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Recent research has suggested that across Western developed societies, the influence of
genetics on educational outcomes is relatively constant. However, the degree to which
family environment matters varies, such that countries with high levels of intergenera-
tional mobility have weaker associations of family background. Research in this vein has
relied on twin-based estimates, which involve variance decomposition, so direct assess-
ment of the association of genes and environments is not possible. In the present study,
we approach the question by directly measuring the impact of child genotype, parental
genetic nurture, and parental realized education on educational achievement in primary
and secondary school. We deploy data from a social democratic context (Norway) and
contrast our findings with those derived from more liberal welfare state contexts. Results
point to genetics only confounding the relationship between parent status and offspring
achievement to a small degree. Genetic nurture associations are similar to those in other
societies. We find no, or very small, gene–environment interactions and parent–child
genotype interactions with respect to test scores. In sum, in a Scandinavian welfare state
context, both genetic and environmental associations are of similar magnitude as in soci-
eties with less-robust efforts to mitigate the influence of family background.
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By and large, social science research has emphasized environmental explanations as to
how family background influences educational outcomes. However, that the social influ-
ence of family background may be confounded by genetics has been known for the better
part of the last century (1, 2). Indeed, a large amount of literature from behavioral genet-
ics has shown that nearly every individual-level outcome of interest to social scientists or
health scholars is heritable to some degree (3, 4). For example, twin studies of educational
attainment show a considerable heritability, averaging around 40% (5, 6). Twin studies
on educational achievement in adolescence show an even higher heritability, at 65%, and
lower common environment influences than for adult educational attainment (7, 8).
Thus, with two forms of transmission from parents to children, models that estimate one
without considering the other are likely confounded.
Following the sequencing of the human genome there has been an increase in molec-

ular genetic data sources. A small, but growing social science literature has emerged
that directly links genomic measures to educational outcomes. In this approach,
researchers estimate models that include both measures of parental educational attain-
ment and a summative measure of genetic influences on education called a polygenic
index (PGI; also called a polygenic score or genetic risk score) of both the parents and
the offspring. Studies from the United States show that only one-sixth to one-third of
the intergenerational correlation of educational attainment is due to shared genetics
(9, 10), leaving a sizable social background component to intergenerational persistence
in educational outcomes.
Much of this social science genetics research has considered educational attainment,

and the literature on educational achievement in childhood and adolescence is even
more sparse. Existing studies with genomic data have mostly supported the idea of
two, parallel inheritance systems. Studies based on data from the United Kingdom,
Germany, France, and Ireland find that both a PGI for educational attainment and the
family’s socioeconomic status influence educational achievement in adolescence and
that they operate largely independent of each other (11, 12).
Complicating this picture of independent mechanisms, however, is what has been

coined “genetic nurture.” Including PGIs of children and parents in models simulta-
neously, studies have shown that parental genotypes may be associated with children’s
outcomes over and above children’s own PGI (9, 10, 13, 14). This indicates that the
parents’ genes—or whatever environments parental genes are proxying—are associated
with children’s outcomes through environmental pathways. A recent review of genetic
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nurture studies concluded that most genetic nurture associa-
tions operate through parental phenotypes (i.e., parents’ educa-
tional attainment) (15). Genetic nurture estimates are almost
half as large as direct genetic associations, and maternal and
paternal genetic nurture estimates are similar in magnitude.
With two exceptions, all 12 reviewed studies used data from
liberal welfare state countries.
Compared to social democratic welfare states, liberal welfare

state countries, such as the United States and the United King-
dom, are characterized by high levels of social inequality and
lower rates of social mobility. Twin-based studies have found
that the heritability of educational attainment rises with inter-
generational mobility cross-nationally (16), as well as over birth
cohorts in the same country, with the introduction of extensive
social policies (17). However, these twin-based estimates may
be confounded by differences in genetic assortative mating
across contexts and differences in the degree to which the equal
environments assumption (EEA) holds. While the EEA is diffi-
cult to test directly absent misclassified twins (18), (genetic)
assortative mating has indeed been shown to vary across time
and place (19–21).
Our approach of directly measuring child and parental geno-

types is less affected by assortative mating patterns that may dif-
fer across societies or birth cohorts. Moreover, we do not need
to make any assumptions about the covariance between genetic
and environmental similarity within kinships (i.e., EEA).
Our context, Norway, is a country with a compulsory and

free universal school system with very few students attending
private schools and low variation in school quality (22). Social
and economic policies have explicitly targeted transmission of
intergenerational inequalities, seeking to limit the influence of
family background on children’s outcomes and opportunities.
One important social policy is government-subsidized child
care. Over 90% of children ages 1 to 5 are enrolled in child
care in Norway (23), with standardized curriculums intended
to homogenize the quality of education. Furthermore, welfare
transfers are both universal and progressive, meaning that even
as child care is heavily subsidized for all, low-income families
may receive additional funds to provide for their children. In
many liberal welfare states, areas with high-income parents
have the highest educational expenditures (24). In Norway, by
contrast, schools in areas with many low-income families
receive more resources than those with many high-income fam-
ilies (25). Given these societal features, there may be a more
limited role for parents to influence their children in educa-
tional achievement in Norway than in liberal welfare states.
Against this backdrop, the present study offers several contri-

