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1 Introduction

1.1 The Role of Human Capital in Economics

There is a large and growing body of evidence supporting the now widely accepted
idea that human capital is the key to success for both individuals and societies.
Various individual outcomes such as labor market success (Card 1999) and health
(Brunello et al. 2013; Silles, 2009) are found to be affected beneficially by human
capital, as is economic growth (Hanushek, and Woessmann, 2008) and other facets
of a society’s overall well-being (Michalos 2008). Education is a key means of
accumulating human capital and there are several reasons why government
intervenes in the education sector, including credit constraints (Carneiro, and
Heckman, 2002), externalities (Lochner 2011), and, with the Internet spreading
knowledge throughout the world, an ever increasing non-excludability (Stiglitz
1999).

Hence, due to these market failures and its importance for growth, education policy
can be effective in increasing welfare, which is why economists became interested
in the determinants of education. The theoretical and methodological foundations
of education research, however, have been laid rather recently in economics.
Theoretical modeling in macroeconomics, for example, neoclassical growth theory,
ignored human capital (Solow 1956; Swan 1956), as did early endogenous growth
models (Domar 1946; Harrod 1939). Mankiw, Romer, and Weil (1990), Romer (1989),
and Lucas (1988) were the first to include human capital in the respective
frameworks. In microeconomics, Becker (1962), Mincer (1958), and Schultz (1961)
laid the groundwork for future research in this area. Today, there are varying views
in microeconomics on how to formalize education’s role in economic models with
each having its merits, including: human capital as increasing labor productivity
(Becker 1964), human capital as multidimensional (Gardner 1974), the skill to adapt
in disequilibrium situations (Nelson and Phelps 1966), the capacity to live in an
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hierarchical society (Bowles, and Gintis, 1975), or as a sole signal for an individual’s
underlying ability (Spence 1973; Weiss 1995).

Computational and statistical capabilities have developed rapidly over the past
decade. Methods mimicking experimental designs that are now standard tools were
popularized in the second half of the 20th century. For panel data methods, see
Anderson and Hsiao (1982); for instrumental variable (IV) approaches, see Reiersel
(1945) and Wright et al. (1928). Other methods were popularized quite recently, for
example, difference-in-differences (DID) (Ashenfelter, 1978; Card, and Krueger,
1994). Regression discontinuity (RD) was invented by Thistlethwaite and Campbell
(1960) but became popular in education research only recently (Imbens, and
Lemieux, 2008). Card (1990) implicitly used synthetic controls, but it took some time
before this approach became common among applied microeconometricians
(Abadie, and Gardeazabal, 2003). Started by Rosenbaum and Rubin (1983), in the
1990s there was an extensive debate about whether matching methods are better at
reducing selection bias than standard regression analysis (Dehejia, and Wahba,
1999; Smith,and Todd, 2005). At a minimum, what this debate has shown is that
matching methods provide a convincing way to select the observations on which
other estimation methods can later be applied. These methods are today the basis of

causal inference in the economics of education.!

This dissertation contributes empirically in that intersection of micro- and
macroeconomics by investigating determinants of education in Chapters (2), (3) and
(5). Chapter (4) analyzes educational inequality that may cause economic inequality.
Chapters (2) to (4) use panel data models to account for potential endogeneity while
Chapter (5) employs an IV approach.

Education’s empirical importance, theoretical and methodological progress, data
availability, and the general expansion of economics into other fields of social
science (Grossbard-Shechtman, and Clague, 2002; Hirshleifer, 1985) led economists
to become increasingly interested in education itself. Early seminal works in the

empirical economics of education include, for example, Mincer (1974) on the

! For a general history of econometrics see Epstein (2014); for recent developments, see Imbens and
Wooldridge (2009).
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returns to education, Coleman (1966) on the relationship of school inputs and
student achievement, and Hanushek (1971) on teacher research.?

1.2 Educational Production

Bowles (1970) and Hanushek (1979) developed the educational production
framework, (EPF) that formalizes economic thinking on education. The EPF is the
theoretical foundation of Chapters (2) to (4) of this dissertation and it regards

cognitive achievement as a commodity that can be produced:

Yie =Yt [FiSiy Xi il (1-1)

Cognitive achievement y of individual 7 at time #in some cognitive dimension is a

function defined by the technology y, (.) that translates the educational inputs into
the educational outcome. The educational inputs are a vector of the entire history of

all family # school S, and all other inputs X up to time # as well as the mental

endowment y; .

The EPF has been investigated meticulously and certain of its properties, such as
substitutability of inputs (Linden 2008), nonlinearities (Baker 2001), and dynamic
decay (Sass, Semykina, and Harris 2014) have been discovered. In practice, it is
mostly linear functions with additively-separable inputs that are estimated (Todd,
and Wolpin, 2003), and this is the approach taken in Chapters 2 and 3 of this
dissertation. Chapter 4 investigates an adjusted version of the approach to be
applied to teacher grading.

One important methodological issue is how to appropriately measure “education.”
Early studies focused on educational attainment, for example, years of schooling
(Mankiw, Romer, and Weil 1990; Psacharopoulos 1994); more recent studies focus
on educational achievement measured by standardized test scores (Bishop, 1997;
Heyneman, and Loxley, 1983), non-cognitive skill measures (Heckman, and
Rubinstein, 2001), or other educational outcomes such as dropout rates (see Chapter
5).

2For an overview of the economics of education field, see Hanushek, Machin, and Woessmann (2016)
and other volumes of the series.
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One strand of literature focuses on teachers and their impact on student
achievement, with findings mostly stemming from the United States. Teacher
quality is found to vary substantially in that country (Rivkin, Hanushek, and Kain,
2005), while I find the variance to be substantially lower in Germany (Chapter 2).
Although teachers matter, there are hardly any observable teacher traits that
correlate with teacher quality (Hanushek, and Rivkin, 2010). I find, for Germany,
that the high school leaving diploma and performance on one of two exams taken
for teacher certification matter for teachers’ effectiveness in Chapter (2), as does
their experience in Chapter (3). Some work studies incentive-pay schemes for
teachers, finding mostly favorable effects on student achievement (Lavy, 2009;

Muralidharan, and Sundararaman, 2009).

That literature commonly employs so called value-added (VA) models in which the
lagged value of the outcome variable is used as a right-hand side variable to account
for the entire history of educational production up until the timing of the lag. As
education takes place over the entire life-cycle, empirical analyses have to take the
entire past into account. Therefore, the VA approach is a convenient way to solve
the otherwise almost impossible task of providing data for individuals over their
entire lifespan.

Research concentrating on the individual student and her family chiefly focuses on
the intergenerational mobility of education (Bjorklund, and Salvanes, 2011),
particularly for disadvantaged students (Betts and Roemer 2005). Although family
traits are very important in the intergenerational mobility of education, they are
difficult to manipulate by policy and thus other sorts of public intervention are of
interest. For example, it is found that monetary and, especially, nonmonetary
incentives can have a significant positive impact on students, and effects are

stronger the earlier they are offered (Levitt et al. 2012).

There are several school and classroom attributes that can affect student
achievement. One of these is class size, although it is far from settled whether bigger
or smaller class sizes are optimum. Many studies show that smaller classes increase
student achievement (Angrist, and Lavy, 1997); others find the effect to be
insignificant (Hanushek, 2003). Peers have been found to significantly affect the
individual student (Sacerdote 2011), but these effects are hard to identify in the
absence of explicit random assignment (Angrist, 2013). Another strand of research
that focuses on peer quality has moved away from measures of average peer quality
to ranking students within the classroom achievement distribution and finds

significant positive effects of a higher rank (Murphy, and Weinhardt, 2014).
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Other studies take a broader look at the school system in general. School choice
(Angrist et al. 2006), competition (Bohlmark, and Lindahl, 2015), accountability, and
autonomy can be powerful tools for education policy to increase welfare
(Abdulkadiroguglu et al. 2011) if put together in the right mix (Bishop, 1997;
Woessmann et al. 2009). Central exit exams can provide such an environment and
are found to positively affect students’ academic and labor market performance
(Jurges et al. 2005; Piopiunik et al. 2013). Tracked school systems are a particularly
European topic and are found to have negative effects on disadvantaged students,
nor do they advantage high performing students (Hanushek, and Woessmann, 2006;
Kerr, et al. 2013).

Compared to secondary education, there is much less research on tertiary
education. Parey and Waldinger (2011), for example, use the expansion of the
ERASMUS scholarship program to investigate the causal effect of studying abroad
and find that it increases the likelihood of working abroad by 15 percent. Chapter 5
contains a more extensive review of the literature on this topic and an investigation

of the impact of the Bologna reform on student outcomes.

1.3 Causal Inference

Angrist and Pischke (2008) set a standard for investigating causal effects in the
absence of a deliberately randomized treatment. Usually, there are several reasons
for why correlations do not imply causation (e.g., omitted-variable bias, reverse
causality) and why regression coefficients do not accurately measure the impact of

one variable on the other (e.g., measurement error in the independent variable).?

Randomized control trials (RCT) produce deliberate randomized treatments and are
viewed as the gold standard in causal inference. In these trials, some treatment’s
intensity is randomized between the participants; hence any potential confounding
factors that may be of importance for the respective outcome cannot be correlated
with the treatment itself and ordinary least squares (OLS) estimates consistently
estimate the causal effect of the treatment. In education research, typically practical
issues such as cost, ethics, self-selection into treatment, long durations, and external

validity may hinder the realization or its interpretation.

3 For a practical guide to standard econometric tools in the economics of education, see Schlotter,
Schwerdt, and Woessmann (2011).
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Other methods to estimate causal effects depend on the identifying assumption the
researcher is willing to make. A natural place to start is conditional random
assignment of treatment on covariates. In this case, some treatment is randomized,
but only after accounting for certain factors. Conditioning on these factors either in
a matching or OLS framework can solve the problem of omitted-variable bias or

selection on observables, depending on the specific setting.

One main problem in observational studies in the economics of education is
unobserved, time-invariant heterogeneity of observational units that is correlated
with the treatment. A classic example of this is when students with a strong, but
unobserved, innate ability select themselves into some treatment, for example,
smaller classrooms. Ordinary least squares estimates of the effect of test score on
class size would then be biased downward. One standard method for dealing with
such a problem, when panel data are available, is FE estimation. De-meaning (or
first differencing) the outcome and the right-hand side of the regression model
removes the unobserved ability component. Hence, OLS estimates of the de-meaned
model will no longer be biased by the component that was algebraically canceled

out.

A special case of FE is the DID approach, which can be applied in cases where a
policy affects a particular group. Assuming that this group would have, over time,
developed the same as the rest of the population in the absence of the policy, this
method yields a consistent estimate of the treatment effect by comparing changes in

the outcome variable over time across groups.

A widely used panel data model in teacher research is the VA representation of the
EPF, which can be viewed as an adjusted fixed effects (FE) model that does not de-
mean or first-difference the independent variable. This model is used in Chapters
(2) and (3). One crucial assumption of this model is random assignment of teachers
to students conditional on a lagged measure of student achievement. However, this
is a much-debated assumption, and there is some question of whether results from
VA models “can be trusted” (Chetty et al. 2014; Goldhaber, and Chaplin, 2015) or not
(Guarino et al. 2014; Rothstein, 2010).

The IV approach is an established technique for dealing with endogeneity of the
treatment. The identifying assumption is that there exists some variable that is
correlated with the variable of interest, but not with any other factor determining
the outcome that cannot be controlled for. This exogenous variation, for example,

may stem from governmental randomization or other unforeseeable and
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unswayable conditions. An example is (high-quality) schools that are oversubscribed
and base their enrollment on lotteries. The lottery’s outcome can be used to
instrument the endogenous treatment of attending that particular school (Angrist,
Pathak, & Walters, 2013).

RD designs belong to the class of IV estimators. In an RD setting, the identifying
assumption is that individuals who are (closely) above and below a cutoff (e.g., date
or score) share the same unobserved attributes that may be correlated with the
treatment of interest (Schwerdt, West, & Winters, 2015). IV is also a powerful way of
dealing with (classical) measurement error in the independent variable that causes
attenuation bias toward zero in OLS estimations. If the standard assumptions of
relevance and exogeneity of the instrument are fulfilled even in the presence of

measurement error, the IV estimate is consistent.

To test for statistical significance, standard errors or test statistics must be estimated
appropriately. In education research there are several reasons for not assuming
homoscedasticity of the error term. For example, often there is serial correlation in
the error terms and no theoretical guidance on whether to assume a homo- or
heteroscedastic form of errors. As the heteroscedastic estimation of standard errors
is less restrictive and leads to consistent estimation even in the presence of
homoscedasticity, it should be preferred. Most studies refrain from imposing any
functional assumptions on the structure of the error term and use cluster-robust

standard errors (preferably) on the level of randomization.

1.4 Outline of This Dissertation

This thesis contributes to the literature on determinants of student achievement.
All chapters are about the educational system in Germany. Chapters 2 to 4 deal
with topics in secondary education using data from the German National
Educational Panel Study (NEPS), while Chapter 5 is about tertiary education using
data provided by the German Centre for Research on Higher Education and Science
Studies (DZHW). The impact of teachers, the role of the Bologna Reform, and the
gender-specific pattern of grading students by teachers are analyzed.
Conceptually, all chapters are based on the educational production framework.
Methodologically, microeconometric methods to account for likely biases are

employed in order to facilitate causal interpretation of findings.

Short and stylized overviews of the educational institutions relevant in the context

of the studies are presented in Chapters 2.2, 3.3 and 5.3. Education policy in
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Germany is set at the state level, thus complicating the discussion of a “German”
education system, as there are 16 states. If not stated otherwise, I refer to all 16
states. For a detailed overview of the 16 education systems in the year of 2010, see

Lohmar and Eckhardt (2010). Following is a brief summary of Chapters 2 to 5:

Evidence collected in schools in the United States reveals that principals are able
to identify effective teachers once the teachers have been teaching for several
years. However, the lack of observational evidence of teachers’ characteristics
before they enter the labor market prevents identification of effective teachers at
the hiring stage. To test whether effective teachers could be identified before
labor-market entry, I utilize the German setting in Chapter 2, in which prospective
teachers have to take a first exam on content knowledge and a second exam where
experts grade their teaching skills. I apply standard value-added models to rich
German student achievement panel data. I find that performance on the
pedagogical and high school leaving exam, but not on the cognitive exam, predicts
teachers’ effectiveness in schools. A better grade on the pre-service pedagogical
exam is associated with more efficient classroom management. I also find that the
distribution of teacher effectiveness is narrower in Germany than in the United
States.

