschtein et al. 2022). For other traits, such as the shape of brain waves
in an EEG, genetic effects appear mostly non-additive (Lykken et al. 1982). For
socio-economic outcomes, the extent of non-additivity in genetic effects is still
not fully known. If we consider that an outcome such as educational attainment
could depend on several more basic traits that are partly genetically independent,
non-additive genetic effects can easily be imagined.

I'will also mention here that non-additive genetic effects can be part of the so-
lution to the missing heritability problem, which is also mentioned in the book and
refers to the fact that twin and family studies typically give much higher heritabil-
ity estimates than do modern molecular genetic approaches. While twin studies
capture both additive and non-additive effects, molecular genetic approaches only
track the additive ones.

Conclusion

If mathematician George Box was right that “all models are wrong, but some
are useful” (Box and Draper 1987, 424), it follows that Clark’s models of family
resemblance on socio-economic outcomes are wrong. I have here presented two
ideas that I believe could make his models less wrong, and hopefully also more
useful: genotypic population stratification and non-additive genetic effects.
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