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Abstract
In this paper we estimate the effects of college education on different fertility outcomes of women by exploiting exogenous variation in college availability and student
loan regulations. We complement our two-stage-least-squares estimation in order to
uncover non-linearities in the outcome variable and essential heterogeneity in the selection process. The results suggest a fertility effect on the extensive, but not on the
intensive margin, a postponement effect in the time of first birth and a catch-up effect for the subsequent birth. Furthermore, we detect substantially increased chances
of academic track education (the gatekeeper of college education in Germany) of the
first-born children. One likely mechanism behind this effect is assortative mating.
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Introduction

Among the many changes that affected societies in the past 60 years, two certainly are beside the most significant: the educational expansion – describing the substantial upsurge
in tertiary education enrollment and graduation rates which is particularly pronounced
among females – and the fertility transition characterized by declining fertility rates that
fell below replacement rates.
The resulting consequences of both these evolutions have affected many dimensions of
social interaction, such as the The consequences of the fertility transition alone are more
evident than ever before in the demographic change which today constitutes an urgent
concern from a policy perspective. Whether and any dimension of social mobility and
the socio-economic gradient is affected in the longer-run resulting from different socioeconomic fertility patterns is less documented and thus subject of this paper.
Although the causes of the fertility transition are not fully understood in general, education is often suspicious of being one driving force (see for example Galor, 2012).1 The
persistent cross-sectional inverse correlation of family size and maternal education, however, has emerged as a stylized fact that might point at one driving force of the fertility
transition. This nexus of education and fertility is the focus of this paper and we try
to elucidate on the question if and how tertiary education affected the fertility decision
of mothers. The question whether education affects fertility is difficult to answer. This
is because of the inherent selection into gains that is underlying the human capital production rendering observed fertility and education endogenous. Exploiting compulsory
schooling reforms is one popular and credible strategy to come closer to the experimental ideal of assigning education to individuals independent of inputs and properties of
the human capital production function (for monetary returns: e.g. Oreopoulos, 2006, for
non-monetary returns: Clark and Royer, 2013; Meghir and Palme, 2005 and for fertility
choices: Cygan-Rehm and Maeder, 2013; Monstad et al., 2008; Clark et al., 2014; Lundborg et al., 2014; Black et al., 2008; Fort et al., 2014). With regard to the results on fertility,
most studies find a postponement effect of childbearing due to more schooling (for example Clark et al., 2014 fur the UK, Monstad et al., 2008; Black et al., 2008 for Norway,
and (Cygan-Rehm and Maeder, 2013) for Germany). For outcomes su (Fort et al., 2014)
for some European countries using SHARE and ELSA data)
Using school entry policies as a source of local identifying variation and employing a regression discontinuity design McCrary and Royer (2011) find no effects on childlessness,
timing of births, as well as on the health at birth of the children, although education and
1 Whereas

on the macro level technological progress is often said to be one driving force behind these
evolutions (it can reduce for instance the costs for contraceptives, and – if it is skill-biased – increase the
expected returns to education), less clear is how these externalities affected individual choices on the micro
level, science this would require knowledge about individual preferences (see Galor, 2012).
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age of the partner is increased. In contrast to this, Currie and Moretti (2003) report advantageous health effects on the health of the children and are able to attribute this to some
likely mechanisms such as smoking and born in wedlock probability as well as increased
prenatal care. Furthermore, they alternate from the studies above by looking at higher
education using college openings in the county of the mothers as maternal educationshifters.
An often-cited potential drawback of the favored identification strategy – compulsory
schooling reforms and other exogenous (small) changes in schooling for certain groups
of pupil – is its lack of external validity. Its effects only hold for individuals who changed
their education because of the reform (individuals that would have dropped out of school
after the minimum required years of schooling, the so-called compliers). Similarly, the
effects often are identified credibly only for those cohorts that surrounded the reform.
This makes it also difficult to generalize the effect to today’s policies. Tertiary education
may be even more challenging because here appropriate compulsory reforms are missing.
Yet, after decades where the female skill premium converged to the steadily increasing
male one (Goldin and Katz, 2009; Goldin, 2006), tertiary education is important to look
at.
We try to identify differences in four different aspects of the family planning decision between college-graduated females and non-college-graduated females in Germany. First,
we look at the timing of the first and the second birth which is important to test possible incarceration effects (postponement due to college). Second, we examine the differences in total family between college educated and non-college mothers. Third, to check
whether the well-known trade-off between child quantity and child quality (Becker and
Lewis, 1973) dominates for the overall effect, we look at educational outcomes of the offspring of the mothers. And finally we want to elucidate on a potential channel behind the
outcome differential of the offspring. We want to check the degree of assortative mating
since Behrman and Rosenzweig (2002) found evidence that this might be the dominating
mechanism for explaining the effect.
In order to identify all of these effects, we make use of a unique natural experiment captures the policy-induced educational expansion that started in the early 1960s and thus
lies well in the period under study (also see Kamhöfer et al., 2015 for further details). In
order to give everybody the opportunity to study, the governments of the 16 German Federal States decided about where to open new or enlarge old universities. These policies
locally changed the opportunity to access university. From 1965 to 1990, the number of
universities doubled to reach 66. We exploit this variation by an index that captures the
distance weighted university size for every West German county as one instrument. As
an additional instrument serves the student aide eligibility scheme that was introduced
in 1973 to support individuals from low income households.
2

Both instruments are powerful and – as we will provide some evidence on – induce females to study over the whole distribution of unobserved gains. Hence, we can identify
also the innate heterogeneity in the effects using the marginal treatment effect approach
(Heckman and Vytlacil, 2005). Having knowledge about this heterogeneity sheds some
light on the otherwise latent selection process and may help to extrapolate the effect.
The remainder of the paper is structured as follows: Section 2 presents the general fertility
trends in Germany, gives information on the educational system in Germany and presents
the exogenous sources of the educational expansion that we exploit. Before the empirical
strategy is presented in Section 4, we describe the key facts about the data that we use in
Section 3. Finally, the estimation results are shown in Section 5 while Section 6 concludes.