butions to the literature. We estimate genetic and social inter-
generational associations with educational achievement using
one of the largest genetic-trio datasets with measured genotypes
of both parents and offspring available: the Norwegian Mother,
Father, and Child Cohort Study (MoBa) (26). We use a recent
iteration of a genome-wide association study (GWAS) of educa-
tional attainment based on 1.1 million people (27) to create a
polygenic index for education for each family member. We link
this to administrative register data and study social and genetic
associations with children’s educational performance. Given the
age of the focal offspring, our analysis considers children’s
achievement scores on standardized tests in reading and mathe-
matics, taken in the fifth, eighth, and ninth grades.
Our main analysis consists of four components. First, we

establish the extent to which associations between parents’ edu-
cation and children’s educational achievement (i.e., their test
scores) are confounded by the children’s own genotypes. Based

on the comparative research finding that genetic influences are
higher in societies with higher social security nets, we expect
the degree of genetic confounding in Norway to be larger than
what is found in more market-oriented societies, such as the
United States.

Second, we estimate associations of genetic nurture: that is,
associations of parental genotypes with educational achievement
over and above children’s own genotype. Based on the expecta-
tion that welfare-state policies are successful in limiting parents’
possibilities to influence their children’s educational outcomes,
we expect genetic nurture associations to be smaller in Norway
compared to in liberal welfare states. Moreover, we estimate
models where we include both measured parental educational
attainment and parental genomes, to investigate whether gen-
etic nurture mechanisms operate chiefly through parents’ real-
ized educational attainment. In supplementary analyses, we also
provide results separately for girls and boys and parental sex
(i.e., sex-specific child–parent dyads). Although sex differences
have been considered with respect to parental influences (i.e.,
maternal vs. paternal genetic nurture), the sex of the child has
been far less studied.

Third, we examine any interactions between child genotype
and parents’ education, often referred to as the Scarr–Rowe
hypothesis (28). According to the Scarr–Rowe hypothesis, the
realization of children’s genetic predispositions is that they are
stronger in resource-rich home environments (29–31). In other
words, if the Scarr–Rowe hypothesis is correct, there should be
a positive interaction between parents’ educational attainments
and child genotype. In Norway, however, we anticipate that
such differences are muted by the influence of social policies.
For example, subsidized childcare and welfare benefits may
attenuate resource-rich parents’ relative advantages in nurturing
children’s genetic dispositions.

Fourth, we investigate interactions between parent’s PGI and
child’s PGI as has been found for the US context (9). Such
interactions would be evidence of synergistic associations
between the genetically shaped traits and interests of parents
and children. For example, genetically learning-oriented chil-
dren would, under this hypothesis, learn more if they also have
learning-oriented parents. This interaction may be termed
“social epistasis,” and we expect the same social policies that
may break the association between genetic nurture and child
educational achievement to be active here, meaning that the
interactions found in other contexts may not be observed in
Norway.

Results

We begin by considering the magnitude of genetic confound-
ing in the association between parents’ education and children’s
test scores. To this end, we estimate three models of the associ-
ation between parents’ education, child PGI, and test scores.
By comparing results across these models, we can assess the
importance of genetic confounding. Fig. 1 shows coefficients
from these and two additional regression models, with 95%
confidence intervals. Complete results from all regression mod-
els are included in the SI Appendix.

Model 1 shows that Child PGI is strongly associated with
test scores. The estimated coefficient for the child’s PGI is
around 0.25 for both math and reading scores, which means
that a 1 SD increase in the PGI results in 0.25 SD increase in
the test score. The child’s PGI is the strongest individual pre-
dictor of test performance.
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Model 2, “Parents’ education,” shows the coefficients for
parents’ education in a model with test scores where no other
variables are included. It shows, in correspondence with the
extant literature, that parents’ educations are associated with
child test scores. The results are quite similar across math and
reading, and the importance of mothers and fathers also seem
to be similar in magnitude. We note moreover, that although
child PGI is the strongest individual predictor on educational
achievement, the sum of the two coefficients for parents’ educa-
tion is larger than the coefficient of the child PGI.
In model 3, there are relatively minor changes in the coeffi-

cients for parents’ education once the child PGI for education is
controlled, contrary to our hypothesis that in the Norwegian con-
text, a larger portion of the relationship would represent genetic
transmission. A fairly small fraction of the zero-order association
of parents’ education on test scores is confounded by child genet-
ics, between 14% and 18%. This degree of confounding matches
what was found in the US context for educational attainment
(when not adjusting for measurement error in the PGI) (9).
Another study from the United States found confounding to be
around 20% (10). The latter uses the same GWAS for educa-
tional attainment as we do (27), while the former used an earlier
iteration of the educational attainment GWAS (32).
Next, we probed the existence of genetic nurture associations

