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and Employment in German Establishments
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Abstract

This study examines the impact of increased access to higher education on wages,
employment and labor market structure by analyzing establishment-level data. I focus
on the quasi-experimental increase in the number of universities and universities of ap-
plied sciences in Bavaria since the 1970s and establishment of such higher education
institutes under the “Future of Bavaria Offensive” program in the 1990s.

I use administrative establishment-level data and find a positive but statistically in-
significant effect on median wages resulting from expansion of higher education. While
there is a negative but insignificant impact on wages of highly skilled workers, those
without an academic or vocational degree experience an increase in wages. I also find
that training activities decline immediately after the establishment of a new higher
education institution. Further empirical analyses indicate that this decline is not due
to fewer slots in apprenticeship training, but rather to a larger number of vacant slots

and a higher probability of having vacant slots in apprenticeship training.
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1 Introduction

In industrialized countries, policymakers focus on fostering economic development in un-
derdeveloped regions. Such targeted policies include subsidies or tax deductions to boost
investment in capital and technology. Several studies have investigated the effects of such
place-based policies on employment, wages, innovation, productivity, and establishment-level
outcomes (summary available in Neumark and Simpson, 2015; von Ehrlich and Overman,
2020). A type of such policies are industrial cluster programs. These programs are often
targeted at high technology sectors and intend to foster the collaboration between firms and
universities (Falck et al., 2010, 2019; Martin et al., 2011).

Often, in such policies, a crucial role is played by the presence of a university that ed-
ucates prospective workers, stimulates innovations, and attracts firms to regions. Usually,
wages, employment, and qualifications are higher in regions with universities. However, this
relationship may suffer from endogeneity because the location of establishments and univer-
sities and education decisions of individuals are not random. When a university, especially
that of applied sciences, is established in a region, firms experience a positive local supply
shock that substantially increases the number of young and highly educated workers who are
trained in STEM fields and are familiar with R&D-related tasks. I am interested in how the
expansion of higher education affects the labor market. In particular, I examine how wages,
employment, and labor market structure are affected.

Since the 1970s, the number of higher education institutes (HEI including universities
and universities of applied sciences) and number of students have substantially increased
in Germany This quasi-experimental increase has been examined by numerous studies to
estimate the effect of higher education on health and cognitive abilities (Kamhofer et al.,
2019), fertility (Kamhofer and Westphal, 2019), and labor market outcomes. Kamhofer et
al. (2019) estimated positive effects on wages and Westphal et al. (2022) confirmed this for
women whose employment probability increases when education expands.

A few studies focus on firms’ location decisions (Abramovsky et al., 2007; Abramovsky and

! According to Kamhofer and Westphal (2019), the number of students increased by a factor of 3 from the
beginning of the 1960s until 1990.



Simpson, 2011) and whether the location of HEIs affects innovation skills, R&D expenditures
(Andersson et al., 2009; Toivanen and Vaandnen, 2016; Pfister et al., 2021), and economic
development (Valero and Van Reenen, 2019). However, very few studies focus on hiring and
paying strategy of firms and labor market structure in detail. This existing gap in literature
is closely linked to my research question.

Examining the expansion of Swiss universities of applied sciences in the 1990s, Schultheiss
et al. (2023) analyzed how job advertisements of firms change. High-skill content in adver-
tisements increases. Advertisements addressing people without an academic degree but with
vocational education also increases. This is accompanied by wage gains for workers with
vocational education and an increase in the demand for those that can perform high-skill
R&D-related tasks. This finding supports the theoretical model and individual-level evidence
by Moretti (2004). Based on Rauch (1993), Moretti (2004) showed that college education in
the United States positively affects wages of highly skilled workers but also wages of workers
of lower education. Most importantly, he showed that the effect size is larger for workers
with lower education than that for highly skilled workers.

Lehnert et al. (2020) considered the same institutional setting as Schultheiss et al.(2023).
Using firm-level data, they estimated positive effects of expanding higher education on (ab-
solute and relative) employment of R&D personnel and their wages.

My study makes several contributions to existing literature. First, I consider the quasi-
experimental opening of HEIs in Bavaria. I study two waves of education expansion. After
several HEIs were founded around 1977, the second wave of education expansion started
around 1994, when many new HEIs were established. Bavaria is an interesting case for
studying the consequences of education expansion because several HEIs were established
there in the 1970s, 1980s and 1990s. Therefore, Bavaria has experienced several waves of
university establishments over various decades. That is, the Bavarian university landscape
was not finalized at the beginning of the 1970s. In 1994, FBO I, the first period of the
program “Future of Bavaria Offensive (FBO)” (Offensive Zukunft Bayern), was initiated.
This program included the establishment of seven universities of applied sciences. There-

fore, several of them were founded within a short period of time. Also interestingly, these



universities of applied sciences were established in smaller cities that did not have any HEI
before and that are located outside of metropolitan areas. Furthermore, those founded in the
1990s supplied education in STEM-related subjects. Therefore, education obtained at these
institutes is linked to the need of the economy and labor market. Establishment of these
institutes and the need for highly qualified workers was furthermore verbally demanded by
employers’ associations.

Second, very few studies examine the link between the supply of higher education and
firms’ hiring strategies. In addition, very few use establishment-level data to study the effects
of establishing a new HEI on the labor market. Using establishment-level data to answer my
research questions is more suitable than using individual data for considering spillover effects
because 1 observe workers with different qualifications in the same establishment. Analyzing
such spillover effects helps capture the entire image of effects from higher education and
supports individual-level evidence provided by Moretti (2004).

Third, examining the opening of HEIs can also shed light on the current debate on
labor shortage (not only in Germany). Policymakers and the public often criticize that the
trend to prefer studying to apprenticeship training during the last decades has caused labor
shortage. However, educational decisions depend on several endogenous characteristics of
individuals and their parents. Moreover, present labor and industry structures and its needs
are not comparable with those in the 1970s and 1990s. To delve into this issue deeper, I
not only consider wages and employment of workers but also focus on the training activity
of establishments, which has not been sufficiently examined previously. To address this
research gap, I investigate the reason behind the reduced training activity by establishments
in the 1990s. I also analyze whether this effect is driven by the fact that establishments
substitute apprentices by highly skilled workers from new HEIs or whether establishments
face problems with finding young people who are willing to start apprenticeship training
(instead of studying).

Using the large administrative dataset from the Establishment History Panel (BHP) and
applying the event-study technique by Sun and Abraham (2021) with staggered treatment

timing, I find that establishment of a new HEI increases the hiring of highly skilled workers,



particularly engineers and natural scientists. [ find a positive but insignificant effect on
median wage from expanding higher education. By focusing on the wage distribution, I
provide evidence in line with the theoretical model by Moretti (2004). While there is a
negative but insignificant effect on wages of highly skilled workers, wages of workers without
academic and vocational degree increase. Three years after establishing a new HEI, wages
of the workers increased by 2 percent. Consistently, Moretti (2004) supposed that the risk
of substitution after an increase of highly qualified labor supply is larger for highly skilled
workers than for those with lower education.

I also find that training activity declines immediately after establishing a HEI. Further
empirical analyses indicate that this decline is not due to fewer slots in apprenticeship train-
ing, but rather to a larger number of vacant slots and a higher probability of having vacant
slots in apprenticeship training. Because I focus on HEIs of STEM-related subjects, these
results apply to my baseline sample where I excluded from my empirical analysis the estab-
lishments with their main economic activity being in culture, education, social services, as
well as economic or political parties or organizations, and public or military administration.

Berlingieri et al. (2022) applied a similar approach as mine and focused on HEIs estab-
lished during the 1980s and 1990s. Using regional data, they found effects on the regional
share of high-skilled employment (mainly driven by the manufacturing sector) but no ef-
fects on average wages. However, they detected positive effects on wages of workers with
non-academic background in high-tech manufacturing firms and those of young (aged 20-29
years) and older (45-60 years old) workers with non-academic background if only HEIs in
STEM are considered. Moreover, their results hinted at large heterogeneity. In regions with
dynamic labor markets, firm creation and skill level of the employed population is positively
affected.

Berlingieri et al. (2022) used purely regional data and considered establishment of HEIs
in entire Germany. My focus is different. I consider only the federal state of Bavaria and
additionally examine the effects on training activity. I consider that educational decisions of
school graduates may change after the education expansion. Furthermore, I focus on wages

by skill degree distinguishing among three groups: workers without vocational or academic



education, workers with vocational education, and workers with academic education.

