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Introduction

1 Introduction

Higher education is strongly associated with higher employment rates, better labor market

opportunities and higher wages (see, e.g., OECD; 2013a). Consequently, individuals and

governments have the incentive to promote the level of educational attainment. However,

increasing educational attainment has consequences not only for the labor market. Other

outcomes affected by education comprise health, marriage behavior, or fertility.

Developments such as the educational expansion, technological change and the emerg-

ing ’knowledge economies’ characterize the last decades. These trends impose challenges

for the education system. In the OECD countries, the average share of the population hold-

ing a tertiary degree differs for individuals aged 55-64 years and those aged 25-34 years

by more than 14 percentage points (OECD; 2013a). This difference across age groups is

largely driven by women, for whom it amounts to 23 percentage points.

The increasing educational attainment of women and their steadily growing labor mar-

ket participation imposes new challenges on social policies. In the 1990s, many countries

reacted to the increasing labor market participation of women either by supporting the

compatibility of work and family or by making parental leave more favorable for women

(Ziefle; 2009). As for Germany, related literature underpins that established family pol-

icy instruments hamper the compatibility of work and family life and do not counteract

declining fertility rates (Cygan-Rehm and Maeder; 2013).

A consequence of the incompatibility of work and family life in Germany is a low

maternal labor market participation rate. The employment rate sharply decreases with the

number of children (see OECD; 2013b). In 2007, the German government introduced

a reform to promote labor market participation of mothers. The introduction of a wage

replacement - parents money (Elterngeld) - was a step away from the encouragement of

successive work-family periods to compatibility of labor market participation and child-

rearing. However, also traditional role models are still supported by transfers such as the

cash-for-care benefit (Betreuungsgeld) which discourages the use of formal child care in
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favor of home care. Also, long-established regulations such as income splitting still favor

traditional role models.1

This dissertation presents three studies that address determinants of regional variation

in returns to schooling, the causal effect of education on completed fertility, and the effect

of the introduction of earnings-related parental leave benefits on the subjective well-being

of young mothers. The next Sections 1.1 and 1.2 give summaries of the German school

system and its regulations, as well as the German family policy in comparison to that of

other countries.

1.1 The German school system and the role of the federal states

1.1.1 The German school system

Figure 1.1 illustrates the German school system.2 Children are enrolled at the age of six

in a comprehensive primary school. After grade four, the system sorts the 10 year old

students in one out of three secondary school tracks (secondary level I):3 basic school

(Hauptschule), middle school (Realschule), or high school (Gymnasium). These three

school tracks differ in ability requirements, duration, and school leaving certificate, and

prepare for different occupations and career paths. Basic school lasts 5 years and middle

schools lasts 6 years.4 While basic schools prepare largely for subsequent vocational edu-

cation, middle schools also prepare for education tracks that qualify for tertiary education.

From age 15 onwards, students can attend secondary level II if they attained a basic

school degree (Qualifizierender Hauptschulabschluss) or a middle school degree (Mittlere

Reife). Secondary level II splits in an educational path (Allgemeinbildende Schulen) and a

vocational path (Berufliche Schulen), including the so called dual system. The educational

1 Income splitting instead of individual taxation provides substantial tax benefits for traditional family
forms. See Section 1.2.1 for a detailed description.

2 Compare the official description of the German school system of the Standing Conference of the Ministers
of Education and Cultural Affairs of the Länder in the Federal Republic of Germany (KMK; 2013). For
simplification and clarity I do not consider all regulations, which differ by state and school type (e.g.,
special need school equivalents to high schools).

3 In Berlin and Brandenburg primary school lasts 6 years (until age 12).
4 Some federal states introduced an additional 10th grade in basic school: Berlin, Bremen, Brandenburg,

North Rhine-Westphalia.
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path comprises the attendance of high schools (until grade 12 or 13) and the attainment

of a general high school degree (Allgemeine Hochschulreife). High school degree gives

access to university. The most common path of reaching a general high school degree is

the attendance of high school from grade 5 to grade 12 or 13 without interruptions.5

The vocational path of secondary education is diverse. Numerous different types of

vocational schools exist, that offer different degrees of general education alongside the

vocational education itself. Vocational schools (Berufsschule and Berufsfachschule) pre-

pare for a specific occupation. At a number of high school equivalents an entrance certifi-

cate for tertiary education can be obtained, too. Vocational high schools (Fachoberschule,

Berufsoberschule, and Fachgymnasium) usually require a middle school degree, rather

than a basic school degree, and a finished apprenticeship training or equivalent profes-

sional experience.6

The German system comprises a number of additional school choices varying by fed-

eral state. An alternative to the tracked system after age 10 are comprehensive schools.

Instead of tracking, students get support according to their ability. However, comprehen-

sive schools are not very common in Germany (see, e.g., Ertl and Phillips; 2000). Further,

students can choose private schools with alternative educational ideologies if the school

has a state permission. Another option is the so called second educational path (Zweiter

Bildungsweg) where students of at least 19 years attend evening classes (Abendschulen)

or so called Kollegs to attain a secondary school degree.

Table 1.1 shows the relative importance of different school tracks and paths in sec-

ondary level I and II. The table displays total numbers and shares of students for school

year 2011/12 in secondary level I (panel A), educational path of secondary level II (panel

5 In recent years all federal states shortened high school from 9 grades (G9) to 8 grades (G8).
6 At technical high schools (Fachoberschule) students can obtain an entrance certificate to technical col-

leges (Fachhochschule) after grade 12. At Berufsoberschule students can acquire a subject-linked high
school degree (Fachgebundene Hochschulreife) or a general high school degree if they master a second
foreign language. The provision of vocational high schools strongly differ by federal state. Also, termi-
nology, detailed organization, and requirements are not always consistent across federal states.
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B), and vocational path of secondary level II (panel C). Panel A shows the relative impor-

tance of the school tracks basic school, middle school, and high school.7 Students in these

tracks constitute about 70% of students in secondary level I. Approximately 10% of stu-

dents in the educational path of secondary level I and II attend comprehensive schools. In

panel B, 89% of students in the educational path of secondary level II attend high school.

This share corresponds to about 870,000 students. For attaining an entrance certificate

for university, high school in the educational path is more common than vocational high

schools in the vocational path (panel C). The sum of students in these schools reaches

only about 330,000. Among the vocational path of secondary level II, most students at-

tend the dual system as 64.3% attend vocational schools. Attending a vocational school is

always connected to an apprenticeship training position.

In sum, Table 1.1 shows the importance of basic, middle, and high schools on the one

hand, and the dual system on the other. The number of students attending, e.g., evening

classes or vocational tracks that finish with high school degree are negligible. Although

the German school system claims permeability, raw statistics in Table 1.1 support strong

dependence on the track a student is sorted in at age of 10. Also, previous literature sup-

ports that students rarely change tracks and downward changes are more frequent than

upward changes (see, e.g., Dustmann; 2004; Pischke; 2007).

1.1.2 The role of the federal states

The German schools are governed by the federal states. In the constitution, established af-

ter World War II, Article 70 gave almost all legislation powers regarding the educational

system to the federal states (Wolf; 2006; Guckelberger; 2012). The federal organization

was motivated by the support of the state governments as well as by the fact that a number

of states began to establish their own legislation representing the state’s political orien-

tations already in 1946 (Guckelberger; 2012). The fact that schools are governed at the

7 Some federal states abolished the separation of middle and basic schools and implemented schools for
secondary level I with multiple tracks. In these states, students can reach both, middle and basic degree,
at these schools.
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state level had long-lasting effects, and induced considerable differences, for example, in

the duration of primary schooling, the organization of secondary schools, and the perme-

ability of the systems across federal states (Avenarius et al.; 2003).

In order to harmonize the different systems to some degree, the federal government

launched the standing conference of the ministers of education and cultural affairs of

the Länder in the Federal Republic of Germany (KMK) in 1948. The KMK is the most

important organ for the coordination between states in concerns of the education sys-

tem. Several agreements such as the Düsseldorfer Abkommen in 1955 and the Hamburger

Abkommen in 1964 aimed at a partial standardization of regulations between states. The

Düsseldorfer Abkommen, for example, sets the Latin word Gymnasium as the general

term for high schools. Large parts of the Hamburger Abkommen are still important foun-

dations of today’s school system. The states agreed, among other things, on the duration

of compulsory schooling, consistent terminology, and consistency in the recognition of

certificates (see, e.g., Wolf; 2006; van Ackeren and Klemm; 2009; Guckelberger; 2012).

Governing schools at the state level has advantages as well as disadvantages (see

Guckelberger (2012) for a more comprehensive summary). One disadvantage may be that

it causes inequity in children’s occupational and educational opportunities. Braun et al.

(2010) find that the chance of being accepted at a German university varies considerably

with the federal state where an applicant graduated. The reason for such a selective ad-

mission policy is that different examination modes (centralized exams vs. exams set by

the school) and differences in curricula cause differences in the (perceived or factual)

average quality of high school certificates from different states. In 1979, a KMK agree-

ment set uniform test requirements for the final high school exams to tackle the problem

(Einheitliche Prüfungsanforderungen für das Abitur, EPA). However, differences are still

considerable, because EPA settles curricula contents only at the smallest common denom-

inator.8

8 A study of Kaun (2006) exemplifies differences between states for the subject stochastic at secondary
school. The author compares curricula contents in the federal states and finds considerable differences
even though the KMK set uniform requirements in 2003 (e.g., subject in some states compulsory, in
others elective).
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Another aspect that affects educational and occupational opportunities of students are

differences in the training of teachers. Since schooling differs across states, and the train-

ing of teachers is matched to the states’ school systems, the training itself differs (KMK;

2013). In 1999, the state governments agreed on uniform guidelines for teachers’ training,

and on uniform requirements for teacher admission. However, although teachers’ univer-

sity degrees are generally recognized in every state, they might not be able to teach the

same subjects in every state (KMK; 2009).

Overall, differences in curricula and in the training of teachers affect children’s edu-

cational opportunities. A further disadvantage of the school system being governed at the

state level, is that it generates barriers to regional mobility. If students move to another

federal state, they might have to repeat a year in order to catch up on curricula contents.

Also, teachers face restrictions if their teaching certificate is not fully recognized in every

state.

An advantage of governing schools at the state level is that it might improve effi-

ciency and quality, as it generates competition between the states. Moreover, since parents

are free to change locations and to choose between different school systems, proponents

interpret the state-level governance as an increase in choices. However, such improved

efficiency and quality can only occur if state governments are willing and able to learn

from each other (Guckelberger; 2012). Since the publication of first international and na-

tional comparisons of student performance, there has been considerable progress in the

evaluation of the school system and educational standards. After 2000 and the first publi-

cation of the results of the Programme of international student assessment (PISA), where

Germany ranked below the OECD average, a discussion about the quality of the school

system began. Furthermore, a comparison of the PISA results across states revealed con-

siderable differences in students’ assessment scores within the country (PISA-Konsortium

Deutschland; 2002). Many differences between states may contribute to variation in stu-

dent performance. Since 2006, there is a strategy for the monitoring of the education sys-

tem (Gesamtstrategie der Kultusministerkonferenz zum Bildungsmonitoring), which sets
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key goals for efficiency and quality of schooling (KMK; 2006). Important instruments

comprise, for example, national and international assessments such as the Programme

for International Student Assessment (PISA), Progress in International Reading Literacy

Study (PIRLS), and Trends in International Mathematics and Science Study (TIMMS).

1.2 Family policy

One of the key purposes of family policy is the establishment of legislation for the protec-

tion of families and their shared living arrangements (Bäcker et al.; 2010). Furthermore,

policies aim at economic support for families, improvement of their living conditions, and

compatibility of work and family life. The following Section 1.2.1 gives an overview of

the most prominent regulations in family policy in Germany. Section 1.2.2 provides an

international comparison of family policies.

1.2.1 Family policy in Germany

In Germany, family policy focuses on income security for families rather than on provi-

sion of public or financial support for private services for families, such as child care fa-

cilities (see, e.g., Ziefle; 2009). Monetary transfers either aim to compensate for the costs

of caring for children, or aim to secure parents’ income during times of parental leave. In

addition, the tax system grants transfers for married couples which are not conditional on

having children (see Bäcker et al.; 2010, for a more comprehensive description).

Child allowances (Kinderfreibetrag) and child benefits (Kindergeld) are the core of

family allowances (Familienleistungsausgleich or Kinderlastenausgleich) and were im-

plemented already in West Germany in the 1950s (Kreyenfeld; 2004). Both are monetary

transfers that aim to secure parents’ income, and compensate them for any income losses

that are due to their caring for children (Bäcker et al.; 2010). Since 2002, the tax authori-

ties grant either child allowances or child benefits, depending on what is more beneficial

for the family (Bäcker et al.; 2010). Child allowance is a tax reduction, which reduces

7
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the annual taxable income by a fixed amount. In contrast, child benefit is a flat-rate trans-

fer, paid on a monthly basis. Additional transfers for the support of parents include, for

example, free health insurance for children.

In order to support parents during periods of raising children, and compensate them for

their foregone labor market income, there are child-rearing-benefits available (Erziehungs-

geld) (replaced by parents money (Elterngeld) in 2007), and pension entitlements are

earned during periods of child-rearing for up to three years per child (Bäcker et al.; 2010).

A means-tested child-rearing benefit was first implemented in 1986. If the net household

income was below a certain threshold, parents were eligible to receive either EUR 300

per month for a period of 24 months, or EUR 450 per month for a period of 12 months. In

2007, the new parents money replaced the old means-tested system. Parents can now re-

ceive a wage-replacement for 12 month, equivalent to 67% of their pre-birth net earnings.

The new system is more generous, and supports the economic independence of women.

Additionally, the new system explicitly promotes fathers’ involvement in child-rearing

(see Section 4 for a more detailed description of the two systems).

Married couples can receive additional transfers through the tax system (Bäcker et al.;

2010). Instead of taxing each of the partners individually, they are taxed together: their

combined income is divided by two, and both spouses are taxed as if they had earned fifty

per cent of the sum. This system generates considerable financial advantages, and the tax

concession is the higher, the higher the difference in earnings between the spouses. The

maximum tax concession is granted if one spouse has no income at all. In addition to tax

benefits, married couples benefit, for example, from free health insurance for one spouse.

Another important part of family policies are maternity leave regulations and parental

leave regulations. In Germany, the underlying assumption for all leave schemes is that

the care by mothers is the best for the child (BIS; 2009). German parental leave consists

of maternity leave and parental leave. Maternity leave is restricted to 6 weeks before

and 8 weeks after the birth. In this period, a mother is not allowed to work, her job is

protected and she receives her full previous wage, usually paid for by her health insurer

8
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(BIS; 2009). After the maternity leave ends, parents (mother or father) can take parental

leave. Since parental leave was first introduced in the 1970s, the duration of job protection

was extended several times. Initially, it was restricted to 6 months. Since 1992, parents

can take leave for up to 36 months with job protection (Kreyenfeld; 2004).

1.2.2 International comparison of family policies

Following the classification of Ziefle (2009), the different orientation of policy interven-

tions splits countries in three rough groups: conservative systems, liberal systems, and

welfare-supporting systems (for similar classifications see, e.g., Esping-Andersen; 1990;

Morgan and Zippel; 2003; Hantrais; 2004).

Examples for a liberal system are the U.S. and the U.K., which are both similar in

their support of families. In both countries, policy interventions aim to prevent poverty,

rather than to promote labor market participation or fertility (Ziefle; 2009). The generos-

ity of parental leave schemes is relatively low: in the U.K., maternity leave lasts for 13

months but wage replacement is only for 6 weeks available, the U.S. introduced an unpaid

maternity leave scheme in large firms in 1993 (BIS; 2009). The U.K. and the U.S. grant

monetary transfers mostly through the tax system. Since tax credits depend on parents

earning income, this system of income support sets incentives for labor market participa-

tion. In the U.S., a negative income tax also supports families with low taxable income.

Public child care coverage is relatively low in these countries and child care costs are high

(Gornick et al.; 1997; Waldfogel; 2001; Immervoll and Barber; 2006). Although the U.K.

subsidized formal child care coverage considerably during the last decade, there are still

shortages especially in full time places (EGGE; 2009).

In sharp contrast to family policies in the liberal system stand the welfare-supporting

systems, e.g., the Nordic countries and France. Their family policies have one main goal:

to support parents in reconciling their family life with both partners’ careers (Ziefle;

2009; Salles et al.; 2010). In the Scandinavian countries, flexible working time regula-

tions, nearly universal child care coverage for all age groups, generous wage replacement
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during parental leave, and individual taxation aim at making work and family life com-

patible. Family policy in France originally focused the promotion of fertility rates, e.g.,

by family tax splitting and extra transfers for higher order births (Ziefle; 2009). Since the

1980s, also compatibility of family and work life came into focus. Parental leave regula-

tions and benefits, flexible weekly working hours, and the support of external child care

by tax transfers, facilitates and gives incentives for an early return to work of mothers

(e.g., by conditioning parental leave allowances on pre-birth labor market participation)

(Salles et al.; 2010).

Family policy in Germany, Netherlands, and Italy constitute conservative systems.

Here, social policies encourage women to drop out of the labor force until children reach

school age (Morgan and Zippel; 2003; BIS; 2009; Salles et al.; 2010). Policies follow

traditional role models and support successive work and child-rearing periods rather than

compatibility (Ziefle; 2009). Parental leave is generous, but requires the parent to not

work, parental leave benefits are not sufficient to cover reasonable costs of living, and

single breadwinner families are granted financial advantages; these policies are the core

of German family policy since the 1950s. These transfers induce a high dependence of

mothers on partners’ income, and explicitly encourage women to drop out of the labor

force for family reasons.

For an international comparison of transfers on family benefits, Figure 1.2 displays the

family expenditures as percentage share of the GDP at market prices in national currency

for five countries: U.K., France, Norway, Germany, and the U.S. For each country, the

expenditures are given for the years 2001, 2005, and 2009. On average, France, Norway,

and the U.K. spend the most on family benefits. Here, the sharp increase in U.K. transfers

since 2001 marks a considerable progress towards a more generous support of families.9

The U.S. spends the smallest share of GDP on the support of families. Besides differences

in the total expenditures, also the allocation of expenditures on different measures varies

widely across countries. For example, while expenditures on cash benefits are comparable

9 Note that the U.K. GPD continuously increased during that period. Thus, the growing share of GDP is
not caused by a GDP decrease.
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across France, Norway and Germany, Germany spends less on services and more on tax

breaks (e.g., child allowances) than the other two countries.10 One example for variety in

responses to changing social norms is the reaction on increasing labor market attachment

of women in the 1990s. Many countries promoted child care coverage in order to make

work and family life more compatible for women. Germany however, reacted by the ex-

tension of unpaid parental leave for non-working mothers and encouraged women to drop

out of the labor force (Ziefle; 2009; BIS; 2009).

The different family policies in the different regimes have consequences, e.g., for

fertility rates, labor market participation of women, and child care coverage. The costs

of child-rearing, i.e., direct costs (e.g., child care) and forgone earnings, affect women’s

decisions for family formation (Becker; 1964). Figure 1.3 gives total fertility rates and

female labor market participation for selected countries: Germany, U.S., Norway, and

the OECD average. Here, the upper graph depicts that the decline in fertility rates since

the 1960s in Germany was the one of the fastest worldwide. Also, since the mid 1970s,

total fertility rates in Germany stagnate at one of the lowest levels in the OECD at about

1.4 children per woman. Female labor market participation in Germany is at the OECD

average; however, it is much lower than in Norway or the U.S. where fertility and labor

market participation rates are higher.

Overall, countries with lowest levels of family support (e.g., the U.S.) and countries

with high levels of support for the compatibility of work and family life (e.g., Norway)

show the highest labor market participation and high fertility rates. The low support of

families in the U.S. may contribute to one of the highest poverty rates of children among

OECD countries. The U.K. lowered child poverty rates considerably since the 1990s,

when the rate was on relatively high levels as well (OECD; 2013b). Possibly as a response

to generous support of families with children in Scandinavia and France, child poverty is

low and female labor market participation and fertility rates are the highest among OECD

countries (see also Salles et al.; 2010; OECD; 2013b).

10 Note however, that tax breaks in Figure 1.2 do not include tax benefits through income splitting as these
benefits are not related to children and therefore, they are not family benefits per se.
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In sum, German public transfers for family support as a percentage share of the GDP

are comparable to other European countries. However, the allocation of transfers is very

different to the U.K., France, and Scandinavia. German policies focus on direct cash ben-

efits (e.g., parental leave benefits) and tax benefits (e.g., child allowances). Transfers on

services, e.g., direct subsidies for child care facilities, are low. Thus, in line with the tradi-

tional model of home care provision, German family policies encourage mothers’ career

interruptions and do not support a combination work and family life, e.g., by subsidizing

child care (see also BIS; 2009).

1.3 Organization of this dissertation

This dissertation comprises three articles that analyze i) state-level heterogeneity in re-

turns to secondary school in Germany, ii) the effect of education on fertility, and iii) the

effect of a parental leave benefit wage replacement scheme on the subjective well-being

of young mothers.

Section 2 focuses on the determinants of regional heterogeneity in returns to school-

ing. School quality, labor market characteristics, and amenities are potential determinants

of regional differences. In contrast to previous research, this study jointly evaluates the

contribution of the different mechanisms. I find that returns to schooling differ substan-

tially across the West German states, and correlate mainly with institutional features of

the school system. A strong positive association between qualitative differences (e.g., cur-

ricula contents or teachers’ training) and returns to schooling shows that these qualitative

aspects may be powerful policy instruments.

Section 3 is co-authored by Dr. Kamila Cygan-Rehm and published in Labor Eco-

nomics (see Cygan-Rehm and Maeder; 2013). The paper investigates the effect of educa-

tion on fertility under inflexible labor market conditions. We exploit exogenous variation

from a German compulsory schooling reform to deal with the endogeneity of education.

By using data from two complementary data sets, we examine different fertility outcomes

over the life cycle. In contrast to evidence for other developed countries, we find that

12
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increased education causally reduces completed fertility. This negative effect operates

through a postponement of first births away from the teenage years, and no catch-up later

in life. We attribute these findings to the particularly high opportunity costs of child-

rearing in Germany.

The study in Section 4 investigates the causal effect of earnings-related parental leave

benefits (Elterngeld) on subjective well-being of young mothers. The new subsidy was

introduced in 2007, and replaced a former means-tested benefit (Erziehungsgeld). The

reform changed the total amount of benefits as well as the duration of pay. By construc-

tion of the reform, the change in benefits differs across population subgroups, depending

on their eligibility for the former means-tested benefit. The reform also introduced in-

centives for paternal leave taking. Income effects, fathers’ involvement, and social norms

constitute potential channels through which the reform affects well-being. Using a regres-

sion discontinuity design, I find remarkable heterogeneities in the response to the reform.

While subjective well-being of West German mothers increases, East German mothers

experience decreasing life satisfaction.