Institutional background and changes over time2
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2.1

Fertility trends in Germany

The general trends in female (crude) cohort3 college enrollment rates and fertility in Germany are depicted in the upper panel of Figure 1. For the cohorts from 1930 to 1979 there
is a substantial upsurge in female college enrollment rates. While initially, there are below 100,000 female students enrolled at German colleges, in the following 40 years this
number is increasing ten-fold. At the same time, the fertility rate exhibited an opposing
trend for the cohorts from 1930 to 1965. After the baby-booming years succeeding World
War II, the number of births per women dropped from around 2.2 to below 1.6 which is
a reduction of more than 20 percent. This panel suggests that the initial reduction in fertility was a prerequisite for the boom in female college enrollment. The big reduction in
the fertility preceded the boost in the educational expansion. As preferences for smaller
families aroused and contraceptive pills made it possible to meet the preferred number of
children, females could ”better anticipate their work lives” Goldin (2006). Thus, human
capital investments for women more valuable.
This, in turn, made their fortunes more independent of their husband’s which is also
reflected in mean age at marriage which – starting from a level of some 23 years – went
up since the mid 1970’s. Marriage is an important gatekeeper for fertility, since births out
of wedlock are rare events. With the timing of the first birth that is shifted past the college
enrollment decision, it is intriguing to answer how college changed fertility patterns. In
the following, we outline the institutional context that – as we argue below – help to
explain those trends.
2 The

foundation of this section is taken from Kamhöfer et al. (2015). This section is tailored in order to
cover specific female trends in secondary and tertiary education.
3 To get a crude measure for the cohort enrollment rate, we deduct 20 years from the year the enrollment
is observed, as most female students started college either at 19 or 20.
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Figure 1: Trends in fertility and college enrollment in Germany
Notes: Own calculations using data from Max Planck Institute for Demographic Research and Vienna Institute of Demography
(2014); German Federal Statistical Office (2016).
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2.2

The German higher educational system

After graduating from secondary school, adolescents in Germany either enroll into higher
education or start an apprenticeship. The latter is part-time training-on-the-job and parttime schooling. This vocational training usually takes three years and individuals often
enter the firm (or another firm in the sector) as a fulltime employee afterwards. To be
eligible for higher education in Germany, individuals need a university entrance degree.
In the years under review, only academic secondary schools (Gymnasien) with 13 years
of schooling in total award this degree (Abitur). Although the tracking from elementary
schools to secondary schools takes place rather early at the age of 10, students can switch
secondary school tracks in every grade. It is also possible to enroll into academic schools
after graduating from basic or intermediate schools in order to receive a university entrance degree.
In Germany, mainly two institutions offer higher education: universities/colleges4 and
universities of applied science (Fachhochschulen). The regular time to receive the in those
days common Diplom degree (master’s equivalent) was 4.5 years at both institutions.
Colleges are usually large institutions that offer degrees in various subjects. Moreover,
colleges also offer the opportunity to earn a doctoral degree. The other type of higher
educational institutions, universities of applied science, are usually smaller than colleges
and often specialized in one field of study (e.g., business schools). Moreover, universities
of applied science have a less theoretical curriculum and teaching structure that is similar to schools. Nearly all institutions of higher education in Germany charge no tuition
fees. However, students have to cover their own costs of living. On the other hand, their
peers in apprenticeship training earn a small salary. Possible budget constrains and the
availability of financial aid are likely determinants of the decision to enroll into higher
education.

2.3

Exogenous variation in college education over time

While the higher educational system as described in Section 2.2 did not change in the
years under review, the educational accessibility (in terms of mere quantity but also
their distribution within Germany) as well as financial affordability of tertiary education changed significantly, providing us with two sources of exogenous variation. This
so called “educational expansion” falls well into the period of study (1958-1990). Within
this period relaxed credit constraints and the shrinking transaction costs of studying may
4 We

