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Introduction

“Human rights are universal and inalienable. Human Rights standards – to food, health,
education, [...] – are also interrelated. The improvement of one right facilitates advance-
ment of the others. Likewise, the deprivation of one right adversely affects the others.”
(WHO, December 2017)

Health and education are essential for the well-being of the individual and society
as a whole. However, large and persistent heterogeneity around the globe has puzzled
economists for many years now: Where does inequality come from, when did it start,
and how can it be resolved (Spolaore and Wacziarg, 2013)? Identifying the key role of
health and education in fighting inequality (Currie, 2009) was a milestone that readily
raised new questions, among the most important ones: When is the optimal moment
to invest in either one? While earlier work like Coleman (1968) focused on schooling and
adult education, Heckman (2011) documents that human capital benefits of early-childhood
education outweigh later-life education by far. Persson and Rossin-Slater (2018) suggest
that health-related inequality can be traced even further back, up to the prenatal period.

This thesis provides scientific evidence relevant to current policy debates about the
quality of public education and health provision in Germany. Despite Germany’s relative
wealth in global comparison, anecdotal evidence points to deficiencies in both, the health
and the education sector. Addressing these issues, the thesis moves from research on
secondary education, over primary education, to economic implications of birth modes.
All analyses exploit quasi-experimental set-ups with microeconometric methods applied to
(mainly) large-scale registry data.

Education in Germany has seen a series of changes since the 1950s. Many states rolled
out major reforms through which the school entry age was standardized, denominational
schools turned into common schools, a flexible school entrance phase was introduced, etc.
Taken together, schooling reforms changed classroom composition by various dimensions,
especially age, culture, and gender. Hattie (2002) recaps the large but predominantly
observational literature riddled with inconsistent findings. In particular, it remains unclear
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which peer composition dimension is the most relevant one and to which extent they
interact: Is there is a gender-specific component to heterogeneity in terms of age or culture?
This thesis explores quasi-experimental changes in classroom peer composition with and
without a pedagogical framework. Disentangling a multitude of mechanisms, multiple
significant effects on an individual’s success are confirmed and some ambiguities from the
literature are reconciled.2

As for health, in German hospitals the rate of induced labor at childbirth has risen close
to 22.5% in 2019 (DGGG, 2020a), nearly doubling the rate of 1985 (Schwarz, 2008). Staff
shortages alleviated through scheduling labor and other birth interventions are openly
debated.3 However, causal evidence on the impact of non-medically motivated induc-
tion is so scarce that major obstetric induction guidelines rely on observational evidence
or RCTs of disputed internal and external validity.4 Because of data limitations, most
quasi-experimental studies report health effects of immediate induction relative to either
postponed induction or any birth mode after some waiting period.5 This misses out on
the potentially most important impact of induction (alone or in combination with sur-
gical interventions) vs. unassisted labor. To address this issue, this thesis introduces a
new framework to assess the impact of physician-induced demand for labor induction. It
quantifies both, the detrimental effects on a mother’s and her neonate’s health as well as
the extent to which the health effects bounce back on a hospital’s staff capacity through
patient monitoring requirements.

The first two chapters focus on educational attainment driven by heterogeneous class-

2(Quasi-)experimental studies on age heterogeneity effects by, e.g., Checchi and De Paola (2018b) and
Sims (2010) document negative effects. Leuven and Rønning (2016) confirm negative effects on relatively
older students but find positive impacts on younger students, both of which stronger for girls. Targeting
gender heterogeneity directly, Whitmore (2005) finds positive effects of a higher girls’ share. Lee et al.
(2015) and Gneezy et al. (2003) report positive co-education effects for boys and (weakly) negative ones for
girls. Booth and Nolen (2012) support negative impacts on girls, Hill (2015) on both genders. Turning on
cultural heterogeneity, Lavy and Schlosser (2011) find positive effects of gender heterogeneity within Jewish
schools. Figlio and Stone (1999) report overall positive effects of common compared to Catholic schools.

3For anecdotal evidence, see articles headlined ’Die pauschale Geburt’ (FLatrate Birth. Own trans-
lation. Deutsches Ärzteblatt, June 2014) and ’Geburtshilfe: Wenn die Aufnahme in den Kreißsaal vom
Zufall abhängt’ (Obstetric care: When admission to the labor room is left to chance. Own translation.
Süddeutsche Zeitung, September 2017). Scientific evidence linking birth interventions to a hospital’s orga-
nization goes back to (Brown, 1996).

4In response to a large-scale RCT hampered by methodological shortcomings (Carmichael and Snowden,
2019), the DGGG (2020a) and the ACOG (2021) allow offering induction routinely to healthy first-time
mothers at term. In the same guideline, the DGGG (2020a) states that the health sectors’ total costs
arising from routine inductions are still unknown. Notably, the WHO (2018), building on relatively stronger
scientific evidence (Tsakiridis et al., 2020), stuck with a more conservative approach.

5Buckles and Guldi (2017), Jürges (2017), Lynch et al. (2019), Gans and Leigh (2008), and Schulkind
and Shapiro (2014a) find predominantly negative or zero health effects of induction.
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room composition in terms of denomination, age, and gender.6 Chapter 1 studies denomi-
national schools as an important provider of education in many countries around the world.
Due to their focus, these schools often operate with multigrade classes, in which more than
one age cohort is taught in one classroom. Multigrade classes are a cost-effective way to
provide education and play a crucial role in education policy in the context of demographic
change. This chapter presents estimates of the causal effect of attending denominational
schools with multigrade classes on schooling and short-run labor market outcomes. The
analysis combines administrative records of schools with comprehensive population census
data, and exploits the abolition of denominational schools in the Saarland, a German state,
in 1969, for identification of the effect.7 The findings document significantly detrimental
effects on final grade attainment and labor market participation. Notably, the negative
impact is most pronounced in the outcomes of girls.

Chapter 2 provides novel evidence on the causal effect of multigrade teaching in primary
schools on literacy skills by the end of primary school. The analysis is based on student
test score data of more than 68’000 fourth-graders and exploits the staggered introduction
of policies targeted at making entry to primary schools more flexible across German states
between 2001 and 2016 for identification. The results from a difference-in-differences design
document that attending multigrade classes had negative effects on reading test scores and
German grades. These negative effects are again centered on girls.

Chapter 3 studies maternal and neonatal health, including its rebound on staff capac-
ity, in the face of physician-induced demand at childbirth. It documents alarming causal
evidence on the negative consequences of non-medically indicated induced labor (and sur-
gical interventions), first and foremost the increased incidence of severe perineal tearing,
lower APGAR scores, and (following surgical interventions) sizably prolonged postnatal
stays.

Birth interventions are common practice in OECD countries, especially in German
hospitals, where profit-oriented reimbursement schemes and acute staff shortages incen-
tivize intervention for organizational relief. The identification strategy exploits exogenous
variation in staff shortages and physician-specific intervention preferences, both of which
are documented in two years of nationwide comprehensive hospital records. The design
overcomes non-random and interdependent assignment of induced labor with/-out non-
emergency c-sections, and vaginal operations, thereby distinguishing successful inductions
and those leading to surgical delivery. The disaggregated insights from decomposing the

6They are based on joint work with Uwe Sunde and Larissa Zierow.
7Saarland’s reform impacted 95% of schools. However, denomination schools still exist in some states,

nowadays criticized for exploiting their Christian label to discriminate against foreign, mostly Muslim,
children (Spiegel, August 2009).
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most relevant (single and combined) treatment effects confirm that even simple multi-
treatment models are preferable over single-treatment estimation.

Finally, ongoing work by Gerhardts (2024) explores possibly heterogeneous effects
across maternal and hospital strata, most importantly smaller vs. low-quality hospitals,
as well as relatively older, less educated, and single mothers, thereby working towards the
causal link between health and education suggested by Heckman (2007) and Currie (2009).



Chapter 1

Multigrade Classes and Returns to Educa-
tion:
Evidence from the Abolition of Denomina-
tional Schools

1.1 Introduction

Many schools are operated on a basis of multigrade classes. Multigrade teaching repre-
sents a cost-effective way of providing children with education in the context of limited
resources. In fact, in large parts of the world schools with multigrade classes, often run by
different religious denominations, represent the typical way of teaching children. Around
the globe, approximately one third of all classes across all countries, including some of the
more developed countries, are multigrade classes (2005 UNESCO Agenda for Educational
Planning).

Multigrade classes have recently become a principal adjustment device for enrollment
fluctuations also in many parts of Europe where demographic aging puts increasing pressure
on class sizes. Warnings have been raised regarding the potentially detrimental effects of
teaching students of different ages and maturity within the same room. At the same
time, teaching several cohorts in one classroom has been suggested to have advantageous
pedagogical side effects by providing more intense interactions between students of different
ages that foster student-based learning.

Historically, many schools were restricted to particular religious denominations, which
led to a restriction of student numbers, and consequently multigrade teaching, as the
result of religious segregation. With denominational affiliation losing importance, this

This chapter is based on joint work with Uwe Sunde and Larissa Zierow.
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led to the abolition of denominational schools in many parts of Europe. At the same
time, this abolition lifted size restriction and led to the abolition of multigrade classes.
Mixed empirical evidence regarding the effects of abolishing denominational schools with
multigrade classes on subsequent outcomes continues to fuel heated debates regarding the
appropriate school organization.

This paper investigates the impact of the abolition of denominational schools with pre-
dominantly multigrade teaching on the long-term returns to education. The identification
strategy exploits the natural experiment of a large-scale reform that led to the abolition
of denominational schools in the Saarland, a state in Germany, in 1969. Prior to the re-
form, more than 95% of primary and lower secondary schools were church-maintained. In
scarcely populated regions, the strict tracking by religious denomination imposed severe
restrictions on the allocation of students. As a consequence, schools were relatively small,
implying that students of different ages and skills were taught within the same classroom,
i.e. in multigrade classes. The abolition of denominational schools in 1969 led to the
dissolution of hundreds of these rural multigrade schools within less than a year. The
remaining schools obtained a single-grade structure, similar to the larger schools in more
urban environments.

The identification approach exploits differential treatment exposure of students depend-
ing on how many students of the same birth cohort have the same denomination. In more
rural municipalities, multigrade teaching in denominational schools was the norm prior to
1969, but not afterwards. By contrast, in more urban municipalities multigrade teaching
in denominational schools was not necessary due to higher student numbers. To estimate
the effects of the reform on schooling and labor market outcomes we use an enhanced
differences-in-differences approach.

By exploring the heterogeneity of the effects across gender, the evidence also provides
new insights into the roots of gender inequality. In particular, the large-scale natural
experiment enables insights into the socialization mechanisms at school that might lead to
gender differences in labor market participation and occupational choice later on in life.

The empirical analysis is based on a unique combination of administrative records and
comprehensive population census data. The dataset has been collected and digitized specif-
ically for this research project, which to our knowledge is the first to exploit the abolition of
denominational schools as a natural experiment in this context. Using municipality codes
and schools’ denominations, we are able to link individual-level census data on virtually
all of Saarland’s households in 1970 and 1987 to a comprehensive schools’ index that com-
prises more than 7,500 school-year observations on a municipality-denomination-level. The
availability of a wide range of schooling covariates allows us to control for channels like
class size, school size, school consolidation, gender composition, etc. that might confound
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the multigrade effects.
The empirical results suggest that the abolition of multigrade classes had positive effects

on final grade attainment and labor market participation. While all students profited from
the abolition of denominational schools in terms of the higher grade attainment and a
greater likelihood to become a white-collar worker, the effect is notably stronger for girls.
The abolition of denominational schools in municipalities where multigrade teaching was
the norm before 1969 led to an increase in the number of girls who attained a higher
educational degree and a decrease in the number of girls becoming housewives. The results
therefore suggest an interplay of gender socialization and the mode of teaching in terms of
multigrade classes on subsequent outcomes.

The question how denominational schools with multigrade classes affect students’ out-
comes touches upon several research strands related to class composition, educational
infrastructure, peer and tracking studies. Our empirical approach contributes to the lit-
erature in several ways. First, the natural experiment of the sudden abolition of denomi-
national schools allows for a credible identification of the causal impact of denominational
schools with multigrade classes, whereas many existing studies suffer from insufficient ran-
domization which renders identification problematic (mainly because of self-selection). Sec-
ond, we present effects that are placed in a Western European society. Many studies on
multigrade classes with credible identification (due to controlled randomization) have been
conducted mainly in developing countries, at the cost of limited external validity for more
developed countries. Moreover, recent studies on multigrade teaching with credible identifi-
cation focus on short-term educational outcomes. Third, the high-quality dataset covering
virtually the complete population of our region of study minimizes selection and response
biases and affords statistical power whereas existing research mostly relies on evidence
from small samples. Fourth, provided with large-scale evidence, we are able to link gender
mechanisms at school not only to final grade attainment but also to labor market partic-
ipation and occupational choice. Our analysis thereby extends earlier work that mainly
focused on the gender specific effect of class composition on schooling outcomes. Overall,
our results are in line with the findings of earlier studies that suggest rather negative effects
of multigrade classes.

The remaining part of the paper is structured as follows. Section 1.2 gives an overview
of the existing literature on class composition. Section 1.3 describes the institutional back-
ground. Section 1.4 presents the identification strategy, followed by a compact presentation
of the data in Section 1.5. Section 1.6 presents the empirical results, discusses robustness
with respect to sensitivity checks and shows the results of the subgroup analysis. Section
1.7 concludes.
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1.2 Literature Review

Multigrade classes1 produce multiple forms of peer effects. Peer effects are central aspects
of education research. They have been modeled as inputs to the education production
function ever since Coleman (1968) made them popular, among others by Iversen and
Bonesrønning (2015); Jones (2013). There exists relatively less research on peer effects of
class composition than, e.g., on class size (Jones, 2013), but the absolute number of class
composition studies is still vast. Many of those have been criticized for low methodological
quality, however, as detailed in Lindström and Lindahl (2011) or Mason and Burns (1996).
In general, a variety of peer effects can arise in a system of multigrade classrooms which
has been touched upon as follows.

Between-student spillovers may be positive if more knowledgeable, skilled or able class-
mates serve as natural role models (Duflo et al., 2011; Hanushek et al., 2003). Practical
relevance of peer collaboration, however, is told to be rather limited (Hattie, 2002). There
is also evidence that peer effects are rendered negative if age gaps arise due to grade re-
peating and redshirting which is often the case in developing countries (Lavy et al., 2012;
Jones, 2013).

Finally, peer effects among teachers in the sense of shared experiences have been men-
tioned in the multigrade context. The probability of beneficial spillovers prerequisites at
least two teachers per school and is likely to increase in larger teaching staff which puts
rural schools at a disadvantage (McEwan, 2008).

Besides peer effects, also effects of (no) adjustments of teacher training, curricula,
materials and incentives need to be reconsidered upon collapsing the grade level structure.
Traditional teacher colleges prepare single-grade teaching although multigrade teaching
is strategically more demanding and stressful (Mason and Burns, 1996; Russell et al.,
1998). Therefore, it is likely that multigrade schools have negative effects on students if
the pedagogical infrastructure is not adapted to multigrade teaching.

Current research on multigrade classes is frequently located in developing countries.
See Little (2001) or McEwan (2008) for overviews in Africa, Asia and Latin America
respectively. While some randomized control studies conducted in these countries convince
by providing internal validity, their external validity is rarely given.2 First, there are
several institutional deficiencies that make it difficult to compare the examined multigrade

1Multigrade classes, as opposed to single-grade classes (Veenman, 1995), do not sort students by age
and skill. Furthermore, they are created out of some necessity, not pedgogical purpose, as other types of
combination classes are.

2Not only randomized control studies deliver evidence for multigrade effects in developing countries.
Jones (2013) relies on an IV strategy to circumvent selection issues. He presents strongly negative effects
by African overage-for-grade peers thus being supportive of Lavy et al. (2012).
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settings to each other. For example, in some cases the mixed grade levels are not even
adjacent (Mulkeen and Higgings, 2009) which increases the heterogeneity in the classroom
substantially.3 Second, unsafe school ways complicate school attendance asymmetrically
for girls which changes the classroom gender distribution (Mulkeen and Higgings, 2009).
Third, grade attainment may not mean anything regarding knowledge and skills (Jones,
2013). Due to this range of peculiarities in developing countries estimation of the effects
of multigrade classrooms is challenging even to (quasi-)experimental designs that are good
practice in the sense of Angrist (2004).4

Even though the major part of research on multigrade classes studies multigrade set-
tings in development countries multigrade classrooms are also prevalent in more developed
countries. Contemporaneously, multigrade classes make up one third of all classes on earth,
and even in countries like Finland, the Netherlands, India, Peru, Sri Lanka and Pakistan
multigrade predominate single-grade classes (Mulkeen and Higgings, 2009).

Existing studies on multigrade classes that were (mostly) conducted in industrialized
countries up to 1995 are summarized in a meta-analysis by Veenman (1995). He concludes
there are no significant effects on cognitive and/or social-emotional outcomes after averag-
ing over 43 combination class studies meeting his econometric criteria. Apart from being
quite outdated today these criteria were already criticized by contemporary scholars Mason
and Burns (1996). They point out that Veenman (1995) draws on studies that use non-
random samples. They argue that multigrade classes have better teachers and students.
By that the group composition in multigrade classrooms biases an actually negative effect
of less effective teaching in this setting towards zero.5

A rather recent study on combination classes is the one by Lindström and Lindahl
(2011). They rely on survey data and compare non-random but observationally equivalent
single-grade and mixed-age classes in Sweden. They report a negative impact as sizable
as that observed for larger classes in the STAR experiment.6 Another recent approach

3Furthermore, teachers in these countries often undergo very different trainings and the rate of teacher
absence is very high. Enrollment is not compulsory but rather an achievement in itself, at any age (Jones,
2013).

4Vivalt (2015) establishes the overall limited external validity of impact evaluation studies formally.
5Concretely, multigrade teaching is found to cover less curriculum, especially in higher grades. Russell

et al. (1998) back up the hypothesis that multigrade teaching is increasingly detrimental beyond basic
skill acquirement. Furthermore he finds numeracy skills to suffer more than literacy from a multigrade
structure in elementary schooling. To the extent of bias due to peer ability Mason and Burns (1996)’s
critic is mitigated by Cullen et al. (2006). They present evidence from US school choice lotteries claiming
no significant influence on student attainment by higher peer quality associated with the preferred schools.
Their quality indicator measures the difference between (single-grade) classmates’ average test scores after
winning or loosing the lottery. Insignificance applies uniformly to ability, gender and race strata. It is also
robust to all intensities of lottery-induced peer improvement.

6In the STAR framework the presence of about six more students reduces test scores of classmates by 4
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to estimate effects of multigrade classrooms is presented by Leuven and Rønning (2016).
Looking at multigrade schools in Norway they highlight the idea of perspective-dependent
peer instruments obtaining contrastive signs out of the same data. They find younger stu-
dents to benefit from having older ones around while older students get worse results when
younger ones are around.7 Leuven and Rønning (2016) conclude seemingly inconsistent
evidence to be rooted in researchers’ unilateral approaches. Furthermore, they claim to
reconcile the literature finding small but significantly positive peer effects conditional on
an optimal allocation.8 Subsequent investigations by Carrell et al. (2013), however, point
out limitations of peer group interventions as proposed by Leuven and Rønning (2016) in
the face of endogenous subgroup formation. They deliberately allocate weak and strong
ability students enabling theoretically the largest possible spillovers. They do not foresee
more able students to cut less able ones out of their circle leaving them with even worse
academic attainments. Recent work by Checchi and De Paola (2018a) estimate the effect of
multigrade classes on the formation of student cognitive and non-cognitive skills exploiting
institutional features of the Italian educational system establishing a minimum number of
students per class. In a companion paper (Gerhardts et al., 2021b) we provide evidence
on the causal effect of multi-grade teaching in primary schools on literacy skills by the end
of primary school exploiting the variation i policies across the federal states in Germany.

In view of the existing research on multigrade classes our study contributes to the
literature in several ways: Our study focuses on the impact of the multigrade setting in
German schools and uses a natural experiment – the sudden abolition of denominational
schools – for identification of the causal effect of multigrade schools. By contrast, existing
studies like those of Lindström and Lindahl (2011) and Leuven and Rønning (2016) suffer
from insufficient randomization and rely on selection-on-observables methods which render
causal identification problematic. Furthermore, we present effects of multigrade classes
that are placed in a Western European society while those studies on multigrade classes
with credible identification have been conducted mainly in developing countries. But, as
described above, there are quite a few limitations of the institutional settings in these

percentage points in the first year and 1 additional percentage point in subsequent years (Krueger, 1999).
7Concretely, they refer to Sims (2010) deriving negative impacts from measuring exposure to lower

grade levels thus taking the perspective of the harmed older students. Along the same pattern Thomas
(2012) is expected to find positive peer effects because he considers higher grade levels that are taught
together with the treated younger students.

8Similarly Duflo et al. (2011) uncover contrastive spillover effects for high and low achievers in In-
donesian (single-grade) schools. However, after taking into account lasting consequences of more adequate
curricula (detailed in Glewwe et al. (2009)) and teachers’ tendency to teach to the top of the class, Duflo
et al. (2011) find tracking to be beneficial for all students. Yet another (single-grade) example where cur-
riculum adjustments persistently outweigh peer effects is presented by Cortes and Goodman (2014) looking
at US schools.
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countries which diminishes the external validity of the findings for industrialized countries.
Additionally, we possess a high-quality dataset covering virtually the complete population
of our region of study. Thus, we do not have to deal with selection and response biases as
much as studies relying on survey data (such as Lindström and Lindahl, 2011).

Another advantage of being provided with large-scale evidence is that we are able to
explore the effects of multigrade classrooms not only with respect to final grade attain-
ment (as most existing research is confined to) but also to labor market participation and
occupational choice. Extending the multigrade analysis to an interplay of medium-run
outcomes (as pioneered in other contexts by Clark and Del Bono, 2016; Greenwood et al.,
2016) is new to the literature.

1.3 Institutional Background

This section describes the school reform in the region of our study, the framework of
schooling laws, as well as potential confounders, using information from various sources.

Prior to the reform in 1969, almost all Volksschulen sorted students by denomination.
This allocative restriction created multigrade classes in regions with a low population
density. Figure 1.1 provides a first overview of the prevalence of multigrade classes in
the Saarland prior to the reform.9 With few exceptions denominational schools played a
role only in the lowest educational track. For a concise description of ability tracking in
German schools see Pischke and Wachter (2005).10

Schools providing primary or lower secondary education were uniformly labeled Volkss-
chule, see Figure 1.A.1 in the appendix for a more details on the distribution of school types
over time.

Prior to the abolition of denominational schools, the treatment exposure (the prob-

9Rural Volksschulen create a multigrade setting not supported by pedagogical adjustments. First,
the schools’ records do not provide any evidence for adjustments. Moreover, albeit this is no rocket-
science, there do exist alarming hints about amateurishly adapted teaching practices, available at http:
//www.spiegel.de/spiegel/print/d-46265072.html (01 May 2015). which highlights the comparability
problem to mixed-age classes (Mulkeen and Higgings, 2009).

10Multigrade classes in remote regions pool children of very different abilities. Do the observed spillovers
of our study provide guidance for inclusion of handicapped children as well? This depends on the multigrade
school employing a full inclusion policy. Iversen and Bonesrønning (2015) explore spillovers in Norwegian
elementary schools where special education happens to be integrated within ordinary classrooms. They
find that spillovers interact with the level of special education provided. In Germany the Volksschule and
special schools are kept apart. After reforming lower secondary education the separation persists (Figure
1.A.1). Thus the insights by Iversen and Bonesrønning (2015) formalize the lack-of-comparability argument
forwarded in Veenman (1995) by which he excludes studies on gifted as well as handicapped children from
his synthesis.

http://www.spiegel.de/spiegel/print/d-46265072.html
http://www.spiegel.de/spiegel/print/d-46265072.html
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Figure 1.1: Mixed Grade Levels by Denomination

Mixing 7 Grade Levels

Mixing 6 Grade Levels

0
50

0
1,

00
0

1,
50

0
2,

00
0

Schools

Catholic Protestant Other

0 1 2 3 4 5 6 7 8

Notes: This figure shows the prevalence of multigrade teaching prior to the reform in 1969 by denomination.

The category ’Other’ mainly consists of non-denominational schools. Each color represents the amount of

grade levels that were taught together. Red, for instance, shows the number of schools that were teaching 5

grade levels simultaneously.

Source: Schools’ Index 1964-1986. Own calculations.

ability of being taught in a multigrade school) of students was dependent on how many
students of the same birth cohort had the same denomination – due to the legal obligation
to teach Catholics and Protestants separately.11 In sum, 75% of schools in the Saarland
resolved to a multigrade structure prior to the reform in 1969, all of which were schools
in more rural regions. Denominational schools in more urban regions, by contrast, were
characterized by a single-grade structure.

The reform of 1969 had a direct impact on schools offering basic education. Inducing
a change in students’ distribution across school types it also indirectly affected higher
education though. When denominational schools were legally abolished in various states
all over Germany, this raised hot debates and interventions on behalf of the church and

11Verfassung des Saarlandes (1947) Art. 27 (Amtsbl. des Saarlandes, Nr. 41) Vom 05.11.1969, available
at http://www.verfassungen.de/de/saar/saarland47-index.htm (23 May 2015).

http://www.verfassungen.de/de/saar/saarland47-index.htm
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Figure 1.2: Mixed Grade Levels by Treatment Probability over Time: Catholic Students
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ing the number of mixed grade levels) over time by treatment probability (in quartiles). The treatment

probability depends on the number of schools in a municipality-denomination-cohort-cell that were offering

multigrade teaching prior to the reform.

Source: Schools’ Index 1964-1986. Own calculations.

parents likewise12 but in the Saarland the reform was carried out neatly.
Due to the reform the number of multigrade schools decreased by two thirds in less

than a year and from 1974 onwards the share of multigrade schools was negligible. Thus,
the reform changed the learning environment for children in more rural regions where
multigrade schools predominated prior to the reform in 1969 substantially. Tiny schools
were wrapped up into normal-size ones reducing the number of village schools by more
than 50% while diminishing the frequency of more urban schools only moderately. In
consequence, from 1974 onwards the prevalence of multigrade teaching was close to zero in
both treated and control regions, see Figure 1.2 for the development of multigrade teaching
in Catholic schools over time and Figure 1.3 for the case of Protestant schools.13

12http://www.spiegel.de/spiegel/print/d-46369565.html (01 May 2015).
13Tables 1.A.1, 1.A.2 and 1.A.3 in the appendix compare the number of mixed grade levels in treated and

control regions prior and after 1969 separately for Catholic, Protestant and (the few) non-denominational
schools.

http://www.spiegel.de/spiegel/print/d-46369565.html
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Figure 1.3: Mixed Grade Levels by Treatment Probability over Time: Protestant
Students
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playing the number of mixed grade levels) over time by treatment probability (in quartiles). The treatment

probability depends on the number of schools in a municipality-denomination-cohort-cell that were offering

multigrade teaching prior to the reform.

Source: Schools’ Index 1964-1986. Own calculations.

The abolition of denominational schools left some villages without an own school al-
together and required their children to become commuters. Having to commute anyway
changed relative commuting costs to higher education schools that might previously have
been prohibitive. Attending a restructured Volksschule or even opting for a higher educa-
tion school, either way rural students were taught in much more homogeneous classes.

All key features of schools are summarized in Tables 1.1 and 1.2, partitioning the
universe of Volksschulen into four groups, namely treated and control schools, each before
and after 1969 (and separately for Catholic and Protestant schools).14 As the tables show,
by construction the reform reshaped the educational infrastructure in multiple ways and
also implied more students and more teachers per school in absolute terms (EENEE, 2015).
For example in the case of Protestants living in treated municipalities where multigrade

14The key features of non-denominational schools are shown in Table 1.A.4 in the appendix.
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Table 1.1: School Characteristics by Treated and Control Status of Catholic Students

PRE REFORM POST REFORM
Control Treated Diff. t-stat Control Treated Diff. t-stat

Class Size 37.509 34.42 -3.089 (-9.987) 23.24 21.701 -1.539 (-8.478)
Pupils/Teacher 36.354 34.621 -1.733 (-5.678) 20.076 21.002 .926 (4.471)
Pupils/School 369.435 109.818 -259.617 (-47.896) 284.636 127.83 -156.806 (-28.302)
Girls’ Share .527 .49 -.037 (-6.04) .48 .49 .01 (4.738)
Female Teachers’ .459 .427 -.033 (-3.965) .526 .529 .004 (.471)
Share
Teachers/School 10.125 3.056 -7.069 (-48.393) 14.292 6.155 -8.137 (-29.917)
Observations 1216 1021 2667 872

Notes: A student is defined as treated if she is living in a municipality where all schools of her denomination were
multigrade schools throughout all years prior to the reform in 1969. In this table, only Catholic students and the
schools they attended are considered.
Source: Schools’ Index 1964-1986. Own calculations.

Table 1.2: School Characteristics by Treated and Control Status of Protestant Students

PRE REFORM POST REFORM
Control Treated Diff. t-stat Control Treated Diff. t-stat

Class Size 32.409 31.009 -1.4 (-3.193) 23.045 22.344 -.7 (-3.913)
Pupils/Teacher 31.465 31.404 -.061 (-.105) 20.336 20.215 -.122 (-.599)
Pupils/School 270.118 88.962 -181.156 (-27.511) 252.835 226.88 -25.955 (-4.335)
Girls’ Share .51 .494 -.016 (-1.933) .483 .483 0 (-.06)
Female Teachers’ .517 .463 -.054 (-4.265) .526 .528 .002 (.288)
Share
Teachers/School 8.607 2.772 -5.835 (-27.904) 12.599 11.414 -1.185 (-3.986)
Observations 374 448 2607 932

Notes: A student is defined as treated if she is living in a municipality where all schools of her denomination were
multigrade schools throughout all years prior to the reform in 1969. In this table, only Protestant students and
the schools they attended are considered.
Source: Schools’ Index 1964-1986. Own calculations.

teaching was the norm prior to the reform, average school size increased from 89 students
per school to 227 students per school and from 2.8 teachers per school to 11.4 teachers
per school (see Table 1.2). At first sight surprisingly, average class size shrank because
the inflow of remote area children into more urban school districts was mitigated by a
demographic decline in enrollment. It drastically reduced overall class size from 39 (1964) to
19 (1986) students on average, but the relative change was identical for treated and control
regions. However commuting students coming from remote areas might have encountered
higher quality peers from more urban municipalities (Leuven and Rønning, 2016).

