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Chapter 1

Introduction

Education is seen as a critical determinant of individual and societal flourishing and is hence con-
stantly on policymakers’ agendas. For example, the Europe 2020 strategy includes eight headline
targets, two of which are related to educational attainment, reducing school dropout and increas-
ing the share of university graduates.

Further, one main topic of discussions about education in Germany and many other OECD
countries concerns the capabilities of educational systems to raise student achievements. The
self-identified nation of poets and thinkers was shocked by the mediocre results from the first
round of the Program for International Student Assessment (PISA) in 2000. As a result, education
became a major topic of German policy and public discussion. At the same time, demographic
change and a relatively low female labor market participation also affected educational policies.
In the past two decades, German educational policy changed in many dimensions: The right to
early childhood education was established and some federal states abandoned kindergarten fees.
Disabled children were more frequently placed in regular kindergartens and schools, tracking
mechanisms between primary and secondary school changed and structural changes in lower
track secondary schools were widely implemented. The academic track secondary school was
compressed by a year. However, this compression was largely unpopular and most West German
states returned to the old system or a more flexible version thereof. Finally, the bologna reforms
and excellence initiative changed tertiary and postgraduate education. Thus, educational policy
has changed recently to a certain degree at all stages of educational careers yielding a large scope
for policy evaluation.

This dissertation in the economics of education consists of four independent research articles,
which are oriented along the life course of students’ school careers. The first study assesses the
relationship between non-cognitive skills and competence in kindergarten and early primary
school. The three following studies assess different policies’ impacts on student outcomes: First,
the effect of a shock to sleep duration on primary school student performance in international
large scale assessments is evaluated, followed by the relationship between the academic track
compression and students’ physical and mental health at academic track graduation and the
following years.

The idea of education being a valuable good dates back a long time. However, it has been
coined for modern economics about sixty years ago. Mincer (1958, 1974) initiated the empirical
estimation of monetary returns to education, Schultz (1959, 1960, 1961, 1962) and, more formal-
ized, Becker (1962, 1993) introduced human capital which, equivalent to physical or financial
capital, is formed through investments into an initial stock. Typically education is seen as the
most important investment good into human capital. For example, Becker (1993) states education
is reflected in wage differentials, since the latter reflect productivity differentials, which in turn
are determined by differentials in educational attainment. Since then, the modeling of human
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capital has changed. Most notably, Ben-Porath (1967) added a lifetime perspective, according to
which people can choose when and for how long they invest into their education and extended
the model to the possibility of training, i. e. education after formal education is finished. Cunha
and Heckman (2007, 2008) formalized a theoretical model of the process of skill formation.

In contrast to the perspective that education increases human capital, signaling theory (Spence,
1973) rejects the idea of education improving human capital. Instead, individuals are endowed
with initial skill levels and educational attainment merely reflects other characteristics of the in-
dividual for which she may be rewarded on the labor market. If this assumption were true, most
aims of educational policy (like reducing inequalities and improving skills) would be unattain-
able. Even though there is some evidence of sheepskin effects, i. e. degrees are honored more than
attaining the same amount of educationwithout the final certificate (Hungerford and Solon, 1987;
Jaeger and Page, 1996), there are also several studies that claim a causal relationship between ed-
ucation and several dimensions of human capital.

Education is linked to a multitude of beneficial outcomes at the societal and individual level.
For example, education facilitates innovation and productivity of the society if a more educated
population is better capable of adopting new technologies and thereby increasing growth. On
the country level, nations with more skilled populations perform better in terms of economic
growth (Barro, 2001; Hanushek and Wößmann, 2008, 2012; Balart et al., 2018). On the individual
level, educational attainment is linked to lower crime rates (Lochner and Moretti, 2004; Machin
et al., 2011), more political interest (Dee, 2004; Milligan et al., 2004; Siedler, 2010), better health
(Brunello et al., 2013; Silles, 2009) and health behaviors (Currie and Moretti, 2003; de Walque,
2007; Cutler and Lleras-Muney, 2010; de Walque, 2010), and better labor market outcomes (Card,
1999). These findings strongly support the beneficial effects of education.

On both the individual and the country level, education is always a tradeoff between costs
that occur in the present and benefits that occur in the future. On the country level, direct costs
usually include the provision of education. Indirect costs occur due to foregone income tax and
lower contributions to the social security systems as well as the opportunity of the individual’s
skills not being employed elsewhere to produce positive externalities.1 The delayed benefits
are potentially higher income taxes in the future, lower health care costs, and so on. On the
individual level the direct costs encompass possible monetary costs (tuition fees, books, other
education-related expenditures) and mental costs (lower utility, learning is hard work). Indirect
costs are for example foregone earnings from not working while attaining further education. The
benefits in the long term, among others, stem from higher earnings and better health.

Individuals tend to be bad at intertemporal decision making and, in addition, do not calculate
the societal benefits of their own education. Hence, they are likely to invest too little into their
own educational attainment, which serves as a common argument for governments to finance or
subsidize education (Hanushek, 2002). It is important to balance tailored education to let students
reach their full potential and keeping education affordable to individuals and to the society.

Even in the beginnings of human capital theory, researchers were aware that human capital
encompasses a broad range of capabilities beyond formal education. Schultz proclaimed a def-
inition of human capital “[...] represented by training, education, [and] additional capabilities
based on health and new knowledge” (1959, p. 114). Similarly, Becker (1962) already was aware
that investments into human capital, which serve to improve “the physical and mental abilities
of people and thereby raise real income prospects” (p. 9) include more than just education. Hu-
man capital rather needs to be interpreted as a broad construct that includes all characteristics
that enable individuals to generate economic values. This includes cognitive and non-cognitive

1 The lack of positive externalities might be compensated by positive externalities from educational institutions,
like universities.
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skills2, personality, and health. Grossman (1972) proposed health as another important outcome
of human capital formation through education.

Non-cognitive skills are important for individual success and manifest during childhood and
adolescence. The development of competences usually takes place throughout childhood (e. g.
Cunha and Heckman, 2008). However, there is evidence that non-cognitive skills are malleable
for a longer period than cognitive skills (Brunello and Schlotter, 2011 provide an overview of
the relevant literature). In their model of skill formation, Cunha and Heckman (2007) propose
pathways through which levels of and investments into skills (cognitive and non-cognitive) af-
fect skills in the following periods and thereby human capital accumulation. In this setting skill
begets skill, i. e. higher initial levels of skill foster larger productivity of investments into these
skills. Additionally, through a multiplier process, the level of one skill also affects the level and
growth of other skills. In this framework, early investments are particularly fruitful and in-
creasing non-cognitive skills might also increase cognitive performance. Non-cognitive skills
are often of better explanatory value for lifetime outcomes than cognitive skills (e. g. for the
Perry Preschool program: Heckman et al., 2013), and often are used to predict educational at-
tainment and other lifetime outcomes (e. g. Mischel et al., 1989; Duckworth and Seligman, 2005;
Heineck and Anger, 2010). Hampson et al. (2007) show that childhood personality traits affect
adult health status directly and indirectly through different eating habits, educational attainment
and smoking behaviors. Balart et al. (2018) also show that non-cognitive skills of a population
affect economic growth to a similar degree as cognitive skills do.

The present dissertation, next to cognitive skills represented by competence measures, em-
phasizes non-cognitive skills and health. It employs micro-econometric techniques to assess as-
pects of the relationship between non-cognitive skills or institutional settings and competences
in the first part, and the relationship between a change in institutional settings and students’
mental and physical health in the second part.

The fundamental interest in empirical research is to identify causal effects of an input on
an outcome. While chapter 2 is generally rather descriptive, I claim to capture causal effects in
chapters 3, 4, and 5. It would be ideal to observe the same individuals with and without the
respective treatment, which generally is not possible. Therefore, special care needs to be taken
when trying to identify causal effects and claiming causality (Angrist and Pischke, 2009). The
second-best approach, a true randomized controlled trial (RCT) is also close to impossible in the
evaluation of educational policies, mostly for financial and ethical reasons.3 Therefore, I rely on
the allocation of students into treatment and control groups dependent on factors they cannot
control, e. g. date of birth, in order to derive causal claims.

In the following paragraphs, I outline the contents and contributions of the chapters included
in the thesis (see also table 1.1). Further, I discuss implications of the findings and possible limi-
tations.

The first part of this dissertation (chapters 2 and 3) is concerned with modeling determi-
nants of educational achievements via an educational production function. The educational pro-
duction function incorporates student characteristics and family background, as well as school
factors and institutional settings as determinants of students test achievements. Student and
family characteristics typically encompass cognitive and non-cognitive skills, basic demograph-
ics, and socio-economic variables of parents and children. In the past, institutional factors that
have received a lot of attention were school autonomy (Clark, 2009), compulsory school dura-

2 Strictly speaking, the division of skills into cognitive skills (intelligence, subject specific competence) and non-
cognitive skills (social skills, self-regulation, ...) is not correct as there are only very few non-cognitive skills that
indeed do not induce cognitive processes (Duckworth and Yeager, 2015) skills, but the terms are generally used
in the literature and I will stick to them.

3 Although there are some examples mainly from the US where RCTs were conducted (e. g. STAR, Perry Preschool
Project).
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Table 1.1: Overview of dissertation

Chapter 2 Chapter 3 Chapter 4 Chapter 5

Title Preschoolers’ self-
regulation, skill
differentials, and early
educational outcomes

Does the Transition
into Daylight Saving
Time Affect Students’
Performance?

Does higher learn-
ing intensity affect
student well-being?
Evidence from the
National Educational
Panel Study

Health Effects of
Instruction Intensity:
Evidence from a Nat-
ural Experiment in
German High-Schools

Data NEPS SC 2 TIMSS, PIRLS NEPS BW SOEP

Methods OLS Hierarchical linear
models applying
Rubin’s rules for im-
puted data in a setting
closely mimicking the
mechanics of a re-
gression discontinuity
design

Before-after compari-
son in a quasi-natural
experiment

Difference-in-
differences estimation,
triple difference-in-
differences estimation

Co-
author(s)

Anika Bela and Guido
Heineck

Stefanie P. Herber and
Guido Heineck

– Simon Reif

Own contri-
bution

45% 47.5% 100% 50%

tion (Angrist and Krueger, 1991; Brunello et al., 2009; Clark and Royer, 2013), and the degree
and timing of tracking (Hanushek and Wößmann, 2006; Bauer and Riphahn, 2006; Brunello and
Checchi, 2007). At the school level, research mainly concerns class size (Hanushek, 1999, 2006)
and teacher characteristics (Rivkin et al., 2005; Hanushek and Rivkin, 2006, 2010).

The first study in this dissertation is focused on a student characteristic as input into the
educational production function. Chapter 2 was jointly prepared with Anika Bela and Guido
Heineck. We analyze the relationship between preschool children’s self-regulatory skills, i. e.
patience, and their mathematical competence and competence development over early primary
school. The chapter uses panel data from the kindergarten-cohort of the National Educational
Panel Study (NEPS). It builds upon and extends the work by Lorenz et al. (2016) by adding a
longitudinal perspective. While we find significant differences in the initial levels of mathemat-
ical competence between patient and impatient children, there seems to be no effect of patience
on the development of competences in the full sample. Our results are robust to the inclusion
of measures for general cognitive skills. However, we are able to show that among those with
lower initial mathematical competence, the patient children are able to lessen the gap relative
to children with high initial math competences. To the best of our knowledge, we are the first
to assess the longitudinal mechanics of the interplay between self-control and cognitive skills in
early childhood for German children.

Education is often understood as a means to reduce inequality by increasing chances for
children from disadvantaged backgrounds to acquire the same level of skills as children from
more advantaged backgrounds. However, studies show that inequalities arise early and differ-
ences between children from disadvantaged backgrounds and children from more advantaged
backgrounds are almost impossible to close by the time they enter school (e. g. Heckman, 2006).
Our results point into a similar direction and are in line with findings by Heckman et al. (2013)
who find that differences in outcomes of the Perry Preschool program are largely driven by
non-cognitive skills. In order to reduce inequalities, interventions need to take place as early
as possible during childhood and should ideally target both cognitive and non-cognitive skills.
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However, evidence on types of interventions which could improve children’s patience is very
scarce. This lack of knowledge provides scope for further research which hopefully could inform
policy.

While chapter 2 assessed the relationship between a student characteristic and competence
in the educational production function, chapter 3 assesses an institutional factor. School start
times have received only limited attention in the literature (Carrell et al., 2011; Hinrichs, 2011;
Edwards, 2012; Heissel and Norris, 2017). Stefanie Herber and Guido Heineck and I again assess
student competence, this time focusing on possible unintended consequences of a policy. We are
the first to examine the effect of the transition to daylight saving time (DST) in spring on student
performance in international low stakes student assessments. The channel through which we
expect the transition to DST to affect student competences is via sleep deprivation due to the
hour that is lost in the night between Saturday and Sunday. We utilize a quirk in the Trends in
International Mathematics and Science Study (TIMSS) and the Progress in International Reading
Literacy Study (PIRLS) tests in 2011. Both studies were conducted in the weeks surrounding the
switch to DST in six European countries, providing data from more than 22,000 students. Using
an estimation technique loosely mimicking a regression discontinuity design (RD), we compare
the test performance of students who were randomly allocated to test dates before or after the
switch to DST. In this setting we account for potential non-linearity in test performance (e. g.
due to a blue Monday effect). Due to the hierarchical structure of the data and since the outcome
measures are provided as several plausible values for the competence of each individual student,
we estimated the effects with hierarchical linear models (HLM) that additionally account for
uncertainty in the imputed outcomes applying Rubin’s rules. The results suggest a DST-effect,
which is small in magnitude and not statistically significantly different from zero. A broad range
of robustness tests, for example classical RD estimation, serve to confirm the zero-effect. We
therefore conclude that the switch to DST does not harm student performance and therefore
does not challenge the validity of conclusions drawn from student assessment data collected
around the switch to DST.

In conclusion, the first part of this dissertation was considering different inputs into the
educational production function. The second part shifts the perspective away from the classical
educational production function towards the broad view of human capital including health and
well-being. Chapters 4 and 5 evaluate a series of educational reforms inGermany. TheG8 reforms
implied a reduction in school years needed to attain a degree from the academic track from nine
to eight years of secondary school, while the federal requirements of cumulative instruction
hours and contents to be taught remained unchanged. The scientific evaluation of these reforms
focused mainly on student’s grades (Büttner and Thomsen, 2015; Huebener and Marcus, 2017),
cognitive (Dahmann, in press; Huebener et al., in press; Hübner et al., 2017) and non-cognitive
(Thiel et al., 2014; Dahmann and Anger, 2014) skills, educational decisions (Meyer and Thomsen,
2016;Meyer et al., forthcoming;Marcus and Zambre, forthcoming) and performance in university
(Dörsam and Lauber, 2015; Meyer and Thomsen, 2017). The public discussion of the reforms
were focused on the extent of burdens students were facing due to the reforms. An early study
on burdens of the G8 system was comparing different systems across states (Böhm-Kasper and
Weishaupt, 2002), in this setting causality is hard to establish, as the differences might also be
attributed to inter-state differences. Amore recent branch of the literature claims to assess causal
effects on burdens, health and health behaviors (Meyer and Thomsen, 2015; Westermaier, 2016;
Meyer and Thomsen, 2017; Hofmann and Mühlenweg, 2017). I add to this literature by shifting
the perspective to stress and internalizing mental health problems as well as subjective well-
being.

In chapter 4, I assess students at the end of their school career close to high school grad-
uation. The reform outcomes evaluated include students’ perceived stress, internalizing mental
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health problems and well-being. The study builds upon data on over 2,300 students from the
National Educational Panel Study’s (NEPS) Additional Study Baden-Wurttemberg. The data was
collected in the German federal state of Baden-Wurttemberg with the purpose of evaluating the
impacts of the G8 reforms in Germany. I argue that the reform serves as natural experiment,
where the assignment to the treatment or control group is random conditional on the year of
school entry, which took place long before the reform was announced. The estimation of the
effects relies on ordinary least squares (OLS). The results imply an increase in perceived stress
and symptoms of internalizing mental health problems for females. For males, I only find an
increase in perceived stress. However, neither females nor males are affected by the reform in
terms of more general well-being, as measured by well-being in school and life in general. The
robustness checks include several different ways of constructing the indexes that form the de-
pendent variables and using the last pure G9 cohort and the first pure G8 cohort instead of the
double cohort for my analyses.

While the data provides a relatively large sample size, excellent measures for perceived stress
and internalizing mental health problems and a large set of controls, the nature of the reform
in Baden-Wurttemberg only allows to compare different cohorts, which are either affected by
the reform or not. It is therefore impossible to separate general time trends from the reform
effect. This would be a problem if any other factor changed between the cohorts and affected
the treated and untreated students in different ways. This problem is addressed in chapter 5,
jointly prepared with Simon Reif. We assess the G8-reforms in most German states focusing
on physical and mental health outcomes. We use data from the German Socioeconomic Panel
(SOEP) and examine the effects of the reform on students aged about 17, who are still in school at
the time of the interviews and students who already graduated to see whether the health effects
of the reforms are transitory shocks or persist after students finished school. The sequential
introduction of the reform over several years in the different states in Germany allows for a
difference-in-differences (DiD) design of our study. In contrast to chapter 4, we are therefore
able to rule out that our results are pure cohort effects. We use a triple-DiD approach with
students from the intermediate secondary school track as additional control group. Further, we
provide extensive robustness checks analyzing effect heterogeneity, bootstrapped standard errors
(Cameron et al., 2011), and a special kind of placebo test, the permutation test suggested byChetty
et al. (2009). The results again imply significant effects of the reforms on female student’s body
mass index (BMI) and worrying while they are still in school. We find no effect on any health
measure for male students. In the sample of graduates we do not keep age constant, but instead
the distance to graduation. The observed individuals graduated either one or two years before the
interview, dependent on data availability which is not related to the assignment to the treatment
or the control group. In the analyses of graduates, we are able to use more thorough health data,
which is collected biannually from the adult SOEP sample. We find no impact on mental and
physical health for male graduates and in some specifications positive effects on females. The
positive effects on females after graduation are in line with findings on university students by
Meyer and Thomsen (2017). However, we cannot confirm their finding of worse health for males
who attended G8. While we were preparing this chapter, Hofmann and Mühlenweg (2017) also
using the SOEP evaluated a pooled sample of students and graduates finding a slight decrease in
mental health but no effect on physical health or smoking behavior.

The G8 reforms only date back a few years, and therefore, it is not yet possible to evaluate
true long-term outcomes of the reforms. The short term results seem to allow the interpretation
that the increase in instruction intensity might affect students while they are still in school but
the effects level off soon after graduation. Additionally the effects seem to stem mostly from
students in the transition phase where the reform implementation might have been rough, be-
fore teachers had fully adjusted their lessons to new settings. Finally, the double cohorts faced
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increased competition due their larger size. As a result, it would be surprising to find long term
health effects of the reforms.

While research on G8 finally has been established and most findings are suggesting that
the system matters less than whether or not a student is affected by the transition, most West
German states are already transitioning back to nine-year-systems. These new systems usually
offer more flexibility to choose between finishing in eight or nine years than before the original
G8 reforms. The move back to nine-year systems will result in gap years with either no or very
small graduation cohorts in the respective states – another interesting topic for further research
in the German educational system.
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Chapter 2

Preschoolers’ self-regulation, skill
differentials, and early educational outcomes
Johanna Sophie Quis, Anika Bela and Guido Heineck

2.1 Introduction

Individuals’ capabilities of delaying or even foregoing immediate consumption in order to yield
better future outcomes is a critical behavioral component in life. Underlying mechanisms and
processes, however, are differently addressed across economics and psychology. In economics,
the “rate of time preference” is the best known concept to reflect individuals’ degree of pa-
tience and is one of the most relevant theoretical parameters for modeling future-oriented, inter-
temporal processes, including investment decisions, savings, health behavior, or human capital
accumulation.

The psychological literature too has a long history of interest into individuals’ underlying
self-regulatory skills (Vohs and Baumeister, 2016), how they relate to observable heterogeneity
in, for example, delaying gratifications and whether they predict different life outcomes. A par-
ticularly well established literature investigates how children differ in self-regulation and how
these differentials explain e. g. adolescents’ or adults’ social and cognitive outcomes: Since the
late 1960s, analyses based on the now famous Marshmallow test1 (Mischel et al., 1989) and nu-
merous follow-up studies suggest for higher performance and better outcomes of individuals,
who in their childhood were more patient, through their mid-forties (Casey et al., 2011; Moffitt
et al., 2011).2

Another line of research in economics addresses the elicitation of adults’ time preferences
(e. g. Frederick et al., 2002; Andersen et al., 2008) or individuals’ health and health-related be-
havior (Courtemanche et al., 2015; Bradford, 2010). Little is, however, known about the time
preferences and their impact for teenagers and, even sparser, for children. Spurred by the work
of Heckman (e. g. Cunha and Heckman, 2007), recent research started to explore whether early
differentials exist and by how much they affect (or are at least correlated to) later-life outcomes
(Golsteyn et al., 2014).

We contribute to this yet scarce research by examining the relationship between preschool-
ers’ delay of gratification, which is amanifestation of individuals’ self-regulation (Neubauer et al.,
1 With an interest in the underlying psychological processes, the test aimed at assessing children’s ability to delay

gratification for a bigger reward (Mischel and Ebbesen, 1970; Mischel et al., 1972, 1989): Children were seated at
a table and they were offered a marshmallow (or a similar food item that the child liked) that was set directly in
front of them. The tester instructed the child that it could either wait until the tester returned and get a second
Marshmallow or eat the one available before the tester returned but would in this case not get another one. The
recorded waiting time was then interpreted as measure for children’s self-imposed delay of gratification.

2 In a replication study, Watts et al. (2018), however, challenge this narrative. As will be outlined in the section on
prior research, they find smaller effects of children’s waiting times on behavioral outcomes at age 15 which even
vanish as soon as additional background factors are accounted for.

9
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2011) and their mathematical competence and its development early in primary school. Address-
ing children’s mathematical competences is relevant because early math skills are a major de-
terminant, if not a causal factor, for adolescents’ school success (e. g. Watts et al., 2014, 2017),
which then, on average, contributes to better adult life outcomes.

Another contribution is the use of data from the kindergarten cohort of the German Na-
tional Educational Panel Study (NEPS)3, which is a recent and rich data source on individuals’
competences and their competence development. So far, barely any research has explored NEPS
for the questions addressed here. Using this data allows us both to account for a broad set of
relevant background variables for a sample of children from diverse social backgrounds. We
further extend the study of Lorenz et al. (2016), who look at the impatience-skills-nexus from
a cross-sectional and thus more descriptive perspective, by using the longitudinal dimension of
the data.

We find a significantly positive association between children’s self-regulation and their math-
ematical competence levels, even when holding general cognitive ability in kindergarten con-
stant. Self-regulation is however not related to competence development over the first two years
of primary school, meaning that the initial skill gap neither widens nor narrows substantially.
Heterogeneity analyses imply that self-regulation benefits children with low initial levels of
mathematical competence at the transition from kindergarten to primary school. This advan-
tage, however, vanishes between grade 1 and grade 2.

2.2 Background and Prior Research

2.2.1 Background

Conceptually, our study aligns with elements from the model of skill formation by Cunha and
Heckman (2007). According to this model, variation in skills is the result of self-productivity
and dynamic complementarity, meaning that the stock of skills at a particular stage in life is a
function of all past investments: While self-productivity implies that past skills increase later
skills directly, dynamic complementarity increases the productivity of investments into skills for
individuals with a higher prior level of skills.

The data we use do not allow to assess the two mechanisms to full extent, mainly because
they do not provide information on investment in the skills we are interested in. Beyond that, we
focus on the effect of one skill on another, so that we examine what Cunha and Heckman (2007)
call cross-effects: Cross-productivity displays the effect of the level of one type of skill in the
initial period on the level of another skill in a future period while dynamic cross-complementarity
suggests that investments into the other skill are more fruitful if the person had a higher level of
the respective skill in the initial period.

In our analyses, we first assess the relationship between children’s self-regulation/patience,
for which we have only cross-sectional information, and the level of their mathematical compe-
tence as well as its short-term development. Based on the cross-productivity notion, we expect
higher mathematical competence for more patient children.

We should also see that differences in initial skill levels explain different gains in mathemati-
cal competence over time, possibly driven by all four mechanisms: Self-productivity implies that

3 This paper uses data from the National Educational Panel Study (NEPS): Starting Cohort 2 – Kindergarten (From
Kindergarten to Elementary School), doi:10.5157/NEPS:SC2:5.1.0. From 2008 to 2013, NEPS data were collected as
part of the Framework Programme for the Promotion of Empirical Educational Research funded by the German
Federal Ministry of Education and Research (BMBF). As of 2014, the NEPS survey is carried out by the Leib-
niz Institute for Educational Trajectories (LIfBi) at the University of Bamberg in cooperation with a nationwide
network.
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higher initial math competences positively affect future math competences. Dynamic comple-
mentarity suggests that investments into mathematical skills yield higher competence increases
for children who start from a higher competence level. In line with cross-productivity, children,
who are more patient in kindergarten, attain higher mathematical competences, and dynamic
cross-complementarity finally triggers that patient children profit more from investments into
their mathematical skills. Again, as there is no information on investments and as we have only
a cross-section measurement of the child’s self-regulation, we cannot directly test the Cunha-
Heckman model, but we rather think of it as conceptual guideline.

2.2.2 Prior Research

Research on individuals’ self-regulatory skills, or patience, in both psychology and economics
can be grouped by its respective interest, i. e. whether the studies examine determinants of self-
regulation/patience, its use as predictor of life outcomes, or whether children’s intertemporal
choice behavior can be influenced.4

As for determinants, both nature and nurture play a role for how children differ in self-
regulation in their first years of life.5 Children’s age, reflecting their brain development and its
effects on decision processes, is a critical factor (Sutter et al., 2015; Bartling et al., 2010), as are
children’s birth weight, their cognitive skills (Bartling et al., 2010), or breastfeeding duration
(Falk and Kosse, 2016). Family background matters as well: Bartling et al. (2010), for example,
use data from the German Socio-economic Panel (SOEP) and refer to the importance of maternal
patience, which may hint towards a genetic component in children’s initial skill endowment, but
they also refer to the importance of parental assets, including house-ownership or number of
books at home. Exploring data from NEPS, Lorenz et al. (2016) also find that patience increases
with age, and that girls are more patient than boys. With respect to socio-economic background
they find that children with educated parents tend to be more patient and children with both
parents born abroad are slightly more patient.

