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Abstract
Many previous studies have shown that skilled and educated women have fewer
children. By comparing twins and close siblings in Swedish register data, we show
that the negative association between human capital and fertility mostly reflects family
background factors. For males, human capital measures are unrelated to fertility in the
overall population, but this again masks the influence of family background factors as
high-skilled males tend to have more children than their less-skilled twins or siblings.
Hence, family background factors have a strong negative impact on the overall
association between human capital measures and fertility for both women and men.
Non-cognitive abilities deviate from these patterns—these abilities remain strongly
complementary to fertility both within and across families. Our results can be recon-
ciled with a stylized model where family-specific preferences for fertility are shared
across generations and shape investments in skills and traits when children are young.
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1 Introduction

The relationship between fertility and human capital measures such as skills and
education is a widely studied topic within the social sciences. Although the literature
has converged on the conclusion that fertility rates decline as a country’s population
becomes more educated (see, e.g., Frejka and Calot 2001 and Fort et al. 2016),1 such
conclusions are less clear at the individual level. If pursuing higher education makes it
more costly to raise a family, then individuals may be forced to choose between
accumulating more human capital and raising children, a fear that appears relevant
for career-oriented women in many countries. On the other hand, human capital may be
complementary to fertility if it increases attractiveness on the marriage market relative
to competing peers. At the same time, a separate, but equally large, literature has
documented that human capital indicators, family values, and other key determinants of
social and economic outcomes are shared within families and transmitted across
generations. These patterns naturally raise questions regarding the extent to which
associations between education and fertility are artifacts of transmitted family traits, and
how such a transmission process is best understood. Family-based skill endowments,
but also wealth and preferences, may affect both the possibilities of pursuing higher
education and fertility outcomes. In this paper, we present the most comprehensive
evidence yet on the role of shared family background for shaping the associations
between skills, education, and fertility outcomes. We also provide a stylized theoretical
framework that can explain the empirical patterns we unravel.

We analyze the role of family background for fertility outcomes of both men and
women using data from Swedish population-wide intergenerational registers. We link
to those data a very broad set of human capital measures covering years of schooling,
compulsory school grades, cognitive ability, and non-cognitive ability, all drawn from
Swedish register data. Key to our analysis is that our intergenerational registers allow
us to isolate pairs of twins or close siblings who share a joint family background.2

The bulk of the existing literature has found negative associations between fertility
and education, at least for females.3 But this (raw) empirical association is likely to be
confounded by predetermined factors, such as skill endowments, preferences, and
wealth, that may affect both the pursuit of higher education and fertility outcomes.
As we conjecture that an important set of confounders are shared within families, we
aim to provide a detailed assessment of how family background affects the associations
between education, skills, and fertility. The aim is to isolate the full impact of a shared
family background without restricting the analysis to dimensions that are measurable in
available data.4 Empirically, we therefore follow in the tracks of a set of recent studies
that removed the confounding impact of family background by controlling for family

1 The main reason is that education improves earnings capacity, making it more costly to bear and raise
children. In addition, education leads to increased awareness of contraceptive technologies.
2 Whenever we refer to “family background” in this paper, it should be interpreted as “all parts of family
background that are shared across twins (or close siblings)”. It does not include child-specific idiosyncratic
components that may arise if parents have specific preferences for some of their children or if they invest in
response to child-specific initial conditions.
3 See Section 2 below for a detailed discussion of specific studies.
4 The focus on isolating the full impact of parental background comes at the cost of not being able to separate
between precise (mediating) characteristics of the parents.
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fixed effects when regressing fertility measures on education (see, e.g., Amin and
Behrman 2014; Kohler et al. 2011; Nisén et al. 2013; Nisén et al. 2014; Nisén et al.
2018). The evidence from these studies is mixed; perhaps partly because of small
sample sizes, but the overall pattern tends to suggest that the inclusion of family fixed
effects reduces the negative association between education and fertility. Several papers
have relied on compulsory schooling reforms to directly estimate the causal impact of
education on female fertility (see, e.g., Cygan-Rehm and Maeder 2013; Fort et al. 2016;
Grönqvist and Hall 2013; Monstad et al. 2008). However, the results are mixed, and the
lack of statistical precision makes the approach less useful for our purposes as it makes
it difficult to precisely isolate the role of family background factors.

A related set of studies have directed attention to the association between initial skill
endowments (mainly intelligence) and fertility (see, e.g., Chen et al. 2013; Kanazawa
2014; Meisenberg 2010; Wang et al. 2016), thus focusing on the impact on fertility of
endowments that are predetermined at the time when schooling and fertility choices are
made. Generally, the above studies document a negative association between
intelligence and fertility for women and a relationship close to zero for men. In a
recent paper, Kolk and Barclay (2019) find a positive relationship between skills and
fertility for men after controlling for family background factors.5

In this paper, we combine elements of these earlier approaches, but with a sharper
focus on the role of family background factors instead of the causal impact as such.
This focus relates our study to the enormous literature on how shared family factors that
affect individual outcomes are transmitted across generations. A large number of
empirical studies document that families share, within and across generations, funda-
mental traits and outcomes such as cognitive and non-cognitive abilities (e.g.,
Grönqvist et al. 2017 and references therein), education (see Fleury and Gilles 2018
for a meta analysis and Havari and Savegnago 2020 for a recent study), family values
(e.g., Yi et al. 2004; Copen and Silverstein 2008), and criminal behavior (see Besemer
et al. 2017 for a meta analysis and Dobbie et al. 2018 for a recent study) just to name a
few. But to the best of our knowledge, this literature, which also inspired a set of
theoretical models to explain the underlying processes (see, e.g., Caucutt and Lochner
2020 for a recent example), has not scrutinized the extent to which shared family traits
shape the joint distribution of human capital, education, and fertility.

We analyze how family background affects the relationships between skills and
fertility and between educational attainment and fertility using twin and sibling fixed-
effects models. An advantage relative to most previous fertility studies is that we are
able to use nationwide register data on several different measures of human capital.
These measures cover standard outcomes related to completed education and fertility6

as well as skill endowments in the form of grades and cognitive and non-cognitive
abilities (for men only)7 measured before family formation and entry into further
education. One unique feature of the data is the possibility of precisely estimating the

5 Our focus is different from Kolk and Barclay (2019) in the sense that we are more explicitly interested in
explaining the nature of the family background bias (see, in particular, our ending section). We therefore use a
much broader set of skill-measures for both men and women.
6 Our fertility measures are: Age at first birth (AFB), a dummy for having children at all at age 45 and the
number of children at age 45.
7 We show that the cross-family patterns are similar for men and women in those dimensions where we do not
have individual skill data for women.
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relation between fertility and cognitive and non-cognitive ability within male twin-
pairs. This is a novel contribution in its own right; in particular as non-cognitive
abilities otherwise mostly tend to be available in small-scale survey data sets that do
not allow for the inclusion of family fixed effects. We show that these non-cognitive
abilities are less related to educational performance than cognitive abilities (that instead
are highly correlated with school grades) but instead matter more for family formation
outcomes. Overall, we are able to give a very comprehensive picture of the role played
by family background factors in forming the relations between skills, education, and
fertility for men and women.

Our results highlight that family background is a key determinant of the raw
empirical associations between human capital measures and fertility. For women, we
find significant negative raw associations between years of schooling, compulsory
school grades, and fertility, as in most previous studies. However, after accounting
for twin (or sibling) fixed effects, the associations are close to zero. For men, the raw
associations between human capital (years of schooling, compulsory school grades, and
cognitive skills) and fertility are close to zero, but after accounting for twin (or sibling)
fixed effects, estimates become positive.

Overall, we thus conclude that the raw associations overemphasize (relative to the
within-family associations) the degree to which human capital accumulation crowds
out childbearing for women. The raw associations similarly underestimate the degree of
complementarity between human capital and fertility for men. These patterns imply that
there must exist some important family background factor (shared between twins and
siblings) that is positively related to grades, cognitive abilities, and acquired education
but negatively related to our fertility measures (consequently pushing the raw associ-
ations in a negative direction) for both men and women. With respect to non-cognitive
ability, which has not been studied in the previous literature and which we show to be
very strongly positively related to fertility, we instead find the opposite pattern; the
inclusion of twin fixed effects pushes the association with fertility in a more negative
direction.