For the comparison between treated municipalities (where multigrade teaching was the



Multigrade Classes and Returns to Education 19

norm prior to 1969) and control municipalities (where single-grade teaching was the norm
prior to 1969) to make sense a common trend between those regions is essential. The
1960s are called the decade of educational expansion and changes over time are indeed
tremendous. We exploit that the reform eradicates multigrade classes which creates an
asymmetry between otherwise parallel worlds. The following important education laws in
the Saarland are all implemented well before the reform is rolled out in 1969 and they
maintain a common denominator for treated and control municipalities – those with and
those without a history of multigrade schools – over time.

To begin with the Compulsory School Entry Age fixes enrollment into primary school
to age six with minor exceptions referring to each June’s 30th as cut-off date.15 Next
Compulsory Schooling Duration requires that students stay in school for at least nine years
and passing the ninth grade is rewarded with a lower secondary degree. It turns out that
roughly 4:1 students finish a ninth grade already before the law inures in 1965 (Pischke and
Wachter, 2005). However its implementation requires two short school years that actually
compress schooling duration in 1966/67. Then, No Tuition Fees guarantee basic education
to be free of charge, independent of the school being state- or church-maintained.16 It
limits the influence of parents’ financial constraints and prevents a selection by the fee
itself. Finally, Limited School Choice of the parents is achieved by allocating students over
schools based on catchment areas.17 To choose a certain Volksschule by its reputation
would require the household to move into that school’s catchment area. Rothstein (2006)
investigates parental preferences over school choice and establishes that peer groups matter
even more than schools’ effectiveness. This underlines the importance of student allocation
by catchment areas because it mitigates parental choice effects which interfere with the
core mechanism of multigrade classes. Jointly these laws provide accuracy in comparing
schooling circumstances. This is an advantage compared to class composition studies of
developing countries.

We analyze a period of more than two decades of schooling conditions. Our setup is
robust to symmetric shocks. When screening the most influential historical events that
could have had asymmetric impacts on treated and control municipalities, a primary con-
cern relates to fluctuations in economic activity centered in urban regions. The coal and
steel crises depressed the Saarland even more than the rest of Germany (Lichtblau, 2009).
They caused dramatic peaks in unemployment and overshadowed positive shocks such as
the construction of the Ford plant or the infrastructure improvement by the Saar Canal.

15§2 Satz 1 Gesetz Nr. 826 Schulpflichtgesetz available at http://sl.juris.de/cgi-bin/landesrecht.
py?d=http://sl.juris.de/sl/gesamt/SchulPflG_SL.htm#SchulPflG_SL_rahmen (12 June 2015).

16§1 Satz 1 Gesetz Nr. 662 Schulgeldfreiheit available at http://sl.juris.de/cgi-bin/landesrecht.
py?d=http://sl.juris.de/sl/gesamt/SchulGFrhG_SL.htm (12 June 2015).

17§29 Satz 2 Schulordnungsgesetz vom 5. Mai 1965.

http://sl.juris.de/cgi-bin/landesrecht.py?d=http://sl.juris.de/sl/gesamt/SchulPflG_SL.htm#SchulPflG_SL_rahmen
http://sl.juris.de/cgi-bin/landesrecht.py?d=http://sl.juris.de/sl/gesamt/SchulPflG_SL.htm#SchulPflG_SL_rahmen
http://sl.juris.de/cgi-bin/landesrecht.py?d=http://sl.juris.de/sl/gesamt/SchulGFrhG_SL.htm
http://sl.juris.de/cgi-bin/landesrecht.py?d=http://sl.juris.de/sl/gesamt/SchulGFrhG_SL.htm
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Geographic controls measuring the distance to former major smelting works, direct access
to the river, etc. are one possible solution to control for these changes. It is worth mention-
ing that despite of these shocks the Saarland was politically nearly perfectly stable (ibid).
Only the very last year of our study’s time horizon is subject to a different government,
therefore we expect its influence to be limited. The advantage of exploring inner-state
differences becomes obvious here. By construction, many complicating aspects like tax
schedules causing potential problems in Abramitzky and Lavy (2011), etc. are taken care
of from the start.

1.4 Empirical Model

The key empirical question refers to the comparison of the performance of students in a
multigrade environment to a single-grade environment, which is less heterogeneous in terms
of birth cohorts. We tackle this question estimating a triple differences (DDD) model that
exploits exogenous variation in the probability to be a multigrade student over time, region
and age group.
Let Y1imdcy represent individual i’s outcome in municipality m with denomination d, be-
longing to cohort c and age group y if she attended a multigrade school and Y0imdcy

otherwise.
A student is defined as treated if she is living in a municipality where all schools of her

denomination were multigrade schools throughout all years prior to the reform in 1969. If in
one municipality there was one Protestant school teaching at least two grade levels jointly
in all pre-reform years, then a Protestant student will be labeled as living in a multigrade
municipality. This is still true if in the same municipality there exist Catholic schools
which might be single-grade schools. This definition underlies the balancing tables 1.1,
1.2 and 1.4. It ensures that within a treatment-municipality-denomination-cohort cell the
probability to attend a multigrade school was 100%.18 Yet, this definition might be overly
retrictive as it dismisses multigrade exposure whenever the probability was not 100%. In
other words, citing the example from above, even if only in one year prior to the reform the
Protestant school obtained a single-grade structure the Protestant student will be labeled
as non-treated. Therefore, building on the binary defnition we employ two alternative
continuous treatment indicators in our regressions.19 Consider a municipality with two

18We estimate an intentention-to-treat effect. Apart from the standard assumptions for multiple differ-
ences analyis our setup requires two non-technical assumptions. First, pre-reform denomination of student
and school coincide and second, the likelihood for treated and control students to start their own household
follows a common trend while they are under-age. Conditional on these assumptions the probability to be
treated assigned by the binary multigrade indicator is 100%.

19The binary treatment indicator is used in a robustness check. The results do not provide additional
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Protestant schools, school A with 90 and school B with 10 students. The school-based
indicator corresponds to the share of multigrade schools, the student-based indicator to
the share of multigrade students of the respective municipality-denomination-cohort cell.
Table 1.3 shows which indicator behaves more conservative, in the common computational
scenarios.

Table 1.3: Treatment Status by Alternative Multigrade Indicators

Multigrade Indicator
Multigrade School? Binary School-based student-based
Case I
Both A, B 1 1 1
Case II
School A 0 0.5 0.9
Case III
School B 0 0.5 0.1
Case IV
Neither A nor B 0 0 0

Note: Fictitious example considering a municipality with two
Protestant schools, school A with 90 and school B with 10 stu-
dents. The continuous school-based indicator corresponds to
the share of multigrade schools, the continuous student-based
indicator to the share of multigrade students of the respective
municipality-denomination-cohort cell.

The binary indicator underlying our balancing tests is very conservative in assigning
treatment status. Thus, it is most likely to reveal significant differences that potentially
create non-common trends. Nevertheless, as any binary indicator, it disregards that treat-
ment probability is gradual. Therefore it should be modeled as a continuous variable, just
as we do in our preferred specifications discussed in this paper. As Table 1.3 shows the
school-based indicator computes the probability to attend a multigrade school based on the
number of schools per municipality-denomination-cohort cell (MDC). The student-based
indicator models the probability to attend a school within a MDC cell to be proportional
to the school’s size, as a proxy for its capacity to take in students. Note however that the
latter need not be a better indicator per se. Smaller multigrade schools were often much
more extreme in collapsing grade levels than larger schools had to be. This motivates to
condition on treatment intensity, something we are still working on. Of course treatment
probability and treatment intensity are two different things. This is just one example to
point out that apart from school size there exist multiple factors influencing the possible
multigrade experience of a student. From this perspective, the school-based indicator is

insights and are available upon request.
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just a neutral and thus very useful benchmark.
We estimate the reform effect in a regression with Multigrademd ∈ [0, 1], a continuous

variable measuring the likelihood of being taught in a multigrade class, the binary variable
c ∈ {Pre, Post(Reform)} and the binary variable y ∈ {Y oung,Old}, and a triple interac-
tion, reflecting the DDD estimator. Post equals one for observations of the 1987 Census
and zero for 1970. Young equals one for people aged fifteen to twenty in either census year
and is zero for people aged 32 to 37 years.

Yimdcy = β0 + β1Multigrademd + β2Postc + β3Y oungy

+ β12MultigrademdPostc + β13MultigrademdY oungy + β23PostcY oungr

+ βMultigrademdPostcY oungy︸ ︷︷ ︸
Dmdcy

+ψm + ϵimdcy (1.1)

To account for time-invariant confounders at the municipality level, we include munic-
ipality fixed effects ψm. To allow for correlation of errors within municipality we cluster
on the municipality level (335 clusters).

Identification is thus based on the contrasts across municipalities with a different cov-
erage of multigrade schools prior to the reform, age groups, and time. We estimate the
DDD baseline reform effect including just the main effects Multigrade, Post, Young and
their interaction terms.

We proceed by estimating the multigrade effect in more extensive specifications that
include additional individual controls from population census data. These include Age,
Age Square, Young at School Entry, Female, Catholic and German. Young at School Entry
relates birth month and school entry cutoff date to indicate if a student is relatively young
within her cohort. Combining this with administrative data from school records allows
us to include additional controls. These comprise municipality-denomination-cohort level
regressors Class Size, School Size (defined as the number of students) Girls’ Share and
Female Teachers’ Share. We furthermore account for Potential Commuting Costs which
we define as the average distance to the nearest Realschule or Gymnasium net of the
distance to the nearest Volksschule.

The identifying assumption of our DDD strategy is that multigrade exposure is as good
as randomly assigned conditional on observables and unobservable-but-fixed confounders.
Adding a control group of elder people nets out region-specific changes that are not rooted
in schooling conditions themselves. An example would be a boost in multigrade munic-
ipalities’ neighborhood quality induced by state-level interventions to counteract drift to
the cities (characterized by single-grade schools). The setup still requires unobservable
asymmetries in teaching effectiveness and ability differences between multigrade munici-



Multigrade Classes and Returns to Education 23

palities’ and single-grade municipalities’ students to be time-constant, because – with only
two periods in which region-specific outcomes are measured – trends are not identified,
a drawback detailed in Stephens and Yang (2014). Moreover we rely on the aforemen-
tioned student allocation via catchment areas to ensure that students do not choose their
school, and thus their multigrade exposure. To sum up, for multidimensional differencing
to be applicable group composition needs to be spatially stable as well as groups should
follow a common trend over time. Furthermore we assume zero conditional mean, additive
separability and a constant, weakly monotone causal effect β.

1.5 Data

This section describes the data. Via municipality codes we combine two censuses and one
schools’ statistics, all of which are comprehensive, high-quality administrative datasets.20

Outcomes21

We construct schooling and labor market outcomes using individual-level census data from
1970 for the baseline and from 1987 for the follow-up cohorts. The data is available via
remote execution at the German Federal Statistical Office. To evaluate final grade attain-
ment we consider two separate dummies, namely (1) attainment of Mittlere Reife or Fach-/
Abitur (i.e. at least an intermediate secondary degree) and (2) attainment of Fach-/ Abitur
(i.e. at least a high-school degree). Looking at grade attainment instead of years of school-
ing reflects longer schooling net of grade repetition and also identifies dropouts (EENEE,
2015). There are no test scores in the data. If there were, however their predictive power
might have been limited anyway by grading on a reference curve, especially in a multigrade
class, because relative grading depends on the presence of more advanced peers (Leuven
and Rønning, 2016). Importantly, peer effects may trigger social competences not captured
by test scores but perhaps reflected in post-schooling attainment. We therefore also use
labor market outcomes to assess lasting or reemerging effects of schooling similar to Chetty
et al. (2014a). In order to analyze labor market participation we use binary indicators on
unemployment and labor market participation. Given labor market entry we distinguish
further between blue- and white-collar occupations to capture the socio-economic status
of the occupation. Note that wages are not reported in the Census 1987.22 Table 1.4

20Volkszaehlungsgesetz 1970 vom 14. April 1969 (BGBl. I S. 292); Volkszaehlungsgesetz 1987 vom 8.
November 1985 (BGBl. I S. 2078).

21Nearly all our outcomes are binary. Accordingly, the OLS regressions represent linear probability
models (LPMs) which means that causality draws on the CIA, predictions may violate the [0,1] range and
the error term is heteroskedastic (Angrist and Pischke, 2008).

22For a follow-up version of this paper, we consider to assign a standard income range based on each
observation’s meticulously reported profession (ISCO 88) for income mobility analysis in the sense of Chetty
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shows descriptive evidence on the differences between treated and control individuals with
respect to their schooling and labour market outcomes. It shows that treated individuals
prior to the reform were less likely to hold at least a Realschule degree (RS degree) than
control individuals. Furthermore, they were more likely to have a blue-collar job and less
likely to have a white-collar job. According to the descriptive statistics, these differences
were less pronounced after the reform. In fact, after the reform treated individuals are
more likely to hold at least a Realschule degree than control individuals.

Table 1.4: Descriptive Statistics: Treatment, Outcomes and Controls

PRE REFORM POST REFORM
Control Treated Diff. t-stat Control Treated Diff. t-stat

Treatment Indicators
MDC MG School Share .259 1 .741 (397.086) .028 .122 .094 (59.844)
MDC MG Pupil Share .088 1 .912 (821.797) .005 .064 .06 (53.115)
Outcomes
At least RS Degree .094 .08 -.014 (-5.298) .371 .392 .021 (3.751)
At least A-levels .009 .007 -.002 (-1.834) .067 .069 .002 (.614)
Employed .651 .653 .001 (.328) .688 .707 .019 (3.674)
Non-Participant LM .071 .07 -.001 (-.349) .045 .032 -.013 (-5.694)
Blue-Collar Job .514 .548 .034 (7.485) .525 .538 .013 (2.313)
White-Collar Job .407 .364 -.043 (-9.674) .428 .428 0 (-.019)
Controls
15-17 Year-olds .417 .43 .013 (2.919) .218 .227 .009 (1.966)
1 VS in MDC cell .297 .902 .604 (156.353) .325 .82 .495 (97.561)
Mun: max.5000 inh. .233 .882 .649 (178.032) .307 .893 .586 (121.127)
Female .498 .488 -.011 (-2.376) .449 .435 -.014 (-2.442)
Age 17.846 17.794 -.052 (-3.58) 18.566 18.518 -.048 (-3.276)
Young Within Cohort .396 .402 .007 (1.489) .372 .38 .008 (1.513)
Catholic .804 .692 -.112 (-30.104) .804 .682 -.123 (-26.083)
Protestant .187 .292 .106 (28.829) .17 .277 .107 (23.929)
German .967 .979 .012 (7.898) .952 .968 .016 (7.055)
Single .895 .893 -.002 (-.75) .944 .951 .007 (2.654)
Household Size 4.376 4.65 .274 (15.244) 3.742 4.039 .297 (19.378)
MDC Class Size 37.037 34.447 -2.59 (-77.175) 23.215 22.337 -.878 (-52.595)
MDC Pupils 380.272 133.094 -247.178 (-252.53) 296.094 170.926 -125.168 (-112.362)
MDC Girls Share .531 .494 -.037 (-71.901) .482 .486 .005 (22.21)
MDC Fem.Teachers Share .477 .405 -.072 (-73.767) .531 .514 -.016 (-11.977)
Commuter to VS .045 .173 .128 (55.238) .03 .339 .308 (96.759)
Commuting to VS (km) .132 .521 .389 (48.743) .054 .996 .942 (55.032)
Commuting to RS (km) 3.045 6.412 3.368 (82.812) 1.909 3.915 2.006 (53.953)
Commuting to Gym (km) 2.604 6.383 3.779 (95.454) 2.672 5.12 2.448 (50.949)
Commuter .566 .664 .098 (21.521) .649 .71 .062 (11.168)
Observations 54465 15694 30245 10456

Notes: In this table, we differentiate between control and treated students (between 15 and 20 years old) pre and
post to the reform in 1969. A student is defined as treated if she is living in a municipality where all schools of her
denomination were multigrade schools throughout all years prior to the reform in 1969. MDC = municipality-
denomination-cohort, MG = multigrade, VS = Volksschule, RS = Realschule, Gym = Gymnasium, LM = labor
market.
Source: Integrated dataset of Census 1970 and 1987 and Schools’ Index 1964-1986. Own calculations.

et al. (2014b).
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Treatment Indicator

We determine each individual’s likelihood for having been a multigrade student – con-
sidering each individual’s municipality and denomination – computing two alternative
continuous treatment indicators as explained in Section 1.4. The school-based indicator
corresponds to the share of multigrade schools, the student-based indicator to the share
of multigrade students of the respective municipality-denomination-cohort cell (MDC).23

Table 1.4 shows that on average 26% of those students defined as control by the binary
indicator are assigned a positive treatment probability by the school-based indicator. In
contrast, 8.8% of those students defined as control by the binary indicator are assigned a
positive treatment probability by the student-based indicator.

Controls

Using data from Saarland’s Statistical Office, we obtain records on all primary and
lower secondary schools from 1964 to 1986. Key figures like the numbers of male and
female students and teachers, the number of classes, school’s type, denomination and
address are given for each school on an annual basis yielding more than 7500 school-year
observations.24 The school’s address enables us to average over schooling conditions of
schools of a given denomination in a given municipality in a given year. We then group the
years into pre and post reform and match them to individuals in the baseline and follow
up cohorts respectively via the municipality code while also considering an individual’s
denomination.25 Importantly, for 80% of all schools (attended by roughly 50% of all
students) a unique mapping between a student of a given denomination and the school of
her denomination is possible (i.e. there is no need to match the student to an average of
school characteristics of two or more schools of her denomination).

By help of the schools’ records we compute pre- and post-reform municipality-denomination-
cohort (MDC) averages of class size, student-teacher ratio, school size (in terms of number
of students), girls’ share and female teachers’ share. Table 1.4 compares the main schooling
characteristics between schools in treated and control municipalities. Importantly, class
size, the principal rivaling input when estimating the effect of multigrade schools, is a
bit lower in treated regions (on average, there were 2.6 students less per class). Since a
smaller class size has presumably beneficial effects on students’ achievement, this fact will

23See Table 1.3 for gaining an intuition of the different behavior of both indicators.
24We exclude special schools. Records for the years 1971/72 are missing completely. For 1966 one fifth

of the data is missing but without region-specific missing patterns.
25In order to calculate average post-reform schooling conditions, we take schools’ records from 1973-1986

into account. The cohorts of interest analyzed out of the 1987 Census are at most 20 years old in 1987
implying they entered primary school earliest in 1973.
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rather lead to underestimating the effects of the abolition of multigrade classes when not
controlling for class size.

The census data provide us with a set of individual-level controls all displayed in Table
1.4, most of which are commonly used and self-explanatory. The differences between
treated and control individuals are in line with expectations: Treated individuals are more
likely to live in municipalities with less than 5,000 inhabitants (88% vs. 23%), and are
more likely to have only one Volksschule (VS) in their municipality-denomination-cohort
cell (MDC), namely by 90% vs. 30%. Moreover, treated individuals are less likely to be
Catholic (70% vs. 80%).

Here we briefly discuss those controls with non-standard implications. In our setting,
some standard controls like household size and marital status are potentially bad control
because the reform likely affects marriage and/or fertility behavior (Lundborg et al., 2012).
The bad control case is even more pronounced for potential commuting costs. Students
forced to commute are facing different effort costs than those attending school in direct
vicinity. So continuing school at all is decided on altered premises. Simultaneously the
implicit ’vicinity bonus’ of lower secondary schools over higher education schools disappears
in rural regions. Commuting anyway, ability-based school choice seems more natural than
it has been with a Volksschule at walking distance and higher education schools at multiple
kilometers’ distance. Therefore we control for the distance to the nearest Realschule and/or
Gymnasium. Importantly, however, we only include household size, marital status and
commuting costs in an extended version of our regressions because we cannot rule out they
are bad controls.

Sample Restrictions

Census data virtually cover all Saarlanders in each of the two survey years providing
us with an unrestricted sample exceeding two million observations. We drop individuals
younger than fifteen years because that is the minimum age for the outcomes we observe.
Furthermore it is crucial to drop individuals between 21 and 32 years for two reasons.
First, before turning 21, people are still underage26 such that their mobility is low. This
matters because census data provide the municipality code of current residence and of
school attendance. Fortunately, the residence-of-household definition ties children to their
parents’ address until they begin their own household.

Nevertheless, concerned with individuals moving reform-induced away from more rural
regions (characterized by a higher likelihood of offering multigrade teaching) to urban

26Legal definition as of 1970. For a subset of outcomes we run robustness checks restricting the sample
to below 18 years, the legal threshold valid in 1987. This imitates what Lundborg et al. (2012) do facing
the same problem.
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regions we impose that underage restriction. It leaves us with a sample of main interest
consisting of five consecutive birth cohorts with individuals who are between fifteen and
twenty years old in either census. All of them attend primary and lower secondary school
either strictly before or strictly after the reform takes place.
Second, although there is no panel structure at the individual level, observations of the
1970 Census reappear in the survey of 1987. Individuals between 32-37 years olds in 1987
have been past schooling age already in 1970 and are therefore untreated in either census.
By construction their mobility cannot change reform-induced, so it is safe to include them
as a control group. However the case is much more complicated for individuals between
21 and 32 years old in 1987. They have been partially treated because they are still in
lower secondary school when the reform is rolled out in 1969. With respect to multigrade
exposure they fall into a transition period with exceptional schooling conditions due to
fundamental restructuring. Therefore, we exclude them from our sample. Note that the
seventeen-year elapse between both censuses is just short enough to preclude that parents of
the post-cohorts have already been treated. Otherwise multi-generational class composition
effects could accumulate, a channel established in Lundborg et al. (2012). Admittedly,
the framework cannot rule out general equilibrium effects, a caveat that needs further
investigation.

We furthermore restrict the sample to individuals for whom we have information on
the outcomes of interest. In the end, our final dataset consists of 287,153 individuals when
combining both age groups. When taking only into account the younger individuals of
both censuses (aged between 15-20 years) the sample consists of 111,081 individuals.

1.6 Results

This section presents estimates of the impact of the abolition of multigrade schools on
schooling and labor market outcomes. Our findings are in line with the literature suggesting
a negative net effect from multigrade classes whenever other education inputs are not
adapted accordingly. We show that results are robust to the inclusion of a wide range
of individual characteristics and schooling covariates. Moreover we stratify the sample
to investigate heterogeneity of the multigrade effect across subgroups. Throughout, we
show (1) estimates of the DID estimation (i.e. not including the 32-37-year-olds as control
group) using the school-based multigrade indicator, (2) estimates of the DDD estimation
using the school-based multigrade indicator, (3) estimates of the DDD estimation using
the student-based multigrade indicator. The multigrade indicators are calculated from the
share of multigrade schools and multigrade students respectively. The latter respects the
number of students (school size) upon averaging. Both indicators are continuously defined
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over 0 and 1 and measure each individual’s multigrade exposure/treatment probability
precisely.

Overall Results

Schooling Outcomes
Table 1.5 presents the main results based on the whole sample. We show estimates of the
two different continuous DDD specifications (using the student-based multigrade indicator
and the school-based multigrade indicator respectively) as well as estimates of a DID spec-
ification (using the school-based multigrade indicator). For each specification, we show
estimates of the baseline approach (not including any controls), the core controls approach
(not including potentially bad controls, see Section 1.5) and the extended controls approach
(including all controls).27 DID as well as DDD regression results displayed in Table 1.5
suggest that the abolition of denominational schools favorably influenced degree attain-
ment. This finding is remarkably robust across our different specifications. According to
the estimated coefficients the change from a multigrade school system to a single-grade
school system significantly raised the average probability of attaining an intermediate sec-
ondary degree (Mittlere Reife or Abitur) by 7-11 percentage points (ppt), depending on
the specification. The effect on having attained a high-school degree (Abitur) is also pos-
itive and indicates that the switch to a single-grade school system led to an increase of
students holding a Abitur of around 5 ppt. A natural explanation of this finding would be
that individuals spend more time on schooling because single-grade classes improve basic
training. This in turn makes superior educational attainment accessible.

Professional Outcomes
The estimates in Table 1.5 show that the reform did not change the overall probability
of being employed. Yet, we observe a reform-induced increase of the likelihood of hold-
ing a white-collar job and a reform-induced reduction of the likelihood of becoming a
non-participant in the labor market (in other words, in the case of women, becoming a
housewife). Interestingly, the labor market estimates get more precise and larger when
adding the control group of elder people, i.e. turning from the DID-estimation to the
DDD-estimation. This indicates that the increased take-up of white-collar jobs is not
due to a region-specific labor market trend. The global gain in white-collar employment
seems to be partly driven by female labor market participation which is reflected in the

27We present the overall results for all three approaches. In the cases of the sensitivity analysis and
the subgroup analysis, however, we only display the results of regressions including the core controls. The
results of the other specifications are available upon request.
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Table 1.5: Overall Effects on Schooling and Labour Market Outcomes of
15-20-Year-Olds

Schooling Labor Market
M.Reife/Abitur Abitur Employed Blue-Collar White-Collar Non-Participant

DDD (pupil-based)
Baseline 0.112*** 0.0375 0.00277 -0.0165 0.0473 -0.0254

[0.0367] [0.0242] [0.0395] [0.0284] [0.0311] [0.0194]
Core Controls 0.112*** 0.0407* 0.0187 0.00427 0.0463 -0.0457**

[0.0363] [0.0239] [0.0446] [0.0253] [0.0304] [0.0191]
Extended Controls 0.111*** 0.0409* 0.0153 -0.00264 0.0463 -0.0391**

[0.0367] [0.0235] [0.0423] [0.0250] [0.0287] [0.0160]
DDD (school-based)
Baseline 0.0903*** 0.0520** 0.0296 -0.0285 0.0529** -0.0194

[0.0290] [0.0229] [0.0330] [0.0241] [0.0267] [0.0171]
Core Controls 0.0898*** 0.0534** 0.0371 -0.0162 0.0528** -0.0320**

[0.0286] [0.0225] [0.0348] [0.0233] [0.0262] [0.0162]
Extended Controls 0.0912*** 0.0529** 0.0396 -0.0193 0.0514** -0.0280**

[0.0287] [0.0223] [0.0333] [0.0227] [0.0242] [0.0140]
DID (school-based)
Baseline 0.0868*** 0.0117 0.0515 -0.0242 0.0543* -0.0164

[0.0281] [0.0122] [0.0384] [0.0271] [0.0296] [0.0130]
Core Controls 0.0823*** 0.0115 0.0443 -0.00480 0.0358 -0.0187

[0.0286] [0.0124] [0.0359] [0.0264] [0.0303] [0.0116]
Extended Controls 0.0817*** 0.0113 0.0324 -0.00750 0.0354 -0.0178**

[0.0281] [0.0121] [0.0365] [0.0261] [0.0278] [0.00794]
Municipality FE Yes Yes Yes Yes Yes Yes
N (DDDpupil) 287153 287153 287153 287153 287153 287151
N (DDDschool) 287153 287153 287153 287153 287153 287151
N (DID) 111081 111081 111081 111081 111081 111079
Cluster (DDDpupil) 337 337 337 337 337 337
Cluster (DDDschool) 337 337 337 337 337 337
Cluster (DID) 333 333 333 333 333 333
Adj.R2 (DDDpupil) 0.129 0.0797 0.276 0.289 0.0931 0.510
Adj.R2 (DDDschool) 0.129 0.0797 0.276 0.289 0.0931 0.510
Adj.R2 (DID) 0.181 0.0660 0.172 0.234 0.189 0.550

Notes: This table shows in the upper part estimates of the DDD estimation using the student-based multigrade indicator,
then it shows the estimates of the DDD estimation using the school-based multigrade indicator and in the bottom part
it shows the estimates of the DID estimation (i.e. not including the 32-37-year-olds as control group) using the school-
based multigrade indicator. The multigrade indicators are calculated from the share of multigrade schools and multigrade
students respectively. For each specification, the table shows estimates of the baseline approach (not including any controls),
estimates of the core controls approach (not including potentially bad controls) and estimates of the extended controls
approach (including all controls).
Standard errors are clustered at the municipality level and are shown in parenthesis: *p < 0.10, ** p<0.05, ***p<0.010.
Source: Integrated dataset of Census 1970 & 1987 and Schools’ Index 1964-1986. Own calculations.

housewife/non-labor-market-participation status declining by 3 ppt. Below, we discuss
channels of gender-specific responsiveness to the treatment in more detail. In sum, results
suggest that reform-induced higher educational attainment led to an increase of better
qualified employment.28

28The importance to assess general equilibrium effects for policy recommendations is detailed in Heckman
et al. (1998). As mentioned before the sizable period elapsing between pre- and post cohorts’ outcomes
heightens the probability that general equilibrium effects understate or overstate positive effects from
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Sensitivity Analysis

Table 1.A.5 in the appendix shows the results of the main regressions – using the core
controls approach – when restricting the sample in two different ways. For the sample
used for regressions in the upper part of Table 1.A.5, we only take into account individuals
for whom the municipality where they went to school is definitely known, i.e. we can
exclude migration in order to take up employment elsewhere. This implies that this group
of individuals represents a negative selection – they might be more afraid to move away
from home or do not have sufficiently good skills to get employed elsewhere. The results in
Table 1.A.5 are in line with this negative selection argument. While we observe a similar
reaction to the switch from multigrade to single-grade teaching in terms of the attainment
of a higher secondary degree, the labor market response is much smaller than for the whole
sample. For results in the bottom part of Table 1.A.5, we restrict the sample to those
individuals who live in those municipalities in which a unique mapping between individual
and school is possible (since there is at maximum one school per denomination prior to
the reform). This restriction makes a clean attribution of school controls possible. The
disadvantage of this restriction is that we are left with the very small municipalities, and
face, again, the problem of negative selection: those students staying in small villages are
probably less ambitious. The results in Table 1.A.5 are very similar to the overall findings
in Table 1.5. In contrast to the upper part of Table 1.A.5 we also find a significant negative
effect on the likelihood to become a housewife/non-participant in the labor market.