As for outcomes, there is by now abundant evidence that individuals’ patience is related to a
large set of socio-economic indicators. To start with, results from the initial marshmallow tests
show that more patient children, i. e. preschool children who were able to delay gratification for
more time, performed better on a variety of outcomes throughout adolescence and adulthood:
More patient children had a lower body mass index (BMI) (Schlam et al., 2013; Seeyave et al.,
2009), and performed better on a test of cognitive control during adolescence (Eigsti et al., 2006)
and even in their mid-forties (Casey et al., 2011).

Recently, Watts et al. (2018) challenge this pattern. They argue that the original longitudinal
associations found by Mischel and his team were based on small and highly selective samples
of children whose parents were highly qualified academics. Their conceptual replication instead
uses a larger and more diverse sample of children, i.e. a sample that also includes children from
less thriving backgrounds. As noted before, their results suggest for smaller effects of children’s
waiting times on behavioral outcomes at age 15 and that these effects vanish as soon as additional
background factors are accounted for.

Yet, other replications and adaptations of the initial study reconfirm the relevance of self-
regulation. For example, individuals who were more patient as child, commit less crimes until
and in adulthood (Akerlund et al., 2016; Moffitt et al., 2011). They also have a lower BMI (Sutter
et al., 2015; Bub et al., 2016; Golsteyn et al., 2014), perform better financially (Moffitt et al., 2011;

4 This experimental literature is yet in its infancy. It for example adresses whether changes in the default choice
setting can moderate self-regulation behavior (Carroll et al., 2009; Sutter et al., 2015).

5 Sethi et al. (2000) show that the onset of differentials seems to be already observable in children as young as
18 months: children who are better at coping with a brief absence of their mother also perform better on the
Marshmallow test at the age of 5 years.
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Golsteyn et al., 2014), depend on substances less frequently (Moffitt et al., 2011), are somewhat
less likely to smoke (Fuchs, 1982; Bickel et al., 1999), and are healthier in general (Bub et al., 2016;
Moffitt et al., 2011).

A potential pathway of the relationship between time preferences and lifetime outcomes may
be through educational attainment. Studies from the original Marshmallow tests found patient
children to be rated more favorable by their parents in terms of competence, attentiveness, and
their ability do deal with frustration and stress (Mischel et al., 1988), and to perform better in
school (Mischel et al., 1989).

More recent studies indicate that impatience relates to more disruptive behavior in school
(Castillo et al., 2011), decreases the probability of graduating from high school (Castillo et al.,
forthcoming), or increases drop-out from college (Cadena and Keys, 2015). Benjamin et al. (2013)
further report that patient children achieve higher Scholastic Aptitude Test (SAT) scores. Bet-
tinger and Slonim (2007), on the other hand, do not find a correlation of time preferences with
school performance.6 Complementing the link between (im)patience and education, Golsteyn
et al. (2014) find that the effect of time preferences on lifetime outcomes falls substantially if they
account for educational attainment. Controlling for ability reduces the estimates as well, though
to a lesser extent.

Further research demonstrates a clear, positive relationship between patience and cognitive
skills. There is, however, only little research yet that examines whether this relationship is causal
indeed, and in which direction causality works. For Chilean high-schools students, Benjamin
et al. (2013) not only report on a link between cognitive skills and time preferences, but they
suggest a possible causal impact of cognitive resources on expressed preferences. Correlations
between time preferences and cognitive abilities are also found in adult populations (Shamosh
and Gray, 2008; Dohmen et al., 2010), but it is unclear for these studies, which trait begets which.

Finally, and as mentioned before, we enhance the study of Lorenz et al. (2016), who conduct
a cross-sectional analysis using the kindergarten cohort of the NEPS data. Their results imply a
positive relation between children’s patience and mathematical, language, and cognitive skills as
well as workingmemory, evenwhen controlling for social background. We extend their approach
by exploring the longitudinal dimension of the data in order to examine whether early self-
regulation differentials add to mathematical competence development.

2.3 Data and Empirical Strategy

2.3.1 Data

For our analyses we use data from the kindergarten children cohort of the German National
Educational Panel Study (NEPS, Starting Cohort 2) (Blossfeld et al., 2011). A sample of four year
old preschoolers attending kindergarten in Germany was first surveyed in 2011 and has since
been followed into primary school and beyond. In the first wave, roughly 3,000 children took
part in the study, but only 576 children could be followed into school which leads to a substantial
decline of suitable observations for our analyses. Because we restrict our data to a balanced
panel, and because of missing values in key variables our analysis sample further decreases to
370 observations.7

6 For college students, evidence ismixed aswell inasmuch as impatient students do not exert significantly less effort,
but perform less well in exams (Non and Tempelaar, 2016). On top of that, further research suggests that time
preferences may still be malleable in early adulthood and that education itself has an impact on it (Perez-Arce,
2017).

7 Table A.1 in the appendix shows that the majority of variables does not differ significantly between the analysis
sample and the full cohort sample in terms of normalized differences (Imbens and Wooldridge, 2009). Initial math
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In each wave every child was tested in various competence domains over two consecutive
days. The assessments were conducted individually in kindergarten and in groups in primary
school. In 2012, i.e. the second wave, when the preschoolers were around their sixth birthday,
their self-regulatory abilities were measured with the following test: Each child was shown a
small bag with unknown content at the end of the first day of testing. The child was told that
there were presents inside and it was then offered the choice to either draw one present from the
bag immediately or two presents on the next day. After making sure that the child understood
the implications of the decision, it was asked to choose between the two options.

Although Mischel’s Marshmallow test inspired the NEPS-test of self-regulatory abilities, the
two procedures differ: Most importantly, the children in Mischel’s experiments knew what kind
of gratification they would get and were in most cases exposed to it while waiting.8 This is an
implementation of what Neubauer et al. (2011) call the waiting paradigm (e. g. Mischel and Met-
zner, 1962; Langenfeld et al., 1997; Mischel et al., 1988; Shoda et al., 1990). Mischel and Ebbesen
(1970) and Mischel et al. (1972) show that waiting times for the preferred but delayed reward
reduce dramatically if children direct their attention towards the rewards (e. g. if the reward is
placed directly in front of them instead of being out of their sight). In the NEPS-test, the chil-
dren did not know what kind of present they could expect and were not exposed to it during the
waiting period. Therefore, the NEPS-test is an implementation of what Neubauer et al. (2011)
call the choice paradigm (e. g. Mischel and Gilligan, 1964; Bochner and David, 1968). According
to Lemmon and Moore (2007), such tests are valid measures for children’s delay of gratification
from the age of four years on.

The NEPS also provides a set of competence measures to assess children’s mathematical, lan-
guage, and cognitive skills as well as their working memory. Mathematical competence, how-
ever, is the only competence measure that was assessed in 2012 and in the following years. We
therefore focus on the mathematical competence domain as dependent variable because we are
especially interested in competence development and because it is a major predictor of educa-
tional attainment (Watts et al., 2014, 2017).

The mathematical competence test procedure requires that children at the initial age of our
target population (5-6 years) have already developed an understanding of the concept of numbers
and are able to answer simple questions about comparisons of sets, counting tasks or ordinal
aspects with the aid of illustrative materials9 (Neumann et al., 2013). To ensure that mathematical
competence is measured independently from reading competence, the items were read to the
children and the children answered using pictures or arabic numbers smaller than 20 (Leibniz
Institute for Educational Trajectories, 2015, p. 5). Based on such tests, the scientific use file of
the NEPS provides weighted maximum likelihood estimates (WLE) of the observed responses as
measure of children’s mathematical competence. In order to enable comparisons over time, the
competence scores were linked in a scaling study between kindergarten and grade 1 (Schnittjer,
2018) and, using anchor items, between grade 1 and 2 (Schnittjer and Gerken, 2018).

Cognitive basic skills were also tested in the second wave by assessing perceptual speed
and reasoning abilities. These skills do not depend on domain-specific cognitive processes, such
as language skills, but are general abilities, and core elements of the so-called fluid intelligence,
which represents an important determinant of learning processes (Primi et al., 2010). To measure
perceptual speed the participants have to match figures with graphical symbols as quickly as

competence, however, is higher for children who participated in the survey in all three waves which are of interest
to us. We are therefore quite reserved about generalizing our findings.

8 Mischel and his co-authors experimented with a variety of different experimental settings. The one sketched here
is probably the most widely known implementation.

9 For example: “In this bowl are four stones. Now I add three stones. [The bowl is covered, so the child cannot see
what is inside.] Can you tell me, how many stones are in the bowl now?” (Schnittjer and Duchhardt, 2015, p. 3 ;
our translation).
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possible. For reasoning, a geometrical element has to be selected which fits the logical rules of
a shown pattern of such elements (Haberkorn and Pohl, 2013). In the scientific use file of NEPS,
the results of these tests are available as sum scores of correct answers.

In addition to competence measures and child characteristics, the NEPS provides information
on family background. In our case, we can use context data for a rich set of cross-sectional as well
as longitudinal information on background characteristics of the children and their families.10

2.3.2 Empirical strategy

To assess the impact of the decision to wait on the child’s math competence levels, we estimate
the following model:

Mi,t = α · delayi,t=k +Xiβ + ϵi, (2.1)

where Mi,t is the mathematical competence of child i in time period t ∈ k, 1, 2 (kinder-
garten, grade 1 or grade 2), delay is a dummy variable indicating whether the child decided to
wait in the delay of gratification task, so that α is the coefficient of interest. Xi is a set of in-
dividual background characteristics as outlined in detail later on, which first excludes and later
includes measures for basic cognitive skills in t = k; ϵi is the individual error term clustered at
kindergarten group level.

We next examine whether the child’s decision to wait also relates to the gains in skills over
time in a second set of estimations:

Mi,t −Mi,t−s = α · delayi,t=k +Xiβ + ϵi, (2.2)

i. e. we measure the effect of being able to wait on the development of mathematical compe-
tence. Mi,t displays math competence in t = 1 or t = 2 and Mi,t−s is math competence one or
two periods earlier (t = k or t = 1).

In a final step, to assess potential effect heterogeneity within the initial mathematical com-
petence distribution, we add a dummy for whether the child’s mathematical competence was
below average in kindergarten (Di,Mi,k<M̄k

) and interact it with delay of gratification:

Mi,t−Mi,t−s = α ·delayi,t=k+δ · (Di,Mi,k<M̄k
·delayi,t=k)+γ ·Di,Mi,k<M̄k

+Xiβ+ ϵi. (2.3)

Based on prior research, the vector Xi contains a range of covariates to account for likely
influences on both the child’s competence development and his or her self-regulation. In partic-
ular, we control for the following child’s characteristics: age, gender, and whether it lives in East
or West Germany.

To account for a potential confounding impact of the child’s personality on self-regulation,
we include parental ratings of the child’s Big Five personality traits, i. e. openness, conscientious-
ness, extraversion, agreeableness, and neuroticism (McCrae and John, 1992).11

Parental background is controlled for by including covariates onmigration background, whether
the interviewed parent lives with a partner, parental education, and household income. We fur-
ther account for the learning environment at home by controlling for the number of books at
home, as well as the number of siblings.12

10 Table A.2 in the appendix provides information on all the variables we use in our analyses.
11 Parental ratings of children’s personality were measured in a specifically designed questionnaire by Müller et al.

(2016).
12 In additional specifications, we included further context information on kindergarten characteristics. The addi-

tional estimations included children-to-kindergarten-staff ratio as a rough global indicator for childcare quality,
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Table 2.1: Descriptive Statistics

Pooled Patient Impatient Difference

Mean (S.D.) Mean (S.D.) Mean (S.D.) Diff (p-value)

Delayed gratification (DG) 0.39 (0.49)
Competence measures
Math competence: kindergarten 0.49 (0.99) 0.74 (0.95) 0.33 (0.99) 0.41*** (0.00)
Math competence: grade 1 1.80 (1.13) 2.04 (1.02) 1.64 (1.17) 0.40*** (0.00)
Math competence: grade 2 2.51 (1.14) 2.77 (1.02) 2.35 (1.18) 0.42*** (0.00)
Perceptual speed 18.88 (5.56) 19.57 (6.11) 18.44 (5.14) 1.13* (0.07)
Reasoning 5.82 (2.46) 6.19 (2.41) 5.58 (2.47) 0.60** (0.02)
Child characteristics
East German 0.21 (0.41) 0.15 (0.36) 0.24 (0.43) –0.09** (0.03)
Male child 0.49 (0.50) 0.47 (0.50) 0.50 (0.50) –0.03 (0.60)
Age in months 71.15 (3.76) 71.35 (3.77) 71.03 (3.75) 0.32 (0.42)
Child’s personality
Big Five: Extraversion 8.07 (1.67) 7.95 (1.70) 8.15 (1.65) –0.19 (0.28)
Big Five: Conscientiousness 6.31 (1.58) 6.39 (1.64) 6.25 (1.54) 0.14 (0.42)
Big Five: Agreeableness 5.90 (1.66) 6.13 (1.57) 5.75 (1.70) 0.39** (0.03)
Big Five: Openness/Intellect 8.26 (1.24) 8.43 (1.30) 8.15 (1.20) 0.28** (0.04)
Big Five: Neuroticism 3.60 (1.86) 3.53 (1.95) 3.64 (1.80) –0.12 (0.57)
Parental background
Migration background 0.07 (0.26) 0.10 (0.31) 0.05 (0.22) 0.05* (0.09)
Highest CASMIN:
Basic sec. educ. or less 0.04 (0.20) 0.03 (0.16) 0.05 (0.22) –0.02 (0.29)
Intermediate sec. educ. 0.34 (0.47) 0.29 (0.46) 0.36 (0.48) –0.07 (0.15)
Univ. entrance qualif. or more 0.62 (0.48) 0.68 (0.47) 0.59 (0.49) 0.09* (0.07)
Household income 0.09 (0.66) 0.09 (0.63) 0.10 (0.68) –0.01 (0.86)
Living together with a partner 0.93 (0.25) 0.94 (0.23) 0.92 (0.26) 0.02 (0.45)
Home environment
Number of siblings 1.04 (0.88) 1.06 (0.78) 1.02 (0.93) 0.03 (0.71)
More than 100 books at home 0.62 (0.49) 0.65 (0.48) 0.60 (0.49) 0.04 (0.39)

Observations 370 144 226 370

Notes: Data: NEPS SC2 5.1.0, own calculations. Difference displays the difference between patient and im-
patient individuals. * p < 0.1, ** p < 0.05, *** p < 0.01.
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2.4 Results

We start by presenting descriptive differences between children who decide to wait and who do
not. In a next step we discuss our baseline specification OLS models with mathematical compe-
tence levels as dependent variable. Note that we always cluster our standard errors at the kinder-
garten group level to control for within-group error correlation (Angrist and Pischke, 2009).13 We
first estimate level differences inmath competence by self-regulation in kindergarten, grade 1 and
grade 2 separately. We then analyze how delayed gratification is related to the competence devel-
opment of children by using gains in mathematical competence as dependent variable. Finally,
we interact initial mathematical competence with the decision to delay gratification to detect
whether children, who were initially weaker in the math test, show different competence gains
over time.

2.4.1 Descriptive differences between patient and impatient children

Differences in test scores and characteristics between patient and impatient children are reported
in table 2.1. In our sample, 39% of the children decided to wait for the next day in order to
receive two presents instead of one present they could have got immediately. We further see a
strong assocation between children’s ability to wait and their mathematical competence: Patient
children outperform impatient children in all domains.

There, however, are not many statistical differences in child characteristics. On average,
patient children score higher on the Big Five measure of Openness to Experience and Agreeable-
ness, come from a household where parents have higher educational attainment, live less often
in Eastern Germany, and more often have a migration background than impatient children. They
however do not statistically differ in terms of age, gender, the Big Five traits other than Openness
and Agreeableness, and the learning environment at home.

2.4.2 Self-regulation and competence levels

The purely descriptive patterns suggest a strong positive association between patience andmath-
ematical competence. To net out a confounding impact of the child’s characteristics, we next an-
alyze the association between the ability to wait in kindergarten and mathematical competence
in all observed years in a regression framework. That is, we condition on the covariates as de-
scribed before and run multiple regressions for the kindergarten wave, where both mathematical
competences and self-regulation were measured, as well as for grade 1 and grade 2 for which we
examine levels of and gains in mathematical competences. For each wave, we regress two speci-
fications, one accounting for self-regulation only and another that additionally includes general
cognitive abilities in order to capture potentially confounding effects. The main results of these
regressions are summarized in table 2.2, full results are given in the appendix, table A.3.

The results in columns 1 and 2 of table 2 show the cross-sectional relationship between pa-
tience in kindergarten and mathematical competence. Both constructs were measured on the
same day, so that the results cannot be interpreted as causal. The coefficients show a strong pos-
itive relationship between the decision to wait and mathematical competence in kindergarten.
With a competence score differential of 0.31 points (roughly 31% of a standard deviation), the size
of the level difference is substantial (column 1). When additionally controlling for general cog-
nitive ability in kindergarten (column 2), the differential decreases only slightly, implying that

group size, or gender composition. Because of large unit non-response at the kindergarten management level,
sample size is substantially lower. This yields trivial results which are not reported here.

13 Our results are, however, not sensitive to this as we show in section 2.5.
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Table 2.2: Effects on Math competence level

Kindergarten Grade 1 Grade 2

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

Delayed gratification (DG) 0.317*** 0.233*** 0.299*** 0.217** 0.313*** 0.222**
(0.089) (0.085) (0.104) (0.103) (0.103) (0.096)

Perceptual speed std 0.243*** 0.293*** 0.218***
(0.048) (0.056) (0.063)

Reasoning std 0.254*** 0.205*** 0.310***
(0.044) (0.051) (0.060)

N 370 370 370 370 370 370
adj. R2 0.199 0.331 0.131 0.229 0.153 0.271

Notes: Data: NEPS SC2 5.1.0, own calculations. All estimations contain a constant and all other
explanatory variables named in table 2.1. For results on controls see appendix, table A.3.
Standard errors, reported in parentheses, are clustered at kindergarten group level. * p < 0.1,
** p < 0.05, *** p < 0.01.

general cognitive skills are a confounding factor, yet that self-regulation is not fully determined
by or simply representing these skills.14

In columns 3 to 6, we present the results of the decision to delay gratification in kindergarten
on mathematical competence in grade 1 and 2, again based on specifications ex- or including
general cognitive skills. The magnitude of the level differences as given in the kindergarten
wave remains almost unchanged.15

Our results indicate a substantial positive relationship between children’s ability to delay
gratification and current as well as future mathematical competence. In terms of inequalities we
see a competence gap between more and less patient children already in our first wave, i.e. when
patience is measured, and that it persists over the following two years, even if initial general
cognitive ability is controlled for.

2.4.3 Effects on competence development

We next examine whether the competence gap between patient and impatient children persists
and estimate a value-added-type specification. The dependent variable in this setting is the differ-
ence in mathematical competence between two waves. We consider three different time frames
and examine changes in mathematical competences: from kindergarten to grade 1 (table 2.3,
columns 1 and 2), from kindergarten to grade 2 (columns 3 and 4) and, finally, changes between
grade 1 and grade 2 (columns 5 and 6).16 We again estimate two sets of specifications, first ac-
counting only for socio-demographic characteristics and adding general cognitive ability in the
second set of models.

The results imply that self-regulation has no impact on the change in mathematical compe-
tence in the first two years of primary school. Adding general cognitive ability, the coefficients
are again slightly attenuated and in general do not suggest that general cognitive abilities impact

14 Note however that explained variation increases substantially if general cognitive skills are accounted for. For
the other covariates, we observe that being male, age, being open for experiences, and higher parental education
are positively related to math competence, while being neurotic, extraverted and having a migration background
are negatively related to kindergarten math competence (cf. A.3, column 2).

15 Similar to the estimates in column 2, the explanatory power of the model increases substantially if general cog-
nitive abilities are accounted for.

16 Full results are displayed in table A.4 in the appendix.
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Table 2.3: Math competence development

Kindergarten - Grade 1 Kindergarten - Grade 2 Grade 1 - Grade 2

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

Delayed gratification (DG) –0.003 –0.003 0.039 0.028 0.037 0.025
(0.100) (0.100) (0.095) (0.094) (0.099) (0.098)

Perceptual speed std 0.053 0.013 –0.037
(0.065) (0.069) (0.058)

Reasoning std –0.043 0.052 0.089*
(0.047) (0.058) (0.048)

N 370 370 370 370 370 370
adj. R2 0.002 0.000 0.037 0.035 0.056 0.060

Notes: Data: NEPS SC2 5.1.0, own calculations. All estimations contain a constant, control for months be-
tween tests and all other explanatory variables named in table 2.1. For results on controls see appendix,
table A.4. Standard errors, reported in parentheses, are clustered at kindergarten group level. * p < 0.1,
** p < 0.05, *** p < 0.01.

competence gains, except for the development between grade 1 and 2, where the coefficient for
reasoning is statistically different from zero.

The findings shown in table 2.2 and 2.3 together suggest that despite the relation between
self-regulation measured in kindergarten and children’s math competence level, self-regulation
does on average not affect competence development in the first two years of primary school.
Put differently, we observe a gap in math competence between patient and impatient children
which already exists in kindergarten and persists until grade 2, but it neither widens nor narrows
because of children’s ability to wait.17

2.4.4 Heterogeneity analyses

We have seen for the full sample, that children’s patience does not affect their mathematical
competence development. The ability to delay gratification might however—via dynamic cross-
complementarity—be differently useful for children of different initial competence endowment.
Children with lower initial mathematical competence may particularly benefit from higher self-
regulation.

To examine potential effect heterogeneities with respect to the initial level of math compe-
tence, we run estimations according to the model outlined in equation 3, i.e. we add a dummy
indicating whether the child’s math competence was below average in kindergarten and, in a
second step, by interacting this dummy with the decision to wait. The results in table 4 show
that, compared to the findings in table 3, the coefficients for delayed gratification slightly increase
in the first step (columns 1, 3, and 5), but remain statistically insignificant.

We do, however, see that children with low initial skills exhibit larger competence gains:
The coefficients for the dummy variables on low initial math competence are rather large and
statistically different from zero.

The results of the interaction term further show that for the development between kinder-
garten and grade 1 patient children with low initial math competence gain more than patient
children with high initial math competence. They also gain more math competence than impa-

17 This conflicts with expectations from the model of skill formation. As outlined before, the NEPS data do, however,
not provide details on children’s investments, e.g. in terms of time spent on homework or learning, so that more
in-depth analyses are not feasible.
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Table 2.4: Effect heterogeneity by initial math competence

Kindergarten - Grade 1 Kindergarten - Grade 2 Grade 1 - Grade 2

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

Delayed gratification (DG) 0.071 –0.017 0.081 0.030 0.083 0.077
(0.097) (0.110) (0.093) (0.105) (0.094) (0.144)

Math comp. below avg. 0.521*** 0.412*** 0.383*** 0.319** 0.606*** 0.601***
(0.111) (0.119) (0.122) (0.143) (0.095) (0.116)

DG×Math comp. below avg. 0.416* 0.244 0.013
(0.217) (0.211) (0.208)

N 370 370 370 370 370 370
adj. R2 0.049 0.054 0.059 0.059 0.147 0.144
Wald test: p-valuea 0.036 0.143 0.501

Notes: Data: NEPS SC2 5.1.0, own calculations. All estimations contain a constant, control for months be-
tween tests and all other explanatory variables named in table 2.1. For results on controls see appendix,
table A.5. Standard errors, reported in parentheses, are clustered at kindergarten group level. * p < 0.1, **
p < 0.05, *** p < 0.01.
a Test of the hypothesis H0: Delayed gratification (DG) + DG×Math comp. below avg. = 0.

tient children, as the p-values from the Wald-test implies. There is, however, no advantage for
patient children between kindergarten and grade 2 or between grades 1 and 2.

2.5 Robustness checks

This section details the robustness checks we conducted. We first examined whether clustering
at different levels than at the kindergarten level, i.e. not at all, or at grade 1 level, plays a role.
We then run additional models using grade 1 or grade 2 covariates, and finally checked whether
not accounting for children’s personality traits matters.

Different standard error calculations: We estimated our models in section 2.4 with standard
errors clustered at the kindergarten group level in all of our specifications to account for un-
observable group composition or environment. As this most likely changes when the child
leaves kindergarten and becomes a student in primary school, we run additional estimates with
clustered standard errors at the classroom level. The standard errors, however, change only
marginally in these analyses or, as additional exercise, if we do not cluster at all (see table A.6 in
the appendix).

Using grade 1 controls: When examining the effects of delayed gratification on math com-
petence development from grade 1 to grade 2, we used the information on the child’s socio-
demographics from the kindergarten wave as control variables. It is however possible that chil-
dren’s circumstances changed between kindergarten and grade 1. We therefore also estimated the
math competence development from grade 1 to grade 2, accounting for all covariates as outlined
before, from the grade 1 wave. Because of missing data in some of the background information
the sample decreases to 221 observations.18 The results, however, change only marginally (see
table A.7 in the appendix).

Personality measures as controls: As noted before, we control for the child’s Big Five person-
ality traits to account for potential confounding relationships to self-regulation. The measures
in our main models are based on parental ratings, surveyed in the first wave, i.e. when the child

18 We also considered running random effects models, but the feasible longitudinal sample was way too small to
turn this into a meaningful endeavor.
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was attending kindergarten. Personality, however, still evolves in this age group (Herzhoff et al.,
2017) and may as well be related to changes in self-regulation. The latter is not available in the
NEPS and the child’s Big Five personality traits are re-measured only in grade 2.19

Becker et al. (2012) furthermore suggest that facets of individuals’ personality are related to
patience or time-discounting20 but that they are complements in explaining lifetime outcomes.
The self-regulation test in the NEPS data, however, differs from the typical time preference mea-
surements in economics. Therefore, as an additional robustness check, we estimated our models
without controlling for the Big Five personality traits. The exclusion of the Big Five personality
traits only marginally changes the coefficients for competence levels, competence development,
and effect heterogeneity (cf. table A.8, table A.9, and table A.10, respectively in the appendix).