Chapter 3 asks the question of what makes a “good” teacher. Outside of the United
States, little is known about determinants of teacher quality, and it is unlikely that
determinates discovered in the U.S. context are generalizable to other parts of the
globe. Using rich micro-level data from Germany, I exploit within-student,
between-subject variation in mathematics and German to account for potential
sorting of students and teachers. I investigate a battery of determinants from
various dimensions: demographics, attitudes, education, (previous) labor market
experience, and measures of intrinsic motivation. The results indicate that the
previously discovered positive effect of initial years of experience holds for
mathematics teachers, but not for German teachers. Furthermore, teachers in
both subjects become less effective later in their careers. Other potential

determinants do not have predictive power for teacher quality.

Are there systematic differences in the way teachers grade their male and female
students conditional on the same performance? In Chapter 4, using rich micro-
level data from NEPS and applying fixed effects estimators to account for
unobserved heterogeneity, I show that girls are graded worse in mathematics,
compared to equally performing boys, whereas boys are graded worse in German

compared to equally performing girls. No such gender gap exists for science. The
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findings are robust to several specifications and cannot be explained by observed

non-cognitive skills, teacher characteristics, or in-class activities.

Finally, by combining rich data on university students with administrative data on
universities’ study programs, Benedikt Siegler and I exploit variation in the timing
of Bachelor degree introduction across departments to investigate the impact of
the Bologna Reform on students in Chapter 5. To account for endogeneity in
students’ enrollment decisions, we apply an instrumental-variable approach based
on the distance differential between an individual’s nearest universities with a
Bachelor’s and a traditional degree program. Overall, we find no effects of the
reform on students’ mobility, dropout, and internship participation, although
there is indication that the reform reduced dropout for females and for high-

achieving students and increased study satisfaction.



2 The Effect of Pre-Service Cognitive and Pedagogical Teacher
Skills on Student Achievement

Evidence from German Entry Screening Exams'

2.1 Introduction

How can teachers be selected more efficiently? Teacher quality research shows that
there are few determinants that help identify effective teachers in service and even
fewer before service. This study increases our knowledge in this area by
investigating the screening devices employed by German education policy to
determine entry into the teaching profession: the grades received in two state

examinations.

The study makes two contributions. I provide the first empirical evidence on the
screening process for teachers in the German education system. Screening is
primarily based on grade point averages from two state examinations, which are
assigned by the respective federal state’s education ministry during the teacher
training program. As its second contribution, this is the first study to estimate the
variance of teacher quality in Germany. Due to the particular German teacher
training and labor market, the distribution of teacher quality is far from clear and is,
moreover, dependent on the assumptions one is willing to make for how the longer

and more organized screening works. While teacher quality is key for educational

! This chapter was developed in the context of the DFG Priority Programme 1646 “Education as a
Lifelong Process” with help by Ludger WolRmann. Futhermore, this chapter uses data from the
National Educational Panel Study (NEPS): Starting Cohort 3 - 5th  Grade,
doi:10.5157/NEPS:SC3:3.0.0. 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
Leibniz Institute for Educational Trajectories (LIfBi) at the University of Bamberg in cooperation
with a nationwide network.
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efficiency, its variance is essential for educational equity and, in the long run, for

economic equality.

Teacher screening is almost exclusively based on the (weighted) grade point average
the applicant received in two state examinations. The first examination measures
cognitive and theoretical pedagogical skills; the second examination practical
pedagogical skills based, partially, on demonstration lessons graded by a head
teacher. I further analyze the teachers’ high school GPA (or “Abitur” grade), which
can be viewed as a second-order screening device that partially determines entry
into the teacher training programs at the university level. Effective selection of the
teaching force is likely to be a cost-effective way to increase educational outcomes
as good student-teacher matches will lead to real educational and accompanying
economic gains. Furthermore, as dismissing a teacher can be costly or even

judicially virtually impossible, effective screening is all the more important.

I apply a standard value-added model to very rich micro-level data from the German
National Educational Panel Study (NEPS) that comprises a nationally representative
sample of secondary school students to analyze the determinants and distribution of

teacher quality.

I find that teacher quality is very likely to be lower in Germany than in the United
States, with upper-bound estimates of 0.15 standard deviations (SD) in German and
0.13SD in mathematics. High school GPA and the grade received on the second state
examination are statistically significant determinants of teacher quality. These two

grades are correlated with less time needed for classroom management.

This part is organized as follows: Chapter 2.2 describes the literature on
determinants of teacher quality and the institutional background regarding teacher
training and the teacher labor market in Germany. The data are presented in
Chapter 2.3. Chapter 2.4 presents the value-added framework and the strategy for
estimating the parameters of interest. Chapter 2.4.1 discusses the estimation of the
teacher quality distribution and its results. Main results for the screening variables
are presented in Chapter 2.5 and their in-class time activity correlates in Chapter
2.6. Chapter 2.7 contains results for different student subgroups and Chapter 2.8

concludes.
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2.2 Background

2.2.1 Literature on Teacher Effectiveness

There is a great deal of work on teacher effectiveness in the economics of
education literature. For a general overview, see Hanushek, and Rivkin (2006).
This literature can be divided into three subfields: estimation of teacher quality
variance, investigations of determinants of quality differences, and analyses of

teacher policies or interventions.

The strand of the literature that focuses on the effects of teacher education or
certification is the one most closely related to this study. In the United States, this
research is mainly motivated by the fact that many states provide additional
compensation to teachers who hold a master’s degree or have been certified by the
National Board of Professional Teaching Standards. However, there appears to be
little or even no impact of an advanced degree on student learning (Clotfelter,
Ladd, and Vigdor 2006; D. Goldhaber 2002; Harris and Sass 2011; Rivkin, Hanushek,
and Kain 2005), and the literature provides mixed evidence as to the effects of
board certification. Some studies such as Cantrell et al. (2008) for Los Angeles and
Ladd, Sass, and Harris (2007) for North Carolina) identify a positive correlation
between effectiveness and NBPTS certification. Goldhaber and Anthony (2007),
however, show that NBTPS certification does not enhance teacher effectiveness.
Moreover, any observed correlation between certification and effectiveness might

be driven by more effective teachers being more likely to obtain certification.

Another strand of research investigates how teachers perform in examinations
themselves. Harris and Sass (2011) find no correlation between SAT performance
and classroom effectiveness in Florida, while Boyd et al. (2008) find a positive
correlation with mathematics SAT scores in New York City. Clotfelter et al. (2006)
find a very weak correlation between licensure test performance and classroom
effectiveness in North Carolina. However, several studies discover significant
relationships between measures more closely attuned to the content knowledge
used in teaching and student achievement (see the review in Baumert et al. (2010)).
Hill, Rowan, and Ball (2005) find that teachers’ mathematical knowledge is
significantly related to student achievement in the first and third grades in U.S.
elementary schools. Metzler and Woessmann (2012) estimate the causal effect of
teacher subject knowledge on student achievement using within-teacher within-
student variation, exploiting a unique Peruvian sixth-grade dataset that tested

students and their teachers in two subjects. This allows circumventing omitted-
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variable and selection biases by using student and teacher fixed effects and
observing teachers teaching both subjects in one-classroom-per-grade schools.
The findings suggest that a one standard deviation in subject-specific teacher
achievement increases student achievement by about 10 percent of a standard

deviation.

For Germany, the COACTIV study, which is embedded in the longitudinal
component of the German PISA 2003 study, involves two assessments of students
and their mathematics teachers at the end of grades 9 and 10. It provides evidence
on the association between student achievement and different dimensions of
teacher knowledge. Teachers were tested in mathematics-related content
knowledge (conceptual and/or procedural mathematical skills) and mathematics-
related pedagogical content knowledge (teachers’ knowledge of tasks, student
cognitions, and instruction). Results from COACTIV indicate significant
relationships between student achievement and two types of teachers’ knowledge:
content knowledge and pedagogical content knowledge (Baumert and Kunter 2011;
Baumert et al. 2010; Mareike Kunter et al. 2007).

There is also research more directly focused on the actual teaching process and
the impact of in-class activities on student achievement (for reviews of this
literature, see Seidel and Shavelson (2007) and Slavin, Lake, and Groff (2009). The
findings of this literature underscore the importance of teaching practices,
instructional skills, and classroom management for student performance. For
example, Kane, Staiger, and Rockoff (2010) and Tyler et al. (2010) find that
classroom management and instructional skills as measured by the Teacher
Evaluation System in Cincinnati can predict student achievement. Their classroom
observation measures capture teaching practices such as “the teacher establishes
effective routines and procedures ... and manages transitions to maximize
instructional time” and “the teacher engages students in discourse and uses
thought-provoking questions.” Lavy (2010) finds that teaching emphasizing in-the-
classroom instilment of knowledge and comprehension has a very strong and
positive effect on test scores. A meta-analysis by Slavin et al. (2009) reveals
significant impacts of cooperative learning programs in mathematics instruction
that target teachers’ instructional behaviors rather than mathematics content
alone. Lou et al. (1996) argue that within-class grouping, a typical component of
cooperative learning strategies, has potential to enhance student achievement.
However, another meta-analysis by Dignath and Buettner (2008) reveals negative

impacts of group work for primary school students. Based on data from the
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National Educational Longitudinal Study, Goldhaber and Brewer (1997) find that
instruction in small groups and emphasis on problem solving is associated with
lower student mathematics test scores for 10th-grade students. Aslam and Kingdon
(2011) analyze student achievement data for Pakistan and find that students have
higher test scores when taught by teachers who spend more time on lesson
planning and ask more questions in class. In his quasi-experimental evidence on
class-size effects in Europe, Woessmann (2005) shows that the impact of class size
on student achievement decreases with teacher quality.

2.2.2 Educational Institutions

In Germany, teaching is organized in classes, rather than by courses and, in
general, all students in one classroom receive teaching from the same teacher in a
given subject, thus not affecting estimation due to within-classroom tracking.
Furthermore, teachers do not specialize in teaching one specific grade, but are
assigned by school management to certain classes on a yearly basis. Teachers
teaching a certain subject in Grade 5 are therefore quite likely to teach the same

class in Grade 6.

2.2.2.1 Prospective Teachers’ Transition from High School to University

Secondary education is tracked in Germany and only specific tracks give access to
tertiary education. The degrees that give access to universities are all designed quite
similarly and are earned during the last two years of high school and by the final
examinations. Students are somewhat free to choose a set of courses and their
duration and receive a final grade every semester for every class they have taken.
Students additionally choose to be tested in four or five subjects by somewhat
standardized final examinations. A weighted average of grades earned each
semester, the grade received on one term paper, and final examinations form the
high school GPA.

Conditional on having earned one degree giving access to university, enrollment in
tertiary education is either open or almost exclusively based on the high school
GPA.? After a student who wishes to become a teacher receives her high school

degree, she applies to university programs that are designed to determine the school

2 Some programs also give weight to motivational letters or extracurricular activities.
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track, the subjects, and the state in which she will eventually teach. This is different
from the U.S. system in two important ways. First, in Germany, students do not have
a first year at university during which they receive general education in various
fields. Second, to a large extent the German teaching program in which a student
enrolls determines the future employment trajectory of a prospective teacher.

As the high school GPA includes grades received during two years of high school and
those received on four or five final examinations, it is quite rich in information. It is
also quite different from the U.S. SAT in that the grades included have been received
for written and oral examinations, presentations, term papers, and final
examinations in a broad range of subjects and thus the German high school GPA can

be regarded as a measure of general education.

2.2.2.2 Teacher Training for Secondary Education

In Germany, 75 to 80 percent of teachers are graduates of a formal teacher education
program (BMBF 2012). High school graduates who decide to enter a secondary
education teaching program may occasionally have to fulfill certain entry
requirements for a university, dependent on their high school GPA, and must
choose a program that is specific to a state, a school type, and (at least) two
academic subjects.

Once entered, teacher training for secondary education in Germany takes place in
two steps, with the structure and content of training varying partially on the state
level. Generally, the first phase takes place at a university and lasts four to six years,
depending on the state. The courses include (at least) two subjects that will later be
taught, pedagogics, and internships at schools. At the end of the first phase, student
teachers must take exams that measure theoretical knowledge in the taught subjects
and pedagogics. The outcome of these exams and the grades earned at the university

level (weighted by class credits) comprise the first state examination grade.

The second stage of teacher training involves a one-and-a-half to two-year practical
program of teacher seminars at teacher training schools. During this phase, every
student teacher is given a teaching position. Trainee teachers are employed and
teach regular classes. During this phase, trainee teachers must complete a thesis,
pass several oral examinations in the subjects taught, and present three
demonstration lessons that are rated by head teachers. The second state
examination grade is based on the thesis grade, the oral exams, and the assessments

of the demonstration lessons.
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2.2.2.3 Teacher Labor Market

Entry into the profession is based on the supply of teachers and the demand for
them by schools. Generally, teaching degrees specify the subjects to be taught, the
type of school, and the state, and the markets are divided accordingly. For each
cohort of student teacher graduates, each market clears on the basis of the

(weighted) grade point average in the two state examinations.

Teachers who successfully enter the profession rarely exit before retirement. The
mean leaving age for men is 60, for women 55, with medians of 62 and 60,
respectively (BMBF 2012, Table 3.2.). The two most common reasons besides
retirement for leaving (temporarily) are the birth of a child and long-term illness,
which explains why the leaving age distribution is skewed. Most teachers are civil
servants, and teacher pay is regulated at the state level, based largely on tenure

and partially on assessments by principals.

2.3 Data

I use data from the German National Educational Panel Study (NEPS), which is a
European education research project that began in 2010. The project draws from a
representative sampling of individuals from six starting cohorts; starting cohort one
(SC1) newborns, SC2 kindergarten students, SC3 fifth-grade students, SC4 ninth-
grade students, SC5 university students, and SC6 adults. There are data in SC1 to SC4
from parent questionnaires. SC2 to SC4 also include data drawn from interviews
with persons from other contexts in the student’s life. SC2 to SC4 include data from
educators’ questionnaires. In the school contexts of SC3 and SC4, data are available
from questionnaires answered by students, parents, and teachers of mathematics

and German, as well as by principals.?

Figure 2-1 is a graphical representation of the data employed in this study. I use data
from the first three waves of SC3 starting in 2010. Students in this cohort were
sampled using a stratified sampling procedure. Schools were randomly drawn from
the population of public schools to be representative by school type. From the
selected schools, two classrooms (if available) were randomly asked to participate in

the study. For students, participation in the study involves testing and completing a

3 For a detailed overview of the NEPS, see Blossfeld, Robach, and von Maurice (2011); for the
competence tests in particular, see NEPS (2011a, 2011b).
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questionnaire. Other relevant persons (parents, homeroom teachers, principals,
and teachers of mathematics and German) were also required to answer

questionnaires. Participation was voluntary.

In addition to the testing information, data from student and teacher questionnaires
were used for the main estimation specifications. The student questionnaires give
insight into socioeconomic background and are less affected by attrition than the
parental data, making them the optimal choice in the tradeoff between covariate
availability and representativeness. Table 2-1 contains a selection of student
background information by school track. which is later used as covariates, and also

includes the outcome variables.