(model 4). These are associations of parents’ genotypes above
and beyond the direct transmission of DNA from parents to
children at conception. In this step, we first modeled both the
child’s own PGI and parents’ PGIs to assess the magnitude of
any genetic nurture associations with test scores. We did find
genetic nurture associations with children’s educational achieve-
ment. The coefficients for the mother’s and father’s PGIs were
statistically significant and of a measurable, but not large, mag-
nitude. Both coefficients were estimated at below 0.1 SD, and
these associations are thus markedly smaller than the coefficient
for the child’s PGI. A 1 SD increase in one parent’s PGI is
associated with approximately a 0.06 SD increase in test perfor-
mance. Again, this pattern is similar across the two tests.

Taken at face value, these associations would mean that
parents’ with high PGIs for education shape their children’s
rearing environments in ways that in turn contribute to their
children’s improved learning and ultimately higher test score
results. Contrary to our expectations, the size of the genetic
nurture associations we discovered match those found in liberal
welfare state contexts (15), as does the size of the direct genetic
association. The pooled estimate across the studies included in
a recent metaanalysis for genetic nurture (combining maternal
and paternal associations) is 0.11, of very similar magnitude to
our 0.12 (combining maternal and paternal PGI in our figure).
Therefore, genetic nurture does not seem to be of lower magni-
tude in a social democratic context, such as Norway. The over-
all direct association of children’s own genes is estimated to be
0.17 based on data predominantly from liberal welfare states
(15). This is of the same magnitude as our estimates of 0.18 for
both reading and math, which indicates that genetic influences
are of similar magnitude regardless of welfare state regime.

In model 5, we added parents’ realized education to the
model with genetic nurture to assess whether genetic nurture
associations are mediated by parents’ observed educational
attainment and whether associations between parents’ educa-
tions and children’s test scores remain once the genetic profile
of child, mother, and father all are adjusted for. Parents’ educa-
tion is of course a mediator in the causal path from parents’
genetics to children’s achievement, and thus in principle breaks
the causal interpretation of the estimates of parents’ PGI. The
genetic nurture associations between parents’ PGIs and child
test scores are washed out once parents’ educations are
included. Strong associations between parents’ education and
test scores remain, when PGIs for all three family members are
included. This is in line with findings from several studies that
genetic nurture associations are largely explained by observed
parental education (15).

Genetic nurture mechanisms may vary by parent and child
sex. A previous finding was that mothers’ genetic nurture were
more important than fathers’ genetic nurture for health-related
phenotypes, but not educational attainment (13). We exami-
ned the importance of four types of genetic nurturing in
parent–child dyads: mothers of boys, mothers of girls, fathers
of boys, and fathers of girls (SI Appendix, Table S2). All nurture
coefficients are stronger for girls than for boys, but these differ-
ences were not statistically significant. We found only one
significant coefficient across the four dyads: fathers’ nurture
associations with math were slightly weaker for boys than for
girls. Overall, the sex composition of the dyad does not seem to
matter much for nurture associations with educational
achievement.

In Fig. 2, we estimate the strength of any interactions between
child genotype and parental educational attainment (black
points), and child genotype and parents’ own genotype (yellow
point). For math there are no gene–environment interactions of
the Scarr–Rowe variety (parental education–child genotype). For
reading there is a borderline significant interaction effect between
child PGI and maternal educational attainment, but in the
opposite direction of the expectations from the Scarr–Rowe
hypothesis. Having a mother with higher education is a relative
disadvantage if the child has a high PGI. The effect size is very
small. For children whose mothers’ educational attainments are
1 SD above the mean, the coefficient for child’s own PGI is
10% lower (�0.02) than for children whose mothers have aver-
age educational attainment. Nonetheless, our results indicate
that there appear to be no Scarr–Rowe-type interactions in the
Norwegian context, contrary to some (33), but not all (9, 34),

Reading

Math

1. Child PGI 2. Parental education 3.Parental EA +
 Child PGI

4. Genetic nurture 5. Parental education
+ genetic nurture

0.0

0.1

0.2

0.0

0.1

0.2

B
et

a

Variable Child PGI Father PGI Mother PGI Father EA Mother EA

A

B

Fig. 1. Coefficients of Polygenic Indices (PGIs) and parental education in
five models of (A) math test scores and (B) reading test scores. Bars indi-
cate 95% confidence intervals. Model 1 includes child PGI. Model 2 includes
parental education. Model 3 includes child PGI and parental education.
Model 4 includes both child and parents’ PGIs. Model 5 includes all PGIs
and parental education. All models include child’s sex and cohort, 10 princi-
pal components, and genotype batch.
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molecular genetic-based evidence from the United States and
United Kingdom.
Finally, we tested for interactions between parents’ genetics

and their child’s genetics, what may be termed social epistasis. A
previous study found a positive interaction between child PGI
and mother PGI (9). In the same vein as the gene–environmental
interactions, there were no genotype–genotype interactions in
math. In reading, there was a borderline significant interaction
between child genotype and paternal genotype. Again, the inter-
action is in the opposite direction of what one would expect.
Having a father with a high PGI is a relative disadvantage for the
child’s test score in reading if the child also has a high PGI. How-
ever, the substantive importance of this coefficient is also mar-
ginal. For children whose father’s PGI is 1 SD above the mean, a
1 SD increase in the child’s PGI results in a decrease of 0.01. We
found no interaction between mother PGI and child PGI.