We end the paper by showing that all of these patterns can be reconciled in a stylized
theoretical model where shared preferences within a family are allowed to affect both
the types of skills children accumulate and the choices these children make later in life.
We postulate, in line with our empirical patterns, that cognitive skills are relatively
more important for schooling whereas non-cognitive skills are more important for
marriage and fertility. Families with relatively strong preferences for education then
have incentives to focus their skill investments in the cognitive domain, whereas
families with a relatively strong preferences for fertility have an incentive to focus
more on raising children with non-cognitive skills. If the underlying preferences also
are transmitted across generations, this justifies why fertility is particularly low in
families where children have high education/cognitive skills. As a consequence of
the shared intergenerational traits, these associations will always be more negative
across families than within families. A first-order testable prediction is that parents with
high education (fertility) conditional on the own skill-set should raise children with
more cognitive (non-cognitive) skills. We show that this prediction is borne out in the
data.

The paper is structured as follows: Section 2 presents an overview of the existing
literature. Section 3 presents our Swedish register data. Section 4 presents the main
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empirical results. Section 5 presents the theoretical model and tests thereof. Section 6
concludes.

2 Previous literature

The overall literature on the determinants of fertility outcomes is clearly much too vast
to be summarized here. Instead, we give a broad overview of the most closely related
studies, i.e., papers presenting findings concerning the associations between years of
schooling, cognitive skills and non-cognitive skills on the one side, and individual
fertility measures on the other side.8

For women, years of schooling is generally negatively associated with completed
fertility (Amin and Behrman 2014; Kravdal and Rindfuss 2008; Meisenberg 2008;
Nisén et al. 2013). However, at least in the Nordic countries, there have been substan-
tial changes over time. Andersson et al. (2009) and Jalovaara et al. (2019) report that
the educational gradient in completed fertility has decreased over time. The cross-
sectional association between years of education and Age of First Birth (AFB) for
women is consistently positive (Amin and Behrman 2014; Kravdal and Rindfuss 2008;
Martin 2000; Rodgers et al. 2008; Tropf and Mandemakers 2017).

The results for men are more mixed. In developed countries the association between
years of schooling and completed fertility is suggested to be zero or slightly positive
(Kravdal and Rindfuss 2008; Meisenberg 2008; Nisén et al. 2013). For the Nordic
countries, Jalovaara et al. (2019) report a persistent positive educational gradient in
completed fertility. In developing countries, however, the association is firmly negative
(Meisenberg 2008). But, it appears quite clear that higher education is associated with
higher AFB for men (Kravdal and Rindfuss 2008; Nisén et al. 2013).

Recently, a set of papers has investigated within-twin associations between years of
schooling and fertility, in an attempt to move closer to estimating a causal effect of
educational attainment on fertility.9 Kohler et al. (2011) and Amin and Behrman (2014)
investigate within-twin associations between years of schooling and fertility using data
on identical female twins in the USA. Both studies find that more education is
associated with lower completed fertility in terms of number of children. Amin and
Behrman (2014) further suggest that education delays childbearing. However, they find
no association between education and childlessness. Nisén et al. (2013) study male and
female twin pairs in Finland and find no effect of education for any of the genders on
completed fertility in terms of having children at all.10 Nisén et al. (2013) further shows
that the within-twin association between years of schooling and AFB for men is close
to zero while it is slightly positive for women. Rodgers et al. (2008) and Tropf and

8 A condensed overview can be found in Table A1 in Kramarz et al. (2019).
9 It is of course debatable whether within-twin pair estimates of the effect of education on fertility can be given
a causal interpretation. But at the very least, family fixed-effects models remove the confounding influence of
environmental factors that simultaneously determine fertility and education. See Kohler et al. (2011) for a
detailed description of the benefits of twin data in social science.
10 There are also papers that have performed similar analyses using siblings instead of twins. Nisén et al.
(2014) show that the within-sibling association between education and completed fertility for Finnish women
is negative. The corresponding association for Finnish men is positive (Nisén et al. 2018). In both cases,
however, the inclusion of sibling fixed effects pushes the estimates in a somewhat positive direction relative to
the unadjusted estimates.

How family background shapes the relationship between human capital...



Mandemakers (2017) have also investigated within-twin associations between years of
schooling and AFB for women using data on Danish and British twins. Rodgers et al.
(2008) suggest that the effect of education on AFB is zero but Tropf and Mandemakers
(2017) report significant (albeit small) positive effects.

There are also several papers that have used compulsory schooling reforms to study
the causal effect of years of education on fertility outcomes. McCrary and Royer (2011)
suggest that the causal effect of education on AFB for women is zero. Monstad et al.
(2008), Grönqvist and Hall (2013), Black et al. (2008), Cygan-Rehm and Maeder
(2013), and Silles (2011), on the other hand, report positive effects. For men, Grönqvist
and Hall (2013) find zero effects of education on AFB and on fertility at age 32. The
evidence on the causal effect of years of schooling on completed fertility for women is
quite mixed. Fort et al. (2016) find negative effects for England but positive effects for
continental Europe. Monstad et al. (2008) find zero effects. Grönqvist and Hall (2013)
find zero effects (but measured at age 32). Cygan-Rehm and Maeder (2013) find
negative effects.

Previous research on the raw association between cognitive ability/intelligence and
fertility has produced two robust findings for women. First, intelligence is negatively
associated with completed fertility (Chen et al. 2013; Kanazawa 2014; Meisenberg
2010; Wang et al. 2016). Second, intelligence is positively correlated with AFB
(Rodgers et al. 2008). For men, the picture is less clear. Several recent papers report
small negative associations between intelligence and completed fertility (Chen et al.
2013; Meisenberg 2010; Wang et al. 2016). Kanazawa (2014), however, does not find
any relation between intelligence and childlessness, and Woodley and Meisenberg
(2013) even find a positive association. Kolk and Barclay (2019), using data from
Sweden, report that intelligence is positively associated with both completed fertility
and AFB for men.

Research on the within-family association between intelligence and fertility
outcomes is scarce. We are only aware of the papers by Rodgers et al. (2008) and
Kolk and Barclay (2019). Rodgers et al. (2008) investigate the within-twin association
between intelligence and AFB for women. They find a zero effect. Kolk and Barclay
(2019) find that the unadjusted positive relationship between intelligence and complet-
ed fertility for Swedish men becomes even stronger when estimated within sibling-
pairs.

In our paper, we estimate associations between years of education, compulsory
school grades, cognitive and non-cognitive abilities, and the three most commonly
used fertility outcomes in the literature reviewed above, i.e., an indicator for positive
completed fertility (having children at all at age 45), a continuous measure of complet-
ed fertility (number of children at age 45), and AFB.11 We do this separately for men
and women. We focus on documenting how raw (within-cohort) associations differ
from within twin-pairs (and close sibling pairs) estimates for all of these measures.12

This means that we, in contrast to earlier studies, can (i) give a comprehensive picture
of the relations between grades, years of schooling, non-cognitive and cognitive skills

11 To keep the presentation concise, and in concordance with the reviewed studies, we abstain from analyzing
alternative measures such as parity progression ratios or parity at different ages.
12 Except within twin-pair associations for female ability scores which we cannot estimate for data availability
reasons.
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on the one side and standard fertility measures on the other side and (ii) to isolate how
family background affects all of these associations. We then collect the estimates and
derive an intuitive stylized model that can account for the full set of patterns found in
our data.

As discussed in the vast literature on twin fixed effects, not all confounders need to
be related to family background. This implies that within-twin pair estimates may
reflect differences in individual-specific factors that affect both human capital endow-
ments and fertility.13 This should be kept in mind when interpreting our results. In
terms of our key focus, this implies that all of our references to “parental background”
should be interpreted as “those components of family background that are shared across
twins (or siblings)”.