2.6 Conclusion

We contribute to the literature on early life skills differentials and the role of self-regulation in
this. To do so, we examined how children’s ability to delay gratification relates to their mathe-
matical competence and its development. We use NEPS data and find that, even when controlling
for general cognitive skills, there is a positive relationship between the ability to wait in kinder-
garten and mathematical competence from kindergarten through grade two of primary school.
The relationship is quite strong with patience explaining 20 to 30% of a standard deviation in
mathematical competence. Furthermore, the estimates for the level differences do not decrease
substantially over the first years of primary school.

In a second step we examined the effect of kindergarten patience on math competence gains.
Complementing the level differentials, we do not find that patience affects the speed of com-
petence gains, but heterogeneity analyses suggest that being patient in kindergarten positively
affects mathematical competence gains at the transition from kindergarten to the first year of pri-
mary school for children with lower initial mathematical competence. Self-regulation, however,
seems to play no further role for competence development between grade 1 and grade 2.

In the NEPS data, information on children’s self-regulation is given by observable behavior,
and their mathematical competences are derived from specifically developed assessments tests.
Both sets of indicators are therefore more reliable than e. g. self-reported data or grades, which
strengthens our results. We, however, are not able to draw straightforward causal claims from
our analyses, because we have no exogenous variation in the NEPS data. Future research could
therefore attempt to establish more evidence on causality by, for example, using interventions
designed to foster children’s self-regulation skills. This would help to derive policy implications
on how to decrease the competence gap that relates to differences in children’s patience or self-
regulation.

19 Although pairwise correlations between a child’s self-regulation and the Big Five personality traits do not indicate
substantial changes in the relation between kindergarten and grade 2, using grade 2 data induces yet another
decrease in sample size, so that interpretation gets problematic.

20 Interestingly, there is yet only some small corpus of research addressing the relation between the Big Five per-
sonality traits and measures of self-control (Hoyle and Davisson, 2016; Becker et al., 2012).
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Appendix

Table A.1: Comparison of full and analysis sample

Full sample Dropout sample Analysis sample Difference

Mean (S.D.) Mean (S.D.) Mean (S.D.) Diff (p-value) Norm Diff

Delayed gratification (DG) 0.35 (0.48) 0.35 (0.48) 0.39 (0.49) –0.04 (0.11) 0.06
Competence measures
Math competence: kindergarten 0.01 (1.17) –0.07 (1.18) 0.49 (0.99) –0.56*** (0.00) 0.36
Math competence: grade 1 1.75 (1.17) 1.61 (1.28) 1.80 (1.13) –0.18 (0.13) 0.11
Math competence: grade 2 2.44 (1.18) 2.24 (1.27) 2.51 (1.14) –0.27** (0.03) 0.16
Perceptual speed 17.84 (6.09) 17.67 (6.16) 18.88 (5.56) –1.21*** (0.00) 0.15
Reasoning 5.32 (2.38) 5.24 (2.36) 5.82 (2.46) –0.58*** (0.00) 0.17
Child characteristics
East German 0.22 (0.41) 0.22 (0.41) 0.21 (0.41) 0.01 (0.58) –0.02
Male child 0.50 (0.50) 0.50 (0.50) 0.49 (0.50) 0.01 (0.71) –0.02
Age in months 70.69 (3.94) 70.62 (3.96) 71.15 (3.76) –0.53** (0.01) 0.10
Child’s personality
Big Five: Extraversion 8.09 (1.70) 8.09 (1.71) 8.07 (1.67) 0.02 (0.83) –0.01
Big Five: Conscientiousness 6.20 (1.70) 6.17 (1.73) 6.31 (1.58) –0.14 (0.14) 0.06
Big Five: Agreeableness 5.80 (1.71) 5.78 (1.72) 5.90 (1.66) –0.12 (0.24) 0.05
Big Five: Openness/Intellect 8.18 (1.38) 8.16 (1.42) 8.26 (1.24) –0.10 (0.18) 0.05
Big Five: Neuroticism 3.60 (1.82) 3.59 (1.82) 3.60 (1.86) –0.00 (0.97) 0.00
Parental background
Migration background 0.15 (0.36) 0.17 (0.37) 0.07 (0.26) 0.10*** (0.00) –0.21
Highest CASMIN:
Basic sec. educ. or less 0.09 (0.29) 0.11 (0.31) 0.04 (0.20) 0.07*** (0.00) –0.18
Intermediate sec. educ. 0.33 (0.47) 0.33 (0.47) 0.34 (0.47) –0.00 (0.88) 0.01
Univ. entrance qualif. or more 0.58 (0.49) 0.56 (0.50) 0.62 (0.48) –0.06** (0.03) 0.09
Household income 0.02 (1.02) –0.01 (1.10) 0.09 (0.66) –0.10** (0.03) 0.08
Living together with a partner 0.90 (0.30) 0.89 (0.31) 0.93 (0.25) –0.04** (0.01) 0.10
Home environment
Number of siblings 1.08 (0.92) 1.09 (0.93) 1.04 (0.88) 0.05 (0.31) –0.04
More than 100 books at home 0.55 (0.50) 0.53 (0.50) 0.62 (0.49) –0.09*** (0.00) 0.12

Observations 2644 2274 370 2644 2644

Notes: Data: NEPS SUF, SC2 5.1.0, own calculations. The full sample contains all individuals for whomwe observe
data on delayed gratification and kindergarten math competence; all other variables have fewer observations
than stated in the full and dropout sample. Difference displays the difference between analysis and dropout
sample. Norm Diff displays normalized differences as suggested by Imbens and Wooldridge (2009) where the
critical value typically is 0.25 or -0.25. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A.2: Variable definitions

Variable Definition

Delayed gratification Dummy equal to one if the child decided to wait for the second gift

Competence measures
Math competence WLE score of child’s math competence
Perceptual speed Sum score of child’s perceptual speed
Reasoning Sum score of child’s reasoning abilities
Months between tests Number of months between the two survey dates

Child demographics
Male child Dummy equal to one if the child is male
Age (months) Child’s age in months
East German Dummy equal to one if interviewed parent lives in East Germany

Child personality
Big Five: Extraversion std Parental report z-standardized over full NEPS kindergarten sample
Big Five: Conscientiousness std Parental report z-standardized over full NEPS kindergarten sample
Big Five: Agreeableness std Parental report z-standardized over full NEPS kindergarten sample
Big Five: Openness/Intellect std Parental report z-standardized over full NEPS kindergarten sample
Big Five: Neuroticism std Parental report z-standardized over full NEPS kindergarten sample

Parental background
Migration background Dummy equal to one if at least one parent and both parents of the other parent are

born abroad
Living together with a partner Dummy equal to one if the interviewed parent lives with a partner
CASMIN Highest educational level of the parents living in the same household with the child

coded using the CASMIN classification

Home environment
Books at home: more than 100 Dummy equal to one if more than 100 books are available in parental home
Number of siblings Number of siblings living in the same household with the child
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Table A.3: Effects on Math competence level

Kindergarten Grade 1 Grade 2

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

Delayed gratification (DG) 0.317*** 0.233*** 0.299*** 0.217** 0.313*** 0.222**
(0.089) (0.085) (0.104) (0.103) (0.103) (0.096)

Perceptual speed std 0.243*** 0.293*** 0.218***
(0.048) (0.056) (0.063)

Reasoning std 0.254*** 0.205*** 0.310***
(0.044) (0.051) (0.060)

East German –0.088 –0.014 –0.190 –0.100 –0.269* –0.202
(0.154) (0.141) (0.140) (0.132) (0.153) (0.150)

Male child 0.143 0.222** 0.203* 0.276** 0.183 0.270**
(0.096) (0.086) (0.109) (0.107) (0.115) (0.119)

Age in months std 0.777*** 0.527*** 0.499** 0.236 0.324 0.070
(0.206) (0.197) (0.228) (0.214) (0.230) (0.221)

Extraversion std –0.139*** –0.128** –0.120 –0.114 –0.068 –0.051
(0.053) (0.052) (0.075) (0.072) (0.069) (0.070)

Conscientiousness std –0.001 –0.070 –0.030 –0.100 0.054 –0.019
(0.055) (0.053) (0.064) (0.063) (0.061) (0.060)

Agreeableness std 0.010 0.003 0.034 0.034 0.001 –0.011
(0.045) (0.045) (0.062) (0.062) (0.056) (0.051)

Openness/Intellect std 0.207*** 0.192*** 0.093 0.082 0.215*** 0.196***
(0.061) (0.056) (0.088) (0.080) (0.071) (0.066)

Neuroticism std –0.093* –0.086* –0.119* –0.111* 0.036 0.044
(0.055) (0.048) (0.070) (0.067) (0.064) (0.060)

Migration background –0.569*** –0.554*** –0.388** –0.384** –0.480** –0.455***
(0.200) (0.191) (0.191) (0.181) (0.188) (0.149)

CASMIN (ref. Basic sec. educ. or less)
– Intermediate sec. educ. 0.444 0.535** 0.875*** 0.981*** 0.445 0.531*

(0.290) (0.258) (0.327) (0.284) (0.334) (0.270)
– Univ. entrance qualif. or more 0.711** 0.780*** 1.191*** 1.286*** 0.794** 0.848***

(0.299) (0.272) (0.341) (0.298) (0.342) (0.282)
More than 100 books at home 0.157 0.098 0.208* 0.140 0.261** 0.208*

(0.110) (0.103) (0.121) (0.120) (0.119) (0.121)
Household income 0.047 0.014 0.021 –0.014 0.059 0.025

(0.082) (0.067) (0.109) (0.095) (0.104) (0.090)
Living together with a partner 0.086 0.081 –0.037 –0.041 0.067 0.060

(0.228) (0.204) (0.261) (0.234) (0.252) (0.244)
Number of siblings –0.097* –0.035 –0.098 –0.031 –0.063 –0.002

(0.053) (0.045) (0.062) (0.059) (0.069) (0.068)
Constant 0.478 0.011 1.134** 0.633 1.903*** 1.434***

(0.426) (0.353) (0.465) (0.398) (0.456) (0.395)

N 370 370 370 370 370 370
adj. R2 0.199 0.331 0.131 0.229 0.153 0.271

Notes: Data: NEPS SC2 5.1.0, own calculations. Standard errors, reported in parentheses, are
clustered at kindergarten group level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A.4: Effects on Math competence development (full table)

Kindergarten - Grade 1 Kindergarten - Grade 2 Grade 1 - Grade 2

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

Delayed gratification (DG) –0.003 –0.003 0.039 0.028 0.037 0.025
(0.100) (0.100) (0.095) (0.094) (0.099) (0.098)

Perceptual speed std 0.053 0.013 –0.037
(0.065) (0.069) (0.058)

Reasoning std –0.043 0.052 0.089*
(0.047) (0.058) (0.048)

Months between tests 0.118* 0.116* 0.191*** 0.194*** 0.234*** 0.221***
(0.063) (0.063) (0.055) (0.054) (0.061) (0.060)

East German –0.114 –0.098 –0.210 –0.206 –0.089 –0.100
(0.151) (0.150) (0.133) (0.135) (0.121) (0.122)

Male child 0.045 0.041 0.044 0.056 0.014 0.028
(0.093) (0.095) (0.104) (0.108) (0.104) (0.108)

Age in months std –0.186 –0.204 –0.344* –0.370* –0.225 –0.232
(0.195) (0.193) (0.199) (0.204) (0.186) (0.188)

Extraversion std 0.018 0.012 0.062 0.066 0.044 0.053
(0.065) (0.064) (0.062) (0.063) (0.060) (0.062)

Conscientiousness std –0.034 –0.036 0.043 0.034 0.080 0.074
(0.060) (0.061) (0.062) (0.061) (0.055) (0.055)

Agreeableness std 0.019 0.025 –0.029 –0.032 –0.048 –0.055
(0.058) (0.059) (0.052) (0.050) (0.054) (0.054)

Openness/Intellect std –0.117 –0.113 0.007 0.003 0.126* 0.120
(0.087) (0.086) (0.062) (0.062) (0.075) (0.075)

Neuroticism std –0.025 –0.024 0.124** 0.124** 0.147*** 0.147***
(0.052) (0.051) (0.051) (0.052) (0.053) (0.053)

Migration background 0.168 0.157 0.094 0.101 –0.059 –0.045
(0.235) (0.238) (0.222) (0.220) (0.178) (0.174)

CASMIN (ref. Basic sec. educ. or less)
Intermediate sec. educ. 0.376 0.392 –0.086 –0.080 –0.426 –0.435

(0.286) (0.287) (0.303) (0.301) (0.266) (0.265)
Univ. entrance qualif. or more 0.426 0.451 0.028 0.027 –0.355 –0.381

(0.300) (0.302) (0.295) (0.294) (0.266) (0.267)
More than 100 books at home 0.055 0.044 0.075 0.071 0.009 0.018

(0.113) (0.116) (0.113) (0.119) (0.107) (0.105)
Household income –0.029 –0.031 0.015 0.011 0.047 0.046

(0.082) (0.082) (0.078) (0.078) (0.058) (0.060)
Living together with a partner –0.106 –0.104 –0.009 –0.010 0.081 0.080

(0.230) (0.228) (0.178) (0.181) (0.204) (0.205)
Number of siblings –0.009 –0.003 0.017 0.023 0.031 0.031

(0.056) (0.054) (0.058) (0.057) (0.063) (0.063)
Constant –0.662 –0.689 –2.450** –2.559** –1.343** –1.238*

(0.895) (0.885) (1.163) (1.155) (0.632) (0.635)

N 370 370 370 370 370 370
adj. R2 0.002 0.000 0.037 0.035 0.056 0.060

Notes: Data: NEPS SC2 5.1.0, own calculations. Standard errors, reported in parentheses, are clustered
at kindergarten group level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A.5: Effect heterogeneity by initial math competence

Kindergarten - Grade 1 Kindergarten - Grade 2 Grade 1 - Grade 2

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

Delayed gratification (DG) 0.071 –0.017 0.081 0.030 0.083 0.077
(0.097) (0.110) (0.093) (0.105) (0.094) (0.144)

Math comp. below avg. 0.521*** 0.412*** 0.383*** 0.319** 0.606*** 0.601***
(0.111) (0.119) (0.122) (0.143) (0.095) (0.116)

DG×Math comp. below avg. 0.416* 0.244 0.013
(0.217) (0.211) (0.208)

Perceptual speed std 0.102 0.095 0.048 0.043 0.021 0.021
(0.064) (0.064) (0.067) (0.066) (0.058) (0.060)

Reasoning std –0.022 –0.020 0.068 0.068 0.128*** 0.128***
(0.047) (0.047) (0.058) (0.058) (0.046) (0.047)

Months between tests 0.120** 0.116* 0.189*** 0.185*** 0.190*** 0.190***
(0.060) (0.060) (0.053) (0.053) (0.056) (0.057)

East German –0.091 –0.099 –0.201 –0.205 –0.131 –0.131
(0.135) (0.132) (0.127) (0.127) (0.117) (0.118)

Male child 0.075 0.099 0.081 0.095 0.083 0.084
(0.095) (0.093) (0.110) (0.111) (0.105) (0.107)

Age in months std –0.074 –0.048 –0.279 –0.264 –0.122 –0.122
(0.188) (0.187) (0.210) (0.208) (0.187) (0.188)

Extraversion std –0.012 –0.004 0.048 0.053 0.044 0.044
(0.062) (0.061) (0.062) (0.063) (0.057) (0.057)

Conscientiousness std –0.049 –0.051 0.026 0.024 0.054 0.054
(0.059) (0.060) (0.059) (0.059) (0.052) (0.052)

Agreeableness std 0.033 0.033 –0.026 –0.026 –0.039 –0.039
(0.056) (0.057) (0.049) (0.049) (0.050) (0.050)

Openness/Intellect std –0.091 –0.091 0.020 0.020 0.133* 0.133*
(0.082) (0.082) (0.062) (0.061) (0.068) (0.068)

Neuroticism std –0.045 –0.047 0.109** 0.108** 0.127** 0.127**
(0.053) (0.053) (0.053) (0.053) (0.050) (0.050)

Migration background 0.074 0.032 0.040 0.015 –0.153 –0.153
(0.218) (0.208) (0.206) (0.200) (0.146) (0.147)

Intermediate sec. educ. 0.595** 0.601** 0.072 0.077 –0.248 –0.248
(0.283) (0.276) (0.303) (0.302) (0.257) (0.257)

Univ. entrance qualif. or more 0.711** 0.713** 0.221 0.222 –0.076 –0.076
(0.300) (0.295) (0.297) (0.297) (0.257) (0.259)

More than 100 books at home 0.081 0.076 0.099 0.097 0.032 0.032
(0.112) (0.112) (0.116) (0.116) (0.101) (0.101)

Household income –0.040 –0.028 0.005 0.012 0.029 0.029
(0.080) (0.079) (0.074) (0.075) (0.055) (0.055)

Living together with a partner –0.120 –0.109 –0.023 –0.016 0.116 0.116
(0.220) (0.222) (0.180) (0.180) (0.209) (0.207)

Number of siblings –0.024 –0.028 0.008 0.006 0.016 0.016
(0.053) (0.053) (0.059) (0.059) (0.061) (0.061)

Constant –1.018 –0.922 –2.654** –2.541** –1.472** –1.467**
(0.813) (0.815) (1.120) (1.122) (0.602) (0.609)

N 370 370 370 370 370 370
adj. R2 0.049 0.054 0.059 0.059 0.147 0.144
Wald test: p-valuea 0.036 0.143 0.501

Notes: Data: NEPS SC2 5.1.0, own calculations. Standard errors, reported in parentheses, are clustered at
kindergarten group level.
a Test of hypothesis H0: Delayed gratification (DG) + DG×Math comp. below avg. = 0.
* p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A.6: Different standard error calculations

Coefficient Level of standard error clustering

none kindergarten group classroom

Panel A: Effects on competence level
Kindergarten 0.235 0.109** 0.101**
Grade 1 0.224 0.125* 0.122* 0.123*
Grade 2 0.232 0.127* 0.106** 0.113**

Panel B: Effects on competence development
Kindergarten - Grade 1 0.009 0.119 0.119 0.116
Kindergarten - Grade 2 0.038 0.124 0.110 0.122
Grade1 - Grade 2 0.022 0.111 0.123 0.115

Notes: Data: NEPS SC2 5.1.0, own calculations. The left column displays the respec-
tive coefficient for the decision to delay in the main estimations including gen-
eral cognitive skill measures (tables 2.2 & 2.3, columns (2),(4) and (6)). The three
columns on the right display the respective standard errors produced by different
levels of standard error clustering.
* p < 0.1, ** p < 0.05, *** p < 0.01.

Table A.7: Competence development from Grade 1 to Grade 2 (Control variables from
Grade 1. Standard errors, reported in parantheses, are clustered at classroom level.)

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

Delayed gratification (DG) –0.026 0.052 0.120 –0.038 0.049 0.119
(0.132) (0.125) (0.201) (0.130) (0.122) (0.197)

Math comp. below avg. 0.550*** 0.611*** 0.646*** 0.712***
(0.118) (0.140) (0.126) (0.156)

DG×Math comp. below avg. –0.167 –0.173
(0.280) (0.282)

Perceptual speed std –0.062 0.036 0.042
(0.075) (0.074) (0.077)

Reasoning std 0.127* 0.168*** 0.166***
(0.065) (0.063) (0.063)

N 221 221 221 221 221 221
adj. R2 0.034 0.102 0.100 0.043 0.129 0.126
Wald test: p-valuea 0.769 0.746

Notes: Data: NEPS SC2 5.1.0, own calculations. All estimations contain a constant, control for
months between tests and all other explanatory variables named in table 2.1.* p < 0.1, ** p <
0.05, *** p < 0.01.
a Test of the hypothesis H0: Delayed gratification (DG) + DG×Math comp. below avg. = 0.



27

Table A.8: Effects on Math competence level (Extended version of table 2.2)

Kindergarten Grade 1 Grade 2

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Delayed gratification (DG) 0.317*** 0.233*** 0.276*** 0.299*** 0.217** 0.252** 0.313*** 0.222** 0.249**
(0.089) (0.085) (0.087) (0.104) (0.103) (0.103) (0.103) (0.096) (0.097)

Perceptual speed std 0.243*** 0.237*** 0.293*** 0.281*** 0.218*** 0.217***
(0.048) (0.050) (0.056) (0.053) (0.063) (0.067)

Reasoning std 0.254*** 0.266*** 0.205*** 0.207*** 0.310*** 0.325***
(0.044) (0.045) (0.051) (0.050) (0.060) (0.061)

Personality measures Yes Yes No Yes Yes No Yes Yes No

N 370 370 370 370 370 370 370 370 370
adj. R2 0.199 0.331 0.312 0.131 0.229 0.226 0.153 0.271 0.262

Notes: Data: NEPS SC2 5.1.0, own calculations. All estimations contain a constant and control for all other ex-
planatory variables named in table 2.1. A full table with all controls is also displayed in the appendix table
A.3. Standard errors, reported in parentheses, are clustered on kindergarten group level. * p < 0.1, ** p <
0.05, *** p < 0.01.

Table A.9: Math competence development (Extended version of table 2.3)

Kindergarten - Grade 1 Kindergarten - Grade 2 Grade 1 - Grade 2

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Delayed gratification (DG) –0.003 –0.003 –0.013 0.039 0.028 0.010 0.037 0.025 0.017
(0.100) (0.100) (0.103) (0.095) (0.094) (0.091) (0.099) (0.098) (0.104)

Perceptual speed std 0.053 0.045 0.013 0.017 –0.037 –0.025
(0.065) (0.065) (0.069) (0.071) (0.058) (0.059)

Reasoning std –0.043 –0.054 0.052 0.053 0.089* 0.101**
(0.047) (0.048) (0.058) (0.060) (0.048) (0.049)

Personality measures Yes Yes No Yes Yes No Yes Yes No

N 370 370 370 370 370 370 370 370 370
adj. R2 0.002 0.000 0.000 0.037 0.035 0.034 0.056 0.060 0.032

Notes: Data: NEPS SC2 5.1.0, own calculations. All estimations contain a constant, control for months between
tests and all other explanatory variables named in table 2.1. Standard errors, reported in parentheses, are
clustered at kindergarten group level. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table A.10: Effect heterogeneity by initial math competence (Extended version of table 2.4)

Kindergarten - Grade 1 Kindergarten - Grade 2 Grade 1 - Grade 2

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Delayed gratification (DG) 0.071 –0.017 –0.015 0.081 0.030 0.017 0.083 0.077 0.074
(0.097) (0.110) (0.112) (0.093) (0.105) (0.104) (0.094) (0.144) (0.150)

Math comp. below avg. 0.521*** 0.412*** 0.417*** 0.383*** 0.319** 0.334** 0.606*** 0.601*** 0.615***
(0.111) (0.119) (0.121) (0.122) (0.143) (0.140) (0.095) (0.116) (0.117)

DG×Math comp. below avg. 0.416* 0.399* 0.244 0.259 0.013 0.024
(0.217) (0.226) (0.211) (0.204) (0.208) (0.203)

Personality measures Yes Yes No Yes Yes No Yes Yes No

N 370 370 370 370 370 370 370 370 370
adj. R2 0.049 0.054 0.054 0.059 0.059 0.061 0.147 0.144 0.122
Wald test: p-valuea 0.036 0.057 0.143 0.119 0.501 0.449

Notes: Data: NEPS SC2 5.1.0, own calculations. All estimations contain a constant, control for months between tests and
all other explanatory variables named in table 2.1. Standard errors, reported in parentheses, are clustered at kinder-
garten group level * p < 0.1, ** p < 0.05, *** p < 0.01.
a Test of the hypothesis H0: Delayed gratification (DG) + DG×Math comp. below avg. = 0.
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Chapter 3

Does the Transition into Daylight Saving
Time Affect Students’ Performance?
Stefanie P. Herber, Johanna Sophie Quis, and Guido Heineck

This study has been published in Economics of Education Review 61 (2017), 130-139:

https://doi.org/10.1016/j.econedurev.2017.07.002
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Chapter 4

Does higher learning intensity affect student
well-being? Evidence from the National
Educational Panel Study
Johanna Sophie Quis

A version of this study containing only health outcomes has been published in Journal of Eco-
nomics and Statistics 238(5), (2018), 441–476: https://doi.org/10.1515/jbnst-2018-0004

4.1 Introduction

Starting in 2000, most German Länder reduced secondary school duration in the academic track
(Gymnasium) from nine (G9) to eight (G8) years, thereby responding to the comparatively high
age of German academic track graduates and unsatisfactory results from the first round of PISA
tests. Importantly, while school duration was reduced from nine to eight years, the federal re-
quirements for cumulative instruction time for high school students remained the same. There-
fore, the students’ learning intensity increased substantially. The following scientific debate ad-
dressed whether this increase affected students’ skills and academic performance (e. g. Büttner
and Thomsen, 2015; Thiel et al., 2014). Psycho-social outcomes of the G8-introduction were
widely discussed in the public, but rarely addressed in the scientific literature. The public debate
about G8 was mostly shaped by parents fearing an overwhelming workload for their children.
Accordingly, a variety of newspaper articles stated that students’ stress levels increased dramat-
ically and that the ”Turbo-Abitur” was preventing children from having a normal childhood with
enough time to play, recreate, and develop personally (e. g. Sussebach, 2011; Karakurt, 2011).1
The current chapter investigates the effects of the shorter school duration imposed by G8 on
students’ psycho-social outcomes such as stress, mental health and well-being.

A recent and growing body of literature provides evidence that adolescents’ psycho-social
status matters for long-term socioeconomic outcomes, like unemployment status, or income. For
example, male adolescents with mental health conditions like neurosis or personality disorders
are more often unemployed, receive more social benefits and receive lower income throughout

1 Conversely, a smaller number of newspaper articles claimed that the Abitur after 12 years has been common in
Saxony and Thuringia, causing no such problems and that reports of student overload were single cases exagger-
ating a rather small problem that exists only for low performing academic track students. For further details on
the entirety of the debate about G8 please refer to the comprehensive summary by Kühn et al. (2013) as well as
Homuth (2017, p. 85f), who discusses the public debate in more detail.
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adulthood (Lundborg et al., 2014). Smith and Smith (2010) report, that adults with psychological
problems during childhood earn substantially less than adults without problematic childhoods.