Finally, Section 5 summarizes and concludes.
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1.4 Figures and tables
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Figure 1.2: Public spending on family benefits in cash, services and tax measures, in
per cent of GDP

Note: Child related transfers include child allowances, payments during parental leave, and income
support for families and sole parents. Public spending on services consist of direct financing and
subsidized child care and early education facilities. Tax benefits include tax exemptions, child tax
allowances (only amounts that are deducted from the taxable income), child tax credits, and other amounts
that are deducted from the tax liability.
Source: OECD (2013b), OECD (2009); own calculation and illustration.
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Figure 1.3: Development of total fertility rates and labor market participation in
selected countries
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Table 1.1: Students by secondary level and school track in 2011/12

Number of
Students

Share of students
in percent

Panel A: Secondary level I

Orientation phase 101,135 2.1
Basic school (Hauptschule) 656,754 13.6
School with multiple tracks (Grades 5-10) 389,316 8.1
Middle school (Realschule) 1,129,994 23.4
High school (Gymnasium) 1,514,612 31.4
Comprehensive school 540,280 11.2
Waldorf school 67,041 1.4
Special needs school 364,563 7.6
Evening schools and Kollegs 58,927 1.2
Total 4,822,622 100

Panel B: Educational path secondary level II

High school (Gymnasium) 879,168 89.1
Comprehensive school 92,395 9.4
Waldorf school 14,534 1.5
Special needs school 1,151 0.1
Total 987,248 100

Panel C: Vocational path secondary level II

Vocational schools (Berufsschule) 1,558,964 64.3
Technical schools (Berufsfachschule) 455,212 18.8
Technical high schools (Fachoberschule) 137,447 5.7
Berufsoberschule 24,768 1.0
Fachgymnasium 168,359 6.9
Other 79,044 3.3
Total 2,423,794 100

Source: Federal Bureau of Statistics (2014), own calculation

18



State-level heterogeneity in returns to secondary schooling in West Germany

2 State-level heterogeneity in returns to secondary school-

ing in West Germany11

2.1 Introduction

The return to education is the percentage wage increase resulting from investments in

education (Becker; 1964; Mincer; 1974). International comparisons show that the rate

of return to schooling correlates, e.g., with the level of economic development, average

income, and the supply of education (see, e.g., Psacharopoulos and Patrinos; 2004). Con-

sequently, returns to schooling are important indicators in international comparisons of

school systems, education policies, and labor market characteristics (see, e.g., OECD;

2012). Also, returns to schooling are subject to remarkable regional heterogeneity: in

2008, the rate of the return to upper secondary education for men was 20.2% in the U.S.

and 12.2% in the U.K.. In Germany, the rate was one of the lowest among OECD countries

with 6.8% (OECD; 2012).

Interestingly, determinants of regional heterogeneity in returns to schooling are hardly

studied even though they are of major economic relevance. Understanding mechanisms

behind regional differences enhances transparency and thereby promotes government pro-

ductivity, for example, by more targeted programs. A number of studies compare returns

to schooling across countries, states or regions and draw conclusions about potential de-

terminants of regional differences (see, e.g., Psacharopoulos and Patrinos; 2004; OECD;

2012). Previous literature finds that returns to education correlate, e.g., with school quality

(Card and Krueger; 1992), unemployment rates (Ammermueller et al.; 2009), and labor

market characteristics and regional amenities (Beeson; 1991). Overall, the literature dis-

tinguishes the effect of school quality, labor market characteristics, and regional amenities

on returns to education. However, so far no study evaluates these potential determinants

11 I thank Regina T. Riphahn, Kamila Cygan-Rehm, Martina Eschelbach, Daniel Kuehnle, Robert Orlowski,
and the participants of the EEA in Oslo and the EALE in Cyprus for very valuable comments on earlier
versions of this paper. The usual disclaimer applies.
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jointly and no study focuses on their relative contribution to regional differences in returns

to schooling.

This paper contributes to the literature in two important ways: first, it is the first study

that evaluates the relative contribution of different determinants (labor market character-

istics, regional amenities, institutional features of school systems) to regional heterogene-

ity in returns to secondary schooling in Germany. Second, so far no other study investi-

gates the school quality-earnings relationship in Germany. I exploit variation in returns to

schooling, institutional features of school systems, and labor market characteristics across

federal states but within the country. This mitigates the influence of confounding unob-

served regional characteristics. I use five representative cross sections of the German work

force for the empirical analysis.

The empirical strategy extends the two stage approach of Card and Krueger (1992):

the first stage represents a Mincer wage equation estimated by ordinary least squares

(OLS). The second stage of the estimation strategy uses estimated returns to schooling

clustered by state, year of birth, and survey year as dependent variable. Independent vari-

ables comprise labor market characteristics, amenities and institutional features of the

school system. Here, OLS estimates give correlations between returns to schooling and

state characteristics. Cross-state variation in returns to schooling identifies the estimates,

which are likely to understate the underlying relationship.

I find substantial variation in state-level returns to schooling. Estimates range from

6.7% in North Rhine-Westphalia to 8.5% in Bavaria. Also, mainly institutional features of

the school system contribute to these differences (e.g., pupil-teacher ratios), whereas labor

market characteristics and regional amenities correlate weakly with returns to schooling.

Traditional school quality measures such as pupil-teacher ratios or spending per pupil

measure financial differences between states. However, the states’ school systems also

differ in qualitative aspect (e.g., curricula contents, training of teachers). PISA test scores

are likely to capture these qualitative differences. I consider individuals born between

1940 and 1980 in the main sample and relate their returns to schooling to PISA results
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of pupils born in the late 1980s. A robust positive relationship between PISA 2003 test

scores and returns to schooling affirms an association between school quality and returns

to schooling. The results show that the design of school systems (e.g., curricula contents)

may be an even more powerful instrument to guide incentives for educational investments

and enhance students achievement than are financial investments. Thus, the evaluation of

state differences in returns to schooling and potential determinants provides insights to

the efficient allocation of resources. However, the analysis also reveals the lack of high

quality information on school performance and school quality in Germany.

2.2 Theory and literature

2.2.1 Potential mechanisms

At the individual level, education represents an investment in human capital and the hu-

man capital approach views those investments as enhancements of individual productivity

(Becker; 1964; Mincer; 1974). In perfect labor markets improved productivity will result

in higher wages.12 In fact, most empirical studies show a strong positive correlation be-

tween formal education and wages.13 Overall, correlation studies by, for example, Lauer

and Steiner (2001) and Boockmann and Steiner (2006) show that the average return to an

additional year of education ranges between 6 and 8% for Germany.

Regional heterogeneity in returns to schooling may arise through different mecha-

nisms. One potential determinant is school quality. The individual stock of human capi-

tal comprises educational attainment, its quality, and other components (Heckman et al.;

12 This holds true in a labor market with perfect competition and without barriers. In contrast to human
capital theory, the theories of signaling (Spence; 1973) and screening (Thurow; 1970) both assume that
education does not necessarily increase individual productivity. Following this theory, formal education
is a signal for inherent ability and productivity. Bedard (2001), Layard and Psacharopoulos (1974) or
Jaeger and Page (1996) suggest that both theories are relevant. In line with the main literature on returns
to education the human capital approach is the basis for interpretation in my study.

13 The main issue discussed in the international literature is whether education itself causes the observed
positive correlation between education and wages, or whether instead individuals with greater ability
choose to acquire higher levels of education. The main focus lies on the estimation of the causal effect
of education on individual wages. Ashenfelter et al. (1999) review the literature on (causal) returns to
education. The authors find in line with economic theory that controlling for ability lowers the OLS
estimates for the returns to education for studies in the United States. However, an upward bias of OLS
results does not hold for studies using non-US data (Ashenfelter et al.; 1999).
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1996b). If educational attainment itself affects the productivity of individuals, we expect

that the quality of the acquired education affects earnings as well (Burtless; 1996). If

higher school quality raises productivity of workers we expect higher returns to school-

ing. Thus, high school quality in the region where individuals were educated in the past,

translates into high returns to schooling.

Present characteristics of the region of residence affect returns to schooling as well.

Here, the literature differentiates between a labor demand effect (e.g., high unemploy-

ment) and the effect of regional amenities (e.g., crime rate, child care institutions) (Roback;

1982).

The impacts of labor demand and regional amenities are closely related. Both work

through the labor supply of skill groups. One can interpret the return to education as

the price individuals get for their qualification. The higher the excess labor supply of a

certain skill group, the lower the price this skill group receives (holding labor demand

constant). Unfavorable labor market conditions such as high unemployment, i.e., excess

labor supply, translate into lower skill prices (labor demand effect). Amenities affect the

labor supply of skill groups in a certain region. Favorable conditions such as good in-

frastructure affect labor supply through a pull effect (see, e.g., Beeson; 1991). Especially

the well educated, with high disposable incomes move to these regions and increase labor

supply of this skill group and thereby lower skill prices for this skill group if labor demand

remains constant (see, e.g., Beeson; 1991; Graves et al.; 1999; Black et al.; 2009; Krupka;

2009; Lee; 2010). In sum, we expect that state-level returns to schooling correlate with

local labor market conditions. We expect that returns to schooling are low in desirable

regions and in regions with excess labor supply.

2.2.2 Previous empirical findings

Empirical evidence on determinants of differences in returns to schooling by country,

state, or region mainly concentrates on the U.S. with a few exceptions.
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Findings for the school quality-earnings relationship are mixed (see Heckman et al.;

1996a; Card and Krueger; 1996). Omitted variables, misspecification of the underlying

relationship, or the level of aggregation bias the results (Hanushek; 1997).14 Card and

Krueger (1992) study U.S. data and find a positive association of school quality (mea-

sured by pupil-teacher ratio, term length, relative teacher wage) and returns to schooling.

The authors identify the correlations based on variation between the state of school at-

tendance and the state of residence. Contradictory, Betts (1995) finds hardly any impact

of school quality measures (e.g., percentage of teachers with master’s degree) on returns

to schooling using a similar identification strategy (see also Hanushek; 1997). Heckman

et al. (1996b) affirm the impact of school quality (pupil-teacher ratio, term length, relative

teacher wage) mainly for the return to college education. In line, Altonji and Dunn (1996)

show a positive association of school quality (e.g., pupil-teacher ratio, expenditures per

student) and wages in the U.S. using siblings correlation for identification. Harmon and

Walker (2000) exploit a schooling reform in England and Wales and find only small ef-

fects of school quality on wages. For Germany, no study so far analyses the classical

school quality measures. A related study of Baumgartner (2004) focuses on the relation-

ship between class size and early career earnings and uses German district data. The

author finds only a weak association.

Research on the relationship between labor market characteristics and returns to school-

ing usually finds the expected patterns. Beeson (1991) shows, based on OLS results, that

amenities and labor demand are important but cannot fully account for regional differ-

ences in returns to schooling across U.S. metropolitan statistical areas (SMSA). Ammer-

mueller et al. (2009) find a significant negative association between returns to schooling

and aggregated unemployment rates in Germany. In contrast, Reilich (2013) finds pre-

dominantly homogeneous returns to schooling by German state which correlate positively

with unemployment rates. Also, results of Reilich (2013) underpin the role of regional

amenities as she finds a negative relationship between returns to schooling and land costs.

14 See Card and Krueger (1996) for a detailed summary of previous findings.
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Psacharopoulos and Patrinos (2004) survey estimated returns to schooling for about 70

countries and investigate potential patterns. The authors show that returns to schooling

decrease with increasing average income. Overall, measures of labor demand conditions

comprise, e.g., unemployment rates, shares of workers in a specific industry, or popula-

tion density (see Hanushek; 1981). Some indicators, e.g., population density, alternatively

constitute indicators for amenities (Beeson; 1991). Crime rates, recreational and health

facilities, or the number of heating or cloudy days exemplify other typical measures for

local amenities (see, e.g., Roback; 1982; Beeson; 1991).

2.3 Institutional background and school quality

The German secondary school system is a tripartite system that sorts students at the age

of 10 into three school tracks: basic school (Hauptschule), middle school (Realschule),

and high school (Gymnasium). These tracks prepare for different occupational careers.

Basic school lasts for 5-6 years (depending on the state) and prepares for apprenticeship

training and vocational schools. Middle school lasts 6 years and prepares for training in

white-collar jobs. High school lasts 8-9 years and prepares for university attendance and

academic careers.15

Because each German state governs its school system independently, substantial dif-

ferences between state school systems arise and contribute to differences, for example, in

school quality (Pluennecke et al.; 2007). Examination modes in high school (centralized

exams at state level vs. school level exams)(van Ackeren and Klemm; 2009), the supply of

comprehensive schools (Woessmann; 2010), and curricula contents (Rösner; 1999) exem-

plify differences between school systems. Here, qualitative differences such as curricula

contents or the training of teachers may be of importance for labor market outcomes, but

are difficult to quantify.

15 Additionally, students in all states can attend comprehensive schools without any tracking. Comprehen-
sive schools are not very common in West Germany. In fact, in 1996/97 the share of students attending
comprehensive schools reached only 8.7% in West Germany (Rösner; 1999). See Ertl and Phillips (2000)
for further discussion.
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Another important difference between school systems is the organization of tracking.

In general, student ability determines tracking after primary school. However, the organi-

zation of the transition to secondary school tracks differs between states (KMK; 2010a).

Some states (e.g., Bavaria) rest on primary school grades to screen students’ ability and

require specific grade averages for the access to middle and high school. In other states,

regulations are more flexible and parents decide on track choice (e.g., in Bremen) or the

decision lies with the parents but teachers give a recommendation (KMK; 2010b). Over-

all, different requirements for the transition to secondary school tracks may have different

potential consequences for the distribution of students across and within states: first, se-

lective states may exhibit low shares of high school students if we assume that ability is

uniformly distributed across states. Second, high school students in selective states may

have higher average ability. Third, labor supply of high school graduates may be lower in

selective states if individuals work in the state where they are educated.

2.4 Empirical approach

2.4.1 Method

I examine potential determinants of regional heterogeneity in returns to schooling fol-

lowing the two step procedure of Card and Krueger (1992). In the first step, the authors

estimate returns to schooling by U.S. state and birth cohort by OLS. In a second OLS

estimation the authors explain differences in returns to education by school quality mea-

sures. Thus, instead of including interactions of schooling and state characteristics in one

equation, they prefer two steps. Card and Krueger (1992) argue that the two step proce-

dure has important advantages: first, it simplifies the interpretation of patterns in returns to

schooling. Second, the two step estimation allows them to exploit the contribution of state

characteristics to differences in state-level returns to schooling (see also Beeson; 1991). In

the approach of Card and Krueger (1992), individuals who are born in a specific state and
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moved to another state identify the impact of school quality. I cannot follow their strat-

egy because of low regional mobility among German workers (Harhoff and Kane; 1997;

Huber; 2004; Machin et al.; 2012). Instead, I assume that individuals still live where

they went to school. Thus, cross-state variation in returns to schooling identifies the de-

terminants of regional differences. Section 2.4.2 discusses potential consequences of the

modification of the approach of Card and Krueger (1992).

The first stage estimates returns to schooling by OLS and uses the following earnings

equation:

lnwijtc = δ1 statej + δ2 cohortc + βjtc Si(statej, cohortc, yeart) + δ3Zi + εijtc. (2.1)

The dependent variable is the logarithm of the gross hourly wage wijtc of individual i,

living in state j, surveyed at time t, and born in year c. Variables statej and cohortc rep-

resent state and cohort fixed effects. Sijtc measures the individual’s secondary schooling,

for example, years of secondary schooling.16 I assume the return to schooling βjtc to con-

sist of three components: a state effect, year of birth effect, and a survey year effect.17 Zi

represents additional controls for age and gender. εijtc is an error term.

From OLS results of equation (2.1) I calculate the marginal effect of schooling on

wages for clusters of state, cohort, and survey year. Thus, I construct returns to schooling

βjtc for each group of individuals born in year c, living in state j at time t. In the second

step of the analysis, I relate returns to schooling βjtc to characteristics of German states:

βjtc = α1qjc + α2ajt + α3djt + α4 yearj + α5 cohortc + ujtc. (2.2)

The vector qjc contains controls for institutional features of the school system and

school quality that affected birth cohort c in state j. The vector ajt controls for amenities

16 Because linearity may be an inappropriate assumption in a tracked school system, I also use a specification
with indicator variables for school degrees.

17 Using three components contrasts to Card and Krueger (1992) who concentrate only on state and cohorts
effects. An additional survey year effect accounts, for example, for labor market conditions.
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and djt for labor market conditions in state j at time t. The estimates of α1, α2, and α3

measure the correlations between school quality, labor market characteristics, amenities,

and returns to schooling. ujtc is an error term. Returns to schooling βjtc vary by state, birth

cohort, and survey year. As I aim to explain differences across states, I include cohort

and survey year fixed effects in the second equation. These fixed effects capture cohort

and time trends which may also correlate with state characteristics. Thus, the estimates

α1, α2, and α3 are identified by cross-state variation and show the contribution of state

characteristics to state differences in returns to schooling.

2.4.2 Potential Biases

As I estimate equation (2.1) by OLS unobserved characteristics such as ability are likely

to violate the conditional mean independence assumption and bias returns to schooling

upwards.18 Ability bias affects the estimates α1, α2, and α3 in equation (2.2) if it varies

systematically by state and correlates with state characteristics. As some states are more

restrictive in the transition to secondary school tracks it is rather strong to assume that

ability bias is regionally homogeneous. Further, control variables such as PISA scores

may reflect regional differences in ability especially if I use track specific scores. How-

ever, an important advantage of the two step procedure is that I am able to control for

selectivity of school tracks in the second stage of the estimation. The share of high school

graduates potentially reflect average ability in high school and controlling for it mitigates

biases because of omitted ability.

In equation (2.1), I assume that individuals are regionally immobile. Regional mobil-

ity may affect the results if mobility varies across states and mobility is correlated with

state characteristics. Mobility across states is likely to be higher for smaller city states.

Also, regional labor market characteristics are likely to be correlated with mobility and

should even equalize regional returns to schooling in the long run. Consequently, results

18 Card (1999) shows that returns to schooling are upward biased by omitting ability and individual hetero-
geneity. Nonetheless, no other method is applicable here: instrumental variable estimations require valid
instruments, which are not available in my data.
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for regional amenities and labor market characteristics might be systematically biased.

However, school quality characteristics are potentially not or only weakly correlated with

mobility after graduation and lead to an attenuation bias.

Overall, regional mobility is on a such a low level in Germany that it potentially im-

poses minor consequences. In fact, Harhoff and Kane (1997) finds that 80% of West

German workers never move within or across state during their working life. Also, Huber

(2004) reports a gross mobility rate of 1.32. Thus, only 1.32% of the German population

moves across states within a year. Furthermore, the author finds that the rate decreased

during the 1980s.19 Given this low regional mobility, the mentioned biases should reveal

minor consequences for the estimates. As a robustness check, I restrict the sample to men

who are usually less regionally mobile, excluded all individuals who ever moved dur-

ing their working life, and excluded city states with potentially higher mobility (Hunt;

2004).20 The results underpin that regional mobility does not affect the results and main

conclusions hold.

I am able to control for differences in ability bias across states and regional mobility

is likely to lead to an attenuation bias. Thus, consequences from regional mobility and

ability bias are very limited and estimates may represent a lower bound of the causal

effect. Unfortunately, a threat to internal validity is the scarcity of high-quality state-level

data and multicollinearity in the second stage of the estimation. Consequently, aggregated

control variables such as unemployment rates may capture a whole set of business cycle

characteristics and estimates represent correlations. However, as the main aim of the paper

is the evaluation of the contribution of variable sets (labor demand, regional amenities,

school quality) omitted variables do not weaken the main conclusions.

19 I also analyzed official statistics on across state migration from the federal statistical office. The statistics
support that since the 1950s constantly only about 3% of individuals move across states.

20 Results without individuals who ever moved during working life and results without city states are avail-
able upon request.
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2.5 Data and variables

This analysis exploits five repeated cross sections of the Qualification and Career Survey

(QaC), which provides large sample sizes in total and for each federal (West) German

state. Each wave is a 0.1% representative cross section of the German labor force (i.e.,

blue and white-collar workers, civil servants, self employed) and covers the entire income

distribution (Dostal and Jansen; 2002). The data provide detailed information about in-

dividuals’ socio economic background and formal education. Each of the five waves of

years 1979, 1985/86, 1991/92, 1998/99, and 2005/06 contains up to 35,000 observations.

I pool all cross sections and restrict the sample to employed West German natives born

between 1940 and 1980 and aged between 16 and 60 years at the time of the interview.21 I

drop observations with missing values in the schooling or in the income variable (13%).22

The final sample comprises 70,474 observations.

I construct the hourly wage using information about monthly labor earnings.23 The

QaC provides detailed information about the acquired secondary and post-secondary de-

grees. I build the variable “Years of Schooling” using standard durations for graduation in

secondary school tracks (Krueger and Pischke; 1995). In a tracked system years of school-

ing may differently affect wages depending on the attended track. In a second, more flexi-

ble specification, I replace the variable “Years of Schooling” by indicators for the highest

secondary degree achieved. The three categories are: basic degree (reference)24, middle

degree, and high school degree.

The data used for control variables in the second stage are provided mainly by the

Federal Bureau of Statistics (1952-2006). Table 2.1 describes control variables included

in the second stage of the estimation. The first part shows controls capturing institutional

21 East Germany is of interest as well. However, the East German school system differed during the com-
munist regime and one cannot easily compare school degrees (Riphahn and Trübswetter; 2013).

22 In the distribution of qualifications of the dropped individuals, high and low educated individuals are over
represented. Missing values are uniformly distributed across the federal states.

23 The earnings variable is measured in classes. Following Pischke and von Wachter (2008) I set earnings to
the class midpoints (see details in their discussion paper version).

24 The reference category also entails drop-outs (1.5% of individuals in the data set). Excluding them from
the analysis gives the same results.
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features of the school system. One of the traditional measures for school quality is the

pupil-teacher ratio by state and year of birth+10 (see, e.g., Card and Krueger; 1992).25

Thus, I assume that the pupil-teacher ratio matters for the quality of education of 10 years

old pupils. Additionally, I use spending per pupil (see, e.g., Altonji and Dunn; 1996) and

include the share of high school students to control for the selectivity of transition mech-

anisms to secondary school tracks. All school quality measures are aggregated at the state

and year of birth level and capture mainly financial differences between states. As pointed

out in Section 2.3, other factors such as the training of teachers or curricula contents dif-

fer across states. As these are difficult to quantify I include test results of the Programme

for International Student Assessment (PISA) by state in a second specification.26 I use

PISA math scores from 2003, so the underlying population of the PISA tests and the

main sample is different with respect to year of birth. The main sample entails individuals

born 1940-1980. Pupils participating in PISA 2003 are born in the late 1980s.27 PISA test

scores capture qualitative differences in school systems across states and reflect school

quality for individuals in the main sample if older cohorts faced similar conditions. As

PISA results may also be an outcome of returns to education of the students’ parents or a

measure of average state ability, PISA scores suffer from reverse causality. However, no

better measure for qualitative differences in school quality is available so far.

