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How tuition fees affected student
enrollment at higher education institutions:
the aftermath of a German quasi-experiment

Ralf Minor'"”

Abstract

This study examines the impact of the charging of tuition fees between 2006 and 2014 in several German federal
states on the number of first-year student enrollments. Since Germany is known for a tuition-free education policy

at public institutions, the fundamental question arises of whether, and if so, to what extent, the temporary tuitions
influenced the number of first-year-student enrollments. In this regard, Becker's human capital theory suggests

that rising fees should be associated with declining enrollment rates. The analyses to test the hypothesis are based
on a longitudinal administrative panel data set for 206 universities and universities of applied sciences from 2003

to 2018; this means there are 3296 observations before, during, and after the tuition treatment. While no previ-

ous study has covered the full period of the policy or undertook more aggregate-level analyses, this study applies

an analytical research design that uses several panel-data models and robustness checks to examine causal relations
based on a quasi-experimental setting. The results of Fixed effects regressions confirm the hypothesized negative
impact and even reveal a persistent negative effect of the treatment. The comparison of higher education institutions
with and without tuition fees shows that the former institutions lost approximately between 3.8 and 7 percent of their

first-year student enrollments on average.

JEL classification 123,120, 122,128, H52, H75

Keywords Tuition fees, Policy evaluation, Quasi-experiment, Enrollment, Panel data analysis

1 Introduction

Like many other European countries, Germany has
moved towards a system of “mass higher education” in
recent decades (Huisman et al. 2000, p. 219; Trow 1972).
Higher education (HE) entry rates increased from 9%
in the 1960s to 58% in 2014 (Hiither and Kriicken 2018,
p- 49). In a knowledge intensive society, there are certain
advantages of such higher educational expansion: higher
education institutions (HEIs) can meet the high demand
for skilled workers (Gago et al. 2005; Gillmann 2018;
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Huisman et al. 2000), offer educational opportunities
(Kivinen et al. 2001; Trow 1972) and improve upwards
mobility (Autor 2014; Machin and McNally 2007). But
this also raises the question of how to finance this expan-
sion, now and in the future. One potential instrument
to overcome this problem is “Shifting the Burden” (Hel-
ler and Rogers 2006) by requiring students (and their
parents) to contribute to paying for higher education
(Johnstone 2004)—e.g. via tuition fees—as Germany did
between 2006 and 2014. Although a price raise seems
appropriate considering the college-wage premium that
graduates enjoy (Elliott and Soo 2013), such policies may
nevertheless prompt potential students to rethink their
decision to attend university. Decreasing enrollment (or
application) rates due to potential students’ price respon-
siveness (Elliott and Soo 2013; Heller 1997; Hemelt and
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Marcotte 2011; Leslie and Brinkman 1987) may be par-
ticularly problematic in Germany given that the coun-
try has been a latecomer in terms of tertiary education
growth and still lags behind other OECD countries
(Hiither and Kriicken 2018, p. 50). One reason for these
lagging HE enrollment rates has been the vocational
training system, which offers an alternative path (Hiither
and Kriicken 2014) that may attract students from lower
socio-economic backgrounds in particular ( Becker
and Hecken 2008). Considering the German situation
of higher education as a public good (Gayardon 2019),
policy adjustments to HEI funding should only be made
if unchanging enrollment trends can be assured. Thus,
the key question is: To what extent did the imposition
of tuition fees lead to changes in the number of students
enrolling in Germany? This paper aims to clarify whether
an effect existed, how large it was and whether it persists.