3 Data

Our main data source is a multigenerational register covering all individuals in Sweden
born in the period 1932–2017. This dataset contains year and month of birth, gender,
and a personal identifier that can be linked to other registers. It also contains personal
identifiers for the father and the mother. We approximate completed fertility by fertility
outcomes at age 45. Consequently, we do not include individuals who are born after
1972. The included cohorts vary depending on the independent variables used; our
largest (smallest) sample contains cohorts born between 1935 and 1972 (1969–1972).
Through the multigenerational register, we can measure the reproductive results of
these cohorts up until age 45. We summarize their fertility through three different
measures: AFB, a dummy for having children at age 45 and a count of the total number
of children at age 45.

This multigenerational register is also used to identify twins. Individuals that are
born in the same month in the same year and that have the same mother and father are
considered twins. We only study same-sex twins. We do not observe if the twins are
monozygotic or dizygotic, but it is a well-known fact that about half of same-sex twin
pairs are dizygotic (Haworth et al. 2008).

We measure skills and schooling using three different data sources. First, we have
access to the final average grade from compulsory school for all individuals that
graduated from 1985 onward.14 Students typically graduate from compulsory school
in the year when they turn 16. Consequently, we can only study individuals born in
1969–1972 when using this skill measure. Second, we can observe cognitive and non-
cognitive ability test results for men from the military draft. The cognitive score, which
is measured through a written test, is known to be a good measure of general
intelligence (Carlstedt 2000).15 Non-cognitive ability is evaluated in the following
way (Mood et al. 2012): During the draft, the draftees have a 20-min interview with
a trained psychologist. The psychologist asks questions about how they behave and

13 Thus, our measures of family background do not include idiosyncratic parental investments that may arise
if, e.g., parents provide different types of stimulus to siblings with different pre-conditions as documented by
Rosenzweig and Zhang (2009).
14 We primarily think of compulsory school grades as capturing cognitive ability. In Table 3, we show results
supporting this notion. We standardize the grades by graduation year.
15 See Carlsson et al. (2015) for a detailed description of the tests of cognitive ability.
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perform in different situations and on the basis of the answers, the draftee is graded
along four different dimensions: (1) social maturity (e.g., extroversion and indepen-
dence), (2) psychological energy (e.g., focus and perseverance), (3) intensity (e.g.,
activation without external pressure), and (4) emotional stability (e.g., tolerance to
stress). Unfortunately, the exact interview protocol is not released by the military.
Fredriksson et al. (2018) show that each of the detailed scores is positively related to
wages later in life, but also that different scores have different associations to the
chosen occupation later in life which provide some additional insights into the nature of
what they measure. For example, nurses have very high levels of “social maturity”,
miners have low overall ability levels, but comparatively much of “intensity”, place-
ment officers have very high levels of “psychological energy,” and fire-fighters have
very high levels of tolerance to stress. From the military’s perspective, the aim of the
non-cognitive score is to capture abilities that are believed to be productive in military
situations but that are non-cognitive in nature.16 The subscores are summarized in an
overall non-cognitive score reported using a normally distributed Stanine scale. The
cognitive test results are summarized in a similar way, and we rely on these composite
scores for the purpose of this paper after standardizing them to mean zero and standard
deviation one by enlistment year (as in, e.g., Grönqvist et al. 2017) to handle some
changes in measurement protocols during the sample period.

The draft typically occurs at age 18 which restricts our sample to individuals born in
1950–1972 (draft information is available from 1969). During this period, military
service was compulsory for men and hence almost all men participated in the draft.
Only a very tiny fraction of the women participated in the draft and thus this analysis is
(primarily) confined to men. As shown by Grönqvist et al. (2017), it is possible to
impute cognitive and non-cognitive abilities at the family level also for women by
using the test results of their brothers. Using their method, we can therefore estimate
raw associations across (but not within) families between skills and fertility also for
women.

At the time of taking the draft tests, almost all subjects are still in school. Instead,
almost all variation in years of schooling is beyond this point. The timing thus ensures
that variation in years of schooling cannot have caused (much of) the variation in skills
within our data, despite of the fact that participation in schooling is likely to add to the
accumulation of cognitive and non-cognitive ability (see, e.g., Carlsson et al. 2015;
Fredriksson et al. 2013).

Third, we can link our main dataset to a register called LOUISE (Longitudinal
database about education, income, and employment). This register covers all individ-
uals in Sweden aged 16–65 in a given year and contains data on the highest level of

16 The measure of non-cognitive ability used in this paper is well established in the literature and has
previously been shown to have a strong positive correlation with labor market outcomes even conditional
on the cognitive score (see, e.g., Lindqvist and Vestman 2011; Fredriksson et al. 2013; Nybom 2017; Hensvik
and Skans 2016; Grönqvist et al. 2017; Fredriksson et al. 2018). Grönqvist et al. (2017) report that the measure
has a reliability of 0.5, whereas Lindqvist and Vestman (2011) report a reliability of 0.7. Lilieblad and
Ståhlberg (1977) let different psychologists listen to tape recordings of the same enlistment interviews and
then graded the draftees and the correlation between the non-cognitive scores assigned by the different
psychologists was 0.85.The correlation between our administrative-based measure of non-cognitive ability
and other measures of non-cognitive ability used in the literature based on survey answers to questions related
to, e.g., self-efficacy, self-esteem, conscientiousness and extraversion (see, e.g., Heckman et al. 2006; Nandi
and Nicoletti 2014; Heineck and Anger 2010) is not known.
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education. We use LOUISE data from 2000 to 2013. Individuals born before 1935 do
not appear in these data and thus the included individuals in this analysis are born
between 1935 and 1972. We require that the individuals are at least 35 years of age
when we measure their educational attainment. The highest education level variable is
transformed into a continuous years of schooling variable.17 Table 1 gives an overview
of the data we use.

Table 2 shows descriptive statistics for our main samples. The average number of
children at age 45 lies between 1.6 and 2.0 depending on the sample; the probability of
having a child at all at age 45 is between 0.75 and 0.87, and the average AFB is
between 25 and 30. The differences are explained by known factors; women have
higher fertility rates than men and later cohorts have children at older ages and are more
likely to be childless (Andersson et al. 2009; Jalovaara et al. 2019). The overall
impression is that twins are relatively similar to the average person in our key
dimensions. Most notably, twins have only marginally fewer children on average.
We also show that twins resemble each other in terms of skills and education, but that
a non-trivial variation remains within twin pairs. The between twin-pair standard
deviation in years of schooling for men is 2.4 whereas the corresponding within twin
pair number is 1.2, for women the numbers are 2.3 and 1.1. Turning to grades, we find
a between twin standard deviation of 0.9 vs 0.3 within for both men and women. For
both cognitive and non-cognitive abilities, the numbers are in the order of 0.9 between
and 0.4 within twin pairs.

As a final descriptive analysis, Table 3 shows the relationships between skills,
grades, and years of schooling for men. Two things should be noted from Table 3.
First, cognitive skills are contributing more to the final average grade from compulsory
school than non-cognitive skills (consistent with results in Grönqvist et al. 2017 and
Almlund et al. 2011). This is true for the general population of men (column 1) as well
as within male twin pairs (column 2). It also holds for women across families when we
use imputed (family) skills (see Table C1 in Kramarz et al. 2019). Therefore, we
primarily view compulsory school grades as capturing cognitive ability. Second,
cognitive ability is a stronger predictor of years of schooling than non-cognitive ability.
Again, this is true both for men in general (column 3) and within male twin pairs
(column 4). Results for women follow the same pattern (see Table C1 in Kramarz et al.
2019).