use the words university and college as synonyms to refer to German Universitäten and closelyrelated institutions like technical universities (Technische Universitäten/Technische Hochschulen), an institutional type that combine features of colleges and universities applied science (Gesamthochschulen) and universities of the armed forces (Bundeswehruniversitäten/Bundeswehrhochschulen).
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have changed incentives and the mere presence of a new or growing colleges could also
have nudged individuals towards higher education that otherwise would not have studied. In this paper, we consider three processes in order to quantify the educational expansion. The first is the openings of new colleges, the second process is the extension in
capacity of all colleges (we refer to both as college availability) and the third the introduction of a student loan program (BAfoeG) in Germany.
For women, there was another barrier prevailing in the German society and preventing
them from going to college: the notion that the husband takes care of subsistence by
working for pay outside the household. This disincentivized women from investing in
education. As shown in Figure 1, there is some evidence that this role allocation attenuates at least to some degree as well in the period under consideration. This leads to the
question whether women, after all, had the opportunity to go to college with the prerequisite of a secondary school diploma. Figure 2 therefore illustrates the female share at
the academic secondary schools since future students have to attend this track. Two facts
stand out. First, even in the expanding secondary track5 the share of female pupil rose
disproportionately until women outnumbered men at the academic secondary school in
1990. Second, even in 1950 the share of women leveled at some 40 percent. Given this
fact, many women were technically eligible to enroll at a college.
College availability
College availability as an instrument for higher education was introduced to the literature
by Card (1995) and has frequently been employed since then (e.g., Currie and Moretti,
2003), also to estimate the MTE (e.g., Carneiro et al., 2011, and Nybom, 2014). We exploit
the rapid increase in the number of new colleges and in the number of available spots to
study as exogenous variation in the college decision.
Factors that have driven the increase in the number of colleges and their size can be summarized into four groups: (i) The large majority of the population had a low level of education. This did not only result from the WWII but also from the “anti-intellectualism”
(Picht, 1964, p.66) in the Third Reich. (ii) An increase in the number of academic secondary schools at the same time (as analyzed in Kamhöfer and Schmitz, 2015, and Jürges
et al., 2011, for instance) qualified a larger share of school graduates to enroll into higher
education (Bartz, 2007). (iii) A change in production technologies led to an increase in
firm’s demand for high-skilled workers – especially, given the low level of educational
participation (Weisser, 2005). (iv) Political decision makers were afraid that “without an
increase in the number of skilled graduates the West German economy would not be able
to compete with communist rivals” (Jürges et al., 2011, p.846, in reference to Picht, 1964).
5 The

total number of pupil quadrupled from 568,932 pupil in 1949 to 2,067,397 in 1980 (afterwards it
slightly declined; see Köhler and Lundgreen, 2014).

6

.4
.6
.2
Total number of female students

Female share at Gymnasium
.45
.5

0

.4

1950

1960

1970
Year...

1980

1990

Female share at Gymnasium
Total number of female students

Figure 2: Trends in female higher secondary (Gymnasium) and tertiary (college)
education.
Notes: Own calculations using data from Köhler and Lundgreen (2014).
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Although these reasons (maybe except for the firm’s demand for more educated workers)
affected all of the 11 West German federal states – that are in charge of educational policy
– in the same way, the measures taken and the timing of actions differ widely between
states. Because of local politics (e.g., the balancing of regional interests and avoiding clusters of colleges) there was also a large amount of variation in college openings within the
federal states, see the Supplementary Materials A to the paper for a much more detailed
description.
Between 1958 (the earliest secondary school graduation year in our sample) and 1990 the
number of colleges in Germany doubled from 33 to 66.6 Since we use birth cohort and
district fixed effects as well as state-specific time trends in the empirical approach, the
instrument measures regional differences in the variation of increased opportunities to
receive college education (see Figure 9 in the Appendix for the spatial variation over the
time). In particular, the opening of new colleges introduces discrete discontinuities in
choices sets that cannot be exploited using cross-sectional data (as most other research
on college openings does). Given the rich set of control variables (including the socioeconomic environment before the college decision and various sets of fixed effects, see
Section 3) and the political process of college opening decisions, it should not be an issue
that regions which traditionally had a college differ from those without a college, e.g., in
terms of local economic conditions or other conditions potentially correlated with health
or abilities.
The same development described above and discussed in the Supplementary Materials A
led to an increase in the size of existing colleges and, therefore, in the number of available
spots to study as well. The average number of students per college was 5,013 in 1958 and
15,438 in 1990. Of the 33 colleges in 1958, 30 still existed in 1990 and had an average size of
23,099 students. The total number of students increased from 155,000 in 1958 to 1 million
in 1990. Figure 3 shows the trends in college openings and enrolled students (weighted
by the number of inhabitants) per federal state. While the actual numbers used in the
regressions vary on the much smaller district level, the state level figures simplify the
visualization of the pattern.
Details on how we exploit the variation in college availability in the empirical specification are discussed in Section 3.3 after presenting the data.

Student loan regulations
6 All

data are taken from the German Statistical Yearbooks, 1959-1991, see German Federal Statistical
Office (1991). We only use colleges and no other higher educational institutes described in Section 2 (e.g.,
universities of applied science). Administrative data on openings and the number of students are not
available for other institutions than colleges. However, since other higher educational institutions are small
in size and highly specialized, they should be less relevant for the higher education decision and, thus,
neglecting them should not affect the results.
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Figure 3: Number of colleges and students over the time
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Notes: Own illustration. College opening and size information are taken from the German Statistical Yearbooks 1959–1991 (German
Federal Statistical Office, 1991). Yearly information on the district-specific population size is based on personal correspondence with
the statistical offices of the federal states. Data are available on request.