The remainder of this paper is organized as follows. In Section 2, I describe the institu-
tional background and expansion of HEIs in detail. Section |3|illustrates theoretical expecta-
tions, data, and empirical strategy, with the empirical results being presented in Sections

and [5l Finally, Section [6] concludes the paper and derives policy implications.

2 Institutional Background

2.1 The Expansion of Higher Education in Germany and Bavaria

In Germany, graduates from secondary school (Gymnasien) are allowed to study at HEIs.
Since the beginning of the 1960s, Germany expanded the number of HEIs to fill in the
substantial education gap compared to other European states after World War II and to
address the shift in industrial labor demand. Kamhofer et al. (2019) showed that from
1959 to 1990, the total number of colleges doubled, and the number of students increased
from 155,000 to over one million. In Bavaria, higher education started expanding at the
beginning of the 1970s. The universities of Augsburg, Bayreuth, Ingolstadt, and Passau were
established as universities with a general orientation.

Furthermore, in October 1968, the Federal Government and governments of the federal
states implemented a new law that standardized the juridical founding of universities of
applied sciences (Fachhochschulen, since 2000: Hochschulen fir angewandte Wissenschaften).
This law addressed the shift in industrial needs as well. Because of economic upturn in the
1950s and 1960s in Germany, the need for technical and highly skilled workers substantially
increased. This led to a large number of universities of applied sciences being established
in Germany. In Bavaria, universities of applied sciences were established in 12 new counties
between 1970 and 1979. The regular duration of a diploma is three to four and a half years

(depending on the certain exam regulation and syllabus) at a university of applied sciences.



2.2 The Program “Future of Bavaria Offensive”

Bavaria is the largest federal state of Germany in terms of area. In 2021, Bavaria accounts
for about 20 percent of the German area and 16 percent of the population; to say, it is larger
than Switzerland. It consists of 96 counties, or one-quarter of all German counties. Bavaria
also accounts for the second largest gross domestic product among of the German federal
states.

At the beginning of the 1990s, the Bavarian government introduced the “Future of Bavaria
Offensive” program (Offensive Zukunft Bayern, FBO). As a result, from 1994 to 1996, seven
new universities of applied sciences were established in 12 counties. The FBO is of particular
interest. The initial program of FBO (FBO I) included universities of applied sciences being
established in smaller cities where no HEI existed before. Figure in Appendix shows how
the establishment of HEIs evolved across time in Bavaria and how new HEIs were particularly
established in marginal areas near the border to the Czech Republic and Austria and the
border to other federal states (Baden-Wuerttemberg, Hesse, Saxony, and Thuringia).

The FBO is financed by privatizing state-owned companies. Alongside establishing new
universities of applied sciences, FBO I also included establishment of apprenticeship and
technology centers, promotion of non-university research and newly established companies
(for more details, see Berger, 2002; Falck et al., 2010). After FBO I, further programs
followed. Since 1999, FBO III particularly promoted the high-tech sector. This follow-up
program was studied by Falck et al. (2010) who analyzed the extent to which FBO III

affected innovations and cooperation between research institutes and firms.
(Figure [1] about here)

Based on this institutional setting, I examine two waves of education expansion. The first
wave was initiated in 1977, followed by the founding of the University of Passau and estab-
lishment of the universities of applied sciences in Kempten and Landshut. The second wave
of education expansion started in 1994, for example, with new universities of applied sciences

in Deggendorf and Hof. Although the expansion of higher education had already started

2In the following, I use the term counties to describe counties (Kreise) and cities not associated with a
county (kreisfreie Stadte).



before 1975—the first year of the BHP—my period under study is of significant meaning. I
display the share of establishments located in a county with a HEI in Figure [l Considering
the entire state of Bavaria, this share jumps by about five percentage points around 1977
and by about seven percentage points around 1994. After the initiation of FBO I in 1994,
the share of establishments located in a county in which a HEI is established jumps for the
first time to above 50 percent. The two jumps are more pronounced when I exclude counties
with HEIs established before 1975

Based on this institutional setting and demonstrated relevance of the two waves of edu-
cation expansion, Section 3.1 formulates the research questions and hypotheses. Based on
these hypotheses, Section 3.2 provides a more detailed look at the data used. Afterwards
Section 3.3 has a closer look at the empirical issues and the identification strategy to tackle

those issues. Based on this, Section 3.4 describes the empirical method applied.

3 Theory and Empirical Strategy

3.1 Theoretical Hypotheses

The establishment of HEIs focusing on STEM-related subjects increases the number of highly
skilled workers available to the labor market after graduation. Lehnert et al. (2020) and
Schultheiss et al. (2023) interpret such education expansion as a positive local labor sup-
ply shock. In line with their explanations and basic economic theory, establishments are
consequently increase their demand for workers educated in one of the new HEIs, as hiring
these workers becomes more favorable. Consequently, employment of such workers increases.

Thus, I propose the first hypothesis:

Hypothesis H1: The establishment of new HEIs increases the employment of engineers

and natural scientists in establishments.

3During the 1990s, the number of freshmen in the younger HEIs substantially increased (see Table A.1).
Each HEI established in the context of FBO I had more than 100 freshman per year in the fifth year after
establishment. The aggregate number of students at the HEIs established via the FBO I was more than 3,200
in the fifth year after its establishment. Therefore, the establishment of HEIs in those counties is immensely
relevant.



I expect this effect to be more pronounced after some years because it takes some years
until the first batch of graduates pass out from the institute. However, this effect may be
visible right after establishing the HEI because students at universities of applied sciences
often work at establishments during their study and employees of the universities of ap-
plied sciences also often work at the universities of applied sciences and the establishment
simultaneously.

Schultheiss et al. (2023) examined how the demand for workers with different qualifica-
tions change because of the education expansion. They pointed out that a positive labor
supply shock of highly skilled workers can have two opposing effects on labor demand with
respect to different qualification degrees. If establishments assign redefined tasks to workers
graduated from HEIs, vocationally trained workers are substituted and crowded out. On the
contrary, establishments can hire the new graduates from HEIs to complement the vocation-
ally trained workers and highly skilled workers that were already hired before the shock, as
the new graduates bring new knowledge to the establishments. This explanation becomes
clear if T focus on universities of applied sciences. Schultheiss et al. (2023) pointed out that
graduates of HEIs acquire practical scientific and technical knowledge. These graduates can,
therefore, support both highly skilled workers who focus on scientific tasks and vocationally
trained workers whose tasks are more of an applied nature.

However, I focus on how establishments adjust their wages. Consistent with theoretical
reflections by Schultheiss et al. (2023), general labor market theory suggests that the increase
in highly skilled graduates may decrease wages of workers with academic background who
were already employed before the new HEIs were installed. On the contrary, the theoret-
ical model by Moretti (2004) supposed that the positive supply shock could also increase
the wage of highly skilled workers through spillover effects. In this case, recently gradu-
ated highly skilled workers bring new knowledge and technology to establishments, which
improves productivity of highly skilled workers who were already employed before the ex-
pansion of educational opportunities. The substitution channel and spillover effect work in

different directions considering highly qualified workers. If I follow Moretti (2004), I expect



that the two effects work in the same direction regarding workers of lower education or the
negative substitution effect is less strong for this group than it is for highly skilled workers
because the risk of substitution is more imperfect than for highly skilled workers. Schultheiss
et al. (2023) found that the establishment of universities of applied sciences increases the
wage of workers with a vocational degree because of increased employment of workers with
vocational education. Based on these considerations, I propose the following two hypotheses

considering the impact on wages:

Hypothesis H2: Establishing new HEIs increases the wages of low-qualified workers and

vocationally trained workers.

Hypothesis H3: Due to the substitution effect, the positive effect of education expan-
sion on the wages of low-qualified and vocationally trained workers is larger than that for

highly skilled workers.