4 Empirical analysis

We analyze our data using two straightforward regression models. Equation (1) is used
to capture the raw association between fertility and skills/schooling:

Fertilityi ¼ β0 þ β1HumanCapitalþ θb þ εi ð1Þ

where fertility is measured in terms of AFB, a dummy for having children at age 45 and
number of children at age 45. We include birth year fixed effects (θb) to ensure that the

17 See Table B1 in Kramarz et al. (2019) for the construction of the years of schooling variable.
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associations are estimated within birth cohorts. This model is estimated using the
general population, and the estimate of β1 therefore relies mainly on across-family
variation. To remove the impact of family background that may jointly affect fertility
and skills/schooling, we estimate Eq. (2) on the twin pairs (indexed by j) in our sample:

Fertilityij ¼ βW
0 þ βW

1 HumanCapitalþ δ j þ εWij ð2Þ

where δj represents a twin-pair fixed effect. The inclusion of this twin-pair fixed effect
ensures that β1 is estimated using within-family (w) variation in fertility and skills/
schooling.

4.1 Fertility and years of schooling

We start by documenting the associations between years of schooling and fertility in
Table 4. Results for females are presented in Panel A and for males in Panel B. The first
column shows the (within birth cohort) raw associations between schooling and the
number of children at age 45. Consistent with previous evidence, we find a signifi-
cantly negative association for females; each additional year of schooling is associated
with 0.04 fewer children. For males, we find a small (0.006), but statistically signifi-
cant, positive association. This is consistent with the result in Jalovaara et al. (2019)
who also use Nordic data. When introducing twin fixed effects in the second column,
three quarters of the negative association for females disappears whereas the estimate
for males becomes substantially more positive (0.033).

Columns (3) and (4) present corresponding results for models where the outcome
instead is a dummy for having at least one child by age 45. The raw association for
females suggests that 1 year of additional schooling is associated with 0.5 percentage
points lower probability of having a child, whereas the estimate for males reveals a
significantly positive association of approximately the same size. As in the case of the
number of children, the introduction of twin fixed effects moves the estimates in a
positive direction for both men and women.

The last two columns repeat the exercise for age at first birth (AFB). The sample
now necessarily excludes those who never become parents and it is therefore somewhat
smaller. We find that an additional year of schooling delays the first child birth by 0.66
years for females and by 0.45 years for males according to the raw association (column
5). Again, conditioning on twin fixed effects (column 6) moves the estimates in a

Table 1 Measures of skills and schooling for different cohorts

Measure of skills/schooling Cohorts Gender

Years of schooling 1935–1972 Men and women

Grades, compulsory school 1969–1972 Men and women

Military draft scores 1950–1972 Men

In order to observe fertility outcomes at age 45, we cannot study individuals born after 1972. For women with
brothers who have participated in the military draft we can impute cognitive and non-cognitive skills (see
Grönqvist et al. 2017)
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Table 2 Descriptive statistics for our main samples (mean)

(1) (2) (3) (4)

Panel A. Years of schooling sample (birth cohorts 1935–1972)

Men Women

All Twins All Twins

Year of birth 1954.55 1954.87 1954.41 1954.46

Years of schooling 11.52 11.45 11.70 11.56

Number of children at 45 1.83 1.74 2.01 1.92

I [children at 45 > 0] 0.80 0.77 0.87 0.85

Age at first birth 28.45 28.44 25.47 25.70

Between-pair (std. dev.) N/A 2.43 (schooling) N/A 2.31 (schooling)

Within-pair (std. dev.) N/A 1.18 (schooling) N/A 1.12 (schooling)

Observations 2,233,137 19,758 2,180,083 20,244

Panel B. Compulsory school grade sample (birth cohorts 1969–1972)

Men Women

All Twins All Twins

Year of birth 1970.53 1970.61 1970.53 1970.60

Grade (std) − 0.19 − 0.14 0.19 0.20

Number of children at 45 1.65 1.64 1.88 1.78

I[children at 45 > 0] 0.77 0.76 0.85 0.82

Age at first birth 30.55 30.35 28.03 28.42

Between-pair (std. dev.) N/A 0.95 (grade) N/A 0.88 (grade)

Within-pair (std. dev.) N/A 0.31 (grade) N/A 0.27 (grade)

Observations 207,679 2070 201,634 2110

Panel C. Military draft score sample (birth cohorts 1950–1972)

Men Women (imputed within family)

All Twins All Twins

Year of birth 1961.75 1961.59 1962.30 N/A

Cognitive ability (std) 0.00 − 0.16 − 0.02 N/A

Non-cognitive ability (std) − 0.00 0.01 − 0.01 N/A

Number of children at 45 1.73 1.69 1.97 N/A

I [children at 45 > 0] 0.77 0.75 0.85 N/A

Age at first birth 29.36 29.44 26.59 N/A

Correlation (cog, non-cog) 0.39 0.42 0.40 N/A

Between-pair (std. dev.) N/A 0.92 cog, 0.87 non N/A N/A

Within-pair (std. dev.) N/A 0.41 cog, 0.46 non N/A N/A

Observations 1,076,204 10,784 225,226 N/A

The grades are standardized with mean 0 and standard deviation 1 for each examination year. The skill
measures are standardized with mean 0 and standard deviation 1 for each draft year. The between-pair (within-
pair) standard deviation in number of children at age 45 for women is 0.95 (0.71) (sample is column 4 of panel
A). The between-pair (within-pair) standard deviation in number of children at age 45 for men is 0.99 (0.79)
(sample is column 2 of panel A)
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direction that is consistent with a less negative association between fertility and
education (interpreting earlier births as a positive indicator of fertility). Within twin
pairs, one additional year of schooling is only associated with a quarter of a year’s delay
for females and one sixth of a year for males. The results in columns 5–6 (panel A) are

Table 3 Relationships between skills, grades, and years of schooling for men

Grade (std) Grade (std) Education (years) Education (years)

(1) (2) (3) (4)

Cognitive skill 0.6156*** 0.3346*** 1.0727*** 0.5787***

(std) (0.0018) (0.0286) (0.0023) (0.0381)

Non-cognitive skill 0.2276*** 0.0938** 0.3167*** 0.1253***

(std) (0.0019) (0.0269) (0.0022) (0.0347)

Observations 187,613 1780 1,027,581 9984

Mean of dep − 0.1515 − 0.1152 11.9671 11.9906

Twin FE No Yes No Yes

The grades are standardized with mean 0 and standard deviation 1 for each examination year. The skill
measures are standardized with mean 0 and standard deviation 1 for each draft year. In columns (1) and (3), we
include year of birth dummies. We implicitly control for year of birth also in columns (2) and (4) since twins
obviously have the same year of birth. In parentheses, we present standard errors clustered on the family level.

†p < .10; *p < .05; **p < .01; ***p < .001

Table 4 Fertility explained by years of schooling

No. of children No. of children Children > 0 Children > 0 AFB AFB

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

Panel A. Women

Years of schooling − 0.0412*** − 0.0114† − 0.0049*** − 0.0004 0.6629*** 0.2637***

(0.0003) (0.0066) (0.0001) (0.0021) (0.0014) (0.0285)

Observations 2,180,083 20,244 2,180,083 20,244 1,898,864 15,228

Mean of dep 2.0061 1.9239 0.8706 0.8487 25.4741 25.6951

Twin FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

Panel B. Men

Years of schooling 0.0055*** 0.0331*** 0.0061*** 0.0147*** 0.4524*** 0.1658***

(0.0003) (0.0069) (0.0001) (0.0023) (0.0015) (0.0354)

Observations 2,233,137 19,758 2,233,137 19,758 1,801,464 12,724

Mean of dep 1.8312 1.7444 0.7994 0.7697 28.4467 28.4442

Twin FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

AFB, age at first birth. The outcomes in columns (1–4) are measured at age 45. In columns (1), (3), and (5), we
include year of birth dummies. We implicitly control for year of birth also in columns (2), (4), and (6) since
twins obviously have the same year of birth. In parentheses, we present standard errors clustered on the family
level.
† p < .10; *p < .05; **p < .01; ***p < .001
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very similar to what Tropf and Mandemakers (2017) found in their study on female
twins in the UK.