In contrast to administrative data from the United States, the teacher questionnaires
are extensive and provide information about teachers’ demographics, philosophies,
educational goals, stress in the profession, colleagues, perception of the profession,
participation in extracurricular activities and further training, aspects of career
choice, certification, study history, subjects taught, high school GPA, and state
examination grades. To make estimates comparable to other studies, I standardize
the high school GPA and the grades received on the state examinations to have a
mean of 0 and a SD of 1, with any of them increasing meaning a better performance.
Table 2-2 provides information about basic teacher characteristics relevant for this
study. For a subset of teachers, data about in-class time use is also available and will
be analyzed in Section 2.5.

The outcome variables are scores on standardized tests in mathematics and
language, standardized to have a mean of 0 and a SD of 1. Testing in the first wave
took place in November and December 2010, near the beginning of the school year.

2.4 The Value-Added Model

The starting point of my main analyses is a slight variation of the educational
production framework developed in Todd and Wolpin (2003), which describes the

process of cognitive skill production as follows:

Yikt = 3’5 [FTs,j'X;c:Mf: Elkt] (2-1)

Cognitive achievement y of individual 7 at time ¢ in the cognitive dimension of
subject kis a function defined by the technology yX(.) that translates the educational
inputs of the vector of the entire history of all family and school (X) and teacher (')
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inputs until time £ as well as the subject-specific time-invariant mental endowment

u¥, into the educational outcome.

2.4.1 Distribution of Teacher Effectiveness in Germany

The final form of the value-added model is partly determined by available data and
is similar to the empirical model of Aaronson, Barrow, and Sander (2007).The data
include current test scores (Grade 7) in mathematics and language, two-year lagged
test scores (Grade 5), and time-invariant family and student inputs, and allow for an
analysis of the following additively-separable regression equivalent of Equation (2-1)
with teacher FE t:

v =yl + 1 +y X+ el (2-2)

Note that for this analysis it is essential to reduce the sample to students who were
taught by the same teacher in both years, as otherwise an individual teacher’s
contribution to educational production could not be disentangled from the other
teacher’s.* Figure 2-2 shows the distribution of the estimated teacher fixed-effects, as
well as the number of teachers and the respective estimated standard deviation of

teacher quality.

Note that, in contrast to common estimation results from the United States, these
results are neither shrunken nor have they taken into account general classroom
effects, including peer effects. Therefore, the estimates should be viewed as upper-
bound estimates of the teacher quality variance in Germany. The standard
shrinkage procedure as described, for example, in R. Chetty, Friedman, and Rockoff
(2013a), as well as adjustments for classroom effects require multiple years of
teacher observations, which are not available in my data. Generally, shrinkage leads
to about a 15 percent decrease in mathematics and a 25 percent decrease in
language standard deviations. (Rothstein 2010) This would result in estimates of the
SD of 0.11 and 0.12, respectively, which, compared to U.S. estimates, are at the
bottom of the estimate ranking (Hanushek & Rivkin, 2010) without even adjusting

for classroom effects.

* If students from lower-achievement trajectories are more affected by the breaks of student-teacher
matches, then, naturally, the teacher quality variance would be underestimated. However, there is
no descriptive evidence that students with the same teacher in both years are different from ones
with two teachers.
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This finding leads to the following hypotheses. First, under signaling theory, it could
be the case that German teaching degrees actually signal underlying teaching ability
and the distribution of teacher applicants is cut at some threshold point, leading to a
narrower distribution. Second, under human capital theory, it may be that those
beginning teachers who are in the bottom part of the underlying teacher ability
distribution who especially benefit from teaching programs, hence compressing the
teacher quality distribution. The data at hand are not capable of determining
whether signaling or human capital theory applies nor whether decreasing the

teacher quality variance is more about screening teachers or educating them.

2.4.2 Pre-Service Cognitive and Pedagogical Teacher Skills

To investigate the relationship between teacher effectiveness and teacher skills, I

replace the teacher FE component with the respective trait T as in:
Yir = Xy + B X Tjis ) +vX{ + &5 (2-3)

The test score y of student 7 at the beginning of Grade 7 in the skill domain k €
(math, language) is a function of its second lag yk, teacher /s trait T, and 7s
individual and family inputs. Note that the sample is limited to students who were
taught by the same teacher in both Grades 5 and 6, as otherwise the teacher

components cannot be distinguished.

The direct estimate of the effect of teacher characteristics on student achievement
produced by Equation (2-3) is not biased by between- or within-school sorting of
students based on unobservable student traits. However, to interpret the estimated
vector of coefficients  causally, one would have to make the identifying assumption
that unobservable teacher characteristics that directly influence student
achievement are not related to the observed teacher characteristics. This is a strong
assumption and one that is likely to be violated. Hence, I interpret the estimates as
correlates of teacher quality, which is standard in the literature on teacher

effectiveness.

One potential threat to identification may be that students on high-achievement
trajectories are assigned to teachers based on observable teacher traits. However,
this is unlikely, as almost all students in the sample had just switched from primary
to secondary school and their parents therefore do not yet have enough knowledge

about the new school environment to successfully manipulate teacher or classroom



20 Effect of Pre-Service Cognitive and Pedagogical Teacher Skills

assignment. Additionally, Fischer and Enzi (2016) provide suggestive evidence that,

conditional on attending a particular school, classroom assignment is random.

Nor are the results confounded by selection into schools or by time-invariant
student subject-specific ability component, as the standard VA model accounts for
these aspects by including the lagged test score that captures both, as in a standard

first difference specification.

2.5 Main Results

All standard errors and test statistics are based on cluster-robust standard errors at
the school level—the initial stage of the stratified sampling procedure of NEPS.®
Table 2-3 and Table 2-4 show the main regression results of math and language
teachers, respectively, and their high school GPA and state examinations for the
two-year gain specification. Table 2-5 shows the same results for language teachers,
but for the skill domain of vocabulary in Grade 6, holding constant reading speed,
comprehension, and orthography in Grade 5. If these three test scores from Grade 5
jointly cover the hypothetical Grade 5 vocabulary skill, all the exclusion restrictions
of a regular VA model hold. Columns (1) through (3) are simple OLS regressions
including solely one teacher grade at a time and the lagged test score from the
beginning of Grade 5. Columns (4) through (6) add student covariates, and Columns
(7) through (9) add Grade 5 test scores in perception speed, logic, and either math or
language. Finally, Column (10) puts all teacher grades in one specification. Due to a
comparably small sample, item non-response, and relatively high correlations
between grades (ranging from 0.25 to 0.5) my preferred specifications are those of
Columns (7) through (9). All teacher grades are standardized to have a mean of 0 and
a standard deviation of 1, as are the student test scores. The estimates can be
interpreted as follows: a one unit or one SD increases student gains by the estimate
measured in SD.

High school GPA is an economically and statistically significant determinant of
teacher effectiveness in almost all specifications and in both subjects. Table 2-3
starts out with an estimate of 0.06, decreasing to 0.04 when adding basic student
covariates, which is not statistically different from the original estimate. Adding

covariates without the estimate substantially changing supports my assumption of

® Clustering at the classroom level does not substantially alter the standard errors.
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conditional random assignment of teachers to classrooms. Adding additional test
results yields my preferred estimate of 0.035; thus a teacher having a one SD higher

high school GPA is associated with an increase in student achievement of 3.5% SD.

The exact same pattern can be found in Table 2-4 for two-year gains in student
language achievement, albeit with less explanatory power, as is usual in research on
determinants of teacher effectiveness as, apparently, it is either harder to measure
language skills or it is harder to influence them. Evidence for the first scenario can
be found in the substantially lower #* throughout all specifications compared to the
math results. Less persistence in language skills is another, but unlikely,

explanation.

Somewhat surprisingly, the pattern of the high school GPA being a strong
determinant reappears for one-year gains. It may be that as I do not have to restrict
the sample to students who were taught by the same teachers in both years, I gain
some statistical power through more observations. This finding is probably not due
to less measurement error or higher persistence in this skill domain because the
coefficient of determination is not substantially different from the previous one.
Even with conditioning on a teacher’s state exam grades, the high school GPA

preserves its strong predictive power for student achievement.

In this simple specification, it is solely the high school GPA of both subjects’
teachers and the second state examination of math teachers that play a role in
determining student achievement. Adding basic student covariates does not alter
the results substantially, but reduces standard errors. Further refining the
estimation procedure by adding test scores in logic, perceptual speed, ICT, and math
or language further decreases the standard errors but does not alter the point
estimates, consistent with random assignment of teachers conditional on the lagged
test score. As found in other studies, the impact of determinants is less significant
for language teachers than for math teachers. A one-point increase in a math
teacher’'s Abitur grade increases student learning by 6 percent of a standard
deviation, while a one-point increase in the second state examination increases it by

4 percent of a standard deviation.

The first state exam’s (FSE) grade is almost always an economically and statistically
insignificant determinant of student achievement, in line with the mixed findings
for SAT scores, which are also comprised of one-shot, large-scale exams, but in
contrast to findings about teacher subject knowledge by Baumert et al. (2010) and

Metzler and Woessmann (2012). The first state exam, however, is not solely based on
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a teacher’s knowledge about one subject, but on knowledge of two or three and also
includes theoretical pedagogical knowledge, hence potentially adding measurement
error that leads to attenuation bias toward zero. It appears that the weighted average
of the FSE is not a good determinant by itself for student achievement in either
subject and regardless of the gain specification.

The results for the second state exam (SSE) are insignificantly different from zero,
but lean toward a positive relationship. As the teachers were asked last about their
SSE, it is the most affected by item non-response, for various possible reasons. It
may be that teachers only knew their overall state exam grade and put this down for
the FSE, it may be that they were discouraged by the length of the questionnaire, or
it may be that the questions about grades were perceived as too intimate an inquiry,
a subject about which the respondents felt uncomfortable or defensive. Hence, the

results are mixed, but point toward a positive relationship.

2.6 Pre-Service Exams and In-Class Time Use

The results found for good grades in Abitur and on the SSE may be because these
teachers act substantially different in the classroom than their lower-scoring
counterparts. Hence, correlations of pre-service exam results and in-class time use
may shed some light on the underlying forces at work. Simple regression results are
presented in Table 2-6 for a subset of math and language teachers who were, in
addition to the basic questionnaire, asked about the share of time they commit to
certain activities within the classroom. Column (1) shows the result for the share of
time spent discussing homework, Column (2) for teacher presentations, and
Columns (3) and (4) for tasks with and without assistance, respectively. Column (5)
represents time spent on repetitive drills, Column (6) on taking tests, Column (7) on
classroom management, and Column (8) on other activities. There are no significant
results with the exception of better teachers, in terms of Abitur and SSE grades,
needing less time for classroom management. Hence, more effective teachers seem
to be so because they need less time for classroom management and hence have
more time for other activities, which are, in turn, classroom specific and not of the
“one size fits all” variety and hence in contrast to the findings of Schwerdt, and
Wuppermann (2011) that find traditional teaching to be beneficial for students.

2.7 Heterogeneous Effects and Nonlinearities

Some subgroups of students have been shown to especially benefit from certain

teacher traits (Dee, 2005), and girls have been shown to benefit from a single-sex
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classroom in mathematics. Hence, it may be that the main results are driven by
some teachers adjusting better to girls’ needs in mathematics class. Table 2-7 and
Table 2-8 show results for boys versus girls and pupils with a migration background

versus natives, respectively.

Table 2-7 makes it clear that girls gain less in mathematics over time than do boys
(see line labeled “Female”). If anything, it seems that girls benefit more from
teachers with higher grades in high school and on the FSE, whereas boys benefit
more from teachers with higher teaching capabilities as measured by the SSE.

Table 2-8 reveals that students with a migration background tend to gain less over
time. Adding interaction terms of migration status and teachers’ grades yields no
statistically significant findings for migrants, although there is a tendency toward a
negative correlation. However, inclusion of the migration status interaction reveals
positive and significant findings for the native population for Abitur, FSE, and SSE,
with SSE having the most consistent such effect. Natives are more affected by the
SSE than are migrants: A one SD increase in a teacher’s grade in SSE leads to 3.2%

higher annual gains in math test scores for them.

I take a deeper look at the discovered effects of the state examinations and teachers’
high school GPA by dividing these variables into quartiles and searching for
potential nonlinearities, which are likely according to Jacob and Lefgren (2013), who
found that principals can more easily tell who are the best and worst teachers, but
are not doing so well at telling mediocre teachers apart from each other. Table 2-9
shows that the results in mathematics stem from the top teachers: even the FSE
turns significant with a top teacher, leading to a 7.7% increase in student
achievement. Hence all three grades are good at distinguishing the best from the
rest when it comes to mathematics teachers. No such pattern exists for language

teachers.

2.8 Conclusion

This study investigates the distribution and determinants of teacher quality in
Germany, in particular pre-service skill measures for teachers in the form of two
state examinations and the high school leaving diploma using rich micro-level panel
data from a nationally representative sample of secondary school students starting
in Grade 5. To account for potentially endogenous sorting of students into schools
and classrooms, I employ a value-added model that controls for a student’s previous

performance within the same skill domain.
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Overall, I find that teacher quality variance is lower in Germany than in the United
States, consistent with either a tighter screening process or decreasing gains from
these programs over the student teacher quality distribution. Students’ mathematics
gains are more likely to have predictors than are their language gains, as is common

in the test score literature.

I find no impact from the FSE, a measure of theoretical knowledge in the teacher’s
subjects and pedagogics, on student gains, with the exception being the best quartile
of teachers on math test scores. The second state examination is somewhat
predictive of student achievement in mathematics, also stemming from the highest
quartile of teachers. The high school leaving diploma is the most powerful and

consistent predictor of teacher effectiveness.

The German teacher-hiring process provides a setting for a regression discontinuity
approach that can be used for further research, as teachers in a given subject, state,
and school track are hired up to a certain threshold each year. Longer and larger
panel datasets would yield more credible results for the teacher quality variance,
could be used to disentangle classroom from teacher effects, and would allow for

standard shrinkage procedures.

One potential problem of teacher research in Germany is that teacher-classroom
matches, which are endogenous to student achievements, are not—as in the U.S.
system—limited to one year, but hypothetically can continue until the end of high
school.
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3 Determinants of Teacher Effectiveness
Within-Student Between-Subject Evidence from Germany*

3.1 Introduction

What makes a good? teacher? A large and still growing body of literature has
investigated the distribution and potential determinants of teacher quality.® Teacher
quality, as evaluated by raising standardized test scores,* has been found to vary
substantially, although most investigated determinants either lack economic or
statistical significance. Furthermore, most studies stem from the educational context
of the United States, which has a unique institutional setting in terms of schooling in

general and of teacher training and teacher labor markets in particular.