Subgroup Analysis

Related studies motivate robustness checks by gender and denomination which we present
in the following.

Boys & Girls
While the reasons for gender-specific reactions to education policies are still debated their
existence has been shown repeatedly. Along these lines Angrist and Lavy (1999) find
incentives pushing college certification rates only for Israeli girls. Deming et al. (2014)
document gender-dependent attainment gains in US post-secondary education where only
girls respond to higher school quality. These findings are complemented by relatively higher
female responsiveness to tracking (Duflo et al., 2011). However Whitmore (2005) draws on
the STAR experiment to single out gender-neutral gains by class size reduction. As shown
in Table 1.A.6 in the appendix, Saarland’s data confirm girls’ final grade attainment to

improved education. Disentangling the partial effect we are interested in and the general effect offsetting
it requires a joint estimation of skill supply and demand elasticity. The latter lies - for now - beyond the
scope of our study.



Multigrade Classes and Returns to Education 31

improve more strongly than that of boys in the case of secondary education. While the
switch from a multigrade system to a single-grade system led to a 11-16 ppt increase in
a girl’s likelihood to attain at least a secondary degree, it increased a boy’s likelihood to
attain such a degree by only 5-8 ppt which is already strong. Regarding the probability
of attaining at least a high-school degree (Abitur), however, girls fare somewhat worse.
Interestingly, as regards labor market outcomes, we do not observe large differences across
gender and, moreover, the coefficients are not significant when splitting the sample. Yet,
results in Table 1.A.6 show that the switch from a multigrade school system to a single-
grade school system decreased the likelihood of becoming a housewife/non-participant in
the labor market significantly for girls, but not for boys. What are potential explanations
for girls benefiting more than boys from the disappearance of multigrade teaching? One
possibility refers to girls being on average higher achieving than boys. Analogously it
could be that their trajectories of improved education inputs are steeper. The literature
also suggests girls to be less competitive than boys (Leuven and Rønning, 2016). Thus
learning in highly heterogeneous multigrade groups might be more demanding for them.
Consequently, they profit more from the switch to single-grade classes.

Catholics & Protestants
Table 1.A.7 in the appendix shows the estimated coefficients for the sample stratified by
denomination. Overall, it indicates that both groups of individuals benefited from the
reform in terms of their educational outcomes. Surprisingly, Protestants seem to have
gained by much more than Catholics did. Moreover, Table 1.A.7 shows insignificant and
close-to-zero labor market effects for Catholics, while it indicates large and significant
reform-induced gains for Protestants. What are potential explanations of this finding?
Again, as in the case of explaining larger benefits of the reform accruing to girls than to
boys, it could be that Protestant students are on average higher achieving than Catholic
students and are therefore responding more to an increase of inputs into their education
production function. This touches upon the Weber Hypothesis of Protestants’ inherently
superior work ethics, see Becker and Woessmann (2009) who connect wide-spread literacy
to Protestants’ prosperity. In a follow-up version of this paper, we will offer more evidence
to gain a deeper understanding of the reasons for the heterogeneity of our findings with
respect to denomination.

1.7 Conclusion and Outlook

This paper addresses the question how attending a multigrade school affects school at-
tainment and labor market outcomes, and whether there are any differences by gender or
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denomination in this effect. To answer this question our analysis exploits the abolition
of Saarland’s denominational schools as a natural experiment that overcomes the main
challenges of impact evaluations for policy design (McEwan, 2008).

The reform produces a sharp treatment effect, in terms of the variation of the re-
duced probability to attend a multigrade class caused by an exogenous event, namely the
abolition of denominational schools. Based on a legal change that is rapidly and compre-
hensively accomplished the setup provokes, if any, negligible anticipation or conditional-
on-participation effects. Highly accurate school-level data allow us to control for rivaling
changes in the educational infrastructure that are also implied by abandoning denomina-
tional tracking. The estimation approach based on triple differences plausibly identifies
causal links between treatment and outcome candidates. Our results are remarkably robust
across specifications and unambiguously suggest single-grade classes to be more beneficial
for students’ educational and labor market outcomes. Due to the reform treated stu-
dents shift away from obtaining only a lower secondary degree (Volksschulabschluss) and
a blue-collar job. Their probability to attain at least an intermediate secondary degree
(Realschulabschluss) and to become a white-collar employee increases significantly when
switching from a multigrade school system to a single-grade school system. Stratifying the
main sample the emerging patterns line up with asymmetric treatment responses observed
in related studies. Splitting the sample by denomination suggests that Protestant students
profited more from the reform than Catholic students did. Moreover, we show that girls
were more affected by the switch from a multigrade to a single-grade school system than
boys. Our research approach provides external validity for the European context, which
is particularly relevant in the light of the ongoing demographic change. To our knowledge
this is the first study to exploit a large-scale experiment on multigrade classes in Ger-
many. Policy interest in combination classes spans the globe but major empirical research
is located in developing countries. Therefore, it suffers from limited external validity for
the Eurpean context as third-world schooling bears many peculiarities. Saarland’s data
date back to the 1960s but the insights provided seem still easier adaptable for use in
Europe. The village schools we observe are much more likely to produce positive peer
effects than schools in developing countries doomed by overage-for-grade students. Our
findings nevertheless suggest that a beneficial multigrade system needs strategic adjust-
ments. We conclude that peer effects based on student collaboration alone are no panacea
which refutes the argument that reallocation is a costless way to improve education.

Still, there are some open questions that we want to address in a follow-up version of
this paper: Why do we observe stronger effects of the reform for Protestants? So far, we
did not consider the pure effect of the abolition of denominational schools, but assume
that the effects we find are the result of the disappearance of multigrade schools due to the
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abolition of denominational teaching. Yet, it might be that part of the multigrade effect
is due to denominational teaching methods (that had a different impact in treated and
control groups). Future research will thus try to disentangle the denominational effect from
the multigrade effect. Furthermore, we will investigate in more depth why the shift from
multigrade teaching to single-grade teaching has larger effects for girls. Using German data
of the PIRLS study (Progress in International Reading Literacy Study) we will investigate
whether gender-specific effects of multigrade teaching already arise at a young age. In
particular, we will use the variation in the introduction of multigrade teaching in primary
schools across German states between 2000 and 2010.
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1.A Appendix

Table 1.A.1: Mixed Grade Levels by Treated and Control Status of Catholic Students

PRE REFORM POST REFORM
Control Treated Diff. t-stat Control Treated Diff. t-stat

Mixed Levels/School .986 5.571 4.585 (57.118) .049 .226 .177 (10.436)
Not Mixing .704 0 -.704 (-49.25) .977 .834 -.143 (-16.189)
Mixing Two Levels .1 .032 -.067 (-6.304) .012 .107 .095 (13.586)
Mixing Three Levels .048 .045 -.003 (-.296) .006 .06 .053 (10.011)
Mixing Four Levels .02 .072 .053 (6.119) 0 0 0 (-.572)
Mixing Five Levels .027 .105 .078 (7.648) .001 0 -.001 (-.991)
Mixing Six Levels .03 .139 .109 (9.623) .003 0 -.003 (-1.718)
Mixing Seven Levels .038 .245 .207 (15.104) 0 0 0 (-.572)
Mixing Eight Levels .025 .244 .218 (16.455) 0 0 0 (.)
Mixing All Levels .008 .118 .109 (11.312) 0 0 0 (.)
Observations 1216 1021 2667 872

Notes: A student is defined as treated if she is living in a municipality where all schools of her denomination were
multigrade schools throughout all years prior to the reform in 1969. In this table, only Catholic students and the
schools they attended are considered.
Source: Schools’ Index 1964-1986. Own calculations.

Table 1.A.2: Mixed Grade Levels by Treated and Control Status of Protestant Students

PRE REFORM POST REFORM
Control Treated Diff. t-stat Control Treated Diff. t-stat

Mixed Levels/School 1.61 5.806 4.196 (29.635) .087 .109 .023 (1.352)
Not Mixing .58 0 -.58 (-24.854) .94 .945 .005 (.571)
Mixing Two Levels .078 .027 -.051 (-3.347) .035 .034 -.001 (-.136)
Mixing Three Levels .059 .038 -.021 (-1.402) .024 .008 -.016 (-3.087)
Mixing Four Levels .035 .056 .021 (1.431) 0 .001 .001 (1.673)
Mixing Five Levels .08 .083 .002 (.124) 0 .003 .003 (2.901)
Mixing Six Levels .067 .138 .072 (3.339) .001 .008 .007 (3.513)
Mixing Seven Levels .07 .252 .183 (7.165) 0 .001 .001 (1.673)
Mixing Eight Levels .019 .25 .231 (9.919) 0 0 0 (.)
Mixing All Levels .013 .156 .143 (7.302) 0 0 0 (.)
Observations 374 448 2607 932

Notes: A student is defined as treated if she is living in a municipality where all schools of her denomination were
multigrade schools throughout all years prior to the reform in 1969. In this table, only Protestant students and
the schools they attended are considered.
Source: Schools’ Index 1964-1986. Own calculations.



Table 1.A.3: Mixed Grade Levels by Treated and Control Status of
Non-Denominational Students

PRE REFORM POST REFORM
Control Treated Diff. t-stat Control Treated Diff. t-stat

Mixed Levels/School 1.29 4.259 2.969 (8.423) .071 .239 .168 (7.613)
Not Mixing .623 0 -.623 (-9.717) .95 .881 -.07 (-5.943)
Mixing Two Levels .058 .121 .063 (1.25) .031 .064 .033 (3.611)
Mixing Three Levels .101 .121 .019 (.342) .018 .031 .013 (1.89)
Mixing Four Levels .043 .103 .06 (1.31) 0 .002 .002 (2.616)
Mixing Five Levels .029 .155 .126 (2.563) 0 .007 .007 (4.54)
Mixing Six Levels .101 .155 .054 (.905) .001 .013 .012 (4.865)
Mixing Seven Levels .029 .224 .195 (3.532) 0 .002 .002 (2.616)
Mixing Eight Levels .014 .121 .106 (2.494) 0 0 0 (.)
Mixing All Levels 0 0 0 (.) 0 0 0 (.)
Observations 69 58 3087 452

Notes: A student is defined as treated if she is living in a municipality where all schools of her denomination
were multigrade schools throughout all years prior to the reform in 1969. In this table, only non-denominational
students and the schools they attended are considered.
Source: Schools’ Index 1964-1986. Own calculations.

Table 1.A.4: School Characteristics by Treated and Control Status of
Non-Denominational Students

PRE REFORM POST REFORM
Control Treated Diff. t-stat Control Treated Diff. t-stat

Class Size 31.087 31.397 .31 (.478) 23.017 21.788 -1.23 (-5.216)
Pupils/Teacher 31.043 32 .957 (1.377) 20.312 20.252 -.06 (-.223)
Pupils/School 321.826 149.81 -172.016 (-7.972) 251.168 210.701 -40.467 (-5.127)
Girls’ Share .493 .473 -.02 (-2.031) .483 .483 0 (.052)
Female Teachers’ .574 .437 -.137 (-5.42) .522 .559 .037 (3.807)
Share
Teachers/School 10.188 4.655 -5.533 (-8.269) 12.539 10.564 -1.975 (-5.042)
Observations 69 58 3087 452

Notes: A student is defined as treated if she is living in a municipality where all schools of her denomination
were multigrade schools throughout all years prior to the reform in 1969. In this table, only non-denominational
students and the schools they attended are considered.
Source: Schools’ Index 1964-1986. Own calculations.



36 Multigrade Classes and Returns to Education

Figure 1.A.1: Main School Types’ Distribution Over Time
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Table 1.A.5: Effects on Schooling and Labour Market Outcomes – Alternative Sample
Restrictions

Schooling Labor Market
M.Reife/Abitur Abitur Employed Blue-Collar White-Collar Non-Participant

CERTAIN RESIDENCE
DDD (pupil-based)
Core Controls 0.106*** 0.0284 -0.00849 -0.00316 0.0417 -0.0308

[0.0342] [0.0199] [0.0535] [0.0337] [0.0482] [0.0390]
DDD (school-based)
Core Controls 0.0660** 0.0284 0.00131 0.0169 0.00293 -0.0153

[0.0285] [0.0183] [0.0422] [0.0235] [0.0356] [0.0293]
DID (school-based)
Core Controls 0.0940*** 0.00913 0.0589** 0.00972 -0.00211 -0.00702

[0.0289] [0.0116] [0.0258] [0.0306] [0.0359] [0.0190]
UNIQUE MAPPING
DDD (pupil-based)
Core Controls 0.0840** 0.0251 -0.000134 -0.00807 0.0548* -0.0439**

[0.0352] [0.0221] [0.0457] [0.0263] [0.0314] [0.0201]
DDD (school-based)
Core Controls 0.0529* 0.0210 0.0114 -0.00196 0.0413 -0.0355**

[0.0276] [0.0184] [0.0371] [0.0220] [0.0258] [0.0162]
DID (school-based)
Core Controls 0.0652** 0.0136 0.0155 -0.00340 0.0272 -0.0161

[0.0259] [0.0118] [0.0355] [0.0280] [0.0311] [0.0109]
Municipality FE Yes Yes Yes Yes Yes Yes
CERTAIN RESIDENCE
N (DDDpupil) 132717 132717 132717 132717 132717 132716
N (DDDschool) 132717 132717 132717 132717 132717 132716
N (DID) 62445 62445 62445 62445 62445 62444
UNIQUE MAPPING
N (DDDpupil) 125976 125976 125976 125976 125976 125975
N (DDDschool) 125976 125976 125976 125976 125976 125975
N (DID) 48836 48836 48836 48836 48836 48835

Notes: This table shows the results when restricting the sample in two different ways. In the upper part, only those
individuals are taken into account for whom the municipality where they went to school is definitely known, i.e. we
can exclude migration in order to take up employment elsewhere. In the bottom part, the sample is restricted to those
individuals who live in those municipalities in which a unique mapping between individual and school is possible (since
there is at maximum one school per denomination prior to the reform). In each part, first estimates of the DDD estimation
using the student-based multigrade indicator are shown, then the estimates of the DDD estimation using the school-based
multigrade indicator and then the estimates of the DID estimation (i.e. not including the 32-37-year-olds as control group)
using the school-based multigrade indicator. The multigrade indicators are calculated from the share of multigrade schools
and multigrade students respectively. For each specification, the estimates of the core controls approach (not including
potentially bad controls) are shown.
Standard errors are clustered at the municipality level and are shown in parenthesis: *p < 0.10, ** p<0.05, ***p<0.010.
Source: Integrated dataset of Census 1970 & 1987 and Schools’ Index 1964-1986. Own calculations.
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Table 1.A.6: Effects on Schooling and Labour Market Outcomes – Stratified by Gender

Schooling Labor Market
M.Reife/Abitur Abitur Employed Blue-Collar White-Collar Non-Participant

BOYS
DDD (pupil-based)
Core Controls 0.0712** 0.0467 0.0236 -0.0286 0.0248 0.00828*

[0.0355] [0.0285] [0.0465] [0.0346] [0.0328] [0.00442]
DDD (school-based)
Core Controls 0.0693** 0.0681** 0.0404 -0.0494 0.0486 0.00624

[0.0318] [0.0277] [0.0361] [0.0371] [0.0358] [0.00433]
DID (school-based)
Core Controls 0.0554* 0.0135 0.0671* 0.00760 0.00457 -0.00439**

[0.0326] [0.0160] [0.0407] [0.0346] [0.0353] [0.00191]
GIRLS
DDD (pupil-based)
Core Controls 0.159*** 0.0384 0.00721 0.0365 0.0655 -0.0953***

[0.0469] [0.0243] [0.0689] [0.0390] [0.0534] [0.0343]
DDD (school-based)
Core Controls 0.116*** 0.0411* 0.0304 0.0172 0.0542 -0.0666**

[0.0390] [0.0241] [0.0500] [0.0269] [0.0422] [0.0325]
DID (school-based)
Core Controls 0.116*** 0.00641 0.0179 -0.0202 0.0762* -0.0378

[0.0350] [0.0144] [0.0511] [0.0369] [0.0452] [0.0232]
Municipality FE Yes Yes Yes Yes Yes Yes
BOYS
N (DDDpupil) 146633 146633 146633 146633 146633 146631
N (DDDschool) 146633 146633 146633 146633 146633 146631
N (DID) 58042 58042 58042 58042 58042 58040
GIRLS
N (DDDpupil) 140520 140520 140520 140520 140520 140520
N (DDDschool) 140520 140520 140520 140520 140520 140520
N (DID) 53039 53039 53039 53039 53039 53039

Notes: This table shows the results when stratifying the sample by gender. For each subgroup, first estimates of the DDD
estimation using the student-based multigrade indicator are shown, then the estimates of the DDD estimation using the
school-based multigrade indicator and then the estimates of the DID estimation (i.e. not including the 32-37-year-olds as
control group) using the school-based multigrade indicator. The multigrade indicators are calculated from the share of
multigrade schools and multigrade students respectively. For each specification, the estimates of the core controls approach
(not including potentially bad controls) are shown.
Standard errors are clustered at the municipality level and are shown in parenthesis: *p < 0.10, ** p<0.05, ***p<0.010.
Source: Integrated dataset of Census 1970 & 1987 and Schools’ Index 1964-1986. Own calculations.
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Table 1.A.7: Effects on Schooling and Labour Market Outcomes – Stratified by
Denomination

Schooling Labor Market
M.Reife/Abitur Abitur Employed Blue-Collar White-Collar Non-Participant

CATHOLICS
DDD (pupil-based)
Core Controls 0.0726** 0.0239 0.0132 0.0158 0.0120 -0.0292

[0.0360] [0.0244] [0.0424] [0.0277] [0.0335] [0.0199]
DDD (school-based)
Core Controls 0.0658** 0.0354* 0.0328 -0.0000945 0.0192 -0.0173

[0.0274] [0.0202] [0.0330] [0.0238] [0.0273] [0.0164]
DID (school-based)
Core Controls 0.0800*** 0.00828 0.0430 -0.00836 0.0352 -0.0142

[0.0282] [0.0126] [0.0358] [0.0271] [0.0304] [0.0104]
PROTESTANTS
DDD (pupil-based)
Core Controls 0.299*** 0.0335 -0.216 -0.0993 0.150 0.0131

[0.0888] [0.0543] [0.174] [0.0818] [0.103] [0.0664]
DDD (school-based)
Core Controls 0.110* 0.0735 -0.0744 -0.108* 0.138** 0.00421

[0.0588] [0.0553] [0.0985] [0.0617] [0.0609] [0.0371]
DID (school-based)
Core Controls 0.0332 0.0328 0.138 0.0658 -0.0303 -0.0366

[0.0836] [0.0386] [0.114] [0.0684] [0.0796] [0.0390]
Municipality FE Yes Yes Yes Yes Yes Yes
CATHOLICS
N (DDDpupil) 217373 217373 217373 217373 217373 217371
N (DDDschool) 217373 217373 217373 217373 217373 217371
N (DID) 86288 86288 86288 86288 86288 86286
PROTESTANTS
N (DDDpupil) 61070 61070 61070 61070 61070 61070
N (DDDschool) 61070 61070 61070 61070 61070 61070
N (DID) 22837 22837 22837 22837 22837 22837

Notes: This table shows the results when stratifying the sample by denomination. For each subgroup, first estimates of the
DDD estimation using the student-based multigrade indicator are shown, then the estimates of the DDD estimation using
the school-based multigrade indicator and then the estimates of the DID estimation (i.e. not including the 32-37-year-olds
as control group) using the school-based multigrade indicator. The multigrade indicators are calculated from the share of
multigrade schools and multigrade students respectively. For each specification, the estimates of the core controls approach
(not including potentially bad controls) are shown.
Standard errors are clustered at the municipality level and are shown in parenthesis: *p < 0.10, ** p<0.05, ***p<0.010.
Source: Integrated dataset of Census 1970 & 1987 and Schools’ Index 1964-1986. Own calculations.



Chapter 2

Effects of Multigrade Classes in Primary
Schools on Educational Outcomes

2.1 Introduction

multigrade teaching with more than one age group attending the same class is common
practice in most countries around the world. A considerable proportion of pupils in primary
schools in developing countries including India, Peru, Sri Lanka and Pakistan, but also in
developed countries including Finland, the Netherlands, the UK and Germany, experience
teaching of more than one age cohort of pupils in one classroom (see, e.g., Little, 2004;
Mulkeen and Higgings, 2009, for an overview). The determinants of multigrade teaching are
diverse, and range from lack of teachers, rural depopulation, and adjusting to enrollment
fluctuations in the context of demographic change, to pedagogical arguments related to
peer effects. While multigrade teaching has been advocated since the 1920s as a way
to overcome disadvantages of single-class teaching and to foster the potential of pupil
interactions, the evidence on the effects of multigrade teaching on academic performance,
particularly among primary school children, is mixed. Findings of potentially detrimental
effects of attending multigrade classes on subsequent outcomes has led to heated debates
regarding the appropriateness of multigrade teaching as a legitimate goal of education
policies (see Carle and Metzen, 2014, for a recent survey of the pedagocial literature).

This paper provides novel evidence on the causal effect of multigrade teaching in pri-
mary schools on literacy skills by the end of primary school. The analysis is based on
student test score data of more than 68’000 fourth-graders from Germany. To measure
educational outcomes, the analysis considers the performance of fourth-graders, which
constitute an important determinant for sorting into the different secondary school tracks,

This chapter is based on joint work with Uwe Sunde and Larissa Zierow.
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which typically occurs after fourth grade. We combine data originally collected within the
PIRLS framework (Progress in International Reading Literacy Study) and the IQB Laen-
dervergleich (a German National Student Assessment). In particular, we use test scores
for reading skills at the end of fourth grade, German grades at the end of fourth grade,
teachers’ recommendations for the secondary school track, as well as enjoyment of school
as outcomes variables. The analysis makes use of the 2001, 2006, 2011 and 2016 cohorts of
fourth-graders, for whom these outcomes are observed, and matches these students with
self-collected information about the respective state reforms introducing multigrade classes
in primary school to obtain information about the treatment status.

The identification is based on the repeated comparison of fourth grade student cohorts
from schools spread over all states of Germany. The identifying variation is the result of
a natural experiment that occurred in the context of the staggered introduction of flexible
school entrance levels across German states between 1997 and 2010. This experiment
delivers quasi-random variation in the exposure to multigrade teaching that rules out
typical concerns related to selection. The staggered introduction provides variation in
treatment exposure that allows us to eliminate state and time fixed effects. Maintaining the
standard common trend assumption across states the regional variation in the treatment
reveals the causal impact of the experience of multigrade teaching along the lines of an
intention-to-treat analysis.

The results document that exposure to multigrade teaching has detrimental effects on
educational outcomes measured at age 10 (end of fourth grade). On average, multigrade
teaching in the first years of primary school entails a significant and robust negative effect
on reading test scores of about 6% of a standard deviation, and a significant negative effect
on German grades by 1/9 of a standard deviation. The effects are more pronounced for
girls and show little heterogeneity with respect to parental background characteristics.

The results of our study contribute to the literature in several ways. Early work on the
effects of multigrade teaching often fails to identify causal effects because of selection into
multigrade classes (Veenman, 1995; Mason and Burns, 1996).1 To address this issue, Sims
(2010) made use of an instrumental variable strategy based on class size caps imposed by
the California Class Size Reduction Program and shows that multigrade classes negatively
affect test scores in Grades 2 and 3. Relying on survey data and comparing non-random
but observationally equivalent single-grade and mixed-age classes in Sweden, Lindström
and Lindahl (2011) report a sizable negative impact. Recent work by Leuven and Rønning
(2016) has made use of discontinuous grade mixing rules in Norwegian junior high schools
(grade 7-9). Their results document positive effects of multigrade teaching on young stu-
dents, but negative effects on more mature students within a class. Using a minimum class

1For a comprehensive overview of the literature on multigrade classes, see also Gerhardts et al. (2021a).
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size rule in Italy which leads to multigrade classes, Checchi and De Paola (2018a) find neg-
ative effects of multigrade teaching on numeracy of fifth-graders. Our results add to this
small number of studies that report causal evidence on the impact of multigrade classes
by using the setting of staggered German state reforms to identify the causal impact of
multigrade classes on performance of fourth-graders in Germany. In light of the ongoing
debate among German education scientists, this evidence sheds new light on the effects in
various dimensions.

Our evidence on the short-run effects of multigrade teaching in Germany complements
the findings of a companion study on the long-term effects of multigrade classes (Gerhardts
et al., 2021a). In Gerhardts et al. (2021a), we find that the abolition of denominational
schools implied the abolishment of multigrade classes in the German state Saarland in
1969. Using this setting, we show that multigrade teaching has a causal negative impact
on the students’ educational and labour market outcomes measured in adult age, which
is especially pronounced for women. The results presented here are consistent with these
finding of negative effects of multigrade classes lasting into adulthood and document that
the negative effects can be traced to the exposure to multigrade teaching during primary
school.

The remaining part of the paper is structured as follows. Section 2.2 describes the
institutional background. Section 2.3 provides details on the two data sources we use and
presents our identification strategy. Section 2.4 presents the main empirical results and
shows the results of the subgroup analysis. Section 2.5 discusses the results of several
robustness tests. Section 2.6 concludes.

2.2 Institutional Background

2.2.1 The German School System

In Germany, education policy is the responsibility of federal states. This implies that
each of the country’s 16 federal states is solely responsible for its respective school system.
Although differences exist across states, the general structure is still rather uniform. Before
school, the large majority of children attends kindergarten. While only about 35% of
children aged 1–3 years receive day care, 92.5% of children aged 3–6 attend kindergarten or
receive another form of day care.2 Usually at the age of six, children are enrolled in primary
school. After four years at primary school, i.e., typically at age 10, the school system
tracks children into three secondary school tracks: lower secondary school (Hauptschule),

2https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Soziales/Kindertagesbetreuung/
_inhalt.html

https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Soziales/Kindertagesbetreuung/_inhalt.html
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Soziales/Kindertagesbetreuung/_inhalt.html
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intermediate secondary school (Realschule), and high track grammar school (Gymnasium)
in which students attain the university entrance qualification (Abitur).3 The selection into
a particular track is based on ability. Teachers in primary school recommend the highest
school track they deem to be suitable for the child.4 In light of this, our analysis makes
use of fourth-graders’ test scores as well as of teacher recommendations for the track in
secondary schools as outcomes for the analysis of the effects of multigrade teaching on
educational outcomes and opportunities.

2.2.2 The Reforms under Study

Reasons for the Introduction

In 1997, the Standing Conference of the Ministers of Education and Cultural Affairs of the
Länder in the Federal Republic of Germany (Kultusministerkonferenz) discussed several
national and international studies which showed that children with low socio-economic
backgrounds were disadvantaged in the German school system (Wagener, 2014). Further-
more, since the 1990s an increase in the heterogeneity of abilities and skills at the time
of enrollment was observed. As a result, among others, for 8–12% of children at school
entrance age, enrollment to primary school was postponed by one year. To counteract on
this development, the ministers of education agreed on lowering the school entry age and
introducing the so-called flexible school entry stage. This concept would have implied that
children could enroll in primary school also without a school entry examination certifying
their school readiness5 and that their time in grade 1 and grade 2 could be set individually.
Children of both grades would be mixed and some of them would stay in this stage for
one year and others for up to three years. The pedagogical arguments for such a change
included that the flexible entry stage allowed to provide special support to children at the
beginning of their academic education. The hope was that multigrade classes could take
into account the substantial heterogeneity in abilities, social background, and interest of
enrolling children. This was supposed to happen through the optimal support of both high
and low achieving students by giving the former the possibility to keep pace with students

3In the city state Berlin and in Brandenburg, primary school lasts for six years before selection into
higher tracks.

4In some federal states, this recommendation acts as a limit for the schooling available to the child.
Parents are subsequently responsible for choosing their child’s secondary school track from the (limited)
set of available school tracks.

5The school entrance examination is a mandatory medical screening meant to promote children’s health
by diagnosing medical anomalies and providing necessary treatment as early as possible. It is conducted
by pediatricians employed by the local health service who document children’s development including their
"readiness" for primary school. The examination takes place in the year prior to entering primary school
when children are on average six years old.
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in second grade and hereby foster their intrinsic motivation and supporting the latter via a
more intense education as well as giving them more room for their personal development.
The goal of the reform was thus to smooth out potential differences in knowledge and skills
directly at the beginning of the school careers in order to ensure a good knowledge in basic
skills for all children.

However, in the end not all states introduced this flexible entry stage as a mandatory
system. Almost all states implemented pilot projects to test the idea of having a multigrade
classroom at the beginning of primary school. In sum, the flexible school entrance stage
was present in approximately 20 percent of all primary schools nation-wide since the first
reforms.