4.2 Fertility and grades

In Table 5, we turn to an analysis of grades. Based on the results in Table 3, we argue
that grades can be viewed as primarily capturing cognitive ability. The raw association
between grades and the number of children for females (panel A, column 1) is negative
and statistically significant at − 0.060 for each standard deviation. The association for
males (panel B, column 1) is smaller, but positive and significant. When adding twin
fixed effects (column 2), the results become less precise because of the relatively
limited sample, but in both cases, the estimates become more positive but insignificant.
The results for the probability of having children follow the same pattern. The final two
columns (5 and 6) repeat the exercise for AFB. Recall that we expect the opposite
pattern with this outcome. Here, we find that both males and females have children later
if compulsory school grades were higher, although more so for females. Adding twin
fixed effects reduces the delaying effect of good grades for both men and women.

Overall, we conclude that the point estimates for grades have a similar relationship
to fertility as years of schooling. Although the statistical precision for some of the
estimates is quite poor due to small samples, we are reassured by the fact that widening

Table 5 Fertility explained by compulsory school grades

No. of children No. of children Children > 0 Children > 0 AFB AFB

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

Panel A. Women

Grade (std) − 0.0579*** 0.0031 − 0.0058*** 0.0059 2.0571*** 1.1518*

(0.0028) (0.0803) (0.0008) (0.0315) (0.0125) (0.4495)

Observations 201,634 2110 201,634 2110 171,479 1486

Mean of dep 1.8760 1.7777 0.8500 0.8180 28.0331 28.4159

Twin FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

Panel B. Men

Grade (std) 0.0356*** 0.1493† 0.0132*** 0.0775** 1.3831*** − 0.1869

(0.0027) (0.0838) (0.0009) (0.0284) (0.0134) (0.4722)

Observations 207,679 2070 207,679 2070 160,250 1322

Mean of dep 1.6507 1.6440 0.7684 0.7614 30.5544 30.3472

Twin FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

AFB, age at first birth. The outcomes in columns (1–4) are measured at age 45. The grades are standardized
(std) with mean 0 and standard deviation 1 for each examination year. In columns (1), (3), and (5), we include
year of birth dummies. We implicitly control for year of birth also in columns (2), (4), and (6) since twins
obviously have the same year of birth. In parentheses, we present standard errors clustered on the family level
† p < .10; *p < .05; **p < .01; ***p < .001
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the sample to include all close siblings gives a similar picture, but with better statistical
precision (see the Appendix for the sibling estimates).

4.3 Fertility and draft skill measures

Next, we turn to an analysis of cognitive and non-cognitive skills. These measures are
sourced from military draft registers and are only available for men. Following a
procedure from Grönqvist et al. (2017), we have, however, imputed skill measures
for women using the draft scores of their brothers (if they have any). This enables us to
estimate raw associations (across families) between the skill measures and fertility also
for women, but the imputation cannot give us within twin-pair variation in the skills for
women. We find that cognitive ability is firmly negatively related to fertility for
women. The raw relationship between non-cognitive ability and fertility is instead
slightly positive. Both ability types correlate positively to AFB. The estimates can be
found in Table C2 in Kramarz et al. (2019).

Results for cognitive and non-cognitive skills for men are reported in Table 6.
Starting with the raw associations, we find significant negative associations for cogni-
tive skills for both number of children at age 45 (column 1) and the probability of
having a child before age 45 (column 3). The raw associations for non-cognitive skills
are, however, positive and very large; the results imply 0.17 more children and the
males are 7 percentage points more likely to have a child for each standard deviation in
non-cognitive skills. When introducing family fixed effects, the results across the two
skill types are substantially harmonized. For cognitive ability, the estimate goes from
being significantly negative to significantly positive. For non-cognitive ability, the twin
fixed effects are instead reducing the association. This suggests that non-cognitive
skills have a different correlation structure to family-level unobservables than cognitive
skills, grades, and years of schooling. Turning to AFB, the results suggest that
cognitive skills delay child birth more than non-cognitive skills. By introducing twin
fixed effects, we substantially reduce the delaying effect of cognitive skills, and also
(but to a much lesser extent) of non-cognitive skills.

4.4 Potential concerns

4.4.1 Measurement errors

A concern in most sibling fixed-effects applications is that measurement errors may be
attenuating within-family estimates more than raw associations. In this setting, howev-
er, we note that the twins often are scored during the same day by the same individuals
(same teachers for grades, same psychologist for non-cognitive scores). Thus, it is
likely that the scores only deviate between twins when there are real differences, and
potential measurement errors may be at least as distorting across families as within.
Consistent with this view, we note that results are consistently more positive, but not
consistently closer to zero, within twin pairs. The estimate of the association between
cognitive ability and number of children at age 45 for men is significant and negative
without twin fixed effects, but significant and positive when estimated within twin
pairs. This cannot be explained by classical measurement errors. Similarly, the estimate
of the association between years of schooling and number of children at age 45 for men
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moves from a small positive estimate to a larger positive estimate when introducing
twin fixed effects. The one result where we can be less sure, partly because we have
fewer alternative metrics, is the estimate for non-cognitive abilities, an estimate which
moved closer to zero when twin fixed effects were introduced.

4.4.2 External validity of the twin samples

A potential concern is that relations between variables in a sample of twins might not
hold for the general population. We address this concern in two ways. First, we
estimate the raw associations in the twin sample and compare it to the overall sample
in Table 7 using the set-up with cognitive and non-cognitive abilities. To make this
even more precise, we isolate the between-family effects in the twin sample directly
using only across family variation in the twin sample for all of our models. Estimates
from these models are very similar to the overall raw associations found for the general
population (see Tables C3, C4 and C5 in Kramarz et al. 2019).18 Second, we re-
estimate all our family fixed-effects models using close siblings instead of twins.19

Since twin births generally are associated with more complications than single births,
one could worry that differences in ability and fertility within twin pairs are more likely
to reflect underlying health differences. This concern is not valid when studying close

18 The one exception is the relation between compulsory school grades and completed fertility for women
(panel A of Table C4 in Kramarz et al. 2019). Here, the between-family estimates in the twin sample are more
positive than the overall raw associations. Thus, the difference between columns 1 and 2 (and columns 3 and
4) in panel A of Table 5 should be interpreted with some caution. We note, however, that the within-family
estimates in the twin sample in Table 5 still are larger than the between-family estimates in the twin sample in
Table C4 in Kramarz et al. 2019. We also note that when we reproduce Table 5 using close siblings instead of
twins (thus relying on a much larger sample), we still find that the inclusion of family fixed effects pushes the
associations between grades and fertility in a positive direction (see Table A2 in the appendix).
19 We include sibling pairs where the siblings are born within 3 years from each other.

Table 6 Fertility explained by military draft skills for men

No. of children No. of children Children> 0 Children> 0 AFB AFB

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

Cognitive skill − 0.0212*** 0.0935** − 0.0072*** 0.0240* 1.0491*** − 0.0185

(std) (0.0013) (0.0272) (0.0005) (0.0096) (0.0068) (0.1662)

Non-cognitive skill 0.1662*** 0.1275*** 0.0686*** 0.0585*** 0.1731*** 0.0486

(std) (0.0013) (0.0252) (0.0004) (0.0085) (0.0069) (0.1418)

Observations 1,076,204 10,784 1,076,204 10,784 840,106 6,718

Mean of dep 1.7340 1.6942 0.7732 0.7517 29.3557 29.4408

Twin FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

AFB, age at first birth. The outcomes in columns (1–4) are measured at age 45. The skill measures are
standardized (std) with mean 0 and standard deviation 1 for each draft year. In columns (1), (3), and (5), we
include year of birth dummies. We implicitly control for year of birth also in columns (2), (4), and (6) since
twins obviously have the same year of birth. In parentheses, we present standard errors clustered on the family
level
† p < .10; *p < .05; **p < .01; ***p < .001
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siblings. In Tables 9, 10, and 11 in the appendix, we replicate the results in Tables 4, 5,
and 6 using samples of close siblings instead of twins. Throughout, the sibling
estimates are very similar to the twin estimates. Taken together, these results corrob-
orate the notion that it is the family fixed effects rather than the twins per se that are
driving our results.