! This chapter was developed in the context of the DFG Priority Programme 1646 “Education as a
Lifelong Process” with help of Ludger Wé8mann and Guido Schwerdt. Furthermore, this chapter
additionally uses data from the National Educational Panel Study (NEPS): Starting Cohort 4 - 9th
Grade, doi:10.5157/NEPS:SC4:1.0.0. 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
Leibniz Institute for Educational Trajectories (LIfBi) at the University of Bamberg in cooperation with
a nationwide network.

2 In the economics of education literature, teacher effectiveness, productivity or quality (I use these
terms interchangeably) is mostly formalized by the teacher’s average ability to raise scores in
standardized tests other things being equal. For an overview of the so called “value-added” literature
see Koedel, Mihaly, and Rockoff (2015).

¥ For overviews in the economics of education literature see Hanushek and Rivkin (2006) and Hanushek
and Rivkin (2010), for an overview of the pedagogical literature see the internationally known meta-
meta-analysis of Hattie (2013).

* Using standardized test scores to evaluate teacher quality is appropriate despite their ordinal nature
because these test scores are themselves important determinants of school attainment, earnings, and
economic outcomes (Chetty, Friedman, and Rockoff, 2013; Hanushek, 2011; Hanushek, and
Woessmann, 2008).
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I analyze a battery of potential determinants in the domains of demographics, aspects
of career choice, participation in further training, previous labor market experience,
teaching philosophy, interaction with colleagues, goals for students’ education, and
causes of stress. As teachers in Germany rarely leave before retirement, the setting
provides an interesting case study of the effects of long-term on the job training: I find
that the previously found positive effect of initial years of experience exists for
mathematics teachers, while it doesn’t for language teachers. Both subjects, however,
reveal diminishing rates of experience over time turning the mathematics effect
insignificant and the language effect negative. There is further evidence for the
positive effect of traditional teaching methods. Furthermore, female and teachers with
migration background tend to perform worse than their male and native counterparts
respectively. Secondary findings indicate that selection into classrooms by students
and teachers, within a given school type, induces solely small amounts of bias,

indicating a rather egalitarian distribution of teachers on observables.

The data analyzed is taken from the first wave of the German National Educational
Panel Study (NEPS) starting cohorts three (about 5,000 5th graders most either 11 or 12
years of age) and four (about 15,000 9th graders most either 15 or 16 years of age). The
NEPS data contains a national representative sample of schools. Within each school,
two classes were randomly selected to participate in the testing. The test data focuses
on language and mathematics skills and can be linked to specific classroom teachers

and their responses in the survey.

The theoretical foundation of my analysis is based the notion that education is a
‘classical’ production process with inputs, as outlined in the educational production
framework of Todd and Wolpin (2003). In the final model specification, the outcomes -
test scores in math and language - are a linear, additively separable function of family,
school, individual and teacher inputs. To estimate the effects of the determinants of
teacher quality, I rely on the work of Dee (2005, 2007); Metzler and Woessmann (2012);
and Schwerdt and Wuppermann (2011), using a generalized fixed-effects technique
described by Chamberlain (1982) exploiting within-student between-subject variation
to control for unobserved student heterogeneity and potential sorting to schools,

classrooms and teachers.

This study is organized as follows: Chapter 3.2 summarizes the literature on
determinants of teacher quality that is not included in Chapter 2.2.1. Chapter 3.3
presents the institutional setting of the German education system that is relevant for
this study. In Chapter 3.4, the data is presented. Chapter 3.5 presents the educational
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production framework and the estimation strategy to estimate the parameters of

interest. Results are presented in Chapter 3.6 and Chapter 3.7 concludes.

3.2 Literature

The most commonly investigated teacher characteristics include basic traits (e.g.,
gender, experience, and education), test results (e.g., SAT performance or pedagogical
and subject content knowledge), and classroom behaviors (e.g., teaching practices,

classroom management).

Basic teacher demographics such as gender, race, and ethnicity are usually not viewed
as main determinants of average student performance, but subgroups of students
might benefit from having a demographically similar teacher. Dee (2005, 2007)
investigates such student-teacher interactions. His analyses indeed suggest that racial,
ethnic, and gender dynamics matter. In particular, gender interactions between
teachers and students have significant effects on student test scores, teacher

perceptions, and student engagement with academic subjects.

Teacher experience is one of the most investigated traits studied. (Aaronson et al.,
2007; Chingos, and Peterson, 2011; Clotfelter et al., 2006; Rivkin et al., 2005; Rockoff,
2004). However, the results of these studies are mixed and indicate that teacher
experience has a limited ability to explain the overall variation of teacher effectiveness.
It is generally found that experience has some positive returns in the earlier years of a
teacher’s career, but no substantial effects are found for mid- or late-career teachers.
Rockoff (2004), for example, finds marginal returns in the initial years of experience
but no evidence for additional returns after five years. Rivkin et al. (2005) conclude that
improvements do not seem to prevail after the first three years of teaching.
Furthermore, Clotfelter et al. (2006) find that about half of the return of having an
experienced teacher, which is estimated at roughly one tenth of a standard deviation in

test scores, derives from the first one or two years of teacher experience.

Moreover, teachers’ diagnostic competence, attitudes, and pedagogical beliefs, as
well as motivation, are found to affect student achievement (Anders et al., 2010;
Kunter, 2011; Voss et al., 2011).

3.3 Secondary schooling in Grade 5 and 9

After four years of elementary schooling (in Berlin and Brandenburg after six years)

students enter one of the secondary school tracks. The track is determined, depending
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on the state, by either a binding teacher recommendation or the parental choice.
Grade 5 therefore refers to the first year of secondary education, grade 9 to the fifth
year of secondary education. Depending on the state these are the lower-secondary
track (Hauptschule), the middle-secondary track (Realschule), a mix of the lower and
middle track, the upper-secondary track (Gymnasium) and comprehensive schools,
that either do not formally track, or practice some form of within-school without
within-classroom tracking. Every state has schools that exclusively offer the upper
secondary school track degree and all states provide all degrees of the three tracks, the
difference being the way students are divided into different school institutions. For
further information about institutions in the context of secondary education see
Chapter 2.2.2.

3.4 Data

For this study, I use data gathered from the first wave of SC3 and the first wave of SC4
- both from 2010. Students in these cohorts were sampled using a stratified sampling
procedure. Schools were randomly drawn from the range of public schools to be
representative of school type. From the selected schools, two classrooms (if
available) were randomly asked to participate in the study. For students,
participation in the study involves testing and completing a questionnaire.
Questionnaires for relevant context persons (parents, homeroom teachers, principals
and teachers in mathematics and German) were also required. For each student and

his or her context persons, participation is voluntary.

In addition to the testing data, data from student and teacher questionnaires was also
used for the main estimation specifications. The student questionnaires give insight
into socio-economic background and are less affected by attrition than the parental
data, thus being the optimal choice in the tradeoff between covariate availability and
representativeness. The teacher questionnaires are also extensive and provide
information about teachers’ demographics, philosophies, educational goals, stress in
the profession, colleagues, perception of the profession, participation in
extracurricular activities and further training, aspects of career choice, certification,

educational history, subjects taught, high school GPA and state examination grades.

The outcome variables are scores in standardized tests in mathematics and language,
standardized to have a mean of zero and a standard deviation of one within each
cohort. Testing took place in November and December of 2010, the exact date being

unknown, therefore the estimates have to be considered as middle term effects
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amounting to either a third or half of a school year. I restrict the data to students who
are not in any kind of special education, are not taught by more than one teacher in a
given subject, and can be merged with both mathematics and German teacher

identifiers.®

Table 3-1 and Table 2-1 report descriptive statistics for students by starting cohort and
type of school. The set of variables includes the outcomes (test scores in mathematics
and language skills), as well as the main covariates that are used in the main
specifications. The first column of Table 2-1 shows the means and standard
deviations of each covariate. In total there are 2,234 observations from the younger
cohort with student background information that can be linked to both teacher
identifiers. The second column shows the means for students in elementary schools.
This data comes from Berlin or Brandenburg and are not yet tracked. The third
column shows comprehensive schools in Saxony, Schleswig-Holstein, Thuringia and
Berlin in 2010. However, comprehensive schools are not the only type of school
available for students of that age. Columns four to seven show, in ascending order,
the tracked secondary school types. More girls attend the more selective schools.
They are younger on average, less likely to be born abroad or be second generation
migrants, and are much less likely to have ever been held back. They also come from
higher SES backgrounds and have better grades and test scores. The columns in
Table 3-1 follow the same pattern, however there are no elementary schools after
nine years of schooling in any German state. The same ascending pattern of students’

SES and performance is visible.

The explanatory variables of interest are teacher traits. Table 3-2 reports some of the
main investigated variables. For this approach, variation across subjects is necessary.
The last column in Table 3-2 also reports the difference across subjects over the
respective trait and its standard deviation, showing enough variation for the
respective variables across subjects to apply a within-student between-subject
approach.

5 As participation for each of these individuals was voluntary, about 300 (700) out of 5,500 (15,200)
students from 5th (9th) grade did not participate in the testing and further 1,800 (7,500) cannot be
merged with information on both of their mathematics and language teachers. Thus sample selection
might be an issue as about one third and one half of the respective cohort’s students cannot be
merged with both of their teachers. I can show that on average, the students in starting cohort three
are slightly worse in standardized testing, while the opposite holds for starting cohort four.
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3.5 Educational production

The starting point of my analysis builds a slight variation of the educational
production framework as developed in Todd and Wolpin (2003), that describes the

process of cognitive achievement production as follows:

yE = yK[Trsj, XE, uk, ek (3-1)

Cognitive achievement of individual i at time t in the cognitive dimension of subject k
is a function defined by the technology yf(.) that translates the educational inputs of
the vector of the entire history of all family and school (X) and teacher (I'rs) inputs
until time t, as well as the subject specific time-invariant mental endowment u¥ into

the educational outcome.

The data includes current test scores in mathematics and language as well as current
family and student inputs, and allows for an analysis of the following additively-

separable regression equivalent of equation (1) as follows:
Vit = B X T + v Xue + i + &t (3-2)

Current achievement is now a function of observed teacher T, school and family
characteristics X and the subject-invariant ability component u. Therefore, the error

k

term & comprises the entire history of past inputs, the subject varying ability

components and the unobserved current family, teacher and school factors.

Following Chamberlain (1982), I model the correlations of the unobserved individual

effect u; with observed inputs in the following way:
wi = mTE+ 0T + 60X + (3-3)

Substituting equation (3) in (2) yields the following correlated random effects

models:®
yl‘Tat = (B™* +1ny) X T] @+ Ny X T{?er + (™ +0) Xy +u; + giTat (3-4)
Vil = (B9 ) X TLT +ny X TP + (9" + 0) Xy +uy + €77 (3-5)

¢ These models can be estimated by SUR to gain efficiency. However, efficiency gains are rather small
in my setting and reduce standard errors at best by about five percent.
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My final specification as seen in equation (4) and equation (5) can be regarded as a
generalized first difference model across subjects’ that allows for subject specific
teacher trait effects f™% and p9¢", as well as a distinct correlation of the individual
fixed effect u towards both subjects, measured through both 7’s.

In general, the WSBS estimation method accounts for the bias that would be induced
by subject invariant student heterogeneity that is correlated with observable teacher
characteristics or its latent factor of teacher effectiveness. It might for example be
the case that more able students select themselves to better teachers. If higher
teacher quality is correlated with one of the observed teacher characteristics T, this
would yield to the omitted variable bias in the OLS estimation of f. As this is
accounted for, my results are neither biased by selection of students to schools or
selection to classrooms. As neither within-classroom nor courses tracking exist in 5%
and 9™ grade (the whole classroom is assigned to a single math or German teacher)
this approach combined with the institutional setting is able to account for any type

of selection to teachers, as long as the selection process is subject-invariant.

To identify a causal effect in this setting requires certain assumptions. These
assumptions are less restrictive than a simple ordinary least squares regression® or
regressions that solely account for school fixed effects. Yet, these assumptions are
partially more restrictive than the standard VA approach. Although subject-invariant
ability is accounted for, other potential confounding factors in the form of past

inputs, unobserved current inputs and subject-specific ability might remain.

Unobserved subject invariant contemporary inputs are accounted for in the WSBS
framework, while they are not in a standard VA model. In the case of value added
specifications, unobserved current inputs in the form of subject-invariant inputs, and
even subject varying inputs are not accounted for. Some VA estimates allow for a
student fixed effects in gains, which is equivalent to my approach, besides, these

fixed effects are subject-varying.

7 Under the testable condition 1, = n, my estimates would be equivalent to standard first difference or
fixed effects estimators with subject specific parameter coefficients. Under the additional testable
condition of ™% = B9¢" the regression model simplifies to Ay, = BAT;; + Ag;,, the simple first
difference estimator across subjects.

8 Each n measures the bias of which standard OLS would suffer due to the omission of unobserved
student factors.



Chapter 3 41

In the standard VA approach past educational inputs and time-invariant ability in a
specific skill domain are, under certain assumptions, accounted for by the inclusion
of the previous test score. However, as the WSBS approach does not control for the
previous test score within each subject, one either has to make one of the following
identifying assumptions; full decay of past educational inputs, full consideration
through the subject-invariant fixed effect, conditional exogeneity on covariates, or
zero correlation with current teacher traits. To control for past inputs and subject-
specific ability heterogeneity and confine their potential of biasing the results, I use
past grades in the respective subject as covariates (among the other above mentioned
control variables). Grades are highly correlated with the test scores at hand (pf**" =
0.53, p2® =0.29, pi"* = 0.35, p9°" = 0.24, within-classroom correlations are even
higher with the exception of grade 5 mathematics) and therefore plausibly account
for omitted variable bias due to selection to teachers through past subject-specific
achievement.’

Both VA and WSBS estimates are potentially biased due to unobserved current inputs.
However, as the NEPS data is very rich on variables, I claim that for this particular

problem this study is dominating standard VA measures with few covariates.

Even if all confounding factors that are related to teachers are accounted for, my
estimated coefficients have to be interpreted with caution. For the sake of simplicity
consider the following educational production function that comprises perfectly
adjusted test scores y of individual i such that their error component u is unrelated

with teacher quality in terms of raising test scores I'r5 of teacher j

~

»= l:TS,j + 1, (3-a)

The most commonly employed specification for statistical testing of some trait T is a

determinant of teacher quality is given by (3-b).
Trs; = BT +1; (3-b)

The whole teacher impact is divided into an observable and potentially correlated
trait component T; and unobserved teacher heterogeneity. Whether T; is a

® Teachers following students over multiple years, potentially because of a high match quality, in a
given subject are quite common in Germany which bears the potential of a bad control problem that
can bias the results. Excluding grades does however not substantially alter the effects.



42 Determinants of Teacher Effectiveness

determinant or source of teacher quality cannot be answered in this framework, as it

most likely correlated with error term of teacher quality, resulting in a classical

cov(t;,Tj)

omitted variable bias problem: plim(B) = 8 + . Unless the trait has no effect

var(Tj)
at all (8 = 0), or has an effect and that is conversely correlated with teacher quality,

the direction of the coefficient is informative about the direction of the impact.