I expect the effect on training activity of establishments to be similar as it is on employ-
ment of workers with vocational education. Regarding the apprenticeship market, I interpret
the installation of new HEIs again as a local labor supply shock. Schultheiss et al. (2023)
consider the Swiss apprenticeship market, which is quite similar compared to Germany. Their
theoretical expositions indicate that the education expansion may increase the demand for
people with vocational education and the establishment may extend training activity (com-
plementarity effect). However, due to the substitution effect, establishments may reduce the
demand for vocationally trained workers and instead hire young people after or during their
studying at a HEI. If education expansion reduces the number of newly hired apprentices in
establishments, the probability of hiring any new apprentice may be affected as my sample
consists of a significant number of quite small establishments with only a few apprentices.
The education expansion may have a negative effect because it also likely affects educational
decisions of young people and makes it more likely that school graduates prefer studying to

apprenticeship training (Spiess and Wrohlich, 2010; Siegler, 2012). For instance, Spiess and



Wrohlich (2010) demonstrated that a new university close to hometown reduces transaction
costs (through reduced rental and moving costs) and indirect costs emerging from emotional
load, among other things. Thus, establishments may find it hard to staff all training slots
because school graduates are more likely to enroll at a HEI and are less likely to start appren-
ticeship training. If I find a negative effect on training activity from the education expansion,
I have to disentangle whether this effect is driven by labor demand or by a shift in educational
decisions of school graduates. I, therefore, propose the following hypotheses concerning the

impact on training activity:

Hypothesis H4: Establishing a new HEI decreases the number of newly hired appren-

tices and the probability of hiring any new apprentices.

Hypothesis H5: Education expansion on training activity may have a negative effect be-
cause establishments substitute apprentices by highly skilled workers from the new HEIs

and /or more school graduates tend to prefer studying to apprenticeship training.

3.2 Data

I used data from the weakly anonymous Establishment History Panel (BHP) (Ganzer et
al., 2022, DOI: 10.5164/IAB.BHP7521.de.en.v1)}| The BHP is based on the universe of the
individual employment histories of the Institute for Employment Agency. In Germany, em-
ployers are required to submit annual notifications to the responsible social security agencies
including information on the number of employees covered by social security and their indi-
vidual information. Ganzer et al. (2022) described that these data are recorded by the health
insurance companies and collected by the Federal Employment Agency (BA) and integrated
into the history file of the IAB. After the individual employment notifications undergo cor-
rections and validation procedures by the Research Data Centre at the IAB, the employment
spells are aggregated to the establishment level for establishments with at least one employee

subject to social security or, since 1999, one marginal part-time employee as of 30 June of a

“Data access was provided via on-site use at the Research Data Centre (FDZ) of the German Federal
Employment Agency (BA) at the Institute for Employment Research (IAB) and via remote data access.
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given year (for more details on these procedures, see Ganzer et al., 2022, pp. 15-26). The
Research Data Centre then draws a 50 percent simple random sample from this core dataset,
which I use for analysis.

The BHP has detailed information on outcomes related to my research questions. Besides
the establishment composition regarding qualification and kind of employment, it provides
information on earnings of full-time employees, earning distribution, and earnings with re-
spect to qualification. Importantly, the BHP excludes apprentices when the average wage
per establishment is calculated. As per the BHP, low-qualified workers have not completed
apprenticeship training or studying. Middle qualified workers have successfully finished ap-
prenticeship training and highly qualified workers have graduated from a HEI.

Furthermore, the dataset separately reports the number of engineers and natural scientists
employed in the establishments, which I use as a proxy for R&D activities. Because I focus
on how the education expansion affects training activity, it is useful that BHP provides
information on the number of newly hired apprentices.

To identify the treatment, which is the founding of a new HEI, further datasets are
required. I used data from the Higher Education Compass (Hochschulkompass, offered by
the German Rectors’ Conference) to identify the year of foundation of the HEIs. I verify the
information obtained by official statistics of the German Federal Statistical Office and add
information on the number of freshmen per HEI and semester’|

I am interested in the effects of founding a HEI. Hence, I excluded HEIs that only offer
public administration, theology, education, and social affairs. I only considered establishment
of universities of applied sciences in at least one STEM-related subject (science, technology,
engineering, and mathematics). I included pedagogical universities, if those were later de-
veloped to universities with a general orientation or were incorporated into facilities with
a general orientation. Furthermore, I faced several challenges during data preparation. I

only assigned treatment to a county if there were a foundation and no HEI existed there be-

5In 1975, there was a break in the kind of publication how the Federal Statistical Office published statistics
on universities and students. Until the winter term 1974/75, the number of freshman was published in
“Hochschulbesuch (kleine Hochschulstatistik)” (Fachserie A Reihe 10). Since winter 1975/76, the numbers
were provided in a new publication series called “Studenten an Hochschulen” (Fachserie 11 Reihe 4.1).
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fore.ﬁ From the empirical analysis (baseline sample), I excluded establishments whose main
economic activity was in culture, education, social services, as well as economic or political
parties or organizations, and general public or military administration.

I used the observation period from 1975 to 2002. Thus, the introduction of tuition fees
in 2006 does not affect my estimates. Furthermore, since 1999, the BHP has included es-
tablishments with at least one marginal part-time employee. This increased sample size and

sample composition in a significant way (see Section for robustness check).

3.3 Empirical Issues and Identification Strategy

This study examines the extent to which the presence of HEIs affects wages, training activity,
and employment of engineers and natural scientists. Usually, wages (and employment) are
higher in regions where HEIs are located than in regions without such institutes. However,
this relationship may suffer from endogeneity because the location of HEIs is correlated
with other factors that lead to larger wages in those regions, e.g., the presence of large
and successful enterprises. In addition, the location of establishments is also not random.
Establishments that rely on employment of highly skilled workers with academic qualification
are more likely to settle in regions where HEIs are located.

This endogeneity is illustrated in Table |1, where I provide descriptive statistics on out-
comes and further establishment-level characteristics for years just before the two waves of
education expansion. For the first wave of education expansion initiated in 1977, the pre-
treatment years are 1975 and 1976. For studying the effects of FBO I, I use the period from
1990 until 1993 as the pre-treatment years because the program started in 1994. Descriptive
statistics are displayed for three groups: the treatment group where a HEI was established
after 1975, the control group where no HEI had been ever established, and counties where
a HEI had been established before 1975. This latter group is excluded from the economet-

ric analysis because in those counties, a HEI was already present in the first year of my

6For instance, the Munich University of Applied Sciences was established in 1971; however, two large
universities already existed in Munich. Therefore, Munich received a treatment before 1970. A similar case
is Ansbach, where a new university of applied sciences was established in 1996 following FBO 1. However,
the university of applied sciences in Weihenstephan and the Evangelical University of Applied Sciences,
Neuendettelsau, already existed there.

12



observation period. By construction, the estimator presented in the next section excludes
units treated in the first period. This makes the treatment group and control group more
homogeneous and more comparable. To what extent, this also reduces endogeneity in my
estimations is explained in the following. A natural drawback of excluding those counties is
that the estimates are not representative for the entire Bavaria anymore.

Table |1] illustrates that the median wage of all workers and median wage for all kinds
of qualifications are higher in counties where a HEI had already been established before
1975. In 1975 and 1976, median wage in counties with a HEI established before 1975 was
€14.0, whereas median wage was €13.1 in counties where a HEI was established after 1975
and €12.9 where no HEI was established (Panel A of Table [I)). Establishments located in
those counties also differ regarding other factors, for example, in composition with respect
to gender and qualification. The underlined differences are also present in Panel B of Table

when descriptive statistics are displayed for the years 1990-1993 before the start of FBO 1.
(Table |1} about here)

Regarding training activity, the share of establishments with at least one newly hired ap-
prentice is the lowest in counties having a HEI before 1975 (27.0 percent in Panel A); while
34.9 percent and 33.6 percent of establishments in the treatment and control group, respec-
tively, hired new apprentices. However, the average number of new apprentices is comparable
among the three groups. This may indicate that large companies more often choose big cities
with larger population density and those cities are often located in counties that have a HEI
established before 1975. This presumption is also visible when looking at establishment size,
which is the smallest in counties where no HEI was founded before or during the observation
period.

A quasi-experimental variation in the supply of higher education is essential to estimate
a causal effect on the labor market. When a university, particularly a university of applied
sciences, is established in a region, establishments experience a positive local supply shock
that substantially increases the number of young and highly educated workers trained in
STEM fields and familiar with R&D-related tasks. Considering such an exogenous shock is,

therefore, a senseful strategy to reduce endogeneity in the relationship between the supply of
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higher education and wages. To overcome this bias, I consider two periods in which several
new HEIs were established.