Discussion

Associations between parents’ and children’s educational out-
comes may arise through both genetic and environmental path-
ways. Prior research using twin-based approaches has advanced
the claim that the strength of genetic associations is relatively
constant across societies but that the degree to which family back-
ground (i.e., environmental influences of the family context) mat-
ters depends on the policy landscape (16, 17). A clear limitation
of twin-based methods is the lack of measured genotypes. Here,
we made use of a large dataset with genotypes from a social dem-
ocratic welfare state, Norway, and compared our results to studies
with genotype data from liberal welfare states.
Child PGI is the strongest individual predictor of educa-

tional achievement in Norway. Genetic confounding of the
parent–child association of parental education, however, was
small. Only 15% of the zero-order, intergenerational correla-
tion in educational outcomes could be explained by the child’s
PGI for educational attainment. Contrary to our expectations,
the degree of confounding is the same in Norway as was
reported in studies on educational attainment (albeit a related

but different phenotype) from the United States (9, 10). Also
much to our surprise, genetic nurture associations in Norway
(0.06) were almost exactly the same as average associations
(0.07) in a recent metaanalysis of educational attainment and
educational achievement based on data from mostly liberal wel-
fare states (15). Like in other studies (15), we find that genetic
nurture seems to operate through realized parental educational
attainment.

Educational outcomes are among the few traits with a sub-
stantial shared environmental component in twin studies (3).
Our results support evidence from twin studies that do not find
variation in shared environmental components between coun-
tries (5–7, 35). Even though Scandinavian countries have
among the highest economic mobility rates in the world, edu-
cational mobility is considerably lower than income-mobility
(36). For educational outcomes, one should perhaps not be
surprised that parental educational attainment—and thus
genetic nurture, which operates through parental educational
attainment—influences children’s educational attainments rega-
rdless of country policies.

Gender has also been shown to influence genetic associations
(37). We found miniscule differences in genetic nurture associ-
ations by parent and child sex. We are not aware of other stud-
ies using sex-specific parent–child dyads in investigating genetic
nurture associations. The lack of such differences in our sam-
ple, born in the early 2000s, may be the result of the continu-
ing trend toward gender equality, in which Norway and other
Nordic countries have been at the vanguard (38).

If welfare state policies influence genetic associations, they would
work through intermediate institutions, such as schools, families,
and neighborhoods. We found that there are gene–environment
interactions counter to what is postulated in the Scarr–Rowe
hypothesis; having parents with higher education is a relative disad-
vantage if children have a high PGI. The same holds for social
epistasis. Our findings are in line with a metaanalysis of twin stud-
ies showing that in countries with broader welfare policies,
Scarr–Rowe interactions are nonexisting or reversed, contrary to
what has been found in the United States (39). US-based studies
have found both Scarr–Rowe and (positive) social epistasis interac-
tions using molecular genetic data (9, 33). Our study indicates
that Norwegian social policies, like subsidized child care and very
low between-school quality differences, may mute—and perhaps
counteract—such interactions.

Our results, like many molecular-based studies, deviate from
what twin-based studies find in the magnitude of social and
genetic associations. The discrepancy between twin and molec-
ular genetic studies are likely to be methodological in nature.
The predictive accuracy of the PGI depends on the heritability
of the trait, where higher heritability yields more accurate
PGIs. The estimated twin-heritability of educational achieve-
ment is higher than for educational attainment. We have used
a GWAS from educational attainment to study educational
achievement in adolescence, as there is no extant GWAS for
educational achievement. This may lead to downward bias in
both the direct and the indirect genetic associations we try to
characterize; however, it is not clear whether such attenuation
would alter the relative importance of direct and indirect
associations.