The second part of Table 2.1 displays means of variables capturing cultural and labor

market conditions in the state of residence at the time of the interview. Whereas crime

rate and GDP per capita control for local amenities, population density reflects both, labor

demand conditions and amenities (see, e.g., Beeson; 1991). The share of workers in the

manufacturing sector and the unemployment rate control for labor demand differences

between states (see, e.g., Hanushek; 1981).

25 Pupil-teacher ratios entail primary and secondary school pupils and teacher.
26 The OECD conducts PISA and provides representative and comparable data about basic competences of

students from the OECD countries (PISA-Konsortium Deutschland; 2002). An extension of the interna-
tional survey, the PISA-E survey, ensures representative sampling also within each German state.

27 PISA tests always put special attention on one subject (reading, science, or mathematics). Whereas PISA
2000 focused on reading scores, the main focus of PISA 2003 was mathematics (PISA-Konsortium
Deutschland; 2005).
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2.6 Empirical results

2.6.1 Descriptive evidence and first stage results

Table 2.2 shows state averages and standard deviations of log wage and years of secondary

schooling. Additionally, I calculate the share of graduates by school leaving certificate,

unemployment rates, and pupil-teacher ratios. Shaded cells represent minimum and maxi-

mum values within one column. The differences in years of schooling and shares of grad-

uates are most striking. Differences in years of schooling (column 2) reach 0.57 years

with 10.5 years (highest) in Hamburg and 9.73 years (lowest) in Bavaria. The share of

basic school graduates varies between 36% (Hamburg) and 55% (Saarland); the shares of

middle school (column 4) and high school graduates (column 5) vary as well. However,

variation in schooling and differences in log wages are not obviously related (column 1).

As previously mentioned, selective transitions to high school translate into low shares

of high school graduate and vise versa. The descriptive evidence supports this pattern

as Bavaria is most restrictive in the transition to secondary school tracks and has lowest

shares of high school graduates. The last columns provide average unemployment rates,

population densities, and pupil-teacher ratios.

Table A.1 in the Appendix presents the results of two first stage estimations where I

regress log wages on interactions between state and schooling and a rich set of covari-

ates. To measure schooling, I use years of schooling in the first estimation (column 1)

and more flexible indicators for school leaving certificates in the second estimation (col-

umn 2). The statistical significance of the state and schooling interactions in Table A.1

already show state-level heterogeneity in returns to schooling. Based on the first stage re-

gression I calculate returns to schooling for 1,685 cluster of state × year of birth × year

of survey. Table 2.3 shows state-level average returns to schooling of these clusters and

the corresponding ranks.28 The average return to an additional year of schooling in West

Germany (column 1) ranges between 6.7 (North Rhine-Westphalia) and 8.5% (Bavaria)

28 In order to save space I do not present average returns to schooling by state, cohort, and year of survey.
Results are available upon request.
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and is comparable to previous findings (e.g., Lauer and Steiner; 2001; Boockmann and

Steiner; 2006). As the assumption of a linear relationship between schooling and wages

is restrictive, especially in a tripartite school system, the model specification in columns 2

and 3 use an indicator-based definition of schooling. Table 2.3 gives the percentage wage

increase after graduation from middle (column 2) or high school (column 3) compared

to basic school graduates. The average return to middle degree compared to basic degree

(column 2) ranges between 11.4 and 21.1% and the return to high school degree (column

3) lies between 33.1 and 43.6% (see Dustmann (2004) for comparable results). The last

columns gives the number of clusters of survey year and cohort in each state and again

the share of high school graduates.

The estimates vary across German states. Whereas Bavaria is in the upper third of

the ranking regardless of the education variable, Saarland consistently ranks 9th. For the

other states the results are mixed. If the return to one of the degrees is high, also returns

to years of schooling are in an upper range (see, e.g., Bremen). Interestingly, the return

to high school degree and the corresponding shares of graduates are related. I observe

high shares of high school graduates in Hamburg and low returns to high school degrees.

In Bavaria I find the reversed pattern. Apparently, the share of high school graduates

captures differences in transition mechanisms to high school and reflects the selectivity

of school systems and ability in high school. The lower the share of high school students,

the higher is average ability, and ability bias in returns to schooling. Thus, the negative

relationship of returns to schooling and the share of graduates underpins an upward bias

in returns to schooling. Also, it supports that the share of graduates captures ability bias.

Consequently, controlling for the share of high school graduates in the second stage of

the estimation limits potential consequences of ability bias for second stage estimates.

2.6.2 Second stage results

The second stage of the estimation relates returns to schooling to measures for the states’

labor market conditions and institutional features. Table 2.4 presents the key results for
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the second stage of the estimation. The columns present results from regressions where

the dependent variables are returns to years of schooling (columns 1 and 2), middle degree

with reference basic degree (columns 3 and 4), and high school degree with reference ba-

sic degree (columns 5 and 6). For each dependent variable, I estimate two specifications:

one controlling for labor market characteristics (estimates given in panel A) only and one

where I also include institutional features (panel B). Each specification also comprises

cohort fixed effects and year of survey fixed effects to capture cohort trends (e.g., edu-

cational expansion) and year effects (e.g., inflation). Thus, only cross-state variation in

returns to schooling identifies estimates in the second stage. As the estimation procedure

involves two estimation steps, I calculate standard errors by a bootstrap algorithm that

estimates first and second stage jointly (200 replications).

Panel A shows correlations between labor market conditions and returns to schooling.

The estimates for the share of workers in manufacturing and population density show the

expected negative sign. Only for the population density the estimates are precisely esti-

mated. The higher the population density, the lower the returns to schooling. This result

underpins the hypothesis that higher labor supply leads to lower skill prices.29 Surpris-

ingly, I find a positive relationship between crime rates and returns to high school degree.

However, one may attribute this finding to reverse causality. The other labor market char-

acteristics are only weakly correlated with returns to schooling. Estimates are imprecise

because state characteristics are highly collinear.30

Panel B in Table 2.4 gives the results when I add controls for institutional features

of the school system. As expected, the number of pupils per teacher correlates negatively

with returns to schooling. However, this relationship is significant only for returns to years

of schooling. The size of the estimate is comparable to that in studies for the U.S. (e.g.,

Card and Krueger; 1992). Log spending per pupil is not significantly related to returns to

schooling.

29 Population density is especially high in the city states Hamburg and Bremen. The results are robust to the
exclusion of the city states. Results are available upon request.

30 Here, I use crime rate as a measure for regional amenities. In other specifications I also used spending for
recreation and average rent. I did not find a significant relationship. Results are available upon request.
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The share of high school students reflects regional labor supply of high qualified in-

dividuals and average ability in school tracks. The correlation between shares of high

school graduates and returns to high school degree is significantly negative. This negative

relationship suggests that omitted ability biases OLS estimates of returns to schooling up-

wards. Also, the negative relationship suggests that returns to high school degree are low

where the labor supply of high qualified individuals is high.

In sum, state characteristics measuring labor supply (unemployment, share of work-

ers in manufacturing) are negatively correlated with returns to schooling. This negative

relationship supports the labor demand hypothesis. The relationship between returns to

schooling and regional amenities is inconclusive, for example, crime rates are positively

related to returns to schooling. However, the correlation is hardly significant and reverse

causality potentially causes the positive correlation. When I include measures for insti-

tutional features of the school system, I find evidence for a negative correlation of the

pupil-teacher ratio (support for school quality hypothesis) and a negative relationship be-

tween the share of high school graduates and returns to schooling.

2.6.3 Qualitative differences across state school systems

The results in Table 2.4 show that especially institutional features of the school system

correlate with state-level returns to schooling. As discussed earlier, the German school

system differs also in qualitative aspects.

PISA results of German students vary substantially by state, correlate with institu-

tional features of the school system (Woessmann; 2010), and may reflect differences in

school quality (Pluennecke et al.; 2007). In Table 2.5 I include state-level PISA math

results from 2003 in the second step regression (equation 2.2) to capture qualitative dif-

ferences across state school systems.

The last line in panel B of Table 2.5 gives the relationship between PISA scores in

math in 2003 and returns to schooling. I find a highly significant positive relationship

especially between returns to high school degree and PISA. The significant relationship
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between the share of high school students and returns to schooling remains unchanged.

The inclusion of PISA test scores decreases the coefficient of pupil-teacher ratios in mag-

nitude and precision. Thus, PISA scores correlate with both, returns to schooling and

traditional school quality measures.

The correlation of PISA scores and returns to schooling on the one hand, and the

correlation with pupil-teacher ratio on the other support the argument that PISA scores

measure school quality. However, the question remains whether PISA scores correlate

with returns to schooling because of reverse causality (e.g., because students in PISA

show more effort in certain states because they expect higher returns to schooling such

as their parents). Unfortunately, because of a lack of detailed data I cannot test which

mechanism lies behind the results.

2.7 Robustness

The basic sample uses men and women born between 1940 and 1980. The changing role

of women in education and the labor market in this period may affect my results. Addi-

tionally, women are typically more regionally mobile then men (Hunt; 2006). As regional

mobility potentially leads to an attenuation bias, I expect more pronounced estimates in a

male subsample.

Table 2.6 gives results for men only. Here, I give one specification with and one with-

out including PISA scores. The sample size reduces to 40,775 men in the first stage and

remains at 1685 clusters in the second stage of the estimation. The results underpin my

baseline results. Here, estimates for the relationship of amenities and labor demand and

returns to schooling are no longer significant though similar in signs. The findings for

institutional features are robust to the change in sample selection criteria. The correla-

tion between pupil-teacher ratio and returns to schooling is significant at least at the 10%

level for all schooling variables in a specification without PISA scores. The positive and

significant correlation supports the school quality hypothesis. The inclusion of PISA test

scores also affects the results in this subsample. The correlation with PISA scores is again
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especially pronounced for high school. The pupil-teacher ratio coefficient decreases and

is no longer significant once I control for PISA scores.

Table 2.7 gives results when I use PISA 2000 reading scores instead of the 2003 math

scores. Before PISA 2003 states had the opportunity to compare their performance in the

2000 tests to each other and react accordingly. Before 2000 such detailed information

on student performance by state was not available. Thus, my results with 2003 scores

might be downward biased if states with low school quality reacted to their bad results.

For the 2000 scores we expect a more pronounced relationship between PISA and re-

turns to schooling. Unfortunately, for 2000 PISA scores are not available for Hamburg

and I have to exclude the state and reduce the sample size. However, Table 2.7 shows a

more pronounced relationship between PISA scores and returns to schooling. Thus, the

main results are robust to that change and the robustness check supports the hypothesis

that PISA reflects school quality and that school quality affects individuals’ labor market

outcomes.

2.8 Conclusions

Returns to schooling constitute important indicators in the comparison of school systems

and labor markets; they are systematically related to economic development, average in-

come, and supply of education (Psacharopoulos and Patrinos; 2004). Many studies focus

on cross-country differences in returns to education (see, e.g., OECD; 2012). However,

because of unobserved country characteristics the analysis of potential determinants of re-

gional heterogeneity in returns to schooling, for example, labor market characteristics and

institutional features, is difficult. Following the strategy of Woessmann (2010) this paper

uses Germany as a microcosm for regional differences in an international context. This

paper studies determinants of state-level heterogeneity in returns to secondary schooling

in Germany.

Institutional features of the school system, labor market characteristics such as un-

employment rates, or regional amenities constitute potential determinants of differences
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in returns to schooling. Whereas institutions might affect returns to schooling through

the quality of education (see, e.g., Card and Krueger; 1992), characteristics of the region

of residence affect returns to schooling through regional amenities or through the labor

supply/demand of/for certain skill groups (see, e.g., Beeson; 1991).

To evaluate potential determinants of state-level heterogeneity in returns to schooling,

my empirical strategy extends the two step procedure of Card and Krueger (1992). In the

first step, I estimate a Mincer wage regression where I assume the return to schooling

to consist of a state, cohort, and a year of survey component. On the basis of this first

regression I calculate returns to schooling for 1,685 clusters of state, survey year, and year

of birth. In the second step I regress clustered returns to schooling on state characteristics.

My findings imply that institutional features of the school systems are more important

in the explanation of differences in returns to schooling than labor market conditions.

I find a positive relationship between school quality (measured by pupil-teacher ratios)

and the selectivity of school systems and returns to schooling. Furthermore, returns to

schooling of individuals born 1940-1980 are strongly positively related to PISA test scores

of pupils born in the late 1980s. Although reverse causality might generate the positive

correlation, it is also plausible that qualitative differences between school systems (e.g.,

curricula contents) affect returns to schooling.

Educational policy, education spending, and the design of the school system are im-

portant policy instruments. My findings show that characteristics of school systems are

highly correlated with individuals’ later labor market outcomes and suggest that qualita-

tive inputs to the education system such as curricula contents may be more important than

financial inputs.
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2.9 Figures and tables
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State-level heterogeneity in returns to secondary schooling in West Germany

Table 2.4: Relationship between state characteristics and returns to schooling

Dependent variable: Returns to

Years of schooling Middle degree High school degree
(1) (2) (3) (4) (5) (6)

Panel A: Amenities and labor demand

Unemployment rate 0.02 0.025 0.123 0.129 0.079 0.106
(0.062) (0.062) (0.223) (0.224) (0.320) (0.321)

Share in manufacturing -2.881 -2.227 -10.349 -9.184 0.689 4.564
(4.143) (4.045) (13.869) (13.415) (20.279) (19.516)

Population density -0.899 ** -0.922 ** -4.151 *** -4.155 *** -4.546 ** -4.503 **
(0.390) (0.381) (1.261) (1.201) (1.886) (1.808)

Crime rate 0.167 * 0.15 0.011 -0.017 0.85 0.757
(0.098) (0.092) (0.341) (0.313) (0.521) (0.485)

Log of GDP per Capita -0.274 -0.249 0.042 0.079 -0.573 -0.446
(0.207) (0.209) (0.871) (0.887) (1.062) (1.072)

Panel B: Institutional features and school quality

Pupil-teacher ratio - -5.384 * - -8.527 - -27.169
(3.020) (12.469) (16.711)

Log of spending per pupil - -0.09 - -0.294 - -0.847
(0.208) (0.893) (1.428)

Share of high school graduates - -0.281 *** - -0.443 - -2.708 ***
(0.085) (0.336) (0.512)

Number of clusters 1685 1685 1685 1685 1685 1685

Year of birth fixed effects YES YES YES YES YES YES
Survey year fixed effects YES YES YES YES YES YES

Notes: Correlations of state characteristics and returns to years of schooling, middle degree, and high
school degree. Dependent variable: estimated returns to schooling (see Table A.1). First step of estimation
based on 70449 observations. Each column represents a separate linear regression. Standard errors are
bootstrapped (200 replications, first and second stage jointly). ***, ** and * indicate statistical
significance at the 1%, 5% and 10% level.
Source: QaC 1979, 1985/86, 1991/92, 1998/99, 2005/06; own calculations.
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State-level heterogeneity in returns to secondary schooling in West Germany

Table 2.5: Qualitative differences in school systems

Dependent variable: Returns to

Years of schooling Middle degree High school degree
(1) (2) (3)

Panel A: Amenities and labor demand

Unemployment rate 0.068 0.222 0.306
(0.056) (0.203) (0.291)

Share in manufacturing -3.289 -11.454 -0.347
(4.110) (13.352) (19.821)

Population density -0.579 -3.421 ** -2.915
(0.422) (1.399) (2.004)

Crime rate 0.107 -0.11 0.556
(0.100) (0.342) (0.526)

Log of GDP per Capita -0.358 * -0.153 -0.948
(0.215) (0.921) (1.102)

Panel B: Institutional features and school quality

Pupil-teacher ratio -1.659 -0.572 -9.954
(3.679) (14.722) (19.884)

Log of spending per pupil -0.144 -0.41 -1.1
(0.197) (0.850) (1.372)

Share of high school graduates -0.215 ** -0.303 -2.405 ***
(0.090) (0.363) (0.544)

PISA 2003 Math 2.678 *** 5.721 12.38 **
(0.912) (3.683) (4.872)

Number of clusters 1685 1685 1685

Year of birth fixed effects YES YES YES
Survey year fixed effects YES YES YES

Notes: State characteristics and returns to years of schooling, middle degree, and high school degree only
for men. Dependent variable: estimated returns to schooling (see Table A.1). First step of estimation based
on 70449 observations. Each column represents a separate linear regression. Standard errors are
bootstrapped (200 replications, first and second stage jointly). ***, ** and * indicate statistical
significance at the 1%, 5% and 10% level.
Source: QaC 1979, 1985/86, 1991/92, 1998/99, 2005/06; own calculations.
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State-level heterogeneity in returns to secondary schooling in West Germany

Table 2.6: Robustness: relationship between state characteristics and returns to
schooling - only men

Dependent variable: Returns to

Years of schooling Middle degree High school degree
(1) (2) (3) (4) (5) (6)

Panel A: Amenities and labor demand

Unemployment rate 0.061 0.099 0.333 0.375 0.294 0.515
(0.079) (0.072) (0.269) (0.254) (0.385) (0.360)

Share in manufacturing 1.524 0.567 9.852 8.793 23.406 17.866
(5.285) (5.341) (18.864) (18.833) (24.251) (24.425)

Population density -0.74 -0.428 -1.734 -1.39 -3.075 -1.274
(0.598) (0.657) (1.485) (1.655) (2.658) (2.893)

Crime rate 0.161 0.12 0.365 0.321 0.816 0.583
(0.113) (0.121) (0.393) (0.415) (0.574) (0.607)

Log of GDP per Capita -0.217 -0.316 -0.251 -0.361 -0.404 -0.975
(0.252) (0.259) (1.201) (1.245) (1.226) (1.270)

Panel B: Institutional features and school quality

Pupil-teacher ratio -6.596 * -3.086 -28.437 * -24.555 -37.68 ** -17.379
(3.543) (4.209) (14.530) (16.815) (18.986) (21.629)

Log of spending per pupil -0.11 -0.15 -0.886 -0.929 -0.394 -0.623
(0.226) (0.217) (1.168) (1.137) (1.479) (1.437)

Share of high school graduates -0.211 ** -0.191 ** -0.882 ** -0.86 ** -1.977 *** -1.861 ***
(0.094) (0.096) (0.348) (0.353) (0.484) (0.495)

PISA 2003 Math - 2.377 ** - 2.629 - 13.749 **
(1.115) (3.993) (5.803)

Number of clusters 1685 1685 1685 1685 1685 1685

Year of birth fixed effects YES YES YES YES YES YES
Survey year fixed effects YES YES YES YES YES YES

Notes: Correlations of state characteristics and returns to years of schooling, middle degree, and high
school degree only for men. Dependent variables: estimated returns to schooling. First step of estimation
based on 40775 observations. Each column represents a separate linear regression. Standard errors are
bootstrapped (200 replications, first and second stage jointly). ***, ** and * indicate statistical
significance at the 1%, 5% and 10% level.
Source: QaC 1979, 1985/86, 1991/92, 1998/99, 2005/06; own calculations.
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Table 2.7: Robustness: qualitative differences in school systems - PISA 2000

Dependent variable: Returns to

Years of schooling Middle degree High school degree
(1) (2) (3)

Panel A: Amenities and labor demand

Unemployment rate in percent 0.003 -0.159 -0.146
(0.044) (0.166) (0.238)

Share of workers in manufacturing -11.725 ** -47.148 *** -43.053 *
(5.256) (18.125) (25.347)

Population density 0.134 1.517 1.648
(0.635) (2.469) (3.204)

Number of convictions / Inhabitants 0.119 -0.422 0.559
(0.095) (0.330) (0.504)

Logarithm of GDP -0.032 0.741 0.765
(0.244) (0.918) (1.260)

Panel B: Institutional features and school quality

Pupil-Teacher Ratio / 100 -8.095 *** -4.306 -41.513 ***
(2.509) (10.857) (14.601)

Log spending per pupil -0.354 *** -0.151 -2.771 ***
(0.088) (0.346) (0.546)

Share of high school graduates -0.280 * -0.294 -2.213 *
(0.151) (0.772) (1.151)

PISA 2000 reading 2.998 ** 13.081 *** 13.942 *
(1.401) (4.640) (7.294)

Number of clusters 1493 1493 1493

Year of birth fixed effects YES YES YES
Survey year fixed effects YES YES YES

Notes: Correlations of state characteristics and returns to years of schooling, middle degree, and high
school degree. Dependent variables: estimated returns to schooling. First step of estimation based on
68537 observations. Each column represents a separate linear regression. State Hamburg is excluded
because PISA 2000 scores are not available. Standard errors are bootstrapped (200 replications, first and
second stage jointly). ***, ** and * indicate statistical significance at the 1%, 5% and 10% level.
Source: QaC 1979, 1985/86, 1991/92, 1998/99, 2005/06; own calculations.
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A Appendix

Table A.1: OLS results: returns to years of schooling, middle degree, and high school
degree

(1) (2)
Dependent Variable: Log hourly wage coef. SE coef. SE

Years of secondary schooling 0.099 *** 0.009
Basic degree Reference
Middle Degree 0.238 *** 0.028
High School degree 0.432 *** 0.043

Years of schooling interacted with

Schleswig-Holstein Reference
Hamburg -0.011 0.009
Lower Saxony -0.004 0.007
Bremen -0.003 0.01
North Rhine-Westphalia -0.013 ** 0.006
Hesse -0.007 0.007
Rhineland-Palatinate -0.004 0.007
Baden-Wurttemberg -0.009 0.006
Bavaria 0.003 0.006
Saarland -0.003 0.009

Survey Year fixed effects
1979 Reference
1985/86 0.014 *** 0.001
1991/92 0.033 *** 0.002
1998/99 0.045 *** 0.003
2005 0.052 *** 0.004

Year of birth fixed effects (40) YES

Middle degree interacted with

Schleswig-Holstein Reference
Hamburg -0.088 *** 0.026
Lower Saxony -0.037 ** 0.018
Bremen -0.050 * 0.030
North Rhine-Westphalia -0.027 0.017
Hesse -0.023 0.019
Rhineland-Palatinate -0.030 0.022
Baden-Wurttemberg -0.037 ** 0.018
Bavaria -0.001 0.017
Saarland -0.034 0.031

Survey Year fixed effects
1979 Reference
1985/86 0.013 0.009
1991/92 0.090 *** 0.009
1998/99 0.082 *** 0.011
2005 0.027 * 0.014

Year of birth fixed effects (40) YES

Continued on next page
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Table A.1 - continued
High school degree interacted with

Schleswig-Holstein Reference
Hamburg -0.041 0.035
Lower Saxony 0.003 0.026
Bremen 0.002 0.038
North Rhine-Westphalia -0.020 0.023
Hesse 0.011 0.027
Rhineland-Palatinate 0.014 0.028
Baden-Wurttemberg -0.006 0.025
Bavaria 0.047 * 0.024
Saarland 0.003 0.036

Survey Year fixed effects
1979 Reference
1985/86 0.030 ** 0.013
1991/92 0.181 *** 0.014
1998/99 0.225 *** 0.015
2005 0.218 *** 0.019

Year of birth fixed effects (40) YES

Additional controls

Female (0/1) -0.215 *** 0.003 -0.221 *** 0.003
Age 0.427 *** 0.037 0.455 *** 0.037
Age2 -1.431 *** 0.157 -1.468 *** 0.157
Age3 2.202 *** 0.284 2.262 *** 0.285
Age4 -1.262 *** 0.187 -1.302 *** 0.188
State fixed effects

Schleswig-Holstein Reference Reference
Hamburg 0.136 0.092 0.07 *** 0.018
Lower Saxony 0.036 0.066 0.004 0.012
Bremen 0.024 0.097 0.011 0.02
North Rhine-Westphalia 0.173 *** 0.061 0.045 *** 0.011
Hesse 0.124 * 0.066 0.045 *** 0.012
Rhineland-Palatinate 0.076 0.069 0.023 * 0.013
Baden-Wurttemberg 0.158 ** 0.063 0.071 *** 0.011
Bavaria 0.009 0.062 0.016 0.011
Saarland 0.016 0.091 -0.009 0.017

Year of birth fixed effects (40) YES YES

Number of observations 70449 70449
Note: OLS regressions of equation (2.1) with linear schooling (column 1) and degree indicators (column
2). Dependent variables is log hourly wage. Each column represents a separate linear regression. Standard
errors are robust. ***, ** and * indicate statistical significance at the 1%, 5% and 10% level.
Source: QaC 1979, 1985/86, 1991/92, 1998/99, 2005/06; own calculations.
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3 The effect of education on fertility: evidence from a

compulsory schooling reform31

3.1 Introduction

Since the 1970s total fertility rates (TFR) have fallen substantially in most developed

countries. The declining birth rates and increasing percentages of childless women accel-

erate population aging that has become a major demographic problem in the developed

world. The causes of these negative fertility trends are not fully understood because var-

ious factors such as education, income, marital status, and labor market conditions are

likely to influence fertility.