Reactions to the Reforms

Politicians, teachers, and parents reacted all very differently to the introduction of the
flexible school entry stage. On the positive side, some hoped that age heterogeneous
learning groups could especially help pupils with lower skills or knowledge, because older
classmates explain topics more intuitively and less abstract than teachers. It was argued
that also more advanced children could benefit from these learning groups. Furthermore,
the lower level of competition among pupils due to different tasks and lacking comparison
of their grades was regarded as a beneficial development.

On the negative side, however, the flexible school entry age implied more effort and
preparation time for teachers. It turned out to be more difficult to teach a class with a
more heterogeneous age and skill structure. Often, older pupils cannot or do not want to
help their younger classmates because of lacking empathy or patience (Heinzel and Koch,
2017).

To the best of our knowledge, no causal evaluations of the flexible school entrance
stage in Germany have been conducted. The existing descriptive studies do not provide
a clear result on whether multigrade classrooms at the beginning of primary school have
any beneficial effects and whether they reduce educational inequality (Helbig and Nikolai,
2015).

Reform Timing

After the Kultusministerkonferenz in 1997, all states except of one (the Saarland) intro-
duced multigrade teaching in a flexible school entrance system in some pilot schools. Yet, as
Table 2.1 shows, only few states introduced a flexible school entrance stage as a mandatory
system.
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Table 2.1: Multigrade Teaching in Flexible School Entrance Levels - Reform Overview

State Year Flexible School Entrance Reform Mandatory Optional

Baden- Since 1997 Model Projects in 82 schools none none
Wurttemberg

Bavaria 2010-2014 Model Projects in 20 schools none none
2017 Number of schools gradually extended until 2017
2019 216 schools

Berlin Since 1992 Model Projects in 340 schools cohort 2011 cohorts 2011,2016
2005 State-wide implementation
2010 Choice between FSE and Traditional System

Brandenburg 1992-1995 Pilot Projects in 2 schools cohort 2016 cohort 2016
1999-2002 Model Projects in 2 schools
2000-2004 Extension to 20 schools
2003 Extension to 139 schools
2010 State-wide implementation

Bremen 1993-1995 Model Projects in 2 schools none cohorts 2011,2016
2005 Optional for all primary schools

Hamburg 1994-1996 Model Projects in 2 schools none none

Hesse 1994-1998 Model Projects in 6 schools none cohorts 2011,2016
1998-2004 Extension to 29 schools
2007 Optional for all primary schools

Lower- 1994-2002 Model Projects in 10 schools none cohorts 2006,
Saxony 2003 Optional for all primary schools 2011,2016

Mecklenburg- 2005-2007 Model Projects in 16 schools none none
Vorpommern 2019 Optional in all primary schools

North Rhine- 1999-2004 Model Projects in 6 schools none none
Westphalia

Rhineland- 1995-1998 Model Projects in 2 schools none none
Palatinate Gradual Extension to 20 schools

Saarland no flexible entrance reforms none none

Saxony 2001-2004 Model Projects in 25 schools none none

Saxony- 1997-2000 Model Projects in 4 schools cohorts 2006, cohorts 2006,
Anhalt 2000 State-wide implementation 2011,2016 2011,2016

Schleswig- 1994-1997 Model Projects in 5 schools none none
Holstein Gradual Extension to 12 schools

Thuringia 1997 Optional in all primary schools cohort 2016 cohort 2016
1999-2003 Model Projects in 14 schools
2003-2008 Transfer Projects in 25 schools
Since 2008 Gradually region-wide implementation

Notes: Own collection of information in legal documents and websites of the states’ education ministries. The fourth
and fifth columns indicate whether fourthgraders of the respective cohorts in the given state are part of a mandatory
resp. optional flexible school entrance system. The category "optional" includes both mandatory and optional flexible
school entrance rules.

Saxony-Anhalt, in 2000, was the first state to introduce a mandatory flexible entry
stage. Berlin followed in 2005 with a state-wide mandatory implementation, but reintro-



46 Effects of Multigrade Classes in Primary Schools on Educational Outcomes

duced the choice between the traditional system and the multigrade approach in 2010.
Thuringia made the flexible school entrance mandatory from 2008 onwards and Branden-
burg followed in 2010. All of the other states did not introduce a mandatory system of
early multigrade teaching. However, some of them made it optional for schools to estab-
lish a flexible school entrance stage: Bremen, Hesse, Lower-Saxony, and Berlin. The rest
of the 16 states decided - after experimenting in some pilot schools - against a broader
implementation of the flexible school entrance.

2.3 Data and Empirical Strategy

2.3.1 Data

Our analysis combines two data sources, which enables us to produce a longitudinal dataset
that is representative for fourthgraders’ performance and motivation in German primary
schools. The two data sources are the Progress in International Reading Literacy Study
(PIRLS) in 2001 and 2006, and the National Assessment Study in 2011 and 2016 by the
German Institut zur Qualitätsentwicklung im Bildungswesen (IQB) (Institute of Quality
Development in the Education System). Both data sources have in common that they pro-
vide state identifiers. Those are necessary for the linkage with our reform data.6 The first
source, the extended PIRLS assessment in Germany, not only includes reading test scores,
but also students’ grades in German, the recommendation for the next school track, as well
as students’ school enjoyment. We make also use of the information available on student
and family background in order to control for factors that may impact students’ education
outcomes. In a robustness check, we also use available teacher and school characteristics as
control variables. The second source, the German National Assessment Study, also assesses
reading test scores of fourth-graders, comparable to the PIRLS and takes place at the end
of primary school. It includes also information on the other outcomes of interest as well as
the control variables in the same way as the PIRLS data. Our final sample thus comprises
students in their fourth grade in 2001, 2006, 2011, or 2016; and who entered their first
school year in 1998, 2003, 2008, or 2013 respectively. The combined data yields a sample
of approximately 68,000 students.

6Note that the PIRLS data for the years 2011 and 2016 do not include state identifiers anymore.
Therefore, we have to rely on the IQB data. Since the IQB studies are very similar to the design of PIRLS,
however, the combination of both data sources is possible.
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2.3.2 Empirical Model

The combination of the different reforms in the various states with cross-sectional data
of outcomes for four cohorts of fourth-graders (2001, 2006, 2011, and 2016) implies the
following research design: a cohort of fourth-graders was part of a flexible school entrance
system if the reform had been in place when the cohort entered first grade. For example,
since Saxony-Anhalt introduced a mandatory school entrance stage in 2000, the cohort
2001 was not treated by the reform yet, but the cohorts 2006, 2011, and 2016 were treated.
This is shown in the fourth column of Table 2.1 for every state. The fifth column shows
the affected cohorts when we are not only considering mandatory flexible school entrance
systems, but in addition all states that made it optional for schools. We use the manda-
tory definition for our main analysis of the effects of the flexible school entrance system.
However, we use the optional definition in robustness checks.

We use the staggered implementation of the flexible entrance stage across German
states to estimate the effect of multigrade classrooms in a difference-in-differences frame-
work. This approach exploits the variation in the exposure to a multigrade class (i) across
reforming and non-reforming states and (ii) between affected and unaffected cohorts within
the same federal state. Our main specification is thus given as follows:

Yi,s,t = β0 + β1multigrades,t +Xiβ2 + µs + µt + ϵi,s,t. (2.1)

where Yi,s,t is the outcome variable for student i in cohort t attending school in state s.
The dummy variable multigrade equals 1 for the treated states in the treatment period. In
our baseline analysis we only define those states as treated if they introduced a mandatory
flexible school entrance stage. This has the advantage that all students of a cohort who
got enrolled in primary school during a treatment period were certainly experiencing a
multigrade setting during their first school years. The disadvantage is that the observed
students in the control states could have been also treated if their states had an optional rule
regarding the flexible school entry stage (see Table 2.1). This implies a mis-classification of
treatment and control and might lead to a bias in the estimates towards zero. Therefore,
as a robustness check we define all states as being treated which introduced mandatory
or optional multigrade classes. Since, however this latter definition does imply that very
probably not all students in the treatment group are actually treated, it rather has to be
interpreted as an intention-to-treat effect.

The vector Xi includes a set of control variables to account for students’ demographic
characteristics. Our baseline analysis controls for gender and age, kindergarten attendance,
migrant background, and parental education. In a robustness check, we control for books at
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home instead of parental education. In further robustness checks, we additionally control
for teacher and school characteristics.

State fixed effects µs control for time-invariant conditions in each state, including state
capacity, local culture, or geography. Cohort fixed effects µt capture national trends in
student cohorts’ demographic composition, as well as general trends in the education sector
or the labor market. ϵi,s,t is the error term. We cluster the standard errors at the state
level as the treatment varies as the state level. Considering recent developments in the
econometric literature we calculate p-values of two different types of clustering methods
for each reform coefficient displayed in our tables. First, we use the standard clustering
method which is conservative in our kind of setting and accounts for potential correlation
of error terms across years within states (Athey and Imbens, 2018). Second, to account
for the limited number of clusters (because there are only 16 German states) we calculate
wild cluster bootstrap p-values (Roodman et al., 2019).

Under the assumptions of the difference-in-differences framework, the coefficient β1

represents the causal effect of the reform. Most importantly, the common trend assumption
implies that - in absence of the treatment - reforming and non-reforming states would both
lie on the same trend with respect to outcome variables. It is typically argued that this
assumption is likely to be fulfilled if the pre-trends prior to the reform are the same in
reforming and non-reforming states. Since our data only covers four points in time it
is not possible to investigate pre-trends of the outcomes. A specific feature of our main
analysis is that only states in East Germany introduced mandatory flexible school entry
stages. We therefore, in a further specification, restrict our sample to only East German
states. This makes it even more likely that control and treatment states have common
trends. Interestingly (and reassuringly), the results do not differ much from the main
specification.

A second crucial assumption of our identification strategy is that the treatment effect
does not represent any development simultaneously occurring to the multigrade reforms.
To avoid this problem, we investigate whether other education reforms affecting primary
school students were simultaneously introduced. Indeed, a reform abolishing numerical
grades in the first years of primary school has been introduced in some of the states
during a similar time frame, yet with a different timing pattern across states. We test the
robustness of our results by controlling for the early grading reform, and show that our
results are not affected.

As described in Section 1.3, a major reason for the introduction of the reform was the
heterogeneous school readiness of children at the beginning of primary school. If children
with a lower school readiness stayed longer in kindergarten before the reform, but reduced
time in kindergarten after the reform due to the integrative approach of the flexible school
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entrance level, this would threaten our identification strategy. It is well studied in the
literature that years in kindergarten have a positive effect on child development and school
performance. If the reform reduced years in kindergarten this could lead to a negative
result, but the teaching in multigrade classes would not be the cause for it. Therefore, we
use years in kindergarten as placebo outcome. We find that the reform did not affect time
in kindergarten.

Finally, since years in kindergarten could lead to being better prepared for following a
multigrade class, we interact the reform with kindergarten years, and indeed find hetero-
geneous effects.

To explore whether girls and children from a low socio-economic background are affected
in different ways by being taught in a multigrade classroom, we perform separate analyses
for these subgroups and study heterogeneous effects by gender and by parental education.

2.3.3 Descriptives

Table 2.2 shows the descriptive statistics of our dataset.

Reform Variables. As described in Section 1.3 not all reforming states made the flexible
school entrance stage, which introduced multigrade classes, a mandatory policy for their
schools. Linking the reform data from Table 2.1 to the students observed in our data, it
shows that 12% of students experienced a system of a mandatory flexible school entrance
stage, see Panel A of Table 2.2. In our main analysis we use this definition of being treated
by the reform. The second row of Table 2.2 shows that our alternative definition of the
treatment, i.e. being treated if the state has introduced an optional or mandatory flexible
school entrance stage, leads to 31% of students belonging to the treatment group.

Outcome Variables. Reading test scores. Students’ reading test scores are measured
by the standardized reading tests provided by the PIRLS resp. IQB study. The test scores
from all datasets are originally constructed to have a mean of 500 and standard deviation of
100, thereby facilitating nation-wide comparison. They are z-standardized for the purpose
of this study (see first row of Panel B of Table 2.2).

Grades We use the information on the last grade student received for their performance
in German. They are graded according to the German grading scale, which varies from 1
(excellent, sehr gut) to 6 (insufficient, ungenügend). We inverse the scale for the purpose
of readability. The second row of Panel B of Table 2.2 shows that students in our dataset
receive on average a grade between "good" and "satisfactory".

Recommendation for Gymnasium. As described in Section 1.3, in Germany students
are tracked into three differents tracks after primary school. In fourth grade, they receive a
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Table 2.2: Descriptive Statistics

Mean St.Dev Min Max Observations

Panel A: Reform
Mandatory Multi-grade 0.12 0.32 0.00 1.00 72873
Optional Multi-grade 0.31 0.46 0.00 1.00 72873

Panel B: Outcomes
Standardized Reading Testscore 0.00 1.00 -4.46 3.67 68453
German Grade (1=lowest, 6=highest) 4.47 0.90 1.00 6.00 63953
Recommendation for Gymnasium (Dummy) 0.34 0.47 0.00 1.00 69345
Enjoy School (Dummy) 0.68 0.46 0.00 1.00 55009

Panel C: Student Controls
Student is a girl 0.49 0.50 0.00 1.00 72380
Age of student (in years) 10.47 0.50 6.42 12.92 72346
Low parental education (Dummy) 0.20 0.40 0.00 1.00 72873
Books at Home (1=(<10) to 5=(>200)) 3.33 1.20 1.00 5.00 63233
First generation migrant 0.06 0.23 0.00 1.00 72873
Years spent in kindergarten 3.30 0.97 0.00 5.50 72873

Panel D: Teacher Controls
Age of teacher (in years) 46.91 10.31 24.00 72.00 63578
Experience of teacher (in years) 20.83 12.31 0.00 57.00 63754
Teacher specialized in German (Dummy) 0.81 0.39 0.00 1.00 64116
Teacher works full-time (Dummy) 0.72 0.45 0.00 1.00 64456

Panel E: School Controls
No. of students enrolled in school 276.48 151.35 12.00 2008.00 67490
Public School (yes/no) 0.96 0.20 0.00 1.00 69412
Experience as headmaster in this school (in years) 9.14 7.12 0.00 42.00 65712
Age of headmaster in years (in years) 52.34 7.42 22.00 71.00 66223
Headmaster is male (Dummy) 0.32 0.47 0.00 1.00 67978

Notes: The table shows the descriptive statistics of a quasi-panel of fourthgraders using data from the
PIRLS assessment and the German National assessment (IQB) for the years 2001, 2006, 2011, and 2016.

recommendation by their teacher on which track would be most suitable given the student’s
ability. We use this information to create a dummy variable indicating whether a student
is recommended to enroll in the highest track (Gymnasium). The data show that a third
of students in our sample receive this recommendation.

Enjoy going to school. Students were asked to what extent they agree that going to
school is enjoyable for them. The answers include the four categories “strongly agree",
“somewhat agree", “neither agree nor disagree", and “strongly disagree". We create a
dummy variable for enjoying going to school, which takes value 1 if the student strongly
or somewhat agrees, and 0 otherwise.
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Control Variables. Student Controls. Panel C of Table 2.2 shows the individual controls
we use in our main analysis. In our dataset, 49% of students are female. The average age
is 10.47 years, which is the usual age of fourthgraders. 20% of students have low educated
parents, i.e. their parents have at most a lower secondary degree. As an alternative
measure for socio-economic background we use the number of books at home as proxy
for parental educational background in a robustness check. On average, children’s families
have a bit more than 100 books at home (as category 3 contains 26-100 books, and category
4 contains 101-200 books). 6% of the students are first generation immigrants. On average,
the students have spent 3.3 years in kindergarten prior to primary school.

Teacher Controls. Panel D of Table 2.2 shows teacher characteristics which we use as
controls in a robustness check. On average, teachers are 46 years old and have 20 years of
experience in the teaching profession. 81% of teachers are specialized in teaching German,
and 72% of them work full-time.

School Controls. Finally, Panel E of Table 2.2 displays the descriptive statistics of
school characteristics. As in case of the teacher controls, we use these as control variables
in a robustness check. On average, the primary schools under study have 276 enrolled
students. 96% of the schools are public schools (note that private schools are uncommon
in Germany). The headmasters of the respective schools are on average 52 years old, have
9 years of experience as headmaster, and 32% of them are male.

2.4 Results

2.4.1 Main Results

Table 2.3 shows the results of estimating Equation 1 with reading test scores of fourth-
graders as outcome variable. In each column, we add one of the individual control variables.
The specification in column (1) only uses state and cohort fixed effects. The multigrade
coefficient is negative, but small and not significant. Column (2) adds gender and age
as controls, which leads to a larger multigrade coefficient, which is still not significant,
however. Interestingly, when adding years spent in kindergarten as control variable in
column (3), the multigrade coefficient is significant at the 1%-level and equals -7.6% of a
standard deviation. Adding a control for being a first generation immigrant in column (4)
and having low-educated parents in column (5) leaves the multigrade coefficient significant
and economically meaningful. According to the estimation results in column (5), being in
a cohort which experienced reform-induced multigrade teaching in the first years of pri-
mary school leads to a decline in reading test scores of 6.1% of a standard deviation. The
specification of model (5) serves as our main specification in the next steps of the analysis
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as it has the highest explanatory power (measured by R2).

Table 2.3: Effect of Multigrade Class on Reading Test Scores of Fourth Graders

Reading Skills

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

Multigrade -0.019 -0.041 -0.076*** -0.094*** -0.061***
(0.029) (0.040) (0.017) (0.024) (0.020)

Female 0.169*** 0.160*** 0.157*** 0.163***
(0.010) (0.010) (0.010) (0.010)

Age -0.446*** -0.410*** -0.388*** -0.354***
(0.019) (0.016) (0.017) (0.016)

KiGa Attended (years) 0.130*** 0.117*** 0.098***
(0.014) (0.013) (0.011)

Migration Background -0.337*** -0.342***
(0.026) (0.024)

Low SES -0.430***
(0.029)

State FE Yes Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes Yes

R-squared 0.077 0.135 0.167 0.180 0.203
WCB P-Value 0.625 0.638 0.072 0.145 0.153
Observations 68,453 68,453 68,453 68,453 68,453

Notes: The table reports coefficients from a linear regression as given by equation (1) for a
quasi-panel of 4th-grade students using data from the PIRLS assessment and the German Na-
tional assessment (IQB). Reading testscores are z-standardized. KiGa means “kindergarten”.
Standard errors are clustered at the state level. * denotes statistical significance based on the
at the 10% level, ** at the 5% level and *** at the 1% level. p-values of the multigrade co-
efficient using wild cluster bootstrapped t-statistics are displayed at the bottom of the table.

Table 2.4 shows the main effects of early grading on two other achievement measures –
the most recent grade in German and the recommendation for the high track, as well as on
the motivational outcome – measured as enjoying school. Column (1) displays the negative
effect on reading testscores described above. Column (2) shows that the multigrade reform
had also a significant negative effect on the grade in German which equals approximately
1/9 of a standard deviation (0.108 divided by the sample standard deviation 0.9, see
Table 2.2). Despite the negative impact on both test scores and grades, neither the high-
track recommendation nor enjoyment of school are significantly affected by the multigrade
reform, even though the coefficients in columns (3) and (4) are also negative.
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Table 2.4: Effect of Multigrade Class on Further Outcomes of Fourth Graders

Reading Test Score German Grade High-Track Recomm Enjoy School
(1) (2) (3) (4)

Multigrade -0.061*** -0.108*** -0.046 -0.019
(0.020) (0.034) (0.038) (0.011)

Female 0.163*** 0.258*** 0.029*** 0.151***
(0.010) (0.010) (0.004) (0.006)

Age -0.354*** -0.391*** -0.144*** -0.010**
(0.016) (0.010) (0.012) (0.004)

Migration Background -0.342*** -0.263*** -0.076*** 0.023***
(0.024) (0.020) (0.014) (0.006)

KiGA Attended (years) 0.098*** 0.081*** 0.038*** 0.000
(0.011) (0.006) (0.005) (0.003)

Low SES -0.430*** -0.397*** -0.204*** -0.024**
(0.029) (0.016) (0.016) (0.008)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.203 0.195 0.138 0.044
WCB P-Value 0.167 0.059 0.699 0.376
Observations 68,453 63,953 69,345 55,009

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel of
4th-grade students using data from the PIRLS assessment and the German National assessment (IQB).
Reading testscores are z-standardized. Grades in German are on a scale from 1 (”insufficient”) to 6 (”very
good”). Recommendation for Gymnasium is a dummy equal to one if the teacher recommends the high
track. Enjoy school is a dummy equaling one if student agrees to enjoy going to school.Standard errors
are clustered at the state level. * denotes statistical significance based on the at the 10% level, ** at the
5% level and *** at the 1% level. p-values of the multigrade coefficient using wild cluster bootstrapped
t-statistics are displayed at the bottom of the table.

2.4.2 Effect Heterogeneity

Boys & Girls

Earlier findings by Leuven and Rønning (2016) and Gerhardts et al. (2021a) indicate
heterogeneity of effects of multigrade teaching by gender and parental education. The
findings of Gerhardts et al. (2021a) suggest that the negative effect of multi grade classes
is stronger for girls than for boys, and document a more pronounced negative effect on
children of blue-collar workers.

Table 2.5 shows that girls are significantly negatively affected by multigrade classes
in terms of their reading test scores (-0.08), their grades in German (-0.123) and their
enjoyment of school (-0.025). Boys, on the contrary, do not seem to be as harmed by
being taught in a multigrade classroom. The effect on their reading test scores are smaller
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(-0.04) and not significant, and whether they enjoy going to school is also not affected.
Boys’ grades in German, however, are significantly affected, but less than in the case of
girls (-0.092).

Consequently, these subgroup results are in line with the evidence of our study on the
reforms in the Saarland several decades before.

Table 2.5: Effect of Multigrade Class on Girls

Reading Test Score German Grade High-Track Recomm Enjoy School
(1) (2) (3) (4)

Multigrade -0.080*** -0.123*** -0.057 -0.025*
(0.026) (0.028) (0.038) (0.013)

Age -0.358*** -0.384*** -0.141*** -0.018**
(0.018) (0.012) (0.013) (0.007)

Migration Background -0.319*** -0.234*** -0.062*** 0.008
(0.028) (0.027) (0.017) (0.013)

KiGa Attended (years) 0.096*** 0.079*** 0.037*** -0.001
(0.011) (0.007) (0.005) (0.003)

Low SES -0.442*** -0.417*** -0.218*** -0.024**
(0.026) (0.021) (0.017) (0.010)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.188 0.174 0.141 0.024
WCB P-Value (Reform) 0.089 0.055 0.537 0.333
N 33,763 31,541 34,144 27,363

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel of
female 4th-grade students using data from the PIRLS assessment and the German National assessment
(IQB). Reading testscores are z-standardized. Grades in German are on a scale from 1 (”insufficient”) to 6
(”very good”). Recommendation for Gymnasium is a dummy equal to one if the teacher recommends the
high track. Enjoy school is a dummy equaling one if student agrees to enjoy going to school. KiGa means
“kindergarten”. Standard errors are clustered at the state level. * denotes statistical significance based on
the at the 10% level, ** at the 5% level and *** at the 1% level. p-values of the multigrade coefficient
using wild cluster bootstrapped t-statistics are displayed at the bottom of the table.

Parental Education Background

Table 2.A.1 in the Appendix shows that children with high parental education are signifi-
cantly negatively affected by multigrade classes in terms of their reading test scores (-0.088)
as well as their grades in German (-0.123). Surprisingly, children with low parental ed-
ucation are not significantly affected by the multigrade reform, the reform coefficient is
negative but rather small (-0.021), see Table 2.A.2 in the Appendix. Their grades in
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Table 2.6: Effect of Multigrade Class on Boys

Reading Test Score German Grade High-Track Recomm Enjoy Reading
(1) (2) (3) (4)

Multigrade -0.040 -0.092** -0.036 -0.014
(0.035) (0.042) (0.039) (0.019)

Age -0.352*** -0.397*** -0.146*** -0.002
(0.017) (0.013) (0.012) (0.005)

Migration Background -0.364*** -0.287*** -0.089*** 0.035***
(0.030) (0.020) (0.014) (0.008)

KiGa Attended (years) 0.100*** 0.082*** 0.039*** 0.002
(0.013) (0.007) (0.004) (0.004)

Low SES -0.420*** -0.376*** -0.189*** -0.026**
(0.036) (0.019) (0.015) (0.010)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.204 0.174 0.132 0.016
WCB P-Value (Reform) 0.545 0.005 0.801 0.569
N 34,690 32,412 35,201 27,646

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel
of male 4th-grade students using data from the PIRLS assessment and the German National assessment
(IQB). Reading testscores are z-standardized. Grades in German are on a scale from 1 (”insufficient”) to 6
(”very good”). Recommendation for Gymnasium is a dummy equal to one if the teacher recommends the
high track. Enjoy school is a dummy equaling one if student agrees to enjoy going to school. KiGa means
“kindergarten”. Standard errors are clustered at the state level. * denotes statistical significance based on
the at the 10% level, ** at the 5% level and *** at the 1% level. p-values of the multigrade coefficient using
wild cluster bootstrapped t-statistics are displayed at the bottom of the table.

German, however, are significantly affected, but less than in the case of children with high-
educated parents (-0.091). There is no significant effect on the high-track recommendation
or the enjoyment of school for neither of both groups.

Finding worse results for children with more advantaged family backgrounds is in con-
trast to our findings on the effects of the reform in the Saarland (Gerhardts et al., 2021a).
In some way, the result indicates that educational inequality could decrease due to the
multigrade classes. Unfortunately, this seems to come at the cost of deteriorating skills of
the more advantaged group of students rather than through more enhanced skills of the
disadvantaged group.
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2.5 Robustness Checks

2.5.1 Years in Kindergarten as Placebo Outcome

In this section, we test the robustness of our main results presented in Section 2.4 and
discuss some of the assumptions explained in Section 1.4 in more depth.

A major reason for the introduction of the reform was the heterogeneous school readi-
ness of children at the beginning of primary school. If children with a lower school readiness
stayed longer in kindergarten before the reform, but reduced time in kindergarten after
the reform due to the integrative approach of the flexible school entrance level, this would
threaten our identification strategy. Therefore, we use years in kindergarten as placebo out-
come. Table 2.A.3 in the Appendix shows that there is no effect of the reform on time spent
in kindergarten. Looking at the control variables, the familiar pattern of socio-economic
selection into kindergarten is visible. Both migrant background as well as low parental
education are negatively associated with the intensive margin of kindergarten attendance.

2.5.2 Interaction of Reform with Years in Kindergarten

As a longer preparation for school children receive in kindergarten could enable them to
cope with the situation in multigrade classes better, we investigate the interaction of the
reform with years spent in kindergarten. Table 2.A.4 in the appendix shows that the in-
teraction is significantly positive. This implies that spending more years in kindergarten
before primary school mitigates the negative effect of being taught in a multigrade class-
room. Interestingly, adding the interaction shows that children who spend less time in
kindergarten not only experience significant negative effects in terms of their test scores
and grade, but also in terms of their high-track recommendation and school enjoyment
(columns (3) and (4)).

2.5.3 Controlling for Another Reform in Primary Schools

A second crucial assumption of our identification strategy is that the treatment effect
does not represent any development simultaneously occurring to the multigrade reforms.
To avoid this problem, we investigate whether other education reforms affecting primary
school students were simultaneously introduced. Indeed, a reform abolishing numerical
grades in the first years of primary school has been introduced in four of the states during
a similar time frame, yet with a different timing pattern across states (Hesse in 1999,
Saarland in 2000, Brandenburg in 2001, Berlin in 2006). We test the robustness of our
results by controlling for the early grading reform in Table 2.A.5 in the Appendix. The
table shows that our results are not affected.
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2.5.4 Sample Restricted to East German States

A specific feature of our main analysis is that only states in East Germany introduced
mandatory flexible school entry stages. We therefore, in a further specification, restrict
our sample to only East German states. This makes it even more likely that control and
treatment states have common trends. Table 2.7 shows that the results are robust and do
not differ much from the main specification.

Table 2.7: Effect of Multigrade Class on Students’ Outcomes - East Germany

Reading Test Score German Grade High-Track Recomm Enjoy School
(1) (2) (3) (4)

Multigrade -0.057** -0.061*** -0.029 -0.018
(0.020) (0.013) (0.017) (0.010)

Female 0.196*** 0.292*** 0.027** 0.146***
(0.013) (0.015) (0.009) (0.008)

Age -0.382*** -0.386*** -0.122*** -0.015
(0.029) (0.019) (0.023) (0.008)

Migration Background -0.288*** -0.216*** -0.026 0.040***
(0.041) (0.038) (0.023) (0.009)

KiGa Attended (years) 0.082*** 0.087*** 0.027** 0.006
(0.018) (0.009) (0.007) (0.004)

Low SES -0.411*** -0.349*** -0.171*** -0.039**
(0.083) (0.033) (0.024) (0.015)

Student Controls Yes Yes Yes Yes
State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.186 0.180 0.137 0.044
WCB P-Value 0.320 0.011 0.443 0.366
Observations 24,366 24,681 25,177 21,094

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel
of only East German 4th-grade students using data from the PIRLS assessment and a German National
assessment (IQB). Reading scores are z-standardized. KiGa means “kindergarten”. Standard errors are
clustered at the state level. Grades are on a scale from 1 ("insufficient") to 6 ("very good"). High track is
a dummy being one if teacher recommends high track. Enjoy school is a dummy equaling one if student
fully agrees to enjoy going to school. Different number of observations due to differing availability of out-
come variable. * denotes statistical significance at the 10% level, ** at the 5% level and *** at the 1% level.

2.5.5 Parental Background Control

Family background is often measured by parental education, as we do in our main specifi-
cation. However, many studies have shown that also the variable "books at home" is a very
reliable proxy for the socio-economic status of a family. Therefore, in a robustness check,
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we control for this variable instead of parental education. The results of both specifications
are very similar, as Table 2.A.6 in the Appendix shows.