Another potential problem for the predictability of the PGI
is different genetic architectures of educational outcomes across
different environments (32). We have used weights from a
GWAS of educational attainment based on genomes of adults
from other countries and birth cohorts to create PGIs in
Norwegian children born mostly in the 2000s. If associations

Reading

Math

−0.10 −0.05 0.00 0.05 0.10

Child PGI 
x Father EA

Child PGI 
x Father PGI

Child PGI 
x Mother EA

Child PGI 
x Mother PGI

Child PGI 
x Father EA

Child PGI 
x Father PGI

Child PGI 
x Mother EA

Child PGI 
x Mother PGI

Beta for interaction term

Model 1. Child PGI−parent education interaction 2. Child−parent PGI interaction

A

B

Fig. 2. Coefficients for interactions between child PGI and parents’ PGI
and educational attainments in models of (A) math and (B) reading test
scores. Bars indicate 95% confidence intervals. Model 1 shows interaction
estimates for parents’ education and child’s PGI. Model 2 shows interaction
estimates for parents’ PGI and child’s PGI. All models include controls for
child sex, child cohort, 10 principal components, and genotype batch.
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between single-nucleotide polymorphisms (SNPs) and educa-
tional outcomes vary across contexts and cohorts, the predictive
accuracy of our PGI is downwardly biased. Indeed, recent evi-
dence suggests that genetic associations with adult educational
attainment in Norway may have changed over generations (40).
Finally, all current PGIs only capture a fraction of the total

genetic variation in the relevant outcomes. There are approaches
to address measurement error, such as genetic instrumental varia-
bles (41), which rely on a number of assumptions. Yet, in assess-
ing the relative impact of direct and indirect associations across
contexts, there is little reason to suspect that the less-accurate
predictive power of PGIs when used to estimate models should
lead to systematic bias by cohort or place, and reducing classic
measurement error does not solve the problem if there were
systematic errors.
Notwithstanding such problems with PGIs deployed across

contexts, this measured genotypic approach offers some strengths
compared to twin studies. Twin-based cross-national comparisons
rest on the assumption that gene–environment covariance and
genetic assortative mating both remain constant across context.
In the present study, in contrast, we compared estimates of direct
genetic associations, of parental genetic nurture and of parental
measured education to those obtained in other contexts. These
estimates provide a necessary complement to twin-based esti-
mates. The approach of estimating direct genetic, genetic nurture,
and phenotypic associations on educational achievement should
perhaps allow for a better test of whether the social and policy
context matters for the relative influence of these factors. Like-
wise, while there is both phenotypic and genotypic assortative
mating in our sample (20), direct genetic associations estimated
in a within-family model should be less confounded by such devi-
ations from random mating, in contrast to the heritability esti-
mated in a twin model.
Our study concerns early adolescence. The interplay of genet-

ics and social background may well change over the life course, as
children increasingly operate independently of their parents. In
early adolescence there is a lot of direct monitoring by parents,
and parents may try to assist their children with schoolwork and
this may spill over into the standardized test results. Once chil-
dren age they will to a larger degree have to rely on their own tal-
ents, and not parents’ active assistance. It is conceivable that the
associations with social background we observe may fade at
higher ages. Another limitation of our study concerns Scarr–
Rowe interactions. Children who participate in MoBa are
performing better than the average child on national test scores
(SI Appendix, Table S1). Our results may lack common support
in the data to investigate Scarr–Rowe interactions as they are
described in societies with higher inequality. Our data, and
indeed Norway in general, have very few children growing up in
what could be described as deeply deprived conditions.
To conclude, our results outline a world that appears to be sim-

ple, linear, and mostly independent: parents’ own education affects
children’s educational performance. Although the association of
the child’s own genetically anchored dispositions is the strongest
individual predictor, the combined estimates of the mother’s and
the father’s education is much higher. Some twin studies have
found that the heritability of educational outcomes is higher when
societies provide more equal opportunities (16, 17). Other com-
parative studies of the heritability of educational outcomes find no
differences between social democratic welfare state countries and
liberal welfare state countries (5–7, 35). Our results not only con-
firm that direct genetic associations are likely to be fairly constant
across societies, but they also raise the possibility that social associa-
tions of family background do not systematically vary across policy

contexts when models are estimated that are robust to differences
in assortative mating and gene–environment covariance.

Even in a universal welfare state with relatively low levels of
inequality there are still two systems of inheritance, one genetic
and one social. The genetic confounding of intergenerational
transmission of educational achievement from parents to
children is low. Social science researchers can continue to
emphasize environmental explanations without fearing that
their interpretations are fully confounded.

Materials and Methods

Data. We used data from the Norwegian MoBa and register data from several
Norwegian national administrative registration systems. MoBa is a population-
based pregnancy cohort study conducted by the Norwegian Institute of Public
Health (26). Participants were recruited from all over Norway from 1999 to
2008. The women consented to participation in 41% of the pregnancies. The
cohort now includes 114,500 children, 95,200 mothers, and 75,200 fathers. The
current study is based on version 12 of the quality-assured data files, which
includes around 98,000 genotyped individuals. The establishment of MoBa and
initial data collection were based on a license from the Norwegian Data Protec-
tion Agency and approval from The Regional Committees for Medical and Health
Research Ethics. The MoBa cohort is now based on regulations related to the Nor-
wegian Health Registry Act. We obtained genetic data on the children and their
parents through MoBa Genetics v1.0, an infrastructure for genomic data in
MoBa. Blood samples were obtained from both parents during pregnancy and
from mothers and children (umbilical cord) at birth. MoBa is likely a high func-
tioning sample, meaning they experience fewer social problems and health
symptoms compared to the prevalence in the population and this may in turn
limit generalizability of results (42).