In this chapter, I focus on internalizing mental health problems as measure for mental health.
Symptoms of internalizing mental health problems typically manifest within the individual, ex-
amples are social retraction, physical (psychosomatic) conditions, anxiety and depression (Bilz,
2008, p. 45). Carneiro et al. (2007) observe that depression at age 11 reduces the probability of at-
taining educational degrees, increases the probability of heavy smoking at age 16, being expelled
from school, and reporting symptoms of depression at age 42. Reivich et al. (2013) point out that
depression and also already sub-clinical symptoms of depression in childhood and adolescence
are stable over the life course and interfere severely with the child’s ability to function. Taken
together, this suggests that experiencing internalizing mental health problems as child reduces
the psychological and socioeconomic well-being as adult. Therefore, the question arises whether
the G8 reforms increased such internalizing mental health problems.

One cause of internalizing mental health problems in children lies in school-related issues:
Crystal et al. (1994) report that for adolescents in grade 11 from the United States, Japan and
Taiwan, school-related problems are the main source of stress, and that school and peers are
the most frequently stated reasons for depressive feelings. Accordingly, the situation in school
affects perceived stress and to some extent also mental health problems in several cultures.

Concerning student well-being, Lévy-Garboua et al. (2006), for example, demonstrate that
adolescents reporting unhappiness and dissatisfaction are more likely to engage in risky or unde-
sirable behaviors (among others: smoking, drug use, school absenteeism and violence). De Neve
and Oswald (2012) conclude that adolescents who report higher life satisfaction and positive
affect have higher income in later life. Mediating pathways of these findings are higher proba-
bilities of obtaining a college degree, being optimistic and extroverted, less neurotic, and being
hired and promoted more often.

To date, only few studies examine the impact of the German G8 school reform on high school
students’ psycho-social situation: Quis and Reif (2017) and Hofmann and Mühlenweg (2017)
examined the effects of G8 on students’ health, both when they were still in school and after
graduation with mixed results. Milde-Busch et al. (2010) found that there is no higher prevalence
of stress-related symptoms like headache among G8-students in a sample of students in grade
10 and 11. In contrast to their study, I observe students at graduation, where they should have
attained the same level of skills and am using indexes of internalizing mental health problems
and perceived stress instead of presenting a long list of symptoms. I also broaden the outcomes
to well-being in school and life in general. Additionally, I provide several robustness checks to
increase the credibility of the results.

International evidence on shortened high-school duration is also rare. Shorter school du-
ration decreased performance in Canada (Morin, 2015; Krashinsky, 2014) but left mathematical
performance unaffected in Switzerland (Skirbekk, 2006). Meanwhile, the evidence on how more
school days per year affect performance is mixed. While Lee and Barro (2001) report no effects of
increased instruction time, others find significantly positive effects on learning (Andersen et al.,
2016) and test performance (Lavy, 2015; Eide and Showalter, 1998).

The current study answers two research questions: The first question asks, whether the
reduction in school duration and the increase in schooling intensity caused by the G8 reform
affected several measures of student well-being. The second question asks, which types of stu-
dents are more likely to be affected by the reform. In particular, I pay special attention to the
differences betweenmale and female students, because both occurrence and sensitivity to mental
health problems in adolescence are substantially higher for females (Bilz, 2008; Forehand et al.,
1991; Crystal et al., 1994; Nolen-Hoeksema and Girgus, 1994).
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I use data from the Additional Study Baden-Wurttemberg of the National Educational Panel
Study (NEPS), which was conducted to evaluate the introduction of G8. The results indicate that
the implementation of G8 for all academic track students increased females’ perceived stress and
symptoms of internalizing mental health problems, while for males only stress increased and
mental health was not affected. However, the effects of G8 on stress and internalizing mental
health problems do not carry over to broader measures of well-being in school and life in general
to sustain a more general notion of well-being. The observed effects might either be caused by
implementation problems of the reform and specific to the double cohort observed in the data or
a general consequence of the implementation of G8 or a combination of both. My results imply
that shortening school duration without shortening the teaching load can have a detrimental
effect on a large number of students’ mental health and stress levels. This should be considered
for future reforms of school systems.

4.2 The G8 reform and debate

This section briefly introduces the German school system, then describes the G8 reforms and
finishes with an overview of the scientific debate that was induced by the reform. For a more
thorough explanation of the German school system refer to Lohmar and Eckhardt (2013).

4.2.1 The German school system

The German school system is not completely uniform across federal states because education
policies lie within responsibility of the 16 federal states. A simplified version is displayed in figure
4.1. Commonly, students enter primary school at the age of 6 years. In most states, all students
attend primary school for four years.2 In secondary school, students are usually separated into
three different tracks. The basic and intermediate tracks, Hauptschule and Realschule, qualify
students for vocational training. The academic track,Gymnasium, usually lasts from grade 5 to 12
or 13, depending on whether the student is enrolled in a G8 or G9 track. Successful completion of
Gymnasium leads to the Abitur, the formal entry qualification for higher education in Germany.

While education policies are determined at state level, theKultusministerkonferenz3 sets bind-
ing requirements for the educational framework at the federal level to ensure comparability of
schools and degrees within Germany.

4.2.2 Reforms shortening school duration

The G8-reforms reduced secondary school duration from nine to eight years in most German
states after 2000.4 The reforms targeted several aims: One was to speed up the job market en-
try of high-school graduates to increase the international competitiveness of German graduates
from secondary and tertiary academic track education (Ministerium für Bildung Kultur undWis-
senschaft, Saarland, 2000). Graduates of the academic track schools were and are, in international
comparison, old when they enter the labor market, because they spent relatively long time in

2 In some three states primary school encompasses six years.
3 The Standing Conference of the Ministers of Education and Cultural Affairs of the Länder in the Federal Republic

of Germany.
4 There has been a history of G8 before 2000: Prior to the German reunification in 1990, all East German states had

school systems leading to the Abitur after 12 years, while all West German states required 13 years. After 1990,
most East German states adopted the West German G9 system, while Saxony and Thuringia maintained the G8
system. Additionally, some states, including Baden-Wurttemberg already offered G8 classes in selected schools
as fast-track programs to particularly skilled students before G8 was implemented as a general system.
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Figure 4.1: The German School System

secondary school5 and often afterwards longer time in university6 than on international average
(Büttner and Thomsen, 2015). In most OECD states primary and secondary schooling have a
combined duration of 12 years, whereas it lasted 13 years in Germany.

A second aimwas to lengthenwork-lives in order to reduce the burden of an aging population
on the social security systems not only by increasing retirement age but also by a reduction of
age at the labor market entry (Büttner and Thomsen, 2015). The third reasoning behind the G8
reforms concerned student performance. The overall German performance in the first round of
PISA tests in 2000 was disappointing, students from the two federal states with a G8 system at
that time – Thuringia and Saxony – performed above the German PISA average. This additionally
increased the demand for shortening school duration. Further, some claimed the reform would
reduce the costs of schooling (Wiater, 1996), and increase schooling efficiency (Schavan and
Ahnen, 2001).

In contrast, there were also concerns that G8 might reduce time for extra-curricular activi-
ties, and impede personal and psycho-social development (Wiater, 1997). Further, cost-reductions
through reduced school duration could be outweighed by additional costs through curriculum re-
visions in the short term and lengthening schooldays into the afternoons in the long run. Finally,
increasing students’ time pressure could lead to superficial learning and reduced performance
levels of students (Dam, 2005; Altner, 2007; Brütting, 2007).

Importantly, the G8 reforms (reduction in school duration), left the joint requirements for
graduation at the federal level unaffected (Kultusministerkonferenz, 2013). This means that stu-

5 The typical graduation age for the German Abitur was 19 in 1998 (OECD, 2000, p. 319), and with 19 to 20 years
even higher in 2011 (OECD, 2013a, p. 408). In other OECD countries like the United States, Japan, or France it
was between 17 and 18 (OECD, 2013a, p. 408).

6 Their graduation age was 25 to 26 years in 1998, while at that time it was 21 to 24 in the United States, Japan and
France (OECD, 2000, p. 320), and 25 to 27 years in 2011 (OECD, 2013a).
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dents had to complete 265 Jahreswochenstunden7 between grade 5 and graduation, irrespective
of whether they attended a G8 or G9 track. Concerning academic requirements, the unified ex-
amination requirements also remained in place. Compared to G9 students, G8 students were
therefore exposed to a substantially increased schooling intensity.

The introduction of G8 started in 2001 in Saarland where the first cohort of G8 students
graduated in 2009. Nine states introduced G8 between 2002 and 2005, three states followed until
2008. Baden-Wurttemberg introduced G8 in 2004/05, with the first G8-cohort graduating in 2012
together with the last G9 cohort.

In contrast to most other states, Baden-Wurttemberg revised all curricula and moved from an
input-oriented teaching plan to an output-oriented education plan, thereby reducing the amount
of topics to be covered in some subjects. For the students from Baden-Wurttemberg, this implied
different curricula from grade 5 through 11 (G9) and 5 through 10 (G8). However, in their final
two years, i. e. in grade 12-13 for G9- and in grade 11-12 for G8-students, the first G8-students
and the last G9-students were instructed together in the same classroom and faced the same
requirements in class as well as in the final examinations. As the last G9 cohort and the first G8
cohort graduated in the same year, they are referred to as double cohort. To avoid complications,
the curriculum for the final two years of the double cohort was specifically designed to be based
only on the junction between the curricula for G8 and G9. This means, again, that in comparison
to the G9-students, G8-students had to acquire the same amount of skills in a shorter period of
time, thereby increasing the learning intensity. An increase in learning intensity directly implies
shorter education duration and therefore leads to graduation at a younger age. I consider the
resulting age difference at graduation as part of increasing learning intensity.8

Table 4.1: Anticipated effects of the reform

Outcome Effect Suspected mechanism

Stress + Increase in weekly instructional time
Less time for other activities
Higher demands in class
Potentially more competition

Mental health problems + High levels of stress increase mental health problems
Satisfaction with school − Higher demands for affected students

More stressors
+ More time with friends in school

School duration decreases by one year
General well-being +− 0 dependent on perceived stress and well-being in school

Due to the reform, in a normal school week, students spent more time in school to attain the
required cumulative instruction time and potentially still had to spend the same amount of time
on homework, tutoring, exercise and preparation as G9 students, to acquire the given material
within the shortened time period.9 The reduction in school duration led to a higher learning
speed in class, which might have been an additional burden for some students. Further, the
competition between students from G8 and G9 might be pronounced especially in the double
cohort. Students in school, who can already foresee increased competition for scarce resources
directly after graduation (e. g. apprenticeships, volunteering activities, university places, student
accommodation in university cities,. . . ), might additionally suffer from the reforms.
7 This is a cumulative measure of weekly instruction hours over several school years. For example, 29 weekly

instruction hours in grade 5 and 30 weekly instruction hours in grade 6 sum up to 59 Jahreswochenstunden.
8 However, I also discuss the implications of age differences in chapter 4.6.
9 265 weekly instruction hours within nine years means, on average, 29.44 weekly instruction hours per year, while

the same cumulative instruction time requires an average of 33.1 weekly instruction hours if spread over eight
years.
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When nothing else changes, especially not the coping mechanisms of students, I expect per-
ceived stress levels to rise. Since an increase in stress is related to an increase in psychic and
psychosomatic problems (Bergmüller, 2007, p. 166), I expect the reform to negatively influence
mental health of the students, i. e. increase their internalizing mental health problems.

On the other hand, more time spent in schoolmight alsomean, students spendmore timewith
their friends in school. Therefore, the effect of increased stress on student general life satisfaction
might be reduced by an increase in satisfaction with the social aspects of school life. Since,
according to van Praag and Ferrer-i Carbonell (2010), general subjective well-being can be seen
as a linear composition of well-being in several domains, one effect might be able to outweigh
another. Additionally, a perceived pressure from outside, e. g. through media coverage or parents
and teachers, might also lead to a stronger spirit of solidarity among students which makes ex
ante predictions of the reform effect on general subjective well-being and on satisfaction with
the situation in school difficult. Therefore, predictions of the reform effect on well-being in terms
of satisfaction with life and school remain ambiguous.

4.2.3 Prior findings on the effects of the G8 reform

In the interdisciplinary literature concerning G8 three types of studies prevail. The first type
concerns fast-track classrooms, programs where the best students were sorted into a separate
classroom in order to graduate one year earlier. Several studies positively evaluated these pro-
grams (Kaiser and Kaiser, 1998; Heller, 2002; Zydatiß, 1999). One limitation of these findings is
that the results regarding highly-skilled student populations cannot readily be extrapolated to
the general student population affected by the G8 reforms.

The second type consists of between-state comparisons of school systems. Böhm-Kasper and
Weishaupt (2002) evaluated G8 as general system in a comparison of two G9 states with one G8
state finding no differences regarding students’ burdens attributable to G8/G9. A shortcoming
of this study is that the federal states are responsible for schooling policies. Therefore, a di-
rect comparison between states might capture differences in policies between states other than
G8/G9-differences or G8/G9-differences might be attributed to inter-state differences.

The third type of studies evaluates the introduction of G8 as a general system. This work
either uses within state comparisons of the situation before and after the introduction of G8, or a
difference-in-differences framework over several states. The current chapter follows the former
approach. Most studies investigate outcomes that are not related to well-being in a broader sense.
The introduction of G8 led to lower grades at graduation (Büttner and Thomsen, 2015; Huebener
andMarcus, 2017), while the impacts on student skills were mixed (Dahmann, in press; Huebener
et al., in press; Hübner et al., 2017), and there were only marginal effects on personality traits
(Thiel et al., 2014; Dahmann and Anger, 2014). There seems to be no impact on performance
in university (Dörsam and Lauber, 2015; Kühn, 2014; Meyer and Thomsen, 2017), which could
be due to selection into university since university enrollment was delayed or abandoned more
often after the introduction of G8 (Meyer and Thomsen, 2016; Meyer et al., forthcoming; Marcus
and Zambre, forthcoming). Concerning the previously stated goal of an earlier job market entry,
Huebener and Marcus (2015), using administrative data, attribute a reduction of graduation age
by 10 months to the reform. At least part of the difference to a full year, which could have been
expected, is linked to a sharp increase in G8-students’ grade repetition during the penultimate
year of schooling. The Autorengruppe Bildungsberichterstattung (2010) reports less mobility
from lower tracks into the academic track after the reform. For a more extensive discussion refer
to the literature review by Thomsen (2015).

The evidence regarding psychological effects of the G8 reform is mixed. Using a sample
of students from two cities in Saxony-Anhalt, Meyer and Thomsen (2015) found that students
reported more burdens from learning, while they spent less time on side jobs and volunteering
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after the introduction of G8. Westermaier (2016) evaluated the impact of the reform on crime
rates and substance abuse. He finds a lower crime rate which is driven by less violence and less
substance abuse, especially decreased cannabis consumption, for G8 students. Milde-Busch et al.
(2010) descriptively compared G8-students in grade 10 and G9-students in grade 11 fromMunich,
but failed to find substantial differences between G8 and G9 students’ reported headaches and
similar symptoms. However, G8-students reported less leisure time to compensate for school
stress. Meyer and Thomsen (2017) found health differences between university students who
were subject to G8 and those who were subject to G9: Females reported better health and males
reported worse health when they were subject to G8.

Given that students who experience more psychological problems during school will likely
be socioeconomically disadvantaged as adults, it is important to study if G8 increased mental
health problems of students. If psychological problems increase after the introduction of G8,
policy makers and schools should consider measures to target the psychological well-being of
G8 students if they want to unfold the full socioeconomic potential of adults that have undergone
G8.

To sum up, there is a heated public debate especially about the burdens of G8 as compared to
G9. Nevertheless, there is only little empirical knowledge about the actual effects of G8 on well-
being. In my analysis, I contribute to closing the research gap with respect to subjective stress,
internalizing mental health problems and general well-being in a larger within-state sample.

4.3 Data

The data used for this analysis are drawn from the second wave of the Additional Study Baden-
Wurttemberg of the National Educational Panel Study (NEPS).10 The purpose of the Additional
Study Baden-Wurttemberg was to answer whether the shortening of school duration by one
year affected student achievement, cognitive functioning, well-being, leisure-time activities, and
participation in private tutoring (Wagner et al., 2011, p. 245). The data consist of three waves,
which encompass the last pure G9 cohort (2010/11), the double cohort (2011/12), and the first pure
G8 cohort (2012/13). Each wave is a cross-section of students in their final school year (grade 12
for G8 students, grade 13 for G9-students), therefore, each student’s data was collected only
once. The study included a survey and competence tests for students; additional surveys were
completed by teachers and school principals. The testing took place during school lessons after
the Abitur examinations were written, but before their results were announced. As an additional
incentive for students to take part in the survey each participant was paid EUR 10 in cash after
completion of the test. The second wave was sampled in late spring 2012 in 48 academic track
schools.

Table 4.2 summarizes the analysis sample. A total of 2391 students in their final school year
in 2011/2012 in Baden-Wurttemberg were sampled. In total, 32 observations were dropped due
to missing values on dependent variables,11 53 observations were dropped due to missing infor-
mation on explanatory variables.12 Therefore, the analysis sample consists of 2306 observations.

Since Baden-Wurttemberg offered a fast-track program for particularly high performing stu-
dents in some schools, the first wave (2010/11) also includes 52 students whowere already subject
to G8 prior to the general introduction of G8. The data do not allow to distinguish the fast-track
10 This paper uses data from the National Educational Panel Study (NEPS): G8 Reform Study in Baden-Wurttemberg,

doi 10.5157/NEPS:BW:3.0.0. The NEPS data collection is part of the Framework Programme for the Promotion of
Empirical Educational Research, funded by the German FederalMinistry of Education and Research and supported
by the Federal States. (Blossfeld et al., 2011).

11 For students with more than two missing items within the stress scale or more than four missing items on the
internalizing mental health problem scale, the respective index was set to missing.

12 Definitions of all variables are given in table A4.1.
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students from regular G8 students in the second wave (2011/12), a problem that is further dis-
cussed in the robustness checks (chapter 4.6).

In my analyses, indexes of perceived stress and common symptoms of internalizing mental
health problems (e. g. anger, sadness, exhaustion, and headaches), as well as measures of sub-
jective well-being (self-assessed life and school satisfaction) serve as outcomes. The question
for stress was developed by NEPS and contains 15 items, the question for internalizing mental
health problems originates from the PISA 2003 questionnaires and contains 26 items. I used the
description on the construction of the second index by Bergmüller (2007) to build both indexes
for this study. Tables A4.2 and A4.3 in the appendix provide a detailed list of the items contained
in the indexes as well as the response formats in detail. Both indexes are on a scale between 1
and 4, where 4 displays highest stress levels (“exactly true”) and strongest internalizing mental
health problems (symptoms occurred more than six times in the last six weeks).13

In the descriptive statistics (table 4.2) the indexes are reported as average scores. The stress
score is the average answer students have given on all 15 stress items. In the sample the average
stress score is 2.1; that means on average students answered all items with “hardly true”. An
increase (decrease) by one standard deviation (.59), translated into answers on the items, would
mean that 8.9 of the 15 items were answered with a one point higher (lower) rating.

The average mental health score is 1.9 (on average most symptoms occurred once or twice
in the last six weeks), with a standard deviation of .55. As 26 items count into the score, a
one standard deviation increase in the score amounts to 14.3 items that increased by one point
(i. e. from once or twice to three to six times in the last six weeks). In order to simplify the
interpretation of the regression results, the average scores were transformed into indexes by
standardizing the average scores. All impacts on stress and internalizing mental health problems
can therefore be interpreted as fractions of one standard deviation.

Well-being in life and well-being in school were both measured on an 11-point Lickert-type
scale where 10 represents the highest level of well-being. The interpretation of results on the
well-being measures is therefore straightforward.

The set of background variables provides information on books at home, age, previous grade
repetitions, sports participation,14 and migration background. All of these and, in addition, stu-
dents’ gender form important control variables because they are likely to influence student well-
being themselves.

The analysis sample contains 43% males and 57% females. This is a slightly higher share
of females compared to 53% in higher secondary school in Baden-Wurttemberg as reported by
the German federal statistical office (Statistisches Bundesamt, 2013, table 3.1). One fifth of the
sampled students have a migration background in the sense that at least one of their parents was
not born in Germany. About 5% repeated at least one grade. The sampled students in G9 are on
average more than one year older than the G8 students. This might be attributed to the large
share of grade repeaters among G9 students (9%) as compared to G8 students (1%). Because for
students from the last G9-cohort repeating a grade and therefore ending up in the first G8-cohort
graduating at the same point in time would not have made sense, this difference is inherent in
the nature of the reform.15

13 In chapter 4.6 I discuss how the results are affected by different calculations of the indexes.
14 Since one could consider sports participation also as an outcome of the reform, I also estimatedwithout controlling

for sports participation in the robustness section. This does not affect the resulting coefficients.
15 Tables A4.4 - A4.6 show how all variables change between the three waves of the Additional Study Baden-

Wurttemberg. The numbers for previous grade repetition are substantially lower amongG8-students in the double
cohort but return to their old (pre-G8) levels in the first pure G8 cohort.
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Table 4.2: Descriptive statistics by reform and by gender

By reform By gender Pr > | t |

Pooled G9 G8 Male Female (2)=(3) (4)=(5)
(1) (2) (3) (4) (5) (6) (7)

Outcomes
Stress score 2.10 2.01 2.19 1.96 2.21 0.000*** 0.000***

(0.59) (0.56) (0.60) (0.55) (0.58)
Mental health problem score 1.90 1.87 1.92 1.71 2.03 0.030** 0.000***

(0.55) (0.54) (0.55) (0.48) (0.56)
Well-being school 7.07 7.13 7.00 7.16 7.00 0.130 0.066*

(2.03) (2.05) (2.02) (2.05) (2.02)
Well-being life 7.74 7.70 7.78 7.82 7.68 0.246 0.047**

(1.66) (1.76) (1.55) (1.61) (1.68)
Student characteristics
Reform (G8) 0.50 0.00 1.00 0.50 0.51 0.764

(0.50) (0.00) (0.00) (0.50) (0.50)
Female 0.57 0.57 0.58 0.00 1.00 0.764

(0.49) (0.50) (0.49) (0.00) (0.00)
Age (years) 17.86 18.40 17.34 17.89 17.84 0.000*** 0.078*

(0.69) (0.49) (0.39) (0.71) (0.67)
Repeated a grade 0.05 0.08 0.01 0.05 0.05 0.000*** 0.308

(0.22) (0.28) (0.12) (0.23) (0.21)
Sports 0.77 0.78 0.76 0.84 0.72 0.394 0.000***

(0.42) (0.42) (0.43) (0.37) (0.45)
Parental background
Migration backgr. 0.22 0.22 0.21 0.21 0.22 0.373 0.506

(0.41) (0.42) (0.41) (0.41) (0.41)
0-100 books at home % 0.19 0.18 0.19 0.20 0.17 0.496 0.056*

(0.39) (0.39) (0.39) (0.40) (0.38)
101-200 books at home % 0.17 0.16 0.17 0.16 0.17 0.579 0.507

(0.37) (0.37) (0.38) (0.37) (0.38)
201-500 books at home % 0.31 0.31 0.31 0.28 0.33 0.975 0.035**

(0.46) (0.46) (0.46) (0.45) (0.47)
500 + books at home % 0.34 0.35 0.33 0.35 0.33 0.332 0.313

(0.47) (0.48) (0.47) (0.48) (0.47)

Observations 2306 1147 1159 986 1320

Notes: Data: NEPS BW D_3-0-0, wave 2011/12. Own calculations. Columns (1)-(5) display sam-
ple means and standard deviations in parentheses. Columns (6) - (7) display p-values from
standard t-tests. Stress score is the mean of 15 symptoms (reported in table A4.2) on a range
from 1 (not at all true) to 4 (exactly true). Mental health problem score is the mean of 26
symptoms (reported in table A4.3) on a scale from 1 (never occurred in the last 6 weeks) to 4
(symptom occurred more than 6 times in the last 6 weeks). Migration background is a dummy
indicating whether at least one parent was not born in Germany.
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4.4 Empirical strategy

Assignment to the G8 or G9 group can be assumed to be random conditional on the policy reform.
It is not very likely that students skipped a year to stay in G9 or repeated a grade to study under
the G8-regime. In both cases they would end up with the same amount of school years as they
would have faced when obeying the initial assignment. Indeed, the share of grade repeaters
is very low in the double cohort and returned to pre-reform levels in 2012/13. One option for
students would be to move to another German Land which has not yet implemented the reform.
As young students would likely need their parents to move along, this would be very costly. The
other possibility would be to switch to a comprehensive school, but these were rare in Baden-
Wurttemberg, therefore this option would only have been feasible for few students, as well. I
therefore consider the introduction of G8 in Baden-Wurttemberg as natural experiment (Wagner
et al., 2011, p. 243). Under this assumption, assignment to any group is independent of all factors
determining the outcomes. Including a dummy that indicates whether the student was affected
by the G8 reform will then pick up the causal reform effect. As the data used in this study is
cross-sectional, I provide estimates of the effects of the reform by simple ordinary least squares
estimation.

The econometric setup therefore has the following form:

Yis = α+G8isγ +Xisfi1 + ϵis, (4.1)

where Yis is the respective outcome of student i in school s. G8is represents the assignment
of student i in school s to the treatment (G8) or control (G9) group. Xis is a vector of student
level variables measuring student and family background. The error term ϵis with mean zero is
clustered at school level. Previous research has shown that adolescent females suffer from stress
and internalizing mental health issues more strongly than males (e. g. Bergmüller, 2007; Bilz,
2008). The last column in table 4.2 shows that there are substantial gender differences in the
present data. Therefore, I additionally conduct analyses separately for male and female students.

The controls used in this analysis include age relative to own cohort,16 previous grade rep-
etition,17 sports participation,migration background, and as a proxy for socioeconomic back-
ground the amount of books at home. Even though age-deviation from the cohort median and
grade repetition are correlated with each other, variance-inflation measures do not hint towards
a collinearity problem, when controlling for both in onemodel. For the observable characteristics
there are no substantial differences between the treatment and control group (table 4.2, column
6). The only exceptions are the differences in age and grade repeaters, which are inherent in the
nature of the reform, as mentioned above.