After a long period without public tuition fees in Ger-
many,! in 2005 the German Constitutional Court (GCC)
ruled that the German federal states have the autonomy
to impose tuition fees at their public higher education
institutions (HEIs) owing to the German federal states’
competency to regulate education (BvF 1/03 2005). Fol-
lowing this decision, some states imposed such fees,
while other states did not. The states of North Rhine-
Westphalia and Lower Saxony pioneered this policy
in the 2006-2007 winter semester, followed by Baden-
Wiirttemberg, Bavaria, Hamburg, Hesse, and Saarland
during 2007. In these fee-charging states (FS), students
had to pay up to €500% per semester,® while HE attend-
ance was still free of charge in non-fee-charging states
(NFS).*

Consequently, until 2015, tuition fees in Germany var-
ied by the state and the year in question (see Fig. 1). Anal-
ogous to Boix (1997) supply side logic, right-wing states
(Christ Democrats and Free Democrats) in particular
pursued the introduction of the fees, while the abolition
of the fees was mostly achieved by a change of govern-
ment towards left-wing governments (Social Democrats,

! Hiither and Kriicken (2014) refer to a "Horergeld" of 120 to 150 German
marks in the 1960s (about $420 to $535 at 1971 dollar rate) until this was
abolished in 1971 to integrate socially disadvantaged groups.

% $564.89 calculated according to the March 2006 dollar rate.

3 Fees lower than this were only charged in the introductory period and
in some exceptional cases. For a list of average fees in the various federal
states, see Hibner (2012, p. 951).

* This study does not consider other costs, such as administrative fees. Fur-
thermore, the tuition fees referred to only concern primary public higher
education. In the public system, fees for long-term students still exist in
some states but are not the subject of the present study (see German Stu-
dent Union (2015) for an overview), same applies for recently introduced
fees for foreign students in Baden-Wiirttemberg (see Vortisch (2023)). Fur-
thermore, private higher education institutions do exist and vary in their
fee-heights (see Buschle and Haider (2016)).
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Left Party and Green Party) (Kauder and Potrafke 2013;
Tiirkoglu 2021). Heated political debates and nationwide
student protests between 2006 and 2010—especially
emphasizing social inequality and equal opportunities—
led to the abolition of tuition fees (Heine et al. 2008; Tim-
mermann 2019). Only 1 year after first introducing them,
the state of Hesse already stopped imposing tuition fees
and in subsequent years, other federal states followed.
This led to the complete abolition of tuition fees in all
German states—and thus at all public HEIs—by the end
of 2014. Generally speaking, seven out of the 16 Ger-
man federal states imposed tuition fees for at least some
time during this period and nine states opted not to do
so. Given the largely uniform fees earned by Germanys
HEIs and their potential link to declines in student num-
bers—which are an important measure for HEIs indica-
tor-based public funding (see Leszczensky (2004))—an
analysis of the German policy may be useful when assess-
ing tuition policies in other countries with federalized
education systems and predominantly public tertiary
education funding.

There are three key reasons why the German case may
be especially useful for understanding student responses
to HEI fees: First, the federally varying fees charged
between 2006 and 2014 are an exception in Germany,
which is otherwise known for its fee-free nature; second,
there was a nearly universal treatment across the sample;
and third, the quasi-experimental situation allows for the
use of various statistical methods of causal analysis.

This paper adds to the existing literature by consider-
ing 206 universities and universities of applied sciences
(together and in subgroups) using a (balanced) panel data
set covering 16 years. Until now, comparable studies have
predominantly worked on the degree of study intentions.
Only two previous studies estimate the actual impact of
tuition fees at the institutional level based on process
produced data (Bruckmeier et al. 2013; Mitze et al. 2015).
Since in both cases the study period does not exceed the
year 2010, so far, no study can determine the effect of
tuition fees on the meso level over the entire period and
beyond. Moreover, the Fixed-effects regression analysis
systematically considers dynamic lead and lag effects,
temporary and persistent treatments and a number of
covariates which reflect the situation of the educational
and economic policy in Germany. Thus, it not only con-
siders anticipation of tuition fees, medium-term adjust-
ments or nonimmediate transition from high school to
university, but also the implementation of the Bologna
reform in Germany and the situation on the labor and
vocational training market.