Another policy intervention that introduced exogenous variation in the college decision
in Germany – and which we use as an instrument – is the introduction of a large-scale
student loan program known as BAfoeG (named after the Federal Training Assistant Act,
Bundesausbildungsförderungsgesetz, that made the program federal law). The BAfoeG loan
scheme (that still exists today) was introduced in 1971 and gave for the first time in the
German educational history every student a legal claim of receiving a minimum financial amount that covers the basic costs of living. See German Federal Statistical Office
(2009) for a history of BAfoeG regulations. Supplementary Materials A state the exact
formula for calculating BAfoeG payoffs as well as an example. In principle, individuals
whose family’s income falls below some threshold are eligible for student loans while
those above the threshold are not. While changes in the eligibility threshold over time
(see Supplementary Materials A) affect all individuals who face the decision to study in
the same year, the instrument also exploits discontinuities around eligibility thresholds
(see below). The identifying assumption is analogous: given observable characteristics,
whether an individual is on the left-hand side or the right-hand side of the threshold
value is independent of her or his cognitive abilities and health. Given the discontinuous
character around the thresholds, we consider this plausible.
Figure 4 illustrates how the BAfoeG payment scheme (right axis) and the probability to
study (left axis) depends on parental income (measured in the deviation from/distance to
the eligibility threshold on the horizontal axis). BAfoeG eligibility generally depends on
the difference between the family’s net income and its financial needs that is reflected in
an income threshold. The threshold was adjusted every year and varies with the financial
needs of the family, e.g., the number of siblings living in the household. The horizontal axis in Figure 4 shows the difference between the eligibility threshold and (imputed)
9
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simplify the visualization. The left axis gives the probability of higher education. The green circles depict the probability to study by
the quantile of the family’s income surplus. Because we aim at exploiting discontinuities in the relationship between income surplus
and the probability to study, we analyze the relationship in the neighbourhood of the thresholds (+/-300 German mark). The orange
and red lines represent the fitted values of a linear spline regression of the probability to study on the family’s income surplus.

household net income.7 We refer to this difference as surplus income because the government expects families to use this part of their income to support their offspring’s higher
education. When the family’s surplus income is not sufficient to cover the student’s basic
costs of living, individuals are (partly) eligible for BAfoeG financial aid. Therefore, the
relationship between surplus income (or eligibility) on the horizontal axis and BAfoeG
payoff on the left-hand side axis exhibits two thresholds (dashed black lines) that may
cause a discontinuity. The first threshold is at a surplus income of zero. I.e., the family
income equals the amount of money the family needs to cover there costs of living when
the individual does not go to college. If the family income is on the left-hand side from
this zero threshold, the government does not expect the family to make a financial contribution to their offspring’s higher education, instead the government pays the maximal
financial aid. The maximal financial aid should cover the basic costs of living for the student. Although it was yearly adjusted, we take the average value over all years in this
graph, that is 389 German mark8 , to simplify the graphical relationship. If the family has
7 The

NEPS data used in this study (see Section 3 for details on the data set) do not include information
on the family’s income during the respondents’ youth. However, they include a variety of information on
the living conditions at the age of 15, see Table 3 (e.g., single parent, number of siblings as well as parental
education and occupation). Because this information and the household income are also included in the
German Socio-economic Panel Study (SOEP, see ?), we use SOEP waves 1984-1990 in order to impute the
family income for NEPS respondents aged 15 in 1971-1990. Since we only use the imputed family income
for the illustrations in Figures 4 and S1 as well as Table S2, the other results are not affected even if there is
a measurement error in the imputed family income.
8 All values are in prices of 1971. In today’s terms 389 German mark equal e 645 or $707.
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a surplus income on the right-hand side of the zero threshold, the family is expected to
spend the surplus for their child’s higher education. In this case, the government only
pays the difference between the amount the family can contribute and the amount the
student needs (389 German mark). If the family has a surplus income of more than 389
German mark, i.e., lays on the right-hand side of the zero threshold, it is expected to cover
the student’s costs of higher education entirely. Between the zero threshold and the 389
threshold, one German mark less family income leads to an increase in the BAfoeG payoff
of one German mark (as depicted by the gray line).
The second purpose of Figure 4 is to provide evidence how BAfoeG payments change the
effect of family income and the probability to study. The green circles plot the probability
to study by the quantile of the surplus income. Because we aim at exploiting discontinuities in the relationship between income surplus and the probability to study, we analyze
the relationship in the neighbourhood of the thresholds (+/-300 German mark). The orange and red lines state the fitted values of regressing the probability to study on the
surplus income within the BAfoeG eligibility bins. Within the first bin (left-hand side of
the zero threshold), an increase in the (still negative) surplus income of 100 German mark
is associated with an increase in the probability to study of 3.7 percentage points. While
the effect is even higher in the no-BAfoeG area (right-hand side of the 389 threshold), 5.3
percentage points, the effect is only 0.07 percentage points for surplus income increases
between the thresholds. This effect is close to the zero effect we would expect because
an increase in the family’s surplus income leads to an one-to-one decrease in the BAfoeG
payoff – as indicated by the gray line. The significant flatter relationship between surplus income and the probability to study when BAfoeG payments matter ensures us that
BAfoeG is an important determinant to the decision to go to college.
However, it might be noteworthy to mention that, for this figure, we use the imputed
family income at the age of 15 that is based on socioeconomic factors, not the actual family
income. Thus, one has to be careful in projecting the mechanisms of BAfoeG regulations.
This figure nonetheless provides illustrative evidence that BAfoeG regulations could be
effective and what source of exogenous variation we are aiming to exploit.