Based on Berger (2002), Kamhofer et al. (2019), and Westphal et al. (2022), the decision
where a new HEI was established followed a quasi-random path in my setting, even though
the decision was not made by lottery. Several ministries of the Bavarian government decided
where a new HEI is established. According to Bunde et al. (2022), in the 1970s, cities where
no HEI existed before were preferred to avoid overcrowding typical university cities. FBO I
also promoted the founding of new HEIs in smaller cities that did not have any HEI before
and outside of metropolitan areas (Berger, 2002). As Kamhofer et al. (2019) and Westphal
et al. (2022) highlighted, a new HEI has larger effects where the demand for higher education
is larger. Due to education experts, this was more likely in big cities at that time where a
HEI has already been established. This shows that the decision in which county a new HEI
is founded does not implicitly follow economic factors.

The education expansion also aimed to meet the industry’s increasing labor demand for
highly skilled workers. It is a methodological advantage that the issue of large labor demand
for highly skilled workers was homogeneously spread in Germany and Bavaria (Westphal et
al., 2022). Even if there were a superior goal behind establishing new HEIs, the final decision
of choosing the county was highly unclear and complex at the beginning of the political and
administrative process. The feasibility of founding a new HEI depends on various factors such
as the number of school graduates with university entrance permit; however, it also depends
on factors such as the availability of buildings, infrastructure, and lecturers. However, these
local factors were not evaluated at the beginning by a central institution. Instead, the lack of
physical space sometimes only became apparent during the process and impeded the entire
process. Moreover, as a new HEI in a county is a prestigious project for local political
representatives, different regional interests tried to influence the decision in their favor. As
a result, the decision was affected by a large number of random political factors. This
argument is supported by statements from representatives of counties, unions, and industry
after 1994, who criticize that the promotion of higher education and technology centers did

not follow economic factors and new institutions did not emerge where they were mostly
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needed (Berger, 2002, pp. 34-36). These political-economic factors demonstrate the complex
and decentralized character of the decision to establish a new institute.

Table in Appendix examines whether counties where a new HEI was established in the
context of FBO I and counties where no HEI was established differ from each other[’] In the
table, the binary treatment status is regressed on county characteristics such as population
(density), age structure, school graduates, pupils at vocational schools, and further economic
determinants. In specifications 3 and 4, I add county composition with respect to the degree
of qualification and economic sector as explaining variables. Although the population size of
a county is a significantly explaining factor of the treatment status in the first plain spec-
ification (without any other covariate than population size), this significance vanishes after
controlling for further county characteristics Taken together, the regressions demonstrate
that treatment and control counties do not differ much in terms of structural, economic, and
demographic factors.

Table |1 shows the reduced endogeneity by focusing on counties with no HEI in 1975.
Establishments located in counties where no HEI had been established until 1975 (treatment
and control group) are much more similar to each other and only differ to some modest level.
For instance, the median wage of all workers and median wage with respect to the degree of
qualification are comparable between those two groups. For instance, median wage for all
workers only differs by €0.2 in 1975 and 1976 and by €0.4 from 1990 to 1993. The same
applies to training activity. However, here some differences appear, even though differences
to establishments located in counties with a HEI established before 1975 are much larger.
The share of establishments hiring at least one new apprentice is about 34.9 percent in the
treatment group and about 33.6 percent in the control group (Panel A). However, the average
number of new apprentices is comparable between the two groups.

In addition to the exogeneity of the treatment described above, a clean identification
of the causal effect is based on two central assumptions: First, the treatment has not been

anticipated. By considering a staggered treatment design, the examination of this assumption

"Due to data availability restrictions, this analysis was restricted to the second wave of education expansion
under study.

8The same applies if I replace the continuous variable of population and squared population by a categorical
variable with five categories.
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is facilitated. Second, parallel trends between the treatment and control group are assumed:
the outcome under study would have evolved similarly if the treatment did not take place.
The estimation method by Sun and Abraham (2021) described in the subsequent section
in greater detail imposed a strict version of this assumption because they assumed parallel
trends for every group and between every pair of sequential time periods.

To further investigate the validity of assuming no anticipation and parallel trends, Figure
presents a descriptive consideration of the relevant outcome variables before and after the
education expansions were initiated. The two periods of education expansion under study
hold significant meaning. The share of establishments located in a county in which a HEI
is established significantly jumped in 1977 and 1994 (Figure [1|in Section . To analyze
whether a corresponding jump is visible in wages and training activity, I distinguish three
groups in Figure |2} the treatment group where a HEI was established after 1975, the control
group where no HEI had been ever established and counties where a HEI had been established
before 1975.

(Figure |2/ about here)

In Panels a-d of Figure |2, there is a clearly positive development of median wage since 1975
in general and for each degree of qualification for all three groups. In addition, median wage
in counties where a HEI had been established before 1975 is above average; so, the gap
between this group and the counties where a HEI was established after 1975 and counties
where no HEI was ever established increases. Because the majority of HEIs that emerged
before 1975 was established around 1970, the foundation of HEIs may be the reason for this
positive development. Regarding the treatment and control group, where a new HEI had
not been established before 1975, the trend in median wage is parallel for the years 1975 and
1976 and before 1994 when FBO I was initiated. The same applies to the median wage by
qualification degree. For instance, average growth of median wage of low-qualified workers
is respectively 7.4 percent in the treatment and control group from 1985 to 1993, which I
use as the pre-treatment observation period when examining FBO 1. Again, no diverging
trend is visible between the treatment and control group before the education expansion

started. Therefore, there is no hint at a violation of the assumption of no anticipation—
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at least descriptively. If establishments had anticipated the imminent founding of a new
HEI in a county and moved there, this would also pose a problem for the assumption of
no anticipation. By examining the first appearance of establishments and establishments
with a changed residence in my establishment-level panel data, I do not see any significant
correlations between newly emerged establishments or establishments moving to another
county in the last years before the education expansion started and their treatment status.

In 1994 and the subsequent years, the median wage of all workers developed rather parallel
between the treatment and control group. For the median wage of low-qualified people, it is
different. After the implementation of FBO I, the growth of median wage of the treatment
group exceeded the wage growth in the control group after 1994. Consequently, the median
wage of low-qualified workers in the treatment group exceeded the wage of those in the control
group. Although this appears as a small difference, the median wage displayed in Figure
is based on overall 75,000 observations per year for the treatment and control group, which
includes a substantial degree of heterogeneity tackled by the estimations in the Section {4/ and
a closer look at heterogeneous effects in Section [5.2l Nevertheless, Figure [2| clarifies that after
FBO I was initiated, treated establishments experienced a larger growth of the median wage
of low-qualified workers. Such a pattern cannot be seen regarding the wages of medium and
highly qualified workers. Therefore, I expect that the estimates in Section |4/ show positive
effects on wages of low-qualified workers and these positive effects are more pronounced than
those for medium and highly qualified workers.

Figure [2e and f show that the share of establishments hiring at least one new apprentice is
slightly larger in the treatment group than in the control group in the years before FBO I was
initiated. However, this difference of about 1.5 percentage points is almost stable until 1994.
The trend between the two groups is also comparable in Panel f that shows the number
of newly hired apprentices. The intensive margin of training activity is very comparable
between the two groups until 1994. After the implementation of FBO I, the gap in the share
of establishments hiring at least one new apprentice between the treatment and control group
decreases (Panel e). In 1994, this share is about the same in the two groups, while before

1994, the share was steadily larger in the treatment group. A similar pattern can be seen

17



at the intensive margin. The number of newly hired apprentices declines in the treatment
group and even falls below the training activity of the control group after 1994, while this
number was about the same before 1994. Both effects seem to be larger in the longer run.

An issue for the identification strategy presented may be that school graduates can move
from their hometown to where the HEI is located. Such moving patterns may bias my
estimates. However, a new HEI located near the parental home makes moving less necessary
and enables more students to study because staying in the hometown makes studying less
expensive (see Section. Several studies show that joining a HEI becomes more likely when
it is located near the hometown (e.g., Spiess and Wrohlich, 2010; Siegler, 2012). Another issue
might be that FBO I also promoted apprenticeship centers. Regarding my empirical strategy,
the promotion of apprenticeship centers may affect my empirical results if the increase in
apprenticeship centers were larger in the counties where a new HEI was established. If the
promotion of apprenticeship centers would increase the likelihood of school graduates to
begin apprenticeship training over studying, this could reduce the effect of a new HEI on
wages and employment and my estimates would only be lower bounds of the effect of a new
HEIL. However, by analyzing data from the Statistics of Vocational Schools of the Federal
Statistical Office for 1992-2002, I find no correlation between the increase in vocational
schools and treatment status. Therefore, counties in which a new HEI was established during
my observation period do not display a significantly larger increase in vocational schools after
the implementation of FBO I than counties where no HEI was established. [’]

Based on the identification strategy and the relevant prerequisites for identifying a causal
effect, I present the estimation method in next section and explain further empirical issues

related to this method.