The remainder of this study proceeds as follows. In the
next section, I review the state of research. I then present
theoretical reasoning based on Becker’s human capital
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Fig. 1 Evolution of tuition fee implementation and abolition by federal states in Germany, treatment dates (states in dark grey) have been drawn

from Bahrs and Siedler (2018)

approach as well as the associated hypotheses. The sub-
sequent section describes the data, operationalization,
and estimation strategy. I then present a descriptive anal-
ysis of the link between tuition fees and student enroll-
ment. The results section with the panel data regression
analyses presents the results of a Fixed-effects regression
comparing a temporal and a persistent treatment. A first-
difference estimation based on a different slope under-
scores the robustness of the results. The subsequent
chapter presents robustness tests for different subgroups,
aggregation levels and observation periods. The paper
closes with a short conclusion as well as a discussion
of limitations and finally describes avenues for future
research.

1.1 State of research

Across the world, tuition fees have prompted contro-
versy on the streets, in the parliaments, and in research.
The main issue goes beyond whether or not to attend HE.
Fee-paying students do not just need to decide on their
educational pathway but also need to find ways to cope
with direct and indirect costs. Besides financial support
in the family, students may rely on grants and loans (for
an overview of tuition-subsidy regimes see Garritzmann
(2016)). To access these grants and loans, students face
equally controversial borrowing constraints (Johnson
2013; Keane and Wolpin 2001). Further problems arise
for those who do not want to or cannot access such
programs as well as for those who are not sufficiently
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supported by them. For example, there is evidence that
student employment increases (Neill 2014), with vari-
ous consequences, including declining academic perfor-
mance for some subgroups (Kalenkoski and Pabilonia
2010). If students are expected to pay more fees after the
extend of a general program's length, the probability of
their late graduation is reduced (Garibaldi et al. 2007).
However, given the relevance of tertiary education for
economies and individuals, declining intentions to pur-
sue higher education are one of the most devastating
consequences and thus also a central field of research and
controversy. Many international researchers have noted a
reduction in HEI enrollments (or applications) due to the
increase or introduction of fees, which largely affect stu-
dents from low-income families (Coelli 2009; Declercq
and Verboven 2015; Elliott and Soo 2013; Neill 2009; Pig-
ini and Staffolani 2016). The results are consistent with
those of meta-analytic studies from Leslie and Brinkman
(1987), Heller (1997) and Hemelt and Marcotte (2011) for
the United States. Others have not found that fees gener-
ally negatively affect enrollment (Canton and Jong 2005;
Havranek et al. 2018) or change the socio-economic gra-
dients (Denny 2014).

The German case is interesting because the treatment
by tuition fees took place almost uniformly across federal
states, the treatment also resembled a random assign-
ment and the short treatment duration and availabil-
ity of process produced administrative data at the HEI
level enabled me to compare before, during, and after
the intervention. Table 1 summarizes the inferential sta-
tistical analyses on the German tuition fee intervention
structured by level of aggregation. There are two main
research concentrations: individual-level studies using
data from the HIS school leavers survey and studies con-
ducted at state- or institutional level using administra-
tive data from the Federal Statistical Office of Germany.
The obviously different outcomes might be a result of
differences in the levels of aggregation, the data sets,
observation periods and the methods, as Shin and Mil-
ton (2008) have noted for research on the United States.
For instance, Bruckmeier and Wigger (2014) did not find
a significant effect using state-level data, but Bruckmeier
et al. (2013) found an effect using HEI-level data. In addi-
tion, the existing research for Germany was mostly con-
ducted immediately after tuition fees were introduced
and no studies have looked at the period after tuition
fees were abolished. The results of the individual-level
studies (Bahrs and Siedler 2018; Baier and Helbig 2014;
Dietrich and Gerner 2012; Heine et al. 2008; Heine
2012; Helbig et al. 2012) vary but show that tuition fees
tended to have a negative effect on higher education
enrollment. The same applies for the more aggregated
state-level studies. Of all the published studies using this
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approach, only Hiibner (2012) found a negative effect
that was statistically significant. An only slightly smaller
effect is reported by Bietenbeck et al. (2022) in a recent
discussion paper, but the study period also extends just
to 2010. The two studies using institutional-level data did
find significant negative effects—Bruckmeier et al. (2013)
and Mitze et al. (2015)—but the results of the latter study
were not robust for all subgroups. None of these studies
covered the full tuition-fee period in Germany, so they
largely just detected effects shortly after the introduc-
tion of fees. Given the importance of tuition-fee policies
worldwide and the benefits of researching the German
setting, which resembles a quasi- experiment in a feder-
alist system, the present study can help to explain young
adults’ responses to tuition-fee changes. The analyti-
cal research design deployed in this study allows me to
analyze a comprehensive and administrative panel data-
set on the disaggregate HEI level with data beyond 2012
addressing the temporal and persistent effect of tuition
fee treatments on first-year enrollments via static and
dynamic approaches.