4.5 Results

4.5.1 Perceived stress and internalizing mental health problems

The results for the standardized measure of perceived stress are reported in the first part of
table 4.3. The reform increased stress levels in all samples. In the pooled sample, the reform
effect amounts to 31% of a standard deviation, i. e. the average score increased by 0.18 (2.8 items
increased by one category). The size of the effect seems to be driven by females who suffer more
from the reform than males. In separate estimations, the treatment effect on the stress index is
at 21% of a standard deviation (1.9 items) for males and 39% of a standard deviation (3.5 items

16 The effects of the reform increase if age is included relative to both cohorts taken together (see chapter 4.6). It is
therefore not likely, that otherwise nonexistent reform effects are driven by an age effect, I do not account for.

17 In the robustness section I show that excluding these students does not alter the results from the main analyses.
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Table 4.3: Regressions on stress and internalizing mental health problems

Stress Mental health problems

Pooled Male Female Pooled Male Female

Reform (G8) 0.314*** 0.214*** 0.392*** 0.111** 0.010 0.186***
(0.049) (0.065) (0.063) (0.048) (0.061) (0.063)

Age - median 0.015*** 0.026*** 0.006 0.003 0.004 0.001
(0.005) (0.007) (0.006) (0.005) (0.007) (0.006)

Repeated a grade 0.167 –0.054 0.365 0.334*** 0.113 0.537***
(0.127) (0.168) (0.220) (0.123) (0.150) (0.172)

Female 0.424*** 0.580***
(0.045) (0.044)

Sports –0.234*** –0.199** –0.257*** –0.128** –0.161* –0.110
(0.051) (0.087) (0.057) (0.049) (0.082) (0.068)

Migration backgr. 0.209*** 0.242** 0.191** 0.241*** 0.247*** 0.241***
(0.057) (0.092) (0.080) (0.054) (0.090) (0.079)

Books at home:
0-100 books 0.268*** 0.294*** 0.232*** 0.123* 0.177** 0.068

(0.055) (0.079) (0.085) (0.064) (0.085) (0.090)
101-200 books 0.073 0.095 0.055 –0.067 –0.034 –0.101

(0.053) (0.072) (0.067) (0.062) (0.072) (0.083)
201-500 books 0.009 0.057 –0.026 –0.037 0.045 –0.100

(0.046) (0.056) (0.072) (0.052) (0.059) (0.073)
Constant –0.345*** –0.349*** 0.074 –0.360*** –0.311*** 0.197**

(0.059) (0.083) (0.075) (0.065) (0.091) (0.074)

Observations 2306 986 1320 2306 986 1320
R2 0.114 0.0695 0.0788 0.114 0.0317 0.0384

Notes: NEPS BW D_3-0-0 wave 2011/12. OLS regressions. The dependent variables are
standardized to a mean of zero and a standard deviation of one. Age - median = age in
months - median(age of students in own cohort). Books at home: reference category:
’more than 500’. A two-sided test for equality of the reform effect for the male and fe-
male sub-samples yields a p-value of 0.05 for stress and of 0.04 for internalizing mental
health problems. Equality of the reform effect of males vs. females can therefore be re-
jected at the 5%-level.
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors, clustered at school level, in parenthe-
ses.

increased by 1) for females. A two-sided test for equality of the reform effect for males and
females yields a p-value of 0.05. Equality of the effects can be rejected at the 5%-level. Even
absent the reform, females report stress symptoms significantly more often. Hence, it seems that
the reform aggravates previously existing gender differences in perceived stress. Furthermore,
older male students report higher stress levels, while age relative to the cohort median has no
effect for female students. Students with a migration background report more stress symptoms.
Students who do sports at least twiceweekly report lower levels of stress and the effect is stronger
for females than for males. A low socioeconomic background, as proxied by amount of books
at home, is associated with higher stress levels, even though not all effects are significant in the
separated models.

The finding, that perceived stress increases more for females than for males is in line with
other research showing that female adolescents tend to perceive stressors as more burdensome
than males (Seiffge-Krenke, 2000; Compas and Wagner, 1991; Dornbusch et al., 1991). Females
do not only report more stress, they also tend to respond to it with more internalizing symptoms
than males, who in turn respond with more externalizing symptoms (Seiffge-Krenke, 2007; Grant
et al., 2003). For German students, Bilz et al. (2003) show a strong positive relationship between
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perceived stress and psychosomatic problems for both sexes, with a stronger relationship for
females. In line with this and a stronger increase in perceived stress for females, reform effects
for females on the internalizing mental health problem index (table 4.3, second part) are, as ex-
pected, positive (i. e. internalizing mental health problems increased). While there seems to be no
increase in mental health problems for males, the reform effect for the pooled sample amounts
to 11% of a standard deviation, and is even higher for females (18% of a standard deviation i. e.
2.6 items increased by one). Age relative to own cohort has no significant explanatory power,
the coefficient of grade repetition for females is sizable and significant, and sports participation
is beneficial to mental health in the pooled and male sample, but not significant for females. Stu-
dents with a migration background are over-proportionately affected by mental health problems.
A low socioeconomic background, as measured by books at home, seems to matter only for male
students’ mental health.

Overall, the results imply a statistically significant increase in perceived stress and mental
health problems through the G8 reform, which is mainly driven by females.

4.5.2 Subjective well-being in school and life in general

Whereas the findings for stress and mental health problems suggest large negative effects of
the G8 reform particularly for females, satisfaction with the situation in school (table 4.4, first
part) does not significantly change with the reform in the pooled and in the male sample. For
females, the negative reform effect is marginally significant at the 10% level. In the pooled model,
well-being in school is lower for students who are, compared to their classmates, older and in all
models it is also lower for students with migration background or who have few books at home.
Further, school satisfaction decreases substantially when a student has already repeated at least
one grade, although the coefficients are only significant for the pooled sample and for females.

The decrease in female satisfaction with the situation in school does not affect general sub-
jective well-being (second part of table 4.4). Students’ satisfaction with life in general does not
change significantly with the introduction of G8 in the pooled model. Furthermore, and unex-
pectedly, there is a positive, yet statistically insignificant, effect of the reform on male students’
well-being. This result may be explained by the idea of general life satisfaction being a combina-
tion of several domain satisfactions (van Praag and Ferrer-i Carbonell, 2010, ch. 6). If satisfaction
with the situation in class decreases, the decrease might be outweighed by another effect: More
time spent in school also means for most students that they spend more time with their friends
in school and hence are more satisfied with their friendships. Another possibility is, that male
students dislike school in general and therefore leaving school one year earlier actually increases
their well-being. Doing sports regularly increases well-being substantially, while previous grade
repetition decreases it. There seems to be a negative, but statistically insignificant effect of a low
socioeconomic background.

Overall, the data imply only a small negative effect of the reform on students’ well-being
in school and no effect on students’ general subjective well-being. Since school satisfaction did
not decrease a lot due to the reform, it seems plausible that general life satisfaction did also not
decrease.

4.5.3 Effect heterogeneity

To test if the effects of G8 on perceived stress, internalizing mental health problems and well-
being are driven or mitigated by subgroups - as already shown for gender - heterogeneity anal-
yses with respect to age, student performance, books at home, and migration background were
conducted. The results are displayed in table 4.5.18

18 Results including separate estimations for males and females are provided in tables A4.7 & A4.8 in the appendix.
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Table 4.4: Regressions on students’ subjective well-being in school and life in general

School Life in general

Pooled Male Female Pooled Male Female

Reform (G8) –0.182 –0.082 –0.243* 0.065 0.143 0.002
(0.112) (0.155) (0.130) (0.070) (0.095) (0.093)

Age - median –0.018* –0.014 –0.020 0.004 –0.005 0.011
(0.011) (0.016) (0.014) (0.009) (0.014) (0.011)

Repeated a grade –0.663*** –0.521 –0.761** –0.323* –0.076 –0.563*
(0.231) (0.326) (0.356) (0.189) (0.270) (0.288)

Female –0.138 –0.088
(0.094) (0.072)

Sports 0.313*** 0.428** 0.251* 0.418*** 0.642*** 0.312***
(0.106) (0.186) (0.128) (0.086) (0.126) (0.106)

Migration backgr. –0.587*** –0.858*** –0.402*** –0.186** –0.070 –0.267**
(0.116) (0.205) (0.142) (0.086) (0.156) (0.115)

Books at home:
0-100 books –0.501*** –0.435** –0.535*** –0.135 –0.207 –0.079

(0.139) (0.203) (0.192) (0.095) (0.159) (0.138)
101-200 books –0.323** –0.177 –0.418** 0.012 0.016 0.012

(0.130) (0.186) (0.182) (0.105) (0.175) (0.146)
201-500 books –0.004 –0.042 0.025 –0.044 –0.081 –0.017

(0.089) (0.141) (0.135) (0.074) (0.138) (0.120)
Constant 7.313*** 7.187*** 7.227*** 7.527*** 7.291*** 7.555***

(0.120) (0.182) (0.156) (0.115) (0.149) (0.124)

Observations 2306 986 1320 2306 986 1320
R2 0.0494 0.0568 0.0472 0.0192 0.0266 0.0169

Notes: NEPS BW D_3-0-0 wave 2011/12. OLS regressions. All models additionally contain a constant. Age -
median = age in months - median(age of students in own cohort). Books at home: reference category: ’more
than 500’. Dependent variable: ’How satisfied are you currently and in general terms, with your life?’ and
’How how satisfied are you with your situation at school?’ (11-point scales, translated by NEPS). * p < 0.1,
** p < 0.05, *** p < 0.01. Standard errors, clustered at school level, in parentheses.

Age– Potentially, the youngest students within a cohort lack the emotional and cognitive
maturity to face the increased demands in a G8 system. Therefore results of the analyses in-
cluding an interaction of the reform dummy with a dummy indicating whether the student was
older than the median student in her cohort are displayed in table 4.5. For stress as well as both
measures of well-being the results do not point towards effect heterogeneity by age. The p-value
of the Wald tests shows that the effect of the reform on perceived stress and internalizing men-
tal health problems for older students is significantly different from zero. The effects on mental
health problems are slightly, yet not significantly higher for older students. This finding is in line
with literature stating that the prevalence of mental health problems rises until late adolescence
or early adulthood and then remains stable (Lewinsohn et al., 1998; Thapar et al., 2012; Patel
et al., 2007; Merikangas et al., 2009, 2010).

Mathematical competence – Student ability could mediate the increase in psychological prob-
lems through G8 because highly skilled students might be less affected by the reform. A dummy
indicating whether the student was above the median mathematical competence in her cohort
was used as proxy for a high skill level. This dummy was interacted with the effect of the G8
reform.19 Students with higher math competence show slightly, yet not statistically significantly
lower levels of perceived stress than students with lower mathematical competence. However,
19 Unfortunately, the data only provide current mathematical ability and not a pre-reform measure. If ability is

indeed influenced by the reform (Dahmann, in press; Huebener et al., in press; Hübner et al., 2017), then maybe
this is rather a mechanism than a real heterogeneity.
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Table 4.5: Effect heterogeneity

Perceived Mental health Well-being Well-being
stress problems school life in general

Baseline model for reference
Reform (G8) 0.314*** (0.049) 0.111** (0.048) –0.182 (0.112) 0.065 (0.070)

Age higher than median
Reform (G8) 0.278*** (0.054) 0.056 (0.055) –0.226* (0.133) 0.028 (0.088)
Interaction 0.075 (0.062) 0.113 (0.068) 0.091 (0.135) 0.077 (0.118)
Wald test p-valuea 0.000*** 0.009*** 0.299 0.273

Math competence above medianb

Reform (G8) 0.373*** (0.050) 0.151** (0.067) –0.236* (0.121) 0.015 (0.108)
Interaction –0.118 (0.075) –0.075 (0.085) 0.109 (0.170) 0.099 (0.146)
Wald test p-valuea 0.001*** 0.225 0.423 0.229

More than 200 books at home (higher SES)
Reform (G8) 0.265*** (0.064) 0.072 (0.079) –0.185 (0.202) 0.066 (0.126)
Interaction 0.075 (0.076) 0.061 (0.091) 0.005 (0.209) –0.001 (0.152)
Wald test p-valuea 0.000*** 0.022** 0.115 0.446

Students with migration background
Reform (G8) 0.341*** (0.057) 0.137*** (0.048) –0.237* (0.119) 0.055 (0.070)
Interaction –0.127 (0.102) –0.124 (0.095) 0.259 (0.248) 0.048 (0.196)
Wald test p-valuea 0.016** 0.890 0.927 0.587

Observations 2306 2306 2306 2306

Notes: NEPS BW D_3-0-0 wave 2011/12. OLS regressions. All models contain a constant and
control additionally for all variables stated in table 4.3 and a dummy indicating whether
the student’s mathematical competence is above the median in her cohort (only mathe-
matical competence part). The interaction term displays the interaction of the reform with
being older than the median student, with above median mathematical competence, with
having more than 200 books at home or with having a migration background.
aTest of the hypothesis H0: Reform (G8) + Interaction = 0.
bDue to missing data, 3 observations are missing in the mathematical competence part.
* p< 0.1, ** p< 0.05, *** p< 0.01. Standard errors, clustered at school level, in parentheses.

the reform effect on perceived stress is significantly different from zero for both groups. Stu-
dents with higher mathematical competence do not show significantly more internalizing men-
tal health problems after the G8 reform, while students with lower Math competence do. The
heterogeneity in mental health problems supports the finding that the reforms might burden
some students more than other as the increase in grade repetitions Huebener and Marcus (2017)
and the lacking benefit of additional instruction time for some ninth-graders after the reform
(Huebener et al., in press) suggest. Well-being in school is only negatively affected for lower
ability students. There seems to be no heterogeneity with respect to mathematical competence
for general subjective well-being.

Books at home– Students from higher socioeconomic backgrounds might, in addition to usu-
ally performing better in school, also be better-supported by their parents and therefore be less
affected by the G8 reform. By interacting the reform effect with a dummy indicating whether the
student reports to have at least 200 books at home (comparison group reports less than 200 books
at home) effect heterogeneity with respect to socioeconomic background is displayed. There is no
effect heterogeneity for stress and both measures of well-being. However, students from higher
socioeconomic backgrounds show significantly more mental health problems after the reform,
while the effect for students with fewer books at home is not statistically significantly different
from zero. Two possible explanations might trigger this result, which is surprising at first sight:
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First, students of higher socioeconomic background might be more pressured not only pass the
Abitur, but to do so with good or excellent grades. Second, the decreased costs in terms of time
spent in school instead of working might be perceived as more valuable for students from lower
SES backgrounds.

Migration background– Typically students from a migration background perform less well at
school and therefore they might suffer more from the G8 reform. For this heterogeneity analysis
the G8 effect was interacted with the dummy for having a migration background. The hetero-
geneity analyses yield statistically insignificant interaction terms. Surprisingly, the direction of
the interaction terms always points to better outcomes for students with amigration background.
For internalizing mental health problems and well-being in school, the negative reform effects
are solely driven by students without migration background.

To sum up, the results suggest some heterogeneity in the reform effects. Interestingly stu-
dents who would typically be seen as stemming from disadvantaged groups seem to suffer less
from the reforms than their more privileged peers.

4.6 Robustness and extensions

In order to test whether the results attained above are sensible to the methodology used in the
analyses, alternative specifications were analyzed. This section provides an overview of the re-
sults.20

Control for relative age across both cohorts – An alternative interpretation of the reform effect
would be to consider it without the age difference between G8 and G9 students as part of the
reform effect. If the increase in stress and mental health problems was mainly driven by age
differences between the students, the reform effect should be substantially smaller, when age is
centered over the entire sample instead of centered separately by cohort.21 The resulting reform
effects on stress and well-being in school increase rather than decrease when this adjustment
is made, while the impact on internalizing mental health problems and general subjective well-
being are only slightly affected (table 4.6, Panel A). Accordingly, the age difference does not seem
to be the main driving force of the reform effect.

Omit sports participation from controls – Sports participation might also serve as outcome of
the reforms since an increased amount of hours spent in school might lead to less time spent on
leisure activities like doing sports regularly. My initial results are robust against the exclusion of
sports participation from the set of control variables (table 4.6, Panel A).

Regression without controls – Controls are not needed for identification of the effect of G8
on stress, mental health and well-being since I assume assignment to the treatment random
conditional on the policy reform. When the analyses are conducted without any additional
controls, results for stress and both measures of well-being change only marginally and do not
change their significance levels. The effects on internalizingmental health symptoms are reduced
marginally thereby also reducing their statistical significance (table 4.6, Panel A). Nevertheless,
these changes remain very small and therefore I do not consider these results as threat to the
initial assumptions.

Using weights – Selectivity in the survey participation might bias the results if students did
not agree to participate in the study in nonrandom ways. The design of the study does not allow
to control for this potential bias directly. Nevertheless, the participating schools provided grade
point lists for all students in the respective cohorts regardless of whether they participated in the
study or not. An analysis of participation dependent on student and average school grades, as

20 Tables A4.9 & A4.10 provide the results separately by gender.
21 There is some evidence, that psychological problems increase with age for younger adolescents between grade 5

and 9 (Bilz, 2008, p. 111ff).
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Table 4.6: Robustness checks

Perceived Mental health Well-being Well-being
stress problems school life in general

Panel A: Robustness checks using analysis sample (N=2306)

Baseline model for reference
Reform (G8) 0.314*** (0.049) 0.111** (0.048) –0.182 (0.112) 0.065 (0.070)

Control for relative age over both cohorts
Reform (G8) 0.526*** (0.076) 0.152** (0.073) –0.467*** (0.173) 0.099 (0.121)

Omit sports participation from controls
Reform (G8) 0.317*** (0.049) 0.113** (0.048) –0.187 (0.112) 0.058 (0.070)

No controls
Reform (G8) 0.298*** (0.052) 0.088* (0.047) –0.128 (0.114) 0.080 (0.069)

Using weights
Reform (G8) 0.272*** (0.053) 0.088* (0.052) –0.071 (0.114) 0.142* (0.079)

Panel B: Robustness checks with additional sample restrictions

Exclude grade repeaters (N=2192)
Reform (G8) 0.316*** (0.051) 0.114** (0.049) –0.189 (0.114) 0.054 (0.071)

Exclude old G8 (N=2282)
Reform (G8) 0.311*** (0.049) 0.106** (0.048) –0.187 (0.113) 0.074 (0.069)

Panel C: Using wave 2010/11 as control and wave 2012/13 as treatment (N=2406)

Reform (G8) 0.438*** (0.048) 0.286*** (0.045) –0.293*** (0.098) –0.183*** (0.064)

Notes: NEPS BW D_3-0-0, wave 2011/12 (panel A and B) and waves 2010/11 and 2012/13 (Panel
C). OLS regressions. The dependent variables are standardized to a mean of zero and a stan-
dard deviation of one. All models contain a constant and control additionally for age deviation
from cohort median, previous grade repetition, sports participation, migration background,
books at home and gender (only pooled models).
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors, clustered at school level, in parentheses.

well as school random effects shows some differences in participation dependent on (unobserved)
school characteristics and for the G9 students also differences in participation dependent on
the school wide average grade (Schönberger and Aßmann, 2014). To exclude that my results
are driven by these selectivity issues, an additional specification using the weights provided by
NEPS22 shows slightly lower reform effects on all outcomes except satisfactionwith life in general
for a representative sample of students in Baden-Wurttemberg (table 4.6, panel A). The reform
effect on satisfaction with life in general becomes significantly positive in this specification.

G8 as fast track program – To account for students who were in fast track programs for highly
able students before the reform, the following adjustment was made: For each of the students
in the last G9 cohort who graduated already in 2011 as part of the old fast track program, and
therefore was sampled in the first wave of the Additional Study Baden-Wurttemberg, a student
from the first G8 cohort (sampled in the second wave in 2012) was selected via nearest neighbor
matching.23 In table 4.6 (panel B) the summary of the resulting estimations shows that an ex-
clusion of these matched students from the sample results only in marginal differences in effect
sizes that do not change the signs or significance levels reported in the baseline models (panel

22 More information on the weight generation can be found in Schönberger and Aßmann (2014).
23 Students were matched on the following variables: migration background, age in months, female, sports partic-

ipation, previous grade repetition, books at home, and mathematical competence. The student from the second
wave with the smallest distance to the respective fast track student was selected. In case of ties, i.e. more then
one student was at the lowest distance, all tied students were selected.
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A, first line). This result is not particularly surprising, since the procedure led to the exclusion
of only 26 students.

Exclusion of grade repeaters – Since, by design of the reform there are only very few grade
repeaters in the G8 cohort and students who repeated a grade are likely to be different from other
students in several other domains as well, I also conducted all analyses excluding students who
repeated at least one grade during their schooling career. Excluding these students does not alter
the results (cf. table 4.6, panel B).

Using waves 2010/11 and 2012/13 – Further, to see whether there are hints that the effects
found here are only valid for the double cohort, I also estimated the reform effects for the co-
horts immediately before and after the double cohort. In this case, the control group is the last
pure G9 cohort which graduated in 2011 and the treatment group is the first pure G8 cohort
which graduated in 2013. The results presented in table 4.6 (panel C) point towards larger re-
form effects in this setting. Most notably in this setting, males also have a significantly higher
prevalence of internalizing mental health symptoms (table A4.9 in the appendix). Nevertheless,
these results must be treated cautiously, as students in the treatment and control group faced
different curricula even in the last two school years and also general time trends, if they exist,
potentially have more impact on the results as the G8 cohort in this setting was born three years
instead of one year after the G9 cohort they are compared to.

Different construction of dependent variables – I based the variable construction of the indexes
for stress on the description of the index for internalizing mental health problems in Bergmüller
(2007), because no documentation exists for the index of perceived stress. To show that the re-
sults are robust to different operationalizations of the dependent variables, I also estimated the
reform effects allowing different amounts of missing values in the indexes, using separate stan-
dardization by gender, and using factor loads as weights for the items. None of these adjustments
change the resulting reform effects more than marginally. Additionally, I also generated the de-
pendent variables by counting how many items were answered with the highest or the highest
and second highest answer categories and then standardizing this number to make results com-
parable. With this adjustment, the reform effects are slightly smaller. However, only in the model
counting only the highest category the reform effect on stress for males turns insignificant.

4.7 Discussion

The current paper used data from the National Educational Panel Study (NEPS) to assess con-
sequences on several measures of well-being induced by a recent German school policy reform
that reduced school duration by one year while keeping cumulative instruction time constant.
The results show that perceived stress and indicators of internalizing mental health problems
increase for students in the first reformed cohort, while well-being in school is only slightly
affected and general subjective well-being is not affected at all. There are substantive gender
differences in the effects. While stress increases by 40 % of a standard deviation for females, the
effect for males is substantially lower (16% of a standard deviation). Internalizing mental health
problems increase and well-being in school decreases for females yet not for males.

In the short run, the G8 reform seems to have adverse effects on student mental health and
perceived stress. Yet, the NEPS-data do not allow for a long-run evaluation. It is not possible to
tell whether the effects persist over time. Observing the double cohort also means that the effects
found might be at least in part due to implementation problems of the reform and might level off
over time. Yet, the robustness analyses do not point into this direction. To assess the long-run
consequences the analysis of another dataset would be needed.

One further caveat of analyzing the double cohort is that the first cohort of G8-students might
suffer from the reform to a larger extent because they are directly compared to their G9 peers and
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Table 4.7: Different calculations for dependent variables

Stress Mental health problems

Pooled Male Female Pooled Male Female

Separate standardization by gendera

Reform (G8) 0.319*** 0.226*** 0.394*** 0.110** 0.011 0.183***
(0.050) (0.069) (0.063) (0.050) (0.070) (0.061)

Observations 2306 986 1320 2306 986 1320

Allow for no missing valuesb

Reform (G8) 0.314*** 0.198*** 0.402*** 0.122** –0.006 0.213***
(0.053) (0.068) (0.066) (0.050) (0.064) (0.065)

Observations 2154 918 1236 2154 918 1236

No restriction for missingsc

Reform (G8) 0.316*** 0.217*** 0.393*** 0.111** 0.013 0.182***
(0.049) (0.065) (0.062) (0.047) (0.061) (0.062)

Observations 2316 988 1328 2316 988 1328

Count all occurrences of largest and second largest valued

Reform (G8) 0.302*** 0.199*** 0.383*** 0.115** 0.015 0.188***
(0.050) (0.067) (0.064) (0.046) (0.059) (0.061)

Observations 2322 992 1330 2322 992 1330

Count all occurrences of largest valuee

Reform (G8) 0.258*** 0.096 0.377*** 0.094* –0.029 0.184***
(0.053) (0.066) (0.062) (0.047) (0.060) (0.062)

Observations 2322 992 1330 2322 992 1330

Using factor loadsf

Reform (G8) 0.318*** 0.216*** 0.397*** 0.097** –0.049 0.205***
(0.052) (0.069) (0.064) (0.047) (0.058) (0.066)

Observations 2240 958 1282 2227 947 1280

Notes: NEPS BWD_3-0-0 wave 2011/12. OLS regressions. The dependent variables
are standardized to a mean of zero and a standard deviation of one. All mod-
els contain a constant and control additionally for age deviation from cohort
median, previous grade repetition, sports participation, migration background,
books at home, gender (only pooled models).
a Since there are severe differences between male and female students in the
outcomes, in addition to the normal standardization over the entire sample, the
outcomes were standardized separately for males and females.
bIn this specification, indexes for stress and mental health are only calculated if
there is no missing value in any of the respective items.
c In this specification, indexes for stress and mental health are calculated as long
as there is at least one nonmissing value in among the respective items.
d In this specification all occurrences of the highest and second highest answer
category are counted. The number of occurrences is then standardized, in order
to allow comparison of the results to the other specifications
e This specification is similar to the previous specification, except that it only
counts occurrences of the highest possible answer category
f In this specification, before the standardization takes place, the items in each
score are weighted by their predicted rotated factor loadings, which result from
factor analysis.
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors, clustered at school level, in
parentheses.
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have to compete with the G9 peers for limited resources after graduation (e. g. apprenticeships,
volunteering activities, university places, student accommodation in university cities).