Educational expansion is one of the most disputed determinants of low fertility. Ear-

lier research has shown a significant negative correlation between women’s educational

attainment and fertility (see, e.g., Björklund; 2006). However, because of potential reverse

causality and selection on unobservable factors, a causal link is difficult to establish. More

recent studies for several developed countries demonstrate that the relationship between

education and fertility disappears or becomes even positive after accounting for the endo-

geneity of schooling (see, e.g., Monstad et al.; 2008; Fort et al.; 2011; McCrary and Royer;

2011). So far, however, the evidence on the effect of education on fertility is inconsistent

and differs across countries.32

31 This study is co-authored by Kamila Cygan-Rehm. The authors gratefully acknowledge the suggestions
provided by Regina T. Riphahn. We also thank Joshua Angrist, Anders Björklund, Martina Eschelbach,
Barbara Hanel, Boris Hirsch, Daniel Kuehnle, Michael Zibrowius, the participants of the ESPE in Bern,
the SOEP conference in Berlin, the annual meeting of the Verein für Socialpolitik in Göttingen, the EALE
in Bonn, the brown bag seminar of the Melbourne Institute of Applied Economic and Social Research,
and the IWQW Seminar at the University of Erlangen-Nuremberg for the useful comments on earlier
versions of this paper. We also thank the editor of Labour Economics and two anonymous referees for
their very valuable and helpful comments and suggestions.

32 The causal studies for the U.S. and several European countries usually show that extended education leads
to postponement of first births away from teenage motherhood (see, e.g., Black et al.; 2008; Monstad
et al.; 2008; Silles; 2011). However, the evidence on the effect on completed fertility is mixed (see, e.g.,
Monstad et al.; 2008; Fort et al.; 2011; Braakmann; 2011). We give an overview of the previous research
in Section 3.3.
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The controversy about the empirical evidence on the education-fertility-nexus draws

attention to the importance of various institutional conditions such as labor market flexi-

bility, child care availability, and a broad range of policies that vary across countries. This

paper focuses on West Germany and thus studies an institutional setting marked by high

wage penalties for motherhood, an inflexible labor market, and a very limited supply of

public child care (see, e.g., Gangl and Ziefle; 2009; Wrohlich; 2008). Low fertility is cur-

rently one of the major political issues in Germany and the debate about the best policies

to mitigate the recent demographic changes continues. Fertility developments experienced

by Germany over the past decades remain almost unprecedented. For example, the total

fertility rate fell below the replacement level of 2.1 children per woman already in 1970

and has since decreased to 1.4 (World Bank; 2013). In 2009, German women gave their

first birth on average at age 30. This age at first birth is one of the highest among OECD

countries (OECD; 2013b). Furthermore, high numbers of childless women contribute to

low birth rates (OECD; 2013b).

This paper traces the effect of extended compulsory schooling on fertility over the life

cycle. We examine different outcomes: the number of children, the probability of remain-

ing childless, and the timing of births. We use two complementary data sets, the German

Mikrozensus and the German Socio-Economic Panel, to investigate fertility of West Ger-

man women born between 1937 and 1961. To deal with potential omitted variable bias,

we explore a reform that extended mandatory schooling from 8 to 9 years. In particular,

our identification strategy takes advantage of exogenous variation in education from the

staggered implementation of the reform in the West German states. We identify the causal

effect of extended compulsory schooling on fertility by applying an instrumental variables

approach.

We find that increased education permanently reduces fertility in Germany. More

specifically, one additional year of schooling ultimately reduces the number of children

by more than 0.1 and increases the probability of childlessness by about 2-5 percentage

points. These results contradict prior evidence for other developed countries (see, e.g.,
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Monstad et al.; 2008; Silles; 2011; Geruso et al.; 2011). Our complementary analysis of

the timing of births contributes to the understanding of underlying mechanisms and cross-

country differences. We confirm the findings from other countries that increased education

decreases the probability of teenage motherhood (see, e.g., Black et al.; 2008; Monstad

et al.; 2008). However, in contrast to women from other countries, German women do not

compensate at later ages for the initial loss in births. Clearly, this lack of a catch-up effect

translates to a negative effect of extended compulsory schooling on completed fertility.

We argue that contradictory evidence on the effect of education on completed fertility

may derive from different cultural and institutional conditions that affect women’s oppor-

tunity costs over their life course. Our results pass usual specification tests and are robust

to different sample restrictions.

3.2 Institutional setting

The German secondary school system is a tripartite system that sorts students at the age of

10 into three school tracks: basic school (Hauptschule), middle school (Realschule), and

high school (Gymnasium).33 These different tracks prepare for different careers. Basic

school lasts until grades 8 or 9 and prepares for apprenticeship trainings. Middle school

comprises 10 grades and prepares for apprenticeships and training in white collar jobs. A

high school certificate after 12 years (Fachhochschulreife) gives access to technical col-

leges (Fachhochschule), and after 13 years (Abitur) to universities. The sorting of students

into the different tracks depends on various criteria that differ by state. Assignment to a

particular track strongly affects subsequent careers because students rarely change tracks

(Pischke; 2007).

33 Beyond the dominant tripartite system, there are also comprehensive schools (Gesamtschule) and schools
that follow various concepts of progressive education (Reformpädagogik) in Germany. However, these
alternative school types play a minor role in the public educational system. In recent years, some of the
German states changed the school system to a two-track system. However, these changes do not affect
the birth cohorts under study.
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Figure 3.4 gives the percentages of graduates from the three tracks in the birth cohorts

1932-1965. We observe lower percentages of basic school graduates and higher percent-

ages of middle and high school graduates in the younger cohorts. The percentages of

basic school graduates in the cohorts born before 1935 accounted for over 80% and fell

to less than 40% in the cohorts born after 1960. Accordingly, in the observed period the

percentages of high school graduates increased from about 8% to about 23%. Figure 3.4

illustrates that educational expansion in Germany led to a sizable shift of graduates away

from basic schools.

The reform that we use for our identification strategy extended compulsory school-

ing by one year (from 8 to 9 years) between 1946 and 1969. Petzold (1981) specifies

two major goals of the reform. First, the reform aimed at improving vocational maturity,

the physical and psychological development of children, and the quality of occupational

choices because 14 year old pupils were considered to be too immature for the labor mar-

ket. Second, the reform aimed at directing young workers away from manual to more

intellectually demanding jobs. This argument was related to the high level of youth un-

employment and a shortfall of apprenticeship training positions in the 1950s.

The German school system is governed at the level of the federal states. This decen-

tralized organization lead to a staggered implementation of the 9th grade by state. Table

3.1 shows the year of implementation and the first affected birth cohort by state. While

some states such as Hamburg and Schleswig-Holstein introduced the 9th grade shortly

after the World War II, others such as Bavaria postponed the reform until the 1960s.34

North Rhine-Westphalia, Hesse, Rhineland-Palatinate, and Baden Wurttemberg imple-

mented the 9th grade simultaneously with a shift of the starting date of the school year

from spring to fall (see Pischke; 2007). To accommodate the change in schedule, these

states introduced two short school years that affected students in all grades at that time,

thereby compressing also the duration of the additional 9th grade. Although the short

34 The timing of the reform at the local level varied also within the states because of shortfalls of teachers
and a lack of infrastructure in rural areas (Leschinsky and Roeder; 1980).
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school years shortened the instructional time in the attended grade, they did not affect the

curriculum (Pischke; 2007).

3.3 Literature and hypotheses

From a theoretical perspective, the predicted effect of an exogenous increase in a woman’s

education on her fertility is ambiguous because it depends on different substitution and

income effects. Economists emphasize several causal channels by which education could

affect fertility choices.

One of the most discussed channels is the labor market channel as proposed in the

standard microeconomic model of fertility (see Becker; 1981). The model assumes that

education increases a woman’s permanent wage, but the consequent effect on fertility is

unclear. On the one hand, higher earnings raise the opportunity costs of leaving the labor

market to rear children. This substitution effect tilts women’s optimal fertility choices

towards fewer children. On the other hand, higher earnings should be positively related to

fertility because families can afford more children. This income effect may be however

weaker if parents with higher income prefer children of higher quality. The more parents

invest in each child, the fewer children they can afford.

Previous literature emphasizes also the role of several other channels. For example,

under positive assortative mating, a woman’s education is causally related to her part-

ner’s education (Behrman and Rosenzweig; 2002). An exogenous increase in a woman’s

education affects her permanent income through a spouse-related multiplier effect (Mc-

Crary and Royer; 2011). Another causal mechanism works through the effect of educa-

tion on women’s knowledge about contraception or reproductive health (Grossman; 1972;

Rosenzweig and Schultz; 1989). Education may also affect fertility through what has been

termed a pure "incarceration effect" because enrollment in the educational system itself

may be incompatible with motherhood (see, e.g., Black et al.; 2008). However, such birth

postponement may be temporary and does not necessarily affect completed fertility (see,

e.g., Monstad et al.; 2008).
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Although extensive empirical literature documents a negative association between fe-

male education and fertility, a causal relationship is difficult to establish because of poten-

tial reverse causality and selection on unobservable factors. Some recent studies approach

these problems by using exogenous variation from school entry policies (see, e.g., Mc-

Crary and Royer; 2011) or changes in compulsory schooling laws (see, e.g., Black et al.;

2008; Monstad et al.; 2008; Silles; 2011) as instruments for education. So far, however,

these studies offer mixed findings as we demonstrate in Table 3.2.

Table 3.2 shows that studies for countries and population groups with higher levels

of fertility find negative effects of education on fertility (see, e.g., Osili and Long (2008)

for Nigeria, Lavy and Zablotsky (2011) for Arabs in Israel). Analyses using compul-

sory schooling reforms in the U.S. and several European countries usually suggest that

increased education leads to a postponement of the first birth away from teenage moth-

erhood (see, e.g., Black et al. (2008) for the U.S. and Norway, Silles (2011) for Great

Britain and Northern Ireland). However, increased education does not necessarily affect

completed fertility because women can catch up for the initial reduction in births at later

ages (see, e.g., Monstad et al. (2008) for Norway, Fort (2009) for Italy, Geruso et al.

(2011) for U.K.). McCrary and Royer (2011) explore school entry rules in two U.S. states

(California and Texas) and do not find any causal effect of education on fertility; neither

on the incidence of motherhood nor on the timing of first births. Recent contributions by

Fort et al. (2011) and Braakmann (2011) show contradictory evidence from mandatory

schooling reforms in Europe.35 Their results suggest that extended education significantly

increases the number of births because of increased stability of marriages. The estimated

effects may differ across studies because education affects fertility through different chan-

nels and the importance of these channels may vary across countries, subpopulations, or

levels of education.

35 Closest to ours is the study by Fort et al. (2011) who examine fertility using variation from compulsory
schooling reforms in eight European countries. However, this study considers only the four German states
that introduced the reform simultaneously in 1967.
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As for West Germany, the related literature on mothers’ labor market outcomes gen-

erally leads to a conclusion that remarkable interrelations in the cultural and institu-

tional framework have for decades hampered the compatibility of work and family life,

thereby determining particularly high opportunity costs of child-rearing. For example,

cross-national comparisons of fiscal regulations emphasize that the tax system providing

a "housewife bonus" favors traditional "male bread-winner" families and creates strong

disincentives for married women to supply labor (see, e.g., Sainsbury; 1999; Diprete et al.;

2003; Hanel and Riphahn; 2012). Prior to the legislative changes in 2007, the parental

leave regulations (including several extensions of job-protected leave between the 1970s

and 1990s) also explicitly aimed at encouraging mothers to stay out of the labor market

longer (see, e.g., Hanel and Riphahn; 2012). While, for example, Sweden introduced ma-

jor extensions in subsidized child care infrastructure between the late 1960s and 1990s

(see, e.g., Björklund; 2006), West German mothers still experience particularly low cov-

erage of public child care services (see, e.g., Wrohlich; 2008). A considerable excess

demand for subsidized child care is related both to the highly regulated market for child

care and to the high cost of private child care alternatives (see, e.g., Wrohlich; 2008). Pre-

vailing social norms including a general skepticism about the quality of public child care

(Hank et al.; 2004), strong social attitudes against maternal employment (see, e.g., Lee

et al.; 2007), and conservative views of gender roles within a household (Diprete et al.;

2003) exacerbate the problem of low incentives to combine work and child-rearing.

Given the German institutional and cultural framework, we test the hypothesis that ed-

ucation reduces fertility not only temporary, but also permanently. Specifically, we expect

that an extension of mandatory schooling generates a postponement of first births because

education and child-rearing are difficult to combine. Furthermore, we expect that addi-

tional education increases the probability of remaining childless and reduces the number

of births because of increased opportunity costs of child-rearing associated with an extra

year of schooling.
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Although the opportunity cost argument appears to be inconsistent with the results of

Pischke and von Wachter (2008), who do not find any significant wage returns to school-

ing for Germany, extended education may still increase women’s costs of leaving the

labor market to rear children for several reasons: first, while Pischke and von Wachter

(2008) do not explore potential heterogeneous effects for men and women, previous stud-

ies for Germany strongly suggest higher wage returns to education for women than for

men (see, e.g., Boockmann and Steiner; 2006). Compared to women in other European

countries, German women experience higher wage penalties for motherhood (Gangl and

Ziefle; 2009), so that the smallest effect of extended education on wages is augmented

through a multiplier effect. Second, the opportunity costs of child-rearing are not neces-

sarily limited to losses in hourly wages. The previously discussed distinctive features of

the institutional and cultural environment in Germany also justify other parallel mecha-

nisms. For example, the highly inflexible system of child care, the tax system providing

a "housewife bonus", and the strong social attitudes against maternal work may exacer-

bate mothers’ costs that result from reduced labor supply.36 Finally, extended schooling

may have important non-pecuniary returns in the labor market (Oreopoulos and Salvanes;

2011). Because the German reform aimed primarily at improving the quality of occu-

pational choices (Petzold; 1981), it could have had long-term effects along dimensions

such as occupational prestige, subjective job satisfaction, and sense of accomplishment,

thereby permanently increasing women’s costs of leaving the labor market to have chil-

dren.

36 In addition to wages, Pischke and von Wachter (2008) examine potential effects of the German schooling
reform on labor supply at the extensive margin. Although they again find a positive, but very small effect
in the pooled sample, the "effects are smaller or negative when the sample is restricted to men". This
result suggests positive effects for women and supports the argument that the reform differently affected
men and women.
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3.4 Identification strategy

Our identification strategy considers the following equations:

yi = α educi + state′iθ + cohort′iξ + statetrend′
iµ+ z′iπ + εi (3.1)

educi = φ reformi + state′iβ + cohort′iγ + statetrend′
iδ + z′iλ+ νi (3.2)

where the dependent variable yi in (3.1) represents different measures for woman i’s

fertility outcomes. We consider three fertility outcomes: the number of children ever born,

the probability of remaining childless, and the age-specific probability of births. These

outcomes are a function of years of education (educi), state fixed effects (statei), cohort

fixed effects (cohorti), state-specific cohort trends (statetrendi), and socio-demographic

background variables zi such as marital status and community size.37 α, θ, ξ, µ, π, φ, β,γ,

δ, λ represent coefficients to be estimated, εi and νi are random error terms.

Estimating equation (3.1) by ordinary least squares (OLS) is likely to yield biased

estimates of α because the error term εi may contain unobserved characteristics such as

family preferences or childhood experiences. These characteristics are correlated with

both education and fertility. However, the direction of the bias in α from an OLS estima-

tion is not clear.

We exploit exogenous changes in education from the schooling reform described in

Section 3.2 to identify the causal effect of extended compulsory schooling on fertility out-

comes. In particular, we exploit the cross-regional and cross-time variation in education

from a staggered implementation in the German states between 1958 and 1969.38 In a two

stage least squares approach we first estimate equation (3.2) that gives years of education

of individual i (educi) as a function of an indicator for the reform status (reformi). The

reform indicator equals one if a woman was affected by the reform and zero otherwise.

37 If the data allows, we also control for women’s family background, for example, grandmother’s age at a
woman’s birth. We use the state-specific cohort trends both in linear and squared forms.

38 Because of data limitations, we exclude Hamburg and Schleswig-Holstein from the analysis. Section 3.5
gives more details on our data.
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In the second step we estimate equation (3.1). The two equations use exactly the same

control variables.

Our identification strategy fails if the timing of the reform is correlated with fertility

in the federal states. To mitigate this concern we include linear and squared state-specific

cohort trends that should capture any smooth trends in fertility and schooling at the state

level. We also include state fixed effects to control for state-specific differences such as

religious affiliation or social norms, which may have also influenced the timing of the

reform. Given that our estimation strategy relies on a long period, we use cohort fixed

effects to account for any changes that took place over time such as introduction of oral

contraceptives.39

Our identification strategy also fails if other fertility-relevant changes took place and

affected the same birth cohorts as the schooling reform did. However, such changes are

unlikely because the overall responsibility for family policies lies with the federal gov-

ernment, not with the states. Any important family policy reform in the last 60 years such

as the introduction of child benefits (Kindergeld) affected women in all states simultane-

ously.40

Another validity threat for our identification strategy is selective regional mobility

that may challenge the credibility of our inferences for two reasons: the first threat is that

parents of school children would have moved to another state in response to the reform

either to avoid the upcoming introduction of the 9th grade in their state of residence or

to use the earlier introduction in another state. The second threat is that the reform could

have had follow-up effects on mobility, which Machin et al. (2012) show for the extension

of compulsory schooling in Norway. Given that our data sets provide little retrospective

39 We argue that our results are not driven by the set of states and the consequent set of cohorts. Sensitivity
tests show that our findings qualitatively do not change if we exclude single states and therefore change
the period of analysis. Detailed results are available upon request.

40 Similarly, the health care system is governed at the federal level, so the timing of the introduction of the
contraceptive pill was not state-specific. This argument applies also to the reimbursement of oral contra-
ceptives by health insurances. Some health insurances operate regionally (e.g., company health insurance
funds), but the timing of first reimbursements did unlikely vary across health insurances. Nevertheless,
we tested whether our results are driven by particular states by excluding single states from the analysis
and the results remained qualitatively unchanged. Detailed results are available upon request.
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information on a woman’s geographic location, our instrument is based on current state of

residence and may be therefore partly an outcome of the reform. The data limitation does

not allow us to test neither the potential post-reform effects on mobility during adulthood

nor the anticipatory behavior during childhood.

However, we exploited official statistics on mobility between the West German states

starting from the 1950s and the time series provide compelling evidence that regional

mobility should not yield any major consequences for our estimates.41 First, we do not

find any systematic patterns around the introduction of the reform in the single states.

Second, the level of regional mobility in West Germany is relatively low and in line with

evidence by Machin et al. (2012) who document an annual mobility rate in Germany

of 1.32% that is two times lower than the rates in Norway and the U.S.. Finally, while

Machin et al. (2012) find clear positive effects of increased education on regional labor

mobility in Norway, the relationship for West Germany, if any, is negative because the

between states mobility has slightly declined over the recent six decades.

3.5 Data

We use data from two complementary German surveys to examine the relationship be-

tween a woman’s education and her fertility outcomes such as number of children, child-

lessness, and the age-specific probability of births.

Our primary data source is the German Mikrozensus (MZ). The MZ is an annual

survey of a 1% random sample of German households.42 We use the 2008 survey, which

is the first survey providing information on the number of children ever born to female

respondents.43 The key advantage of the MZ is its large sample size and low unit and item

41 We calculated annual in- and out-migration ratios for each state by relating the absolute number of in- or
out- movements to population size in the previous year. The absolute numbers on between-states move-
ments and population sizes were provided on special request by the German Federal Statistical Office.
Detailed results are available upon request

42 The scientific use file is a 70% sample of the entire data set.
43 Previous waves report only the number of children living in the household at the time of interview.
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non-response rates. However, the survey suffers from the lack of information on children’s

birth year, the state where an individual went to school, and parental background.

Our second data source is the German Socio-Economic Panel (SOEP). The SOEP is a

longitudinal survey of private households conducted annually since 1984 (Wagner et al.;

2007). The data set overcomes three important shortcomings of the MZ. First, the SOEP

contains retrospective biographical information on childbearing, thereby permitting our

analysis of the timing of births over the life cycle. Second, the SOEP provides family

background variables that may affect both education and fertility (e.g., the number of

siblings, parental educational attainment, and parents’ birth year). Finally, the SOEP pro-

vides retrospective information on individuals’ educational careers and the state where

they went to school. The main shortcoming of the SOEP is its relatively small sample

size. To obtain a sufficient number of women for the treatment and control groups, we use

observations from the survey years 1984-2010. Here we consider only the first interview

that a woman gave after she has turned 40 years old.