1.2 Theory

My study uses Becker’s (1993) theoretical behavior model
to explain the enrollment choices of German high-school
graduates on the micro level. According to Becker, indi-
viduals conduct cost-benefit analyses between several
educational options when considering how to maximize
the net utility of a personal investment (e.g., in their
own education, health, or training). In my study, enroll-
ment decisions are seen as an investment: If the benefits
of getting a tertiary degree (weighted by the probability
of success) are higher than the associated costs, they will
enroll. The costs of HE attendance consist in the (indi-
rect) opportunity costs of forgone wages for a job that
only requires a skilled-worker qualification and the direct
costs of studying due to tuition fees, administration fees,
accommodation costs, and so on. The benefits are the
higher future earnings for degree holders (the so-called
“higher-education premium”)—justified by productiv-
ity increases—or higher social esteem. Ceteris paribus,
tuition-fee introduction increases direct costs by about
€1,000 per year while future benefits remain constant.
This means that introducing tuition fees should decrease
the net utility of university attendance. Thus, the number
of enrollments should decrease.

Hypothesis 1  Tuition fees have a negative impact on the
number of first-year students enrolling in fee-charging
HEI.

Becker’s model also enables me to consider the forma-
tion of rational expectations (Becker and Mulligan 1997).
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If students in secondary education already anticipate ris-
ing costs based on current policies and discussions, this
should lead to a decline in present enrollments due to a
projected cost—benefit analysis. This anticipation effect
may also be explained by a lack of patience among indi-
viduals who prefer the present financial security (and
extended working life) that comes with choosing voca-
tional training over the uncertain fee situation in higher
education. Even though the first serious proposals were
presented by the German Rectors’ Conference in 2004
(Hiither and Kriicken 2014), students could only expect
the introduction of fees in their specific federal state after
the ruling of the GCC in 2005. Thus, this anticipation
period should be limited to two years.

Hypothesis 2 The anticipation of tuition fees has a
negative impact on the number of first-year students
enrolling in fee-charging HEIs, even before their official
introduction.

Are these hypotheses the only ones that could be
derived from the model? One argument put forward is
that the benefit of a university degree is much higher than
the perceived small rise in costs. Yet this argument fails
to consider the existence of a group of students who only
marginally decided to enroll in university, even before
the introduction of tuition fees. So, at the margin, tuition
fees should be associated with a decreasing number of
enrollments. Nevertheless, this impact could be limited
to a small number of (possible) enrollments at HEIs. To
detect this (likely small) effect, a large data set—such as
the present one—is necessary.

A more substantive argument relates to policymak-
ers’ aims in introducing tuition fees, which concerned
improving the quality of education at German universi-
ties. These improvements could have led to increased
expectations of a) success and b) future employability
(Bates and Kaye 2014). Rational calculations of costs
and benefits involve weighing these perceived qual-
ity improvements against their costs. Thus, the nega-
tive effects of increased costs and the positive effects of
increased educational quality could have cancelled each
other out. But, both the signaling effect on potential stu-
dents and the students’ perception of an increase in qual-
ity during this period have been empirically contradicted
so far. On the one hand, a study by the German Parlia-
ment (2009) came to the conclusion of general student
dissatisfaction with the fees, attributing this in particular
to the lack of belief in quality improvements surveyed in
the so called “Gebiihrenkompass” (cited in German Par-
liament (2009)). At the same time, the results of Heine
et al. (2008) showed that for about one third of the stu-
dents a quality expectation of the fees can be shown.