3.4 Empirical Method

To estimate the effects of establishing a new HEI, I set up an event-study model in equation

. To test Hypothesis H1, the outcome y;;; is the employment of engineers and natural

9The same is true for the increase in the number of students at vocational schools. Furthermore, the
promotion of apprenticeship centers was less major in FBO I than the promotion of higher education. The
public funds designated for the foundation of new HEIs was six times larger than the funds for the promotion
of apprenticeship centers (Berger, 2002).
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scientists (ENS) of establishment i located in county j in year ¢. Regarding Hypotheses H2
and H3, I use annual median wage of all workers or median wage of low-skilled, medium-
skilled or highly skilled workers per establishment. Finally, to examine the effect of education
expansion on the training activity of establishments and test Hypothesis H4, I use the share
of establishments having at least one newly hired apprentice and the number of newly hired
apprentices as the underlying outcome ;5. I use the fixed-effects specification where the
binary variables Treat], display the treatment status and 7 indicates time relative to the
founding of a HEI. For instance, Treat?t is a binary variable that switches to one for the
treatment group in the year of the foundation. The parameters of interest [, display the

effect on the outcome in pre- and post-reform periods from 7 until 7.
yijt = Q4 —+ Z ﬁTTTG(lt;t —+ EstSizeiw + 9]' + >\t + (55 + 5ijt (1)

Equation |1| includes year fixed-effects A\; to control for general time trends in wages, training
activity, and employment of engineers and natural scientists affecting all establishments in
the same way and county-fixed effects ¢; to control for time-invariant regional differences
in the outcomes. As the treatment is defined via geography, I cluster standard errors at
the county level. Consistent with existing studies (Lehnert et al., 2020; Schultheiss et al.,
2023), I control for fixed effects for economic sectors ds. Wages, training activity, and labor
demand of engineers and natural scientists (as well as the composition of the staff in terms
of qualification) depend largely on the economic sector to which the establishment belongs.
Therefore, establishments in different economic sectors may respond differently to newly
established HEIs. Section provides empirical evidence for this presumption by analyzing
the impact of newly established HEIs on outcomes in relation to the economic sector.
Because staff size of an establishment affects wages and labor demand of the establish-
ment, equation [1| controls for the size of the establishment indicated by the number of workers
EstSizey,. Although the share of female and foreign workers and establishment composition
by qualification are also important determinants of wages or employment, I exclude them
from the set of control variables in equation [1. This is because the establishment composi-

tion by gender and citizenship (or migration background) is largely affected by the expansion
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of higher education. Although this also applies to the size of the establishment because a
positive increase of highly skilled workers entering the labor markets can lead to an increase
in employment, the endogeneity is likely larger in the staff composition by gender and citi-
zenship than in the establishment size. This may be because the labor market performance
of females and migrants changed fundamentally during my observation period because of
political reforms in the field of family and migration policy. To ensure that the omitting
establishment composition by gender, citizenship, and other characteristics do not bias my
empirical results, I present a specification in Panel C of Table 2| where I include the informa-
tion from the establishment’s first appearance in the panel.

I used the interaction-weighted estimator by Sun and Abraham (2021) to estimate equa-
tion |1} The issues of staggered timing of treatment across counties and negative weights in
some treatment estimates due to effect heterogeneity can be handled by several approaches.
However, the approach by Sun and Abraham (2021) offers several advantages in my specific
setting. First, like most other related methods, the estimator allows estimating the dynamic
path of treatment effects and considers whether effects from other periods contaminate the
average treatment effect. Considering the dynamic evolution of the treatment effect is impor-
tant in my setting. While there may be a direct effect on establishments’ training activity in
the first year of the establishment of the HEI, I expect effects on wages to emerge only after
the first graduates enter the labor market. Second, Braghieri et al. (2022) demonstrated
that the estimator by Sun and Abraham (2021) is less demanding and more flexible regard-
ing the number of years used as reference periods compared to the estimator by Borusyak et
al. (2024). This feature is particularly useful in Section where I use a smaller dataset
restricted to years from 1993 to 1997 to examine why training activity declines after establish-
ing a new HEI. According to simulations of Riittenauer and Aksoy (2024), the requirement
to only use one year as the reference period makes the estimator by Sun and Abraham (2021)

less likely to suffer from violations of parallel trends.

10While female access to education and labor market performance was eased through several reforms
including gender equality rights in the labor market and day-care of children, migrants access to German
citizenship and language training was fundamentally re-organized. Furthermore, composition of migrants
arriving in Germany substantially changed during the 1990s in the context of the war in Yugoslavia and the
end of the communistic German Democratic Republic.
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Third, the alternative estimator by Callaway and Sant’Anna (2021) is often applied be-
cause of the possibility of including not-yet treated units in the control group. Often this
extended control group is more comparable to the treatment group. As the size of the control
group increases, the estimator may gain efficiency. However, in my case, the group of never-
treated establishments is large. Marcus and Sant’Anna (2021) explained that the gain in
efficiency is low in such cases. While including not-yet treated establishments to the control
group, requirements to the assumption on parallel trends are weaker. When using the esti-
mator by Callaway and Sant’Anna (2021), Marcus and Sant’Anna (2021) showed that with
such a control group parallel trends are only required to assume after the first establishment
is treated. Therefore, parallel trends for the earliest treated establishments are not required
to assume. However, because the first establishments are treated very early in 1977, two
years after the beginning of my observation period, this advantage is only of minor relevance
in my setting. To illustrate these arguments, I come back to this issue in Section when
presenting my empirical results.

Furthermore, Berlingieri et al. (2022), who researched a similar research question for
Germany, also used the estimator by Sun and Abraham (2021). This is a minor, albeit
useful, reason for using this method, as it improves comparability of the empirical results.

In addition to the assumptions described in Section for the identification of a causal
effect, which are also assumed by Sun and Abraham (2021), the approach is also based on two
further assumptions. Having panel data and some staggered treatment design, in which the
treatment is irreversible and permanently in periods after the treatment, is a prerequisite.
I assume that for each treated establishment with some characteristics, there is at least
one further untreated establishment with the same characteristics, and no establishment is
treated in the first period (overlap condition).

There is one limitation of the empirical method I applied. Using a binary treatment
contains the risk of biasness because I do not consider the size of a new HEI and differences
in the number of students and freshmen in the treated counties. Moreover, by excluding

counties with a newly founded HEI before 1975 (always-treated units), I do not consider how
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the number of students and freshmen evolved there. By construction, the estimator by
Sun and Abraham (2021) excludes units treated in the first period. An alternative approach
would be to extend the estimator and use a continuous treatment variable. For instance,
Callaway et al. (2024) and de Chaisemartin et al. (2024) extended their estimator to a
continuous treatment. However, the scientific debate on the issues related to this extension
continues. Using such an approach has drawbacks and limitations to consider. For instance,
de Chaisemartin and D’Haultfoeuille (2022) explain that the issue of negative weighting might
increase with non-binary treatment. Furthermore, in my setting, a large share of my sample
was not treated (and has therefore zero students), which produces further bias when using
a continuous variable. Therefore, I decided not to extend my estimations to the case of a

continuous variable.

4 Baseline Results

4.1 Employment of Engineers and Natural Scientists

Before I consider the effects of education expansion on wages and training activity, first, I
consider how establishing a new HEI affects the employment of engineers and natural scien-
tists (ENS). Figure 3 presents the results of estimating equation |1| where I control for fixed
effects for years, economic sectors, counties, and establishment size. I show results for the
full sample including all economic sectors and the baseline sample where I exclude estab-
lishments associated with culture, education, social services, economic or political parties or
organizations, and public or military administration.