2.5.6 Teacher and School Characteristics as Further Controls

To alleviate the assumption of common trends of treated and control states a little bit we
add teacher and school characteristics as control variables. If the composition of teachers or
organizational patterns of the schools changed along with the multigrade reforms, adding
these controls would make a difference for our estimates. Table 2.A.7 in the Appendix shows
no important differences in comparison to our main specification, however. In addition,
the explanatory power (R2) does not increase much by adding these further controls.

2.5.7 Definition of Treatment Status

Finally, we check the robustness of our results with respect to the definition of the treat-
ment status of the cohorts in our sample. In our baseline analysis we only define those
states as treated which introduced a mandatory flexible school entrance stage. This has
the advantage that all students of a cohort who got enrolled in primary school during a
treatment period were certainly experiencing a multigrade setting during their first school
years. The disadvantage is that the observed students in the control states could have been
also treated if their states had an optional rule regarding the flexible school entry stage (see
Table 2.1) and they happen to be in a school that makes use of this option.7 This is likely
to lead to a downward bias in our estimates. Therefore, as a robustness check we define all
states as being treated which introduced mandatory or optional multigrade classes. Table
2.8 shows that the effects on reading test scores and grades stay significant using the new
definition, the coefficients are (in absolute terms) larger which is in line with the argument
stated above – moving the states with optional flexible school entrance systems to the
treatment group removes all potentially treated observations out of the control group.

7Note that the assignment to primary schools is based on school catchment areas in Germany, so that
sorting to schools dependent on whether they introduced a flexible school entrance stage is not possible.
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Table 2.8: Effect of Optional Multigrade Class on Students’ Outcomes

Reading Test Score German Grade High-Track Recomm Enjoy School
(1) (2) (3) (4)

Optional Multigrade -0.086* -0.100* -0.044 -0.023
(0.047) (0.050) (0.040) (0.019)

Female 0.163*** 0.258*** 0.029*** 0.151***
(0.010) (0.010) (0.004) (0.006)

Age -0.354*** -0.389*** -0.143*** -0.010**
(0.016) (0.010) (0.012) (0.004)

Migration Background -0.342*** -0.264*** -0.076*** 0.022***
(0.024) (0.021) (0.014) (0.006)

KiGA Attended (years) 0.099*** 0.081*** 0.039*** 0.000
(0.012) (0.007) (0.005) (0.003)

Low SES -0.430*** -0.398*** -0.204*** -0.024***
(0.030) (0.015) (0.015) (0.008)

Student Controls Yes Yes Yes Yes
State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.203 0.195 0.138 0.044
WCB P-Value 0.125 0.101 0.285 0.295
Observations 68,453 63,953 69,345 55,009

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel
of 4th-grade students using data from the PIRLS assessment and a German National assessment (IQB).
Treatment is going to school in a state which introduced mandatory or optional multigrade classes. Read-
ing scores are z-standardized. Standard errors are clustered at the state level. Grades are on a scale from
1 ("insufficient") to 6 ("very good"). High track is a dummy being one if teacher recommends high track.
Enjoy school is a dummy equaling one if student fully agrees to enjoy going to school. Different number of
observations due to differing availability of outcome variable. * denotes statistical significance at the 10%
level, ** at the 5% level and *** at the 1% level.

2.6 Conclusion

This paper provides novel evidence about the impact of exposure to multigrade teaching
in primary school on educational outcomes. The results of a difference-in-differences ap-
proach that exploits the staggered implementation of flexible school entrance levels across
German states between 1997 and 2010 reveal a significant negative effect of multigrade
teaching on educational outcomes such as reading test scores and grades, but no effect on
teacher recommendations or subjective perceptions of pupils. This partly rationalizes the
mixed evidence in the literature by documenting that multigrade teaching does not exhibit
negative effects throughout. Instead, the effects emerge for skills that can be measured
in comparable metrics. The effects are more pronounced for girls, complementing earlier
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evidence from other studies in different contexts. The evidence also shows that spending
more years in kindergarten before primary school mitigates the negative effects of exposure
to multigrade teaching.

In light of these findings, more work is needed to reveal the mechanisms underlying
these effects.
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2.A Appendix

Table 2.A.1: Effect of Multigrade Class on Children with High Parental Education

Reading Test Score German Grade High-Track Recomm Enjoy Reading
(1) (2) (3) (4)

Multigrade -0.088*** -0.123*** -0.048 -0.015
(0.028) (0.040) (0.036) (0.011)

Female 0.175*** 0.269*** 0.033*** 0.150***
(0.011) (0.009) (0.005) (0.007)

Age -0.370*** -0.398*** -0.150*** -0.008
(0.017) (0.012) (0.013) (0.005)

Migration Background -0.367*** -0.294*** -0.092*** 0.024***
(0.026) (0.022) (0.016) (0.007)

KiGA Attended (years) 0.105*** 0.083*** 0.043*** 0.002
(0.012) (0.006) (0.005) (0.003)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.188 0.195 0.142 0.041
WCB P-Value (Reform) 0.163 0.056 0.677 0.410
N 53,927 50,407 55,197 43,572

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel
of 4th-grade students with high-educated parents using data from the PIRLS assessment and the German
National assessment (IQB). Reading testscores are z-standardized. Grades in German are on a scale from
1 (”insufficient”) to 6 (”very good”). Recommendation for Gymnasium is a dummy equal to one if the
teacher recommends the high track. Enjoy school is a dummy equaling one if student agrees to enjoy going
to school.Standard errors are clustered at the state level. * denotes statistical significance based on the at
the 10% level, ** at the 5% level and *** at the 1% level. p-values of the multigrade coefficient using wild
cluster bootstrapped t-statistics are displayed at the bottom of the table.



Table 2.A.2: Effect of Multigrade Class on on Children with Low Parental Education

Reading Test Score German Grade High-Track Recomm Enjoy Reading
(1) (2) (3) (4)

Multigrade -0.021 -0.091*** -0.011 -0.011
(0.040) (0.023) (0.028) (0.019)

Female 0.121*** 0.216*** 0.011 0.157***
(0.015) (0.020) (0.007) (0.010)

Age -0.293*** -0.359*** -0.120*** -0.017
(0.014) (0.015) (0.012) (0.011)

Migration Background -0.247*** -0.147*** -0.018 0.011
(0.029) (0.032) (0.014) (0.017)

KiGa Attended (years) 0.071*** 0.072*** 0.028*** -0.004
(0.010) (0.006) (0.006) (0.006)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.283 0.146 0.078 0.055
WCB P-Value (Reform) 0.596 0.042 0.720 0.571
N 14,526 13,546 14,148 11,437

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel
of 4th-grade students with low-educated parents using data from the PIRLS assessment and the German
National assessment (IQB). Reading test scores are z-standardized. Grades in German are on a scale from
1 (”insufficient”) to 6 (”very good”). Recommendation for Gymnasium is a dummy equal to one if the
teacher recommends the high track. Enjoy school is a dummy equaling one if student agrees to enjoy going
to school. KiGa means “kindergarten”. Standard errors are clustered at the state level. * denotes statis-
tical significance based on the at the 10% level, ** at the 5% level and *** at the 1% level. p-values of
the multigrade coefficient using wild cluster bootstrapped t-statistics are displayed at the bottom of the table.
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Table 2.A.3: Effect of Multigrade Class on Placebo Outcome: Kindergarten Attendance

Kindergarten Attendance

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

Multigrade 0.152 0.149 0.161 0.160 0.173
(0.237) (0.238) (0.242) (0.243) (0.239)

Female -0.030*** -0.021*** -0.023*** -0.019**
(0.007) (0.007) (0.007) (0.007)

Age -0.040*** -0.065*** -0.039** -0.021
(0.013) (0.014) (0.014) (0.013)

Migration Background -0.484*** -0.480***
(0.035) (0.035)

Low SES -0.213***
(0.028)

State FE Yes Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes Yes

R-squared 0.274 0.274 0.288 0.300 0.307
WCB P-Value 0.650 0.614 0.610 0.603 0.558
Observations 72,873 72,873 72,873 72,873 72,873

Notes:The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel of
4th-grade students using data from the PIRLS assessment and the German National assessment (IQB).
The placebo outcome used here is kindergarten attendance (years). Standard errors are clustered at the
state level. * denotes statistical significance based on the at the 10% level, ** at the 5% level and ***
at the 1% level. p-values of the multigrade coefficient using wild cluster bootstrapped t-statistics are
displayed at the bottom of the table.
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Table 2.A.4: Effect of Multigrade Class on Students’ Outcomes - Interaction term:
Reform and time spent in kindergarten

Reading Test Score German Grade High-Track Recomm Enjoy School
(1) (2) (3) (4)

Multigrade -0.079** -0.132*** -0.072* -0.047**
(0.035) (0.014) (0.039) (0.016)

Interaction Kindergarten 0.037 0.042* 0.036* 0.034**
(0.021) (0.023) (0.018) (0.014)

Kindergarten 0.166*** 0.124*** 0.042*** -0.012**
(0.018) (0.010) (0.009) (0.005)

Female 0.162*** 0.257*** 0.028*** 0.151***
(0.010) (0.010) (0.004) (0.006)

Age -0.358*** -0.394*** -0.145*** -0.010**
(0.016) (0.011) (0.012) (0.004)

Migration Background -0.370*** -0.287*** -0.089*** 0.022***
(0.025) (0.019) (0.014) (0.006)

Low SES -0.440*** -0.405*** -0.209*** -0.025***
(0.032) (0.017) (0.016) (0.008)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.200 0.192 0.135 0.044
WCB P-Value 0.193 0.140 0.083 0.126
Observations 68,453 63,953 69,345 55,009

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel of
4th-grade students using data from the PIRLS assessment and the German National assessment (IQB).
Reading testscores are z-standardized. Grades in German are on a scale from 1 (”insufficient”) to 6 (”very
good”). Recommendation for Gymnasium is a dummy equal to one if the teacher recommends the high
track. Enjoy school is a dummy equaling one if student agrees to enjoy going to school. Kindergarten is
a dummy measuring one if a child spent more than 3 years in child care before school. Standard errors
are clustered at the state level. * denotes statistical significance based on the at the 10% level, ** at the
5% level and *** at the 1% level. p-values of the multigrade coefficient using wild cluster bootstrapped
t-statistics are displayed at the bottom of the table.
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Table 2.A.5: Effect of Multigrade Class on Students’ Outcomes - Controlling for Early
Grading Reform

Reading Test Score German Grade High-Track Recomm Enjoy School
(1) (2) (3) (4)

Multigrade -0.060*** -0.108*** -0.046 -0.020*
(0.016) (0.036) (0.037) (0.011)

Early Grading 0.054 -0.006 0.016 -0.020
(0.043) (0.083) (0.038) (0.034)

Female 0.163*** 0.258*** 0.029*** 0.151***
(0.010) (0.010) (0.004) (0.006)

Age -0.355*** -0.391*** -0.144*** -0.009*
(0.016) (0.011) (0.012) (0.004)

Migration Background -0.342*** -0.263*** -0.076*** 0.023***
(0.024) (0.020) (0.014) (0.006)

KiGa Attended (years) 0.099*** 0.081*** 0.038*** 0.000
(0.012) (0.006) (0.005) (0.003)

Low SES -0.430*** -0.397*** -0.204*** -0.024**
(0.029) (0.016) (0.016) (0.008)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.203 0.195 0.138 0.044
WCB P-Value 0.136 0.083 0.729 0.491
Observations 68,453 63,953 69,345 55,009

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel of
4th-grade students using data from the PIRLS assessment and the German National assessment (IQB).
In addition to the main specification, we control for a reform which introduced early numerical grading
in some of the German states between 1999 and 2006. Reading testscores are z-standardized. Grades in
German are on a scale from 1 (”insufficient”) to 6 (”very good”). Recommendation for Gymnasium is a
dummy equal to one if the teacher recommends the high track. Enjoy school is a dummy equaling one
if student agrees to enjoy going to school. KiGa means “kindergarten”. Standard errors are clustered at
the state level. * denotes statistical significance based on the at the 10% level, ** at the 5% level and
*** at the 1% level. p-values of the multigrade coefficient using wild cluster bootstrapped t-statistics are
displayed at the bottom of the table.
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Table 2.A.6: Effect of Multigrade Class on Students’ Outcomes - "Books at home" as
Parental Background Control

Reading Test Score German Grade High-Track Recomm Enjoy School
(1) (2) (3) (4)

Multigrade -0.082*** -0.120*** -0.053 -0.021*
(0.018) (0.032) (0.037) (0.011)

Female 0.155*** 0.244*** 0.025*** 0.152***
(0.009) (0.009) (0.004) (0.006)

Age -0.281*** -0.341*** -0.128*** -0.006
(0.014) (0.012) (0.012) (0.005)

Migration Background -0.239*** -0.186*** -0.035** 0.028***
(0.025) (0.022) (0.013) (0.007)

KiGa Attended (years) 0.071*** 0.066*** 0.031*** -0.002
(0.009) (0.005) (0.004) (0.003)

Books at home 0.249*** 0.192*** 0.092*** 0.015***
(0.011) (0.006) (0.006) (0.002)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.245 0.213 0.160 0.046
WCB P-Value 0.103 0.095 0.545 0.371
Observations 61,071 56,828 60,935 52,452

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel of
4th-grade students using data from the PIRLS assessment and the German National assessment (IQB). In
contrast to the main specification, we use "books at home" instead of parental education as proxy for socio-
economic status of the family. Reading testscores are z-standardized. Grades in German are on a scale
from 1 (”insufficient”) to 6 (”very good”). Recommendation for Gymnasium is a dummy equal to one if the
teacher recommends the high track. Enjoy school is a dummy equaling one if student agrees to enjoy going
to school. KiGa means “kindergarten”. Standard errors are clustered at the state level. * denotes statisti-
cal significance based on the at the 10% level, ** at the 5% level and *** at the 1% level. p-values of the
multigrade coefficient using wild cluster bootstrapped t-statistics are displayed at the bottom of the table.
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Table 2.A.7: Effect of Multigrade Class on Students’ Outcomes - Teacher and Schools
Characteristics as Controls

Reading Test Score German Grade High-Track Recomm Enjoy School
(1) (2) (3) (4)

Multigrade -0.101*** -0.107*** -0.045 -0.017
(0.019) (0.029) (0.039) (0.012)

Female 0.162*** 0.258*** 0.029*** 0.151***
(0.010) (0.010) (0.004) (0.006)

Age -0.339*** -0.383*** -0.141*** -0.011**
(0.014) (0.011) (0.012) (0.004)

Migration Background -0.294*** -0.243*** -0.070*** 0.017**
(0.027) (0.024) (0.014) (0.006)

KiGa Attended (years) 0.085*** 0.077*** 0.037*** 0.002
(0.009) (0.005) (0.004) (0.003)

Low SES -0.393*** -0.380*** -0.197*** -0.028***
(0.020) (0.013) (0.016) (0.008)

Teacher is female 0.025 -0.010 -0.003 0.022**
(0.026) (0.023) (0.012) (0.010)

Age of teacher 0.002 -0.001* 0.000 -0.001*
(0.002) (0.001) (0.001) (0.001)

Experience of teacher -0.001 -0.001 -0.001* 0.001**
(0.002) (0.001) (0.001) (0.001)

Teacher specialized 0.033* 0.041** -0.003 0.016**
(0.017) (0.017) (0.008) (0.007)

Teacher works full-time -0.019 -0.033** -0.020** 0.006
(0.013) (0.015) (0.009) (0.008)

No. of students enrolled 0.000 -0.000 0.000** -0.000
(0.000) (0.000) (0.000) (0.000)

School is a public School (Dummy) -0.171*** -0.161*** -0.077*** -0.014
(0.034) (0.027) (0.016) (0.009)

Experience as headmaster -0.001 -0.001 -0.000 0.000
(0.001) (0.001) (0.001) (0.000)

Age of headmaster 0.001 0.001 0.000 -0.000
(0.001) (0.001) (0.001) (0.000)

Headmaster is male -0.041** -0.022 -0.020** 0.010
(0.019) (0.015) (0.009) (0.007)

State FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes

R-squared 0.226 0.202 0.143 0.046
WCB P-Value 0.143 0.060 0.773 0.537
Observations 68,453 63,953 69,345 55,009

Notes: The table reports coefficients from a linear regression as given by equation (1) for a quasi-panel of 4th-grade
students using data from the PIRLS assessment and the German National assessment (IQB). In contrast to the main
specification, we add controls for teacher and school characteristics. Reading testscores are z-standardized. Grades in
German are on a scale from 1 (”insufficient”) to 6 (”very good”). Recommendation for Gymnasium is a dummy equal
to one if the teacher recommends the high track. Enjoy school is a dummy equaling one if student agrees to enjoy
going to school. KiGa means “kindergarten”. Standard errors are clustered at the state level. * denotes statistical
significance based on the at the 10% level, ** at the 5% level and *** at the 1% level. p-values of the multigrade
coefficient using wild cluster bootstrapped t-statistics are displayed at the bottom of the table.
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3.1 Introduction

“Physicians serve the health of the individual and of the population. The medical profes-
sion is not a trade. It is by nature a liberal profession.” (Model Professional Code for
Physicians in Germany, 1997)

“[...]das Handicap ist die moderne Geburtsmedizin, die Geburt und Schwangerschaft zur
Risikoaffäre macht.” 1

More than two thousand years ago, physicians declared through the Hippocratic Oath
the benefits of the sick to be the sole objective of their profession (Tyson, 2001). In
contemporary Germany, the ancient ethical principles are protected by stating medical
services to be not for profit. This includes obstetric care, which refers to all treatments
related to childbirth.

In practice, maternity units operate under pressure by profit-oriented reimbursement
schemes paired with acute staff shortages, thus facing adverse incentives for birth inter-
ventions (Scharl et al., 2019; Feige, 2008).2 Because maternity units manage the least
predictable hospital events apart from emergency care, they are burdened with substantial
non-refundable standby costs for staff-intense patient monitoring (Bruns, 2017). Thereby,
hospitals conceding mothers an unassisted vaginal delivery do so at a loss, a dilemma
providing incentives for labor induction or surgical birth interventions (Bruns, 2017). As
of 2017, 40% of German hospitals provided obstetric care without breaking even (Bruns,
2014), while the share of birth interventions reached twice the size recommended by the
WHO (2015).

But what are the consequences of non-medically indicated induced labor for patients’
health and a hospital’s business operations, in particular, staffing capacities? Laying the
ground for compelling causal evidence on the topic, this study applies a novel identification
approach to the universe of German hospital births from 2015 and 2016. On the one hand,
patients’ health impacts are assessed, first and foremost in terms of 1) a severe laceration

1[...] it is modern birth medicine that renders the birth process and the pregnancy risky. Own translation.
Alfred Rockenschaub (2005). Former head of Ignaz Semmelweis Frauenklinik, Vienna. Known for ceasarian
section (the surgical delivery through a mother’s abdomen, henceforth: c-section) rates about 1% without
inflating mortality.

2Since 2003, hospitals have been reimbursed based on the Diagnosis-Related-Groups (DRG) system, a
flat rate-per-case scheme (Jürges and Köberlein, 2015). There is no (direct) reimbursement for inducing
labor (InEK, 2021). Its economic appeal relative to spontaneous labor consists rather in reduced standby
costs, i.e., non-refundable costs for staff kept in readiness but not called into action (like a surgeon for
an unassisted birth). The rising trends in inductions and other main birth interventions are depicted in
Figure 3.2.
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Figure 3.1: Total Hospital Admissions for Birth Across Years
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Source: IQTIG German hospital birth records. To capture the hospitals’ workload in the best possible way, 1)
mothers transferred between hospitals are counted repeatedly and 2) still-born neonates are included. E.g., a mother
transferred from hospital A to B who delivers a live- and a still-born twin at B is registered once in the records from
A and twice in those from B. Own calculations.

Figure 3.2: Absolute Intervention Distribution Across Years
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Source: IQTIG German hospital birth records for 2005-2016. Own calculations.

of the mother’s birth canal, and 2) the neonatal APGAR score. On the other hand, the
effects on a hospital’s staffing capacities are primarily captured by 3) labor duration and
4) the postnatal hospital stay.

The rising birth intervention rates have triggered mostly observational evidence for
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physician-induced demand in the context of childbirth.3 Very few large-scale causal studies
have addressed the medical concerns associating induction with a prolonged and more
harmful course of labor as well as adverse health outcomes after birth. Likewise, from
an economic perspective, it remains unclear, if and to which extent a health impact of
inductions aggravates staff capacity constraints due to additional patient monitoring.

Identifying the impact of non-medically indicated inductions is hard for several rea-
sons. Among the most important ones: Interventions are likely non-randomly assigned
and interdependent, e.g., choosing a pre-labor c-section foregoes induction but induction
can be followed by c-section. To overcome these challenges, this chapter allows for mul-
tiple endogenous treatments. To identify the sole and combined effects of induced labor,
c-sections, and vaginal operations six instruments are considered, all of which are new to
the health economics literature.

The first three instruments use variation within a given hospital and across obstetri-
cians’ preferences to perform a specific intervention. The preference for, e.g., inducing labor
corresponds to the mean induction rate across an obstetrician’s past deliveries. The fourth
instrument exploits if a mother’s predicted due date happens to be a working day or not
because staff shortages are more acute on non-working days. The fifth instrument exploits
if the incidence of a mother experiencing a pre-labor rupture of membranes happens during
the night shift because the night shift suffers relatively more from under-staffing than the
day shift. The last instrument exploits fluctuations of midwife shortages the moment a
mother is admitted to a hospital.

The main findings are twofold. First, induction performed for non-medical reasons
strongly impairs patients’ health. Second, the adverse health effects imply a staff capacity
burden easily overlooked by seminal capacity measures. As to immediate maternal health,
induction makes high-degree perineal tearing 6% more likely. Specifically, induction fol-
lowed by surgical intervention aggravates tearing so much that - given the distribution
of single and combined inductions in our main sample - it outweighs the relief in tearing
estimated for inductions alone. Besides, severe tearing due to a violent course of labor
potentially requires postpartum or later-life surgery (Lydon-Rochelle et al., 2000; Gün
et al., 2016; Zahn and Yeomans, 1990). In turn, birth canal surgery is associated with
compromising future fertility (Halla et al., 2020; Gizzo et al., 2013; Norberg and Pantano,
2016). As to neonatal health, the detrimental effects (-2.2) found for the APGAR score,
the seminal 0-10 range fitness range for newborns, exceed existing quasi-experimental find-
ings, e.g., Lynch et al. (2019) by a factor of ten. Surgical interventions exhibit (weakly)
negative health impacts, too.

By contrast, a hospital’s staff capacity (measured by labor duration and the postnatal

3Table 3.A.1 recaps studies targeting the causal impact of inductions.
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hospital stay) is weakly positively affected by induced relative to unassisted birth. Con-
cretely, labor is estimated to shorten by 0.87 hours while a patient’s postnatal hospital stay
is not significantly impacted at all. In line with intuition, induction-related health com-
promise should translate into a staff capacity burden. Considering, e.g., just two routine
health checks warranted by lower APGAR scores, a tentative back-of-the-envelope calcu-
lation suggests extra staffing costs of 11.8 million EUR p.a.4 Finally, as expected, surgical
interventions mechanically shorten labor and prolong mothers’ and neonates’ postnatal
stays ca. 1.5 days. All in all, the labor length relief non-withstanding, the evidence points
to negative intervention impacts rebounding (through impaired health) on staff capacity.

This study is the first to incorporate the endogenous and interrelated nature of all three
major birth interventions. Thus, it complements the health economics literature in two
main ways. First, the impact of induced versus spontaneous labor is cleanly identified.
Second, it provides a new benchmark for both, 1) surgical intervention effects identified
simultaneously within the same framework, and 2) any birth intervention effect from the
literature still relying on single-intervention identification.

Explicitly estimating the impact of induced versus unassisted labor is challenging. By
construction, single-treatment identification defaults to comparing induced labor to any
other birth mode after some waiting period, so-called expectant management. The few
large-scale RCTs report mixed but predominantly positive effects of non-medically indi-
cated induction. However, due to ethical restrictions, they are not blinded and prone to
low or selective participation casting doubt on internal and external validity (Carmichael
and Snowden, 2019).5 Besides, autocorrelation of findings arises as trials of multi-side
RCTs are referenced repeatedly in systematic reviews (Carmichael and Snowden, 2019).

By contrast, the limited number of large-scale quasi-experimental studies agree on
weakly negative effects. Exploiting exogenous shifts in the timing of induction, Buckles
and Guldi (2017), Lynch et al. (2019), and Gans and Leigh (2008) find a higher incidence
of precipitous labor, birth injuries, etc. Buckles and Guldi (2017), and Jürges (2017)
document null effects on c-section likelihood.

Finally, there exists a huge body of mixed observational evidence. If at all, there
is some consensus on the detrimental health effects of 1) induced relative to spontaneous
labor (Vahratian et al., 2005; Vrouenraets et al., 2005), and 2) induced labor after expectant
management relative to induction alone (Harper et al., 2012).

4Underlying assumptions and computations are detailed in section 3.5.
5The ARRIVE Trial (Grobman et al., 2018), a recent multi-site RCT with a global policy impact,

shows a significant decrease in the likelihood of (non-/emergency) c-section (19 vs. 22%), prolonged labor
(20 vs. 14 hours), and a slightly shorter maternal postnatal hospital stay. However, only 23% of eligible
women participated, with roughly 10% official non-compliers. Anecdotally, Goer (2018) proposes even
higher physician-induced non-compliance in the control group.
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This study’s simultaneous identification and straightforward assessment of the relative
impacts of birth interventions fills a gap in the literature. So far, Jacobson et al. (2020)
provide the only study exploring the causal impact of (postponing) either inductions or
c-sections but they do not identify the effects of intervening vs. not intervening at all,
nor do they allow for interaction effects. They find small adverse effects on neonatal
health. Despite this lack of scientific evidence, non-medically indicated induction is less
restricted by medical guidelines than elective surgical procedures (DGGG, 2020b,a). The
new findings contradict the marginalization of induction relative to c-section.

This study also benchmarks its multi-treatment estimates against the causal literature,
thereby putting 1) the reliability of the single-treatment identification on debate, and 2)
the value-added of the more involved multi-treatment identification into perspective. This
is especially useful for the relatively broader evidence on c-section effects, like Card et al.
(2018), Costa-Ramón et al. (2018), Costa-Ramón et al. (2019), Halla et al. (2020), and
Jachetta (2016). Instrumented single-treatment evidence is found to deviate substantially
from multi-treatment findings. Besides, single-treatment estimates differ a lot in sign, size,
and significance depending on the instrument used. Therefore, with interrelated birth
interventions, a multi-treatment model yields more reliable results.

This study meets key interests of public policy. First, awareness that hospital demand
for intervention aggravates rather than alleviates capacity constraints is crucial to prevent
snow-balling effects generating even more birth interventions for non-medical reasons (Allen
et al., 2006; Bonsack et al., 2014). Second, inferring some implications of inductions for
subsequent fertility is likewise of principal interest: The suspected long-term effects of per-
ineal damage counteract costly fertility incentives (parental leave policies, child allowances,
etc.) and, most likely so, when the first child is born (Bruns, 2017).6

The remainder of the paper is structured as follows. section 3.2 describes the data.
section 3.3 details the identification approach. section 3.4 presents estimates for the health
effects of inductions while section 3.5 turns on a hospital’s staff capacity effects. section 3.6
concludes by discussing the policy implications of my analysis.

3.2 Data

To analyze the effects of induced labor on patients’ health and hospital staff constraints,
this study uses nationwide mother-child level hospital records collected and cross-validated
by the IQTIG institute.7 The focus lies on the records from 2015 through 2016, for each

6On average, first births last 6.7 hours (and second births only 4.6 hours), which makes them more sus-
ceptible to intervention: all major birth interventions are way more common among first births (Table 3.1).

7The Institut für Qualitätssicherung und Transparenz im Gesundheitswesen is an independent scientific
research institute with a legal mandate from the German Federal Ministry of Health to evaluate hospital
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of which the pregnancy, the entire hospital stay, and the course of delivery is documented
meticulously.

First, three binary treatments represent the main birth intervention types. Induced
labor, the intervention of principal interest, is expressed as a pooled indicator showing
if any form of induction has been conducted or not. It adopts the clinical definition of
induced labor, which includes, most prominently, mechanical rupture of membranes and
hormonal labor stimulation by medication, but excludes minor interference like cervical
ripening (see Mishanina et al., 2014, for details on induction methods like Oxytocin dose
or membrane sweep).8 Second, Non-emergency C-section comprises all but emergency
c-sections. On the one hand, this definition does not rely on possibly strategic hospital
labeling of c-sections as planned vs. spontaneous (Card et al., 2018). On the other hand,
excluding emergency c-sections allows focusing on c-sections with medical scope as a treat-
ment.9 Third, a binary indicator captures vaginal operations in a wider sense. It combines
classical vaginally operative birth assistance, i.e., by forceps, vacuum, or spatula, with
episiotomy, which is a surgical cut to prevent perineal damage by spontaneous tearing. In-
terestingly, vaginal operations are more common (32%) than inductions (28%) or c-sections
(26%) in the main analysis sample (Table 3.1, column (4)). Notably, despite targeting the
impact of non-medically indicated interventions, none of the treatment indicators relies on
reported indications possibly manipulated to justify intervention framing low-risk births as
pathological (Jürges and Köberlein, 2015; Bradford et al., 2007; Kolip et al., 2012; Feige,
2008).