R. Minor

There is a discrepancy here between expectation and
actual satisfaction with the policy. On the other hand,
the latter study also showed that only 2% of eligible stu-
dents in 2006 believed that a university with tuition fees
would provide a better education. In addition, from 2003
onward, the protest movement against the marketization
of education formed (Tiirkoglu 2021), in which school
children played a major role and whose claims included
"free education for all" (Bundesweiter Bildungsstreik
2009). The above-mentioned studies thus suggest a dete-
rioration in quality expectations over time rather than
an improvement. Consequently, both the anticipation of
the fees and their subsequent introduction must be based
on the assumption that the costs outweigh the benefits
created.

Furthermore, looking at the German labor market over
the last 30 years, there is a clear trend towards a grow-
ing number of high-skilled jobs. This means that the ben-
efits of tertiary education in terms of finding well-paid
employment have increased. These considerations should
have led to a growing share of high-school graduates
enrolling at universities, which could have counteracted
the declining student numbers through tuition fees. The
negative influence of tuition fees might thus have been
outweighed by this general positive trend.

Hypothesis 3 The number of high-school graduates has a
positive impact on the number of first-year students.

To test these hypotheses, it is necessary to analyze a
long panel data set. This is what the following sections
are doing.

1.3 Data and variables

The present analysis primarily uses process produced
administrative data on the disaggregated level of HEIs for
the winter semesters 2003—2004 to 2018-2019 (Federal
Statistical Office of Germany 2020a, b). My dependent
variable is the number (count) of first-year students from
Germany’—I use both the total number and the number
for particular subgroups in robustness checks. All mod-
els are based on a log-linear specification of my depend-
ent variable. The mean number of first-year students per
institution is 1,231, the deviations are due to institutions
of different sizes as well as higher variation within the
observed units. After data cleaning, data for 206 HEIs®

> As HEI entry qualification data were not provided in the German admin-
istrative statistics, I could not introduce control variables for first-year stu-
dents from outside of Germany.

6 These included non-private traditional universities, technical universi-

ties, and universities of applied sciences and universities for technology and
business.
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Table 2 Descriptive statistics of the full sample, all years
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Mean sD Min Max

Panel identifier 11537 67.70 1.00 229.00
First-year students 1,230.59 1,186.17 12.00 7627.00
Public tuition fee charging [dummy] 0.22 041 0.00 1.00
Year of first tuition charging 1,295.35 959.82 0.00 2007.00
Persistent treatment after charging tuitions once [dummy] 0.51 0.50 0.00 1.00
Upper secondary school graduates [in thousands] 29.69 23.38 2.08 117.89
Military service [dummy] 0.50 0.50 0.00 1.00
Unemployment rate [percentage] 7.95 3.69 2.90 20.50
Vocational training contracts acquired 60,474.57 39,044.07 5,304.00 132,033.00
Gross domestic product [per capita] 63,366.01 9,341.72 41,386.00 93,368.00
Proportion of bachelor-degrees and master-degrees 5041 26.55 1.99 8534
Year (start of winter-semester) 2010.50 461 2003.00 2018.00
Observations 3,296

on enrollment after interstate migration were available.”
This generated a data set that was comprehensive in
scope (institutions) and scale (years) and that contained
3,296 HEI-year observations in total. I had information
on whether a given state implemented tuition fees—inde-
pendent variable—in a specific year (Bahrs and Siedler
2018; Mitze et al. 2015) and included this as a dichoto-
mous treatment dummy which is additionally tested for
dynamic effects of anticipation. The treatment applies to
22% of all observations in the sample. Alternative speci-
fications use a persistent treatment on state level after
a first treatment to check medium-term effects. The
descriptive statistics of the main variables in my full sam-
ple are listed in Table 2, group wise summary statistics
can be found in the supplements.