Panel A of Figure|3|illustrates that after establishing a HEI in period 0, the share of engi-
neers and natural scientists relative to all employees significantly increases by 0.07 percentage
points and the share of establishments employing engineers and natural scientists increases
by 0.2 percentage points, which amounts to an effect of about 14.3 percent compared to

the pre-treatment level in the treatment and control group. In the subsequent years, this

HTn the 1990s, the number of freshmen decreased in counties that had already a HEI before 1975 (see
Table E in Appendix). As a result, the aggregate number of students and freshmen seems to stagnate in
Bavaria in the 1990s. However, after establishing new HEIs, the geographic distribution of students became
more uniform across Bavaria.
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effect continues to increase. In the baseline sample, the effect sizes decrease a bit. Moreover,
standard errors are smaller, and confidence intervals are tighter. This shows that the effects
are not exclusively driven by employment of engineers and natural scientists at educational
institutes. Interestingly, the employment of engineers and natural scientists was not affected
before the opening of the HEI. The FBO I period in Panel B shows that effect sizes stay very
similar. These results therefore provide evidence in line with Hypothesis H1, whereas the
education expansion increased the establishments’ need for engineers and natural scientists.
Moreover, no pre-treatment coefficient in Figure |3 significantly differs from zero. Based on
explanations by Marcus and Sant’Anna (2021), this is a hint that anticipation effects are not
an issue in the underyling setting. However, explicitly testing of parallel trends before the
treatment occurred is not possible. One drawback that should be mentioned at this point is
that I cannot observe previous employment spells of the newly hired engineers and natural
scientists in the data. It is therefore not possible to determine whether these newly hired

employees previously worked in private companies or at other, earlier established HEIs.
(Figure [3| about here)

At first glance, it may be surprising that the hiring of engineers and natural scientists increases
immediately in the same year in which the HEI is founded. This finding is presumably driven
by universities of applied sciences where employees cooperate with firms. Such cooperation
often entails a (part-time) employment contract with the firm.

While establishments did increase the hiring of engineers and natural scientists after a
HEI was established in their county, it is possible that low-skilled and medium-skilled workers
were substituted. However, in empirical analyses excluded from Figure |3, I do not see any
significant effect on the absolute number and the relative share of low-skilled and medium-
skilled workers after the establishment of a HEI. However, the share of highly skilled workers
increases by 0.2 percentage points until the second year after the establishment of the HEIs
or 11.7 percent (compared to the pre-treatment level). In addition, the absolute amount of
highly skilled workers is significantly affected. This is not surprising as engineers and natural

scientists are among highly skilled workers.
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4.2 Wages

When considering the effects on wages (and training activity), I focus on my baseline sample
where I exclude economic and political parties or organizations, public or military admin-
istration and establishments dealing with culture, education, and social services. Figures
and [5| show how the education expansion affected wages. In Figure |4, first, I consider the
whole observation period from 1975 until 2002. After the foundation of a HEI in period 0, the
coefficients in Panel a describing the effect on the median wage turned positive. However, the
effects stay insignificant except in period 5 and 8 where the coefficient is weakly significant
(at a significance level of 10 percent). This is consistent with labor market theory that wage
effects are only visible after some years after first graduates enter the labor market. However,

evidence for long-term wage effects is weak.
(Figure 4| about here)

To further test theory by Moretti (2004) and Schultheiss et al. (2023), I consider median
wage with respect to qualification groups. Panel b illustrates a significant positive effect from
education expansion on median wages of low-skilled workers. At period 3, the first graduates
of the new HEIs enter the labor market. Consistently, the coefficient in period 3 becomes
significant, illustrating a positive effect of 1.7 percent on the median wage. Afterwards,
the effect size slightly increases to 2.0 percent in period 5. For the other two qualification
groups, there are no positive effects. Although the coefficients regarding the median wage of
medium-qualified workers turn positive after period 0, the effects are insignificant. In Panel
d of Figure 4], education expansion shows a negative effect on median wages of highly skilled
workers in period 4, 6, and 8; however, those effects are weakly significant. Therefore, I do
not find that wages of highly skilled workers are reduced because of the education expansion.
Nevertheless, these results are in line with labor market theory by Moretti (2004), who states
that the negative effect on wage outperforms the positive effect, when considering highly
skilled workers. In addition, he expected positive wage effects to be most likely for lower
skilled workers. This can be found in my estimates.

When considering the wage of the three skill groups, the sample size is reduced because

not all establishments employ all three groups. Workers can be distinguished by skill or pro-
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ductivity without reducing the sample size by considering quartiles of the wage distribution.
This is in line with the results of Figure I find a significant effect on the wage at the
25th percentile of 1.1 percent in period 5 and no significant effect on the wage at the 75th

percentile.
(Figure [5| about here)

The results for the FBO I period in Figure |5 are in line with the results described above.
While the positive effects on the median wage of low-skilled workers exceed 2.5 percent in the
long term, the median wage of highly skilled workers is not significantly affected anymore.
Moreover, the effect on wages of low-skilled workers increases in size until period 7. However,
the change in effect size after period 5 is marginal. Therefore, I presume that FBO III, which
was initiated in 1999, has only a small effect.

Figures |4 and 5| already control for fixed effects for years, economic sectors, counties,
and establishment size. Therefore, it can be assumed that coefficients and standard errors
stay almost same after stepwise adding those controls. Considering the median wage of low-
qualified workers in period 3 (observation period from 1975 to 2002), the coefficient increases
only slightly from 0.01667 to 0.01672 after controlling for economic sector and to 0.01659
after controlling for establishment size. These results therefore provide evidence in line with
Hypotheses H2 and H3: a significant effect of the education expansion on wages of low-skilled
workers is found and this effect is larger than the analogue effect on wages of highly skilled
workers. However, on the contrary to the initial statement of H2, a positive wage effect for
vocationally trained workers was not found.

The empirical results regarding wages are also rather robust when applying an alternative
estimator. Although the estimator by Sun and Abraham (2021) provides several advantages
in my specific setting, only never-treated establishments can be included in the control group
and not-yet treated establishments have to be excluded from the control group. Therefore,
I applied the estimator by Callaway and Sant’Anna (2021) that also allows to use the latter
group to serve as the control group. Considering the observation period from 1985 to 2002
(FBO I period) and applying this estimator and using never-treated establishments as the

control group, the estimate for low-skilled workers in period 3 of 2.30 percent is comparable to

25



my baseline estimate of 2.02 percent when using the estimator by Sun and Abraham (2021).
Including not-yet treated establishments into the control group changes the estimate only
minor to 2.36 percent. The same applies to the other periods and outcomes under study.
Therefore, applying the estimator by Callaway and Sant’Anna (2021) provides evidence that
including not-yet treated establishments into the control group does not noteworthy change

the estimates. The same is true when only using not-yet treated establishments as the control

group.

4.3 Training Activity

Empirical effects on wages appear only after graduates of HEIs enter the labor market.
When considering the effect of education expansion on training activity of establishments, it
is different. Usually, young people begin an apprenticeship training or studying right after
school graduation. If they choose apprenticeship training instead of entering a HEI because of
the education expansion, this effect should be seen right after the new HEIs were established.
On the contrary, if establishments reduce the hiring of apprentices and substitute apprentices
with graduates of the new HEISs, this effect is expected only after the first graduates enter the
labor market. Therefore, if there is a negative effect of the education expansion of training
activity, it can be explained by a shift in educational decision made by school graduates
or by reduced demand of establishments for apprentices. However, if this effect is revealed
immediately after the foundation of the new HEI, it implies that the effect is driven by a

shift in educational decisions of young people.
(Figure [6] about here)

Panel A of Figure [6] illustrates that the probability of hiring new apprentices significantly
decreases (-0.8 percentage points) two years and the number of new apprentices (-0.04 ap-
prentices) one year after establishing the HEL. If I consider the FBO I period, the negative
effects emerge rightly after establishing the HEI. The probability of hiring new apprentices
is reduced by 1.2 percentage points in period 1 and the number of new apprentices by 0.05

apprentices in period 0. These effects increase in the subsequent years up to 2.1 percentage
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points regarding the probability to hire any new apprentices and 0.08 apprentices at the in-
tensive margin. If I compare the effect at the extensive margin with the pre-treatment level
of training activity of 30.6 percent in the treatment group (see Table , the effect amounts to
a decrease in the share of establishments hiring any apprentices of about 6.9 percent. These
results are in line with Hypothesis H4, according to which I expected a negative effect on the
number of newly hired apprentices and on the probability to hire at least one new apprentice.

In the 1990s, when FBO I was initiated, the task of recruiting young people for ap-
prenticeship training was more difficult than in the 1970s and 1980s. A stronger decline in
training activity in Panel B of Figure [6] than in Panel A may imply that the negative effects

are mostly driven by a shift in educational decisions by school graduates.