4.4.3 Is it all about parental education?

One concern is that the results may be driven by a simple observable factor such as
parental education. We have therefore re-estimated the model for cognitive and non-
cognitive skills with and without controls for parental education in order to investigate
the extent to which controlling for education changes the results in a similar way as the
family fixed effect. The sample differs slightly from the overall sample since we only
use subjects where we can measure parental education in these regressions; however,
that does not matter for the results. The results shown in Table 7 show that controlling
for parental education has a negligible effect both in the overall sample and in the twin
sample. Thus, the profound impact of parental background we document in the paper
does not appear to be driven by parental education.

5 Explaining the role of families: family preferences and endogenous
skills

Our results imply that the association between fertility and skills/education is consis-
tently more positive if estimated within twin pairs. This pattern holds for all measures,
except for non-cognitive skills that (relative to cognitive skills) have a closer

Table 7 Fertility explained by military draft skills—role of parental education for men

(1) (2) (3) (4) (5)

Cognitive skill − 0.0252*** − 0.0119*** − 0.0288 − 0.0210 0.0664**

(std) (0.0016) (0.0016) (0.0176) (0.0183) (0.0320)

Non-cognitive skills 0.1666*** 0.1704*** 0.1721*** 0.1746*** 0.1290***

(std) (0.0015) (0.0015) (0.0175) (0.0175) (0.0309)

Specification OLS OLS OLS OLS FE

Sample All All Twins Twins Twins

Parental schooling No Yes No Yes Yes (implicit)

Birth year FE Yes Yes Yes Yes Yes (implicit)

Observations 788,600 788,600 7714 7714 7714

Mean of dependent variable 1.7418 1.7418 1.6885 1.6885 1.6885

The dependent variable is the number of children. The sample is restricted to individuals with information on
parental education. This reduces the sample size by around 30%. The outcome is measured at age 45. The skill
measures are standardized with mean 0 and standard deviation 1 for each draft year. In columns (1)–(4) we
include year of birth dummies. We implicitly control for year of birth also in column (5) since twins obviously
have the same year of birth. In parentheses, we present standard errors clustered on the family level

†p < .10; *p < .05; **p < .01; ***p < .001
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relationship to fertility than to education. These patterns suggest that shared family
factors that are positively related to cognitive skills and education are negatively related
to fertility, whereas the converse appears to be true for non-cognitive skills. In this
section, we propose an explanation for these patterns.

To this end, we set up a stylized model of the process. To minimize detours, we
assume that families derive utility from the fertility (in the spirit of Becker 1973) and
education (as in, e.g., Chiappori et al. 2017) of their offspring. This should be
considered as shorthand for the idea that one of the joys in life is to see one’s children
educate themselves and perhaps have successful careers, and another joy is the
presence of (perhaps plentiful) grandchildren. The basic presumption is that families
may differ in how much relative value they put on each of these two components.

We further assume that skills can be useful not only to foster education, but also to
achieve success in the marriage market, and hence increase fertility, as in Becker
(1973). We thus treat educational attainment and fertility as outcomes, whereas skills
are considered individual endowments as in, e.g., Chiappori et al. (2017) and Chiappori
et al. (2018).

We design our model with the aim of generating predictions that are consistent with
our results based on a minimum of assumptions.20 Thus, the model is exceptionally
stylized and simple. To align the model with the empirical analysis, we focus on the
shared aspects of family background, i.e., we focus on parents’ choice of the general
direction in which to raise their children. This implies that we ignore the process
wherein parents choose how to allocate resources within their set of children. The
consequences of all such child-specific choices will show up in an individual residual
together with the impact of sibling-specific luck, in the model just as in the empirical
analysis. Despite the simple nature of the model, we end up with a precise empirical
prediction which we take to the data.

We conjecture that our empirical patterns arise because families with a stronger
preference for education invest more in cognitive skills for their children. In contrast,
families with a stronger preference for fertility may invest more in non-cognitive
skills.21 These endowments may be useful in both the educational “production func-
tion” and for fertility, but we let the different types of skills differ in their relative
usefulness for the two outcomes as indicated by our data. Here, it should be noted that
fertility, of course, is an outcome of a complicated process where the marriage market is
one component, but other aspects may be relevant as well. We do not model those
aspects in detail, but simply let the associations from the data result in a “production
function” from skills and effort onto fertility. We return to extensions where effort
towards fertility and education interact after having shown the basic model.

5.1 The basic model

Set-up Each individual is endowed with a set of skills arising from a combination of
luck and choices made by his or her parents. These skills are useful for achieving a

20 For an updated discussion of more elaborate models, see Chiappori et al. (2018).
21 Results showing that our measures of cognitive and non-cognitive ability can be affected by schooling and
resources in school (Carlsson et al. 2015; Fredriksson et al. 2013) support the assumption that they can be
affected by parental investments.
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higher education and for fertility outcomes. There are two allocative choices in the
model. Parents choose which skills to promote among their children. The child then
chooses how to allocate effort between education and fertility.

Skills and outcomes Each individual i is endowed with skills in two dimensions; C
(cognitive) and N (non-cognitive). The outcomes of interest are denoted by Yτ, τ = E, F,
where E denotes educational attainment and F fertility. Outcomes are produced as
linear, additively separable, functions of skill endowments:

Y τ
i ¼ θCτi Ci þ θNτi N i þ μτ

i : ð3Þ

For simplicity, we assume that θCEi ¼ θNFi ¼ 1 and θNEi ¼ θCFi ¼ θ < 1 such that
cognitive ability is more productive for educational attainment and non-cognitive
ability is more productive for fertility.22 The variable μτ

i is the individual choice of
effort on educational attainment and fertility respectively. To isolate the allocative
nature of the choice, we impose the restriction μF

i þ μE
i ≤1.

Individuals are bestowed with skills and preferences by their families (indexed by
j) Each family invests in skills of their children. Denote investments in skills by πS

j
where the skill (S) can be either cognitive (C) or non-cognitive (N).23 Skills also have a
random component which varies across siblings within families. The random compo-
nent is partly skill-specific (uSi ) and partly reflects that individuals may be better skilled
in all dimensions, i.e., there is a joint individual fixed effect (αi). Thus:

Sij ¼ πS
j þ αi þ uSi ; ð4Þ

E uSi
� � ¼ 0:

where we restrict the choices parenting styles to be one of how to allocate resources
across two skill-dimensions by imposing πN

i þ πC
i ≤1.

We describe the individual skill component as a random draw, but it should be
interpreted as a “reduced form” concept that also may contain elements of child-
specific investments by parents if parental preferences differ across children or if they
respond to individual-specific birth endowments. As our focus is on understanding
differences across families, we focus on decisions related to the general direction of
child rearing and not differences across children within families.

Families also automatically bestow their members with identical preferences over
education (representing, e.g., consumption) and fertility (children). The family-specific
utility function takes the form e jYE

i þ 1−e j
� �

Y F
i where the preference weight (ej ∈ (0,

22 This assumption is consistent with our empirical results (see Tables 3 and 6).
23 As is evident from what we show below, families will not have incentives to vary skills across siblings.
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1)) is the inherited family-specific preference that represents the preference weight on
education relative to fertility.

Optimization There are two choices to be made: Families choose how to invest in skills
for their children and individuals choose how to allocate their effort between education
and fertility (below we present an extension that allows for complementarity between
the effort margins).

Individuals choose effort on the two markets (μE
i ;μ

F
i ) so as to maximize their utility

U according to UðYE
i ; Y

F
i ) =e jY

E
i þ 1−e j

� �
Y F
i subject to μF

i þ μE
i ≤1 and μτ

i ≥0 and
Eq. (3).