3.6 Results

This chapter presents the regression results from the models described in Chapter
3.5. All regressions include the covariates described in Table 1 and their means on
the school level, as well as interactions with the respective starting cohort. All
standard errors are clustered on the school level. It is important to note that teaching
in mathematics and German differs substantially and that teachers that choose to
become mathematics or German teachers differ in many observable characteristics,
and likely in unobservable factors as well. Hence, it is crucial to analyze the two
teacher populations separately and interpret the findings in that context. Hypotheses
on the effect of the respective determinant are discussed and then reviewed in the

context of the estimation results.

Experience has been found to be a determinant of teacher quality during the initial
years of being in the profession in the US, thus reflecting transitional learning that
flattens out after usually about three years. In the German setting, it may well be that
no such learning exists, as student teachers practice teaching substantially during
their training. As selection out of the profession is rare, years of experience might
reveal interesting patterns in later years of the career in contrast to the US where

selection out of job is rather common.

Figure 3-2 shows the results for both subject’s teachers with experience categorized in
three year intervals (Panel A) and five year intervals (Panel B). Interestingly, initial
experience plays a positive role in mathematics, while it doesn’t in German. Both
subjects reveal a diminishing rate of experience hence turning the effect in math to
zero and in German negative. The initial effect in math being similar to estimates
from the US. However, regression coefficients and test statistics solely show

borderline significant results.

Demographics are generally not regarded as main determinants of teacher quality;
however they might reveal selection patterns into the profession. Fifty to eighty
percent of teachers are female, depending on the subject taught and the cohort. On
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the one hand, it may be that women are more successful at entering the teacher labor
market and that this capability is correlated with teacher quality. On other hand, it
may be that the outside option for able men is more attractive due to the gender wage

gap in the private sector.

Table 3-3 presents results for basic teacher traits with gender in the first row.
Columns (1) in both panels stem from simple OLS regressions including solely
student covariates. Female teachers tend to perform worse than their male
colleagues in both subjects with them being eleven percent of a SD less efficient in
math and four percent in language. However, female teachers are disproportionately
represented in lower secondary school tracks and accordingly the inclusion of a
school track FE reduces the effect by half in math and surprisingly increases the
effect to seven percent in German. There is evidence that selection into particular
schools does not play the role it does in the US (Kristen 2003), hence one would not
expect substantial changes due to the inclusion of a school FE in Column (3) which is
indeed the case in both subjects. Including the student FE in Columns (4) yield the
main results: Female teachers are eight percent of a standard deviation less efficient
than their male counterparts with the null hypothesis of the subject specific
coefficients being the same not rejected. Similar results are shown for migrant
teachers in the third line. Age is generally not thought of as a determinant of student
achievement and furthermore highly correlated with experience in Germany, hence,
one would expect similar results as for experience. However, age is measured more
noisily in the data with ten year intervals and with experience revealing the inverse
U-shape in math one would expect a zero effect in mathematics which is indeed the
case. The effect of experience being solely negative in German, the linear regression
coefficients reveal the negative slope over age that however vanishes once the
student FE is included.

Selection into the profession that cannot be measured with regular administrative
teacher data is obviously an important determinant of teacher quality (Nagler,
Piopiunik, and West, 2015). However, NEPS’ rich data allows looking into the aspects
of career choice a teacher used to consider before joining the workforce. Enjoying
teaching or the subject’s content and job security that are not presented in Table 3-4
have no predictive power for teacher quality, quite the opposite: Estimates are rather

precisely measured to be around zero.

Further training is shown to affect workers’ productivity; however estimates depend

largely on the particular setting and estimation (Zwick 2006). Additionally, the
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specific types chosen by teachers are non-random and significant findings might
represent again selection rather than the effectivity of a practice. All estimates of
training practices presented in Table 3-5 in Columns (3) and (4) show non-significant
results that are measured more noisily than results from Table 3-4. If anything,

qualification programs and working groups may have potential to increase teacher

quality.

Teaching practices are found to affect student learning. However, these practices are
likely to be highly endogenous to a classroom’s composition. Hence, it might be more
promising to look into teaching philosophy’s or a teacher’s general educational goals
that are unaffected by students. As I can additionally account for selection of students
to teachers, these estimates may provide insightful results in Table 3-6 and Table 3-7.
Indeed, and in line with literature on practices, the effects of teaching facts and
quietness in classroom in Table 3-6 are positive and statistically significant predictors
of student achievement, which may be interpreted as the positive effect of
“traditional teaching” (Schwerdt, and Wuppermann, 2011). Besides subject
knowledge and problem solving, all goals presented in Table 3-7 may yield negative
estimates as the share of time committed to teaching subject knowledge that is tested
in math and German is less in a classroom taught by a teacher whose focus is on
other things. However, that does not seem to be the case with all coefficients in both
subjects being equal in Columns (4) and close to zero. Student’s skills like self-
confidence are found to be positive correlates of their achievement; however the

discussed effects may cancel each other out.

Non-cognitive skills are found to have strong predictive power for labor market
outcomes (Carneiro, Crawford, and Goodman, 2007), it is, however, unclear how and
in what combination a teacher’s skills are beneficial for students. The interaction of
colleagues is likely to be a manifestation of these skills at work, hence it is surprising
to find rather precise zero effects in Table 3-8. The exception being teaching in joint
lessons with another colleague, which is measured on a 5 point scale from rarely to
frequently: An increase on that scale of one is associated with a decrease of teaching
quality by 3.4 percent of a SD. That practice’s negative effect may be driven by the
doubling of the class size that cannot be compensated by the doubling of the teaching
staff.

The reasons of perceived stress may also shed some light on the channels at work of
teacher quality. Results that are not presented here include stress because of lack of

time for curriculum, lack of career opportunities, and lack of recognition as well as
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rivalry between colleagues that do not yield significant findings. As do most of the
presented findings in Table 3-9 with the exception being stress due to insecurities
about teaching methods in mathematics. More stress about these decreases student
achievement gains by 4.5% of a SD, which is very much in line with the results for
teaching philosophies.

Finally, Table 3-10 provides information of the impact of teachers’ previous labor
market experience. Teachers might acquire skills on the labor market that may be
beneficial. However, having previous pedagogical experience, having participated in
the military or civil service or any other or vocational training is not predictive of

teacher effectiveness in any of the specifications in either subject.

In general, the results provide some suggestive evidence that selection of students
and teachers in Germany is rather low. Solely including school type FEs (Columns
(2)) is usually enough to yield similar results as individual FE models (Columns (4)).
Once selection into a particular school (Columns (3)) is accounted, results do not
substantially differ in any of the results. Furthermore, adjusted R* show that controls
and school type fixed effects can account for about forty percent of the variation.

Including a school FE increases the R? to solely forty-eight.

3.7 Conclusion

This study analyzes a large set of potential determinants of teacher quality in
Germany. The contribution of the study is twofold: Firstly, analyzing a large set of
potential predictors can spark future research into certain predictors. Secondly, as
data in the US is usually restricted to administrative data, it sheds light on potential

determinants that could not be investigated previously.

Experience of mathematics teachers reveals the same increasing pattern over time in
occupation, but not so in German. Both subjects show a diminishing rate of
experience that makes gains of experience associated with losses in effectiveness
over time, potentially due to a loss of intrinsic motivation over time. Teachers with a
migration background and women tend to worse than their counterparts. Quietness
in the classroom and teaching facts as being of importance for teachers is associated

with higher student test score gains.

Future research will look into the mediating channels of the found effects in

experience, gender, migration background, teaching philosophies and holding joint
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lessons with another teacher. Findings in these areas may later be used to design
policies that foster selection in or out of the profession based on these traits.
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Figure 3-1: Tracking in Germany until grade 10

47
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Figure 3-2: Teacher effectiveness over time in occupation by subject
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3.8 Appendix

Figure 3-3: Student observation loss over the merging procedure in the younger cohort
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Figure 3-4: Student observation loss over the merging procedure in the older cohort



4 Gender differentials in test scores and teacher assessments in
Germany

4.1 Introduction

Are there systematic differences in the way teachers grade their male and female
students conditional on the same performance? Experimental' and observational?
studies have shown that boys and children with a migration background tend to be

graded worse conditional on the same performance.

Investigating school grade differentials conditional on the same performance is
important for various reasons. First, Altonji, and Pierret (2001) have shown that high
school grades are highly correlated with wages at labor market entry. Hence,
systematic differences in grading schemes that are not caused by actual
performance differences may induce wages that are not reflecting productivity
discrepancies but factors that an employer might not want to take into account at
the employment decision. These avoidable uncertainties might induce
inefficiencies. Second, systematic grading differences by a student's gender may
explain the gender role reversal in education over the past decade, as Goldin, Katz,
and Kuziemko (2006) show that there exist advantages for females in the US school

environment.

4th and 5th class grades can be even more consequential than the ones from higher
school years in a tracked school system. In most German states,grades in these years

determine the secondary school track and, thereby, future career paths as only the

! e.g. (Hanna, and Linden, 2009; Hinnerich, Hoglin, and Johannesson, 2011a, 2011b; Sprietsma,
2012)

Ze.g. (Burgess, and Greaves, 2013; Cornwell, Mustard, and Van Parys, 2013; Lavy, 2008)
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highest secondary school track provides direct, unrestricted access to tertiary

education.

Using the rich data set of NEPS, I investigate the relationship of 5th and 6th class
students’ genders and their previous year's grades in math, science and German.
NEPS consists of extensive questionnaires for students, parents, teachers and school
principals that allow me to control for many determining factors of grades. Besides
grades and basic characteristics (e.g. gender, age, migration status and socio-
economic status), it includes information about life satisfaction, intelligence, leisure
time activities, grades and non-cognitive skills. Most importantly, it includes

objective measures of performances in math, science and German.

Using fixed effects estimators to account for unobserved heterogeneities, I find
indications of subject specific grading by a student's gender. While girls are,
conditional on all controls and a classroom fixed effect (FE), advantaged by 22.2% of
a standard deviation (SD) in German, they are disadvantaged by 19.7% of a SD in
math relative to boys. No significant gender gap exists for science. These findings
are robust to many different specifications. Investigating whether the gender gap
can be explained by heterogeneous teacher effects, I find no altering effects by

teacher characteristics (e.g. migrant status, gender) or different in-class time use.

The remainder of this part is structured as follows: the following chapter presents
the data. Chapter 4.3 describes the estimation strategy and presents headline results
and their discussion. Chapter 4.4 concludes.

4.2 Data

To identify and explain gender grade differentials, I use data from the 2010 and 2011
waves of NEPS on a cohort that was first tracked in 5th class. NEPS data was
collected via a stratified sampling procedure: At first, a random sample of schools
was drawn. Within those schools, up to two random classes were selected to

participate.

Therefore, the data used in this study consists of student observations in 5th and 6th
class. The students were tested in mathematics, science and German and were also
asked about their last final grades in these subjects. Figure 4-1 illustrates the timing

and availability of the respective data in each class for this cohort.

To investigate the relationship between a student's gender and his or her grades

while conditioning on performance, I use pairs of last final grades and test scores
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from the beginning of the subsequent year. As grade and test score are solely
divided by school holidays, they are based on the same underlying performance.
One of these pairs is available for math and science, two for German. The only pair
that can be linked to the respective teacher is the pair of 5th class final grade in
German and the 6th class test score.

I limit the analysis to students who were taught by one teacher in each subject and
to those that did not require any form of special education. Apart from testing,
students, parents, principals, as well as German and math teachers were extensively
asked about background information, which allows me to control for many other
determining factors of grades. Participation for each of these individuals was

voluntary and about 5% of the students did not participate in the testing.

All grades and test scores are standardized to have a mean of zero and a standard
deviation of one with higher values indicating better performance. Table 4-1
presents some first descriptive evidence, showing firstly, that boys are on average
better in all standardized tests while they are only graded favorably in mathematics.

Secondly, boys tend to show less beneficial social behavior compared to girls.

4.3 Empirical framework

To investigate the relationship between grades, test scores and gender, I follow the
approach of Cornell, Mustard and Van Parys (2013) and model the grade production

function in a more general form:
gradel = a¥ x female; + y* x testscoref + AfX + uff + 1/ + & + &f (4-1)

The grade of student 7/in subject kis a linear, additive function of a gender indicator,
the respective test score and control variables X with their subject specific
coefficients o , y and A. The unobserved factors comprise a teacher z, school ¢
individual ¢ and idiosyncratic € component. To account for unobserved teacher and
school effects I use classroom and school fixed-effects estimators. However, as it is
impossible to account for unobserved student heterogeneity with this data, I will use
a large set of control variables to minimize omitted variable bias. Table (2) presents

the main estimation results.

Only using within school variation and conditioning on standardized test scores in
mathematics, science and German, estimation results from setting (1) show that
girls are graded less favorably than their male counterparts in mathematics while

the opposite is true for German. No gender difference is revealed for science
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through all settings. These first results may be driven by unobserved teacher factors,
but including a classroom fixed effect in specification (2) does not substantially
change the estimates. Additionally controlling for student background

characteristics in setting (3) does not alter the results noticeably either.

Setting (4) presents the headline results and also controls for non-cognitive skills as
in Cornwell, Mustard and Van Parys (2013). In contrast to their findings, the addition
of non-cognitive skills does not explain the gender-grade gap. The set of variables
measuring non-cognitive skills includes the students' results in two SDQ
questionnaires These non-cognitive skill measures plausibly add to the explained
variation and take away explanatory power of the test scores in grades, as non-
cognitive skills are important for classroom activities weakly correlated with test
score performance. However, the magnitude and direction of the gender effect

remains the same.

4.4 Results

These results may still be driven by omitted student variables. A first-difference
approach across subjects would account for this unobserved student heterogeneity
and, thus, yield unbiased results due to the omission of student variables, but both
coefficients could not be individually identified anymore. However, their difference,
Aa, still is: Conducting this FD approach as a robustness check yields no statistically
different results from the difference of the two gender coefficients in specification

(4), suggestive evidence for the robustness of this finding.

However, there are a few remaining potential threats to this identification strategy.
First, it might be the case that male and female students participate differently in
the classroom conditional on the same test score. If classroom participation is
determined by performance, but not as a simple linear function of the respective
test score, many potential bias scenarios are imaginable. Consider the case in which
male students, no matter their actual performance, do not participate in the German
classroom, while female students do according to their performance. Relative to
girls, boys would get worse grades conditional on the same test score, as classroom
participation is an important determinant of grades. The estimator related to the
female indicator variable would, therefore, be confounded by different classroom
participation patterns. Checking for this by including gender - test score interactions

does not reveal any significant gender specific test score effects.
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Secondly, it may be the case that teachers' grading patterns confound these
estimates. As well as in the classroom participation case, many potential biases may
arise. Consider for example the case in which an average teacher in German grades
on a curve and girls outperform boys. Boys are therefore, holding everything else
constant, relatively pushed down the grade distribution, although the underlying
performance gap might not suggest so. The female effect in a regression
conditioning on test scores would therefore be overestimated. Running regressions
on the small subset of students who are taught by the same teacher, thus implicitly
assuming that a teacher would use the same grading scheme in both subjects, shows
that coefficients remain at the same magnitude, although they are not significantly

different from zero anymore due to the small sample size.