The data set includes the number of high-school gradu-
ates [in thousands] by state to control for the potential
number of students (Federal Statistical Office of Germany
2020a). The reasons for this are twofold. First, this varia-
ble controls for changes due to the reform of the German
high-school system (G8-reform) in some states between
2007 and 2013, which reduced the number of years Ger-
man students spent in high school. Thus, the relatively
high range is attributable to exceptionally large num-
bers of high-school graduates in some states and specific
years. Furthermore, single city-states as Bremen gener-
ally have fewer students. Second, it controls for the sharp
decline in birth rates in the eastern states of Germany
after reunification from 1991 to 1995 (The World Bank
Group 2020) on the one hand and the strong increase
towards higher educational qualifications on the other.
To capture the reforms of the higher education system to

7 Source code available for STATA 16.

the bachelor and master system, I control for the share of
these degree forms within all intended degrees (Federal
Statistical Office of Germany, personal communication,
September 7, 2021). Their average varies between 5% in
2003 and 76% in 2018. Based on past evidence (Casillas
2010; Dayhoff 1991; Hsing and Chang 1996) I control
for unemployment effects (Federal Employment Agency
2021) and economic wealth (GDP at current prices per
employed person by Federal and State Statistical Offices
(2022)) on state level.

Beyond the covariates displayed in the summary sta-
tistics, I use a number of lead and lag variables as well
as first differences and trend specifications. The analysis
further entails various robustness checks to control the
results on a subgroup level (see “Robustness Checks” sec-
tion below).

1.4 Identification strategy

My identification strategy is based on the assumption that
the introduction and abolition of tuition fees represented
a quasi-experimental randomization in the sense of a
"government randomization" (Meyer 1995, p. 151; Wool-
dridge 2012, p. 457). The underlying premise is the fed-
eral autonomy of the states in Germany, which, according
to the decision of the Federal Constitutional Court, also
applies to the charging of fees. Neither the institutions,
nor the potential students, nor I as a researcher had any
influence on the following non-uniform imposition—the
treatment assumed here—of the fees. In addition, visual
(plotting of group means over time and visual inspec-
tion of subsets) and statistical (tests on the interaction
of group-specific linear time trends as well as extended
dynamic model specifications) inspections did not pro-
vide a priori evidence of subgroup heterogeneity among
school graduates and students before the assignment of
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the treatment that would argue against a common trend
(Angrist and Pischke 2009, p. 239). Further events that
occurred during this period were discussed by Alecke
et al. (2013) and Hiibner (2012). For the most part, these
events were consistent with the common trend assump-
tion. Nevertheless, students may have substituted fee-
charging HEIs for non-fee-charging HEIs in the years
when tuition fees were imposed. The results must be
interpreted with this possibility in mind. All in all, the
treatment (tuition fees) and nontreatment (lack of tuition
fees) arguably resembled a random assignment.

In order to account for heterogeneity across institu-
tions, e.g. due to different sizes or strategic orientations
(Baltagi 2013), as well as for group-specific selection
effects across federal states, I test my assumptions on
the basis of panel data regressions with fixed effects. This
has been chosen after the Hausman test refuted the null
hypothesis of no differences between the FE approach
and the alternative random effects (RE) method Thus, my
specification does allow for averaging out all unobserved
heterogeneity by within transformation. Time-specific
influences are controlled by a federal-state-specific trend
interaction. This approach considers a general time trend
and allows for variation between the states (e.g. a varying
trend towards higher-education enrollment)).?

My dependent variable is the logarithmized number
of enrollments at each institution and the time inter-
vals between the measurements are identical. Marginal
changes of the predictors by one unit can be interpreted
as a percentage change of student enrollments. Further-
more, I included leads of the tuition-fee variable and
lags of the high-school-graduates variable. The theoreti-
cal reasoning supported the inclusion of lead effects to
model for the anticipation of tuition-fee implementation
and abolition (Ashenfelter 1978). I inserted leads of one
and two years. Furthermore, there were several reasons
why high-school graduates might not have enrolled at
a HEI in the year of their graduation. First, until 2011,
males had to complete military service for a manda-
tory 12-month period. Second, many graduates decided
to complete an internship, volunteer, or participate in a
work-and-travel program before starting higher educa-
tion. Thus, the dynamic approach included lags in the
number of high-school graduates for one and two years.