5 Further Empirical Analyses

5.1 Sensitivity Analyses

To test the robustness of my results, I performed several sensitivity analyses. To reduce the
complexity of my illustration, I focus on the FBO I period in the following. First, I tackle
the issue that since 1999, the BHP considers marginally employed workers as an additional
form of employment and therefore establishments are included even if they only employ such
workers (Ganzer et al., 2022). Marginally employed workers differ in salary and education
compared to other workers. This change also affects the composition of establishment, for
example, with respect to education. In Panel A of Table 2| I exclude establishments with
a very large share of marginally employed workers (larger than 70 percent). The relevant
effects on median wages of workers by qualification and training activity remain robust while

effect size changes slightly.
(Table [2[ about here)

Second, the establishment’s composition regarding gender, nationality, kind of employment,
and qualification may also affect wages and training activity. However, these variables may

also be affected by the education expansion. I, therefore, excluded these variables from my

12The results remain same if I extend this border to 80 or 90 percent.
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specification. However, in Panel B, I add the share of female and foreign workers and the
kind of employment (share of regular workers and share of full-time or part-time workers).
To reduce endogeneity, I include these only from the establishment’s first appearance in the
panel. The results stay fairly robust. For instance, the effect on median wages of low-skilled
workers in period 3 of 2.0 percent stays the same. The same applies to results for training
activity. In addition, this does not change if I add initial composition by qualification (results
not explicitly presented in this paper).

Third, I cluster standard errors at the establishment level in Panel C. While effects on
wages become slightly stronger, the negative effects on training activity become slightly
weaker but stay of clear significance.

Fourth, in Panel D, I tackle the issue of having county-level information on the location of
establishments and thus exact (geographical or temporal) distance between the establishment
and the HEI is unknown. In Bavaria, big cities often form one county (kreisfreie Stadt) but
are surrounded by associated counties. For instance, Hof, where a university of applied
sciences was established in 1994, consists of two counties—the city Hof (county ID 9464) and
the rural county also called Hof (county ID 9475) that encompasses the city Hof. If I exclude
the more rural counties that encompass big cities (county ID 9475 in the example above),
effects of education expansion on low-skilled workers increase a bit (2.4 percent instead of
2.0 percent in period three) and become clearer. The negative effect on training activity,
however, stays stable. Additionally, I see some hints on wage effects of highly skilled and
medium-skilled workers in some periods. However, those effects are unstable. Therefore, the
absence of a significant effect on wages of those two qualification groups is not reasoned by

the fact that I defined my treatment group in the wrong way due to county-level data.

5.2 Heterogeneities

In this section, I intend to examine how education expansion affected wages and training
activity in the different economic sectors. To do so, Table |3/ shows estimation results for the
five largest sectors. Here, I exclude the smallest sectors (agriculture; energy, water supply,

and mining) and hotel and non-medical services.
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(Table |3/ about here)

In construction and commerce sectors, I find positive effects on the median wage of low-
skilled workers. These two sectors account for about 40 percent of the whole sample. The
effects are larger than those in the baseline estimates. The results may be a bit surprising
for the commerce sector. The construction sector, however, is very dependent on technology
and the hiring of engineers and natural scientists. Additionally, the education expansion
also positively affected the wages of medium-skilled workers in the construction sector. On
the contrary, wages of medium and highly skilled workers are negatively affected in the
commerce sector and wages of highly skilled workers are positively affected in the transport
and communication sectors as well as financial and insurance institutions. Therefore, the
empirical results are heterogeneous with respect to the economic sector of the establishments,
particularly for the wages of highly skilled workers. Evidence for negative wage effects for
low-skilled workers cannot be found in any economic sector.

The negative effects of training activity found in my baseline estimates are mainly driven
by the manufacturing sector, which accounts for about 30 percent of the whole sample. In
addition, the commerce sector as well as financial and insurance institutions indicate reduced

training activity, in particular for the extensive margin.

5.3 Labor Demand and Supply Driven Effects on Training Activity

The foundation of a HEI decreases the probability of hiring new apprentices and the number
of hired apprentices. A decline in training activity may be because school graduates prefer
to study rather than opt for an apprenticeship after a HEI is established (supply-driven
factor). Another explanation is that establishments increase their demand for graduates of
the new HEIs and decrease their demand for workers with apprenticeship training (demand-
driven factor). The decline in training activity illustrated can be observed in the first period
shortly after the foundation of the HEIs. This fact presumably supports the first explanation.
However, Figure [6] also shows that the effect size increases particularly in the fourth year after
the HEIs are established. This could be interpreted in support of the second explanation.

To analyze the question described in Hypothesis H5 in detail, I use a second dataset.
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The Linked-Employer-Employee-Data of the TAB (Cross Sectional Model 2, LIAB QM2,
DOI: 10.5164/TAB.LIABQM29321.de.en.v1) links administrative information on establish-
ments from the BHP used above and survey information of the IAB Establishment Panel
(Ruf et al., 2023). The IAB Establishment Panel provides further information on training
activity, including the number of slots offered for apprenticeship training, how many slots
could be filled with apprentices, and how many slots remained vacant. As the formulation
of the training-related questions changed in the survey across years, 1 used the years 1993
until 1997 for my analyses For the indicators on vacant slots in apprenticeship training,
I only used years until 1996. Moreover, the sample size is much smaller in the survey data
(N = 1,117 for 1993-1997) than in the administrative dataset. Table in Appendix sum-
marizes indicators on training activity by treatment status where I distinguish overall slots

in apprenticeship training offered by establishments, filled slots, and vacant slots.
(Figure [7| about here)

Figure |7 provides empirical results considering the new outcomes of training activity. Due to
the limited time horizon, I only display estimates from two years before a HEI is established
until the third year after the treatment. First, the figure reproduces estimates regarding the
number of newly hired apprentices (Panels a and b). Again, the establishment of HEIs signif-
icantly reduces the number of newly hired apprentices; however, the effect is only significant
in the second year after the treatment. In addition, the effect size as well as the standard er-
rors increase because of the reduced sample size. I, therefore, do not interpret the magnitude
of the coefficients. In Panel ¢, I consider the slots in apprenticeship training relative to the
overall number of employees in the establishment, where no significant effect emerges. The
same results appear when I model the absolute number of slots in apprenticeship training,
which I omitted from the figure. Apparently, establishments did not substitute apprentices
or slots in apprenticeship training by highly skilled graduates from the newly established

HEIs. In Panels d—f, I consider the vacant slots in apprenticeship training and notice that

13Data access was provided via on-site use at the Research Data Centre (FDZ) of the German Federal
Employment Agency (BA) at the Institute for Employment Research (IAB) and via remote data access.

4 Because survey questions on training activity are asked retrospectively and refer to the previous year of
training, this time period provides two pre-treatment years before 1994.
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two years after the treatment, the probability of having vacant slots significantly increases.
The same is visible in Panel f for the number of vacant slots relative to the number of new
apprentices. Additional results omitted from the figure are in line with this result for the
number of vacant slots relative to the number of slots in apprenticeship training offered by
the establishments. However, these results are only statistically significant in period 2 and
cannot be found in the subsequent periods.

Those results are in line with thoughts whereas the education expansion made it more
difficult for establishments to fill slots in apprenticeship training as school graduates are
more likely to study instead of beginning an apprenticeship training. Regarding Hypothesis
H5, I therefore conclude that the negative effect on training activity found in Section is
at least partly driven by the education decisions of school graduates. However, due to the
large standard errors and small sample size, these results should be considered with caution.
Moreover, the analysis horizon is more narrowed. Therefore, I could not analyze the role of
the labor demand channel in the long term, that is, whether establishments reduced slots
of apprenticeship training and substituted training slots by highly school graduates of HEIs

due to the education expansion.

6 Conclusion

Higher education institutes are crucial in the interaction of technology, innovation, and eco-
nomic progress. HEIs educate prospective workers, equip them with the most recent tech-
nological knowledge, and attract firms and workers to regions. This substantially influences
the economic and societal development of regions. However, in industrialized countries with
aging societies, the large share of school graduates starting to study is considered critical.
In Germany, some policymakers believe that the rising trend to study rather than starting
apprenticeship training is causing present large labor shortage.

I consider this question in detail by considering the quasi-experimental establishment of
HEIs in Bavaria since the 1970s and during the 1990s. By analyzing the establishment-level
data, I find that the expansion of educational opportunities significantly increases wages

of low-skilled workers, while the employment of low-skilled and medium-skilled workers is
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not significantly affected. Although this cannot be explicitly examined with the underlying
data, I presume that the inflow of highly skilled workers who have recently graduated and
are equipped with the latest knowledge in the fields of technology and innovation unfolds
positive spillover effects on other workers. Such spillover effects are often ignored in public
debates. The critical view of young people’s educational decisions is therefore too narrow-
minded and does not consider the full range of effects associated with expanding educational
opportunities.