The dependent variables are a binary indicators for maternal health, namely the inci-
dence of 1) high-degree perineal tearing, as well as ordinal measures of 2) the APGAR score
five minutes after birth10, 3) the hours of labor duration, and 4) the days of the (maternal
and neonatal) postnatal hospital stay. Perineal Tearing (III/IV) encompasses also wound
hematomas, reflecting either severe perineal tearing or episiotomy itself. As episiotomy is
likely not randomly assigned, it is included in the treatment Vaginal Operations. Impor-

care quality. Independent of public or private sponsorship, all officially registered hospitals are obliged to
report their data for external validation and evaluation. In Germany as of 2010, only 2% of births took
place outside a hospital (Kolip et al., 2012). It is a legal requirement to cite the data as follows. “Es
wurden Daten aus Qualitätssicherungsverfahren gemäß §136 SGB V des Gemeinsamen Bundesausschusses
verwendet.”

8Henceforth, unassisted labor is defined as spontaneous labor, maybe augmented or slowed down as the
delivery proceeds. Likewise, unassisted birth precludes any of the three main birth interventions.

9As emergency c-sections refer to mortal danger, they are much harder to recode strategically, first and
foremost due to stricter reporting requirements and a different workflow. Originally, emergency c-section
was targeted as an outcome of induced labor but there was too little variation.

10The APGAR score (0-10) increases in healthy skin color and correct functioning of lungs, heart,
muscles, and reflexes (Card et al., 2018).
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tantly, even though a mother might select into episiotomy while another mother would
bear perineal tearing instead, the wound hematoma signals the severe course of labor for
either one.

Table 3.1: Characteristics of Births by Non-Missingness, Preconditions, and Birth Order

1st & 2nd
births with non-missing central variables

1st & 2nd
births

zero-
precondition

1st births

zero-
precondition
2nd births

= 1 ∆ = 1 ∆ = 1 ∆
(1) (2) (3) (4) (5) (6) (7)

maternal characteristics
german (y/n) 0.80 0.81 -0.06*** 0.81 0.00*** 0.78 0.04***
single (y/n) 0.11 0.11 -0.07*** 0.11 -0.01*** 0.08 0.03***
low socioeconomic status (y/n) 0.80 0.81 -0.10*** 0.80 0.01*** 0.85 -0.05***
age 30.28 30.26 1.01*** 28.16 3.08*** 29.61 0.78***
bmi 24.72 24.72 0.15** 24.10 0.90*** 24.43 0.33***
pre-pregnancy weight (kg) 68.78 68.79 -0.11 67.06 2.51*** 68.02 0.89***
gestational age (#days) 275.17 275.27 -5.62*** 279.81 -6.75*** 279.24 -4.74***
prenatal care (#doctor visits) 11.14 11.13 0.18*** 11.53 -0.57*** 11.15 0.00
pre-care start >12th week (y/n) 0.07 0.07 0.00 0.08 -0.01*** 0.08 -0.01***
neonatal characteristics
birth weight (g) 3328.55 3332.10 -189.89*** 3415.72 -126.43*** 3527.25 -231.53***
hospital characteristics
emerg. cs time >20 min (y/n) 0.01 0.01 0.01*** 0.01 0.00*** 0.02 0.00***
emerg. cs time <3 min (y/n) 0.00 0.00 0.00* 0.00 0.00* 0.00 0.00*
health outcomes
emergency c-section (y/n) 0.01 0.01 0.01*** 0.01 0.00 0.01 0.01***
perineal tearing (III/IV) (y/n) 0.01 0.01 0.00*** 0.02 -0.01*** 0.01 0.01***
APGAR score (5 min.) 9.6 9.6 9.7 9.8
hospital capacity outcomes
labor duration (#hours) 4.85 4.91 -3.47*** 6.69 -2.68*** 4.57 0.33***
maternal postnatal stay (#days) 3.45 3.44 0.57*** 3.36 0.14*** 2.66 0.93***
neonatal postnatal stay (#days) 3.12 3.12 -0.27*** 3.19 -0.11*** 2.59 0.62***
treatments
induced labor (y/n) 0.22 0.23 -0.03*** 0.28 -0.07*** 0.20 0.03***
non-emerg. c-section (y/n) 0.31 0.34 0.32*** 0.26 0.13*** 0.08 0.32***
vaginal operations (y/n) 0.20 0.21 -0.01*** 0.32 -0.16*** 0.11 0.11***
IV staff capacity
non-working day due date (y/n) 0.33 0.33 0.00 0.33 0.00 0.34 0.00**
PROM 8pm-4am (y/n) 0.12 0.13 -0.02*** 0.15 -0.03*** 0.10 0.04***
midwife shortage at arrival [0,1] 0.57 0.57 0.29*** 0.58 -0.01*** 0.58 0.00
IV obstetricians’ preferences
preference induced labor [0,1] 0.23 0.23 0.00 0.23 0.00*** 0.23 0.00***
preference non-emerg. cs [0,1] 0.34 0.37 0.03*** 0.34 0.05*** 0.23 0.16***
preference vaginal operation [0,1] 0.20 0.20 -0.01*** 0.20 -0.01*** 0.20 0.00**
N 1,076,763 561,572 177,215 81,620
N obstetricians’ preferences 412,228 206,199 66,916 27,457

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01. IQTIG birth records for Germany 2015-2016. (Differences in) means for the
central analysis variables based on all births, births restricted to non-missing central variables, and 1st and 2nd births
without pregnancy or birth risks ante partum. See Table 3.A.2 and Table 3.A.3 for details on sample and variable
construction. Binary indicators yes/no abbreviated as y/n. PROM refers to prelabor rupture of membranes. emerg. cs
is short for emergency c-section. For the APGAR score means but no differences are available.
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Given various stages of labor are observed, Labor duration (in hours) can be com-
puted in terms of the staffing-relevant period a mother has contractions, as opposed to the
reimbursement-relevant period of pushing contractions (DHV and DGGG, 2020).11 The
duration of the postnatal hospital stay is measured for both, a mother and a neonate, by
counting the days elapsed between the completion of delivery and hospital discharge.

For causal identification, a total of six instruments is created which are discussed in
depth in 3.3.3. Parsimonious baseline covariates and extensions are detailed in the notes
to Table 3.A.11. Complete variable specifications are given in Table 3.A.2.

To exclude interventions planned for strictly medical reasons, the sample is restricted
to zero-precondition births, i.e., mothers-to-be (henceforth: mothers) without any known
pregnancy or birth risks antepartum, thereby focusing on normal presentation singleton
pregnancies at term. Moreover, focusing on first births minimizes heterogeneous influ-
ences from prior parity experiences. Finally, conditioning on non-missing central estima-
tion inputs yields the main analysis sample of 177,215 observations. Table 3.A.3 depicts
an overview of sample specifications. Balance Table 3.1 compares the central variables
across samples, e.g., all first and second births versus the main analysis sample by non-
/missingness. Despite confirmed high data quality overall, this matters. Hospitals cannot
oblige mothers to provide non-obstetric information, and column (3) suggests, e.g., the
socio-economic or marital status may be selectively missing. Table 3.A.5 in the appendix
balances all core characteristics across strata created for endogeneity and heterogeneity
checks.

3.3 Empirical Approach

This section sheds light on the institutional background determining a hospital’s incen-
tives for physician-induced birth intervention demand and sets out the empirical strategy.
After introducing a simple OLS benchmark framework, an instrumental variable strategy
is developed to identify the causal impact of non-medically indicated induced labor.12

11Detailed information on labor progress is one advantage of the IQTIG data compared to other natality
records. For, Card et al. (2018) do not observe labor at all and proxy its duration by counting the hours
from hospital admission to completed delivery.

12Due to the highly confidential data base the empirical analysis follows a legal protocol. First, the data
user commits herself to a statistical analysis plan, second, the corresponding code is run at IQTIG, and
third, all output - ex-ante requested without any data insights - is released to the user after legal approval
by the Gemeinsame Bundesausschuss (G-BA). Ongoing work by Gerhardts (2024) updates the analysis in
response to these first findings.
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3.3.1 Institutional Background & Intervention Incentives

The identification strategy exploits supply-side incentives for induction at the hospital and
the obstetrician level. Inducing a woman’s labor plays a key role in hospital management,
first and foremost to alleviate staff shortages and to forego standby costs the hospital is
not compensated for (Bruns, 2017; Feige, 2008).13

On behalf of an obstetrician, despite flat-rate pay, performing an induction could be
appealing for many reasons.14 The multitude of subjective incentives creates variation in
obstetricians’ preferences for intervention. Given decision scope from medical guidelines
(Bruns, 2017) paired with variation in capacity constraints and intervention preferences,
mothers are heterogeneously exposed to physician-induced demand.

Figure 3.3: Actual vs. Predicted Delivery Date Distribution Across Weekdays
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Source: IQTIG German hospital records for 1st and 2nd births in 2015-2016. There are <1% of deliveries with a
hospital-corrected due date (not shown). Own calculations.

In a first step, to overcome common challenges upon visualizing physician-induced
13Standby costs are poorly documented. Ignoring standby costs completely, the average DRG-based

profits of an unassisted birth (n=100, 94 uncomplicated) are 1847-1674=173 EUR accounting for 556 EUR
reimbursement-relevant staff costs (Rummel (2007)). While standby costs of just 24% (or 173 EUR) relative
to 76% (or 556 EUR) would turn the profit into a loss, a more realistic standby cost estimate of up to 70%
(Bruns, 2017) implies a sizable loss.

14Lutz and Kolip (2006) and BZgA (2005) summarize alternative forensic, demographic, economic,
cultural, societal, technological, and other supply and/or demand-side incentives for inducing labor.
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demand (Dranove and Wehner, 1994), Figure 3.3 plots due dates and completed births
across weekdays. While due dates set out the biological benchmark distribution, actual
(completed) deliveries should reflect potential man-made birth timing at a hospital, thereby
causing diverging distributions. We see that most due dates are Wednesdays (used as the
100% benchmark) closely followed by Thursdays, while the fewest due dates are Saturdays
(3% less than Fridays). The total range of fluctuation is limited to 7%. Intuitively, the
non-uniform pattern could be driven by leisure time dependent menstruation cycles, etc.15

Completed births somewhat follow the due date distribution from Monday through Thurs-
day but running up to the weekend the patterns diverge. Most births occur on Fridays,
followed by a drastic drop of 21% on Saturdays and - taking Fridays as the benchmark - a
further drop of 3% on Sundays.

In a second step, to visualize work shift-specific intervention demand, Figure 3.4 and
Figure 3.5 plot (the shares of) un-/assisted births across weekdays and hours of the day
respectively. Induced births16 are least frequent on Mondays, their share rises and stays
up from Tuesdays through Saturdays before dropping down on Sundays. Induced births
are also least common between 07 and 08 am, then their share continuously increases
till peaking between 09 and 10 pm, before decreasing again. The patterns of vaginal
operations seem largely mirrored by c-sections, although c-section oscillate more strongly.
We see the least (most) births with vaginal operations (c-sections) on Mondays, rather
stable shares throughout the week, and a distinct increase (decrease) on the weekend.
Similar substitution effects can be seen across daily hours, where the fewest c-sections are
performed before 06 am, then they peak already at 08 am and drop drastically starting
from 03 pm. Accordingly, vaginal procedures are rarest at 08 am before overtaking c-
sections in frequency at 10 am again. In short, the distribution of births following any (or
a combination) of the three main intervention(s) is suggestive of some non-random timing
of birth assistance.

15The due date prediction is normed to 40 weeks from the 1st day of the last menstruation.
16To tentatively assess the timing of inductions themselves, these patterns need to be lagged by 13-17

hours (the mean interval between induction and delivery in a similar sample studied by Levine et al., 2016).
For example, a 17-hour-lag (depicted in Figure Figure 3.A.3) yields an intervention pattern in line with
previous literature where inductions are concentrated 1) on the early morning hours maximizing delivery
likelihood during the day shift as well as 2) on Mondays through Fridays shifting delivery away from
weekends (Halla et al., 2020; Costa-Ramón et al., 2018). However, inferring induction timing from birth
timing is imprecise as the induction-birth interval depends on the induction method(s) and further (minor
or major) interventions applied.
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Figure 3.4: Relative Distribution of Assisted Births Across Weekdays
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the main analysis sample of zero-
precondition first births (detailed in the notes to Table 3.A.11). Own calculations.
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Figure 3.5: Relative Distribution of Assisted Births Across Daily Hours
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the main analysis sample of zero-
precondition first births (detailed in the notes to Table 3.A.11). Own calculations.
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3.3.2 Benchmark: Pooled OLS

As a baseline, an OLS regression with three interdependent treatments is run, thereby ac-
counting for substitution effects and complementarities among birth interventions. Specif-
ically, induced labor could be either substituted by a planned c-section or complemented
by a spontaneous (non-emergency) c-section.17

Despite an ongoing debate as to whether inductions cause c-sections or not (Table 3.A.1),
their joint effect has been broadly neglected. Seminal IV studies identifying c-section im-
pacts, either ignore (Card et al., 2018), control for (Costa-Ramón et al., 2018), or drop
inductions from the sample (ibid.), none of which overcomes the problem that induction
is endogenous, too. Jacobson et al. (2020) distinguish unassisted, induced vaginal, and
c-section deliveries, thereby mechanically mixing the impact of failed inductions with that
of a c-section alone. By contrast, this new model supplements the main interventions by a
single cumulative induction-plus-surgery indicator.

Ym = β0 + β1 ∗ ILm + β2 ∗ CSm + β3 ∗ V Om + β4 ∗ ILSurgerym

+ x′
m

1×k

δ
k×1

+ λ
1×s

1
s×1

+ vm (3.1)

where

covariates xm ≡


1

x1
...

xk−1

 , sets of fixed effects λ ≡
[
λ1 . . . λs

]

• Ym: outcome of mother (or her neonate) m

• ILm, CSm, V Om ∈ {0, 1}: =1 if mother m has an induction (and maybe other interventions), a non-
emergency c-section (dto.), or vaginal operations (dto.) respectively; 0 else

• IL_Surgerym: =1 if mother m has an induction followed by a non-emergency c-section, vaginal operations,
or both; 0 else

• details on pre-determined controls, fixed effects, and cluster-robust standard errors given below Table 3.A.11

OLS estimates for induction health impacts vary substantially in terms of size, sign,
and significance (Bonsack et al., 2014; Coatesid et al., 2020; Axt-Fliedner et al., 2004). This

17Equation 3.3, the originally targeted model allows all two- and three-way intervention interactions.
However, in practice, after failed vaginal operations a spontaneous (but non-emergency) c-section is med-
ically only feasible before the fetus descends too far into the birth canal. In the main sample of 177,215
births, there are 45 doubly surgical (and 15 triple intervention) cases causing extreme multicollinearity is-
sues. Follow-up work by Gerhardts (2024) settles on an intermediate model that dismisses rare interactions
from the original specification but still manages to disentangle induction followed by c-section (9%) vs.
induction followed by vaginal procedures (8% of birth modes, see Table 3.A.8).
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study accounts for interrelated birth interventions and a parsimonious set of core controls
inspired by Card et al. (2018). Related estimation designs by Card et al. (2018), Halla
et al. (2020), Buckles and Guldi (2017), Jürges (2017), Schulkind and Shapiro (2014a),
and Costa-Ramón et al. (2018) are also cautious about adding many different sets of fixed
effects even though non-linear trends, seasonality of births across months, weekdays, and
daily hours, as well as hospital-specific intervention effects, are well-known. Accounting
for binary outcomes and possible error correlation up to the county level (due to mothers
selecting into hospitals), cluster-robust standard errors are reported.

Nevertheless, the OLS benchmark regression likely yields biased estimates as inter-
ventions are non-randomly assigned. For an up-/downward bias, i.e., over-/understating
the adverse health effects, inductions without medical advantages needed to be concen-
trated on mothers with worse/better expected health outcomes. Adverse health outcomes
are consistently negatively correlated with socioeconomic status (Jeong et al., 2020). For
zero-precondition first-time mothers of lower socioeconomic status more doctor visits are
registered despite the belated start of prenatal care, see Table 3.A.4, which hints at cu-
rative rather than preventive appointments. In the literature, the correlation between
socioeconomic status and inductions varies across countries (Carter et al., 2020).18 In-
tuitively, a concentration of inductions on women with lower socioeconomic status could
be rationalized by, e.g., physician-induced demand increasing in information asymmetries,
thereby overstating an adverse health effect. Vice versa, an adverse health effect would
be underestimated if mothers with high socioeconomic status got more high-tech medical
care and thus more exposure to false positives about the fetus’ well-being. Comparing the
unconditional means across samples, zero-precondition first births to mothers with lower
socio-economic status are equally often induced as the main sample (but more prone to c-
sections), see Table 3.A.4. In line with prior literature (O’Dwyer et al., 2013; Carter et al.,
2020), we further see inductions to be centered on slightly older mothers but less common
among single mothers (23%). By contrast, c-sections are more frequent (around 27%) for
both groups relative to the overall sample (21%). This is suggestive of (un-)observed dif-
ferences likewise associated with birth outcomes even among zero-precondition first-time
mothers.

18One key risk factor reflected in socioeconomic status is nutrition quality (Wolfe et al., 2011). Zero-
precondition births exclude mothers with severe obesity and the core controls account for (even non-linear
effects of) height and weight, and BMI. However, BMI is just a (noisy) proxy for dietary quality, i.e., even
a slim person could have bad eating habits.
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3.3.3 Instrumental Variable Estimation (IV)

To resolve self-selection into multiple, possibly combined interventions, the three major
interventions and induction followed by surgical intervention are instrumented.19 Two
alternative sets of three instruments each are discussed, first in terms of exogeneity, followed
by relevance.20 A brief remark on monotonicity concludes the identification discussion.

Instrument Exogeneity & Exclusion Restriction

1. A Set of Instruments based on Obtetricians’ Intervention Preferences

This set of instruments uses an obstetrician’s preferences to perform inductions, c-
sections, and vaginal operations (similar to Bhuller et al. (2020) in another context).
Preferences are measured via the obstetrician’s average rate of performing the re-
spective intervention in all past deliveries. The idea is that an obstetrician has both,
institutional decision scope on whether to offer intervention as well as influence on a
mother’s consent due to physician-patient information asymmetries.

The first requirement of the exclusion restriction is random obstetrician assignment.
Addressing concerns about mothers selecting into a hospital for its intervention rep-
utation warrants including hospital fixed effects.21Next, considering within-hospital
randomness, restricting the sample to zero-precondition first births is important.
On the one hand, zero-preconditions rule out skill-based obstetrician assignment,
i.e., the matching of (unobserved) medical skills to heterogenous maternal health
records. On the other hand, first-birth mothers are less likely to request a specific
obstetrician based on prior experiences. However, learning about physician-specific
intervention histories mothers might try to pick an obstetrician matching their pref-
erences. Considering the organizational workload of German hospitals such selection
seems unlikely but not impossible.

Therefore, the subsample of mothers rejected by one and transferred to another
hospital is analyzed because those mothers could neither choose the hospital nor the
obstetrician. Table 3.A.5 shows transferred women to be more often single, older,
and of higher socio-economic status, delivering relatively lower birth weight babies,
and experiencing a lot more inductions or (even emergency) c-sections. Likewise, the

19Whether birth interventions are endogenous (and IV estimation preferable) is not tested formally be-
cause the Wu-Hausman Test/ Durbin Score does not adapt easily to this set-up. Results from a workaround
exploring the regression-based approach reported after Stata’s ivregress command (Cameron & Trivedi 2005)
are available upon request.

20Discussing exogeneity, “as good as randomly assigned conditional on (core) covariates and fixed effects”
is shortened to “randomly assigned” for the sake of simplicity.

21This was done only for the original model Equation 3.3 in Table 3.A.13.
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subsample of mothers not presented to an obstetrician during the prenatal period is
checked on. Albeit overall more similar to the main sample, these mothers are way
less likely to be induced (Table 3.A.5).22

The second requirement of the exclusion restriction is that a given obstetrician’s
intervention preference may influence birth outcomes only through altered interven-
tion likelihood. Therefore, a problematic scenario would be, e.g., a mother staying
with her assigned obstetrician but refusing to collaborate with him upon learning of
his preference for intervention, thereby provoking an emergency c-section. Probably
more salient in this context is the gatekeeper problem (Maestas et al., 2013) meaning
that obstetrician assignment could be a packaged treatment including intervention
preferences but also systematic skill differences. For instance, an obstetrician’s high
c-section preference might result in less experience and fewer skills in handling vaginal
deliveries. Reassuringly, comparing unassisted and induced labor relies on a similar
skill set. Nevertheless, the sample of (otherwise low-risk) first-time mothers deliv-
ered pre-arrival to hospital could be insightful. In this sample, unassisted delivery
is the default with induction (c-section) rates as low as 9% (18%, see Table 3.A.5)
independent of an obstetrician’s intervention preference (which is limited to influenc-
ing the type of intervention). Therefore, the estimated impact of a high induction
preference should reveal other potentially influential characteristics specific to these
obstetricians.23

2. A Set of Instruments based on Hospital Staff Capacity

Instrument: Midwife Shortages upon Maternal Arrival at a Hospital
The idea is that a mother arriving at a hospital where all midwives are busy is more
likely to not get assigned a midwife at all, which in turn makes her more prone to
induction.

The first requirement of the exclusion restriction is that mothers do not selectively
arrive at a hospital in response to within-day minute-wise fluctuations in midwife
shortages arising from ongoing deliveries there. Despite maternal midwife and hospi-
tal selection, random assignment seems plausible as a mother usually cannot observe

22The corresponding subsample regressions were only run for the original model Equation 3.3, see Ta-
ble 3.A.12 and Table 3.A.15.

23Sample-specific reduced form regressions - available upon request - were only run based on Equation 3.3.
Another promising subsample to test intervention preference-dependent medical skills consists of (otherwise
low-risk) first-time mothers suffering pre-/eclampsia. The high blood pressure condition provokes seizures
and ranges among the strongest medical indications for induction or surgical delivery. However, the sample
size was <10.
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current midwife shortages at a hospital, and much less so before being admitted her-
self. To capture unpredictable variation, midwife shortages are defined as the share
of current deliveries without midwives.24 The newly arriving mother herself is ex-
cluded from the shortage measure. Otherwise, if she went into labor pre-admission,
her choice to bring a midwife along or not would bias the measure. Addressing con-
cerns arising from a mother selecting into an, e.g., high-quality hospital guaranteeing
a midwife to each patient upon arrival, motivates the inclusion of hospital fixed
effects. Furthermore, subsample regressions for hospitals forbidding in-patient mid-
wives rule out pre-determined mother-midwife constellations unaffected by whichever
midwife shortages prevail upon hospital admission.25

The second requirement of the exclusion restriction is that facing a given midwife
shortage may influence birth outcomes only through altered intervention likelihood.
To meet this condition, the midwife shortage prevailing (not the midwife assignment
itself) upon arrival should not determine whether, e.g., a mother arranges to get
certain anesthesia she would not have asked for otherwise.

Instrument: Pre-labor Membrane Rupture during a Hospital’s Night Shift

The idea is that staff shortages are relatively more acute at night making schedul-
ing of births more attractive, especially after a membrane rupture requiring intense
monitoring otherwise. Figure 3.6 plots the within-day distribution of induced births
confirming the extent to which inductions are used to schedule births around the
clock. Figure 3.7 represents a close-up of two groups, namely all births following a
pre-labor membrane rupture and a subset of those that were also induced. We see
that the two groups co-move to some extent, although membrane ruptures oscillate
five times as strongly within a day. Both groups reach their minima around noon,
five hours later than induced births overall (Figure 3.6). Thus, pre-labor membrane
ruptures shape part of the induction allocation beyond obstetricians’ control.

24Midwives are commonly assigned to several mothers simultaneously. Therefore, to capture acute and
unpredictable shortages, the instrument is defined in terms of ongoing deliveries, i.e., the most care-intense
periods, instead of counting midwives not assigned to a mother yet.

25This was done only for the original model Equation 3.3 in Table 3.A.13.



86 The Economics of Labor & Patients’ Health Outcomes

Figure 3.6: Induced Births Across Daily Hours
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the main analysis sample of zero-
precondition first-births (detailed in the notes to Table 3.A.11). iol births refer to induced births. Own calculations.

Figure 3.7: Births with Pre-Labor Membrane Ruptures & Subsequent Inductions
Across Daily Hours
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the main analysis sample of zero-
precondition first-births (detailed in the notes to Table 3.A.11). prom births refer all to births following a prelabor
membrane rupture, iol births after prom refers to a subsample of these births that are also induced. Own calcula-
tions. Please note that this figure is zoomed-in by 10 compared to Figure 3.6.

The first requirement of the exclusion restriction is that a given mother’s membrane
rupture falls randomly into the hospital’s day or night shift. If within-day timing
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of membrane ruptures was randomly allocated to mothers, we would expect it to
be comparable across maternal strata. Figure 3.A.4 and Figure 3.A.5 rule out in-
fluential daily working or exercising routines by plotting the daily distributions of
births following membrane ruptures stratified by a mother’s employment and fit-
ness status.26 Optimally, the timing of membrane ruptures (not subsequent births)
should be compared as the endogenous allocation of interventions contaminates birth
timing. Reassuringly, a few spikes around midday non-withstanding, even the daily
distributions of births are well aligned across maternal strata.

The second requirement of the exclusion restriction is that a membrane rupture hap-
pening in either shift may impact birth outcomes only through changed intervention
likelihood. That means mothers should react similarly to the rupture, e.g., by enter-
ing into the hospital as soon as possible instead of waiting for the morning to come.
This seems plausible out of fear for the fetus’ well-being. It is also feasible because
the emergency ambulance is covered by public insurance in Germany.

Instrument: Due Date on a Non-working Day

The idea is that staff shortages are more likely on weekends and holidays, which makes
scheduling labor onset for mothers due on these days relatively more appealing to a
hospital.

The first requirement of the exclusion restriction is that neither parents nor physicians
influence the due date’s non-working day status (random assignment). In practice,
the condition implies conceiving parents should not be targeting a non-working day
for birth based on the due date prediction formula. Given the due date is criticized
for poor precision, such a rationale seems unlikely, even if parents had non-working
day preferences. However, maternal characteristics like specific working habits could
influence the onset of menstruation cycles during the week. Reassuringly, across
socio-economic status, no specific due date patterns emerge in Figure 3.A.2. More-
over, a gynecologist predicting the due date may not change it upon noticing a birth
is due on, e.g., a Sunday. Likewise, hospitals may correct the due date prediction
only for medical reasons and not to justify early-on interventions. Reassuringly, the
share of mothers with a hospital-corrected due date is negligible (well below 1%).

The second requirement of the exclusion restriction is that having been assigned a
non-working day due date may influence birth outcomes only through altered inter-
vention likelihood. This condition implies that, e.g., a mother due on a Sunday may

26Studying membrane ruptures at ⩾37 weeks of gestation implies German state-mandated maternity
protection has been mitigating differential impacts of daily stress at work for about eight weeks already.
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not educate herself about options of anesthesia fearing a tougher birth experience
due to Sunday-specific understaffing.27

For conditional random instrument assignment, Figure 3.A.1 explores unconditional
correlations of instruments and maternal characteristics. Many well-known patterns
emerge, e.g., the intuitive overlap between instruments. Moreover, obstetricians’ in-
tervention preferences (and staffing constraints) relate to a mother’s age, her bmi,
whether she has a her own midwife etc., all of which strongly motivates the inclusion
of core controls. Nevertheless, to put the correlations into perspective, obstetri-
cians’ preferences and staff capacity indicators are much less specific to maternal and
hospital strata than the share of interventions themselves (see Table 3.A.4 and Ta-
ble 3.A.5). All in all, besides controlling for the observable differences, placebo tests
are warranted to assess the presence of unobservable differences possibly introducing
endogeneity into the framework.

Instrument Relevance & First-Stage Results

Each set of instruments gives rise to the following system of first-stage equations.

tm
t×1

= Γ
t×z

zm
z×1

+ Φ
t×k

xm
k×1

+ Λ
t×s

1
s×1

+ ϵm
t×1

(3.2)

Notation builds on Equation 3.1. There are 1, ..., t treatments, 1, ..., k − 1 covariates, and 1, ..., s sets of fixed effects
observed for mother m, while 1, ..., z instruments are defined as

either zm ≡

InducedLaborP ref (ILPm)
CSectionP ref (CSPm)

V aginalOperP ref (V OPm)
ILPm ∗ CSPm ∗ V OPm

 , or zm ≡

 DueDateNoW orkday (DNm)
MembraneRuptureNight (RNm)

MidwifeShortage (MSm)
DNm ∗ RNm ∗ MSm


• DNm ∈ {0, 1}: =1 if the due date is a weekend day or public holiday, 0 else

• RNm ∈ {0, 1}: =1 if mother m has a pre-labor membrane rupture between 8 pm to 4 am, 0 else

• MSm ∈ [0, 1] =

{
0 if #current deliveries at that hospital = 0
#current deliveries at that hospital without a midwife

#current deliveries at that hospital else

• ILPm, CSPm, V OPm ∈ [0, 1]: mean prior rate of inductions, non-emergency c-sections, and vaginal opera-
tions of obstetrician treating mother m

Multi-treatment First-stage Results

27Anasthesia like epidurals correlate with stalled labor, emergency c-sections, and severe perineal tearing
(Tammaa et al., 2007).
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As classical weak instruments statistics are not applicable in this setting, underidentifica-
tion is tested instead.28 Obstetricians’ intervention preferences identify Equation 3.2, i.e.,
underidentification is rejected by a p-value of <0.001 for all treatments (Table 3.A.6).29

Adding to this, more intuitively than statistically, the first stage of the combined inter-
vention Induction + surgery (shown in the lower panel of Table 3.2) confirms strongly
significant positive correlations with all preference-based instruments.30

Single-treatment First-stage Results

Treating either induction or (non-emergency) c-section as the only treatment all preference-
based instruments are relevant for both interventions, only induction preference is irrelevant
for c-section (Table 3.2). As expected, induction (c-section) preference predicts induction
(c-section) most strongly. Despite likely omitted variable bias from left-out rivaling inter-
ventions, the estimates are quite in line with intuition, e.g., they show complementarities
between induction and surgical intervention preferences, as well as substitution effects
between c-section and vaginal operation preferences.