To examine whether the effect of tuition fees is tem-
porary, short-term, or persistent, I then vary the treat-
ment variable. To do so, I first apply a first-differences
approach. As in the previous fixed effects approach,
the first-differences approach also averages out

8 Since some specifications are also used for comparison or robustness test-
ing, the modeling of state-specific trends is not applied to all specifications,
and in some cases only yearly dummies are used.
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time-invariant heterogeneity across institutions (Greene
2018). For my data with t>2, I expected that the results
would not be identical to those found with the aforemen-
tioned approach and would not be unbiased (Wooldridge
2012, p. 490). Second, I use a treatment variable that con-
tinues the treatment even after the abolition of fees in the
respective state. If tuition fees have not only temporarily
but also sustainably reduced the number of students, this
can be assessed in the context of this modeling.

For all models I use cluster robust standard errors for
identification after testing group wise heteroskedasticity
and autocorrelation with a modified Wald test to check
the first, and a Wooldridge test to check for the lat-
ter (comparisons with bootstrapped SE’s show similar
results). After the literature review of previous studies
revealed varying results of aggregated and non-aggre-
gated data as well as for different subgroups, I introduced
additional models to examine the effects on the more
aggregated federal state level, by gender and institutional
type.

Since the visual inspection of enrollments (see chapter
below) already show strong variations, it cannot be ruled
out that individual states in the treatment or non-treat-
ment group dominate the effect of tuition fees. To check
the robustness of the overall effect, I sequentially leave
out individual states from my calculation and check the
effects in the reduced sample (leave-one-out test).

To test the above-stated hypotheses, these models were
estimated on a comprehensive panel dataset of 3,296
observations that could detect even small variations in
the number of first-year students caused by the imposi-
tion of fees and other exogenous variables.

1.5 Empirical evidence

1.5.1 Descriptive statistics

To illustrate the overall developments, I first conducted
descriptive analyses of the panel dataset. These analyses
underline the necessity of the subsequent models. Fig-
ure 2 depicts the total enrollments of first-year students
in FS and NFS throughout the entire period. Two points
are immediately evident: First, there was a generally posi-
tive trend towards enrollment in public higher education.
However, this trend was interrupted at the beginning of
my observation period. Second, there was a sudden rise
in enrollments in 2011.Various explanations are plau-
sible. For example, anticipatory effects may have led to
decreasing enrollments, since they increased prior to
the period under review. However, the reorganization of
the German high-school system after 2007 in 12 of the
16 German states triggered a steep rise in the number of
high-school graduates in some years and may therefore
have caused a rising number of enrollments as well.
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Fig. 2 Total enrollments at public higher education institutions between 2003 and 2018
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Fig. 3 Changes in number of enrollments to the previous years at public higher education institutions between 2003 and 2018

A possible drawback of this general analysis is that it
obscures the potentially very different development paths
in FS and NFS. Therefore, in the next step, I divide the
data into subgroups to differentiate the impact of tuition
fees on the treatment and the control group. ES include
all states that imposed tuition fees between 2006 and
2014-. Different development paths in both subgroups are
presented as percentage changes (Fig. 3) compared to the
year before.

From 2005-2006 to 2013-2014, both groups diverged.
Despite the tuition fee charging, the FS continue to
record a positive trend in up to 2010. This can also be
seen for the NFS. However, their growth exceeds that of
the treatment countries from 2008 onwards, until a sud-
den sharp increase in 2011. At that time, three federal
states had already abolished the fees again. After the abo-
lition in 2014, the developments proceed in a common
path again. A variety of factors may explain the growth
even after the introduction of fees. For one, high-school
graduates may have already accepted paying tuition fees
within their states. Another possibility is that the rise in
the number of enrolled students in FS could be attributed

to the exceptionally high numbers of high-school gradu-
ates in single years.