Further analyses show that the employment of highly qualified workers, especially en-
gineers and scientists, is increasing. Although it would be possible according to economic
theory, the wages of highly qualified workers are not decreased significantly. However, this re-
sult is consistent with those of Lehnert et al. (2020), Berlingieri et al. (2022), and Schultheiss
et al. (2023). Furthermore, there is considerable heterogeneity across economic sectors in
terms of the impact on wages and training activities.

I also find that establishments reduce their training activity after the expansion of edu-
cational opportunities. By extending my database to linked employer-employee data, I show
that this effect is not driven by a lower number of slots of apprenticeship training. However,
the number of vacant slots and the probability of having vacant slots have increased signifi-
cantly since the installation of the new HEIs. I therefore presume that the negative effect on

training activity is likely due to a change in the educational decisions of school leavers.
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Figures and Tables
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Figure 1 — The Share of Establishments Located in Counties with a HEI by Years (in %)

Notes: The figure displays the share of establishments located in counties with a HEI. The two vertical
dashed lines mark the beginning of the two waves of education expansion under study in 1977 and 1994.
Source: Establishment-History-Panel (BHP 7521); Higher Education Compass; Federal Statistical Office
(several issues).
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Figure 2 — Median Wages and Training Activity by Treatment Status and Years

Notes: The figure displays median wage and training activity for three groups: the treatment group where
a HEI was established after 1975, the control group where no HEI had been ever established, and counties
where a HEI had been established before 1975. The two vertical dashed lines mark the beginning of the two
waves of education expansion under study in 1977 and 1994.

Source: Establishment-History-Panel (BHP 7521); Higher Education Compass; Federal Statistical Office
(several issues).
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Figure 3 — Treatment Effects on the Hiring of Engineers and Natural Scientists (ENS)

Notes: The figure displays dynamic treatment effects of establishing a new HEI in period 7 = 0 on the hiring
of engineers and natural scientists in pre-treatment and post-treatment periods by using the estimator by
Sun and Abraham (2021). Never-treated establishments are used as the control group and the period one
year before the treatment is used as the reference period. Confidence intervals are calculated for the 95
percent level. Each estimate presented here controls for variables listed in equation |1} which are fixed effects
for years, economic sector, county and covariates describing the size of an establishment. Standard errors are
clustered at the level of counties.

Source: Establishment-History-Panel (BHP 7521); Higher Education Compass; Federal Statistical Office
(several issues).
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Figure 4 — Treatment Effects on Wages for the Period 1975-2002

Notes: The figure displays dynamic treatment effects of establishing a new HEI in period 7 = 0 on
establishment-level outcomes in pre-treatment and post-treatment periods by using the estimator by Sun
and Abraham (2021). Never-treated establishments are used as the control group and the period one year
before the treatment is used as the reference period. Confidence intervals are calculated for the 95 percent
level. Each estimate presented here controls for variables listed in equation |1, which are fixed effects for
years, economic sector, county and covariates describing the size of an establishment. Standard errors are
clustered at the level of counties.

Source: Establishment-History-Panel (BHP 7521); Higher Education Compass; Federal Statistical Office
(several issues).
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Figure 5 — Treatment Effects on Wages for the FBO I period (1985-2002)

Notes: The figure displays dynamic treatment effects of establishing a new HEI in period 7 = 0 on
establishment-level outcomes in pre-treatment and post-treatment periods by using the estimator by Sun
and Abraham (2021). Never-treated establishments are used as the control group and the period one year
before the treatment is used as the reference period. Confidence intervals are calculated for the 95 percent
level. Each estimate presented here controls for variables listed in equation [I which are fixed effects for
years, economic sector, county and covariates describing the size of an establishment. Standard errors are
clustered at the level of counties.

Source: Establishment-History-Panel (BHP 7521); Higher Education Compass; Federal Statistical Office
(several issues).
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Appendix

(b) 1979 (c) 2002

Figure A.1 — The Number of HEIs in Bavaria across Decades

Source: Higher Education Compass; Federal Statistical Office (several issues).
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Table A.2 — Determinants of Treatment Status in the Period 1990-1993 before the Initiation
of FBO I

(1) (2) (3) (4)
Population (in 1,000 inhabitants) —0.0177*  0.0026 0.0039 0.0014
(0.0091)  (0.0089)  (0.0091)  (0.0088)
Population squared 0.0001* 0.00004 0.00001 0.00001
(0.0001)  (0.00001) (0.00001) (0.00001)
Population density 0.0002 0.0003 0.0001
(inhabitants per squared kilometer) (0.0003)  (0.0004)  (0.0003)
Share of employed to 0.0115** 0.0112* 0.0081
population aged 18-65 (0.0054)  (0.0062)  (0.0085)
School graduates (relative to population 0.0230 0.0859 0.0873
aged 18-65, in 100 graduates per inhabitant) (0.0290)  (0.0733)  (0.0759)
Vocational pupils (relative 0.0066 0.0025 0.0013
to employable population) (0.0288)  (0.0292)  (0.0288)
Public debt (relative to 0.0002 0.0001 0.0001
population, in 1,000 Euros per inhabitant) (0.0002)  (0.0002)  (0.0002)
Public revenue from income tax -0.00004  -0.00001  -0.00004
(relativ to population) (0.00003)  (0.00004) (0.00005)
Composition of workers w. r. t. qualification
Share of low-skilled workers 0.0129 0.0046
(0.0268)  (0.0361)
Share of medium-skilled workers 0.0157 0.0095
(0.0345)  (0.0376)
Share of highly skilled workers -0.0173 -0.0289

(0.0545)  (0.0655)

Composition of workers w. r. t. economic sector

Agriculture -0.0437
(0.0466)
Manufacturing sector 0.0451
(0.0509)
Construction sector 0.0131
(0.0482)
Energy sector -0.0607
(0.0707)
Commerce sector 0.0372
(0.0595)
Transport and communication sector 0.0657
(0.0550)
Financial and insurance institutions 0.1007
(0.1072)
Public sector 0.0869
(0.0578)
Hotel and non-medical services 0.0406
(0.0488)
Observations 268 268 268 268
Number of counties 67 67 67 67

Notes: Stars denote significance of coefficients: *p < 10%, **p < 5%, ***p < 1%; standard errors in
parentheses are clustered at the level of counties.

By applying linear regression, the table regresses a time-invariant treatment dummy on characteristics of
counties for the period 1990-1993. The outcome equals one if a new HEI has been founded in a county after
1993 when FBO I came into effect. In the regression, there are therefore only counties included in which no
HEI was established before 1994. Next to the explaining variables listed above, all four specifications control
for years.

Source: Regional database of the Bavarian Statistical Office and of the Federal Employment Agency.

49



Table A.3 — Indicators of Training Activity Provided in LTAB QM2 by Group for the Period
1993-1997

Treatment group  Control group

Counties
Counties w Counties with a HEI
a new HEI w/o a HEI established before 1975
Mean SD Mean SD Mean SD

Slots of apprenticeship training
Slots in apprentice training 6.3 (33.8) 3.9 (8.7) 7.1 (57.5)
relative to all employees (in %)

Filled slots of apprenticeship training

Number of new apprentices 8.3 (23.4) 6.2 (17.9) 10.1 (22.1)
Observations 375 1,014 870
Number of establishments 126 332 279
Vacant slots of apprenticeship training
Share of establishments with 19.5 (39.7) 246 (43.1) 223 (41.7)
vacant slots in apprenticeship traning (in %)
Number of vacant slots in apprenticeship traning 1.3 (5.6) 0.9 (2.6) 1.1 (3.0)
Share of vacant slots in apprenticeship traning 14.2 (39.4) 20.7  (54.3) 19.0 (57.6)
relative to new apprentices (in %)
Observations 236 525 488
Number of establishments 91 203 189

Notes: The table displays means and standard deviations (SD) of indicators of training activity by treatment
status. Descriptive statistics are given for treatment establishments located in counties where a HEI was
established during the observation period, for control establishments located in counties where no HEI had
ever established, and for establishments located in counties where a HEI had been established before the
observation period.

Source: Linked-Employer-Employee-Data of the IAB, Cross Sectional Model 2 (LIAB QM2); Higher
Education Compass; Federal Statistical Office (several issues).
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