On the other hand do comparisons of the G9 students in wave 2010/11 who were in the last
pure G9 cohort and the G9 students in double cohort rather point towards higher effects of the
reform, as the stress and internalizing mental health problem scores are lower in the last pure
G9 cohort. At the same time there are no significant differences in all control variables between
the two waves (cf. table A4.4 in the appendix).

Whether or not general time trends impair the results is hard to tell. A placebo estimation
using G9-students from wave 2010/11 and 2011/12 is not helpful, because also the G9-students in
wave 2011/12 might be affected by being part of the double cohort. A placebo estimation using
the first two G8-cohorts does, however not yield significant effects of the placebo-reform.24 So
at least there does not seem to be a increase in mental health problems and perceived stress in
every year.

The reform effects in this analysis setup could also be driven by secular age trends in mental
health problems if they were decreasing over age. In this case, more mental health problems
would be expected in the G8-cohort which graduated at a younger age than the G9-cohort. Con-
trarily, most literature suggests that the prevalence of mental health problems (e. g. depression
and anxiety, among others) increases with age at the onset of adolescence (Rushton et al., 2002;
Garrison et al., 1989). The increase levels off either during late adolescence (Lewinsohn et al.,
1998; Thapar et al., 2012) or during early adulthood (Patel et al., 2007; Merikangas et al., 2009,
2010). However, estimates of the levels at which disorders occur vary substantially and depend
on the specific disorders taken into account as well as on the analyzed samples (Costello et al.,
2011). Most students in my sample are aged 17–19. In this age group, students are more likely to
face increasing or stable instead of decreasing frequencies of mental health problems. Therefore,
the reform effects are unlikely to be driven by secular age-specific trends.

In how far results from Baden-Wurttemberg can be generalized to other states, is a matter
for further discussion. In general, the education systems across the German Länder are compa-
rable. Nevertheless, there are a few differences, for example does Baden-Wurttemberg have a
comparatively low share of comprehensive schools, where students of different abilities are in-
structed together. This makes selection out of the reform harder for students who want to attain
the Abitur.25 The increase of weekly instruction hours in Baden-Wurttemberg was higher than
in other states (Huebener et al., in press), this could mean that students are more affected by the
reform, on the other hand it also means they had more instruction time than students from other
states tomaster the curriculum, it is hard to tell without additional data what effect this difference
might have. Another difference to other states is that Baden-Wurttemberg, among others, has a
long tradition of central exit examinations, whereas central exit examinations were quite new in
other states when they implemented the G8-reform. Since, most states introduced central exit
examinations before the introduction of G8, most students in the first graduating G8 cohorts, re-
gardless of state, had to face central exit examinations to attain their Abitur. Further, the double
cohort in Baden-Wurttemberg was instructed together, which could potentially lead to spill-over
effects between the cohorts. However, I do not expect results from Baden-Wurttemberg to be
fundamentally different from other states, but since the dataset used in this study is restricted to
Baden-Wurttemberg, the possibility of generalization to other German Länder cannot be tested.

The gender gap in internalizing mental health problems might be related to the finding from
(Morin, 2015) who finds that the reform in Canada improved college grades and timely graduation
for males relative to females and relates it to a larger literature showing that males respond

24 Results are not reported but available upon request.
25 Most comprehensive schools maintained G9 systems. Since students of all abilities are instructed together in the

lower grade levels, this was necessary to meet the requirements for the Abitur.
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differently to competition than females (e. g. Gneezy et al., 2003; Gneezy and Rustichini, 2004). In
the observed reform in Baden-Wurttemberg, there has been at least some increase in competition
in the double cohort. Yet, the results on the first G8 cohort does not imply a similar increase in
competition but also shows larger effects for females. Another possible explanation also be that,
for boys, preparation time for school decreases with increasing age, while it tends to increase
for girls (Böhm-Kasper and Weishaupt, 2002, p. 481), therefore an increase in learning intensity
would affect females more than males.

Another possible explanation might be that, according to Huebener and Marcus (2017), the
reform increased male grade repetition rates in the final two years of school much more than
female grade repetition rates. My results suggest that prior grade repetition is harmful to mental
health. Furthermore, increased male grade repetition in the penultimate year of schooling could
mean that the sample of G8 students in this analysis is positively selected. However, in this case
I would most likely underestimate the reform effects. The stronger results in the specifications
using the first pure G8 and last pure G9 cohorts might be interpreted as an indicator of such a
selection effect.

While I consider an increase in learning intensity as the main determinant of the reform
effect, the effect might also be influenced by changes in the curricula between G8 and G9, age
differences, competition, and potential spill-over effects. As described in chapter 4.2.2, the cur-
riculum of the double cohort was designed to minimize the impact of different curricula from
grades 5 to 10/11. A minor role of different curricula can, however, not be ruled out in this anal-
ysis framework. In chapter 4.6, I show that age is not the only determinant of the reform effect:
accounting for relative age across both cohorts rather increases the impact of the G8 reform on
stress, while it does not change the effect on internalizing mental health problems. Finally spill-
over effects between the two cohorts cannot be ruled out as I only observe students who were
instructed together. Future research might be able to further disentangle the composition of the
reform effect.

In total, the effects of the reform show increases in perceived stress and internalizing mental
health problem symptoms, which are mainly driven by females. Whether the results from this
study can be extended to other cohorts and states remains to be shown in further studies. How-
ever, the results show that reforms like the one examined in this study can affect perceived stress
and symptoms of internalizing mental health problems. In the light of recent developments in
Germany to change school systems again, policymakers should keep in mind that this might
impair students’ mental health.
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4.8 Appendix

Table A4.1: Description of variables

Variable Description

Stress Standardized index of perceived stress constructed from 15 items,
mean 0 and standard deviation 1 (for contained items see table A4.2)

Mental health problems Standardized index of internalizing mental health problems
constructed from 15 items, mean 0 and standard deviation 1
(for contained items see table A4.3)

Well-being life Self-reported satisfaction with life in general on a scale from 0 to 10
Well-being school Self-reported satisfaction with school on a scale from 0 to 10
Reform (G8) Dummy indicating whether student was affected by the reform
Female Dummy indicating whether student is female
Age (years) Student age in years
Age - median Student age in months minus median age of respondents in own cohort
Repeated Dummy indicating whether student ever repeated a grade
Migration background Dummy indicating whether student has a migration background,

i. e. at least one parent was not born in Germany
Books at home Number of Books at home, categories: 0-100, 101-200, 201-500, more

than 500 books
Sports Dummy indicating whether student does sports on more than one day

per week

Table A4.2: Perceived stress

How much do you agree with the following statements?

1 I am tense when I get home from school.
2 Sometimes I have trouble falling asleep because problems from school are on my mind.
3 It happens that I react irritably when others start talking to me about school.
4 I feel that school is overwhelming me.
5 Even during my free time I think about troubles at school.
6 I consider the requirements at school in general as stressful.
7 After school I am often exhausted.
8 Thinking of school makes me feel uncomfortable.
9 Pressure at school is too high.
10 School is eating me up.
11 It is hard for me to conciliate school with other obligations.
12 School often makes me feel tired and exhausted.
13 It is easy for me to recover from school during my free time. (reversed)
14 I can relax well during my free time. (reversed)
15 Apart from school, I do not have time for anything else.

Response format: 1 = not at all true; 2 = hardly true; 3 = moderately true; 4 = exactly true
Notes: NEPS BW D_3-0-0 wave 2011/12. Translation by NEPS.
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Table A4.3: Symptoms of internalizing mental health problems

How often have you had the following problems in the last 6 weeks?

1 Nervousness, inner anxiety
2 Headaches
3 Strong heart palpitations
4 Fear that it’s all getting too much
5 Difficulty concentrating
6 Sleep disturbances
7 Bad dreams
8 Excessive sweating
9 Vomiting
10 Easily irritable
11 Feelings of dizziness
12 Tiredness, fatigue
13 Incapable of relaxing
14 Severe forgetfulness, distraction
15 Angry at everything
16 Feeling of being worthless
17 Fear of going to school
18 Shakiness, weakness
19 Nausea
20 Loss of appetite
21 Backache
22 Sadness
23 Feeling that excessive demands are being made of me
24 Eating binges
25 Feeling of inner emptiness
26 Stomach ache

Response format: 1 = never; 2 = 1-2 times; 3 = 3-6 times; 4 = more than 6 times
Notes: NEPS BW D_3-0-0 wave 2011/12. Translation by NEPS.

Table A4.4: Differences in variables between G9-students in wave 2010/11
and G9-students in wave 2011/12

Mean Equality of means

Wave 2010/11 Wave 2011/12 Difference t-stat

Stress score 1.929 2.015 –0.0859 –3.851***
Mental health problem score 1.800 1.869 –0.0693 –3.227**
Well-being school 7.251 7.129 0.122 1.470
Well-being life 7.763 7.701 0.0615 0.909
Female 0.556 0.568 –0.0122 –0.596
Age (years) 18.47 18.40 0.0769 3.272**
Repeated a grade 0.104 0.0853 0.0190 1.573
Sports 0.790 0.778 0.0121 0.711
Migration backgr. 0.235 0.222 0.0138 0.800
0-100 books at home % 0.189 0.179 0.0102 0.636
101-200 books at home % 0.163 0.162 0.000702 0.0462
201-500 books at home % 0.316 0.311 0.00515 0.270
500 + books at home % 0.328 0.346 –0.0176 –0.906
Observations 1198 1160

Notes: NEPS BW D_3-0-0 wave 2010/11 and 2011/12
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Table A4.5: Differences in variables between G8-students in wave 2011/12
and G8-students in wave 2012/13

Mean Equality of means

Wave 2011/12 Wave 2012/13 Difference t-stat

Stress score 2.193 2.201 –0.008 –0.317
Mental health problem score 1.920 1.972 –0.052 –2.259*
Well-being school 6.998 6.926 0.0725 0.861
Well-being life 7.775 7.571 0.204 3.042**
Female 0.577 0.568 0.00926 0.453
Age (years) 17.33 17.45 –0.118 –5.499***
Repeated a grade 0.015 0.110 –0.095 –9.732***
Sports 0.763 0.736 0.0262 1.465
Migration backgr. 0.209 0.240 –0.031 –1.775
0-100 books at home % 0.191 0.179 0.012 0.740
101-200 books at home % 0.172 0.151 0.021 1.393
201-500 books at home % 0.307 0.311 –0.004 –0.199
500 + books at home % 0.328 0.358 –0.030 –1.534
Observations 1206 1208

Notes: NEPS BW D_3-0-0 wave 2011/12 and 2012/13

Table A4.6: Differences in variables between G9-students in wave 2010/11
and G8-students in wave 2012/13

Mean Equality of means

Wave 2010/11 Wave 2012/13 Difference t-stat

Stress score 1.929 2.201 –0.272 –11.84***
Mental health problem score 1.800 1.972 –0.172 –7.875***
Well-being school 7.251 6.926 0.325 3.935***
Well-being life 7.763 7.571 0.192 2.908**
Female 0.556 0.568 –0.0121 –0.594
Age (years) 18.47 17.45 1.021 39.30***
Repeated a grade 0.104 0.110 –0.00535 –0.422
Sports 0.790 0.736 0.0533 3.057**
Migration backgr. 0.235 0.240 –0.00440 –0.252
0-100 books at home % 0.189 0.179 0.0101 0.632
101-200 books at home % 0.163 0.151 0.0123 0.821
201-500 books at home % 0.316 0.311 0.00514 0.270
500 + books at home % 0.328 0.358 –0.0299 –1.537
Observations 1198 1176

Notes: NEPS BW D_3-0-0 wave 2010/11 and 2012/13
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Table A4.7: Effect heterogeneity: Stress and mental health problems

Stress Mental health problems

Pooled Male Female Pooled Male Female

Baseline model for reference
Reform (G8) 0.314*** 0.214*** 0.392*** 0.111** 0.010 0.186***

(0.049) (0.065) (0.063) (0.048) (0.061) (0.063)
Age higher than median
Reform (G8) 0.278*** 0.165** 0.359*** 0.056 –0.036 0.121

(0.054) (0.074) (0.075) (0.055) (0.073) (0.076)
Interaction 0.075 0.096 0.072 0.113 0.090 0.141

(0.062) (0.095) (0.093) (0.068) (0.101) (0.093)
Wald test p-valuea 0.000*** 0.003*** 0.000*** 0.009*** 0.523 0.002***

Math competence above medianb

Reform (G8) 0.373*** 0.245** 0.441*** 0.151** –0.054 0.248***
(0.050) (0.101) (0.055) (0.067) (0.110) (0.071)

Interaction –0.118 –0.027 –0.139 –0.075 0.114 –0.160
(0.075) (0.117) (0.111) (0.085) (0.126) (0.117)

Wald test p-valuea 0.001*** 0.006*** 0.009*** 0.225 0.381 0.397

More than 200 books at home (higher SES)
Reform (G8) 0.265*** 0.169* 0.352*** 0.072 –0.067 0.180*

(0.064) (0.092) (0.083) (0.079) (0.089) (0.105)
Interaction 0.075 0.070 0.061 0.061 0.121 0.008

(0.076) (0.118) (0.099) (0.091) (0.118) (0.116)
Wald test p-valuea 0.000*** 0.006*** 0.000*** 0.022** 0.507 0.009***

Students with migration background
Reform (G8) 0.341*** 0.251*** 0.415*** 0.137*** 0.048 0.208***

(0.057) (0.079) (0.070) (0.048) (0.063) (0.063)
Interaction –0.127 –0.185 –0.103 –0.124 –0.188 –0.100

(0.102) (0.162) (0.143) (0.095) (0.141) (0.135)
Wald test p-valuea 0.016** 0.607 0.019** 0.890 0.297 0.424

Observations 2306 986 1320 2306 986 1320

Notes: NEPS BW D_3-0-0 wave 2011/12. OLS regressions. The dependent variables are
standardized to a mean of zero and a standard deviation of one. All models contain
a constant and control additionally for age deviation from cohort median, previous
grade repetition, sports participation, migration background, books at home, gen-
der (only pooled models), and a dummy indicating whether the student’s mathemat-
ical competence is above the median in her cohort (only mathematical competence
part). The interaction term displays the interaction of the reform with being older
than the median student, with above median mathematical competence, with having
more than 200 books at home or with having a migration background. aTest of the
hypothesis H0 Reform (G8) + Interaction = 0. bDue to missing data, 3 observations
are missing in the mathematical competence part.
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors, clustered at school level, in paren-
theses.
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Table A4.8: Effect heterogeneity: Well-being in school and life

School Life in General

Pooled Male Female Pooled Male Female

Baseline model for reference
Reform (G8) –0.182 –0.082 –0.243* 0.065 0.143 0.002

(0.112) (0.155) (0.130) (0.070) (0.095) (0.093)
Age higher than median
Reform (G8) –0.226* –0.174 –0.261 0.028 0.151 –0.059

(0.133) (0.174) (0.157) (0.088) (0.105) (0.109)
Interaction 0.091 0.181 0.040 0.077 –0.015 0.133

(0.135) (0.177) (0.189) (0.118) (0.158) (0.162)
Wald test p-valuea 0.299 0.973 0.187 0.273 0.335 0.595

Math competence above medianb

Reform (G8) –0.236* –0.106 –0.283* 0.015 0.124 –0.051
(0.121) (0.255) (0.146) (0.108) (0.168) (0.130)

Interaction 0.109 –0.007 0.145 0.099 0.027 0.134
(0.170) (0.314) (0.209) (0.146) (0.189) (0.202)

Wald test p-valuea 0.423 0.550 0.462 0.229 0.159 0.566

More than 200 books at home (higher SES)
Reform (G8) –0.185 –0.105 –0.215 0.066 –0.046 0.140

(0.202) (0.295) (0.229) (0.126) (0.169) (0.163)
Interaction 0.005 0.036 –0.041 –0.001 0.298 –0.209

(0.209) (0.336) (0.233) (0.152) (0.239) (0.174)
Wald test p-valuea 0.115 0.687 0.055* 0.446 0.068* 0.483

Students with migration background
Reform (G8) –0.237* –0.064 –0.360** 0.055 0.153 –0.027

(0.119) (0.164) (0.143) (0.070) (0.104) (0.089)
Interaction 0.259 –0.088 0.537** 0.048 –0.050 0.132

(0.248) (0.453) (0.232) (0.196) (0.274) (0.236)
Wald test p-valuea 0.927 0.719 0.423 0.587 0.681 0.653

Observations 2306 986 1320 2306 986 1320

Notes: NEPS BW D_3-0-0 wave 2011/12. OLS regressions. The dependent variables
are on an eleven-point Lickert-type scale. All models contain a constant and control
additionally for age deviation from cohort median, previous grade repetition, sports
participation, migration background, books at home, gender (only pooled models),
and a dummy indicating whether the student’s mathematical competence is above
the median in her cohort (only mathematical competence part). The interaction term
displays the interaction of the reform with being older than the median student, with
above median mathematical competence, with having more than 200 books at home
or with having a migration background. aTest of the hypothesis H0 Reform (G8) +
Interaction = 0. bDue to missing data, 3 observations are missing in the mathemati-
cal competence part.
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors, clustered at school level, in paren-
theses.
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Table A4.9: Robustness checks: Stress and mental health problems

Stress Mental health problems

Pooled Male Female Pooled Male Female

Panel A: Robustness checks using analysis sample
Baseline model for reference
Reform (G8) 0.314*** 0.214*** 0.392*** 0.111** 0.010 0.186***

(0.049) (0.065) (0.063) (0.048) (0.061) (0.063)
Control for relative age over both cohorts
Reform (G8) 0.526*** 0.573*** 0.474*** 0.152** 0.084 0.190*

(0.076) (0.115) (0.093) (0.073) (0.098) (0.095)
Omit sports participation from controls
Reform (G8) 0.317*** 0.218*** 0.395*** 0.113** 0.013 0.187***

(0.049) (0.064) (0.065) (0.048) (0.060) (0.063)
No controls
Reform (G8) 0.298*** 0.198*** 0.368*** 0.088* 0.002 0.146**

(0.052) (0.061) (0.065) (0.047) (0.056) (0.061)
Separate standardization by gender
Reform (G8) 0.319*** 0.226*** 0.394*** 0.110** 0.011 0.183***

(0.050) (0.069) (0.063) (0.050) (0.070) (0.061)
Using weights
Reform (G8) 0.272*** 0.190** 0.339*** 0.088* –0.003 0.154**

(0.053) (0.074) (0.068) (0.052) (0.066) (0.072)

Observations 2306 986 1320 2306 986 1320

Panel B: Robustness checks with additional sample restrictions
Exclude grade repeaters
Reform (G8) 0.316*** 0.225*** 0.388*** 0.114** 0.006 0.198***

(0.051) (0.068) (0.065) (0.049) (0.063) (0.062)

Observations 2192 932 1260 2192 932 1260

Exclude old G8
Reform (G8) 0.311*** 0.207*** 0.393*** 0.106** 0.002 0.183***

(0.049) (0.063) (0.062) (0.048) (0.058) (0.063)

Observations 2282 978 1304 2282 978 1304

Panel C: Using wave 2010/11 as control and wave 2012/13 as treatment

Reform (G8) 0.436*** 0.403*** 0.464*** 0.282*** 0.254*** 0.306***
(0.049) (0.050) (0.067) (0.045) (0.043) (0.064)

Observations 2419 1055 1364 2419 1055 1364

Notes: NEPS BW D_3-0-0, wave 2011/12 (panel A and B) and waves 2010/11 and
2012/13 (Panel C). OLS regressions. The dependent variables are standardized
to a mean of zero and a standard deviation of one. All models contain a constant
and control additionally for age deviation from cohort median, previous grade
repetition, sports participation, migration background, books at home and gen-
der (only pooled models).
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors, clustered at school level, in
parentheses.



57

Table A4.10: Robustness checks: Well-being in school and life

Well-being School Well-being Life

Pooled Male Female Pooled Male Female

Panel A: Robustness checks using analysis sample
Baseline model for reference
Reform (G8) –0.182 –0.082 –0.243* 0.065 0.143 0.002

(0.112) (0.155) (0.130) (0.070) (0.095) (0.093)
Control for relative age over both cohorts
Reform (G8) –0.467*** –0.346 –0.553** 0.099 0.060 0.134

(0.173) (0.246) (0.226) (0.121) (0.198) (0.162)
Omit sports participation from controls
Reform (G8) –0.187 –0.091 –0.245* 0.058 0.131 –0.001

(0.112) (0.153) (0.131) (0.070) (0.094) (0.095)
No controls
Reform (G8) –0.128 –0.044 –0.189 0.080 0.139 0.037

(0.114) (0.151) (0.138) (0.069) (0.085) (0.095)
Using weights
Reform (G8) –0.071 0.040 –0.131 0.142* 0.213** 0.085

(0.114) (0.155) (0.134) (0.079) (0.104) (0.101)

Observations 2306 986 1320 2306 986 1320

Panel B: Robustness checks with additional sample restrictions
Exclude grade repeaters
Reform (G8) –0.189 –0.071 –0.267** 0.054 0.137 –0.015

(0.114) (0.160) (0.130) (0.071) (0.099) (0.093)

Observations 2192 932 1260 2192 932 1260

Exclude old G8
Reform (G8) –0.187 –0.091 –0.246* 0.074 0.165* 0.003

(0.113) (0.156) (0.131) (0.069) (0.094) (0.091)

Observations 2282 979 1303 2282 979 1303

Panel C: Using wave 2010/11 as control and wave 2012/13 as treatment
Reform (G8) –0.293*** –0.250 –0.317*** –0.183*** –0.170* –0.190**

(0.098) (0.149) (0.108) (0.064) (0.099) (0.086)

Observations 2406 1047 1359 2406 1047 1359

Notes: NEPS BW D_3-0-0, wave 2011/12 (panel A and B) and waves 2010/11 and
2012/13 (Panel C). OLS regressions. All models contain a constant and control
additionally for age deviation from cohort median, previous grade repetition,
sports participation, migration background, books at home and gender (only
pooled models). Dependent variables: ’How satisfied are you with your situa-
tion at school?’ and ’How satisfied are you currently and in general terms, with
your life?’ (11-point scales, translated by NEPS).
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors, clustered at school level, in
parentheses.
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Chapter 5

Health Effects of Instruction Intensity
Evidence from a Natural Experiment in
German High-Schools
Johanna Sophie Quis and Simon Reif

5.1 Introduction

A large literature in health and education economics establishes a link between education and
health. Although the correlation between education and different health outcomes is generally
large, causal estimates of the relation are less conclusive (Montez and Friedman, 2015; Grossman,
2015).1 From a theoretical perspective, Grossman (1972) suggested that education promotes abil-
ities that increase health production and also marginal returns to health inputs.

A common strategy to establish a causal link between education and health is to use changes
in compulsory schooling laws as an exogenous increase in years of education. In her seminal
work, Lleras-Muney (2005) finds a reduction in mortality when education increases.2 Since then,
increases in compulsory schooling have been used to also analyze the effects of education on
other health outcomes. Self-assessed health seems to increase (Oreopoulos, 2006; Arendt, 2005;
Kemptner et al., 2011; Mazzonna, 2014) and obesity is reduced (Arendt, 2005; Kemptner et al.,
2011; Brunello et al., 2013) when students stay in school longer. Crespo et al. (2014) find that
more schooling increases mental health and Mazzonna (2014) finds that it reduces depression
for males while Dursun and Cesur (2016) show that subjective well-being of women increased
when they attained at least a middle-school degree. In contrast, Avendanoy et al. (2017) show in
a recent study that increased compulsory schooling has negative effects on female mental health
later in life.

Although these quasi experimental studies are appealing because years of education increase
exogenously, the local average treatment effects do not necessarily capture the effect of more
education in the Grossmann framework, which focuses on abilities acquired in school. The un-
derlying assumption in most studies is that additional years of education increase abilities in the
health production function. This assumption, however, does not necessarily need to apply. There
are at least two opposing channels in which more years of schooling can influence health inde-
pendent of ability acquirement: Negative effects of involuntary schooling and positive effects of
health promotion in schools.

1 Both overview articles are a good summary of studies on both correlations and causal effects between education
and health.

2 Most studies that also analyze mortality using mandatory school year increases generally find smaller but still
positive effects (Van Kippersluis et al., 2011; Meghir et al., 2012; Fischer et al., 2013; Gathmann et al., 2015) however
sometimes insignificant (Albouy and Lequien, 2009; Mazumder, 2008). One exception are Clark and Royer (2013)
who find no effect.
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Involuntary participation in schooling might have negative health effects, especially on men-
tal health. Elias (1989) provides a review of early psychological studies on mental health of stu-
dents and concludes that stress in school is a key factor detrimental to students mental health
– a relation also found in more recent studies (Raufelder et al., 2013; Scrimin et al., 2016). Addi-
tionally, Forbes et al. (2017) show that less free time to produce health inputs generally decreases
people’s utilities. Stress in school can have long term negative effects as it can lead to reduced
mental health later in life (Patton et al., 2014). It also increases the probability of being overweight
in adolescence (Torres and Nowson, 2007) which has been shown to translate into various neg-
ative health effects later in life (Reilly and Kelly, 2011).

Schools do however also play an important role in promoting health. First, they can ex-
plicitly teach healthy behaviors. Such interventions have been successful in promoting physical
activity but less in promoting healthy diets (Dzewaltowski et al., 2009; Sallis et al., 2003). Ad-
ditionally, schools can provide facilities that support physical activities, and thereby promote
students’ health (Cradock et al., 2007). Strict enforcement policies and intervention programs in
schools can also reduce smoking rates (Thomas et al., 2013). Further, Frisvold and Golberstein
(2011) show that high school quality (measured i. e. by length of school year) does have a strong
positive effect on students’ health.

It is therefore an open question whether more years of schooling actually improve health. We
contribute to this discussion by analyzing a natural experiment in Germany where 13 of the 16
federal states (Bundesländer) implemented a reform to shorten the academic track of secondary
school (Gymnasium) from nine to eight years without changing the overall curricular content
and overall instruction hours by increasing instruction intensity. The reform took place at dif-
ferent points in time affecting students who graduated between 2007 and 2016 depending on
where they went to school. As only academic track students are affected, we can implement a
triple difference-in-differences estimation strategy. We conduct our analysis with data from the
German Socio-Economic Panel (SOEP).