Further using teacher data with the German test score - grade combination in 5th
class, I cannot find substantially altering effects for the gender estimator. These
analyses include differences by teachers' basic traits like age, gender and origin
(East and West Germany), as well as teachers' self-reported determinants of final
grades in the form of classroom participation, essay writing, dictation, written tests

or homework assignments.

4.5 Conclusion

Conducting an analysis of grade determinants, I find that gender plays a crucial role
in grade production. Accounting for several potential identification threats and
testing various specifications to explain the gender gap, I find no factor that can do
sO.

As these results are not driven by unobserved teacher traits and - due to the large set
of control variables - may not be by unobserved student heterogeneity, one could, if
omitted student variable bias is truly accounted for, interpret them as quasi-causal
effects: Solely based on his or her gender, a student might be assessed differently for
example through gender stereotype grading of teachers. However, further research

is necessary to support this claim.

Future research should a) examine the influence of student-teacher interactions on
grade production more thoroughly, b) find ways to account for unobserved student
heterogeneity while keeping the gender coefficient identifiable and «c)

supplementary investigate other potential grading gaps (e.g. migrant status).
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Figure 4-1: Data availability and timeline of testing and grading
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Table 4-1: Descriptive statistics on students’ tests scores, grades, and background
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5 The Impact of the Bologna Reform on Student Outcomes
Evidence from Exogenous Variation in Regional Supply of
Bachelor Programs in Germany'

5.1 Introduction

Higher education is generally perceived as becoming increasingly relevant in
today’s knowledge economies (Vandenbussche, Aghion, and Meghir 2006). In this
regard, a country’s future competitiveness relates to the productivity of its tertiary
education system. The Bologna Reform was aimed at increasing the efficiency and
attractiveness of higher education within European countries. In particular, policy-
makers wanted to increase the mobility and employability of university students by
introducing a homogeneous degree system based on two main cycles, the
Bachelor/Master system (European Ministers of Education 2003). In Germany, this
led to the abandoning of the hitherto single degree system. Since the Bachelor
degree (the first cycle degree) can be obtained in less time than a traditional degree,
the new degree system reduces the costs of earning a first tertiary education degree.
This reduction in costs could be expected to increase enrollment and reduce
dropout rates. Policy-makers also hoped that the harmonization of the degree
structure across European countries would increase in particular international

student mobility.

This chapter investigates to what extend the restructuring of the higher education
degree system in Germany had the intended effects on students’ mobility and

employability. In particular, we analyze the effects of the reform on international

! This chapter was coauthored by Benedikt Siegler (ifo Institute) and is available as ifo Working
Paper No. 225, 2016, “The Impact of the Bologna Reform on Student Outcomes: Evidence from
Exogenous Variation in Regional Supply of Bachelor Programs in Germany”.
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and national student mobility as one of the major policy goals. While any direct
measures of labor market outcomes are not yet available, we also analyze the effects
on outcomes which are potentially related to employability, such as dropout and
internship participation: Dropping out of university may reduce an individual’s
employment opportunities, participating in internships may increase them. In
addition, we investigate whether the reform had a negative impact on the study
atmosphere as perceived by students to evaluate the concern of unintended side
effects.

We exploit exogenous variation in the local availability of Bachelor programs to
estimate causal effects of the reform on student outcomes in Germany. Due to the
decentralized implementation of Bachelor degree programs in Germany, both old
and new degree programs coexisted for several years leading, on the one hand, to
the possibility to evaluate reform effects without confounding changes over time,
but, on the other hand, to potentially endogenous sorting of students into old and
new degree programs. To solve this endogeneity problem, we employ an
instrumental variables approach by instrumenting enrollment into a Bachelor’s
program with the distance differential between an individual’s nearest university
with a Bachelor’s and the nearest university with a traditional degree program.

We use a unique micro-level dataset on German high-school graduates of 2006
whom we observe in 2009. This dataset contains information on the place of high
school of the individual which enables us to link these data to rich administrative
data on university study programs in 2006 to employ our instrumental variables

approach.

Our estimation results do not provide evidence that the reform had a significant
effect on student mobility, dropout, and internship participation on average.
However, we find a statistically significant negative effect on dropout for higher
achieving students of about 10 percent and a borderline significant negative effect
on dropout for females of about 9 percent. Furthermore, we find evidence that the

reform had a positive impact on the study atmosphere as perceived by students.

We are not aware of any study that evaluates the effect of the Bologna Reform on
student mobility, although this was one of the major policy goals. In a related study,
Parey and Waldinger (2011) analyze the introduction of the ERASMUS program,
which provides financial aid to students when going abroad, and find a significantly

positive effect on international student mobility.
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Existing research has mainly focused on the impact of the reform on enrollment and
dropout rates with different findings across countries. Positive enrollment effects
have been reported for Italy and Portugal (e.g. Cappellari, and Lucifora, 2009;
Cardoso, 2008; Di Pietro, 2012), whereas no significant effect was found for Germany
(Horstschréer, and Sprietsma, 2015). The evidence for dropout appears to be mixed

even within a country.

The remainder of this part is structured as follows. Chapter 5.2 describes the
Bologna Process and the changes it induced in the German higher education system
in more detail. In Chapter 5.3, we discuss related literature. In Chapter 5.4, we
describe the data and present our estimation strategy for the identification of causal

effects. Chapter 5.5 contains our results. Chapter 5.6 concludes.

5.2 The Bologna Reform

On June 19, 1999 the Ministers of Education of 29 European countries met in the
Italian city of Bologna to discuss a common strategy to promote the European higher
education area. Set forth in the Bologna Declaration, the main objectives of the so-
called Bologna Reform are to improve international competitiveness of the
European higher education area, foster (international) mobility of students,
teachers and researchers, and to strengthen the employability of the European
university graduates. In particular, the latter goal gained much momentum in
Germany triggered by a broad discussion about the efficiency of the German higher
education system in the late 1990s and early 2000s.? Many scientists as well as
politicians and employers criticized that the average German university student took
too long to finish a degree, dropped out too frequently and was lacking important
soft skills.

The universities of each member state were requested to introduce a system of
easily readable and comparable degrees based upon two main cycles (see European
Ministers of Education, 1999, p. 3) together with a unitary credit point system. In
Germany, this led to the abandoning of the single-tier study programs and the
respective degrees (called Diploma in some subjects and Magister in others) and the
introduction of the two-tier Bachelor/Master system. Theoretically, the new two-tier

2 For example, see Kultusministerkonferenz (1997) and Wissenschaftsrat (2000) for suggestions on
how to improve the German higher education system.
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system may offer some important advantages compared to the old single-tier
system, but there may also be some disadvantages.

The Bachelor degree was thought of as a first academic degree which qualifies for
direct labor market entry whereas the consecutive Master degree should provide a
profound academic education for a scientific career. Since the Bachelor degree can
be earned in less time compared to one of the traditional degrees, this should lower
the costs of investing in tertiary education for individuals interested in acquiring
basic academic skills and quickly entering the labor market. On the other hand, the
Master degree, which requires the successful completion of a Bachelor’s degree,
offers a more specialized education, but students typically have to commit

themselves to an overall longer duration of study than before.?

A two-tier system also makes it possible to offer Master programs which do not
require a Bachelor’s degree in the same subject which increases the options for
students within the new system and, therefore, its attractiveness.* However, it is not
clear to what extend Bachelor and Master degrees qualify for distinct employment
positions. In practice, both Bachelor and Master graduates might compete for the
same job offer. This may reduce the value of the Bachelor degree, since Bachelor
graduates obtained less human capital than Master graduates. In fact, there is
evidence that more than 72 percent of the students choose to obtain a Master’s

degree upon successful completion of the Bachelor’s degree (Heine 2012).

The adoption process varied substantially across European countries: England, for
instance, already had a two-tier Bachelor/Master system in place and had to carry
out only minor adjustments. In Italy, the new system was introduced simultaneously
at all universities in 2001. Portugal opted for a decentralized introduction of the new
degrees and required its universities to switch to the new system at some point
between 2006 and 2008. In Germany, universities were free to choose any point in
time between 2000 and 2010 to introduce the new degree system. It was agreed upon
that the introduction process should be completed by 2010. In Germany, this goal

3 The usual duration of Bachelor programs is three years, that of Master programs two years.
Traditional programs took four to five years.

4 In fact, an explicit goal of the Bologna Reform also was the promotion of interdisciplinary study
programs (European Ministers of Education 2003).
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was widely achieved, with a few exceptions.’” In 2003, less than 5 percent of all
departments had adopted the new degree whereas by 2008 almost 90 percent had
completely switched to offering Bachelor degrees (see Horstschrier and Sprietsma,
2015, p. 1).

The Bologna agreement did not provide any distinct implementation rules with
regard to contents of the new degree programs. This led to a fairly heterogeneous
adoption. Some departments tried to set up new programs that were specifically
tailored to the shorter study period of the Bachelor cycle. Others continued to offer
the same program and only replaced the old with the new degree which ultimately
led to a tighter schedule of teaching (Winter et al. 2010).

5.3 Related Literature

The existing evidence on the effects of the Bologna Reform on student outcomes is
rather scarce, although it induced large changes in the tertiary education systems of
many European countries. This circumstance is most likely due to a lack of adequate
data sources and compelling strategies to identify causal effects. Cappellari and
Lucifora (2009), for instance, estimate the effect of the Bachelor introduction in Italy
on enrollment and dropout rates using a simple before-after comparison, thereby
ignoring any potential biases from time trends as well as confounding factors that
may have occurred together with the implementation of the Bologna Reform and
that may have had an effect on the enrollment decision. Di Pietro (2012) re-evaluates
their analysis by employing a difference-in-differences approach. The author argues
that the Bologna Reform was primarily targeted towards individuals from less
advantaged social backgrounds, so that this subgroup constitutes the treatment
group. He identifies individuals as belonging to the treatment group when neither of
their parents have a university degree. Individuals with at least one parent with a
university degree constitute the control group.®In order to capture the effect from
time trends in enrollment, the author uses four cohorts of high school leavers, two

before and two after the Bachelor introduction in Italy in 2001.

5 For example, neither of the medicine departments introduced the new degrees. Likewise, law
departments were still o ering traditional degree programs by 2010.

6 Although not explicitly stated in the paper, the author most likely refers to the fact that in theory the
Bachelor introduction reduced the cost of investing in higher education, because it takes less time to
earn a rst degree so that the investment becomes pro table for individuals at the margin of investing.
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While this approach is more refined than a simple before-after comparison, it
hinges on the assumption that the Bachelor introduction did not affect individuals
from the control group. In fact, it is plausible to assume that the Bologna Reform
also influenced individuals from the control group in their decision to enroll in
higher education as it introduced a considerable amount of flexibility as described
in Chapter 2.2. If this also motivated more individuals from the control group to
enroll in higher education, the reform effect is underestimated. Cappellari and
Lucifora (2009) conclude that the reform increased enrollment by 15 percent,

whereas Di Pietro (2012) estimates a reform effect of 7 percent.

Two further studies attempt to gauge the effect on dropout rates in the Italian
context based on mainly descriptive evidence: D’Hombres (2007) finds significant
lower dropout rates among post-reform cohorts of university students, whereas
Boero et al. (2005) find no evidence of reduced dropout. Finally, Bratti et al. (2006)
analyze the extent to which the reform had an impact on study programs. They
analyze data from a single Italian university department and conclude that it
became easier for students to pass first-year courses. Cardoso (2008) and Portela et
al. (2009) analyze students’ demand for study programs in Portugal. They find that
departments which introduced the Bachelor degree were more often chosen by first-

year students than those which remained offering a traditional degree program.

In a recent study, Horstschrder and Sprietsma (2013) analyze the effect of the
Bologna Reform on enrollment and dropout rates in Germany. They employ axed
effects panel model to analyze administrative data on the department level from
1998 to 2008. Overall, they do not find any effect of the Bachelor introduction on
neither enrollment nor dropout rates. However, results appear to differ by subjects.
In English Language, German Language as well as Computer Sciences the Bachelor
introduction seems to have had a positive enrollment effect, whereas in Mechanical
Engineering and Electrical Engineering the effect is negative. Due to the
decentralized introduction of Bachelor programs in Germany, i.e. old and new
degree programs coexisted for several years, this result is likely to reflect students’
selection into one or the other degree program. For the analysis of dropout rates a
similar picture emerges. For Biology, the estimated effect is positive, whereas it is
negative for Business Administration, English Language Studies, and German
Language Studies. Unfortunately, the authors are not able to distinguish between

students who quit studying and those who change subject or university.

Miihlenweg (2010) tries to answer the question whether studying in a Bachelor’s

program affected students’ satisfaction. Controlling for observable student
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characteristics, she concludes that the satisfaction of students in Bachelor programs
is slightly higher compared to their peers in traditional degree programs.

Finally, there are a few studies in the spirit of our IV approach exploiting proximity
to a specific (treatment) location as a source of exogenous variation. Originating in
labor economics, studies in that field exploit distance measures orthogonal to
unobserved individual heterogeneity to investigate for example labor market
returns of further training programs (Mallar 1979), years of schooling (Card 1995)
and type of college and its degree’s completion (Maluccio 1998). In other areas,
studies have used the distance to the nearest nursery (Attanasio et al. 2013) or
hospital (Baiocchi et al. 2010; McClellan al. 1994) to evaluate their causal impact.

5.4 Data and descriptive statistics

For our analysis, we use a cross-section from a rich panel dataset on German high
track leavers who graduated in 2006. We observe the individuals in December of
2009, i.e. three and a half years after graduating from high school.” The survey is
conducted by the DZHW and offers some important advantages for analyzing the
effects of the Bologna Reform on student outcomes. First, the dataset allows us to
analyze several outcome variables related to the policy goals of the Bologna Reform.
Second, it contains information on a student’s place of high school (zip code) which
enables us to merge information on German universities and their degree programs
in 2006. This information is needed for our instrumental variable approach which is

described in detail in the following chapter.

The dataset contains information on a student’s international and national mobility,
i.e. whether he/she went abroad for interim studies and whether he/she changed
his/her university. It also contains information on whether a student dropped out or
not and whether he/she did an internship while enrolled. The last two variables are
likely to play a role for an individual’s employability. Dropping out of tertiary
education may signal a lower ability so that this outcome should be negatively
correlated with labor market success. On the other hand, internship participation

may increase an individual’s chances on the labor market. Since most students were

7 The individuals were originally sampled in 2005, when they were still in school. However, all our
outcome variables are contained in the 2009 questionnaire.
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still enrolled at the time of the interview, we cannot observe any direct labor market

outcomes yet.