Data9

3
3.1

Sample selection and college education

Our main data source are individual level data from the German National Educational
Panel Study (NEPS), see Blossfeld et al. (2011). NEPS data map the educational trajecto9 The

main part of this description is taken from Kamhöfer et al. (2015) and adjusted to this paper’s
research question.
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ries of more than 60,000 individuals in total. The data set consists a multi-cohort sequence
design and covers six age groups, called “starting cohorts”: newborns and their parents,
pre-school children, children in school grades 5 and 9, college freshmen students, and
adults. Within each starting cohort the data are organized in a longitudinal manner, i.e.,
individuals are interviewed repeatedly. For each starting cohort, the interviews cover
extensive information on competence development, learning environments, educational
decisions, migrational background, and socioeconomic outcomes.
We aim at analyzing fertility effects of college education and, therefore, restrict the analysis to females with completed fertility older than 40 of the “adults starting cohort”. For
this age group five waves are available with interviews conducted between 2007/2008
(wave 1) and 2012/2013 (wave 5) 10 , see LIfBi (2015). Moreover, NEPS data include detailed retrospective information on the educational and occupational history as well as
the living conditions at the age of 15 – about three years before individuals decide for
higher education. From the originally 17,000 respondents in the adults starting cohort,
born between 1944 and 1989, we exclude observations for four reasons: First, as we focus on fertility, we only look at females (and thereby lose XXXX obs.). Second individuals
from West Germany due to the different educational system in the former German Democratic Republic (GDR), thereby dropping XX(3,500) individuals living in the GDR at the
age of the college decision. Third, to allow for completed fertility effects and to preclude
any effect of the fall of teh wall, we make a cut-off at college attendance before 1990
and drop XX(3,800) individuals who graduated from secondary school in 1990 or later.
Fourth, we drop XX(1,600) individuals with missing spacial information. An attractive
(and for our analysis necessary) feature of NEPS data is that they include information
on the district (German Kreis) of residence during secondary schooling which is used to
assign instruments in the selection equation. The fourth reason for losing observation is
that the dependent variables are not available for each respondent, see below. Our final sample includes between XX(2,587) and XX(8,018) observations, depending on which
fertility aspect we analyze.
The explanatory variable “college degree” takes on the value 1 if an individual has any
higher educational degree, and 0 otherwise. Dropouts are treated as all other individuals
without college education. About one fourth of the sample has a college degree, while
three fourth do not.

3.2

Dependent variables

10 For

every individual we use only the most recent observation.
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Figure 5: Descriptive difference between college and non-college graduates

Figure 6: Number of children between college and non-college graduates
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We analyze four different dimensions of fertility. First, we examine the fertility gradient
at the extensive (probability of remaining childless) and intensive (number of children
if having children) margin. We then look at the timing of childbearing to check oftenreported postponement effects. Here, we assess age at first birth and time until second
birth as outcome variables. Third, we explore the extent of assortative mating. To do so,
we employ characteristics of the partner who will be the father of the first born child.
These characteristics comprise, education, occupation.
Whether maternal college education jointly with the results above influenced outcomes of
the offspring, we investigate whether the child attends the academic track as an outcome
variable.

3.3

Instruments

All the processes of college expansion discussed in Section 2.3 probably shifted individuals also with a lower desire to study into college education. Such powerful exogenous
variation is beneficial for our approach as we try to identify the distribution of treatment
effects by desire to study. We assign each individual the college availability and student
loan regulations as instruments (that is, variables in Z but not in X). In doing so, we use
the information on the district of the secondary school graduation and the year of the college decision. The latter is the year of secondary school graduation plus, when applicable,
one year of compulsory military or civilian service. The district – there are 326 districts in
West Germany – is either a city or a certain rural area.
Regarding student loan regulations, we implicitly exploit the exogenous kinks the propensity for college education by using the the level of the individual Bafoeg eligibility threshold
as an instrument (see Section 2.3). If parental household income crosses this threshold
from below, the maximum BAfoeG aid is gradually reduced (a graphical representation
for this threshold is the right dashed line in Figure 4). This instrument varies over individuals (as the threshold is calculated using individual characteristics as the number of
children per family; for details consult the Supplementary Materials A.). As we control
for all these factors causing the individual variation, identifying power is still enhanced
by different trends in the adjustment of the components over time.
Regarding college availability, the operationalization is as follows. The question is how
to exploit the regional variation in openings and spots most efficiently as it is almost
infeasible to control for all distances to all colleges simultaneously. Our approach to this
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Table 1: Descriptive statistics of instruments and background information
(1)

(2)

(3)

(4)

Statistics

Instrument 1: College availability

Mean

SD

Min

Max

0.471

0.267

0.046

1.128

Background information on college availability (implicitly included in the instrument)
Distance to nearest college
College in district at the time of graduation
Colleges within 100km
College spots per inhabitant within 100km

28.097
0.120
5.873
0.035

26.605
0.325
3.424
0.019

0
0
0
0

171.355
1
16
0.172

Instrument 2: BAfoeG eligibility thresholda

893.7

629.0

0

5,127.8

Notes: Own calculations based on NEPS-Starting Cohort 6 data and administrative data. For college availability data from the German Statistical Yearbooks 1959–1991 (German Federal Statistical Office, 1991) is
used. Distances are calculated as the Euclidean distance between two respective district centroids. Information on the BAfoeG eligibility threshold is taken from ?. Note that the BAfoeG eligibility threshold is
an individual income threshold reflecting the financial needs of the family. See the Supplementary Materials A for details. BAfoeG eligibility threshold in German Marks in prices of 1971 (year of BAfoeG loan
introduction).
a The maximal BAfoeG eligibility threshold is an outlier caused by household high a high number of
children, the 95 quantile is 1,816 German Marks.