The reform provides a well-suited setting to reinvestigate the relationship between more
years of schooling and health. It did reduce years of schooling, but the curricular content re-
mained unchanged. Therefore, the health effects of the reform are a priori ambiguous. Higher
instruction intensity might provoke stress and reduce mental health. However, the same content
is taught to students, so acquisition of abilities for healthy behavior should not have changed.
Additionally, the reform increased students’ flexibility because they left school one year earlier.
To disentangle the direct effects of increased instruction intensity from the indirect effects of
more flexibility we estimate the effects of the reform for a sample of students still in school and
for a sample of recent graduates.

We employ different health measures to capture the effect on three health dimensions: The
widely used subjectivemeasure of self assessed health, bodymass index (BMI) as a quasi objective
measure and indicators for mental well-being. Self-assessed health is not affected by the reform,
neither for students in school nor for graduates. We find that the reform increased BMI and
reduced mental well-being for women in school. After graduation the effect is reversed: BMI
is lower and mental well-being is higher for women after they finished school. Males are not
affected by the reform. Our results suggest that while the reduction in years increases stress in
school, it also increases flexibility for students earlier in life, facilitating life choices that improve
health.

The rest of this chapter is structured as follows: In the next section we provide details on the
school reform we exploit, our identification strategy and the data we use. We present our results
in section 5.3 and discuss them in section 5.4.
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5.2 Data and Empirical Strategy

5.2.1 The German Secondary Education Reform (G8)

In Germany, students are usually divided into three secondary schooling tracks after four years
of elementary school.3,4 Two vocational tracks (Hauptschule and Realschule) prepare students for
vocational training, which starts after grade 9 or 10. In the academic track (Gymnasium), students
are prepared to go to university. Some states also have comprehensive schools (Gesamtschule)
where students are not split between tracks. Between 2003 and 2007, 13 of the 16 German states
reduced the duration of the academic track from nine to eight years, resulting in a decrease of
total school years from 13 to 12. The main motivation for this reform was to reduce students’
age when they enter university and the labor market to a level comparable with other European
countries. While high school duration was reduced by one year, the course content and total
hours of instruction had to remain constant to satisfy federal regulations. Instruction hours ex-
ceeding the requirements were mostly abolished during the reform, reducing total instruction
hours by 2,6%. This reduction of excess hours means that average weekly instruction time in-
creased by only 9.6% in contrast to the 12.5% increase that would have resulted from fitting nine
into eight years.5

Table 5.1: Schedule of Reform Implementation in German States

State Implementation First 12 year grad.

Saxony-Anhalt 2003 2007
Mecklenburg-Vorpommern 2004 2008
Saarland 2001 2009
Hamburg 2002 2010
Bavariaa 2004 2011
Lower Saxonya 2004 2011
Baden-Württembergb 2004 2012
Bremen 2004 2012
Berlin 2006 2012
Brandenburg 2006 2012
North Rhine-Westphaliab 2005 2013
Schleswig-Holsteinb 2007 2016
a Bavaria and Lower Saxony are currently reintroducing general 9-year systems with an
option to finish after 8 years if students are performing particularly well. In Lower
Saxony, the first 9-year cohorts will graduate in 2021 (goo.gl/FMofr5). In Bavaria, the
first 9-year-cohort will start grade 5 in 2017 (goo.gl/7ltypS).

b Baden-Württemberg, North Rhine-Westphalia, and Schleswig-Holstein are moving
away from a pure 8-year system towards a parallel 8- and 9-year system (goo.gl/fa9Izs).

Table 5.1 gives an overview of the time frame of the reform for each state we use in our
analysis.6 The reform constitutes a well-suited natural experiment in two ways. First, it was
3 In a few states the separation either used to take place or still does take place after grade 6.
4 States are the administrative level at which educational policies are determined. Nevertheless, there is a federal

commission, the Kultusministerkonferenz, which determines the framework of the German education system.
5 This number results from evenly distributing the instruction time from the final school year over the eight pre-

vious years, deducting the 2.6% of instruction time that were removed. The increase in weekly instruction hours
was larger in grades 7-10 (+3.75 hours) than in grades 5-6 (+2 hours) and 11-12 (+2.5 hours). Source: Homuth
(2017), p. 25, own calculations.

6 We exclude four of the 16 German states: In Hesse students had a long transition period where they could select
into either eight or nine year academic track schools which hampers our identification strategy. Rhineland-
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implemented in different states at different points in time only for one type of secondary school,
which allows us to use a triple difference-in-differences estimation strategy. That is, we can
compare academic track students who experience 13 years of schooling to those with 12 years
of schooling and then compare them to vocational track students, who were not affected by
the reform. Second, the assignment to the reform group can be assumed to be random as it
would have been costly to avoid the reform–either by moving to another state or by choosing
the vocational track with significantly lower expected lifetime earnings. Huebener and Marcus
(2017) indeed show that the reform did not induce changes in the student population.

In recent years, several studies analyzed the effects of the reform, mainly from an education
economics point of view. Büttner and Thomsen (2015) find that Math grades at graduation are
worse for students who experienced increased instruction intensity, while grades in German are
not affected. Huebener and Marcus (2017) find decreased grade point averages at graduation.
Huebener et al. (in press) assess student competences at age 15 and find increased performance
across all domains especially for highly skilled students. Dahmann (in press) examines cognitive
skills at age 17 and at graduation and finds, in line with the two previously mentioned studies,
higher numerical skills for males at age 17 and lower reasoning skills for both genders at grad-
uation.7 Hübner et al. (2017) find negative reform effects on English reading competence and
no effects on mathematics and physics competence. Personality of students seems to be only
marginally affected by the reform (Thiel et al., 2014; Dahmann and Anger, 2014). Students repeat
grades more frequently (Huebener and Marcus, 2017) and delay (Meyer and Thomsen, 2016) or
abandon (Marcus and Zambre, forthcoming) university enrollment. In cross sectional samples of
first year university students, Kühn (2014) and Dörsam and Lauber (2015) do not find any differ-
ence in performance (which, however, could be driven by selection). 8-year students are more
burdened by learning and report less time for jobs and volunteer work (Meyer and Thomsen,
2015)

There are four studies that evaluated the reform from a health related point of view. In an
early cross sectional survey of students from one German city who were in grade 10 (8-year sys-
tem) and 11 (9-year system) at the time of the interviews, Milde-Busch et al. (2010) do not find any
health differences between reform and control group. Westermaier (2016) analyzes whether the
reform led students to increase consumption of illegal drugs but does not find any effect. Most
closely related to our study are Quis (fortcoming) and Hofmann andMühlenweg (2017), who find
weakly negative health effects of the reform. Quis (2015) compares the first 8-year graduating
cohort to the last 9-year graduating cohort in Baden-Württemberg and finds an increase in per-
ceived stress and symptoms of internalizing mental health problems for females, but no effect on
subjective well-being.8 Hofmann and Mühlenweg (2017) evaluate a pooled sample of students
and graduates resulting in a slight decrease of mental health, but no effect on physical health or
smoking behavior.

5.2.2 Estimation Strategy

We evaluate the reform effects for measures of three different health dimensions. First, the com-
monly used subjective measure of self assessed health, second BMI as an objective measure and
third indicators for mental well-being which are whether students worry a lot and a standardized
mental health measure for graduates. To identify the effect of increased instruction intensity on

Palatinate always had 8.5 years of academic track duration and is therefore a special case. Thuringia and Saxony
always had eight years of academic track, so that there was no change in instruction intensity.

7 These results may seem paradox at first sight, but since 8-year students of a fixed age will have received more
instruction time than 9-year students at the same age, they should perform better in order to catch up the missing
year until graduation.

8 These results are also confirmed by Hübner et al. (2017).
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students’ health in a simple setting with treated (8y) and untreated (9y) regions, one would esti-
mate the treatment effect using a standard difference-in-differences estimator from the average
health levels:

ATE = (Ȳ 8y
pre − Ȳ 8y

post)− (Ȳ 9y
pre − Ȳ 9y

post), (5.1)

which then can be estimated parametrically by

Yi = ATE(8yi ∗ posti) + β18yi + β2posti +Xβ + ϵi, (5.2)

where X is either a vector of ones or a matrix of additional covariates. In our setting, states
switch from having 9 years to having 8 years, so instead of dummy variables for treated and
untreated regions and time periods, the ATE can here be derived by controlling for a maximum
set of state and time dummys (S and T ) and including a pseudo interaction-term 8years which
is one if a student went to school in a state s at time t when the 8 year regime was in place and
zero otherwise. The coefficient δ is then the estimate for our ATE:

Yi = δ8yearsi + Sγ + Tκ+Xβ + ϵi. (5.3)

Only students in the academic track of secondary school were affected by the reform. We can
therefore use secondary school students in the non-academic tracks as a further control group
in a triple difference-in-differences design. Interacting the treatment dummy 8years as well as
time and state fixed effects from equation (5.3) with an indicator for being in the academic track
Ai leads to our main specification:

Yi = δ(8yearsi ×Ai) + αAi + Sγ1 + Tκ1 + (S ×Ai)γ2 + (T ×Ai)κ2 +Xβ + ϵi. (5.4)

We use this model to estimate the effects first for students when they are 17. This means students
are still in school but have several years of experience in school which gives us a direct reform
effect. Our non academic-track control group consists of students in the vocational and compre-
hensive schools with the exception of the lower level Hauptschule because students usually leave
this school at the age of 15.

In addition, we estimate equation (5.4) for graduates who finished school at least one year
ago to obtain the indirect effect of the reform on health.

5.2.3 Health Indicators and Sample Selection

We conduct our analysis with data from the German Socio-Economic Panel (SOEP). It is a large,
representative household panel in Germany that started in 1984 (Wagner et al., 2007; SOEP, 2015).
To estimate the reform effect for studentswho are still in school, we use the youth study, sampling
all children in SOEP households who turn 17 in the respective survey year. When we analyze
reform effects after graduation, we use the personal interviews for the years 2008, 2010, 2012 and
2014, because they are the most recent waves that contain a broader set of health variables.

Health Indicators

Our first dependent variable is self assessed health on a scale from very good (1) to very bad
(5). Although it is a subjective measure, it is widely used and has been shown to serve as a
good proxy for more objective health measures (Idler and Benyamini, 1997; Van Doorslaer and
Gerdtham, 2003).9

9 It is however a controversial health measure as self assessed health varies with income and salience of personal
health even if underlying health remains unchanged (Etilé and Milcent, 2006; Crossley and Kennedy, 2002). We
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BMI is our second dependent variable. As a ratio of bodyweight and -height, a high BMI
is a reliable indicator for overweight which has been shown to lead to various health problems
and increase the risk of all-cause mortality (Global BMI Mortality Collaboration, 2016). In the
SOEP, BMI is constructed from self-reported bodyweight and -height and especially self-reported
weight might suffer from reporting error. This reporting error would however only be a threat
to our identification strategy if the reporting error were correlated with our reform, which we
have no reason to assume.

Our third health dimension is mental well-being. Here we have to use two different measures
for students and for graduates. The only proxy for mental well-being available at age 17 is one
answer from the Big-5 inventory. Here, students are asked whether they consider themselves as
persons who worry a lot on a scale from not at all (1) to very much (7). Although Dahmann and
Anger (2014) and Thiel et al. (2014) analyze the Big-5 indicators and do not find that the reform
affected personality, we regard this question as a good proxy for mental well-being because it
can be seen as a state varying indicator (Schutte et al., 2003).

For our sample of graduates we have access to a more objective measure of mental health,
the mental component scale (MCS). It is a standardized compound measure of mental well-being
constructed from the “SF-12v2TM Health Survey”, normalized to mean 50 and standard deviation
10 (Andersen et al., 2007) and has been shown to be a valid measure of mental health (Gill et al.,
2007).

Sample Selection

We identify students affected by the reform from their year of school entry and state of residence
in the year they turn 17. We restrict our sample to those students who have never repeated a
grade.10 For those students who did not state their year of school entry we impute it from month
of birth.11 Additionally, we drop students who are extreme outliers in terms of their reported
BMI.12 After list-wise deletion of students with missing data, we observe a total of 1274 students
in school of whom 685 visited the academic track and 403 experienced increased instruction
intensity.

Only every other wave of the SOEP includes detailed health related questions. For our anal-
ysis of graduates we therefore use the earliest wave with health variables available, which, at the
earliest, was conducted in the year after students finished school. Students who did not graduate
from the academic track (and hence graduated from vocational tracks earlier) are assigned a hy-
pothetical graduation year for if they had been in the academic track. Students who graduated13
in 2007 or before are assessed on their responses from the 2008 wave. If they graduated in 2008 or
2009, they are included in our sample with their responses from 2010. The same logic is applied
for students who graduated in 2010 (2012) and 2011 (2013) who we observe in 2012 (2014). After
graduation we observe 1387 individuals of whom 461 graduated from academic track schools and
134 experienced increased instruction intensity.

nevertheless include it in our set of dependent variables because it is a widely used measure, especially in the
literature on education and health.

10 This restriction is necessary to ensure that grade repetitions do not bias the allocation to treatment or control
group.

11 Usually children enter school in year t if they are six years old by August of year t. For those students for whomwe
observe school entry year the imputation is correct for 85% of the respective students. When further narrowing
down to cases where the allocation to treatment or control group might be harmed due to the imputation, the
comparison between imputation and known year of school entry yields a wrong allocation of 8% of the students
around the cutoff. Assuming that we are also wrong in 8% of the cases where we cannot observe the real year of
school entry (102 students) we would expect a total of 8.2 individuals being allocated to the wrong group.

12 We excluded students whose BMI differed more than 2.5 interquartile distances from the gender specific samples
first or third quartile.

13 Or, in the case of vocational track students would have graduated, had they visited the academic track.
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5.2.4 Descriptive Statistics

Table 5.2: Youth Sample: Descriptive Statistics

Pooled 9 Years 8 Years
9 Years
- 8 Years Academic Vocational

Academic
- Vocational

Mean
(S.D.)

Mean
(S.D.)

Mean
(S.D.)

Difference
(P-value)

Mean
(S.D.)

Mean
(S.D.)

Difference
(P-value)

Self-assessed health 1.63 1.67 1.55 0.12** 1.60 1.68 –0.08*
(0.71) (0.71) (0.67) (0.03) (0.69) (0.74) (0.06)

Body mass index 21.27 20.99 21.10 –0.11 21.06 21.52 –0.47***
(2.64) (2.43) (2.60) (0.56) (2.53) (2.74) (0.00)

Worry a lot 4.36 4.24 4.42 –0.17 4.35 4.37 –0.02
(1.70) (1.65) (1.65) (0.17) (1.65) (1.75) (0.85)

Female 0.51 0.52 0.51 0.01 0.52 0.50 0.01
(0.50) (0.50) (0.50) (0.73) (0.50) (0.50) (0.61)

Age (months) 201.41 201.60 201.46 0.14 201.52 201.28 0.24
(4.03) (3.82) (4.10) (0.64) (3.99) (4.08) (0.30)

Non-intact family 0.24 0.19 0.21 –0.03 0.20 0.29 –0.09***
(0.43) (0.39) (0.41) (0.41) (0.40) (0.45) (0.00)

Migration background 0.19 0.15 0.19 –0.04 0.17 0.22 –0.05**
(0.40) (0.35) (0.39) (0.13) (0.38) (0.42) (0.03)

High parental education 0.35 0.54 0.48 0.06 0.51 0.16 0.34***
(0.48) (0.50) (0.50) (0.14) (0.50) (0.37) (0.00)

Rural 0.33 0.25 0.37 –0.12*** 0.32 0.33 –0.01
(0.47) (0.43) (0.48) (0.00) (0.47) (0.47) (0.74)

Observations 1274 282 403 685 685 589 1274

Notes: SOEP v31, waves 2006-2014. Descriptive statistics calculated for our sample based on the youth ques-
tionnaire. Standard deviations in parentheses. The fourth and last column depict the difference in means
between thementioned groups and the p-values of a t-test in parentheses. * p< 0.1, ** p< 0.05, *** p< 0.01.

Table 5.2 provides an overview on the descriptive statistics for the sample of 17-year olds,
including the set of variables we later add as controls. On average students in our sample felt
quite healthy (1.63) and students in the 8 year track describe themselves as slightly more healthy
compared to students in the 9 year track (1.55 vs. 1.67). Students’ BMI is on average 21 with
no significant differences between the two groups of academic track students. When it comes
to mental well-being, students on average do not report to worry much (mean=4.4). All three
health measures are slightly worse for students in the vocational track schools.

Covariates are quite balanced between 8 year and 9 year group. Slightly more than half of
our sample are women, one quarter comes from a non-intact family (meaning not living with
both parents for at least one year during childhood) and 19% of children have a parent not born
in Germany.14 Roughly one third have at least one parent who graduated from the academic
school track and one third of our students live in rural areas. Our sample of students in the non-
academic track has a significantly higher share of non-intact households, migration background
and a lower share of parents who graduated from high-school than the sample of academic track
students. This reflects general differences in the German student population and is unlikely to
have changed during our study period.15

14 Official statistics for the school year 2013/2014 state that 51.9% of lower secondary academic track students and
53.6% of higher secondary academic track students were female (Statistisches Bundesamt, 2014, p. 10).

15 According to the PISA studies, Germany used to be a country where socio-economic background has been a
strong predictor of student performance, recently this relationship weakened and has moved to OECD average
(OECD, 2013b, pp. 78ff).
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Table 5.3 provides descriptive statistics for our sample used in the post graduation analyses.
Self-assessed health of the graduates is slightly worse (2.04) compared to our sample of 17-year
old students. BMI is also slightly higher for the student sample and graduates from the academic
track after 9 years have a higher BMI compared to students who graduated after 8 years (22.5
and 21.9 respectively). Our graduates have an average MCS of 50.1 which does not significantly
differ between subgroups.

Table 5.3: Graduate Sample: Descriptive Statistics

Pooled 9 Years 8 Years
9 Years
- 8 Years Academic Vocational

Academic
- Vocational

Mean
(S.D.)

Mean
(S.D.)

Mean
(S.D.)

Difference
(P-value)

Mean
(S.D.)

Mean
(S.D.)

Difference
(P-value)

Self-assessed health 2.03 1.95 1.89 0.06 1.93 2.09 –0.15***
(0.82) (0.78) (0.71) (0.42) (0.76) (0.84) (0.00)

Body mass index 22.91 22.46 21.86 0.60** 22.28 23.22 –0.94***
(3.46) (2.97) (2.71) (0.04) (2.91) (3.67) (0.00)

MCS 50.09 50.10 49.96 0.14 50.06 50.10 –0.05
(9.34) (9.34) (8.43) (0.88) (9.07) (9.47) (0.93)

Female 0.50 0.53 0.55 –0.02 0.54 0.48 0.06**
(0.50) (0.50) (0.50) (0.65) (0.50) (0.50) (0.04)

Age in months 246.49 250.17 237.41 12.76*** 246.46 246.50 –0.04
(8.98) (7.32) (7.01) (0.00) (9.26) (8.85) (0.93)

Non-intact family 0.34 0.20 0.35 –0.15*** 0.24 0.39 –0.14***
(0.47) (0.40) (0.48) (0.00) (0.43) (0.49) (0.00)

Migration background 0.17 0.13 0.11 0.01 0.12 0.19 –0.07***
(0.37) (0.33) (0.32) (0.68) (0.33) (0.39) (0.00)

High parental education 0.27 0.48 0.51 –0.03 0.49 0.16 0.33***
(0.44) (0.50) (0.50) (0.60) (0.50) (0.36) (0.00)

Rural 0.34 0.22 0.39 –0.16*** 0.27 0.37 –0.10***
(0.47) (0.42) (0.49) (0.00) (0.45) (0.48) (0.00)

Graduation two years ago 0.48 0.54 0.40 0.15*** 0.50 0.47 0.03
(0.50) (0.50) (0.49) (0.00) (0.50) (0.50) (0.26)

Observations 1387 327 134 461 461 926 1387

Notes: SOEP v31, waves 2008, 2010, 2012 & 2014. Standard deviations in parentheses. The fourth and last col-
umn depict the difference in means between the mentioned groups and the p-values of a t-test in parentheses.
* p < 0.1, ** p < 0.05, *** p < 0.01. Fewer observations for body mass index and MCS.

The share of women who graduated from academic track (54%) is significantly higher than
the share of female graduates from non-academic tracks (48%).16 Students in the control group
were on average 20.8 years old and hence one year older than the reform group which is a me-
chanic effect of the reform. All other covariates are distributed similarly to the sample of 17-year
olds. Graduates from the non-academic track have a higher probability of coming from a non-
intact family, havingmigration background as well as low parental education. There are however
significant differences in the covariates in the sample of graduates that we did not observe for
the sample of 17-year olds. Graduates from the 8 year track have a higher probability of coming
from a non-intact family and having a migration background and living in a rural area. We use
a dummy variable to control for the one year difference that occurs as the SOEP includes the
health questions only every other year. About 50% of graduates in our sample graduated the
year before the survey, the other half graduated one year earlier.

16 While this difference looks large, it is in line with official statistics for graduates in 2013, where 54.7% of academic
track graduates were female (Statistisches Bundesamt, 2014, p. 291).
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5.3 Results

In our baseline specification we estimate the model presented above in equation (5.4). We always
cluster our standard errors at the year-state-schooltype level to control for within-group error
correlation (Angrist and Pischke, 2009). We separately estimate the effects of increased instruc-
tion intensity on students in school and after graduation. Then, we analyze how health effects
differ if we exclude students in the transition period from the 9 year system to the 8 year system.
The last part of this result section includes different robustness checks.

5.3.1 Effects on Students in School

Effects of the increase of instruction intensity on 17 year old students are reported in Table 5.4
where the coefficient of interest is 8 years. Self-assessed health is not affected by the reform.
BMI is higher when instruction intensity is increased but the effect is not significantly different
from zero in the pooled sample. We do however find a significant increase by roughly 1.2 BMI
points for females.17 Probit regressions (Table A5.1, in the appendix) show that the higher BMI
for women is driven by a higher share of overweight women. A similar pattern can be found
for our mental health proxy worry a lot which is significantly higher (worse) for females if their
instruction intensity was higher. The coefficients remain almost unchanged whenwe add further
covariates to the model. From analyzing these three different health indicators, we conclude that,
on average, increased instruction intensity has a negative effect on female students’ health – but
not for males’.

Table 5.4: Youth Sample: Results

pooled male female

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

Self-assessed health
8 years –0.036 –0.032 –0.022 0.004 –0.049 –0.063

(0.084) (0.086) (0.130) (0.129) (0.119) (0.121)
Additional controls - ✓ - ✓ - ✓

BMI
8 years 0.386 0.425 –0.143 –0.056 1.182*** 1.167***

(0.338) (0.332) (0.402) (0.393) (0.420) (0.418)
Additional controls - ✓ - ✓ - ✓

Worry a lot
8 years 0.380* 0.359 –0.038 –0.046 0.708** 0.709**

(0.219) (0.219) (0.292) (0.301) (0.279) (0.281)
Additional controls - ✓ - ✓ - ✓

N 1274 1274 624 624 650 650

Notes: SOEP v31 waves 2006-2014. OLS regressions. All estimations include a constant,
a maximum set of state and year dummies, an academic-track dummy, interactions of
academic-track with state and year dummies, and control for sex in pooled models. Ad-
ditional controls include age in months, non-intact family, migration background, high
parental education, and rural. Standard errors, reported in parentheses, are clustered at
wave-state-schooltype level. * p < 0.1, ** p < 0.05, *** p < 0.01.

17 For women with a height of 165cm this would mean a difference of 3.3kg.
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5.3.2 Effects on Students after Graduation

The SOEP provides a detailed set of health variables only every other year. In order to estimate
the health effects of the reform after graduation, we therefore use the earliest health information
available starting from the year after a student has graduated. As we control for years since
graduation, our results are not driven by the fact that we observe the graduates at different
points in time. Table 5.5 summarizes the health effects of the reform after students graduated.
For none of our health measures the reform coefficient differs significantly from zero and the
coefficients are barely changed by adding additional covariates. Students in the eight year track
do not report a different self assessed health and we observe only a slight (insignificant) decrease
in BMI and a slight (insignificant) increase in mental health measured by MCS.

Table 5.5: Graduate Sample: Results

pooled male female

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

Self-assessed health
8 years –0.038 –0.027 –0.053 –0.014 –0.035 –0.064

(0.116) (0.119) (0.178) (0.174) (0.177) (0.176)
Additional controls - ✓ - ✓ - ✓

BMI
8 years –0.162 –0.112 –0.198 –0.057 –0.300 –0.400

(0.515) (0.492) (0.554) (0.535) (0.704) (0.674)
Additional controls - ✓ - ✓ - ✓

MCS
8 years 1.006 0.896 –0.053 –0.172 2.204 2.453

(1.282) (1.304) (1.720) (1.585) (2.571) (2.665)
Additional controls - ✓ - ✓ - ✓

N 1387 1387 699 699 688 688

Notes: SOEP v31 waves 2008, 2010, 2012 & 2014. OLS regressions. All estimations include
a constant, a maximum set of state and year dummies, an academic-track dummy, in-
teractions of academic-track with state and year dummies, a dummy indicating whether
the student graduated two years ago, age in months, and gender (only in pooled mod-
els). Additional controls include non-intact family, migration background, high parental
education, and rural. Standard errors, reported in parentheses, are clustered at the wave-
state-schooltype level. * p < 0.1, ** p < 0.05, *** p < 0.01.

After graduation we do not anymore observe the negative health effects the reform has on
females in school. This is in line with the results from Forbes et al. (2017) who show that longer
schooling can have negative mental health effects on females. If women profit from having to
spend less years in school, this can offset negative health effects during school. A potential
mechanism is that students affected by the reform have the freedom to chose their life paths
after school at a younger age. This freedom can explain the disappearance of the negative effect
estimated for 17-year olds if subsequent life choices improve mental well-being. Findings by
Meyer and Thomsen (2016) support this explanation. Students affected by the reform have a
higher probability of doing an internship or spending a year abroad – probably relieving them
from the extra pressure of increased instruction intensity in school.
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5.3.3 Double Cohort as a Moderator

By shortening the academic track, each state generated a so called double cohort, i. e. students
from the last nine year as well as from the first eight year scheme graduated together. Although
universities did prepare for a higher number of students, the perceived higher competition for
places at universities and apprenticeship positions could have induced additional stress. Addi-
tionally, the reform was implemented before all details were agreed on. This led to large uncer-
tainties for students in the first reform cohort. As our next analysis step, we therefore exclude
students from the double cohort from our sample.