Among staff capacity-based intruments, only those referring to night shift constraints
predict induction (albeit with opposing signs). This is in line with the co-movement de-
picted in Figure 3.7.31 All instruments but the due date’s non-working day status, which

28Intuitively, given multiple endogenous variables, the standard first-stage F-statistic could fail as follows.
Assuming a just-idenitfied model, in which one instrument is predictive of several endogenous variables,
while another instrument is barely predictive for any of them. Then, in both first-stages, the F-statistic
would be high, even though one of the endogenous variables would be only weakly identified. Sanderson and
Windmeijer (2016) provide a cluster-robust underidentification test for multiple endogenous treatments by
running the Sargan-Hansen J-Test for overidentification (Cameron and Miller, 2015) in auxiliary regressions.
Conventional extensions of weak instrument statistics handle either multiple endogenous treatments, e.g.,
the Anderson-Rubin test (Chernozhukov et al., 2009), or cluster-robust standard errors, e.g., the Montiel-
Olea-Pflueger F-statistic (Andrews and Stock, 2018) but not both.

29By contrast, for model Equation 3.3 featuring all intervention interactions underidentification is never
rejected, neither for the main nor the interacted intervention treatments (Table 3.A.8).Staff capacity-based
instruments even fail to identify the parsimonious multi-treatment model (Equation 3.1).

30The other three first-stages - referring to each main intervention at a time - are likewise very strong
and available upon request. However, the decisive criterion is the underidentfication value, not the single
nor the joint significance of the first stage estimates.

31Absent other complications, a pre-labor membrane rupture does not imply maternal or fetal compro-
mise. Therefore, medical guidelines state to monitor the mother closely for at least 12 hours before inducing
labor (Mylonas and Friese, 2015; DGGG, 2006). However, the risk of infection increases while waiting for
labor to start, and fear for the fetus’ well-being probably drives down induction refusals.
Using instruments involving pre-labor membrane ruptures raises concerns about impacting a rather limited
share of observations at all. 30% of zero-precondition first-time mothers experience a membrane rupture
(which is way above the overall mean of 8% given by IQTIG (2017)), out of which 15% occur during the
night shift (8 pm till 04 am). At the same time, given an average yearly induction rate of 28% in the sample
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is never relevant anyways32, strongly predict c-section. A significant positive correlation
with midwife shortages is a common finding in the literature. BZgA (2005) and Jacobson
(1993) attribute this to midwives being often more patient and more proficient in conser-
vative obstetric skills than obstetricians. Usually, hospitals have their own midwives and/
or tolerate so-called in-patient midwives to be brought along by the mothers. However,
due to severe midwife shortages, it becomes increasingly difficult to find an in-patient mid-
wife during pregnancy (Bruns, 2017). Figure 3.8 visualizes the trend over time in midwife
shortages plotting the shares of midwife types over time.

Figure 3.8: Relative Distribution of Midwive Types Across Years
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Own calculations.

Added-variable plots in the appendix (see Figure 3.A.9, Figure 3.A.10, and Figure 3.A.11)
explore the residual correlation (reflected in the slope of the regression line) between a given
instrument and all three main intervention types netting out maternal core characteris-
tics. When employed in a single-treatment approach, all but one instruments capture birth
intervention dynamics.

period (Schwarz et al., 2016), many mothers with zero instrument status do have their labor induced. This
warrants subsample regressions exclusively for mothers with pre-labor membrane ruptures.

32Intuitively, the low precision of the due date counteracts instrument relevance. Still, as the single best
predictor of the natural birth date, the due date represents a hospital’s benchmark for treatment decisions.

https://www.statistischebibliothek.de
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3.4 Maternal & Neonatal Health Effects

This section discusses how non-medically indicated induction (possibly augmented by sur-
gical intervention) impacts patients’ immediate health. First, novel multi-treatment IV
estimates are presented, then single-treatment equivalents relate to the literature. Finally,
a channel-based outlook sketches possible longer-run impacts.

3.4.1 Multi-treatment IV results

Each column of Table 3.3 is dedicated to a distinct outcome. The upper four rows belong
to the same specification (Equation 3.1) showing the jointly estimated impacts of all in-
strumented treatments, one below the other, conditional on core controls.33 The last rows
show induction estimates from separate regressions, i.e., row (5) excludes controls, and row
(6) excludes the combined intervention Induction + surgery.34

Maternal Health
Following column (1) perineal laceration incidence is 6% more likely for induced (and possi-
bly invasive) than unassisted delivery.35 The estimated beneficial effect of induction alone
is counteracted by inductions entailing a more violent course of labor and additional inter-
vention.36 The impact of induction alone is stable to leaving out core controls. Modeling

33Strictly speaking, all main effects are identified relative to unassisted delivery and deliveries suffering
two-fold surgery, i.e., vaginal operations followed by c-section which occurred in the whole sample only 45
times. Assume discarding rare treatment combinations was irrelevant in terms of omitted variable bias
and multicollinearity. Then, the main interventions’ interpretation should be stable to using Induction +
surgery instead of two- and threefold interactions.
Originally, it was intended to estimate a model using three main birth intervention treatments and all
their possible interactions (Equation 3.3). However, the corresponding results indicated multicollinearity
issues and underidentification. The IV (main and subsample) estimates are reported for completeness
acknowledging that no causal insights arise from this evidence (Table 3.A.11, Table 3.A.12. The coefficients
estimated using very weak instruments are likely more biased than their OLS analogs and inflated standard
errors might render significant relationships insignificant (Angrist and Pischke, 2009).).

34The last row’s identified effects differ, e.g., the impact of induced labor (possibly supplemented by
surgical intervention) is compared to any birth mode not involving induction.

35Given the distribution of inductions alone vs. augmented by surgery (Table 3.A.8), the overall effect
of induction in our sample can be computed as (+0.60) ppt * 0.17 = 0.102 ppt net off (-0.36) ppt * 0.28 =
(-0.1008) ppt yielding (+0.0012) ppt (residual increase), relative to a sample mean of 0.02 ppt.

36The (only existing and imperfect) OLS benchmark (Table 3.A.11, column (2)) is based on a distinct
model (Equation 3.3). and predicts a rise in perineal tearing around 0.003 ppt (15% relative to the
sample mean) after induction without surgery. Notably, in this study, even the interpretation of IV and
OLS effects from the same model differs. A sample of zero-precondition mothers includes inductions with
debatable medical advantages, which could explain relatively more positive health effects estimated by OLS.
Figure 3.A.7 and Figure 3.A.8 show the frequency of intervention indications by medical severity, which
seem stable across weekdays but responsive to hours of the day.
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main intervention effects only, no significant effect of induced labor (in any combination vs.
unassisted delivery) emerges. Thus, disentangling the main and combined effects seems
key for identification. In the literature, induction-caused perineal damage lacks explicit
reporting (see, e.g., Jürges, 2017) preventing a direct comparison at this stage.37 While
older medical guidelines do list inductions among risk factors of severe tearing (Tammaa
et al., 2007), more recent ones refer to an evidence gap about its impact (DGGG, 2020c).

Neonatal Health

Column (6) of Table 3.3 depicts a strong and stable negative intervention impact on the
APGAR score five minutes (or ten minutes likewise - not shown -) post-birth, first and
foremost due to induced labor (-2.2 points or 23%) but also in response to a non-emergency
c-section (-0.92 points). As recapped in Table 3.A.1, seminal empirical evidence is con-
centrated on immediate neonatal health outcomes. Abstracting from limited comparabil-
ity with single-treatment models38, the new evidence contradicts findings by Jürges and
Köberlein (2015) or Jacobson et al. (2020) and exceeds the tiny negative induction impacts
suggested by Lynch et al. (2019) or Schulkind and Shapiro (2014b). Besides, the new find-
ings speak against a positive c-section effect on the APGAR score of about 0.5 points
established by Card et al. (2018) while lining up perfectly with the decrease estimated by
Costa-Ramón et al. (2018). Thus, this study adds large-scale quasi-experimental evidence
on adverse health effects to a highly unreconciled evidence base.

Placebo Effects

To uncover potential instrument endogeneity, this model is regressed on a battery of placebo
outcomes, none of which yields significant estimates. Column (5) of Table 3.3 shows that
all coefficients associated with the placebo outcome Prenatal care starting >12th week are
insignificant. The rationale is that interventions happening at the delivery may not lead
to events earlier throughout the pregnancy. Other placebo candidates tested are a fetus’
1) sex, and 2) innate disability, as well as a mother’s 3) alcohol or cigarette abuse during
pregnancy, 4) employment status, and 5) psychological or social problems.

37To simplify interpretation, the (relative) impact of a (non-emergency) c-section on perineal lacerations
- though interpretable through a potential outcomes framework as used by Card et al. (2018) based on
Abadie and Kennedy (2003) - is not discussed.

38Simultaneous identification within the same framework puts intervention impacts naturally into per-
spective to each other. By contrast, next to internal validity problems (most prominently, omitted variable
bias from left-out rivaling interventions) comparing single-treatment estimates across different studies hinges
on each study’s external validity.
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3.4.2 Single-treatment IV results

Table 3.4 reports single-treatment IV estimates (conditional on core controls) for all in-
struments newly proposed in this study as well as some state-of-the-art instruments from
the literature.39

Maternal Health

Using obstetricians’ preferences-based instruments, having an induced (and potentially
surgical) birth is estimated to increase severe perineal tearing incidence between 0.04 to
0.33 ppt relative to any birth mode not involving induction, thereby comprising not only
unassisted births but even pre-labor c-sections. In line with intuition, the multi-treatment
estimate (using the same instruments jointly and measuring the impact of induced vs.
unassisted delivery, both of which are challenging to the perineum) is much smaller. While
the impact of c-sections is of secondary interest in the context of high-degree tearing,
the much smaller range (-0.05 to 0.02 ppt) somewhat puts the estimates’ stability into
perspective. Finally, using staff capacity-related instruments or a simple OLS model, no
significant impacts are found.

Neonatal Health
Using three of five instruments at a time, induced labor predicts a significant decrease
in the APGAR score (0.14-2.39 points) compared to not inducing labor. Larger impacts
result from obstetricians’ preferences-based instruments, the upper bound of which lines
up with the preferred estimate of Table 3.3. The OLS benchmark, half the size of the IV
lower bound, is significantly negative, too. When predicting the APGAR score by c-section
as the only treatment the pattern is less stable, i.e., two staff capacity instruments predict
a positive impact (up to 0.33 points), one capacity and one preference-based instrument
suggest negative impacts of the same size, and finally, one capacity and one preference-
based instrument fail to detect significant impacts at all. The naive OLS model suggests
an impact overall similar to that of induction.

Placebo Tests
Interventions are interrelated, thereby responding (more or less strongly) to the same
instruments. This easily turns the left-out interventions (among other candidates) into
omitted variables (or bad controls, see, e.g., Costa-Ramón et al. (2018) controlling for (and
stratifying by) induction upon targeting c-section effects) biasing the single-intervention
IV model. Depending on which placebo outcome is chosen different drivers of endogeneity
can be detected.

39From Table 3.2, we know that out of six proposed instruments, five identify either induction or c-section
and four identify either one at a time.
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Therefore, it is not surprising that instruments yield significant impacts of induction
(or c-section) on belated prenatal care (and other placebo outcomes). Taking this evidence
and the reasons laid out in section 3.3 together, single-treatment IV models should be
interpreted with caution.

3.4.3 Channels of Longer-run Induction Impacts

Severe Perineal Tearing & Future Surgery

A growing body of observational literature raises concerns about Perineal tearing (III/IV)
impairing maternal future health and fertility outcomes. Especially debated is the strong
association with future surgery, most prominently due to 1) recurrence of tearing (Priddis
et al., 2013; Woolner et al., 2019), 2) subsequent c-section on request (O’Donovan and
O’Donovan, 2018; Størksen et al., 2015; Ryding et al., 2016; Smarandache et al., 2016;
Garthus-Niegel et al., 2014; Pang et al., 2008; Tschudin et al., 2009; Woolner et al., 2019),
as well as (3) avoidance of future pregnancies (Priddis et al., 2013) or even infertility (Jolly
et al., 1999; Gottvall and Waldenström, 2002), which is especially critical as severe tearing
is centered on first-time mothers (DGGG, 2020c). However, due to the lack of quasi-
experimental multi-treatment evidence, this channel forbids causal longer-run inference of
induction impacts.

Induction & Subsequent C-section: A Thought Experiment

But to which extent are inductions burdening the health care system by causing c-sections?40

For a back-of-the-envelope quantification within the scope of this study, let’s assume the
share of mothers with induction-debited c-sections to be 7%.41 On the one hand, induced

40Rummel (2007) computes hospital profits (based on DRG cost-rates among n=100 mostly uncom-
plicated births) for a c-section (3,843 EUR [reimbursement] - 2,385 EUR [reimbursement-relevant hospital
costs] = 1,458 EUR) vs. an unassisted vaginal birth (1,847 EUR - 1,674 EUR = 173 EUR). Thus, c-section-
specific additional reimbursement amounts to 3,843 EUR - 1,847 EUR = 1,996 EUR.
Using register data of BARMER GEK, a major German public health fund in 2010, Kolip et al. (2012) find
average reimbursement costs of 1,520 EUR vs. 2,680 EUR for vaginal and c-section delivery respectively
implying 1,160 EUR additional reimbursement for c-section. Despite their differences, the studies agree on
a sizable extra financial burden of c-sections for the health insurance system.

41In our sample of healthy mothers, 79% of inductions happen on non-medical grounds (Figure 3.A.7 and
Figure 3.A.8). The share of elective inductions is derived from the composition of indications (i.e., summing
up explicit maternal requests and incompletely specified risks) reported for inductions in our sample.
While indications may be strategically coded (Jürges and Köberlein, 2015), intuitively, hospitals should
rather understate elective interventions implying a lower-bound cost estimate. For simplicity, imposing the
share observed for induced on all assisted zero-precondition first-births, 79% * 9% (the share of c-sections
immediately following induction) = 7% of healthy mothers experience both, induction and c-section without
a medical indication ex-ante. Per 1000-women, drawing on Rummel (2007), we get 1,000 * 7% * 1,400 EUR
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and unassisted labor can fail alike, which breaks the direct link between c-section as an
outcome of labor trials. On the other hand, the calculation is conservative in accounting
only for immediately provoked c-sections, thereby excluding higher-order parity c-sections
(maybe resections42) requested due to traumatic past induction. Expressed per 1000-
women, this yields 99,500 EUR profits for the hospital while burdening the health care
system with 140,000 EUR. As of 2019, across healthy first-time mothers, this implies 34
million hospital profits vs. 47.8 million losses for the public health care system.43

3.5 Hospital Staff Capacity Effects

This section discusses the impact of non-medically indicated induction and/ or surgical
intervention on a hospital’s staff capacities. Adopting a structure similar to section 3.4,
the focus lies on new causal evidence from a parsimonious multi-treatment IV model, which
is put into perspective by seminal single-treatment models from the literature. Some back-
of-the-envelope calculations assessing the system-wide health care impact conclude.

3.5.1 Multi-treatment IV Results

Do the adverse intervention effects established in section 3.4 rebound from patients’ im-
paired health onto hospitals’ staff capacity constraints? Columns (2) to (4) of Table 3.3
based on Equation 3.1 quantify staff capacity impacts via two key measures of a hospital’s
monitoring workload.44

Labor Duration

For inductions (possibly augmented by surgery) average labor shortens by close to 1 hour.45

The pure induction effect is stable to leaving out core controls. Using main effects alone,
no significant effect of induction emerges. Surgical interventions mechanically cut labor

(hospital profit per c-section) = 99,500 EUR vs. 1,000 * 7% * 2,000 EUR (additional health care burden
per c-section) = 140,000 EUR.

42With a share of 23.6% in 2010 already (Kolip et al., 2012), resection has been the most popular
indication for c-section for more than a decade.

43Kolip et al. (2012) suggest 5% of first-time mothers suffer preconditions. Using 2019 as base year,
this equals 341,000 zero-precondition first births among 359,000 first-time mothers from Germany. The
actual sample size used in this study deviates due to a different sample period, a (stricter) definition of
zero-preconditions, and some missings in non-mandatory maternal background information.

44Results of the originally intended model (Equation 3.3) are not discussed.
45Drawing on the intervention shares among zero-precondition first-time mothers (Table 3.A.8), we find

some 0.28 * (-27.4) h = -7.7 hours shorter labor due to induction alone vs. a (0.09 + 0.08) * (+40.1) h =
6,8 hours prolongation, which yields (-0.9) hours (-13%) of foregone labor experienced by a representative
mother.



The Economics of Labor & Patients’ Health Outcomes 99

short by 10 (vaginal operations) to 17 (c-section) hours. All in all, interventions produce
overarching favorable effects for staff capacity absorbed by Labor Duration.46

Postnatal Hospital Stay

Neither sole nor combined induction impact the postnatal hospital stay significantly. No-
tably, the accompanying standard errors are unusually large. Not including controls, stan-
dard errors are slightly smaller and the estimated coefficients decrease (in absolute terms)
by around one third. The main-effects-only model yields highly significant negative im-
pacts that shorten the maternal (neonatal) hospital stay by 1.2 days or 35.3% (1.4 days)
following induction in any combination relative to any not induced birth.

The hospital stay of mothers and neonates is prolonged after births involving c-section
(ca. 1.8 days for both) or vaginal operations (1.2 and 1.6 days). Thus, surgical interventions
alone drive adverse health effects mirrored in additional patient monitoring. This might
explain (part of) the marginalization of inductions relative to surgical birth interventions
reflected in inductions’ less restricted usage on non-medical grounds.

3.5.2 Single-treatment IV results

Regressing hospital staff capacity outcomes on induction modeled as single treatments
(Equation 3.3) yields mostly significant but volatile estimates across instruments.

Labor Duration

According to column (2) of Table 3.4 induction (relative to any other birth mode) is
estimated to significantly shorten labor duration between -36.9 to -4.6 hours. The wide
range relies on just two (out of five) instruments. Upon instrumenting by obstetricians’
preferences precision is a problem. Especially for vaginal operations’ preference standard
errors explode across all staff capacity outcomes. The corresponding OLS estimate predicts
a significant but relatively modest decrease in labor length by 1 hour, well aligned with
the (conceptionally different) total impact the multi-treatment specification Equation 3.1
yields.

For all but one instrument, non-emergency c-section is estimated to significantly shorten
labor between -20.8 to -5.5 hours. Centered around 10 hours, the range encompasses the
-17 hour decrease found by the multi-treatment estimate for c-section (not mixed with trial
of labor and compared to unassisted birth). Finally, the OLS estimate is close to the IV
lower bound estimate (5 hours).

46The health impact of labor length is ambiguous. On the one hand, longer labor causes longer pain and
exhaustion. On the other hand, shorter labor might come at the cost of severe tearing or even phenomena
like precipitate deliveries. Viewing shorter labor in the light of worse tearing (section 3.4) speaks of a
hastened birth experience and disadvantage for the patient.



100 The Economics of Labor & Patients’ Health Outcomes

Postnatal Hospital Stay

The estimated impact of induction on patients’ postnatal hospital stay is always significant.
The predicted positive impacts (accompanied by inflated standard errors) reach up to 13
extra days in the hospital. Depending on the instrument some much smaller negative effects
emerge. The corresponding OLS estimates are negligible in size and the multi-treatment
model (Table 3.3) finds no significant induction-related effects at all.

For c-sections, the most precise single-treatment estimates suggest 1 - 5 additional days
in the hospital encompassing the multi-treatment estimate of 1.8 days shown in Table 3.3.
The only negative (and very imprecise) coefficients emerge when instrumenting by vaginal
operations’ preference (-7 days). OLS estimates are consistently positive and close to 1
additional day in the hospital for both, mothers and neonates.

3.5.3 Back-of-the-Envelope Calculation: Compound Costs for Intervention-
Related Monitoring

The DGGG (2020a) states that elective inductions’ financial impact on the health sector
has not yet been established. As for (elective) c-sections, Feige (2008) mentions 100 million
EUR annual reimbursement burden. Based on Table 3.3, this section sketches German hos-
pitals’ system-wide staffing capacity burden originating from the major birth interventions
performed to relieve their staffing constraints.

Labor Duration

Per 1000-women, non-medically indicated interventions forego ca. 8,500 hours of labor or
>1.6 million staffing costs.47 Considering 341,000 healthy first-time mothers in Germany as
of 2019 (subsection 3.4.3), foregone labor saves 547 million EUR staffing costs, a hazardous
misalignment of maternal and hospital interests.

Postnatal Stay

Per 1000-women-and-neonates, additional costs for a prolonged stay of ca. 1,800 days
implies a financial burden of 551,000 EUR. For all zero precondition first-time deliveries,
this amounts to 188 million EUR.48

471000 * (28% * (-27.44) h (induction) + 26% * (-17.01) h (c-section) + 32% * (-10.00) h (vaginal
operations) + 17% * (+40.08) h (induction-plus-surgery)) = (-8492.2) hours. Following Rummel (2007),
this implies (2/3[h] * 50 EUR + 1[h] * 40 EUR) = 622,761 EUR reimbursable costs => -2,075,871 EUR
total monitoring costs [100%, incl. non-reimbursable] drawing on Bruns (2017), 1.6 M (79%) of which are
presumably non-medically indicated (subsection 3.4.3).

48Per 1000-women, 1000 * (26% * +1.80 days (c-section) + 32% * +1.24 days (vaginal operations)) =
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Adverse Health Effects & Implicit Staffing Burden

Focusing on a hospital’s short-run capacity costs as reflected in the main outcomes of this
study yields a computation conservative in several ways. First, using mean cost rates
associated with uncomplicated births abstracts from potential adverse health outcomes re-
quiring not just prolonged but also more intense monitoring like, e.g., neonatal ventilation.
Second, explicitly ignoring many other cost types is bound to underestimate the full costs
by far.

The German guideline system proposes hospital care procedure workflows, thereby
mapping staffing obligations to adverse health conditions. Among healthy first-births, the
mean APGAR score is 9.7 (sd 0.76) and the estimated decrease due to induction is 2.15. A
score of <8 warrants additional testing already (GNPI, 2022). Still conservative, we assume
two additional basic tests performed per mother’s labor induced on non-medical grounds.
Then, among 341,000 healthy first-time mothers testing due to non-medically indicated
induction entails total hospital costs of 11.8 million EUR.49 Moreover, if the results of
these routine tests confirmed neonatal adaptation anomalies more involved testing and
care procedures would follow (GNPI, 2022). Modest in absolute values, this exemplary
induction impact channeled by two routine tests is already close to 12% of the annual
burden attributed to avoidable c-section procedures as a whole. As soon as intensive care
measures come into play, costs rise astronomically (Almond et al., 2005).

Taken together, the naive computations have shown 1) that (weakly) favorable induc-
tion effects on seminal hospital capacity measures do not rule out substantial negative
impacts on staffing costs working through more subtle channels. Besides we learn, 2) how
rapidly a hospital’s costs diverge from the cost it is compensated for. This in turn incen-
tivizes more intervention without medical reason fueling a snow-balling effect that, in the
long run, suggests adverse impacts on hospitals and patients alike.

+864.8 days. Per 1000-neonates, 1000 * (26% * (+1.72) days (c-section) + 32% * (+1.58) days (vaginal
operations)) = (+952.8) days. For both jointly, (+1817.6) days * (30 EUR + 1/2h * 50 EUR) = 99,968
reimbursable costs [=30%] => 333,227 EUR [100%] total costs (Bruns, 2017). Proxying accommodation
base costs of 200 EUR/day = 363,520 EUR, total staffing + accommodation costs = 696,747 EUR, out of
which 551 k EUR 79% (see subsection 3.4.3) arise from non-medically indicated interventions.

49Applying current cost rates (KBV, 2020) per 1000-women, we get 1000 * 28% (induction rate) * 79%
(non-medically indicated) * (17 EUR for pulse oximetry + 30 EUR for an electrocardiogram)= 10,4 k EUR
[30%] => 34.6 k EUR [100% incl. non-reimbursable monitoring (Bruns, 2017)] total hospital costs for
testing due to inductions performed on non-medical grounds.
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3.6 Discussion

Non-medically indicated labor induction is a viral topic around the world. This chap-
ter provides novel evidence for the role of inductions performed to alleviate staff capacity
constraints in German hospitals. The estimations shown here are based on a new identi-
fication approach that uses exogenous variation in obstetricians’ intervention preferences,
ruling out key concerns of endogeneity through a battery of placebo tests. The main results
document that induced vs. unassisted labor 1) provokes severe birth canal lacerations and
lower APGAR scores, which rebound on staff capacity via 2) additional examinations and
monitoring.

A framework incorporating the endogenous and interrelated nature of the three major
birth interventions is pioneer work in the field. To begin with, interactions isolate successful
and failed inductions entailing surgical intervention. Next, regarding the marginalization
of induction relative to surgical interventions, simultaneous impact identification makes
it trivial to compare the effects to each other. Last, methodologically cleaner than prior
literature, the framework benchmarks evidence from single-treatment identification.

Tentatively sketching some likely follow-up costs for the public health care system
touches upon the unresolved link between inductions and subsequent (c-section) surgery.
Apart from the overall health impact explored here, ongoing work by Gerhardts (2024)
focuses on heterogeneous impacts across different types of mothers. If induction-related
lower APGAR scores were centered on mothers with, e.g., lower socioeconomic status, this
would impair neonatal health and cognitive development disproportionately. Furthermore,
examining intervention effects at low-quality versus small hospitals will shed light on a
disputed reason for centralizing maternity care.