question is to create an index that best reflects the educational environment in Germany
and combines the distance with the number of college spots:
ZitC =

326

∑ K(distij ) ×
j

!
#students jt
.
#inhabitants jt

(1)

The college availability instrument ZitC basically includes the number of college spots
(measured by the number of students) per inhabitant in district j (out of 326 districts
in total) individual i faces year in t weighted by the distance between i’s home district
and district j. Weighting the number of students by the population of the district takes
into account that districts with the same number of inhabitants might have colleges of
a different size. This local availability is then weighted by the Gaussian kernel distance
K (dist j ) between the centroid of the home district and the centroid of district j (if a district
has more than one college, we use the total number of students in the district). The kernel
puts a lot of weight to close colleges and a very small weight to more distant colleges.
Since individuals can choose between many districts with colleges, we calculate the sum
of all district-specific college availabilities within the kernel bandwidth.
Figure 10 in the Appendix shows the average distance to the closest college 5 years before
and after a new college opened (in t = 0) in the district. By definition, after a college
opened in the district, the distance is 0 (as long as these universities do not shut down
again). Due to the opening of the college, the average distance to the closest college falls
15

by approximately 45 km on average. This indicates that the reduction of the commuting
distance to the next college is relevant for the individuals in our sample.
Table 1 presents the descriptive statistics for both instruments. For the compound instrument on college availability, we also provide background information on certain descriptive measures on distance and student density. As shown above, we implicitly condense
this information in one measure.

4

Empirical strategy

In order to estimate the effect on all considered dimensions of fertility, we aim at estimating the following baseline model:
y = α + βD + γX + e

(2)

where D is indicator for college education and y is an outcome variable that either measures the fertility margins (the probability to become mother and the number of children),
the timing (age at first birth, age from high school graduation to first birth, time from first
to second birth), the degree of assortative mating (whether the father of the firstborn child
has a college degree) or ”quality” of the first-born child (measured as the probability to
attend the academic track). The major and well-known problem in this estimation is unobserved selection into college (college education, D, and e are correlated) which renders
β endogenous. In order to take this into account we employ a conventional instrumental
variable (IV) approach for most parts of the analysis which enables to fix the unobserved
gains from college that are related to the outcome variable (Z \ X).
Complementing the conventional IV-strategy might be informative depending on the
outcome. In case of the timing of the first birth, there might be non-linear effects over
different ages. For example, if the variance (but not the mean) of the outcome differs
by treatment state, different effects over the fertile ages may cancel out. To detect this
kind of heterogeneous effects, first reshape our data set such that we have one observation for every year of the fertile ages (here 17 to 40) by every mother (a balanced panel).
Subsequently, we estimate the following model (and cluster the standard errors on the
individual level):
bit = α + δPr ( D = 1| Z ) + ∑ β t ( ageit = t)

+

∑ γt 1(ageit = t) × Pr( Di = 1|Zi ) + ηXi + eit
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(3)

Here, bit is a dummy variable taking the value one if the first birth of mother i occurred in year t. The coefficient δ is identified if there is variation in the propensity
score Pr ( D = 1| Z ), that is in Z but not in X. Thus, it estimates the average response
to a (hypothetical) unit increment in the propensity score due to Z.11 Introducing effect
heterogeneity, we interact the propensity score with a fully-saturated set of age dummies
(which is also separately included in the regression such that β t measures the deviation
from the average birth within each year t).
Note that bit is an absorbing state. Thus, in order to calculate the difference in the hazard
rate (E (bit == 1| max(bi,17 . . . , bi,t−1 ) = 0, X )) one has to adjust the reference population
that betat is referring to from the whole population to only those who are at risk.
The second dimension where we complement our baseline IV strategy is to uncover ‘essential heterogeneity’. This refers to the structural part of the unobserved heterogeneity
which is related to the outcome variable. Heterogeneous effects in this respect can reveal whether individuals who go to university against all (observed) odds are e.g. compensated by higher effects on the employed outcome variable. Whereas a regression of
the outcome on the propensity score gives the effect for the average unit increase in the
propensity score, non-parametric models12 can identify also effects for marginal increases
δE(Y | Pr ( D =1| Z ),X )
.
in the propensity score.13 This identifies
δPr ( D =1| Z )

5

Results

Table 5 reports the baseline regression results for all outcome variables. In Panel A, the
unconditional differences of the outcome variable by treatment status are stated. Panel B
reports the conditional differences where we controlled on the full set of fixed effects and
other confounders. Finally, Panel C shows the IV-estimates where we use the distanceweighted index and the variation in the student loan scheme (BAfoeG) as instruments.
Starting with the extensive fertility margin (the probability of ever bearing offspring, column 1), there is a high unconditional difference in remaining childless due to college education: college graduates are 8.5 percentage points (pp.) less likely to ever be a mother.
Controlling for observed differences attenuates this difference to 1.1 pp. Once also the
unobserved heterogeneity is taken into account, the effect is inflated again. This inflation
is unlikely, though, to stem from weak instruments, since the F-statistic amounts to 231.1.
11 Note

that this is the average treatment effect (ATE) if the instrument actually induces people into
colleges over the whole range of the propensity score.
12 We first employ semi-parametric regression model (Robinson, 1988), in order to isolate the relation
between outcome and propensity score, before regressing the outcome on the propensity score using local
least square methods.
13 A regression on global polynomials of the propensity score is also feasible.
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Table 2: Baseline regression results
(1)

(2)

(3)