To relate the student information to the tertiary education supply in 2006, we
obtained an administrative dataset containing information on the universe of
German higher education institutions and their degree programs in 2006 from the
German Rectors’ Conference (Hochschulrektorenkonferenz (HRK)).® For every
institution of higher education, the dataset includes information on its type and
degree programs (including the subject and the degree) offered in the winter term of
2006/07.° Based on the awarded degree, we constructed a categorical variable on the
university-subject level: 1 if only a Bachelor’s program was offered, 2 if only a
traditional degree program was offered, 3 if both a Bachelor and a traditional degree
program were offered, and 0 if the subject was not offered at all.’® Since
correspondence courses are not bound to a specific location, we did not consider

them in our analysis.

Based on the university’s address, we geocoded all universities and used QGIS to
calculate the air-line distance between an individual’s place of high school and the
universities. We merged the university data to our student dataset using the zip code
of the high school location. This resulted in a student-university-level dataset, where
each student was matched with 409 university observations. In addition, we
obtained information on the GDP, population, and size of each county in Germany
in 2006 from the regional statistics database of the Federal Statistical Once. From
this, we calculated the population density as inhabitants per km? and the GDP per
capita for each county and merged these variables at the high school county level to

our individual data. This enables us to control for regional characteristics of a

8 Some universities (especially universities of applied sciences) have departments that are located in
different regions/towns, which is not accounted for in the original data. As our identification
strategy is based on regional variation in the availability of degree programs, it was important to
ensure that the location of the departments was exact. Therefore, in some cases, we had to manually
check and add information on the exact location of a department.

9 There are three basic types of higher education institutions in Germany. One is rather research
oriented, called university, the other is rather applied, called university of applied sciences, and the
third offers only art subjects, called art college . The funding of these institutions can either be
public, private, or clerical.

10 The traditional degree category comprises all old degree types such as Diplom, Magister, and
Staatsexamen. We also included teaching degrees if it was clear to which category (old or new) they
belonged.



Chapter 5 77

student’s origin (place of high school). We consider students enrolled in the 20 most
popular subjects as of the winter term 2006/07 (Statistisches Bundesamt, 2007, p. 46)
which accounts for 68.3 percent of all students in the original dataset after dropping

medical students.™

Our final dataset has a sample size of 1626 students, who enrolled in either a
Bachelor’s or a traditional degree program between the winter term 2006/07 and the
winter term 2007/08. We have information on a student’s demographic
characteristics such as a student’s gender, age, nationality, and father’s and
mother’s education. Information is also provided on a student’s grade point average
in the high school exit exam and the type of the high school leaving certificate
(general or subject specific university entrance diploma). We observe the subject in
which a student enrolled and the semester of enrollment. For 1471 students we also

observe the first university attended.

Table 1 provides summary statistics of our data. 56 percent of the students in our
sample are enrolled in a Bachelor’s degree program. The other 44 percent are
enrolled in a traditional degree program. Students are 23 years old on average and
have a high school GPA of 2.9 on a scale from 1 (lowest) to 4 (highest). 35 percent of
the students enrolled in a subject within the area of social sciences, 26 percent
within natural sciences, 21 percent within engineering, and 18 percent within
language and culture studies. The nearest university is on average 23 km away from
the high school location of the student. This distance varies considerably within a
range from 0 to 115 km."? By the time we observe the individuals in 2009, 7.3 percent
had gone abroad for interim studies, 2.3 percent had changed their university, 3.1
percent had dropped out, and 20.2 percent had done an internship. On average, a
student’s assessment of the study atmosphere is 3.9 on a scale from 1 (lowest) to 5
(highest).

11 The information on the degree programs was raw data, meaning that it indicated the specific title of
the program. We were very cautious in categorizing them into subjects so as to avoid coding errors.
As this was a time-intensive process, we focused our analysis on the 20 most popular subjects which
are: business administration, law, German, medicine, mechanical engineering, computer sciences,
economics, industrial engineering and management, electrical engineering, mathematics, biology,
English, educational science, architecture, psychology, chemistry, physics, construction
engineering, business informatics, political science. Since there were no Bachelor programs in
medicine, we omitted this subject.

12 Due to data protection rules, we had to aggregate our distance measure in intervals of 5 km starting
with zero.
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For many variables there is a significant difference between students enrolled in a
Bachelor’s versus a traditional degree program. It is likely that a considerable
fraction of these differences is due to student selection into old and new degree
programs. The large differences in the fields of study also reflect variation in the
timing of the introduction of the new degree system across departments. On
average, programs in social sciences were changed earlier to the new degree system

compared to programs in language and culture studies.

Most of our outcomes increase in probability with the time since enrollment. For
example, students who enrolled earlier than others are more likely to have gone
abroad by the time we observe the students in our data. In our sample, 68.5 percent
of the students enrolled in the winter term 2006/07, 4.1 percent enrolled in the
summer term 2007, and 27.4 percent enrolled in the winter term 2007/08. The later
enrollment rates are mainly caused by male students due to the military/civilian
service requirement at that time. 46 percent of the male students in our sample
began their studies in the fall of 2007. To capture time effects from differential

enrollment dates, we control for time of enrollment in all of our regressions.

5.5 Estimation strategy

To investigate the relationship between studying in a Bachelor’s degree program and
student outcomes of individual 7 from federal state m in subject / we consider a

model of the following form:
(5-1)

Y denotes our respective outcome of interest: going abroad, change of university,
dropout, internship, and students’ satisfaction with the study atmosphere. Change
of university includes only changes within a subject and degree program. This
means that students who changed universities because they wanted to study a
different subject or degree type are excluded. Bachelor indicates studying in a
Bachelor’s degree program compared to in a traditional degree program and Xis a
vector of covariates that includes student demographic characteristics, information
about parents education, and information about the location of the high school. We
include subject dummies (J) in order to account for unobserved heterogeneities
between subjects. We also include state dummies with respect to the high school of
an individual (). These are necessary because schooling policies, such as high
school curricula, are set at the state level and can have a substantial impact on

graduates’ preparation for tertiary education. To account for interdependence of
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observations within a university, we cluster the standard errors on the attended

university level.

The parameter of interest in the equation above is f; which is supposed to capture
the effect of studying in a Bachelor’s degree program on the respective student
outcome. Estimating the equation by OLS, however, may yield biased estimates.
Although controlling for potentially confounding influences can reduce the threat of
biases, one can easily think of unobserved heterogeneities that can have influenced
the selection of students into new or old degree programs. For example, since the
new degree programs were intended to facilitate the transferability of course
credits, it is possible that students with a higher taste for mobility choose to enroll in
Bachelor’s programs. In a regression with going abroad as our outcome variable, S
would be biased upwards, since the unobserved variable ‘taste for mobility’ is
positively correlated with studying in a Bachelor’s program.

To solve the problem of omitted variable bias we apply an instrumental variables
(IV) approach that exploits regional variation in the supply of Bachelor and
traditional degree programs. Due to the decentralized introduction of the Bachelor
degree system in Germany under which university departments were free to choose
when to implement the Bachelor, both degree systems coexisted for many years.
Our IV approach is based on the idea that most students choose to attend a local
university so that it is the local education supply which matters to them. Figure 1
shows the distribution of the distance between a student’s place of high school and
his/her first attended university in our sample. The graph reveals that, indeed, most

students decide to enroll at a university close to their place of origin.*

We construct our instrument as the difference in distances between the nearest
public university with a Bachelor’s program and the nearest public university with a
traditional program in a student’s subject. We condition our instrument on a
student’s subject for two reasons: First, in 2006, almost all universities had
introduced the Bachelor degree in at least one subject. Constructing the instrument
on the university rather than the subject (department) level would result in almost

no variation in the instrumental variable which is needed to identify a causal effect.

13 This fact is also established in a number of other studies: For example, Spiel3, and Wrohlich (2010)
investigate the relationship between the distance to the nearest university from a student’s home
and university attendance in Germany and find a negative correlation.
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Second, there is evidence that the personal interest in a particular subject is by far
the most important determinant of the decision where and what to study (Heine et
al. 2005, 2008).* We further restrict our university data to public institutions since 95
percent of all students in the winter term 2006/07 enrolled in a public institution
(Statistisches Bundesamt, 2007, p. 60). However, we do provide a robustness check
using all universities (including private and clerical institutions) in the distance

calculation.

Let MinDist_trad; denote the air-line distance between student i’s place of high
school and the nearest university with a traditional degree program in student 7s
subject.”> Accordingly, let MinDist_ba;denote the air-line distance between student
7s place of high school and the nearest university with a Bachelor’s degree program
in student 7s subject. The difference of these two distance measures yields our

instrumental variable:
IV= Distance differential;= MinDist_trad,— MinDist_ba;. (5-2)

The distance differential can be thought of as a measure of the regional supply with
a Bachelor’s program relative to a traditional program.!® Thus, our first stage is given

by the following equation:
Bachelory,, = a + BDistancedif ferential; + Xjy + &6; + tm + €um  (5-3)

The intuition is as follows: The nearer the university with a Bachelor’s degree
program relative to the university with a traditional degree program in student 7s
subject, the likelier it is that student 7 enrolled in a Bachelor’s degree program.
Spiess and Wrohlich (2010) have already shown that the distance from home to a
university plays a significant role in the educational choice of high school graduates

14 Hachmeister (2007, p. 58) provide suggestive evidence that almost 95 percent of German students
choose their subject before their university location.

15 We use the place of high school to calculate our distance measure, because we do not have exact
information on a student’s place of residence at the time he/she finishes school. In practice, this
should not make a big difference since most students attend a school close to their home.

16 A relative distance measure is also used in an instrumental variables approach in Oosterbeek et
al. (2010) to estimate the effect of entrepreneurship education on entrepreneurship skills and
motivation.
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in Germany, hence anything but a likewise effect on choice of type of program

would be surprising.

Our IV approach identifies a local average treatment effect (Angrist, and Imbens,
1994), i.e. the effect of the Bachelor introduction for individuals for whom distance
matters. These individuals have higher transaction costs of moving to a faraway
university than on average and thus prefer to attend an institution which is close to
their home. In an attempt to reveal some basic traits of potential compliers in our
sample, we divide the students into quartiles according to the distance between the
place of high school and the first attended university. As can be observed from Table
2, students who stay rather close to their hometown (Column 1) have on average
worse high school GPA scores compared to more mobile students and also are from

lower educated families.

We also estimate the effects of the Bologna Reform using a modified version of the
instrument described above. Because the German higher education system
comprises two main types of higher education institutions (i.e. universities which
are rather research oriented and universities which are rather applied), it might be
the case that many students only consider studying at one specific type of university.
Since our data provides information on a student’s first attended university, we are
able to calculate the distance differential based on the type of the university
attended. Students who only consider studying at one type of university may
constitute a different complier group, so that we do not expect the results to remain
unchanged. Figure 2 shows density plots of our two instruments. There is
substantial variation in both instruments, although for most students the nearest
universities that offer new and old degree programs in the chosen subject are
located rather close to each other. The last two rows in Table 1 contain summary
statistics of our instruments. The average distance differential for IV1 is -1.24 km,
for IV2 -7.3 km. IV2 denotes the instrument in which we account for the type of
university attended. Students who enrolled in a traditional degree program have a
negative distance differential on average which means that the nearest Bachelor
university is farther away than the nearest university with a traditional degree
program. For students who enrolled in a Bachelor’s degree program the distance
differential is positive on average which means that the Bachelor university is

closer.
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5.6 Results

Our headline results are presented in Table 3. All regressions are based on linear
probability models with the exception of the categorical outcome variable
‘satisfaction’ which ranges from 1 (lowest) to 5 (highest). The standard errors in all
estimated models are clustered on the attended university level. The first stage F-
statistics in all IV specifications are sufficiently large to reject weak instrument
concerns. We further divide the student population into subgroups to investigate
heterogeneous effects on different subpopulations. In particular, we analyze
heterogeneities by gender and high school GPA. Reduced-form estimation results

are contained in Table A.1.

Table 5 displays the results of OLS regressions for the respective outcome. Column 1
shows the effect of the Bologna Reform on international student mobility.
Participation in a Bachelor’s degree program has a small, positive, but insignificant
effect of 0.02. Other explanatory variables have the expected signs. For example,
better students, as measured by the high school GPA, have a higher probability of
going abroad. A higher socio-economic background, as measured by the educational
attainment of the parents, also increases the probability of going abroad. Time of
enrollment is negatively correlated with going abroad reflecting the time effect of

later enrollment.

Results for the effect on national student mobility (change of university) are
reported in Column 2. Participation in a Bachelor’s degree program has no effect on
the probability of changing universities. Germans have a 3 percent higher

probability of changing universities compared to immigrants.

OLS estimates further suggest that participating in a Bachelor’s degree program has
no effect on dropout (Column 3) or internship participation (Column 4). Better
students have a significantly lower dropout probability (2.7 percent per 1 point
better high school GPA) and a higher, although insignificant, probability of doing an
internship. Later enrollment significantly lowers the probability of having done an
internship by the time the students are observed. A one year later enrollment is

associated with an 11 percent lower probability of having done an internship.

Column 5 shows the effect of participating in a Bachelor’s degree program on a
student’s satisfaction with the study atmosphere. Results suggest that students in a
Bachelor’s program are more content than students in a traditional degree program,

although the effect is rather small. On a scale from 1 to 5, the effect is 0.11. Female
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students are on average less content than male students and younger students are

on average more content than older students.

Table 4 provides first stage regression results for IV1 and IV2. The potentially
endogenous variable Bachelor is regressed on the instrument and further
explanatory variables. Each specification in columns 1 to 6 (IV1) includes additional
covariates and fixed effects. Column 6 and 7 report estimates of IV1 and IV2,
respectively, in our preferred specification. The F-statistic for IV1 is 18.86 and for
IV2 22.42. Throughout all specifications, the estimated effect of the instrument on
participating in a Bachelor’s degree program is highly significant and fairly robust.
The probability increases by 1.3 to 2.9 percent with every 10 km depending on the
respective specification. This confirms our hypothesis that the nearer a department
with a Bachelor’s degree program relative to a department with a traditional degree
program the more likely it is that a student enrolled in a Bachelor’s program. We
find a highly significant effect of 0.0029 in a univariate regression of the Bachelor
indicator variable on IV1 (Column 1). The inclusion of student controls, region
controls, and state of high school fixed effects does not change the effect. Only the
inclusion of subject fixed effects reduced the estimate to 0.0017 for IV1 and 0.0013
for IV2.