Table 5.6: Youth Sample: Excluding the Double Cohorts

pooled male female

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

Self-assessed health
8 years 0.063 0.063 0.054 0.084 0.126 0.096

(0.132) (0.137) (0.159) (0.158) (0.198) (0.211)
Additional controls - ✓ - ✓ - ✓

BMI
8 years 0.659 0.643 –0.170 –0.203 1.130* 1.093*

(0.446) (0.441) (0.593) (0.574) (0.625) (0.637)
Additional controls - ✓ - ✓ - ✓

Worry a lot
8 years 0.541** 0.499* –0.295 –0.326 1.119*** 1.102***

(0.257) (0.267) (0.495) (0.486) (0.371) (0.407)
Additional controls - ✓ - ✓ - ✓

N 1054 1054 500 500 554 554

Notes: SOEP v31 waves 2006-2014. OLS regressions. All estimations include a con-
stant, a maximum set of state and year dummies, an academic-track dummy, in-
teractions of academic-track with state and year dummies, and control for sex in
pooled models. Additional controls include age in months, non-intact family, mi-
gration background, high parental education, and rural. Standard errors, reported
in parentheses, are clustered at wave-state-schooltype level. * p < 0.1, ** p < 0.05,
*** p < 0.01.

Compared to the full sample, this exclusion leads to similar coefficients (Table 5.6). Overall
we conclude that the general pattern of negative health effects of increased instruction intensity
on females in school is not driven by the special circumstances of the double cohort.

If we repeat our baseline analysis for graduates without those in the double cohorts, we find
that the slight positive health effects observed for the full sample increase and become statistically
significantly different from zero for females. Women with 8 years of secondary school have a 1.7
to 2.4 point lower BMI after graduation (driven by a decreased risk of being overweight) and have
a MCS that is increased by between 50 to 60% of a standard deviation. We therefore conclude
that the stress of being in a double cohort cancels out positive health effects of the reform after
students left school. This positive effect can have at least three reasons. First, as noted above,
students have more flexibility in choosing their life paths, enabling them to make life choices
that benefit their health one year earlier. Second, increased instruction intensity compressed the
time during which students acquired health relevant abilities. This might have enabled them to
start living a healthier life earlier. A third explanation is that students who experienced increased
instruction intensity learned to cope with stress during school and are now better able to deal
with difficult life situations after graduation.
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Table 5.7: Graduate Sample: Excluding the Double Cohorts

pooled male female

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

Self-assessed health
8 years –0.061 –0.068 0.086 0.128 –0.234 –0.288

(0.115) (0.129) (0.219) (0.238) (0.207) (0.225)
Additional controls - ✓ - ✓ - ✓

BMI
8 years –0.373 –0.404 1.092 1.022 –2.222** –2.201**

(0.462) (0.418) (0.976) (0.988) (0.947) (0.877)
Additional controls - ✓ - ✓ - ✓

MCS
8 years 1.990 2.114 –1.558 –1.681 6.137** 6.564**

(2.091) (2.158) (2.930) (2.902) (2.847) (3.072)
Additional controls - ✓ - ✓ - ✓

N 1097 1097 549 549 548 548

Notes: SOEP v31 waves 2008, 2010, 2012 & 2014. OLS regressions. All estimations
include a constant, a maximum set of state and year dummies, an academic-track
dummy, interactions of academic-track with state and year dummies, and control
for sex (only in pooledmodels), Graduation two years ago, and age inmonths. Ad-
ditional controls include non-intact family, migration background, high parental
education, and rural. Standard errors, reported in parentheses, are clustered at
wave-state-schooltype level. * p < 0.1, ** p < 0.05, *** p < 0.01.

5.3.4 Robustness Checks

We conduct several robustness checks, changing our sample composition, employing maximum
likelihood estimation techniques and adjusting standard errors.

Similar time to examinations

Time to graduation might influence students’ health status as the final exams are a major event
that determines which universities graduates can go to or which subjects they can study. As
a matter of fact, students in the 8 year track are on average closer to their final examinations
than the control group. We show that restricting the sample to students with similar time until
graduation does give qualitatively similar results (Table A5.5, in the Appendix).

Heterogeneity by parental education

To assess potential social inequalities in the burden of the reform we conducted additional sub-
group analyses by parental education. The results for the youth sample (Table A5.8, in the Ap-
pendix) indicate that the effect is rather driven by children with at least one parent who finished
higher secondary education. The results for the graduate sample (Table A5.9, in the Appendix)
are less straightforward to interpret, it seems as if again there are differences between students of
different backgrounds, but no clear direction can be told. These heterogeneity checks are based
on a comparably sample of 173 observations and might therefore not be too reliable overall.
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Excluding states with few observations

In some states we observe only very few individuals in the treatment or control group. The fewer
students we observe per state, the higher is the probability of drawing students who are not at
all representative of the state’s student body. Therefore, we also restricted our sample to contain
only states, where we observe at least 10 students in each state’s treatment and control groups.
This leaves us with seven states in the sample of 17-year old students (see Table A5.6, in the
Appendix) and five states in the sample of graduates (Table A5.7, in the Appendix). The results for
the students who are still in school are similar to our baseline results. The only notable difference
is that now the effect on worrying a lot is also significantly positive in the pooled estimation.
When we additionally exclude the double cohort (Table A5.6, second row) the results are very
similar to our baseline specification. In the sample of graduates we again see no significant health
effects of the reform in the full sample yet again find positive health effects of the reform once
removing the double cohort.

Only academic track students

Coefficients for increased instruction intensity from our triple difference in differences estima-
tions are identical to simple difference in differences estimations when no additional controls are
included (see equation 5.3). To make sure that our results are not driven by changes in control
variables for the non academic track students we also estimate simple difference-in-differences
models . Results for our sample of 17-year old students as well as for graduates are very similar
to our baseline specification (Table A5.3 and A5.4, in the Appendix).

Probit regressions

We also run probit and ordered probit regressions for the binary or ordinal dependent variables.
We find qualitatively very similar results for our student sample as well as for our sample of
graduates (Tables A5.1 and A5.2, in the Appendix).

Standard Error Corrections

As Bertrand et al. (2004) point out, standard errors in difference-in-differences settings can be
biased downwards due to serial or within cluster correlation. We address this concern in three
ways. First by changing the cluster-level, second by bootstrapping the standard errors and third
by running placebo tests.

We decided to cluster standard errors from all previous estimations at the year-state-schooltype
level because this is the unit where the variation is coming from (Angrist and Pischke, 2009). One
could however argue that when it comes to the German school system, differences between fed-
eral states are more important than differences over time and hence clustering must be on the
state level. If we reestimate the models from above and cluster at the state level, standard errors
marginally increase but significance levels are not affected. Following Cameron et al. (2011), we
also apply wild clustered bootstrapping for estimates clustered at the state level.18 This again
marginally increases standard errors but does not change the overall picture (Tables A5.10 and
A5.11 ).19

Finally, we conduct placebo tests suggested by Chetty et al. (2009). We run 2000 placebo re-
gressions where we randomly assign the introduction of the 8 year academic track in the states
100 times and for each of these draws randomly assign for each student whether she is in the

18 Bootstrapping does not change standard errors from our baseline analysis because there are always more than 50
clusters.

19 We used the Caskey (2015) cgmwildboot.ado for bootstrapping.
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academic track 20 times. We then compare the distribution of coefficients from the placebo re-
gressions with the actual coefficients. The results displayed in Figure A5.1 (in the Appendix)
show that the coefficients for BMI and worrying in our full sample of 17-year old females are
higher than 95% of the placebo coefficients while the other coefficients are comparable to av-
erage coefficients from random treatment assignment. This is also the case for the worrying
coefficient if we exclude the double cohort, indicating that the results in Tables 5.4 and 5.6 are
not driven by downward biased standard errors. The same holds for our sample of graduates. Our
placebo test (Figure A5.2, in the Appendix) indicates that the significant reduction in women’s
BMI and increase in women’s MCS in Tables 5.5 and 5.7 is not due to downward biased standard
errors.

5.4 Conclusion

A large literature examines the effect of education on health using changes in compulsory school-
ing laws to instrument increases in years of schooling. It is however unclear how years of school-
ing causally affect health. We contribute to this literature by examining a reform in Germany
where the academic track of secondary education was reduced from nine to eight years without
changes in total hours taught. The sequential introduction of this reform in different federal
states enables us to employ a triple difference-in-differences strategy to estimate the effect of in-
creased instruction intensity on students’ health in school and additionally the effect of leaving
school one year earlier. We conduct our analysis with data from the German Socio-Economic
Panel.

We find worse health status for females who experienced increased instruction intensity –
but only as long as they are in school. 17-year old women affected by the reform worry more and
also have a higher body mass index. Our results are robust to various sample restrictions and
different estimator choices. This suggests that higher instruction intensity in schools translates
into worse health outcomes.

Even though the health effects of the reform are negative when females are in school, the
effects disappear after graduation and even turn positive once students from the transition period
are excluded from our sample. Further research is needed to distinguish between three likely
explanations for this effect. Increased instruction intensity could lead to health skills formation
being effective earlier in life, leavingmore time to positively influence healthy lifestyles. Also, the
fact that students can influence their life path more directly one year earlier leads to life choices
that benefit health. A third explanationwould be that students who experience higher instruction
intensity get used to stress during adolescence and are more able to deal with difficult situations
later on. Although our analysis cannot identify the mechanism between reduced years with
increased instruction intensity and health, our results shed a critical light on the discussion of
whether the health effects of education should be mainly analyzed in terms of marginal increases
of school years.

It is important to note that in our study a selective group of people is affected. Increases in
mandatory school years usually affect a whole cohort while the reform we study only affects
academic track students. Although this group is large (about one third of German students grad-
uate from academic track schools), it is in general a self selection of higher ability students. It is
therefore possible that a similar reform on lower ability vocational track students would result
in different health effects.

Also, a puzzling result from our analysis is that males seem not to be affected by increased
instruction intensity at all. They neither exhibit negative health effects in school nor do they
profit from positive health effects after graduation. More research on the channels throughwhich
instruction intensity affects health might help explain this puzzle.
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5.5 Appendix

Table A5.1: Youth Sample: Probit and Ordered Probit Estimations

Self-assessed health Overweight (0/1) Worry a lot

(1) (2) (3) (4) (5) (6) (7) (8) (9)
pooled male female pooled male female pooled male female

Full Sample
8 years –0.046 –0.043 –0.076 0.424* –0.119 1.304*** 0.241* 0.003 0.440**

(0.135) (0.232) (0.181) (0.227) (0.306) (0.482) (0.133) (0.173) (0.171)

N 1274 624 650 1255 574 586 1274 624 650

No Double Cohort
8 years 0.114 0.127 0.190 0.753** –0.061 1.914*** 0.350** –0.169 0.735***

(0.235) (0.307) (0.350) (0.362) (0.524) (0.572) (0.161) (0.321) (0.227)

N 1054 500 554 1036 453 498 1054 500 554

Notes: SOEP v31 waves 2006-2014. Ordered Probit estimations. All estimations include a maximum set of
state and year dummies, an academic-track dummy, and interactions of academic-track with state and
year dummies. Standard errors, reported in parentheses, are clustered at wave-state-schooltype level. *
p < 0.1, ** p < 0.05, *** p < 0.01.

Table A5.2: Graduate Sample: Probit and Ordered Probit Estimations

Self-assessed health Overweight (0/1)

(1) (2) (3) (4) (5) (6)
pooled male female pooled male female

Full sample
8 years –0.043 –0.072 –0.028 –0.317 –0.153 –0.537**

(0.166) (0.252) (0.237) (0.238) (0.397) (0.238)

N 1387 699 688 1387 699 682

No double cohort
8 years –0.041 0.197 –0.289 –0.474 0.272 –1.676***

(0.164) (0.342) (0.283) (0.386) (0.658) (0.431)

N 1097 549 548 1095 549 540

Notes: SOEP v31 waves 2008, 2010, 2012 & 2014. Ordered Probit estimation. All
estimations include a maximum set of state and year dummies, an academic-
track dummy, and interactions of academic-track with state and year dum-
mies. Standard errors, reported in parentheses, are clustered at wave-state-
schooltype level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A5.3: Youth Sample: Only Academic Track Students

pooled male female

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

Self-assessed health
8 years –0.034 –0.037 –0.022 –0.022 –0.049 –0.057

(0.083) (0.083) (0.131) (0.134) (0.119) (0.120)
Additional controls - ✓ - ✓ - ✓

BMI
8 years 0.383 0.420 –0.143 –0.094 1.182*** 1.149***

(0.342) (0.337) (0.403) (0.403) (0.421) (0.423)
Additional controls - ✓ - ✓ - ✓

Worry a lot
8 years 0.376* 0.373* –0.038 –0.020 0.708** 0.739**

(0.214) (0.211) (0.293) (0.302) (0.279) (0.284)
Additional controls - ✓ - ✓ - ✓

N 685 685 331 331 354 354

Notes: SOEP v31 waves 2006-2014. OLS regressions. All estimations include a maximum set
of state and year dummies and control for sex (only in pooled models). Additional con-
trols include age in months, non-intact family, migration background, high parental ed-
ucation, and rural. Standard errors, reported in parentheses, are clustered at wave-state
level. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table A5.4: Graduate Sample: Only Academic Track Students

pooled male female

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

Self-assessed health
8 years 0.026 0.017 0.106 0.134 –0.050 –0.070

(0.143) (0.134) (0.173) (0.149) (0.251) (0.248)
Additional controls - ✓ - ✓ - ✓

BMI
8 years –0.568 –0.483 –1.102 –0.853 –0.360 –0.328

(0.632) (0.588) (0.891) (0.808) (0.705) (0.745)
Additional controls - ✓ - ✓ - ✓

MCS
8 years –0.167 –0.060 –1.638 –1.691 1.547 2.055

(1.720) (1.704) (2.333) (2.148) (2.988) (2.941)
Additional controls - ✓ - ✓ - ✓

N 461 461 214 214 247 247

Notes: SOEP v31 waves 2008, 2010, 2012 & 2014. OLS regressions. All estimations include
a maximum set of state and year dummies. Standard errors, reported in parentheses, are
clustered at wave-state level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A5.5: Youth Sample: Only Similar Time to Examinations

Self-assessed health BMI Worry a lot

(1) (2) (3) (4) (5) (6) (7) (8) (9)
pooled male female pooled male female pooled male female

Similar time to grad.
8 years –0.090 0.036 –0.192 0.073 –0.674* 1.141*** 0.295 –0.047 0.606*

(0.088) (0.134) (0.132) (0.311) (0.405) (0.417) (0.257) (0.342) (0.325)

N 946 448 498 946 448 498 946 448 498
R2 0.048 0.087 0.100 0.069 0.082 0.098 0.079 0.070 0.081

No double cohort
8 years –0.096 0.029 –0.207 0.493 –0.778 1.449** 0.518* –0.210 1.186***

(0.130) (0.159) (0.188) (0.480) (0.709) (0.620) (0.285) (0.483) (0.446)

N 791 363 428 791 363 428 791 363 428
R2 0.056 0.099 0.119 0.088 0.087 0.127 0.084 0.079 0.091

Notes: SOEP v31 waves 2006-2014. OLS regressions. All estimations include a constant, a maximum set of state and
year dummies, an academic-track dummy, interactions of academic-track with state and year dummies, and con-
trol for sex in pooled estimations. Standard errors, reported in parentheses, are clustered at wave-state-schooltype
level. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table A5.6: Youth Sample: Only States with many Observations

Self-assessed health BMI Worry a lot

(1) (2) (3) (4) (5) (6) (7) (8) (9)
pooled male female pooled male female pooled male female

All
8 years –0.049 –0.038 –0.040 0.249 –0.133 1.029** 0.618*** 0.162 1.014***

(0.102) (0.147) (0.155) (0.381) (0.454) (0.493) (0.220) (0.299) (0.321)

N 1129 552 577 1129 552 577 1129 552 577
R2 0.026 0.055 0.042 0.050 0.042 0.069 0.070 0.045 0.061

No double cohort
8 years 0.238 0.130 0.351 0.725* 0.304 1.371* 0.897*** 0.027 1.672***

(0.162) (0.191) (0.270) (0.402) (0.490) (0.695) (0.298) (0.548) (0.529)

N 939 443 496 939 443 496 939 443 496
R2 0.031 0.072 0.052 0.067 0.052 0.096 0.073 0.046 0.074

Notes: SOEP v31 waves 2006-2014. This sample contains the following states: Lower Saxony, Baden-Württemberg,
Bavaria, North-Rhine-Westphalia, Berlin, Brandenburg and Saxony-Anhalt. OLS regressions. All estimations
include a constant, a maximum set of state and year dummies, an academic-track dummy, interactions of
academic-track with state and year dummies, and control for sex in pooled estimations. Standard errors, re-
ported in parentheses, are clustered at wave-state-schooltype level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A5.7: Graduate Sample: Only States with many Observations

Self-assessed health BMI MCS

(1) (2) (3) (4) (5) (6) (7) (8) (9)
pooled male female pooled male female pooled male female

All
8 years –0.019 –0.139 0.125 –0.550 –0.354 –0.622 0.686 0.824 1.335

(0.128) (0.195) (0.172) (0.482) (0.633) (0.594) (0.949) (1.765) (1.799)

N 1188 597 591 1188 597 591 1188 597 591
R2 0.040 0.046 0.048 0.093 0.055 0.058 0.060 0.056 0.075

No double cohort
8 years –0.139 –0.131 –0.268 –1.270*** 0.383 –3.029*** 3.524 0.550 9.928**

(0.115) (0.246) (0.168) (0.352) (0.986) (0.955) (2.805) (3.444) (3.867)

N 944 469 475 944 469 475 944 469 475
R2 0.043 0.051 0.064 0.106 0.070 0.075 0.066 0.055 0.106

Notes: SOEP v31 waves 2008, 2010, 2012 & 2014. This sample contains the following states: Lower Saxony, Baden-
Württemberg, Bavaria, North-Rhine-Westphalia, and Saxony-Anhalt. OLS regressions. All estimations include
a constant, a maximum set of state and year dummies, an academic-track dummy, interactions of academic
track with state and year dummies, and control for Abitur two years ago, age in months and in pooled estima-
tions also for sex. Standard errors, reported in parentheses, are clustered at wave-state-schooltype level. * p <
0.1, ** p < 0.05, *** p < 0.01.

Table A5.8: Youth Sample: Heterogeneity by Parental Education

Low parental education High parental education

(1) (2) (3) (4) (5) (6)
pooled male female pooled male female

Self-assessed health
8 years –0.067 –0.107 0.001 0.006 0.108 –0.198

(0.125) (0.181) (0.163) (0.123) (0.178) (0.194)

BMI
8 years –0.050 –0.806 0.962 0.723* 0.298 0.950*

(0.495) (0.625) (0.694) (0.391) (0.572) (0.526)

Worry a lot
8 years 0.065 0.012 0.151 0.648** 0.099 0.998**

(0.324) (0.557) (0.454) (0.265) (0.288) (0.492)

N 819 393 426 442 224 218

Notes: SOEP v31 waves 2006-2014. OLS regressions. All estimations include
a constant, a maximum set of state and year dummies, an academic-track
dummy, interactions of academic-trackwith state and year dummies, and con-
trol for sex in pooled models. Standard errors, reported in parentheses, are
clustered at wave-state-schooltype level. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A5.9: Graduate Sample: Heterogeneity by Parental Education

Low parental education High parental education

(1) (2) (3) (4) (5) (6)
pooled male female pooled male female

Self-assessed health
8 years –0.030 –0.229 0.174 –0.299 –0.237 –0.276

(0.149) (0.256) (0.340) (0.240) (0.345) (0.353)

BMI
8 years –1.216** –1.684 –0.248 1.104 2.004*** 0.100

(0.553) (1.111) (0.564) (0.719) (0.629) (1.176)

MCS
8 years 1.288 –0.108 4.090 2.990 2.423 1.570

(1.894) (2.159) (5.523) (2.149) (4.538) (3.430)

N 877 457 420 357 173 184

Notes: SOEP v31 waves 2008, 2010, 2012 & 2014. OLS regressions. All esti-
mations include a constant, a maximum set of state and year dummies, an
academic-track dummy, interactions of academic-track with state and year
dummies, and control for sex (only in pooled models), Graduation two years
ago, and age in months. Standard errors, reported in parentheses, are clus-
tered at wave-state-schooltype level. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table A5.10: Youth Sample: Standard error calculations

p-values from clustering

Coefficient State-year-school type State State bootstrapped
Self-assessed health

pooled –0.036 0.670 0.662 0.654
male –0.022 0.868 0.817 0.812
female –0.049 0.683 0.603 0.720

BMI

pooled 0.386 0.255 0.295 0.308
male –0.143 0.723 0.739 0.728
female 1.182 0.006 0.019 0.030

Worry

pooled 0.380 0.085 0.175 0.202
male –0.038 0.896 0.867 0.858
female 0.708 0.012 0.074 0.176

Notes: SOEP v31 waves 2006-2014. Coefficients on the reform dummy from OLS regressions. All esti-
mations include a constant, a maximum set of state and wave dummies, an academic track dummy,
interactions of academic track with state and wave dummies and control for gender in pooled mod-
els (reference category: male). P-values are obtained from conventionally clustered standard errors
at wave-state-schooltype level and at state level in the first two columns. The third column displays
p-values obtained from wild-cluster bootstrapping at state level.
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Table A5.11: Graduate Sample: Standard error calculations

p-values from clustering

Coefficient State-year-school type State State bootstrapped
Self-assessed health

pooled –0.038 0.747 0.819 0.836
male –0.053 0.766 0.817 0.770
female –0.035 0.842 0.870 0.874

BMI

pooled –0.162 0.755 0.778 0.868
male –0.198 0.722 0.720 0.692
female –0.300 0.671 0.715 0.764

MCS

pooled 1.006 0.435 0.471 0.464
male –0.053 0.976 0.979 0.986
female 2.204 0.394 0.383 0.364

Notes: SOEP v31 waves 2008, 2010, 2012 & 2014. Coefficients on the reform dummy from OLS regres-
sions. All estimations include a constant, a maximum set of state and wave dummies, an academic
track dummy, interactions of academic track with state and wave dummies and control for gradu-
ation two years ago, age, and additionally for gender in pooled models (reference category: male).
P-values are obtained from conventionally clustered standard errors at wave-state-schooltype level
and at state level in the first two columns. The third column displays p-values obtained from wild-
cluster bootstrapping at state level.

Table A5.12: Youth Sample (excluding double cohort): Standard error calculations

p-values from clustering

Coefficient State-year-school type State State bootstrapped
Self-assessed health

pooled 0.063 0.636 0.663 0.710
male 0.054 0.736 0.662 0.674
female 0.126 0.528 0.451 0.526

BMI

pooled 0.659 0.141 0.224 0.254
male –0.170 0.774 0.839 0.876
female 1.130 0.073 0.056 0.068

Worry

pooled 0.541 0.037 0.046 0.038
male –0.295 0.552 0.397 0.372
female 1.119 0.003 0.024 0.054

Notes: SOEP v31 waves 2006-2014. Coefficients on the reform dummy from OLS regressions. All esti-
mations include a constant, a maximum set of state and wave dummies, an academic track dummy,
interactions of academic track with state and wave dummies and control for gender in pooled mod-
els (reference category: male). P-values are obtained from conventionally clustered standard errors
at wave-state-schooltype level and at state level in the first two columns. The third column displays
p-values obtained from wild-cluster bootstrapping at state level.
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Table A5.13: Graduate Sample (excluding double cohort): Standard error calculations

p-values from clustering

Coefficient State-year-school type State State bootstrapped
Self-assessed health

pooled –0.061 0.597 0.743 0.780
male 0.086 0.697 0.791 0.854
female –0.234 0.262 0.295 0.262

BMI

pooled –0.373 0.422 0.448 0.408
male 1.092 0.267 0.283 0.284
female –2.222 0.022 0.067 0.148

MCS

pooled 1.990 0.345 0.447 0.442
male –1.558 0.597 0.683 0.664
female 6.137 0.035 0.079 0.146

Notes: SOEP v31 waves 2008, 2010, 2012 & 2014. Coefficients on the reform dummy from OLS regres-
sions. All estimations include a constant, a maximum set of state and wave dummies, an academic
track dummy, interactions of academic track with state and wave dummies and control for gradu-
ation two years ago, age, and additionally for gender in pooled models (reference category: male).
P-values are obtained from conventionally clustered standard errors at wave-state-schooltype level
and at state level in the first two columns. The third column displays p-values obtained from wild-
cluster bootstrapping at state level.

Table A5.14: Description of Variables

Variable Description

Self-assessed health Self-reported health on a scale from (1) very good to (5) bad.
Body mass index (BMI) calculated from self-reported weight and height.
Overweight Dummy indicating whether BMI >= 25.
Worry a lot “I see myself as someone who worries a lot.” On a scale from (1) not

at all to (7) very much.
Mental component scale (MCS) standardized compound measure of mental well-being normalized to

mean 50 and standard deviation 10.
8years Dummy indicating whether student affected by the reform.
Female Dummy indicating whether student is female.
Age (months) Student age in months.
Migration background Dummy indicating whether student was has at least one parent who

was not born in Germany.
Rural Dummy indicating whether student lives in a rural area.
Non-intact family Dummy indicating whether student comes from a non-intact family

i. e. has not lived in one household with both
parents for at least one year before the youth survey.

High parental education Dummy indicating whether at least one parent finished higher
secondary education.

Academic Track Dummy indicating whether students visited the academic track
(Gymnasium).

Abitur two years ago Dummy indicating whether student graduated (hypothetically for
vocational tracks) two years prior to the survey.

Double cohort Dummy indicating whether student graduated in a double cohort.
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