Fertility margins
Extensive:
Childlessness

Intensive:
# of children
if #> 0

(4)

(5)

Timing
Maternal
age at
birth

(6)

(7)

Paternal
characteristics

Child quality
indicator

Years from
school to
1st birth

Years until
birth of 2nd
child

University
degree
father

Academictrack
education

Panel A: OLS without controls
College degree

0.085∗∗∗
(0.016)
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0.075∗
(0.038)

3.995∗∗∗
(0.201)

1.515∗∗∗
(0.192)

−0.641∗∗∗
(0.121)

0.505∗∗∗
(0.023)

0.359∗∗∗
(0.022)

0.099∗
(0.42)

3.592∗∗∗
(0.210)

1.360∗∗∗
(0.206)

−0.556∗∗∗
(0.134)

0.470∗∗∗
(0.026)

0.324∗∗∗
(0.024)

−0.008
(0.119)

7.570∗∗∗
(0.610)

−1.700∗∗∗
(0.357)

0.870∗∗∗
(0.077)

0.689∗∗∗
(0.068)

1,966
95.79

3,048
174.9

Panel B: OLS with controls
0.011∗
(0.005)
Panel C: IV with both instruments
College degree

College degree

Number of observations
First-stage F statistic instr.

0.0422∗∗
(0.014)
3,939
231.1

3,219
165.3

3,178
180.3

−0.779
(0.579)
3,178
180.3

2,376
138.8

Notes: Own calculations based on NEPS-Starting Cohort 6 data. Standard errors in parentheses; ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Regressions also include a
full set of control variables as well as year-of-birth, district fixed effects, and federal state-specific trends.

Figure 7: Heterogeneity in the timing of the first birth between college and non-college
graduates
By restricting the sample to mothers, we examine the differential in the intensive fertility
margin (column 2). Descriptively, the small difference in the number of children is only
slightly significant (with and without controls). Using the instruments drives this effect
even negative: there is no evidence that university graduated mothers will have less kids
due to their college education.
To further explore the fertility effects, we consider the timing of the fist birth (column
3). On average, this observed difference amounts to approximately 4 years and does not
vary much by holding fix any differences in the observed characteristics. When fixing
the unobservables, however, the effect is doubled to 7.5 years. Studying thus leads to
a postponement of the first birth that even exceeds the average time to study. Figure 7
uncovers the heterogeneity in the timing of the first births over the course of fertile ages
between college and non-college graduates. While the orange line depicts the covariateadjusted difference in the probability of giving birth to the first child over the period from
17 to 40 years of life, the purple line states the age-specific results by arguably also fixing
unobserved child-preferences (see 3). Starting with 17 years, mothers who will attend
university are less likely to give birth to a child compared those females who do not
attend college. The effect stays negative until the turning point of 27 years. Afterwards,
college graduates start their family planning. The effects indicate that college is postpones
births from the first half of the 20s – where the prospective mother study at college – to
the second half of the 20’s
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This being the case, women might then be faster in getting the second child in order
to catch up with their less-educated counterparts (column 5). We check this possibility
by using the time until the second birth as a dependent variable. We do find catch-up
effects in the descriptive and covariate-adjusted difference and the IV again reports higher
effects: children of mothers with one child are conceived 1.7 years earlier if the mother
went to college.
Looking at the education of the father of the first child, we find a 87 pp. increase in the
college graduation probability if the mother herself went to college. With a similar pattern
as their fathers’ education, the odds of the firs-borns of attending the academic track is
increased by 69 pp because of their mothers’ college degree (and herewith, also a higher
chance that the father obtained a university degree). Even mothers who are indifferent
between going to college or not, seem to retrospectively appreciate their education by
letting also giving their children the possibility to attend a university in the future.
Figure 8 elucidates on the question on how the results depend on essential heterogeneity.
The effects are plotted over the range of the propensity score at which the effects are
identified. If a variation in the propensity score goes along with a variation in the outcome
variable (by assumption unrelated to unobservables), then this variation induced people
to choose college education: the costs marginally outweigh the benefits. Effects at low
values of the propensity score indicate a high benefit of studying in terms of unmeasured
variables. Decreasing effects indicate that unmeasured benefits somehow are related to
the outcome variable, and selection into gains is uncovers.
This is the case for both quality outcomes, the probability of the first-born to attend the
academic track and the chance that their fathers have a degree from a university. In contrast to this, the effects on childlessness are almost constant over the quantiles of the
unobserved heterogeneity. This strengthens the external validity of the respective point
estimate in Table 2, since the ef Moreover, highly skilled or highly motivated students
(who already choose to study at low observed probability) do not differ in terms of the
probability to remain childless to those who are induced at higher observed probabilities.