Similarly, parents choose investments over the two skills (πN
j ;π

C
j ) for their children

so as to maximize their utility V according to V(YE
i ; Y

F
i ) = e jYE

i þ 1−e j
� �

Y F
i subject to

πN
i þ πC

i ≤1 and πS
i ≥0 and Eqs. (3) and (4).

Results Since both choices depend on the joint preference parameter and all aspects of
production are additively separable and linear, the model derives an intuitive separation
into two types of families:24

e j <
1

2
↔μF

i ¼ 1; μE
i ¼ 0;πN

i ¼ 1;πC
i ¼ 0

e j >
1

2
↔μF

i ¼ 0; μE
i ¼ 1;πN

i ¼ 0;πC
i ¼ 1:

ð5Þ

Thus, in families that prefer fertility over education e j < 1
2

� �
, investments will be

geared towards non-cognitive skills and all effort will be geared towards fertility. For
families that prefer education over fertility e j > 1

2

� �
, the converse is true for both

choices. It is, however, straightforward to introduce reasons for the agents not to fully
specialize in one of the two dimensions, and we present such an extension below.
However, since predictions are intuitively visible in the simplified version presented in
Eq. (5), and remain valid also in the extended version, we first derive the main
conclusions here. Equation (5) implies that:

1) The within-family association between C and fertility is more positive than the
overall association. The reason is that the overall association also captures the
impact of the family preference which is reflected in high C and a low fertility
effort.

2) The within-family association between N and fertility is instead lower than the
overall association. The reason is that the overall association also captures the
impact of the family preference which is reflected in high N and a high fertility
effort.

3) The association between education and fertility is affected by the correlations of
skills and effort since both are outcomes. There are two counteracting effects, one
from the fact that generally better-skilled individuals are more likely to succeed on
both markets (from αi), and one from the fact that individuals differ in skill sets and

24 We ignore the possibility that families are indifferent, i.e. e j ¼ 1
2 ;without loss of intuition.
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how they choose to allocate (specialize) their effort. When estimating the model
within twin pairs, we remove the effort and skill choices (since they are shared
within the family), and isolate the effect of the skills (αi). Thus, the within-family
association should be more positive than the overall association.

5.2 Extensions

The basic model provides a stylized first-order approximation of the relationships under
study. The simple linear additively separable functional forms generate corner solutions
with only two types of families that make all predictions very clear. But if we, instead,
let the return to effort be declining (by introducing lnμτ

i instead of μ
τ
i in Eq. 3) such that

Y τ
i ¼ θCτi Ci þ θNτi N i þ lnμτ

i : ð6Þ

And similarly, let the returns to skill investments be declining by introducing lnπτ
i

instead of πτ
i in Eq. (4) such that

Sij ¼ lnπS
j þ αi þ uSi ;

E uSi
� � ¼ 0:

ð7Þ

We get solutions where both effort and investments are directly proportional to e. The
first-order conditions are

πC ¼ θNE þ e 1−θNE
� �

1þ θNE
;πN ¼ 1−e 1−θNE

� �

1þ θNE

μE
i ¼ ei;μF

i ¼ 1−ei:
: ð8Þ

Thus, families with high e invest more in C and less in N. And, the same families put
more effort into education, and less effort into fertility. Thus, the qualitative results
remain unchanged.

The basic setup is also simplified in assuming that effort spent on education
has no impact on fertility. But it is not implausible that, e.g., males benefit
from their effort on the education front also for fertility. We can easily extend
the model to allow for such complementarities. Assume that (6) holds for
education (i.e., YE

i ¼ θCEi Ci þ θNEi N i þ lnμE
i ) but that there are positive spillover

effects from education onto fertility. We assume that the spillover effects have a lower
effect on fertility than effort spent directly on fertility (otherwise everyone will trivially
spend all effort on education). By defining a parameter ρ < 1 and assuming:

Y F
i ¼ θCFC þ θNFN þ lnμF þ ρlnμE: ð9Þ
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we get the following first-order conditions for effort:

μE ¼ eþ ρ 1−eð Þ
1þ ρ 1−eð Þ⟹

∂μE

∂e
> 0;

∂μE

∂ρ
> 0

μF ¼ 1−e
1þ ρ 1−eð Þ⟹

∂μF

∂e
< 0;

∂μF

∂ρ
< 0

ð10Þ

This implies that the qualitative conclusions hold in the sense that a higher preference
for education directs more effort into education and less effort towards fertility.
However, an additional insight is that agents with more pronounced spillover effects
(as defined by a higher ρ) invest more in education because this allows them to achieve
both ends. It does not seem unlikely that this logic pertains more to men than to women
and that the complementarity explains why the raw association between education and
fertility is more positive for males.

A relevant concern is what happens if preferences are individual specific,
rather than shared within families. This is fine as long as individual prefer-
ences, and thus endogenous effort, are not correlated with skills. But if indi-
viduals have preferences that are correlated with their skills (within twin-pairs),
we will capture that as part of the skills in our regressions. Our conclusions
regarding the role of family background would still be valid, but the within-
family estimates would be biased. However, this is not unique to the twin
identification strategy. In fact, we cannot think of any identification strategy
that, with certainty, would circumvent this problem since any educational
intervention that raises the skills of an individual simultaneously may affect
the preferences, and hence the allocation of effort as well.

Finally, it can be noted that identical predictions as derived from our model could be
generated by assuming that families differ in exogenous (e.g., genetic) skill endow-
ments if these endowments are correlated with joint family preferences. Thus, our
empirical results can be justified that if children that are born into families with a
genetic predisposition for generating high cognitive abilities also have higher natural
preferences for schooling rather than family formation, and the converse for non-
cognitive abilities. Note, however, that these predispositions need to vary at the family,
not the individual, level which implies that the basic correlation structure remains intact
relative to our model, but the intergenerational transmissions no longer have an
endogenous component.

5.3 An empirical test

The model presupposes that agents in families where the preference for fertility
is relatively strong will invest more in fertility and ensure that their children
accumulate more non-cognitive skills relative to cognitive skills. To test this
assumption, we investigate if parents with larger (residual) fertility-outcomes
also raise children with a comparative advantage in non-cognitive skills. We
first note that residuals from regressions explaining education and fertility by
cognitive/non-cognitive skills (i.e., Y τ

i ¼ θCτi Ci þ θNτi N i þ μτ
i ) provide a crude,

but theory-consistent, measure of the effort devoted on each of the two markets.
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Thus, difference between the residuals (μFertility
i −μEducation

i ) is a proxy for the
individual’s relative preference weight on fertility (ej). According to our model,
this preference weight should be related to the investment in non-cognitive
relative to cognitive skills of the next generation within the same family, i.e.,
to N ij−Cij ¼ πN

j −πC
j þ Δui. Thus, interpreted from the male side (for data

availability reasons), we expect fathers whose “fertility residual” is greater than
his “education residual” to have a stronger preference for fertility, and therefore
to raise sons with higher non-cognitive skills than cognitive skills.

In Table 8, we test this association using data on all father-son pairs where
we have information on both types of skills for fathers and sons.25 In the first
two columns, we show the regressions that take out the residuals (μF

i ;μ
E
i Þ from

the two Y τ
i ¼ θCτi Ci þ θNτi N i þ μτ

i regressions. In column (3), we relate the
difference in fathers residuals (μF

i −μE
i Þ to the difference in skills of the sons

(Nij − Cij). The results show that fathers with a relatively high fertility residual
are more likely to raise children with comparative skill advantages in the non-
cognitive dimension, as presumed by the model.

A potential concern is that the results are affected by a quantity-quality tradeoff that
lets parents invest less in overall skills if they have more children. This could poten-
tially crowd out skills in some dimension more than another, but our results are robust
to accounting for the overall level of skills of the child as shown in column (4). We
have also re-estimated the models after normalizing fertility and education to each have
a standard deviation of one. This ensures that the scales of the two residuals are directly
comparable. Reassuringly, our results remain robust (see Table C9 in Kramarz et al.
2019).