The register data stem from several different administrative registers (43).
Basic demographic data and kinship links are taken from the Norwegian central
population register, and both information on parents’ education and children’s
results on national standardized tests are taken from the National Educational
Database (NuDB). The linkage between MoBa and register sources was
done using the Norwegian national ID number system, with minimal loss of
information. The register data generally suffer no attrition and little, if any, error
in registration (43).

Measures, Models, and Final Sample.
Polygenic indices. We constructed PGIs based on the results from the third
GWAS for educational attainment (32). From the available SNP data, PGIs were
calculated following best practice (44), using the PRSice software (45). After
removing SNPs in linkage disequilibrium by clumping, we use information from
all available SNPs when calculating the indices (i.e., a P-value threshold of 1.00).
Documentation on the quality control and filtering of SNPs for creating the PGIs
is included in SI Appendix. During this process, ∼5% of the genotyped samples
were excluded. Finally, the indices were z-standardized separately for each role
(mothers, fathers, children).
Parent’s education at age 30. The data on parents’ educational attainments
cover the years 1970 and 1980 to 2018. We chose the measure that was closest
in time to when the parents were aged 30. Originally coded on the NUS2000-
standard, a taxonomy of educational programs similar to ISCED (46), the levels
were converted to the expected number of years needed to achieve that level
and then z-standardized.
National standardized tests. As of 2007, all students in Norway take nation-
wide standardized tests in mathematics, reading comprehension, and English
(Directorate for Education 2010). All three tests are administered in fifth, eighth,
and ninth grades, while English is administered in fifth and eighth grade only.
The youngest children in our sample have not passed through all three grades,
which implies that the number of children with valid observations vary over
these test outcomes. Children’s scores for math and reading tests were averaged
across grades to reduce measurement error. We found no systematic trend over
grades in test scores. Scores were z-standardized the scores within each test and
year combination for the full population before we linked it to the MoBa sample,
so that our outcome variables measure where in the distribution of scores the
student places within his/her own cohort on a specific test.
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Models. We estimated models of educational achievement with the child’s PGI,
parents’ PGIs, and parents’ educational attainments as predictors using ordinary
least squares. We included the child’s sex and birth cohort, the first 10 principal
components of the SNP genotype dataset, and categorical variables for genotyp-
ing batch in all the models. We also estimated separate models for boys and
girls in a supplementary analysis.

Final sample. Our sample is delineated in several ways. The final sample con-
sists of participant families from MoBa who meet the following criteria. First,
both parents must have consented to participate in MoBa and must all have
been genotyped. Second, the child and both parents must have a valid PGI.
Third, the child must have a valid result on at least one of the set of eight stan-
dardized test scores we studied. The final sample includes 26,518 complete
child–mother–father trios.

Data Access and Replication. This work was approved by the Norwegian
National Center for Research Data, the Regional Committee on Medical Ethics,
data owners, and Statistics Norway. Norwegian privacy regulations limit our abil-
ity to share our register data, and the consent given by the MoBa participants
does not open for storage of data from MoBa on an individual level in reposito-
ries or journals. Individual researchers may apply to obtain permissions and sub-
sequently access the data. Researchers who want access to MoBa datasets for
replication should submit an application to datatilgang@fhi.no. Access to
datasets requires approval from The Regional Committee for Medical and Health
Research Ethics in Norway and agreements with the above mentioned
institutions. In SI Appendix, we provide a description of the procedure used to
clean the genomic data and calculate the PGIs, the code used to link all the data
sources together and analyze the data.

Data Availability. Administrative register and genetic data must be applied
for to data owners by researchers and cannot be shared.

ACKNOWLEDGMENTS. We thank all of the participating families in Norway
who take part in this on-going cohort study; the Norwegian Institute of Public
Health (NIPH) for generating high-quality genomic data; the NORMENT Centre
for providing genotype data, funded by the Research Council of Norway
(#223273), South East Norway Health Authority, and KG Jebsen Stiftelsen; the
Center for Diabetes Research; the University of Bergen for providing genotype
data and performing quality control and imputation of the data funded by the
European Research Council AdG projectSELECTionPREDISPOSED; the Trond
Mohn Foundation; the Research Council of Norway; the Novo Nordisk Founda-
tion; the University of Bergen; and the Western Norway Health Authorities (Helse
Vest). This research is part of the OPENFLUX project and EQOP projects, which
both received funding from the European Research Council under the European
Union’s Horizon 2020 research and innovation programme (Grant agreements
818420 and 818425, respectively). This research was supported by the Research
Council of Norway (#288083). The Norwegian Mother, Father, and Child Cohort
Study is supported by the Norwegian Ministry of Health and Care Services
and the Ministry of Education and Research. This research is part of the HARVEST
collaboration, supported by the Research Council of Norway (#229624).