6

Conclusion

In this paper, we tried to assess the nexus of education and fertility, two aspects of life
that – from a macro perspective – experienced huge dynamics in the past 60 years. This
paper used exogenous variation in the accessibility to attend a college in Germany in
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Figure 8: Essential heterogneity of the effects: the marginal treatment effect (MTE) of
(upper left) childlessness (upper right) and (lower left)
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order to identify whether women with a university degree have different fertility patterns
compared to non-college educated females.
We found a positive effect on childlessness, but no difference in the number of children.
Additionally, the age at first birth is postponed by more than 7 years, whereas we were
able to detect a catch-up effect in the timing of the second birth. In addition our findings
support the fact that maternal education increases both, the chance to find a partner with
a university degree and this the educational chances of the first born.
In a future revision of this paper, we aim to add some mediation analysis, to try to disentangle the uncovered effects into the part that is due to income, health and assortative
mating.
To sum up, from a societal perspective educational still can magnify the demographic
change (via childlessness). Given the fact that high-educated better transmit human capital to the next generation, the fertility gradient comes with social costs.
–to be expanded–
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Appendix
Figures
Figure 9: Spatial variation of colleges across districts and over time

1958

1970

1980

1990

Notes: Own illustration based on the German Statistical Yearbooks 1959–1991 (German Federal Statistical Office, 1991). The maps
show all 326 West German districts (Kreise, spatial units of 2009) but Berlin in the years 1958 (first year in the sample), 1970, 1980, and
1990 (last year in the sample). Districts usually cover a bigger city or some administratively connected villages. If a district has at least
one college, the district is depicted darker. Only few districts have more than one college. For those districts the number of students
is added up in the calculations but multiple colleges are not depicted separately in the maps.
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Figure 10: Average distance to the closest college over time for districts with a college
opening
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Notes: Own illustration. Information on colleges are taken from the German Statistical Yearbooks 1959–1991 (German Federal Statistical Office, 1991). The distances (in km) between the districts are calculated using district centroids. These distances are weighted by
the number of individuals observed in the particular district-year cells in our estimation sample of the NEPS-Starting Cohort 6 data.
The resulting average distances are depicted by green circles. Note that prior to time period 0, the average distance changes over time
either due to sample composition or a college opening in a neighboring district. Only districts with a college opening are taken into
account.
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Figure 11: The distribution of the number of children by college and non-college
graduates
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Preliminary: so far, control variables for males and females...
Tables
Table 3: Control variables and means by university degree
Variable

General information
Female
Year of birth (FE)
Migrational background
No native speaker
Mother still alive
Father still alive
Pre-college living conditions
Married before college
Parent before college
Siblings
First born
Age 15: lived by single parent
Age 15: lived in patchwork
family
Age 15: orphan
Age 15: rural district
Age 15: mother employed
Age 15: mother never unemployed
Age 15: father employed
Age 15: father never unemployed
Military

Definition

Respondents
with
univ.
degree

w/o
univ.
degree

=1 if respondent is female
Year of birth of the respondent
=1 if respondent was born abroad
=1 if mother tongue is not German
=1 if mother is still alive in 2009/10
=1 if father is still alive in 2009/10

41.90
1959
0.52
0.10
65.48
44.81

53.61
1959
0.10
0.22
59.97
38.73

=1 if respondent got married before the year of the
college decision or in the same year
=1 if respondent became a parent before the year of
the college decision or in the same year
Number of siblings
=1 if respondent was the first born in the family
=1 if respondent was raised by single parent

2.05

2.42

1.19

0.88

1.55
35.19
4.43

1.85
27.97
6.25

=1 if respondent was raised in a patchwork family

1.43

2.79

=1 if respondent was a orphan at the age of 15
=1 if district at the age of 15 was rural
=1 if mother was employed at the respondent’s age
of 15
=1 if mother was never unemployed until the respondent’s age of 15
=1 if father was employed at the respondent’s age of
15
=1 if father was never unemployed until the respondent’s age of 15
=1 if respondent did military service

0.81
19.67
42.76

2.08
26.16
45.30

59.90

59.26

93.95

89.57

98.67

96.41

31.76

26.95

3.05

1.03

23.29

15.51

14.48

18.35

1.00

0.95

20.57

19.47

2.10

1.80

1931
4.67
25.48

1930
4.34
9.01

27.38

25.40

Pre-college health and education
Final school grade: excel- =1 if the overall grade of the highest school degree
lence
was excellent
Final school grade: good
=1 if the overall grade of the highest school degree
was good
Final school grade: satisfac- =1 if the overall grade of the highest school degree
tory
was satisfactory
Final school grade: suffi- =1 if the overall grade of the highest school degree
cient or worse
was sufficient or worse
Repeated one grade
=1 if student needed to repeat one grade in elementary or secondary school
Repeated two or more =1 if student needed to repeat two or more grades in
grades
elementary or secondary school
Parental characteristics (M: Mother, F: Father)
M: year of birth (FE)
Year of birth of the respondent’s mother
M: migrational background =1 if mother was born abroad
M: at least inter. edu
=1 if mother has at least an intermediate secondary
school degree
M: vocational training
=1 if mother’s highest degree is vocational training

Continued on next page
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Table 3 – continued
Variable

M: further job qualification
F: year of birth (FE)
F: migrational background
F: at least inter. edu
F: vocational training
F: further job qualification

Definition

Respondents

=1 if mother has further job qualification (e.g., Meister degree)
Year of birth of the respondent’s father
=1 if father was born abroad
=1 if father has at least an intermediate secondary
school degree
=1 if father’s highest degree is vocational training
=1 if father has further job qualification (e.g., Meister
degree)

Number of observations (health satisfaction sample)

with
univ.
degree

w/o
univ.
degree

4.81

2.38

1927
5.67
29.43

1927
4.78
11.73

23.52
13.14

34.22
10.56

2,100

5,918

Notes: Information taken from NEPS–Starting Cohort 6. Mean values refer to the health satisfaction sample. In the case of binary
variables, the mean gives the percentage of 1s. FE = variable values are included as fixed effects in the analysis. a Only available for
males who did military eligibility test (2,359 observations).
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