6 Conclusions

In this paper, we have analyzed how within twin-pair associations between fertility and
skills/schooling differ from overall raw associations between the same variables. Our
results imply that raw associations to a large degree reflect systematic differences
across families. These differences are consistently pushing the raw associations in a
negative direction: Within-family associations between fertility and skills/schooling are
therefore considerably more positive than overall associations (the one exception is
non-cognitive ability). For men, the effects of skills/schooling on completed fertility are
firmly and consistently on the positive side once family background characteristics are
accounted for. For women, the association between years of schooling and completed
fertility is very close to zero, and the corresponding estimates with respect to grades

25 To produce the results in columns 1 and 2 of Table 8, we construct a sample containing all men born
between 1950 and 1972 who have non-missing information on skills, years of schooling, and fertility. We do
not require that these men have children. From the regressions in columns 1 and 2, we generate residuals for
years of schooling and fertility. We then calculate the difference in residuals (fertility-education). To produce
the results in columns 3 and 4 of Table 7, we start out from a sample of men with a known father. We then
require these men to have non-missing information on skills and non-missing information on their father’s
difference in residuals (which comes from the exercise in columns 1 and 2). With these restrictions imposed,
we end up with a sample of sons born between 1966 and 1987. A father can be matched to several sons in this
sample, so we do not restrict the analysis to first-born sons.
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from compulsory school appear to be positive. This pattern appears both for the
probability of having children at all, and for the number of children. A main conclusion
from the paper is thus that family background is the main explanation for the raw
negative associations found for females, and the small benefits found for males in the
raw data.

The results imply that family-specific factors with a positive relationship to
fertility are negatively correlated with education, grades, and the cognitive skill
levels of the family, but positively correlated with non-cognitive abilities. A
possible reason for this pattern is endogenous accumulation of skills together
with an intergenerational transmission of preferences for education and fertility.
We present a stylized model that incorporates these features by postulating that
families differ in the extent to which they value the fertility and the education
of their offspring. Families who put a high relative value on fertility will have
incentives to raise their children to have comparative-skill advantages in the
non-cognitive rather than the cognitive dimension if non-cognitive skills are
more important on the marriage and fertility markets as our results indicate.
Our main empirical results, i.e., that cognitive human capital and fertility are
negatively associated across families whereas the reverse is true for non-
cognitive abilities, arise if children also inherent the preferences of the parents.
Consistent with our hypothesis, we find that children of fathers with higher-
than-expected fertility have comparative advantages in the non-cognitive skill
domain.

Overall, our paper strongly suggests that an important avenue for future research is
to document how the intergenerational transmission of specific family attributes such as
values, preferences, wealth, and abilities contributes to shaping the joint distribution of
career and marriage market outcomes in different institutional settings.

Table 8 Parental effort and investment

Fertility (F) Education (E) N-C difference N-C difference

(1) (2) (3) (4)

Parent regressions (1st stage) Child regressions (2nd stage)

Cognitive (C) − 0.0151*** 1.0727***

(0.0014) (0.0023)

Non-cognitive (N) 0.1674*** 0.3167***

(0.0013) (0.0022)

Residual correlation (F,E) − 0.0214

Parent residual difference (F-E) 0.0200*** 0.0208***

(0.0013) (0.0013)

Child overall skills (N + C) 0.0095***

(0.0015)

Observations 1,027,581 1,027,581 167,956 167,956

Fertility, number of children at 45. Education, years of schooling at 35. In columns (1) and (2), we include
year of birth dummies. In parentheses, we present standard errors clustered on the family level

†p < .10; *p < .05; **p < .01; ***p < .001
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Appendix

Table 9 Fertility explained by years of schooling (siblings)

No. of children No. of children Children > 0 Children > 0 AFB AFB

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

Panel A. Women

Years of schooling − 0.0412*** − 0.0138*** − 0.0049** 0.0008* 0.6629*** 0.3317***

(0.0003) (0.0014) (0.0001) (0.0004) (0.0014) (0.0064)

Observations 2,180,083 350,536 2,180,083 350,536 1,898,864 274,690

Mean of dep 2.0061 2.0413 0.8706 0.8792 25.4741 25.3493

Sibling FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

Panel B. Men

Years of schooling 0.0055*** 0.0291*** 0.0061*** 0.0112*** 0.4524*** 0.2203***

(0.0003) (0.0014) (0.0001) (0.0004) (0.0015) (0.0072)

Observations 2,233,137 377,500 2,233,137 377,500 1,801,464 254,140

Mean of dep 1.8312 1.8430 0.7994 0.8036 28.4467 28.2077

Sibling FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

Relates to Table 4 in the main paper. In columns (1), (3), and (5), we reproduce the estimates from the same
columns in Table 4. AFB age at first birth. The outcomes in columns (1–4) are measured at age 45. In columns
(1), (3), and (5), we include year of birth dummies. We implicitly control for year of birth also in columns (2),
(4), and (6) since close siblings are born within three years from each other. In parentheses, we present
standard errors clustered on the family level. †p < .10; *p < .05; **p < .01; ***p < .001

F. Kramarz et al.



Table 11 Fertility explained by military draft skills for men (siblings)

No. of children No. of children Children > 0 Children > 0 AFB AFB

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

Cognitive skill − 0.0212*** 0.0537*** − 0.0072*** 0.0174*** 1.0491*** 0.3104***

(std) (0.0013) (0.0056) (0.0005) (0.0019) (0.0068) (0.0310)

Non-cognitive
skill

0.1662*** 0.1439*** 0.0686*** 0.0560*** 0.1731*** − 0.1186***

(std) (0.0013) (0.0050) (0.0004) (0.0017) (0.0069) (0.0281)

Observations 1,076,204 190,910 1,076,204 190,910 840,106 122,312

Mean of dep 1.7340 1.7750 0.7732 0.7823 29.3557 29.2542

Sibling FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

Relates to Table 6 in the main paper. In columns (1), (3), and (5), we reproduce the estimates from the same
columns in Table 6. AFB, age at first birth. The outcomes in columns (1–4) are measured at age 45. The skill
measures are standardized (std) with mean 0 and standard deviation 1 for each draft year. In columns (1), (3),
and (5), we include year of birth dummies. We implicitly control for year of birth also in columns (2), (4), and
(6) since close siblings are born within 3 years from each other. In parentheses, we present standard errors
clustered on the family level
† p < .10; *p < .05; **p < .01; ***p < .001

Table 10 Fertility explained by compulsory school grades (siblings)

No. of children No. of children Children > 0 Children > 0 AFB AFB

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

Panel A. Women

Grade (std) − 0.0579*** − 0.0233 − 0.0058*** − 0.0001 2.0571*** 1.0501***

(0.0028) (0.0174) (0.0008) (0.0056) (0.0125) (0.0885)

Observations 201,634 18,214 201,634 18,214 171,479 13,554

Mean of dep 1.8760 1.9059 0.8500 0.8541 28.0331 28.0857

Sibling FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

Panel B. Men

Grade (std) 0.0356*** 0.0808*** 0.0132*** 0.0217** 1.3831*** 0.5172***

(0.0027) (0.0176) (0.0009) (0.0063) (0.0134) (0.1014)

Observations 207,679 19,216 207,679 19,216 160,250 12,078

Mean of dep 1.6507 1.7026 0.7684 0.7778 30.5544 30.5176

Sibling FE No Yes No Yes No Yes

Equation (1) (2) (1) (2) (1) (2)

Relates to Table 5 in the main paper. In columns (1), (3), and (5), we reproduce the estimates from the same columns
inTable 5.AFB, age at first birth. The outcomes in columns (1–4) aremeasured at age 45. The grades are standardized
withmean 0 and standard deviation 1 for each examination year. In columns (1), (3), and (5), we include year of birth
dummies.We implicitly control for year of birth also in columns (2), (4), and (6) since close siblings are bornwithin 3
years from each other. In parentheses, we present standard errors clustered on the family level
† p < .10; *p < .05; **p < .01; ***p < .001
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