We impose similar sample restrictions on both the MZ and SOEP data. Table 3.3

demonstrates the details of our sample selection procedure. We select native German

women44 from eight out of ten (excluding Berlin) West German states. We exclude Schles-

wig-Holstein and Hamburg from the analysis because the first birth cohorts affected by

the reform were 1932 and 1931, respectively, and the MZ 2008 reports fertility only for

women born after 1933.45

We extract those observations from the MZ who were born up to five years before/after

the first birth cohort affected by the reform as illustrated in Figure 3.5. An alternative

approach is to include all individuals born between 1938 and 1959, which translates to

using an asymmetric 22-year window (see, e.g., Pischke and von Wachter; 2008). We fol-

low Monstad et al. (2008) and Brunello et al. (2009) who argue that a symmetric window

guarantees similar sample sizes and characteristics of treatment and control group in each

44 We omit first and second-generation immigrants.
45 In addition, the information on the dates of reform implementation in Schleswig-Holstein varies across

different sources (compare Leschinsky and Roeder; 1980; Pischke and von Wachter; 2008).
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state. Brunello et al. (2009) also argues that the symmetric approach reduces the influences

of potentially unaccounted confounding factors, thereby estimating the reform effect on a

more local level. Paraphrasing this argument, a sufficiently small window around the first

affected birth cohort weakens the effects of any (earlier and later) reforms and changes

that may not be captured by our model specification and therefore contaminate our es-

timates. Because the small sample size of the SOEP does not allow us to use a 5-year

time window around the first birth cohort affected by the reform, we use a 7-year window

instead.46

Ideally, we would need direct information on the state where a woman went to school.

However, the geographic location of the attended school is available only for a 50% sub-

sample in the SOEP. For the remaining observations we use the current state of residence

as a proxy. Importantly, the limited geographical information leads to an attenuation bias

in the reduced form if any pre- or post-reform regional mobility was uncorrelated with the

reform.47 We exclude women who graduated from a school in socialist East Germany.48

Neither of the two data sets reports the exact number of completed years of schooling.

Instead, we observe a woman’s highest secondary school degree, post-secondary educa-

tion, and training. We construct years of schooling by assigning the usual number of years

taken for a particular educational route (see, e.g., Pischke and von Wachter; 2008). We

proceed as follows: for the basic track graduates, we use the state, the year of birth, and

information on the timing of the reform from Table 3.1 to determine whether an individual

should have graduated after 8 or 9 years in the basic track. For the two higher tracks, we

46 A more sophisticated identification strategy would draw on month of birth to distinguish between women
born before and after the exact cut-off date for school enrollment. Unfortunately, we do not have the
information on month of birth in the MZ and the variable is missing for one-fourth of our SOEP sample.
Note that using month of birth would not guarantee a correct classification because some women may
have started school earlier or later than officially scheduled and some may have skipped or repeated
grades.

47 We tested this argument by using the 50% subsample of women for whom the SOEP reports the state of
school attendance. If we instead use their current state of residence, then the estimated effects on fertility
are slightly lower, thereby supporting the attenuation bias argument. Detailed results are available upon
request.

48 The MZ allows us to identify women with specific school degrees that could have been obtained only in
the former East German states (GDR). In the 50% subsample of the SOEP we can identify women who
attended school in the GDR.
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use the standard duration of a particular track. Finally, for all individuals, we incorporate

the information on post-secondary education and training, thereby calculating a measure

of total number of years of education (Pischke and von Wachter; 2008).49 We conclude

our sample selection by omitting observations with less than 7 years of education50 and

with missing values on education or fertility variables.

Our final MZ sample contains 17,428 women born 1938-1959; the SOEP sample

2,649 women born 1937-1961. Table 3.4 shows summary statistics for both data sources.

The table splits women into those who were affected by the reform and those who were

not.

In general, the MZ and SOEP samples show similar patterns for educational attain-

ment and our control variables. However, fertility outcomes differ between the data sets.

While in the MZ women who were subject to the reform have on average fewer children

and are more likely to remain childless, we observe no fertility differences between the

treatment and control groups in the SOEP. Nevertheless, women affected by the reform

were more likely to delay their first birth. Fertility variation by reform status may reflect

differences in birth cohort and educational attainment. Our sample selection rules deter-

mine that women affected by the reform were born later. As expected, they also completed

more years of education than women not affected by the reform. In both groups the num-

ber of years of education exceeds the mandated 8 or 9 years of schooling because notable

percentages of women obtained an additional degree or training.

Figure 3.6 and Figure 3.7 plot the raw data on fertility outcomes by reform status.

Figure 3.6 reveals the overall trends of declining fertility and increasing incidence of

childlessness, but the differences between women affected and not affected by the reform

are small. Figure 3.7 shows that women who were subject to the reform postponed their

first birth beyond the early 20s and were more likely to have their first child at older ages.

49 In Section 3.7 we show that our results are robust to changing the definition of the education variable.
For example, we calculate the actual time that a woman remained in the educational system by using
information on her graduation year.

50 This is inconsistent with 8 years (or 9 after the reform) of compulsory schooling. However, inclusion of
this small subsample into the analysis does not affect our main results.
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Furthermore, they had fewer children up to the age of 36, but then fully caught up, so that

the completed fertility at the end of the fertile years is nearly identical in both groups.

3.6 Results

3.6.1 The effect of the reform on education

We first graphically explore whether the formal introduction of the compulsory 9th grade

affected education (first stage) and fertility (reduced form). Figure 3.8 plots the average

number of years of education for the five birth cohorts before and after the first affected

cohort in the MZ.51 The graph reveals a general increase in education for younger cohorts

and a discrete jump of roughly 0.85 years for the first birth cohort affected by the reform.

Figure 3.9 illustrates the reduced-form analysis. We plot the average number of children

for the five birth cohorts before and after the reform. The adjusted number of children

is the residual from a regression of the number of children on the full set of our control

variables.52 The reduced-form graph signals a negative jump in fertility for the first five

affected birth cohorts in the different states.

We next estimate equation 3.2 using the MZ sample and show the first-stage estimation

results in Table 3.5. Columns 1 and 2 report the results obtained on the full sample and

columns 3 and 4 on the subsample of basic track graduates. Additionally, columns 5 and 6

give the effect of the reform on track choice. We show the coefficients obtained from two

specifications: one comprises only linear state-specific trends in birth cohort, the other

one also includes squared trends. In addition, all regressions include state of residence

fixed effects, year of birth fixed effects, and indicators for marital status and municipality

51 Note that we constructed the education variable by combining the information on a woman’s highest
completed degree and the total number of years usually taken for this degree. We show the robustness of
our results to an alternative measure for education in Section 3.7.

52 These control variables are state fixed effects, year of birth fixed effects, linear and quadratic state-specific
trends in year of birth, marital status, and community size.
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size.53 We estimate standard errors clustered at the state-year of birth level (80 clusters)

throughout to deal with potential serial correlation and heteroscedasticity.54

The first-stage estimation results in Table 3.5 confirm the graphic impression: the

coefficient of the reform indicator obtained on the full sample is significant across all

specifications and indicates that the reform increased women’s education on average by

about 0.65-0.75 years (columns 1 and 2). By way of construction the magnitude of the

coefficients obtained from the subsample of basic track graduates is close to one (columns

3 and 4). Because our measure of education comprises years of compulsory schooling and

further vocational training, the excess one suggests that the reform could have had some

small positive spillover effects on the further vocational path. However, we performed

additional tests and their results show that the coefficient is not significantly different

from one.

The magnitudes of our first-stage estimates are larger than those reported by other

studies that exploit the German school reform (see, e.g., Pischke and von Wachter; 2008;

Kemptner et al.; 2011). We argue that these differences result mainly from different sam-

ple restrictions. For example, Pischke and von Wachter (2008) report a first-stage estimate

of 0.19, but the authors use a different dataset, pool males and females, investigate only

salaried workers in the age group 15 to 65, and calculate a different education variable.55

In an earlier discussion paper, Pischke and von Wachter report a first-stage coefficient

from the German Mikrozensus of 0.569. Using our data and model specification, we re-

estimated the first stage in a pooled sample of men and women and also separately by

53 Fort et al. (2011) show that schooling reforms may affect not only a woman’s education but also her
marriage outcomes. Because such effects would create an identification problem, we explored this issue
by testing whether the reform indicator is correlated with a woman’s marital status and her partner’s
education. We find that in Germany the effect of extended compulsory schooling on fertility does not
work through the marriage market (see Section 3.6.4). Nevertheless, our main results hold if we drop the
control variables from the equation.

54 Following Angrist and Pischke (2009), we report conservative inference results. We obtain smaller stan-
dard errors from alternative methods such as clustering by state or the two-way clustering suggested in
Cameron and Miller (2011).

55 Pischke and von Wachter (2008) calculate years of education by using the information on birth and
graduation year. We demonstrate in Section 3.7 that our first-stage coefficients diminish if we use this
alternative education variable.
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gender. Not only could we nearly replicate the coefficient reported by the previous ver-

sion of Pischke and von Wachter (2008), but we also found that the schooling reform

affected women more strongly than men.56

Several sources of measurement error can contribute to an attenuation of the reform

indicator coefficient: first, the implementation of the additional grade may not have been

immediate and in practice required several years until each school offered the manda-

tory 9th grade (Leschinsky and Roeder; 1980). Second, because the direct information

on the state of school attendance is unavailable, potential random migration may bias our

estimates towards zero. Furthermore, year of birth does not perfectly determine whether

the reform affected an individual because some women may have started school earlier

or later than officially scheduled. However, we draw on previous studies (see, e.g., Pis-

chke and von Wachter; 2008; Kemptner et al.; 2011) and argue that measurement error

in the instrument does not bias subsequent estimates unless it is systematically correlated

with both the reform introduction and fertility outcomes, which is rather unlikely. The

F-statistics of significance tests of the reform dummy in the first stage are greater than ten

across specifications and confirm the strength of the instrument (Staiger and Stock; 1997).

Our estimation strategy identifies the local average treatment effect (LATE) of ex-

tended compulsory education on fertility (see, e.g., Angrist and Pischke; 2009). Compliers

here are all women whose education was causally affected by the extension of compul-

sory schooling, i.e., women who did not leave school after 8 years because of the reform,

regardless of the attended track. This group is not necessarily representative for the overall

population.

An important assumption for an unbiased estimate of the LATE is monotonicity, i.e.,

all individuals respond to the reform implementation in the same way (Angrist and Pis-

chke; 2009). Therefore, we assume that all women affected by the schooling reform ex-

tended their education and that no woman reduced education (e.g., by attending basic

track instead of middle track or dropping-out). To test whether the reform affected track

56 Our estimations yield a first-stage coefficient of 0.647 for women and 0.391 for men. Detailed replication
results are available upon request.
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choice, we estimate the effect of the reform implementation on the probability of gradu-

ating from the basic track (columns 5 and 6 in Table 3.5). The coefficients are very small,

negative and insignificant. Therefore, consistently with previous evidence (see, e.g., Pis-

chke and von Wachter; 2008; Kemptner et al.; 2011), we do not find that the reform

affected track choice.57

3.6.2 The effect of education on completed fertility

Table 3.6 reports our key results on the effect of extended compulsory schooling on the

number of children and the probability of remaining childless estimated separately for the

full sample (columns 1 and 2) and the subsample of basic track graduates (columns 3 and

4).

The OLS results indicate that an additional year of education is associated with a

lower number of children (panel A, first row) and a higher probability of remaining child-

less (panel B, first row). The magnitude of the coefficients is comparable to results of other

studies (see, e.g., Monstad et al.; 2008; Fort et al.; 2011). The OLS estimates are statis-

tically significant at the 1% level across specifications, samples, and fertility outcomes.

However, the OLS regressions do not account for possible selection into education and

may therefore yield biased results. The direction of the bias is not clear. Because we are

interested in a causal relationship, we turn to the instrumental variables (IV) estimates.

The signs of the coefficients obtained by the IV approach are similar to those from

the OLS regressions: education reduces the number of children (panel A, second row)

and increases the probability of never having children (panel B, second row).58 However,

comparisons of the magnitudes of coefficients obtained from the two estimation methods

are not very informative. While OLS estimates the partial correlation between years of

education and fertility in the samples, IV estimates a LATE effect of extended compulsory

57 Kemptner et al. (2011) conclude that changes in the composition of students within tracks should be very
small if the reform did not affect the track choice.

58 We obtain qualitatively similar results from the SOEP. The signs of coefficients obtained using a 5-
year window remain the same, but the estimates are imprecise because of small sample size. To prevent
inconsistency from a small sample size, we select a 7-year window sample and obtain results similar to
those from the MZ. Detailed results are available upon request.
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schooling on fertility exclusively for women affected by the reform. Given that the reform

aimed at students in 8th grade, primary basic track students and potentially some selected

groups in higher tracks, our IV estimates do not necessarily reflect the effect of extended

education at other - higher or lower - stages of education.

Our main results are robust to changes in specification of state-specific cohort trends.

However, we argue that squared trends better mitigate the concern that the introduction

of the reform could be correlated with trends in education and fertility. The coefficient

obtained from our preferred specification (panel A, column 2) suggests that, on the mar-

gin, an additional year of compulsory education increases the probability of remaining

childless by 5.1 percentage points.

However, the effect of extended compulsory schooling on childlessness is smaller and

not statistically significant in the basic track subsample (panel A, column 4).59 The mag-

nitude of the effect on the number of children also varies between the full sample and

the basic track subsample (panel B, columns 2 and 4). However, the coefficient is neg-

ative and significant throughout and demonstrates that an additional year of compulsory

education reduces fertility by at least 0.1 children.

3.6.3 The effect of education on fertility over the life cycle

Table 3.7 gives the results of the analysis for the timing of first births. Using the SOEP,

we estimate the effect of extended compulsory schooling on the probability of giving the

first birth at a given age, conditional on not already having a child. For example, women

who gave their first birth between age 15 and 20 are omitted in the estimation for the age

group 21-25, so that the number of observations falls from 2,649 to 2,219. All regressions

59 The differences between the full sample and the basic track subsample may be a result of different chan-
nels (e.g., health related knowledge, assortative mating, or opportunity costs) through which the reform
affected fertility in different tracks. We would expect to observe a more pronounced effect in the basic
track subsample because those women were directly affected by the reform. However, women attending
middle and academic track may have been also affected and comply if , e.g, the reform led them to decide
against a drop-out. Monstad et al. (2008) argue that a schooling reform might lead women to choose a dif-
ferent "life track" than they would have chosen without the reform. Furthermore, Lang and Kropp (1986)
show that under the signaling and screening hypothesis compulsory attendance laws affect all educational
groups. Nevertheless, because of noisy IV estimates, the differences in the effects between the basic track
and the full sample are not significant.
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control for state of residence, year of birth, linear and quadratic state-specific trends in

year of birth, marital status, the grandmother’s age at a woman’s birth, and municipality

size.

The OLS estimations suggest that an increase in education is related to a reduced prob-

ability of first birth below the age of 30 and increased probability of first birth at the end

of women’s fertile period. However, the IV results yield different conclusions. The point

coefficients suggest a positive effect of extended compulsory schooling on the probability

of first birth only for the age group 26-30, but the coefficient is statistically insignificant.

For the remaining age groups the coefficients translate to negative effects of increased

compulsory education. As for women aged 15-20, the coefficient is significant at the 5%

level and of a large magnitude: each additional year of education reduces the probability

of first motherhood as a teenager by 5.7 percentage points. This is a considerable impact

relative to the incidence of teenage childbearing in the full sample of 16%. The first-stage

F-statistic of 16.83 indicates that a weak instrument is not a concern (Staiger and Stock;

1997).60

Furthermore, we find a large and significant effect of extended compulsory schooling

on the probability of the first birth at ages 31-35. However, this effect is implausibly large

in magnitude and we need to interpret it with caution. Conditioning on not already having

a child leads to increasingly selective samples with increasing age. The large coefficient

may therefore be a result of specific sample variability. Given that the coefficient is sig-

nificant at the 10% level and the F-Statistic is relatively low, we are reluctant to assign a

specific interpretation to the magnitude of this estimate, but some meaning can be found

in the sign. This negative effect at ages 31-35 is accompanied by a zero effect for the sub-

sequent age group and suggests that women in their early 30s are more likely to remain

childless than to bear children later in life.

60 The first-stage coefficients in Table 3.7 are generally higher compared to those from the MZ in Table 3.5.
A potential explanation is that the SOEP results are less affected by the attenuation bias from regional
mobility that we discuss in footnote 16. Nevertheless, we performed additional tests and their results show
that all first-stage coefficients in Table 3.7 are not significantly different from one.
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For completeness, we incorporate the information on the timing of subsequent births

and estimate the effect of extended compulsory schooling on cumulative fertility at a given

age. This cumulative fertility is the number of children born up to a specific age and we

run separate IV regressions for each one-year age interval for ages 15 through 45. All of

these 31 regressions control for state of residence, year of birth, linear and quadratic state-

specific trends in year of birth, marital status, grandmother’s age at a woman’s birth and

municipality size. Figure 3.10 summarizes the results obtained from these regressions.

We plot the coefficients on education and 90% confidence intervals around these point

estimates by age. These IV estimates give the effect of extended compulsory schooling

on the number of children born up to a given age. Figure 3.10 reveals more heterogeneity

in the effect of education on teenage childbearing than Table 3.7. Specifically, for age

18 we observe a positive coefficient that could indicate a catch-up effect after graduation

from school. Women may potentially compensate for the earlier loss in births from the

"incarceration" by extended schooling, but the effect at age 18 is statistically indistin-

guishable from zero. Figure 3.10 generally confirms fertility reduction in teenage years.

The remaining coefficients indicate a negative effect of extended compulsory schooling

on cumulative fertility throughout. Therefore, the effect of education on completed fer-

tility over the life cycle is negative. In contrast to the findings for the U.K. by Geruso

et al. (2011) who show an upward trend that implies catch-up effects in births, our point

estimates follow a downward trend. Therefore, in Germany, fertility losses from increased

education become more severe with increasing age. Although for several age-years after

the teenage years the increasing point estimates indicate some catch-up effects, for age

33 and later the effect of extended compulsory schooling on cumulative fertility is clearly

negative, thereby rejecting a complete catch-up. The effect at age 45 is identical with the

effect on the total number of children from Section 3.6.2 and confirms that additional

education leads to a permanent reduction in completed fertility.
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3.6.4 Potential mechanisms

Overall, our results suggest that the impact of extended compulsory education is to lower

the number of children and to raise the probability of childlessness. Our findings for Ger-

many contradict the evidence for the U.S. and several West European countries (see, e.g.,

Black et al.; 2008; Silles; 2011; Monstad et al.; 2008). These studies usually find that

more education leads to a delay of the first birth beyond teenage years and to a later com-

pensation for the initial loss in births. So far, however, there is no evidence that education

causally reduces completed fertility in a developed country. While birth postponement

away from early motherhood may reflect a pure "incarceration" effect, reduced child-

bearing over the entire life-cycle and lower completed fertility must work through other

channels.

The conventional explanation for a negative effect of education on fertility is higher

opportunity costs of leaving the labor market to rear children (Becker; 1981). Although

this argument appears to be inconsistent with the results of Pischke and von Wachter

(2008), who do not find any significant wage returns from the German schooling reform,

opportunity costs of child-rearing are not necessarily limited to foregone earnings. Be-

cause the main intention of the German reform was to improve students’ vocational ma-

turity (Petzold; 1981), the additional year of schooling could have led women to make

better occupational choices, thereby creating long-term effects along multiple dimensions

such as subjective job satisfaction, occupational prestige, and sense of accomplishment.

Oreopoulos and Salvanes (2011) argue that such non-pecuniary benefits from schooling

may well be quantitatively even more important than wage returns. Distinctive features of

the institutional and cultural environment in Germany such as the highly inflexible system

of child care, the tax system with its "housewife bonus", and the strong social attitudes

against working mothers may exacerbate any effects of extended schooling on women’s

opportunity costs of leaving the labor market through a multiplier effect.

Our data sets allow us to test selected mechanisms consistent with the opportunity

cost explanation. Table 3.8 shows the results of regressions of the reform indicator on
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several characteristics of the very last job such as indicators of whether it was a self-

employment, white collar, or blue collar job (columns 1 through 4).61 We also study the

Treiman Standard International Occupation Prestige Score (Ganzeboom and Treiman;

1996) that we merged to the MZ by using the International Standard Classification of Oc-

cupations (ISCO-88). Table 3.8 suggests that women affected by the reform were more

likely to choose self-employment as opposed to employment in both white and blue col-

lar occupations. Furthermore, women with extended compulsory schooling ended up in

more prestigious jobs. Overall, the estimations suggest that the German reform affected

women’s occupational preferences that, even in the absence of meaningful wage returns,

may lead to increased opportunity costs of leaving the labor market to rear children.62

However, the opportunity cost argument neither exhaustively nor exclusively explains

the different results across countries because education may affect fertility also through

channels outside the labor market. For example, Fort et al. (2011) argue that compulsory

schooling may positively affect fertility through better decisions in the mating market that

result in a more stable marriage or higher quality of a partner. Note that positive effects

on fertility occur only if the mating effects are sufficiently large to cancel out or dominate

any opportunity cost effects. To explore whether the German reform affected marriage

behavior, we regress the reform indicator on the indicator of whether she is married and

on her partner’s years of education. Table 3.8 shows the results of these reduced-form re-

gressions (columns 5 and 6). Because the estimated coefficients are small and statistically

insignificant throughout, we conclude that in contrast to other countries (see, e.g., Fort

et al.; 2011; Lavy and Zablotsky; 2011), in Germany the effect of education on fertility

does not work through the mating market. Education may also affect fertility through the

health channel (Grossman; 1972; Rosenzweig and Schultz; 1989). We cannot test whether

61 Because we focus on completed fertility, many of the sampled women are no longer in the labor force.
The MZ reports the job characteristics only for the current or for the very last job. Because there is no
further information on labor market history, we cannot study effects of the reform on wages and labor
supply. We were only able to construct an indicator of whether a woman has ever held down a paid job,
but the incidence in the sample is 98% and does not differ by reform status. Although the SOEP contains
detailed labor market histories, the relevant variables are plagued by missing values.

62 Note that the evidence is more illustrative than causal because the reform reduced fertility and fertility
decisions may affect women’s labor market choices.
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the German reform lead to better knowledge about contraception or reproductive health,

but Kemptner et al. (2011) do not find any significant effects of the reform on women’s

health habits. We therefore conclude that the high persistence of the negative effect of

compulsory schooling beyond the teenage ages also traces back to a lack of any offsetting

effects (e.g., on health, partnership) or institutions that could facilitate a later catch-up.

3.7 Robustness

In this section we test whether our main results are robust to changes in the definition of

the education variable and in sample selection criteria.63

Our baseline results use the imputed years of education as a measure for women’s

educational attainment. We use the typical duration of attaining a specific degree and add

post-secondary years of education. This variable has some disadvantages. For example, it

does not take into account repeated or skipped classes and the short school years that the

states of North Rhine-Westphalia, Hesse, Rhineland-Palatinate, and Baden Wurttemberg

performed simultaneously to the extension of compulsory schooling. The short school

years affected students in all grades at that time, by shortening their time spent in the

attended grade by 26 weeks without changing the curriculum (Pischke; 2007). Pischke

(2007) finds that students who were in primary school (grades 1 - 4) during the short

school years were more likely to repeat grades and less likely to attend higher secondary

school tracks.