Results also show that the type of high school degree plays a crucial role whether a
student enrolled in a Bachelor’s or a traditional degree program. Students who
obtained a subject specific or vocational university entrance diploma (i.e. study
options are either limited to certain subjects or to the type of university) have a
higher probability to enroll in a Bachelor’s program compared to students with a
general university entrance diploma. It may be that these students are attracted to
the Bachelor degree due to the shorter duration of study. Results also show that the
time of enrollment is a major determinant of enrolling in a Bachelor’s degree
program. Since the availability of Bachelor’s programs increased over time whereas
the availability of traditional programs decreased, the probability to enroll in a

Bachelor’s program increased by 26 to 29 percent for one year later enrollment.

As discussed above, OLS results are potentially biased by omitted variables. Table 3
presents our IV results using IV1 and IV2 in separate regressions for all outcomes.
As mentioned above, we do not expect identical results from both IVs due to
potentially different complier groups. Using IV1, we estimate a local average
treatment effect (LATE) for students for whom the local tertiary education supply
matters. Using IV2, we estimate a LATE for students who, in addition, make a more

conscious decision about the type of university they want to enroll at. This group of
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students is likely to be better informed about their expected study conditions
compared to the complier group of IV1.

Columns 1 and 2 contain our estimates of the effect of the Bologna Reform on
international mobility. Results show no effect when using IV1 as an instrument for
enrolling in a Bachelor’s degree program. However, using IV2, we find a positive
effect of 0.17 which is almost statistically significant at the 10 percent level. Since we
most probably estimate different LATEs with IV1 and IV2, it may be the case that
students who make a deliberate choice regarding the type of university are also
more able to take advantage of the new homogeneous degree system which was
intended to facilitated the transfer of course credits between universities. The
estimates for high school GPA and parent education background have the expected
sign in both IV regressions. A one point better high school GPA leads to a 4 to 5
percent higher probability of going abroad. Better educated parents also increase

the probability of going abroad, although the effect is small.

IV point estimates for the impact of the reform on national mobility (change of
university) indicate that there may be a small positive effect of roughly 2 percent in
both IV specifications (Columns 3 and 4). However, standard errors increased
substantially compared to the OLS estimations so that the effect is not statistically
significant. Since IV is less efficient than OLS, the increase in the size of the
standard errors is a common phenomenon in IV approaches. In addition, it is worth
mentioning that our sample size is rather low with less than 1500 observations and
about 200 cluster. It may be that the results show the true effect, however, we
cannot make a definite statement. Intuitively, it makes sense that the new degree
system may have increased the probability of changing universities because of the

easier transferability of course credits.

The effect on dropout is shown in Column 5 and 6. Compared to the OLS result
which indicates no effect of the reform on dropout, IV results suggest that the
dropout probability decreased by 1.5 to 3.8 percent. Again, standard errors are large
for the reasons discussed above so that the effect is statistically insignificant. High
school GPA has a negative impact on dropout which is in line with the common view

that better students are more likely to finish their studies.

Columns 7 and 8 show our IV estimates of the effect of the reform on the probability
of doing an internship. Whereas the OLS estimate is zero, the IV estimates are 0.04
and 0.07. Both estimates are not statistically significant due to large standard errors.

Unfortunately, we do not have enough information to what extend the introduction
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of the new degree system caused changes in study conditions that might have
facilitated doing an internship.

Columns 9 and 10 contain the results for the effect of the reform on students’
satisfaction with the study atmosphere. The estimate is 0.35 in the IV1-regression
and 1.25 in the IV2-regression. The latter is statistically significant at the 10 percent
level. Both estimates are larger than the OLS estimate of 0.11. This suggests that the
Bologna Reform had, in fact, a positive impact on the study atmosphere as perceived
by students. The larger point estimate in our IV2-regression might again reflect the

specific effect for students who deliberately chose one type of university."’

As our IV estimates do not provide clear evidence due to a lack of statistical
significance, we cannot definitively state that the Bologna Reform had an impact on
student mobility, dropout, and internship participation. However, IV point
estimates slightly deviate from OLS point estimates. OLS estimates might be biased
due to omitted variables, whereas IV estimates are unbiased but imprecisely

estimated.

We also estimated the effects of the Bologna Reform on the outcomes using an
unconditional distance differential as the instrumental variable. In particular, we
included private and clerical institutions in the distance calculations. In
comparison, IV1 is calculated using only public universities. Due to the fact that
only 5 percent of all students enroll at private and clerical universities, the relevance
of the unconditional instrument is lower compared to IV1. The first stage F-statistic
is approximately 16 for this instrument, compared to 19 for IV1 and 22 for IV2.
Nevertheless, we find very similar results to our IV1 specification.

It might be that certain subgroups of our student population were affected
differently by the introduction of the new degree system. To explore the impact of
the Bologna Reform on student outcomes in more detail, we estimate separate
effects by gender and high school GPA. We do not find pronounced effect
heterogeneities for our considered outcomes except for dropout (Table 6). For
female students, we find that the reform reduced the dropout probability by about 9

17 The differences in the estimates are not due to differences in sample size. Due to missing
information in the variable indicating the university attended, IV2-regressions are based on a
lower sample size than IV1-regressions. However, restricting the IV1-regressions to the sample
used in the IV2-regressions yields almost identical results for IV1.
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percent. When IV1 is used as the instrument, the effect is almost statistically
significant at the 10 percent level. In comparison to the IV results, OLS yields an
estimated effect of zero as in the full sample. The instruments are highly relevant
for females with first stage F-statistics of almost 24. For males, the F-statistics are
insufficiently large so that we cannot make a statement for this subgroup.

We also find differential effects for students with a high school GPA above versus
below the median of 2.9. For high achievers (GPA > 2.9), we find that the reform
significantly (IV2) reduced the dropout probability by 9 to 10 percent. For low

achievers (GPA < 2.9), point estimates are positive but not statistically significant.

The identifying assumption of our estimation strategy is that the distance
differential is uncorrelated with any observable or unobservable covariates which
are not included in the regression. This requires that the Bachelor introduction was
geographically random conditional on covariates included in the regressions. As
stated earlier, the introduction of the Bachelor degree system occurred on rather
heterogeneous grounds, because there was no common introduction plan. There is
evidence that the variation in pace of introduction within a subject area was mainly
caused by external, political pressure and not due to university or department
specific factors like quality, finance or prestige (Kriicken et al., 2005). However,
individuals from rural areas are likely to have larger distance differentials than
individuals from urban areas due to the lower density of universities in rural areas.
To account for this possibility, we control for regional characteristics of a student’s
place of high school which we believe to capture potentially spurious correlation

between our instrument and geographic differences.

In Table 7, we provide suggestive evidence on the exogeneity of our instruments.
The table shows results from regressions of the instruments on student
characteristics and our regional controls. We do not find significant correlations
between a student characteristic and the instruments, except for a weakly
significant relationship between IV2 and the gender variable. Most notably, there is
no correlation between a student’s high school GPA and our instruments. Column 9
contains estimates from a regression of the instruments on all student

characteristics. Their joint significance can be rejected as indicated by the p-values.

5.7 Conclusion

This study investigates the impact of the Bologna Reform on student mobility,

dropout, internship participation, and a student’s satisfaction with the study
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atmosphere in Germany using survey data from 2009 on German high track leavers
who graduated in 2006. To account for the potentially endogenous sorting of
individuals into new and old degree programs at the time of enrollment, we use an
instrumental variables approach based on the nearest universities that offer a
Bachelor’s and a traditional degree program in a student’s subject. In particular, we
use the distance differential between the nearest university with a Bachelor’s and
the nearest university with a traditional degree program in a student’s subject as an

instrument for participation in a Bachelor’s degree program.

Overall, we do not find a significant effect from studying in a Bachelor’s degree
program on student mobility, dropout, and internship participation. However, we
find a significantly negative effect on dropout for higher achieving students of about
10 percent and an almost significantly negative effect on dropout for females of
about 9 percent. Results further indicate that the reform had a positive effect on a

student’s satisfaction with the study atmosphere.

It is important to emphasize that our results should be interpreted as short-term
effects. Since we analyze students that were among the first cohorts to enroll in a
Bachelor’s program, our estimates are likely to reflect also the circumstances of the
introduction of the new degree system. In many cases the new degree structure was
applied to existing programs without much adjustments in study content. As the
new study programs are gradually being improved and adjusted to the new two-tier
degree structure, effects may differ for more recent cohorts. One should also keep
in mind, that our IV approach identifies a local average treatment effect for
individuals for whom distance matters. This means that the results are not easily

transferable to more mobile students.

Future research should explore the mediating channels of the reform in more detail
and try to disentangle the effects of the new, homogeneous, two-tier degree
structure from effects related to adjustments in study content. To fully assess the
implications of the reform, especially in light of further policy advice, it is crucial to
also evaluate the reform effects on direct labor market outcomes, such as wages or
unemployment probability. Once appropriate data become available, one could use
the IV strategy presented in this study to estimate causal effects of the reform on

these outcomes.
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Figure 5-1: Distribution of distance to university attended

Note: The figure shows the distribution of distances between a student’s place of high school and the first
university attended in our data.

Figure 5-2: Density distribution of distance differential

Note: The figure shows the density distributions of our instruments. IV1 represents the distance differential
between the nearest public university with a traditional degree program and the nearest public university with a
Bachelor’s program in a student’s subject. IV2 represents the distance differential between the nearest public
university with a traditional degree program and the nearest public university with a Bachelor’s program in a
student’s subject while additionally accounting for the type of university a student enrolled at.
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Table 5-2: Descriptive statistics by distance to university attended

st quart. 2nd quart. 3rd quart. 4th quart.
0-20km  20-50km 50-120km 120 - 670 km
Mean (SD) Mean (SD)  Mean (SD) Mean (SD)

Female 0.627 0.608 0.637 0.567
(0.484) (0.489) (0.482) (0.496)
Year of birth 1986.193 1986.222 1986.417 1986.289
(1.602) (1.488) (0.871) (1.174)
German 0.972 0.963 0.980 0.975
(0.164) (0.189) (0.139) (0.157)
High school GPA 2.829 2.855 2.901 3.030
(0.594) (0.574) (0.598) (0.563)
Type of HS degree 0.087 0.105 0.082 0.070
(0.282) (0.307) (0.274) (0.256)
Father’s education 3471 3.480 3.682 3.857
(1.437) (1.442) (1.350) (1.304)
Mother’s education 3.398 3.392 3.470 3.803
(1.317) (1.267) (1.283) (1.204)
Enrollment WS 2006 0.725 0.715 0.699 0.612
(0.447) (0.452) (0.460) (0.488)
Enrollment SS 2007 0.048 0.037 0.042 0.039
(0.214) (0.189) (0.201) (0.195)
Enrollment WS 2007 0.227 0.248 0.259 0.348
(0.419) (0.432) (0.439) (0.477)
Distance to next univ. in km 12.437 25.298 31.451 27.444
(9.812) (13.014) (21.311) (20.971)
Observations 437 352 355 356

Notes: The table contains descriptive statistics by the distance between a student’s place of high
school and the first university attended. Each column shows means and standard deviations of
student characteristics within quartiles of the distancedistribution.
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Table 5-5: OLS results for the effect of the Bologna Reform on student outcomes

Dep. Var.: (1) Going  (2) Change 3) ) (%)
Abroad of Univer-  Dropout Internship  Satisfaction
Bachelor 0.0213 -0.0008 0.0011 0.0001 0.1050%*
(0.0160) (0.0095 (0.0104) (0.0264) (0.0491)
Female 0.0007 0.0053 0.0115 0.0383 -0.0985*
(0.0194) (0.0114 (0.0117) (0.0255) (0.0557)
Year of birth 0.0062* 0.0013 -0.0116 0.0130 0.0454**
(0.0033) (0.0032 (0.0087) (0.0082) (0.0216)
German 0.0251 0.0306 -0.0179 0.0323 0.1266
(0.0375) (0.0079 (0.0422) (0.0498) (0.1681)
High school GPA 0.0407*** -0.0120 -0.0266** 0.0263 0.0319
(0.0111) (0.0080 (0.0126) (0.0199) (0.0501)
Type of HS degree 0.0048 0.0045 0.0494 -0.0726 -0.0296
(0.0200) (0.0178 (0.0347) (0.0445) (0.0903)
Father’s education 0.0062 0.0027 -0.0037 0.0100 0.0009
(0.0045) (0.0035 (0.0042) (0.0085) (0.0182)
Mother’s education 0.0106* 0.0006 0.0037 -0.0003 0.0213
(0.0056) (0.0033 (0.0042) (0.0087) (0.0223)
Enrollment SS 2007 -0.0262 0.0110 -0.0356%** -0.0577 -0.0448
(0.0320) (0.0263 (0.0104) (0.0490) (0.1457)
Enrollment WS 2007 -0.0214 0.0012 0.0030 -0.1146%** 0.0236
(0.0157) (0.0117 (0.0119) (0.0232) (0.0613)
Distance to next university -0.0004 -0.0001 0.0003 0.0001 0.0003
(0.0005) (0.0003 (0.0004) (0.0008) (0.0015)
Region controls Yes ) Yes Yes Yes
State of high school FE Yes Yes Yes Yes Yes
Subject FE Yes Yes Yes Yes Yes
Observations 1434 1434 1365 1434 1424
Cluster 231 231 228 231 229
R* 0.0278 0.0507 0.0893 0.0733

Notes: Dependent variable as indicated in the first row. 1 to 4 are binary outcomes, 5 is categorical
ranging from 1 (lowest) to 5 (highest). Standard errors are clustered on the attended university level.
Significance levels: *** p<0.01, ** p<0.05, * p<0.1.
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Table 5-6: Heterogeneous effects by gender and high school GPA

Dep. Var.: Dropout

OLS V1 V2 OLS V1 V2
Females Males
Bachelor 0.0084 -0.0891 -0.0891 -0.0115 0.3473 0.1588
(0.0123) (0.0592) (0.0902) (0.0167)  (0.3151)  (0.1777)
Observations 818 818 752 547 547 475
F-Statistic 23.8050  23.5201 1.0927 3.5440

Above median high school GPA Below median high school GPA

Bachelor 0.0054  -0.0865 -0.1004* 0.0003 0.1159 0.0154
(0.0128)  (0.0635) (0.0598) (0.0180) (0.1354)  (0.1002)
Observations 763 763 667 602 602 560
F-Statistic 12.1722  11.4985 7.2376 20.5845
Student controls Yes Yes Yes Yes Yes Yes
Region controls Yes Yes Yes Yes Yes Yes
State of high school FE Yes Yes Yes Yes Yes Yes
Subject FE Yes Yes Yes Yes Yes Yes

Notes: Binary dependent variable for dropout (1=yes, 0=no). The upper panel shows estimation re- sults
of studying in a Bachelor’s degree program for females and males, respectively. The lower panel shows
estimation results of studying in a Bachelor’s degree program for students with a high school GPA
above and below the median of 2.9. Standard errors are clustered on the attended university level.
Significance levels: *** p<0.01, ** p<0.05, * p<O0.1.
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