Author affiliations: aDepartment of Sociology and Human Geography, University of
Oslo, 0317 Oslo, Norway; bDepartment of Sociology, Princeton University, Princeton, NJ
08544; cNational Bureau of Economic Research, Cambridge, MA 02138; dDepartment of
Clinical Science, University of Bergen, 5009 Bergen, Norway; eNic Waal Institute,
Lovisenberg Diaconal Hospital, 0853 Oslo, Norway; fDepartment of Psychology,
University of Oslo, 0317 Oslo, Norway; and gDepartment of Special Needs Education,
University of Oslo, 0317 Oslo, Norway

1. B. S. Burks, Statistical hazards in nature-nurture investigations. Yearb. Natl. Soc. Study Educ. Part 1,
9–33 (1928).

2. B. K. Eckland, Genetics and sociology: A reconsideration. Am. Sociol. Rev. 32, 173–194 (1967).
3. T. J. C. Polderman et al., Meta-analysis of the heritability of human traits based on fifty years of

twin studies. Nat. Genet. 47, 702–709 (2015).
4. E. Turkheimer, Three laws of behavior genetics and what they mean. Curr. Dir. Psychol. Sci. 9,

160–164 (2000).
5. A. R. Branigan, K. J. McCallum, J. Freese, Variation in the heritability of educational attainment: An

international meta-analysis. Soc. Forces 92, 109–140 (2013).
6. K. Silventoinen et al., Genetic and environmental variation in educational attainment: An

individual-based analysis of 28 twin cohorts. Sci. Rep. 10, 12681 (2020).
7. E. L. de Zeeuw, E. J. C. de Geus, D. I. Boomsma, Meta-analysis of twin studies highlights the

importance of genetic variation in primary school educational achievement. Trends Neurosci. Educ.
4, 69–76 (2015).

8. A. Pokropek, J. Sikora, Heritability, family, school and academic achievement in adolescence. Soc.
Sci. Res. 53, 73–88 (2015).

9. D. Conley et al., Is the effect of parental education on offspring biased or moderated by genotype?
Sociol. Sci. 2, 82–105 (2015).

10. H. Liu, Social and genetic pathways in multigenerational transmission of educational attainment.
Am. Sociol. Rev. 83, 278–304 (2018).

11. N. Judd et al., Cognitive and brain development is independently influenced by socioeconomic
status and polygenic scores for educational attainment. Proc. Natl. Acad. Sci. U.S.A. 117,
12411–12418 (2020).

12. S. von Stumm et al., Predicting educational achievement from genomic measures and
socioeconomic status. Dev. Sci. 23, e12925 (2020).

13. A. Kong et al., The nature of nurture: Effects of parental genotypes. Science 359, 424–428 (2018).
14. T. C. Bates et al., The nature of nurture: Using a virtual-parent design to test parenting effects

on children’s educational attainment in genotyped families. Twin Res. Hum. Genet. 21, 73–83 (2018).
15. B. Wang et al., Robust genetic nurture effects on education: A systematic review and meta-analysis

based on 38,654 families across 8 cohorts. Am. J. Hum. Genet. 108, 1780–1791 (2021).
16. P. Engzell, F. C. Tropf, Heritability of education rises with intergenerational mobility. Proc. Natl.

Acad. Sci. U.S.A. 116, 25386–25388 (2019).
17. A. C. Heath et al., Education policy and the heritability of educational attainment. Nature 314,

734–736 (1985).
18. D. Conley, E. Rauscher, C. Dawes, P. K. E. Magnusson, M. L. Siegal, The equal environments

assumption in the post-genomic age: Using misclassified twins to estimate bias in heritability
models. Behav. Genet. 43, 415–426 (2013).

19. D. Conley et al., Assortative mating and differential fertility by phenotype and genotype across the
20th century. Proc. Natl. Acad. Sci. U.S.A. 113, 6647–6652 (2016).

20. F. A. Torvik et al., Modeling assortative mating and genetic similarities between partners, siblings,
and in-laws. Nat. Commun. 13, 1108 (2022).

21. J. Smits, W. Ultee, J. Lammers, More or less educational homogamy? A test of different versions of
modernization theory using cross-temporal evidence for 60 countries. Am. Sociol. Rev. 65,
781–788 (2000).

22. A. S. Hermansen, N. T. Borgen, A. Mastekaasa, Long-term trends in adult socio-economic
resemblance between former schoolmates and neighbouring children. Eur. Sociol. Rev. 36,
366–380 (2020).

23. R. H. Kitterød, E. H. Nymoen, J. Lyngstad, Endringer i bruk av barnetilsyn fra 2002 til 2010
[Changes in Use of Child Care from 2002 to 2010] (Tabellrapport, 2012).

24. S. Q. Cornman, L. Zhou, M. R. Howell, J. Young, Revenues and Expenditures for Public Elementary
and Secondary Education: School Year 2015–16 (Fiscal Year 2016). First Look (National Center for
Education Statistics, 2018).