To check the robustness of our results we define an alternative variable - "length of

education". The MZ asks respondents about the year of obtaining their highest completed

degree, including any post-secondary degrees if applicable. We use this self-reported in-

formation about the graduation year and the assumption that all women entered primary

63 We focus here on the results for completed fertility obtained from the MZ, but we applied similar ro-
bustness checks to the effects over life cycle, which we estimate by using the SOEP. Although the SOEP
sample sizes are generally much smaller, each of these exercises yielded qualitatively similar results.
Detailed results are available upon request.
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school at age 6 to construct an alternative measure of education. The "length of educa-

tion" is given by the actual graduation year minus year of birth minus school entry age 6

(graduation year - year of birth - 6 ) and measures calendar years, not school years.64 This

alternative variable captures skipped and repeated classes and the short school years.65

However, the "length of education" introduces noise because, for example, some women

start school at age 7. Such noise may bias our first-stage results towards zero and lead

therefore to higher IV estimates.

Table 3.9 gives the IV results for the effect of compulsory schooling on fertility ob-

tained by using the variable "length of education". Overall, our main results qualitatively

do not change, but there are some differences. For example, the first-stage coefficients are

below one across all specifications. This result may be driven by measurement error in the

alternative education variable, the short school years, or measurement error in the timing

of the reform. Furthermore, the values of the first-stage F-statistics are lower than those

shown in Table 3.6. Finally, in the full sample (columns 1 and 2) the significance of the

results varies with the specification of the cohort trends, but the signs of the coefficients

remain unchanged.

To test whether our results depend on our sample selection criteria, we replicate the

results by using alternative selection of the analyzed birth cohorts. Our main analysis is

based on a 5-year symmetric window around the first cohort affected by the reform, but

we repeated the regressions by using a 4 through 7-year window. We also estimated the

effects by using a different approach that includes all individuals born between 1938 and

1959, i.e., an asymmetric 22-year window. We found that the choice of the window size

64 The major problem with this variable is potential measurement error in the self reported graduation year.
Our sample size reduces to 12,657 observations if we use only reliable information. We classify informa-
tion as reliable if the "length of schooling" was not more than up to two years longer or shorter than the
standard duration of a certain degree. The first-stage results are slightly affected by our definition of valid
information. The wider the window the lower the first-stage coefficient and vice versa. The direction of
the effects of education on the number of children and childlessness are robust. More detailed results are
available upon request.

65 An alternative way of testing whether the confounding effects of short school years influence our main
results is by exclusion of the four affected states from the estimation sample. Although the sample size
reduces to one-third of observations and the estimates are very imprecise, the main findings remain qual-
itatively unchanged. Detailed results are available upon request.
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may affect the magnitude and significance of the coefficients, but their direction remained

unchanged throughout. These regressions revealed also a consistent pattern of decreasing

effects with increasing window and sample size, thereby underpinning the argument that

a symmetric and sufficiently small window around the first affected birth cohort allows

to identify the reform effect on a more local level (Brunello et al.; 2009). Detailed results

are available upon request.

3.8 Conclusions

We examine the effect of women’s education on fertility and track this effect over the life

cycle. We exploit a German schooling reform that extended compulsory education from

8 to 9 years, to identify the causal effect of one additional year of compulsory schooling

on the number of children, the probability of ultimate childlessness, and the timing of

births. Our empirical approach takes advantage of the exogenous variation in the reform’s

implementation across federal states and time.

Consistent with causal evidence for other developed countries (see, e.g., Monstad

et al.; 2008; Silles; 2011), we show that extended compulsory schooling leads to a birth

postponement away from early motherhood. However, in contrast to previous studies, we

also find a significantly lower fertility later in life (see, e.g., Monstad et al.; 2008; Fort

et al.; 2011). In particular, the additional year of compulsory education raised the prob-

ability of childlessness by at least 2 percentage points. This effect is considerable com-

pared to the average incidence of childlessness of almost 20% in the analyzed cohorts of

women. The effect of extended compulsory schooling on the total number of children is

also pronounced because the additional year of education reduced the number of births

per woman by more than 0.1 children. This decrease accounts for about 6% of average

cohort-specific fertility. We show that our main findings are robust to changes in sample

selection criteria and alternative definition of the education variable.

Our findings sharply contrast with the recent evidence for other European countries

by Fort et al. (2011) and Braakmann (2011) who conclude that extended compulsory
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education significantly increases the number of births. We interpret our findings mainly as

a result of particularly high opportunity costs of child-rearing in Germany. Although this

argument may appear inconsistent with the findings of Pischke and von Wachter (2008),

who determine no wage returns from the same reform, we demonstrate that the reform

could have lead to important non-pecuniary returns in the labor market. Specifically, we

find that affected women were more likely to choose self-employment and ended up in

more prestigious jobs. Oreopoulos and Salvanes (2011) argue that such non-pecuniary

benefits may well be quantitatively even more important than wage returns. Furthermore,

in contrast to findings from other countries (Fort et al.; 2011; Lavy and Zablotsky; 2011),

our results suggest that the German reform had no offsetting effects in the mating market

that would facilitate a fertility catch-up later in life.

Several distinctive features of the institutional and cultural environment in Germany

may exacerbate any effects of extended schooling on women’s opportunity costs of leav-

ing the labor market to rear children. Most striking is the highly inflexible system of child

care that translates to a considerable excess demand for subsidized child care (see, e.g.,

Wrohlich; 2008). Furthermore, extensive parental leave regulations and the tax system

with its "housewife bonus" favor traditional family types and reinforce attitudes in favor

of mothers’ non-involvement in the labor force (Hanel and Riphahn; 2012). Our results

are also consistent with previous evidence suggesting that German mothers experience

the highest wage penalty for motherhood in the Western world (Gangl and Ziefle; 2009).

Gangl and Ziefle (2009) find that the high permanent wage losses appear to be related to

statistical discrimination against mothers in the German labor market. We conclude that

remarkable interrelations between cultural and institutional conditions may hamper the

compatibility of work and family life, thereby determining particularly high opportunity

costs of child-rearing.
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3.9 Figures and tables

Figure 3.4: Percentage of graduates by school degree and birth year
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Source: German Mikrozensus (MZ) 2008; own calculations.
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Figure 3.5: Analyzed birth cohorts by federal state and reform status
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Figure 3.6: Fertility outcomes by birth cohort and reform status
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Figure 3.7: Timing of births by age and reform status
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Figure 3.8: First stage: effect of the reform on years of education
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Source: German Mikrozensus (MZ) 2008; own calculations.
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Figure 3.9: Reduced form: effect of the reform on adjusted number of children
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Source: German Mikrozensus (MZ) 2008; own calculations.
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Figure 3.10: Effect of education on fertility over the life cycle
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Table 3.1: Introduction of the 9th grade in compulsory schooling

Federal state First school year with First birth cohort with
compulsory 9 years compulsory 9 years

Hamburg 1946 1931
Schleswig-Holstein 1947 1932
Saarland 1958 1943
Bremen 1959 1944
Lower Saxony 1962 1947
North Rhine-Westphalia 1967 1953
Hesse 1967 1953
Rhineland-Palatinate 1967 1953
Baden-Wurttemberg 1967 1953
Bavaria 1969 1955

Note: Year of the introduction of the 9th grade in secondary schooling in West Germany and the first
affected birth cohort.
Source: Leschinsky and Roeder (1980).
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Table 3.2: Empirical evidence on the effect of education on fertility

Dependent variable

Study Number of Age at Country
children first birth

Osili and Long (2008) negative Nigeria
Lavy and Zablotsky (2011) negative Arabs in Israel
Fort (2009) no effect Italy
Monstad et al. (2008) no effect positive Norway
Grönqvist and Hall (2011) no effect positive Sweden
McCrary and Royer (2011) no effect no effect U.S.
Fort et al. (2011) positive Europe
Braakmann (2011) positive U.K.
Black et al. (2008) positive U.S. and Norway
Silles (2011) positive U.K. and North Ireland
Geruso et al. (2011) no effect positive U.K.
Humlum et al. (2012) positive Denmark

Note: Listed studies determine the effect of education on the number of children and/or the effect of
education on the timing of the first birth. All studies address the endogeneity of schooling, for example, by
using schooling reforms as an instrument for education.
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Table 3.3: Data selection

Number of observations
MZ SOEP

Women from eight West German states
born 5 years before/after the first affected birth cohort 20,054 -
born 7 years before/after the first affected birth cohort - 2,708

Information on the state of school attendance available - 1,328
Excluded because education in former East German states 251 13
Excluded because education < 7 years or missing 263 45
Excluded because missing fertility information 2,112 1

Sample size 17,428 2,649

Source: German Mikrozensus (MZ) 2008 and SOEP 1984-2010; own calculations.
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Table 3.5: First-stage results and the effect on track choice

Dependent variable
Years of education Attends basic track

Full sample Basic track Full sample
(1) (2) (3) (4) (5) (6)

Reform dummy 0.744 *** 0.647 *** 1.040 *** 1.090 *** -0.027 -0.009
(0.080) (0.132) (0.042) (0.053) (0.020) (0.026)

F-Statistic 85.56 23.89 607.54 414.90 1.46 0.12

State-specific trends in year of birth
Linear yes yes yes yes yes yes
Squared yes yes yes

Observations 17,428 9,918 17,428

Note: Each coefficient represents a separate linear regression. The F-Statistic gives the result of a
significance test of the reform dummy in corresponding regressions. All regressions include state of
residence fixed effects, year of birth fixed effects, indicators for marital status and municipality size.
Standard errors in parentheses are adjusted for clustering at the state-birth year level. ***, ** and *
indicate statistical significance at the 1%, 5%, and 10% level.
Source: German Mikrozensus (MZ) 2008; own calculations.
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Table 3.6: Baseline results: effect of education on completed fertility

Full sample Basic track
(1) (2) (3) (4)

Panel A: Number of children

OLS -0.020 *** -0.020 *** -0.134 *** -0.133 ***
(0.003) (0.003) (0.012) (0.012)

IV -0.146 *** -0.172 *** -0.117 *** -0.101 *
(0.035) (0.050) (0.043) (0.057)

Sample mean dep. variable 1.63 1.63 1.70 1.70

Panel B: Childlessness

OLS 0.010 *** 0.010 *** 0.016 *** 0.015 ***
(0.001) (0.001) (0.003) (0.004)

IV 0.060 *** 0.051 *** 0.050 *** 0.020
(0.013) (0.018) (0.012) (0.015)

Sample mean dep. variable 0.18 0.18 0.15 0.15

State-specific trends in year of birth
Linear yes yes yes yes
Squared yes yes

Observations 17,428 9,918

Note: Each coefficient represents a separate linear regression. All regressions include state of residence
fixed effects, year of birth fixed effects, indicators for marital status and municipality size. Standard errors
in parentheses are adjusted for clustering at the state-birth year level. ***, ** and * indicate statistical
significance at the 1%, 5%, and 10% level.
Source: German Mikrozensus (MZ) 2008; own calculations.

88



The effect of education on fertility: evidence from a compulsory schooling reform

Table 3.7: Baseline results: effect of education on the age-specific probability of first
birth

Age at first birth 15-20 21-25 26-30 31-35 >35

OLS -0.028 *** -0.036 *** -0.008 ** 0.022 *** 0.009 *
(0.002) (0.003) (0.003) (0.005) (0.005)

IV -0.057 ** -0.052 0.048 -0.154 * -0.045
(0.022) (0.034) (0.045) (0.079) (0.081)

Sample mean dep. variable 0.16 0.35 0.42 0.28 0.13

First-stage results
Reform dummy 1.638 *** 1.396 *** 1.451 *** 1.458 *** 0.989 *

(0.399) (0.407) (0.385) (0.461) (0.539)
First-stage F-statistic 16.83 11.76 14.20 10.00 3.38

Observations 2,649 2,219 1,453 849 611

Note: Probability of giving the first birth at a given age, conditioned on not already having a child. Each
coefficient represents a separate linear regression. All regressions include state of residence fixed effects,
year of birth fixed effects, linear and squared state-specific trends in year of birth, indicators for marital
status, municipality size, and a grandmother’s age at birth. Standard errors in parentheses are adjusted for
clustering at the state-birth year level. ***, ** and * indicate statistical significance at the 1%, 5%, and
10% level.
Source: SOEP 1984-2010; own calculations.
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Table 3.9: The effect of education on childlessness and the number of children -
alternative definition of the education variable

Full sample Basic track
(1) (2) (3) (4)

Panel A: Number of children

OLS -0.025 *** -0.025 *** -0.071 *** -0.071 ***
(0.004) (0.004) (0.012) (0.012)

IV -0.489 *** -0.910 -0.395 * -0.323
(0.160) (0.564) (0.204) (0.203)

Sample mean dep. variable 1.63 1.63 1.70 1.70

Panel B: Childlessness

OLS 0.010 *** 0.010 *** 0.010 *** 0.010 ***
(0.001) (0.001) (0.002) (0.002)

IV 0.167 *** 0.270 0.144 ** 0.066
(0.058) (0.183) (0.059) (0.048)

Sample mean dep. variable 0.18 0.18 0.15 0.15

First-stage results

Reform dummy 0.305 *** 0.165 0.428 *** 0.457 ***
(0.097) (0.128) (0.094) (0.103)

First stage F-statistic 9.86 1.68 20.50 19.70

State-specific trends in year of birth
Linear yes yes yes yes
Squared yes yes

Observations 12,657 7,686

Note: Each coefficient represents a separate linear IV regression. Education variable is "length of
education" defined as graduation year - year of birth - 6. All regressions include state of residence fixed
effects, year of birth fixed effects, indicators for marital status and municipality size. Standard errors in
parentheses are adjusted for clustering at the state-birth year level. ***, ** and * indicate statistical
significance at the 1%, 5%, and 10% level.
Source: German Mikrozensus (MZ) 2008; own calculations.
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4 Earnings-related parental leave benefits and subjective

well-being of young mothers: evidence from a German

parental leave reform66

4.1 Introduction

Low fertility rates and low female labor market participation are major political issues.

Declining birth rates accelerate demographic changes such as population aging and shrink-

ing labor forces. Therefore, strengthening the labor market attachment of women is a

promising way to mitigate the consequences of the demographic transition. In both di-

mensions - female labor market participation and fertility rates - Germany exhibits the

lowest rates among OECD countries (OECD; 2013b).

In 2007 the German government changed the parental leave benefit system in order

to counteract low female labor market participation. The introduction of earnings-related

parental leave benefits abolished a means-tested system. Thereby, subsidies became more

generous by adapting regulations from the Nordic countries where labor market participa-

tion and fertility rates are generally higher (Spiess and Wrohlich; 2008; OECD; 2013b).

Typical reform evaluation concentrates on objective measures of utility such as income

or consumption (see, e.g., Meyer and Sullivan; 2004). In the case of the 2007 reform,

previous research focuses on key reform goals, e.g., mothers’ labor market attachment

(e.g., Bergemann and Riphahn; 2011), fertility (Cygan-Rehm; 2013), or fathers’ involve-

ment in child-rearing (see also Wrohlich et al.; 2012). However, these objective measures

have important shortcomings. A reform of parental leave benefits affects various areas in

life, e.g., health and child outcomes, maternal stress, or family circumstances (see, e.g.,

Ruhm; 2000; Tanaka; 2005; Berger; 2010). A comprehensive policy evaluation should

also consider more general outcomes to reveal possible unintended side effects (OECD;

66 I thank Regina T. Riphahn, Kamila Cygan-Rehm, Robert Orlowski, Caroline Schwientek, Christoph
Wunder, and the participants of the IWQW seminar at the University Erlangen-Nuremberg for useful
comments on earlier versions of this paper. The usual disclaimer applies.
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2011). The analysis of well-being and especially subjective well-being facilitates such a

general reform evaluation and gives insights objective measures cannot give (see, e.g.,

Luechinger; 2009; OECD; 2011).

This study evaluates the effect of the introduction of earnings-related parental leave

benefits on the subjective well-being of young mothers. In a first step, I analyze long-

run consequences of the reform on mothers’ subjective satisfaction about 1.5 to 5.5 years

after the birth of their child. Different factors may contribute to long-run effects of the

reform, e.g., higher income security because of higher labor market attachment, changes

in fertility or family formation. In a second step, I analyze heterogeneity in the responses

to the reform and identify potential channels through which the reform affected well-

being.

The paper contributes to the literature in three important ways: first, it is the first

study evaluating the reform effects on mothers’ well-being for Germany. So far, there

is also no international study that emphasizes effects of a similar reform on well-being.

Second, the analysis of potential channels through which the reform affected well-being

reveals important insights in side effects of the reform, e.g., on marriage rates. Third, I

use a unique German data set - the Panel Analysis of Intimate Relationships and Family

Dynamics - for the empirical examination. This survey facilitates the analysis of well-

being and contains rich information on family background. Further, compared to other

data sets with similar information, for example, the Socio-Economic Panel (SOEP), the

data comprise a more sufficient number of births around the reform implementation.

A number of studies already evaluated the reform and usually find positive effects on

the intentions to return to work (Bergemann and Riphahn; 2010), on the actual decision for

the return to work (Geyer et al.; 2012; Kluve and Tamm; 2013), and on the involvement

of fathers in child-rearing (Geisler and Kreyenfeld; 2012; Wrohlich et al.; 2012). Also,

the reform affects subgroups of the population very differently depending on region of

residence and eligibility for subsidies under the old regime (e.g., Wrohlich et al.; 2012;

Cygan-Rehm; 2013).
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The empirical strategy applies a combination of a regression discontinuity approach

and a differences-in-differences design (see, e.g., Dustmann and Schönberg; 2012; Cygan-

Rehm; 2013). The identification benefits from the largely unanticipated reform introduc-

tion for children born in the first quarter of 2007 (see, e.g., Kluve and Tamm; 2013). At

the timing of conception the parents of these children could not have known about the

reform introduction. Therefore, I compare mothers of children born in the last quarter of

2006 (not eligible for the new subsidy) and mothers of children born in the first quarter

of 2007 (eligible for the new subsidy). To control for general differences in satisfaction

between mothers who gave birth in the first and the last quarter of a year, I additionally

include mothers of children born at the turns of years 2003/4 and 2005/6 as control group.

The results show very different responses to the reform in subgroups. The patterns are

consistent with a smaller income reduction after child birth under the new regime com-

pared to the old regime. Thus, the results may reflect a reduction in opportunity costs of

child-bearing. I also find different effects of the reform on satisfaction in East and West

Germany. Whereas East German women are less satisfied under the new regime, the effect

is positive for West German mothers. Potential explanations for the contrary responses in-

clude differences in social norms and different income changes. Specifically, the reform is

related to a reduced marriage probability of East German mothers and may induce unin-

tended long-term financial disadvantages resulting from the German tax system. Results

pass the usual robustness checks.

4.2 Institutional setting

This study evaluates the introduction of the German Elterngeld (parents’ money) for births

after January 1, 2007. Wrohlich et al. (2012) state three major goals of the reform: first,

income security for families in the year after childbirth; second, helping parents to se-

cure their economic situation on their own; third, promote fathers’ involvement in child-

rearing. This section describes the main changes with respect to the previous regulations.
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Parents of children born before the 1st of January 2007 were supported by a means-

tested subsidy called Erziehungsgeld (child-rearing benefit). Eligible parents could either

receive EUR 300 for 24 months or EUR 450 for 12 months. For each additional child

the same amount was added on top. The benefit targeted low income parents. If the joint

net household income in the year before birth exceeded certain thresholds, parents were

not eligible. If the applying parent was not working during the period of the payment,

his/her pre-birth labor income was excluded from the means test and only the partners’

income was relevant (BMFSFJ; 2005). One year after the child’s birth, parents had to

pass a second means test in order to stay eligible. The income thresholds in both tests

depended on marital status (higher thresholds for single parents) and the chosen duration

and amount of pay (EUR 300 for two years vs. EUR 450 for one year). Although parents

could work up to 30 hours per week during the payment period, only mini jobs (below

EUR 400 per months) were disregarded in the means test.

On the 1st of January 2007 the means-tested system was abolished and an earnings-

related benefit was introduced. The new Elterngeld replaces 67% of prior labor earnings

up to an upper bound of EUR 1800 per month and a lower bound of EUR 300 per months

(BMFSFJ; 2011). All parents are eligible for the new subsidy for up to 12 months after

childbirth (14 months for single parents). If parents share parental leave they are free to

extend the duration of the transfer to 14 months ("daddy months").67 Thus, all parents of

children born after 01.01.2007 are eligible and both, the total amount of the subsidy and

the duration of pay changed. As under the old regime, part time work below 30 hours per

week is possible.

Compared to the old regime, the new subsidy is more generous because of the univer-

sal eligibility and mostly a higher total amount of benefits (see Kluve and Tamm (2013)

for a detailed overview of the changes in total amounts for subgroups). The reform con-

siderably shortens the total duration of pay for those women who were eligible under the

old regime. Further, under the old regime earnings from part-time work during the transfer

67 Additionally, parents can decide to receive only half of the monthly subsidy for a longer period of up to
two years. However, only 9.5% of mothers and 2.4% of fathers choose this option (BMFSFJ; 2008).
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period were added to the relevant income for the second means test. Thus, part-time work

during the first year after birth reduced the likelihood of being eligible in the second year

after child birth. Under the new regime, part-time work during the transfer period reduces

the amount of subsidies but does not affect eligibility.

4.3 Theory and hypotheses

Different regulations changed through the reform and may contribute to an effect of the

reform on well-being: first, the change in the total amount of subsidies may affect women

similar as an income effect. Second, the modified duration of the transfer affects incentives

for the return to work. Third, the reform gives incentives for fathers’ involvement in child-

rearing. In addition, other potential outcomes such as mothers’ health, child outcomes,

marriage rates, and social norms may be relevant for the effect of the reform on women’s

well-being.

Comparing pre- and post-reform situations, the introduction of earnings-related parental

benefits changed the total amount mothers get to compensate financial losses of inter-

rupted labor market participation. However, the change in subsidies varies across sub-

groups of women since some women were not eligible under the old regime.

To understand why subgroups are differently affected by the reform, consider two

cases for a simple differentiation: (1) a high-income family and (2) a low-income family

with both parents unemployed. Under the old regime the high-income family was not

eligible for benefits because the family did not pass the means test. Under the new regime

the family is eligible for a 67% replacement of labor earnings for 12 months (up to EUR

1800 monthly). Consequently, compared to the old regime the high-income family (1) can

gain more than EUR 20,000 (see also Kluve and Tamm; 2013). The low income family

(2) was eligible for EUR 300 for 24 months under the old regime. Since 2007 the family is

still eligible for EUR 300 but only for 12 to 14 months. Thus, the total amount of subsidies

halves because of the shorter duration of pay. Overall, if we compare pre- and post-reform
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status women experience different changes in subsidies and transfer durations depending

on their eligibility for the old subsidy.

The change in the total amount of subsidies between the old and the new regime

may affect well-being. The change in subsidies may work similar to an income effect.