Finally, discussing the (adverse) health effects of birth interventions in the light of the
professional ethical ideal stated in the very first citation, goes beyond the scope of an
economics study.
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3.A Appendix

Table 3.A.1: Quasi-/Experimental Evidence on Non-medically Indicated Induction

Outcome Study authors Design Health Impact positive (+)/ neutral (=)/ negative (-)

Maternal

Labor progress Buckles et al (2017) IV elective delivery policy (n=410,459) (−) precipitious labor more likely (4.6 x) [< 39 weeks]
Jacobson et al (2020) Reduc.Form holiday effect (n=4,599) (=) labor complications

Blood loss Saccone et al (2015) SRMA of 5 ARRIVE trials (n=844) (+) -58 mL

Surgical
delivery:
C-section (CS)
& vaginal
operations

Buckles et al (2017) IV elective delivery policy (n=410,459) (=) CS [< 39 weeks]
Jürges (2018) DID parental leave policy (n=565,000) (=) emergency CS
Alfirevic et al (2009) SRMA of 61 ARRIVE trials (n=12,819) (+/−) less failed labor (8.4%:53.8%)/ more epidurals
Wood et al (2014) SRMA of 31 ARRIVE trials (n=12,166) (+) fewer CS [w/o membrane rupture]
Saccone et al (2015) SRMA of 5 ARRIVE trials (n=844) (=) CS
Mishanina et al (2014) SRMA of 157 ARRIVE trials (31,085) (+) CS less likely (-12%) [≥ 39 weeks]
Sanchez et al (2003) SRMA of 16 ARRIVE trials (n=6,588) (+) fewer CS (20.1%:22.0%) [at 41 weeks]
Middleton et al (2018) SRMA of 27 ARRIVE trials (n=11,738) (+/−) fewer CS/ more vaginal operations [≥ 39 weeks]
Gülmezoglu et al (2012) SRMA of 21 ARRIVE trials (n=8,749) (+) fewer CS [≥ 39 weeks]
Caughey et al (2009) SRMA of 9 ARRIVE trials (n=6,138) (+) fewer CS [at 41 weeks]
Dare et al (2018) SRMA of 12 trials (n=6,814) (=) CS [w membrane rupture]
Miller et al (2015) ARRIVE trial (n=162) (=) CS
Wennerholm et al (2009) SRMA of 13 ARRIVE trials (n=5,920) (+) fewer CS [≥ 41 weeks]
Sotiriadis et al (2019) SRMA of 5 ARRIVE trials (n=7,261) (+) fewer CS
Grobman et al (2018) ARRIVE trial (n=6,106) (+) fewer CS (18.6%:22.2%)

Infection Dare et al (2018) SRMA of 4 trials (n=445) (=) uterine [w membrane rupture]
Dare et al (2018) SRMA of 9 trials (n=6,611) (=) placental [w membrane rupture]

Neonatal
Infection Dare et al (2018) SRMA of 12 trials (n=6,406) (=) [w membrane rupture]

Birth injury Buckles et al (2017) IV elective delivery policy (n=410,459) (−) more likely (8 x) [< 39 weeks]

APGAR score
(5 minutes
postpartum)

Saccone et al (2015) SRMA of 5 ARRIVE trials (n=844) (=)
Sanchez et al (2003) SRMA of 16 ARRIVE trials (n=6,588) (=) [at 41 weeks]
Middleton et al (2018) SRMA of 16 ARRIVE trials (n=9,047) (+) fewer APGAR <7 [≥ 39 weeks]
Lynch et al (2019) RDD Baby Bonus (n=1,862) (−)
Jürges (2018) DID parental leave policy (n=565,000) (=)
Jacobson et al (2020) Reduc.Form holiday effect (n=4,599) (=)
Schulkind et al (2014) NatEx tax benefit (n=44,389) (−) fewer normal APGAR scores at antedated birth

Birth weight

Buckles et al (2017) IV elective delivery policy (n=410,459) (−) -251 g [< 39 weeks]
Lynch et al (2019) RDD Baby Bonus (n=1,862) (−) not postponing birth, <2500 g more likely
Jürges (2018) DID parental leave policy (n=565,000) (=)
Sotiriadis et al (2019) SRMA of 5 ARRIVE trials (n=7,261) (−) -81 g
Grobman et al (2018) ARRIVE trial (n=6,106) (−) lower median birth weight
Gans et al (2008) NatEx: new Baby Bonus (n=1,040) (−) -75 g
Jacobson et al (2020) Reduc.Form holiday effect (n=4,599) (−) -2 g
Hussain et al (2011) SRMA of 14 ARRIVE trials (n=6,597) (+) fewer births ≥ 4000 g [at 41 weeks]

Respiratory
issues

Buckles et al (2017) IV elective delivery policy (n=410,459) (−) 4 x more likely [< 39 weeks]
Lynch et al (2019) RDD Baby Bonus (n=1,862) (−) not postponing birth, normal breathing later
Sotiriadis et al (2019) SRMA of 5 ARRIVE trials (n=7,261) (+)
Jacobson et al (2020) Reduc.Form holiday effect (n=4,599) (=)

Mortality

Hussain et al (2011) SRMA of 14 ARRIVE trials (n=6,597) (+/ =) fewer deaths / equal stillbirths [at 41 weeks]
Wennerholm et al (2009) SRMA of 11 ARRIVE trials (n=5,920) (+) fewer deaths [at 41 weeks]
Saccone et al (2015) SRMA of 5 ARRIVE trials (n=844) (=) deaths
Sanchez et al (2003) SRMA of 16 ARRIVE trials (n=6,588) (=) [at 41 weeks]
Middleton et al (2018) SRMA of 20 ARRIVE trials (n=9,960) (+) deaths (2:16)/ stillbirths (1:10) [≥ 39 weeks]
Gülmezoglu et al (2012) SRMA of 17 ARRIVE trials (n=7,407) (+) deaths (1:13) [≥ 39 weeks]
Jürges (2018) DID parental leave policy (n=565,000) (=) death in first 7 days

Hospital/
intensive care
visits

Lynch et al (2019) RDD Baby Bonus (n=1,862) (−) more visits for respiration
Saccone et al (2015) SRMA of 5 ARRIVE trials (n=844) (=) #intensive care visits
Sanchez et al (2003) SRMA of 16 ARRIVE trials (n=6,588) (=) #intensive care visits
Middleton et al (2018) SRMA of 13 ARRIVE trials (n=8,531) (+) fewer intensive care visits [≥39 weeks]
Gülmezoglu et al (2012) SRMA of 10 ARRIVE trials (n=6,161) (=) #intensive care visits [≥39 weeks]
Dare et al (2018) SRMA of 12 trials (n=6,814) (+) fewer intensive care visits [w membrane rupture]
Jürges (2018) DID parental leave policy (n=565,000) (=) #hospital visits
Jacobson et al (2020) Reduc.Form holiday effect (n=4,599) (=) #intensive care visits

Notes: SRMA = systematic review & meta-analysis. Defaults: ARRIVE trials (randomizing induction vs. awaiting labor onset); natural experi-
ments (postponing scheduled interventions) on singleton 39 weeks gestations. Deviations: marked, e.g., [<39 weeks] for preterm induction.
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Table 3.A.2: Overview Variable Specification

Variable Specification Function

Maternal characteristics

region of origin
Germany=0; Middle/Northern Europe, North America=1;
Mediterranean Countries=2; Eastern Europe=3;
Middle East (incl. North Africa); 5=Asian (excl. 4); 9=other

core fixed effects

residence (state-level) [1,16] merge w holiday data

residence (3-digit zip code level) clustering

single status Binary indicator =1 if mother is single; 0 else core controls

socio-economic status

Housewife=1; apprenticeship/college enrolment=2; un-/semiskilled
workers=3; lower civil servants, employees w executing responsibilities,
self-employed w small business=5; (at least) intermediate civil servants,
employees w (at least) extensive responsibilities, self-employed w
(at least) medium business, master, site foreman, overseer=6; unknown=9

core fixed effects

socio-economic status low Binary indicator = 1 if socio-economic status=4; 0 if status=6 strata

employed Binary indicator = 1 if mother is employed: 0 else core controls

age Age in years [18,35] core fixed effects

older age Binary indicator = 1 if age >25; 0 else strata

weight^3 Pre-pregnancy weight (kg) as cubic core controls

height^3 Height (cm) as cubic core controls

bmi Pre-pregnancy weight / (height/100)^2 core controls

bmi ⩾ 90%ile Binary indicator = 1 if BMI in 90%ile (all births); 0 else strata

gestational age #Days miscellaneous controls

prenatal care #Doctor visits miscellaneous controls

prenatal care begin >12th week Binary indicator = 1 if 1st prenatal visit >12th week of pregnancy miscellaneous controls,
placebo outcome

met obstetrician during pregnancy Binary indicator = 1 if mother met obstetrician earlier in pregnancy strata

hospital stay during pregnancy Binary indicator = 1 if hospital stay earlier during pregnancy; 0 else miscellaneous controls,
placebo outcome

admitted after transfer Binary indicator = 1 if transfer and receiving hospital id; 0 else strata

year of completed delivery Factor variable [2004;2019] core fixed effects

month of completed delivery Factor variable additional fixed effects

weekday of completed delivery Factor variable additional fixed effects

hour of completed delivery Factor variable additional fixed effects

eclampsia Binary variable = 1 if a mother has eclampsia; 0 else strata

zero-precondition birth
Binary variable = 1 if non-risky pregnancy (gynecologist’s label), single fetus,
correct presentation, ⩾ 37 gestation weeks, no prior uterine scar, no eclampsia,
no growth restriction, age 18-35, BMI <90%tile, and <20 prenatal visits ; 0 else

strata

Neonatal characteristics

birth order Computed as the #previous (live + still) births +1 strata

birth weight Measured in (g) miscellaneous controls

body measures low Binary indicator = 1 if weight <2.5 kg, length <45, or head circumf. <32 cm

Hospital characteristics

hospital id Hospital identifier additional fixed effects

emergency c-section time >20 min Binary indicator = 1 if condition holds; 0 else hospital controls

emergency c-section time <3 min Binary indicator = 1 if condition holds; 0 else hospital controls

hospital quality low Binary indicator = 1 if emergency c-section time >20 min | <3 min

hospital small Binary indicator = 1 if hospital-year specific
#obstetricians <median #obstetricians p.a.; 0 else

hospital w/o in-patient midwives Binary indicator = 1 if #deliveries w in-patient midwives >0; 0 else strata

Health outcomes

emergency c-section Binary indicator = 1 if mother needs an emergency c-section; 0 else dependent variable

perineal tearing (III/IV) Binary indicator = 1 if mother suffers high-level perineal damage; 0 else dependent variable

APGAR score (5 min. postbirth) ordinal [0-10] neonatal fitness measure (10 being top score) dependent variable

Hospital staff capacity outcomes

labor duration #Hours dependent variable

pushing contractions #Minutes descriptives

maternal postnatal hospital stay #Days from completed delivery till discharge dependent variable

neonatal postnatal hospital stay #Days from completed delivery till discharge dependent variable

Continued on the next page.
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Variable Specification Function

Treatments

induced labor Binary indicator = 1 if induction by membrane sweep, medication,
or other procedures (excl. cervical ripening); 0 else

main
explanatory variable

non-emergency c-section Binary indicator if un/planned (excl. emergency) c-section; 0 else explanatory variable

vaginally operative procedures Binary indicator = 1 if forceps, spatula, vacuum, episiotomy; 0 else explanatory variable

Staff capacity instruments

predicted due date a non-working day
Binary indicator = 1 if
predicted due date a Saturday/ Sunday/ public holiday;
0 else (incl. due dates updated by hospital)

instrument

predicted due date not informative Binary indicator = 1 if hospital discards due date as invalid; 0 else descriptives

pre-labor membrane rupture Binary indicator = 1 if condition holds; 0 else strata

pre-labor membrane rupture at night Binary indicator = 1 if pre-labor membrane break 8pm-4am; 0 else instrument

midwife shortage upon admission 0 if no current deliveries; else hospital-minute-wise ratio of
#current deliveries w/o midwife/ #all current deliveries instrument

Obstetrician preferences instruments

preference induced labor Obstetrician’ s #prior inductions / #all prior deliveries instrument

preference non-emergency c-section Obstetrician’s #prior non-emergency c-section/ #all prior deliveries instrument

preference vaginally operative procedures Obstetrician’s #prior vaginally operative procedures/ #all prior deliveries instrument

Notes: Annual Geburtshilfe datasets provided by the IQTIG institute constitute the main data source supplemented by calendar data to con-
struct the non-working day instrument. A factor variable enters the regression as a set of binary indicators.

Table 3.A.3: Overview Sample Specification

all births non-missing for central variables
1st births

MAIN ANALYSIS SAMPLE

zero preconditions

w pre-labor membrane rupture

at hospitals w/o in-patient midwives

obstetrician unknown pre-admission

mothers admitted after transfer

mothers aged >26

single mothers

mothers w low socioeconomic status

at small hospitals

at low-quality hospitals

delivered pre-arrival to hospital

others

2nd births zero preconditions

others

higher birth orders

else
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The original OLS model reads

Ym = t′
m

1×t

β
t×1

+ x′
m

1×k

δ
k×1

+ λ
1×s

1
s×1

+ vm (3.3)

where

treatments tm ≡


InducedLabor (ILm)

CSection (CSm)
V aginalOperations (V Om)

ILm ∗ CSm

ILm ∗ V Om

CSm ∗ V Om

ILm ∗ CSm ∗ V Om

 , covariates xm ≡


1

x1
...

xk−1

 , sets of fixed effects λ ≡
[
λ1 . . . λs

]

• Ym: outcome of mother (or her neonate) m

• ILm, CSm, V Om ∈ {0, 1}: =1 if mother m has an induction (and maybe other interventions), a non-
emergency c-section (dto.), or vaginal operations (dto.) respectively; 0 else

• details on pre-determined controls, fixed effects, and cluster-robust standard errors given below Table 3.A.11

Then, the corresponding IV model can be written as

tm
t×1

= Γ
t×z

zm
z×1

+ Φ
t×k

xm
k×1

+ Λ
t×s

1
s×1

+ ϵm
t×1

(3.4)

Notation builds on Equation 3.3. There are 1, ..., t treatments, 1, ..., k − 1 covariates, and 1, ..., s sets of fixed effects
observed for mother m, while 1, ..., z instruments are defined as

either zm ≡


DueDateNoW orkday (DNm)

MembraneRuptureNight (RNm)
MidwifeShortage (MSm)

DNm ∗ RNm

DNm ∗ MSm

RNm ∗ MSm

DNm ∗ RNm ∗ MSm

 , or zm ≡


InducedLaborP ref (ILPm)

CSectionP ref (CSPm)
V aginalOperP ref (V OPm)

ILPm ∗ CSPm

ILPm ∗ V OPm

CSPm ∗ V OPm

ILPm ∗ CSPm ∗ V OPm


• DNm ∈ {0, 1}: =1 if the due date is a weekend day or public holiday, 0 else

• RNm ∈ {0, 1}: =1 if mother m has a pre-labor membrane rupture between 8 pm to 4 am, 0 else

• MSm ∈ [0, 1] =

{
0 if #current deliveries at that hospital = 0
#current deliveries at that hospital without a midwife

#current deliveries at that hospital else

• ILPm, CSPm, V OPm ∈ [0, 1]: mean prior rate of inductions, non-emergency c-sections, and vaginal opera-
tions of obstetrician treating mother m
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Table 3.A.7: First-Stage Effects Based on Hospital Staff Capacity Constraints

Dependent variable:

induced
labor

vaginally
operative

procedures

non-
emergency
c-section

non-
emergency
c-section x
vaginally
operative

procedures

non-
emergency
c-section x

induced
labor

vaginally
operative

procedures x
induced

labor

non-
emergency
c-section x
vaginally
operative

procedures x
induced

labor
(1) (2) (3) (4) (5) (6) (7)

Midwife shortage
upon admission insign. sign. sign. insign. sign. insign. insign.

Due date
non-working day insign. insign. insign. insign. insign. insign. insign.

Pre-labor membrane
rupture at night sign. sign. sign. insign. insign. sign. sign.

Midwife shortage
upon admission x

due date
non-working day

sign. insign. insign. insign. insign. insign. insign.

Midwife shortage
upon admission x

pre-labor membrane
rupture at night

sign. insign. insign. insign. insign. insign. insign.

Due date
non-working day x

pre-labor membrane
rupture at night

insign. insign. insign. insign. insign. sign. insign.

Midwife shortage
upon admission x

due date
non-working day x

pre-labor membrane
rupture at night

insign. insign. insign. insign. insign. sign. insign.

Mean (dependent variable) 0.2770 0.3161 0.2558 0.0003 0.0896 0.0820 0.0001
Underidentification (p-value) 0.9900 0.9500 0.7400 0.9500 1.0000 0.6900 1.0000

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01. IQTIG birth records for Germany 2015-2016. The main sample are zero-precondition
first-births (N=177,215). Sample and variable creation detailed in Table 3.A.2 and Table 3.A.3. For some remote execution
issue, coefficents on interacted dependent variables are not released, only an indicator for at least 10%-level significance “sign.”
or less “insign.”. Underlying regressions follow model Equation 3.3 and use robust standard errors clustered by 3-digit zip codes
of maternal residence. Underidentification is tested (see Table 3.A.6 for details). Means are available for the main sample.
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Table 3.A.8: First-Stage Effects Based on Obstetricians’ Preferences for Interventions

Dependent variable:

induced
labor

vaginally
operative

procedures

non-
emergency
c-section

non-
emergency
c-section x
vaginally
operative

procedures

non-
emergency
c-section x

induced
labor

vaginally
operative

procedures x
induced

labor

non-
emergency
c-section x
vaginally
operative

procedures x
induced

labor
(1) (2) (3) (4) (5) (6) (7)

Induced labor
preference sign. sign. insign. sign. insign. sign. sign.

Non-emergency
c-section preference sign. insign. sign. insign. sign. sign. sign.

Vaginally operative
procedures’ preference sign. sign. sign. insign. sign. sign. sign.

Induced labor
preference x

Non-emergency
c-section preference

insign. insign. insign. insign. sign. insign. sign.

Induced labor
preference x

Vaginally operative
procedures’ preference

sign. insign. insign. insign. sign. insign. sign.

Non-emergency
c-section preference x
Vaginally operative

procedures’ preference
sign. sign. insign. insign. sign. insign. sign.

Induced labor
preference x

Non-emergency
c-section preference x
Vaginally operative

procedures’ preference

sign. insign. insign. sign. insign. sign. insign.

Mean (dependent variable) 0.2770 0.3161 0.2558 0.0003 0.0896 0.0820 0.0001
Underidentification (p-value) 0.2800 0.6400 0.9200 0.7500 0.4100 0.5000 1.0000

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01. IQTIG birth records for Germany 2015-2016. The main sample are zero-precondition first-
births (N=177,215). Instrumenting by intervention preferences creates a subsample of births with non-missing obstetrician id
(N=66,916). Sample and variable creation detailed in Table 3.A.2 and Table 3.A.3. For some remote execution issue, coefficents
on interacted dependent variables are not released, only an indicator for at least 10%-level significance “sign.” or less “insign.”.
Underlying regressions follow model Equation 3.3 and use robust standard errors clustered by 3-digit zip codes of maternal resi-
dence. Underidentification is tested (see Table 3.A.6 for details). Means are available for the main sample.
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Table 3.A.9: Reduced Form Effects Based on Hospital Staff Capacity Constraints

Dependent variable:

maternal health staff capacity

emergency
c-section

perineal
tearing
(III/IV)

labor
duration
(#hours)

hospital stay

mother neonate
(1) (2) (3) (4) (5)

Midwife shortage
upon admission

0,0024***
(0,0009)

-0,0027***
(0,0010)

-1,0266***
(0,0597)

0,2289***
(0,0159)

0,2439***
(0,0184)

Due date
non-working day

-0.0009
(0.0009)

0.0006
(0.0013)

0.0622
(0.0489)

0.0157
(0.0130)

0.0406**
(0.0180)

Pre-labor membrane
rupture at night

-0.0007
(0.0013)

-0.0011
(0.0020)

-0.1124
(0.0682)

-0.0392**
(0.0179)

-0.0317
(0.0204)

Midwife shortage
upon admission x

Due date
non-working day

-0.0002
(0.0012)

-0.0003
(0.0017)

-0.0556
(0.0629)

-0.0271
(0.0174)

-0.0410
(0.0250)

Midwife shortage
upon admission x

Pre-labor membrane
rupture at night

-0.0030*
(0.0017)

0.0016
(0.0024)

0.1553*
(0.0878)

-0.0034
(0.0249)

-0.0240
(0.0266)

Due date
non-working day x

Pre-labor membrane
rupture at night

0.0007
(0.0023)

-0.0034
(0.0033)

0.0108
(0.1128)

-0.0116
(0.0282)

-0.0161
(0.0348)

Midwife shortage
upon admission x

Due date
non-working day x

Pre-labor membrane
rupture at night

0.0046
0.0032

0.0022
(0.0042)

-0.1053
(0.1547)

0.0465
(0.0406)

0.0761
(0.0567)

Mean (dependent variable) 0.01 0.02 6.80 3.40 3.20
Adjusted R2 0.0011 0.0017 0.0147 0.0162 0.0079

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01. IQTIG birth records for Germany 2015-2016. The main
sample are zero-precondition first-births (N=177,215). Sample and variable creation detailed in
Table 3.A.2 and Table 3.A.3. Reported coefficients stem from reduced forms following model
Equation 3.3 (detailed below Table 3.A.11). Robust standard errors clustered by 3-digit zip
codes of maternal residence. Adjusted R2 reported for regressions including core controls.
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Table 3.A.10: Reduced Form Effects Based on Obstetricians’ Preferences for
Interventions

Dependent variable:

maternal health staff capacity

emergency
c-section

perineal
tearing
(III/IV)

labor
duration
(#hours)

hospital stay

mother neonate
(1) (2) (3) (4) (5)

Induced labor
preference

-0.0004
(0.0039)

0.0040
(0.0095)

-1.0944***
(0.3743)

-0.2074*
(0.1065)

-0.2102**
(0.1058)

Non-emergency
c-section preference

0.0401***
(0.0057)

0.0070
(0.0048)

-5.0095***
(0.2763)

0.9834***
(0.0562)

0.7371***
(0.0801)

Vaginally operative
procedures’ preference

0.0128**
(0.0056)

0.0026
(0.0084)

-1.7420***
(0.3457)

0.6928***
(0.0989)

0.6602***
(0.1156)

Induced labor
preference x

Non-emergency
c-section preference

0.0432**
(0.0206)

0.0004
(0.0161)

1.6491**
(0.7761)

0.1917
(0.1742)

0.1332
(0.2101)

Induced labor
preference x

Vaginally operative
procedures’ preference

0.0017
(0.0123)

-0.0111
(0.0226)

2.1683**
(0.8737)

-0.0396
(0.2014)

0.0654
(0.2644)

Non-emergency
c-section preference x
Vaginally operative

procedures’ preference

-0.0638**
(0.0287)

0.0507
(0.0314)

6.3833***
(1.4891)

0.8410**
(0.3739)

1.1898**
(0.4624)

Induced labor
preference x

Non-emergency
c-section preference x
Vaginally operative

procedures’ preference

0.1527
(0.0982)

0.0993
(0.0991)

-8.7465**
(4.4016)

-1.6280
(1.1039)

-2.7907**
(1.2280)

Mean (dependent variable) 0.01 0.02 6.80 3.40 3.20
Adjusted R2 0.0092 0.0025 0.0402 0.0433 0.0157

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01. IQTIG birth records for Germany 2015-2016. The
main sample are zero-precondition first-births. Instrumenting by intervention preferences cre-
ates a subsample of births with non-missing obstetrician id (N=66,916). Sample and variable
creation detailed in Table 3.A.2 and Table 3.A.3. Reported coefficients stem from reduced
forms following model Equation 3.3 (detailed below Table 3.A.11). Robust standard errors
clustered by 3-digit zip codes of maternal residence. Adjusted R2 reported for regressions
including core controls. Means are available for the main sample.
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Table 3.A.11: Maternal Health Effects of Non-Medically Indicated Induced Labor

OLS IV

Instruments based on staff capacity obstetricians’ preferences

Dependent variable emergency
c-section

perineal
tearing
(III/IV)

emergency
c-section

perineal
tearing
(III/IV)

emergency
c-section

perineal
tearing
(III/IV)

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

No controls 0.0205*** 0.0029** 0.2594 -0.1425 -0.2074 0.0867
(0.0017) (0.0013) (6.5993) (0.3221) (0.3652) (0.5341)

Core controls 0.0201*** 0.0032** -0.7842 -0.1189 -0.1710 0.1017
(0.0017) (0.0013) (53.4963) (1.3234) (0.3484) (0.5327)

Add month, weekday, hour FE 0.0197*** 0.0032** 0.3764 -0.1283 -0.2067 0.1176
(0.0018) (0.0013) (4.9598) (0.2761) (0.2255) (0.3652)

Add hospital controls 0.0199*** 0.0025* 0.4959 -0.1255 -0.1829 0.0523
(0.0018) (0.0013) (8.6641) (0.4045) (0.2214) (0.3540)

Add hospital FE 0.0195*** 0.0025* 0.2141 -0.1555 -0.4820 0.4643
(0.0018) (0.0013) (0.2688) (0.2232) (0.9310) (0.6601)

Core controls & labor 0.0224*** 0.0033** 0.1021 -0.1333 -0.3167 0.0420
(0.0017) (0.0013) (0.1990) (0.1303) (0.3714) (0.6500)

Miscelleanous controls 0.0200*** 0.0030** 0.1776 -0.1466 -0.1081 -0.0255
(0.0017) (0.0013) (0.8141) (0.1343) (0.3033) (0.4903)

Main effects only (core controls) 0.0081*** 0.0029*** 0.0996 -0.0563 0.0730*** 0.0223
(0.0007) (0.0009) (0.1968) (0.1920) (0.0196) (0.0207)

Mean (dependent variable) 0.01 0.02 0.01 0.02
Adjusted R2 0.0227 0.0157
N 177,215 177,215 177,215 177,215 66,916 66,916

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01. Birth records from all German hospitals covering 2015-2016, provided by the IQTIG
institute. Linear probability models based on the main analysis sample of zero-precondition first births (neither pregnancy
nor birth risks known antepartum), for which all central regression inputs are non-missing. Sample and variable creation
detailed in Table 3.A.2 and Table 3.A.3. Reported coefficients for induced labor stem from separate regressions follow-
ing model Equation 3.3. Intervention treatments are represented by binary indicators for induced labor, non-emergency
c-sections, and vaginally operative procedures. Staff capacity-based instruments are binary indicators for a mother’s due
date on a non-working day, a pre-labor rupture of membranes between 8 pm and 4 am, and a minute-wise measure ∈ [0, 1]
of midwife shortages upon maternal admission. The instruments based on obstetricians’ preferences are computed for each
of the three main interventions as the mean intervention rate across an obstetrician’s past deliveries. Instrumenting by in-
tervention preferences creates a subsample of births with non-missing obstetrician id. Treatments and instruments enter as
main effects and interactions. Core controls include the year of delivery, a mother’s age, her region of origin (7 categories),
her socio-economic status (6 categories), and her single status (yes/no), where categorical variables enter as sets of binary
indicators. Moreover, continuous measures are created for maternal height (as cubic), maternal weight at the beginning
of the pregnancy (as cubic), and maternal BMI. Binary hospital (stay) controls indicate whether 1) the mother brings her
own midwife, 2) she has been introduced to her obstetrician during pregnancy, and 3) documentation of her delivery seem
to be done in a haste. Miscellaneous controls are binary indicators for maternal alcohol consumption, psychological or so-
cial problems, minor diseases or pregnancy risks , as well the count of doctor visits. Finally, there is a dummy for maternal
employment status. Main effects only (...) refers to the core specification w/o interactions of treatments or instruments.
Robust standard errors clustered by 3-digit zip code of maternal residence. Adjusted R2 reported for regressions including
core controls. Means are available for the main sample.
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Table 3.A.12: Sample-specific Health Effects of Non-Medically Indicated Induced Labor

Instruments based on staff capacity obstetricians’ preferences

Dependent variable emergency
c-section

perineal
tearing
(III/IV)

emergency
c-section

perineal
tearing
(III/IV)

N(1)−(2) N(3)−(4)

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

zero-precondition 1st births -0.7842 -0.1189 -0.1710 0.1017 177,215 66,916
(53.4963) (1.3234) (0.3484) (0.5327)

w pre-labor membrane rupture 0.0613 0.1401 0.3216 0.1087 52,815 18,885
(7.6489) (8.0396) (0.3645) (0.1642)

at hospitals w/o in-patient midwives -0.9998 0.3518 0.0147 0.0610 64,926 17,205
(11.0254) (2.3171) (0.1188) (0.1712)

unknown to obstetrician pre-admission -0.1817 -0.2840 0.0485 -0.1975 54,198 17,776
(1.2580) (1.2355) (0.6325) (0.4618)

admitted after transfer 0.3296 -0.0541 0.6262 0.2765 3,233 917
(0.5707) (0.3147) (1.2853) (1.4799)

to mothers aged >26 0.3738 -0.1431 0.8961 -1.9978 119,041 44,313
(1.2845) (0.7605) (2.5987) (5.5746)

to single mothers -0.0081 -0.3490 0.1557 0.1207 19,986 2,462
(0.2146) (0.1988) (0.2375) (0.2403)

to mothers w low socio-economic status 0.0383 -0.1341 0.0140 -0.4802 141,605 54,194
(0.8211) (0.3339) (0.3694) (0.9299)

at small hospitals 0.0771 -0.0767 -0.9108 0.2442 91.936 39.235
(0.3858) (0.2856) (1.2815) (0.6612)

at low quality hospitals -0.2210 -0.0073 -0.1292 -0.0496 19,914 10,488
(0.3938) (0.3432) (0.1752) (0.1527)

delivery pre-arrival 2.0004 -14.9676 0.0752 -0.3553 4,171 1,395
(83.8723) (572.1791) (0.8968) (0.4475)

zero-precondition 2nd births -0.0542 0.0044 0.0391 -0.0310 81,896 27,558
(0.1918) (0.1239) (0.0414) (0.0337)

Notes: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01. IQTIG birth records for Germany 2015-2016. The main sample are zero-precondition
first-births. Instrumenting by intervention preferences creates a subsample of births with non-missing obstetrician id. Sample
and variable creation detailed in Table 3.A.2 and Table 3.A.3. Reported coefficients for induced labor stem from separate re-
gressions following model Equation 3.3 (detailed below Table 3.A.11) but run for alternative samples (see Table 3.A.3). Robust
standard errors clustered by 3-digit zip codes of maternal residence.
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Figure 3.A.1: Heatmap of Unconditional Correlations of Central Variables

Source: IQTIG German hospital birth records for 2015-2016 restricted to a subsample of zero-precondition first
births with information on obstetrician ids (N=66,916 out of 177,215). Sample and variable construction is detailed
in the notes to Table 3.A.2 and Table 3.A.3. Variables not derived from obstetrician ids correlate similarly in the
main sample. Correlation values are indicated by the color ramp, significance by the size of circles (no circle if
insignificant at the 10% level). Variable names, not labels are shown on the horizontal line. Own calculations.
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Figure 3.A.2: Socioeconomic Status & Due Date Distribution Across Weekdays
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Source: IQTIG German hospital birth records for 2015-2016. all refers to the sample of all 1st and 2nd births. zpfb
refers to the main analysis sample of zero-precondition first births (detailed in Table 3.A.2 and Table 3.A.3), seslow
restricts this sample to mothers with lower socioeconomic status. Benchmarking fluctuations in predicted due dates,
actual plots actual weekdays of delivery. Own calculations.
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Figure 3.A.3: Intervention & Delivery Timing of Induced Births Across Daily Hours
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the main analysis sample of zero-
precondition first births (detailed in Table 3.A.2 and Table 3.A.3). Unobserved induction timing is proxied lagging
birth timing by, e.g., 17 hours. Own calculations.

Figure 3.A.4: Employment Status & Births after Pre-Labor Membrane Ruptures
Across Daily Hours
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the subsample of zero-precondition first-
time mothers with pre-labor membrane ruptures (detailed in Table 3.A.2 and Table 3.A.3). Strata by maternal
employment status. Own calculations.
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Figure 3.A.5: Maternal Fitness & Births after Pre-Labor Membrane Ruptures Across
Daily Hours
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the subsample of zero-precondition first-
time mothers with pre-labor membrane ruptures (detailed in Table 3.A.2 and Table 3.A.3). Strata by maternal BMI.
Own calculations.

Figure 3.A.6: Distribution Mean Due Date Prediction Error Across Weekdays
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the main analysis sample of zero-
precondition first births (detailed in Table 3.A.2 and Table 3.A.3). Birthdate − predictedduedate = ∆. Own
calculations.
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Figure 3.A.7: Distribution of Intervention Indications Across Weekdays
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the main analysis sample of zero-
precondition first births (detailed in Table 3.A.2 and Table 3.A.3). Indications are grouped by implied medical
decision scope for birth intervention, where relative, no scope comprise clearly stated medical conditions motivating
(but not forcing) intervention. More vaguely defined are psychological/social conditions, and maternal refers to
intervention on maternal request. Own calculations.
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Figure 3.A.8: Distribution of Intervention Indications Across Daily Hours
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Source: IQTIG German hospital birth records for 2015-2016 restricted to the main analysis sample of zero-
precondition first births (detailed in Table 3.A.2 and Table 3.A.3). Indications are grouped by implied medical
decision scope for birth intervention, where relative, no scope comprise clearly stated medical conditions motivating
(but not forcing) intervention. More vaguely defined are psychological/social conditions, and maternal refers to
intervention on maternal request. Own calculations.
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