25. T. Hægeland, O. Raaum, K. G. Salvanes, Pupil achievement, school resources and family
background. IZA Discussion papers no. 1459 (Institute for the Study of Labour, Bonn, 2005).

26. P. Magnus et al., Cohort profile update: The Norwegian Mother and Child Cohort Study (MoBa).
Int. J. Epidemiol. 45, 382–388 (2016).

27. J. J. Lee et al., Gene discovery and polygenic prediction from a 1.1-million-person GWAS of
educational attainment Nat. Genet. 50, 1112–1121 (2018).

28. S. Scarr-Salapatek, Race, social class, and IQ. Science 174, 1285–1295 (1971).
29. E. Turkheimer, A. Haley, M. Waldron, B. D’Onofrio, I. I. Gottesman, Socioeconomic status modifies

heritability of IQ in young children. Psychol. Sci. 14, 623–628 (2003).
30. T. Baier, V. Lang, The social stratification of environmental and genetic influences on education:

New evidence using a register-based twin sample. Sociol. Sci. 6, 143–171 (2019).
31. D. N. Figlio, J. Freese, K. Karbownik, J. Roth, Socioeconomic status and genetic influences on

cognitive development. Proc. Natl. Acad. Sci. U.S.A. 114, 13441–13446 (2017).
32. C. A. Rietveld et al.; LifeLines Cohort Study, GWAS of 126,559 individuals identifies genetic

variants associated with educational attainment. Science 340, 1467–1471 (2013).
33. N. W. Papageorge, K. Thom, Genes, education, and labor market outcomes: evidence from the

health and retirement study. J. Eur. Econ. Assoc. 18, 1351–1399 (2020).
34. M. Rask-Andersen, T. Karlsson, W. E. Ek, Å. Johansson, Modification of heritability for

educational attainment and fluid intelligence by socioeconomic deprivation in the UK Biobank.
Am. J. Psychiatry 178, 625–634 (2021).

35. T. Baier et al., Genetic influences on educational achievement in cross-national perspective. Eur.
Sociol. Rev., 10.1093/esr/jcac014 (2022).

36. K. B. Karlson, Is Denmark a much more educationally mobile society than the United States?
Comment on Andrade and Thomsen, ‘Intergenerational Educational Mobility in Denmark and the
United States’ (2018). Sociol. Sci. 8, 346–358 (2021).

37. P. Herd et al., Genes, gender inequality, and educational attainment. Am. Sociol. Rev. 84,
1069–1098 (2019).

38. UNDP, 2018 Statistical update: Human development indices and indicators. (UNDP, 2018).
https://hdr.undp.org/en/content/human-development-indices-indicators-2018-statistical-update.

39. E. M. Tucker-Drob, T. C. Bates, Large cross-national differences in gene × socioeconomic status
interaction on intelligence. Psychol. Sci. 27, 138–149 (2016).

40. T. Baier, , E. M. Eilertsen, , E. Ystrom, , I. M. Zambrana, T. H. Lyngstad, An anatomy of the
intergenerational correlation of educational attainment: Learning from the educational
attainments of Norwegian twins and their children. Res. Soc. Stratif. Mobil. 79, 100691 (2022).

41. T. A. DiPrete, C. A. P. Burik, P. D. Koellinger, Genetic instrumental variable regression: Explaining
socioeconomic and health outcomes in nonexperimental data. Proc. Natl. Acad. Sci. U.S.A. 115,
E4970–E4979 (2018).

42. G. Biele et al., Bias from self selection and loss to follow-up in prospective cohort studies.
Eur. J. Epidemiol. 34, 927–938 (2019).

43. K. Røed, O. Raaum, Administrative registers—Unexplored reservoirs of scientific knowledge? Econ.
J. (Lond.) 113, F258–F281 (2003).

44. M. C. Mills, N. Barban, F. C. Tropf, An Introduction to Statistical Genetic Data Analysis (MIT Press, 2020).
45. S. W. Choi, P. F. O’Reilly, PRSice-2: Polygenic risk score software for biobank-scale data.

Gigascience 8, giz082 (2019).
46. N. Barrab�es, G. K.Østli, Norsk standard for utdanningsgruppering 2016. Revidert 2000

Dokumentasjon Oppdatert 2016. (Statistics Norway, Oslo, 2016).

6 of 6 https://doi.org/10.1073/pnas.2201869119 pnas.org

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.p
na

s.
or

g 
by

 U
N

IV
E

R
SI

T
E

T
SB

IB
L

 I
 B

E
R

G
E

N
 T

ID
SS

K
R

IF
T

 o
n 

N
ov

em
be

r 
4,

 2
02

2 
fr

om
 I

P 
ad

dr
es

s 
12

9.
17

7.
16

9.
98

.

mailto:datatilgang@fhi.no
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.2201869119/-/DCSupplemental
https://doi.org/10.1093/esr/jcac014
https://hdr.undp.org/en/content/human-development-indices-indicators-2018-statistical-update