The related economic literature on the effect of income on happiness predicts a positive

effect (Clark et al.; 2008). However, the literature on the Easterlin paradox shows that

positive income differences promote well-being only if individuals compare their situation

to others or to themselves in the past (see Clark et al. (2008) for a discussion of previous

findings).68 Here, an effect may exist if women compare themselves to a hypothetical

situation before the reform, to themselves in the past, or to women who are not eligible

for the new subsidy (e.g., women who gave birth shortly before 2007). In sum, women

who were not eligible for subsidies under the old regime may experience a positive effect

on well-being and women who were eligible under the old regime might face a negative

effect.

Another major change is the shorter duration of the transfer. Whereas the old subsidy

was paid up to 24 months, the duration under the new regime is only 12 month (or 14

month). For parents who were eligible under the old regime, this increases the incentive

to return to work earlier. In fact, Bergemann and Riphahn (2010) and Bergemann and

Riphahn (2011) find a higher intention to return to work early after child birth and Kluve

and Tamm (2013) find a higher employment probability of mothers after the subsidy ex-

pires. The effect of employment on well-being of mothers is not clear ex ante. On the one

hand, the literature usually finds that employment relative to (registered) unemployment

increases satisfaction (see, e.g., Winkelmann and Winkelmann; 1998). On the other hand,

staying at home for family reasons may affect well-being differently than unemployment.

Consistent with studies on the consequences of unemployment, Berger (2010) finds that

mother in full-time employment report higher subjective well-being than women who

68 The previous happiness literature stresses the role of adaptation to, for example, income changes (see
Deaton; 2008; Di Tella et al.; 2010). Thus, women may adapt to income changes which may rule out a
long-run effect of income on well-being.
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stay at home for family reasons even if income is fully compensated. Consequently, her

results imply that the parental leave reform may affect mothers’ well-being positively if

they return to work earlier.

Another aim of the reform is to promote fathers’ involvement in child-rearing. Parents

are free to extend the duration of benefit receipt to 14 months if the father takes up own

leave. The system is quite flexible as parents can freely split this duration. Existing evi-

dence on the effect of the reform on fathers’ involvement in child care is mixed. Wrohlich

et al. (2012) and Geisler and Kreyenfeld (2012) report that fathers use paternal leave more

frequently after the reform. This contrasts with the findings of Kluve and Tamm (2013)

who find no change in fathers’ time devoted to child care. If the reform increased fathers’

involvement in child-rearing, mothers might be less stressed because of the father’s sup-

port. In addition, if the father takes paternal leave, the mothers is able to return to work

earlier. Overall, if a higher engagement of fathers affects well-being, I expect a positive

effect on mothers’ well-being.69

Other channels through which the reform might affect well-being include social norms

and marriage behavior. Whereas the old regulations or the tax system favor traditional

family types (see, e.g., Kreyenfeld; 2004), the new subsidy explicitly promotes female

labor market participation. If women under the new regime can decide about their return

to work without facing social stigma, I expect their well-being to increase. Further, the

reform supports female economic independence of partners’ incomes. Literature on mar-

riage behavior finds that marriage rates decrease with women’s labor market attachment

and economic independence (Konietzka and Kreyenfeld; 2005). Consequently, the reform

might affect marriage rates negatively. The literature on the effect of marriage on life sat-

isfaction shows a positive effect at least in the first years after marriage but is ambiguous

about long-term effects (see, e.g., Lucas and Clark; 2006). Consequently, if the reform

69 In the extreme case this channel could also affect satisfaction negatively if this reform generates a new
social stigma and mothers feel social pressure to return early to work. However, as other institutions in
Germany, for example, long unpaid parental leave and tax splitting, still favor traditional family types
(Kreyenfeld; 2004), a negative effect is rather unlikely.

98



Earnings-related parental leave benefits and subjective well-being of young mothers:
evidence from a German parental leave reform

decreases marriage rates, a positive effect on well-being might not be present under the

new regime and may affect well-being negatively compared to the old regime.

Related mechanisms include effects of the reform on higher order fertility, health, and

child outcomes. If women return to work earlier, they might adjust their higher order births

(Cygan-Rehm; 2013) which in turn might also affect well-being. Further, compared to the

previous regime, higher income security in the first year after birth and the possibility to

stay at home during the first year might affect maternal health, stress, and breastfeeding

which potentially affects children’s development and mothers’ well-being (Baker et al.;

2008; Berger; 2010).

Previous evidence on the reform effect stresses different responses in East and West

Germany (see, e.g., Wrohlich et al.; 2012; Cygan-Rehm; 2013). Whereas West German

women postpone subsequent births, East German women tend to get subsequent children

earlier. Wrohlich et al. (2012) show that East German men use paternal leave more fre-

quently compared to West German men. A number of factors may contribute to these dif-

ferent responses. As average income is lower in East Germany (see, e.g., Wrohlich et al.;

2012), the number of eligible women under the old regime was higher (Fendrich et al.;

2003). Regarding East Germany, labor market attachment of women is generally higher

(see, e.g., Krueger and Pischke; 1995), child care availability is higher and more accepted

(Hank et al.; 2004), and marriage rates are lower compared to West Germany (Konietzka

and Kreyenfeld; 2005). Thus, the change in the total amount of subsidies might on aver-

age be lower in East Germany and because of the different social norms and a higher labor

market attachment of women, mothers may generally respond differently to the reform.

4.4 Identification strategy

The introduction of the reform provides a largely unanticipated natural experiment. To es-

timate the causal effect of the reform on subjective well-being, the identification strategy

combines a regression discontinuity design and a differences-in-differences approach (see
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also Dustmann and Schönberg; 2012; Cygan-Rehm; 2013). A sharp regression disconti-

nuity design compares mothers of children born in the fourth quarter of 2006 to mothers

of children born in the first quarter of 2007. Thus, identification rests on the assumption

that mothers have similar characteristics in these two groups and that other factors affect-

ing well-being remain constant within this time window. This assumption is rather strong

as mothers who gave birth in the first and last quarters of subsequent years might gener-

ally differ in well-being. Potential determinants of these general differences include, for

example, weather differences. By the inclusion of mothers who gave birth in the years

before the introduction of the reform I can capture the effect of general differences be-

tween the fourth and the first quarter of the year. This diff-in-diff extension rests on the

assumption that these seasonal differences in well-being do not change over the years.

I estimate the following equation:

yi = β1reformi + β2quarteri + cohort′iγ + Z’δ + εi (4.1)

Here, yi represents mothers’ subjective well-being comprising life satisfaction, satis-

faction with job and training, social networks, and family. The variable reformi equals 1

if the mother gave birth after the introduction of the reform, thus after the 1st of January

2007. Additionally, quarteri controls for general differences in the satisfaction of mothers

who gave birth in the last and first quarter of subsequent years, and cohorti is a set of dum-

mies for the children’s birth years.70 Further controls such as dummies for children’s age

in months, mothers’ age, mothers’ education, partners’ education and regional controls

enter through Z. εi is an error term.

The estimate for β1 gives the causal effect of the Elterngeld introduction on mothers’

subjective well-being (1) if parents could not anticipate the reform introduction and react

accordingly and (2) if differences in satisfaction between mothers of last and first quarter

births remain constant over the years.

70 Here, a cohort is not defined by calendar years but by births from October to March in each year from
10/2003 to 03/2007. Thus, I include four cohorts of children: 10/03-03/04, 10/04-03/05, 10/05-03/06,
10/06-03/07.
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The estimate for β1 is biased if mothers anticipated the reform introduction and changed

their behavior. One example are mothers who are highly attached to the labor market and

decided to select themselves into motherhood because of the reform introduction. These

mothers might in general also differ in life satisfaction. However, the previous literature

shows that anticipation is rather unlikely for mothers who gave birth in the first quarter

of 2007. For example, Kluve and Tamm (2013) show google search results for Elterngeld

during the years 2004 to 2008. They find that the public discussion of the reform started in

May 2006. Further, parliament passed the reform in September 2006 and until that date it

was not clear whether how and when the reform will be introduced. Also, parents cannot

exactly plan the timing of conception such that mothers of children conceived between

March 2006 and July 2006 are unlikely to have anticipated the reform introduction.

Another threat to the validity of the estimates is the shifting of births. As some women

are better off under the old and some under the new regime, women with due dates in De-

cember 2006 and January 2007 had the incentive to pre- or postpone the delivery. Neugart

and Ohlsson (2013) and Tamm (2013) show that such a shift actually took place. To

check the influence of this potentially confounding factor, I exclude January and Decem-

ber births in a sensitivity analysis.

The diff-in-diff strategy fails if seasonal patterns change over the birth cohorts of

children. Diff-in-diff assumes that the difference in well-being between mothers who gave

birth to a child in the last quarter of the year and mothers who gave birth in the first

quarter of the following year do not change over the years. Unfortunately, I cannot test

this assumption. However, a graphical inspection supports no changes in seasonal trends.

Further, I check the robustness of the results for different cohorts in the control group.
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The risk of changing trends over the years should be smaller the fewer cohorts I include

in the control group.71

4.5 Data

This study exploits four waves from 2008 to 2011 of the Panel Analysis of Intimate Rela-

tionships and Family Dynamics (Pairfam). The Pairfam data aim at providing an empirical

basis for the analysis of family dynamics and collect data of 12,400 participants annually

since 2008 (Huinink et al.; 2011). The main advantage of the data is very detailed infor-

mation on a range of family related characteristics including mothers’ subjective well-

being. A drawback of the data are small samples sizes. However, for Germany there is

no other appropriate data source available comprising more observations. The Pairfam

data collection started in 2008 with respondents of three birth cohorts (1991-93, 1981-

83, 1971-73). In addition to the Pairfam data I use data called Demographic Differences

in Life Course Dynamics in Eastern and Western Germany (DemoDiff). The DemoDiff

panel data closely follows the design of Pairfam (since 2009) and facilitates East-West

comparisons (see Kreyenfeld et al.; 2013).

The Pairfam data ask anchor persons about a wide range of family characteristics.72

The partner, child, and parents of the anchor person answer a separate questionnaire. I

restrict the sample to female anchor persons aged 20 to 31 who gave birth to children at

71 Another concern might be that effects are driven by a "starting" effect, a Hawthorne effect (see, e.g.,
Adair; 1984). Women who gave birth in the first quarter of 2007 are the first who receive the new subsidy
and we might find positive effects just because something changed. The converse might be true for the
last births under the old regime. However, this should impose minor consequences for the estimates: first,
I measure well-being 2.5 to 5.5 years after the reform introduction. Second, a Hawthorne effect should
be smaller the older children are and I find no significant changes of the reform effects with increasing
child age. Also, if mothers who gave birth in the last quarter of 2006 are especially unhappy because they
barely missed the reform, satisfaction in the last quarter of 2006 should be lower than in the last quarter
of 2005. I rule out this mechanism as a driving factor as I do not find this pattern in the data.

72 Pairfam started in 2008 with 12,400 randomly drawn individuals from the registration office pool of
310 communities. The population of anchor persons are people living in Germany in private households.
Interviews took place face-to-face between September and April of year 2008 to 2011. See Huinink et al.
(2011) for further details about survey and sampling.
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the turns of 2003/4 to 2006/7.73 Further, I restrict the sample to births in the first and in

the last quarter of these years.74 I consider only children aged 16 to 63 months (about 1.5

to 5.5 years). These sample restrictions leave me with 119 births under the new regime

and 496 births under the old system (615 births in total).75

To explore mothers’ well-being, I use information on overall life satisfaction. Mothers

answer the question "Now I would like to ask about your general satisfaction with life.

All in all, how satisfied are you with your life at the moment?". The survey also asks

for mothers’ satisfaction within specific areas of life (e.g., job and training, or family).

As the reform generated different incentives concerning, for example, the return to work

or fathers’ involvement in child-rearing, these variables might reveal additional insights

into the channels through which the reform affects well-being. Mothers evaluate their

satisfaction on a Likert scale with minimum zero to maximum ten. The following Section

4.6.1 presents some descriptive statistics.

As discussed in Section 4.3, the reform affected women differently depending on their

eligibility for the old subsidy. Thus, I investigate the reform effect for subgroups of women

who were and who were not potentially eligible under the old regime. Eligibility depended

on partners’ income if the mother took leave. Unfortunately, partners’ pre-birth income

is not available in the data and information on mothers’ leave only for a subgroup. To

determine whether women were eligible under the old regime, I use information on pre-

birth marital status and on partners’ education as a proxy for labor income. I consider a

73 I restrict the analysis to women aged 20 to 31 for different reasons: first, women aged 20-30 are at the
beginning of their working and fertile life. Consequently, they are at the core of policy interventions
which aim at increasing fertility and labor market participation. Second, the survey design of Pairfam
does not facilitate an analysis of women in all fertile ages because of the cohort design of the study.
In fact, I exclude only women older than 35. These women potentially differ in various observed and
unobserved factors, for example, attitudes towards female employment. I leave a separate investigation of
the response of this interesting subgroup for future research.

74 The control group of the identification includes women who gave birth from 2003 to 2006. In this period
also other reforms such as, for example, those of unemployment benefits in 2005 and 2006 took place
(see, e.g., Riphahn and Wunder; 2013). However, this is only a concern if these reforms are systematically
connected to quarterly births which is not the case. Also, child care availability was strongly promoted af-
ter 2005 (Bauernschuster et al.; 2013). To eliminate concerns about potential interactions with the reform,
I control for child care availability for under 3 and 3 to 6 year olds in all regressions.

75 A less restrictive sample uses all children born between 07/2003 and 06/2007. This provides a sample of
1,193 births. I prefer the smaller window as it limits confounding factors. However, baseline findings do
not change when I use the less restrictive sample (results available upon request).
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woman likely to be eligible if she had no partner or a partner with low education (below

intermediate degree) before birth.

4.6 Results

4.6.1 Descriptive analysis

Table 4.1 gives an overview of some characteristics of mothers, partners, and children.

The first two columns give averages for births in the last quarter of 2006 and the first

quarter of 2007. Columns 3 and 4 give average characteristics for births from 2003/4 to

2005/6, in the last and first quarters of these years respectively. Births in the first quarter

of 2007 (column 2) represent the treatment group, columns 1, 3, and 4 control groups.

Column 5 presents the difference of column 1 and 2, thus, the regression discontinuity

effect in raw data. The difference in average characteristics between first and last quarter

of year 2003/4 to 2005/6 represents seasonal effects. The difference is given in column

6. Finally, the difference between columns 5 and 6 give the diff-in-diff results in raw

data (column 7). For average life satisfaction we observe an increase after the reform.

However, this effect may be completely driven by seasonal effects. Once we consider

general differences between the first and the last quarter of subsequent years (column 6),

the effect is negative and close to zero (column 7). Overall, in the raw data, there is no

clear pattern in differences in satisfaction.

A concern in diff-in-diff estimations are changing seasonal trends in treatment and

control groups, i.e., that changes in satisfaction between mothers who gave birth in the

first and last quarters of subsequent years vary between 2003 and 2007. I cannot test

this assumption, but to investigate this necessary requirement for consistency, Figure 4.11

plots average life satisfaction of women who gave birth in last and first quarters in 2003/4

through 2006/7. Figure 4.11 supports similar trends in treatment and control groups over

the years. The changes in satisfaction from last to first quarter births are positive and

similar in magnitude in all years. If we compare the change in satisfaction from 2006 to
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2007 to changes in satisfaction in the years before, we observe a slightly lower increase.

This is consistent with the small negative diff-in-diff effect in Table 4.1. Also, Figure

4.11 underpins that a sharp regression discontinuity design might be misleading as we

observe general seasonal trends in satisfaction which cannot be attributed to the reform.

Additionally, the different levels of satisfaction show cohort effects which I control for in

the following regressions.

4.6.2 Overall effects and results by prior eligibility status

Table 4.2 gives estimation results for the full sample and by eligibility status under the old

regime. As the data do neither provide direct information on eligibility nor on pre-birth

income, I use pre-birth marital status and partners’ education to approximate eligibility

for the old subsidy. Panel A gives results for the full sample, panel B for mothers with

a highly educated partner (intermediate secondary or higher) and panel C for mothers

without partner or with a lowly educated partner. I use four dependent variables: overall

life satisfaction, satisfaction with job and training, satisfaction with social networks, and

satisfaction with family. As I use panel data, standard errors are clustered at the individual

level in all following regressions.

The full sample of 615 births splits in 305 and 310 births in the subsamples (panel

A and B). Consequently, precision of estimates is quite low and I’m not willing interpret

the magnitude of the effects. However, some meaning can be found in the sign of the

effects and the patterns in subgroups. None of the estimated reform effects in the full

sample (panel A) in Table 4.2 are statistically significant. This is not surprising as we find

offsetting effects in subgroups by partners’ education.

Panel B gives the results for women with highly educated partners. These women

were potentially not eligible for transfers under the old regime and experience a positive

income effect under the new regime. Panel C gives the results for women who would have

been eligible for the old subsidy and therefore potentially face a negative income effect or

a low positive income effect after the reform.
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The estimates show the expected patterns. Whereas the reform effects on life satis-

faction are significantly positive for women with highly educated partners, the effect is

negative but imprecisely estimated for women without or with a low educated partner.

This pattern is consistent with the opposing income effects in the two groups. Further, if

we compare the reform effect on the different satisfaction outcomes, we find pronounced

effects in column 2 and 4 of panel B. Column 2 gives the reform effect on the satisfaction

with job and school. Here, we expect a pronounced effect if, for example, women return

earlier to work after child birth as found by Kluve and Tamm (2013). As previous evi-

dence shows that working conditions, for example, training, are related to the duration of

parental leave (see, e.g., Puhani and Sonderhof; 2011), a shorter career interruption may

contribute to higher work satisfaction.

Column 4 gives the effects on the satisfaction with family. The satisfaction with fam-

ily may reveal effects of the reform on child development or family dynamics. Women

who are newly eligible for paid parental leave (panel B) are more satisfied with their fam-

ily. Here, a positive effect of the reform on fathers’ involvement (see, e.g., Geisler and

Kreyenfeld; 2012) may contribute to an overall increase in satisfaction with family. Also,

previous literature stresses the positive effect of parental leave on child health and child

development (see, e.g., Ruhm; 2000; Berger; 2010). As women who were not eligible

under the old regime tend to use parental leave in the first year after birth more frequently

(Wrohlich et al.; 2012), we expect the found positive effect on satisfaction in general and

a pronounced effect on satisfaction with family.

4.6.3 Heterogeneity - East-West comparison

Table 4.3 gives results for West Germany (panel A) and East Germany (panel B). The re-

sults support earlier research as the reform effects in East and West Germany are contrary

and offsetting. Again, estimates are imprecisely estimated and I cannot reliably interpret
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the magnitude of the estimates. However, I find throughout positive responses to the re-

form in West Germany and negative or zero effects in East Germany.76

Next, I analyze potential determinants of the different responses in East and West

Germany.77 The share of eligible women under the old system was higher in East Germany

(Fendrich et al.; 2003). Thus, one important channel may be different income changes in

the year after birth. As I have no information on income in the year before and after

birth, I cannot test this channel. However, Kluve and Tamm (2013) report negative but

insignificant income changes in East Germany between the year before and after birth.

Further, Table 4.4 shows the reform effect on satisfaction with the financial situation of

the household and on current net household income.78 Women in East Germany are less

satisfied with their financial situation although the effect is not significant. The effect

on income is negative and significant at the 10% level for East Germany and small and

insignificant for West Germany. Thus, the results underpin a long-run negative income

effect in East Germany.

A second channel might be an effect of the reform on marriage behavior. In East

Germany marriage rates are generally low because of lower religiousness, a higher labor

market attachment of women, and a lower dependence on partners’ income (Konietzka

and Kreyenfeld; 2005). Table 4.4 shows that the reform affects the probability of a cur-

rent marriage differently in the two regions. The effect is negative in both East and West

Germany, but more pronounced and significant for East German mothers. If marriage has

a (short-run) positive effect on satisfaction (Lucas and Clark; 2006), the absence of such

an effect might explain the negative effect in East Germany.

76 Ideally, I would like to separate women in East and West Germany by eligibility under the old regime.
Unfortunately, an investigation of the effect for further subgroups by partners’ education is not possible
because of small sample sizes. However, the opposing effects in subgroups shown in Table 4.2 potentially
contribute to the low precision of the estimates in Table 4.3.

77 Although the literature generally finds differences in, for example, the timing of births in East and West
Germany (see, e.g., Kreyenfeld; 2004), descriptive evidence does not support a different selection of
women into early motherhood (see Table B.1 in the Appendix). I neither find differences in mothers’
age nor in mothers’ education. An explanation might be that fertility trends in East and West Germany
converge over time and are very similar for birth cohorts after 1970 (Goldstein and Kreyenfeld; 2011).

78 Unfortunately, some variables are not available in all waves of the Pairfam or comprise missing values.
Consequently, for some of the outcomes in Table 4.4 the sample size reduces.
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The reform also promoted fathers’ involvement in child-rearing. A higher involvement

might have positive effects on satisfaction. Table 4.4 gives the effect on satisfaction with

the relationship and the effect on the probability that parents share child-rearing. Here, I

find significant positive effects in West Germany and zero effects in East Germany. Thus,

an absent effect on fathers’ involvement might also explain different responses in East

and West Germany. An explanation for the absent effect, however, might be a higher level

of fathers’ involvement in East Germany in general (see Table B.1).

Other potential channels include effects on the return to work after birth and social

norms. In East Germany, the former socialist part of Germany, women are traditionally

more attached to the labor market (see, e.g., Krueger and Pischke; 1995). The 2007 reform

was one of the first reforms explicitly promoting maternal labor market participation. If

women feel less social pressure in the decision to return to work, there might be posi-

tive reform effects on satisfaction. However, this effect might be especially important in

West Germany and explain some of the found differences between East and West Ger-

many. Literature on reform effects on the return to work finds a positive effect in East

and West Germany (Bergemann and Riphahn; 2010, 2011; Geyer et al.; 2012; Wrohlich

et al.; 2012). Kluve and Tamm (2013) report an increased employment probability for

East German mothers 1.5 years after child birth and no change in employment probabil-

ities for West German mothers. Thus, a higher labor market attachment of East German

women may relate to an earlier return to work. We generally expect a positive effect of

employment on satisfaction. Consequently, an earlier return to work does not explain the

negative effect in East Germany in Table 4.3.

In sum, a negative reform effect on satisfaction in East Germany may be attributed to

a lower or even negative direct income effect, an absent positive effect through a higher

involvement of fathers, or through an absent positive effect of marriage. The negative

effect on current net household income indicates long-term financial consequences of
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the reform.79 One explanation for long-term negative income effects might be the reduced

marriage probability and a loss of tax benefits. As the German tax system generally favors

traditional family types (see, e.g., Kreyenfeld; 2004), unmarried couples face losses in net

income.

4.7 Sensitivity analysis

Table 4.5 presents results on two sensitivity analyses with different sample selection cri-

teria. Each coefficient represents a separate linear regression. As earlier results show that

estimates for the full sample are difficult to interpret because of offsetting effects in sub-

groups, I present each sensitivity analysis for four groups: women with a highly educated

partner, women with no or a low educated partner, women living in West Germany, and

women living in East Germany.

Panel A checks whether the results are affected by pre- and postponed births between

years 2006 and 2007. Neugart and Ohlsson (2013) and Tamm (2013) both show that

women shifted their births to become eligible for the old or new subsidy. This confound-

ing factor potentially affects the results. Panel A strongly supports my baseline findings.

When births from January and February are excluded, the estimates are more precise and

similar in direction. There are two changes in the sign of the effect for women with no or

low educated partners. However, the effect is statistically indistinguishable from zero.

A critical assumption for diff-in-diff strategies is that general differences between

mothers who gave births in the first and last quarters of years are similar for treatment

and control group. If these differences in satisfaction change, the results are biased. The

more cohorts I select as control group, the more likely the assumption of constant trends

is violated. Panel B gives the results for a reduced sample in which I use only births from

2005/6 and 2006/7. The sample size declines considerably and consequently the estimates

79 Cygan-Rehm (2013) finds that East German mothers reduce birth spacing after the reform. This might
also affect the financial situation of the household negatively. However, the negative effect on household
income is also present if I exclude mothers with subsequent births. In addition, I am able to control for
subsequent births and the estimates are robust (not presented).
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loose precision. However, also with fewer cohorts considered in the control group, the

estimates show the patterns reported in the baseline results.

4.8 Conclusion

This study analyses the effect of a reform of the German parental leave benefits on the sub-

jective well-being of young mothers. Women who gave birth to children after 1st of Jan-

uary 2007 are eligible for a new earnings-related subsidy which replaces 67% of pre-birth

labor earnings. Under the former regime, a means-tested subsidy supported especially

low income families. Also, the new subsidy explicitly promoted fathers’ involvement in

child-rearing.

The reform possibly affects the subjective satisfaction of mothers through different

channels. One potential channel might be an income effect. The reform changed the total

amount of benefits and the duration of pay. Whereas eligible women under the old regime

received the maximum amount of EUR 300 per month for two years, the duration was

shortened to one year, the amount is earnings-related but with a minimum transfer of EUR

300 and a maximum of EUR 1800 per month. Consequently, the reform affects women

differently depending on the eligibility under the old regime. However, also a higher in-

volvement of fathers in child-rearing and changes in marriage behavior potentially affect

well-being.

My empirical approach takes advantage of the low anticipation of the reform. At the

time of conception of children born in the first quarter of 2007, the parents could not have

known about the impending reform. Therefore, I use a regression discontinuity design

with a diff-and-diff extension. I compare mothers of children born in the first quarter of

2007 to mothers of children born in the last quarter of 2006. Additionally, I use mothers

of children born at the turns of years 2003/4 to 2004/5 as control group to account for

seasonal effects in satisfaction, i.e., general differences in the satisfaction of women who

gave birth in first and last quarters of subsequent years.
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The empirical results show that the reform affected women differently depending on

their former eligibility for the means-tested subsidy. Although small samples lead to a low

precision of the estimates, women who were potentially eligible for the old subsidy are

less satisfied then women who were not eligible. This pattern is in line with a reduction

of income losses after child birth. Furthermore, women responded very differently in

East and West Germany. Whereas West German mothers are on average more satisfied,

East German mothers are less satisfied after the introduction of the new subsidy. As a

potential channel, the results show West German fathers to involve more in child-rearing

after the reform introduction. This positive effect on fathers’ involvement is absent in

East Germany. Also, I find that women in East Germany do marry less frequently after

the reform and that they experience a reduction in current net household income 1.5 to 5.5

years after child birth. Thus, the results show a long-term financial disadvantage in East

Germany after the reform.

One interpretation of the results is that the reform induced unintended side effects.

The reform on one hand and the German tax system on the other support very different

family types. A recent study from Thévenon (2013) shows that among all OECD countries

Germany supports single breadwinner families the most over equal dual earner couples.

The support of married couples in combination with the presented negative reform effect

on marriage may lead to an unintended financial disadvantage which leads to considerable

decrease in mothers’ satisfaction.
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4.9 Figures and tables

Figure 4.11: Average life satisfaction of mothers by quarter of child birth

Note: The plot shows raw data. Each set of connected dots compares average overall life satisfaction of
mothers who gave birth to a child one quarter before and after a particular turn of the year.
Source: Pairfam 2008/9-2011/12 and DemoDiff 2009/10-2011/12; own calculations.
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Table 4.1: Descriptives

2006/07 2003/04 - 2005/06 Differences
Q4 Q1 Q4 Q1 1st 2nd Diff-in-

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

(1) (2) (3) (4) (5) (6) (7)
Dependent variables: Mothers’ satisfaction with
Life overall 7.579 7.697 7.386 7.530 0.118 0.144 -0.026
School, Training, and Job 6.437 6.555 6.497 6.282 0.118 -0.216 0.334
Friends and social network 7.579 7.328 7.455 7.392 -0.252 -0.063 -0.189
Family 8.270 8.941 8.545 8.834 0.671 0.289 0.382
Mothers’ characteristics
Mothers age 27.794 27.521 26.725 26.895 -0.273 0.170 -0.443*
Lives in East Germany 0.317 0.370 0.344 0.431 0.052 0.087 -0.035
Non-German nationality 0.175 0.101 0.169 0.193 -0.074 0.024 -0.098
Secondary education
Lower secondary 0.413 0.403 0.360 0.376 -0.009 0.016 -0.025
Intermediate secondary 0.278 0.345 0.397 0.392 0.067 -0.005 0.071
Higher secondary 0.310 0.252 0.243 0.232 -0.057 -0.011 -0.046
Postsecondary education
Currently enrolled/no degree 0.278 0.210 0.333 0.359 -0.068 0.026 -0.093
Vocational training 0.579 0.664 0.534 0.536 0.085 0.002 0.083
Technical school / civil servant
training

0.032 0.025 0.069 0.039 -0.007 -0.030 0.024

College / university 0.111 0.101 0.063 0.066 -0.010 0.003 -0.013
Pre-birth marital status
Single 0.040 0.042 0.021 0.066 0.002 0.045 -0.043
Married 0.563 0.555 0.524 0.586 -0.009 0.062 -0.071
Divorced 0.016 0.059 0.021 0.017 0.043 -0.005 0.048
Cohabitation 0.365 0.294 0.333 0.254 -0.071 -0.079 0.008
Marital status missing 0.016 0.050 0.101 0.077 0.035 -0.023 0.058
Current partner characteristics
Partners’ age 33.222 33.124 30.981 31.755 -0.098 0.773 -0.872
Secondary education
Lower secondary 0.492 0.378 0.328 0.337 -0.114 0.009 -0.123
Intermediate secondary 0.310 0.353 0.317 0.376 0.043 0.058 -0.015
Higher secondary 0.119 0.134 0.190 0.166 0.015 -0.025 0.040
Missing information/no partner 0.079 0.134 0.164 0.122 0.055 -0.042 0.098
Children’s characteristics
Child age in months 41.373 39.866 51.751 50.801 -1.507 -0.950 -0.557
Number of observations 126 119 189 181

Notes: * p<0.1, ** p<0.05, *** p<0.01
Source: Pairfam 2008/9-2011/12 and DemoDiff 2009/10-2011/12; own calculations.
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Table 4.2: The effect of Elterngeld on subjective well-being by partners’ education

Satisfaction with
Life

overall
School

and Job
Social

network
Family

PANEL A: Full Sample
Reform 0.027 0.200 -0.297 0.373

(0.401) (0.539) (0.603) (0.427)
1st quarter 0.213 -0.374 0.020 0.370

(0.235) (0.326) (0.319) (0.266)
Year of child birth
2003/04 Ref. Ref. Ref. Ref.
2004/05 -0.502 0.172 -0.834 -0.248

(0.429) (0.623) (0.559) (0.439)
2005/06 -0.360 0.682 -0.253 0.146

(0.642) (0.969) (0.898) (0.686)
2006/07 -0.090 0.330 0.137 0.428

(0.962) (1.353) (1.318) (1.061)
N 615 615 615 615
PANEL B: Partners’ education intermediate or high
Reform 0.988 * 1.811 ** 0.695 1.181 *

(0.540) (0.880) (0.737) (0.667)
1st quarter -0.183 -0.560 -0.412 0.367

(0.317) (0.410) (0.396) (0.372)
Year of child birth
2003/04 Ref. Ref. Ref. Ref.
2004/05 -0.330 -0.015 -1.283 * -0.422

(0.608) (0.987) (0.730) (0.642)
2005/06 -0.593 0.082 -1.759 -1.211

(1.035) (1.650) (1.342) (1.083)
2006/07 -0.815 -1.839 -2.348 -1.920

(1.470) (2.274) (1.893) (1.720)
N 305 305 305 305
PANEL C: No partner or low educated partner
Reform -0.837 -0.722 -1.161 -0.274

(0.600) (0.698) (0.813) (0.616)
1st quarter 0.644 * -0.196 0.577 0.434

(0.382) (0.507) (0.466) (0.382)
Year of child birth
2003/04 Ref. Ref. Ref. Ref.
2004/05 -0.816 0.217 -0.329 -0.015

(0.681) (0.941) (0.817) (0.664)
2005/06 -0.148 1.255 1.370 1.528

(0.972) (1.373) (1.175) (0.995)
2006/07 0.556 1.968 2.580 2.418 *

(1.488) (1.963) (1.753) (1.428)
N 310 310 310 310

Notes: * p<0.1, ** p<0.05, *** p<0.01. Standard errors clustered at mothers’ person number. Additional
control variables include child care availability for under 3 and 3-6 year olds by state and year, dummies
for child age, survey year, mothers’ age, East Germany, mothers’ education, mothers’ nationality
non-German, quartiles of fathers’ age, pre-birth marital status.
Source: Pairfam 2008/9-2011/12 and DemoDiff 2009/10-2011/12; own calculations.
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Table 4.3: The effect of Elterngeld on subjective well-being - East-West comparison

Satisfaction with
Life

overall
School

and Job
Social

network
Family

PANEL A: West Germany
Reform 0.318 1.163 * 0.539 0.982 *

(0.560) (0.665) (0.802) (0.590)
1st quarter -0.084 -0.571 -0.352 0.292

(0.311) (0.402) (0.436) (0.367)
Year of child birth
2003/04 Ref. Ref. Ref. Ref.
2004/05 0.335 -0.281 -1.454 -0.074

(0.974) (0.797) (1.008) (1.279)
2005/06 1.156 0.274 -1.512 0.405

(2.054) (1.539) (2.290) (2.690)
2006/07 1.624 -1.261 -2.274 0.265

(3.071) (2.395) (3.472) (4.033)
N 388 388 388 388
PANEL B: East Germany
Reform -0.680 -1.064 -1.226 * -0.035

(0.584) (0.942) (0.694) (0.643)
1st quarter 0.799 ** -0.090 0.614 0.264

(0.399) (0.595) (0.479) (0.496)
Year of child birth
2003/04 Ref. Ref. Ref. Ref.
2004/05 -1.048 * 0.441 -1.333 -0.701

(0.591) (1.101) (0.809) (0.642)
2005/06 -1.092 0.594 -0.380 -0.193

(0.814) (1.360) (1.138) (0.811)
2006/07 -0.218 1.326 0.117 0.355

(1.323) (1.789) (1.670) (1.312)
N 227 227 227 227

Notes: * p<0.1, ** p<0.05, *** p<0.01. Standard errors clustered at mothers’ person number. Additional
control variables include child care availability for under 3 and 3-6 year olds by state and year, dummies
for child age, survey year, mothers’ age, mothers’ education, nationality non-German, quartiles of fathers’
age, pre-birth marital status.
Source: Pairfam 2008/9-2011/12 and DemoDiff 2009/10-2011/12; own calculations.
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Table 4.5: Robustness checks - sample selection

Satisfaction with
Life

overall
School

and Job
Social

network
Family

PANEL A: Without December and January births
High educated partner
Reform 1.077 2.928 ** 1.716 * 1.630 *

(0.693) (1.124) (0.956) (0.873)
N 201 201 201 201
No or low educated partner
Reform -1.762 ** -1.059 -0.017 0.393

(0.725) (1.157) (1.095) (0.814)
N 188 188 188 188
West Germany
Reform 0.612 2.156 ** 2.192 ** 1.575 **

(0.715) (0.964) (0.930) (0.713)
N 256 256 256 256
East Germany
Reform -1.056 -0.327 -1.497 ** 0.880

(0.895) (1.308) (0.672) (0.993)
N 133 133 133 133
PANEL B: Without birth cohort 2003/4 and 2004/5
High educated partner
Reform 1.275 * 1.318 0.197 1.175

(0.677) (0.936) (0.834) (0.842)
N 213 213 213 213
No or low educated partner
Reform -1.000 -1.145 -1.404 -0.193

(0.679) (0.905) (0.853) (0.651)
N 225 225 225 225
West Germany
Reform 0.185 0.730 0.180 1.042

(0.665) (0.802) (0.941) (0.788)
N 263 263 263 263
East Germany
Reform -0.561 -0.848 -0.661 0.116

(0.636) (1.122) (0.714) (0.781)
N 175 175 175 175

Notes: * p<0.1, ** p<0.05, *** p<0.01. Standard errors clustered at mothers’ person number. Additional
control variables include child care availability for under 3 and 3-6 year olds by state, dummies for child
age, survey year, mothers’ age, mothers’ education, mothers’ nationality non-German, quartiles of fathers’
age, pre-birth marital status..
Source: Pairfam 2008/9-2011/12 and DemoDiff 2009/10-2011/12; own calculations.
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B Appendix

Table B.1: Descriptive evidence: East-West differences

West Germany East Germany Full sample
Current net household income 2122.594 1763.744 1985.311

(1054.565) (735.047) (960.454)
Currently working 0.433 0.449 0.439

(0.496) (0.499) (0.497)
Currently married 0.776 0.463 0.660

(0.418) (0.500) (0.474)
Father is involved in child-rearing 0.372 0.544 0.428

(0.484) (0.500) (0.495)
Current mothers age 27.080 27.264 27.148

(1.258) (1.259) (1.260)
Child age in months 45.881 49.035 47.046

(12.887) (10.288) (12.081)
Mothers’ secondary schooling
Lower secondary 0.412 0.335 0.384

(0.493) (0.473) (0.487)
Intermediate secondary 0.358 0.366 0.361

(0.480) (0.483) (0.481)
Higher secondary 0.229 0.300 0.255

(0.421) (0.459) (0.436)
Social norms: Agrees to statement
Mothers’ should focus family life 0.450 0.253 0.374

(0.498) (0.436) (0.484)
Working mothers’ harm children aged < 6 0.407 0.167 0.314

(0.492) (0.374) (0.465)

Notes: * p<0.1, ** p<0.05, *** p<0.01. Table gives cell means, standard deviations (in parentheses).
Source: Pairfam 2008/9-2011/12 and DemoDiff 2009/10-2011/12; own calculations.
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5 Summary and conclusive remarks

5.1 Summary and contribution

This dissertation consists of three self-contained studies. To begin with, Section 1.1.2

provides a brief summary of the German school system and German family policy. The

three sections analyze state-level returns to schooling, the effect of education on fertility,

and the effect of a parental leave benefit reform on the subjective well-being of mothers.

I analyze returns to secondary schooling in West Germany at the federal state level in

Section 2. This is the first study that analyzes returns to schooling at the state level in Ger-

many and tests hypotheses concerning the different mechanisms that determine regional

heterogeneity, i.e., regional labor market characteristics and institutional features of the

school system. Using data from five waves of the Quality and Career Survey, I apply an

extension of the method of Card and Krueger (1992). The regional differences in returns

to schooling between states amount to 1.8 percentage points. Next, I explore the contri-

bution of regional amenities, regional labor demand, and institutional settings to regional

heterogeneity. The results show that institutional settings and school quality contribute

to state-level differences. I find significant correlations of selectivity of school systems,

pupil-teacher ratios, and PISA 2003 test scores with returns to schooling. The latter two

may be interpreted as measures of school quality. Section 2 underpins the relevance of

school system characteristics for individuals’ earnings in their later working life.

Section 3 is co-authored by Kamila Cygan-Rehm and analyzes the effect of educa-

tion of completed fertility. OLS results on this relationship might be biased because of

endogenous selection in education. We apply IV estimations on two data sets (German

Microcensus and SOEP) and use the extension of compulsory schooling from 8 to 9

years as instrument for education. Our study is the first that analyzes this causal rela-

tionship for Germany. Additionally, we are the first to find a negative effect of schooling

on completed fertility in a developed country. Consistent with findings for other devel-

oped countries we find that women experience a decline in teenage births because of the
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prolonged education. However, women in other developed countries catch up the initial

loss in births at later ages. This catch-up effect translates into a zero or positive effect

of education on completed fertility. The analysis of underlying mechanisms supports that

German women experience a permanent decline in births because of high opportunity

costs of child-bearing.

Section 4 evaluates a German parental leave reform that introduced a parental leave

benefits wage replacement scheme in 2007. This reform explicitly aims to reduce oppor-

tunity costs of child-rearing and promotes the labor market participation of mothers. I

analyze reform effects on the subjective well-being of young mothers and add to the ex-

isting literature by utilizing a more comprehensive outcome that reveals also unintended

side effects. Using Pairfam and Demodiff panel data, I apply a regression discontinuity ap-

proach with a diff-in-diff extension. My results suggest that the reform effect depends on

eligibility for transfers in the former regime and differs for mothers in East and West Ger-

many. The two German regions respond differently to the policy intervention. Whereas

West German women tend to be more satisfied, East German women are less satisfied. An

analysis of potential causes reveals that East German mothers reduce marriages after the

reform. The reason for this behavioral change may be increased economic independence.

Since the German tax system still supports traditional family types and imposes disadvan-

tages for unmarried couples, East German women may be less satisfied after the reform

because of the reduction of marriage rates and long-term reductions in net household

income.

5.2 Limitations and future research

The main finding in Section 2 is that state-level differences in school systems reinforce

differences in individuals’ wages in later working life. The results have implications con-

cerning the importance of the design of school systems (e.g., curricula contents) and po-

tential incentives to invest in education. The study in Section 2 is limited by missing

valid instruments and the unavailability of exact measures for state school quality. For a
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more comprehensive analysis, more detailed data that facilitate IV estimation of returns

to schooling at the state level and the provision of high quality data on school quality are

necessary. Although Section 2 shows a relationship between the school systems and re-

turns to education, I do not identify exact mechanisms which are of high political interest.

Potential determinants include for example the training of teachers (see Section 1.1.2).

Also, the literature typically uses additional school quality measures such as teachers’

experience or teachers’ salary (see, e.g., Card and Krueger; 1996). The use of KMK doc-

umentations or a rather time-consuming investigation of regulations within each federal

state may facilitate a further analysis of underlying mechanisms (e.g., civil servant salary,

curricula contents).

In Section 2 I find a significant correlation of returns to schooling of birth cohorts

1960 to 1980 and PISA test scores of children born in the late 1980s. I cannot disentangle

whether PISA test scores may capture school quality in the federal states or high returns

to schooling of parents may work as an incentive for children to perform better in school.

More research is needed on the contribution of these two mechanisms to students’ PISA

scores. A data set that facilitates the analysis of the different channels includes both, infor-

mation on parents’ wages and children’s PISA scores. Additionally, information on school

quality and the possibility to identify states in the data is necessary. Even if such data is

not available for Germany, Australian students who participated in PISA 2003 to 2009 be-

came starting cohorts for the Longitudinal Surveys of Australia Youth (LSAY). The data

allow an investigation of children’s PISA test scores and later labor market outcomes (see,

e.g., Thomson and Hillman; 2010). The data entail detailed information on family back-

ground and school quality, too. If German states do not provide detailed information on

school quality, analyses are limited to other countries.

Section 3 emphasizes that German institutions hamper the compatibility of work and

family life and may be a driving factor for the negative effect of education on fertility in

Germany. As the promotion of labor market participation and fertility rates are important

policy goals, our study shows that lowering the opportunity costs of child-bearing may
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mitigate negative trends. As we find remarkable differences between Germany and other

developed countries, further research on the driving factors such as non-pecuniary returns

to education is necessary. Yet there is little consensus about the effect of education on

fertility, a meta-analysis may reveal promising policy implications.

Section 3 and 4 underpin that German family policies hamper the compatibility of

work and family life. Although recent reforms aim to reduce opportunity costs of child-

rearing they may have unintended side effects which impose long-run financial disadvan-

tages. The interrelation of various family policy regulations is the driving factor as, e.g.,

income splitting still favors traditional family types whereas new earnings-proportional

parental leave benefits support the economic independence of mothers. Further, although

the 2007 reform reduced opportunity costs of child-rearing, an additional barrier to a full-

time labor market participation of mothers are shortages in child care coverage and rela-

tively high costs of formal child care for 0-3 years old children (Da Roit and Sabatinelli;

2007).

A promising route for further research would be to study how child care costs in-

fluence the decision of mothers to return to work. The provision of child care facilities

has improved substantially over the last decade in Germany and parents even can claim

a child care spot since 2013 (Bauernschuster et al.; 2013). Child care costs have been

largely neglected as an influence on mothers’ labor supply as child care for over 3 years

old children is highly subsidized. However, costs for under 3 years old children are con-

siderably higher and I expect costs to affect mothers labor market participation stronger

(see, e.g., Da Roit and Sabatinelli; 2007).

The interrelation of high child care costs, income splitting imposing disincentives for

employment, and low coverage of child care potentially reinforces a negative effect on

mothers’ labor market participation. Bäcker et al. (2010) exemplify the work disincen-

tives through income splitting. In their example, also the potential role of child care costs

emerges. The authors calculate that a women with gross income of 1,000 EUR gets a

monthly net income of only 590 EUR when a couple uses income splitting (tax bracket
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III for the husband, tax bracket V for the wife). Thus, with joint taxation mothers are

likely to face above-average income tax burdens and disincentives to work especially in

low-wage work (Immervoll and Barber; 2006). Monthly costs of formal child care for 0-3

year olds strongly vary by region and socio demographic background and can be up to

400 EUR per month (Da Roit and Sabatinelli; 2007). Although parents can deduct fees

for formal child care from their yearly taxable income, in the above-mentioned example

additional child care costs create strong disincentives for a return to work.

A huge restriction in the analysis of child care costs is data availability. Although

SOEP and Pairfam ask about hours in child care and satisfaction with child care, the main

limitation is a lack of data on costs. The 2005 child care survey (Kinderbetreuungsstudie)

contains information on costs and labor supply of parents. However, more recent waves of

the survey are not available yet. Another possible data source that might at least facilitate

an analysis of correlation patterns is the Income and Consumption Survey (Einkommens-

und Verbrauchsstichprobe, EVS). The survey asks about household members, labor mar-

ket status, marital status, income, and child care expenses. The EVS data is available for

2008; and soon also for 2013.
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