Summing up, the descriptive analyses suggest that dif-
ferent forces are at hand, both at the level of groups and
regarding the 16-year study period. The resulting com-
plexity—which was especially evident in the tuition-
fee period between 2006 and 2014—requires a multiple
panel regression analysis.

1.5.2 Panel data regression analysis

Table 3 below shows the results of my main specifica-
tion with the logarithmized enrollment number as
dependent variable. The entire sample is estimated
over the full period (minus the time-leaded and -lagged
observations due to the dynamic specification in the full
model). All following models—beside specific compari-
sons in the robustness section—control for the number
of secondary school graduates, the unemployment rate
in the respective state as well as the vocational train-
ing contracts concluded there, the gross domestic
product on federal state level per employed person and
the share of intended degrees that are already in the
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Table 3 Effect of temporary tuition fee charges on the log of enroliments at public higher education institutions
(1 (2) (3) (4)
Public tuition fee charging [dummy] -0.0353" —-0.0828™" —-0.0645™" -0.0695"
(—3.85) (—6.69) (=5.70) (—6.47)
Upper secondary school graduates [in thousands] 00122 0.0035™" 00037 0.0033™
(14.93) (532) (8.40) (7.26)
Unemployment rate [percentage] 0.0258™ —-0.0240™ -0.0211"
(4.96) (—4.58) (—257)
Vocational training contracts acquired 0.0000™" 0.0000 —0.0000
(5.02) (0.08) (—0.58)
Gross domestic product [per capita] —0.0000™" —0.0000 —0.0000
(—8.89) (—1.44) (—=0.00)
Proportion of bachelor-degrees and master-degrees 0.0080™ 0.0076™ 0.0090""
(14.90) (10.69) (7.76)
One year lead in treatment 0.0007
(0.06)
Two year lead in treatment —-0.0250
(—1.23)
One year lag of graduates [in thousands] 00010
(3.44)
Two year lag of graduates [in thousands] 0.0003
(0.88)
Federal state specific year trend v v
Observations 3,296 3,296 3,296 2,472
R? (within) 0.1963 03617 0.4086 0.4465

Coefficients of Fixed effects regression with cluster robust standard errors (institutional level); Model (1) is a baseline model, (2) adds covariates to control for reforms
and economic conditions, (3) considers state-specific time trends and (4) is the full model under consideration of dynamic effects;

t statistics in parentheses; 'p<0.1, “p<0.05, “"p<0.01

bachelor- and master-mode. While institutions in FS
are the treatment group, those in NFS are the reference
group. To compare the robustness of different speci-
fications, I build my central model (4) in a stepwise
approach. Model (1) only considers the treatment effect
and the variation of the graduates. It already shows a
negative treatment effect and takes fixed effects at the
institutional level into account. Extending the model
with economic influences, vocational alternatives and
taking the Bologna reforms into account shows posi-
tive effects of the latter covariates on the number of
enrollments in model, while the first show a negative
influence (2). Trends and dynamic effects are consid-
ered in models (3) and (4). Since the vocational train-
ing contracts are an alternative to higher education, the
positive influence in model (3) is implausible. However,
this effect disappears when the federal-state-specific
time trends are considered in the subsequent model.
Adding these improves the overall model fit slightly,
the treatment effect remains robust. The results of the
central model (4) considering dynamic effects of the
treatment and school graduates show that institutions
that received the treatment have a significantly lower

number of enrollments—by about 6,95 percent less—,
if all other factors are held constant.

Examining the lead effects of the treatment, no antici-
pation of charges can be identified. The effects of one-
and two-year leads vary in direction (correlation between
the lead effects is relatively low at 0.1278), but neither is
significant. Furthermore, the high-school-graduate vari-
able indicates that the number of high-school graduates
has a positive and significant impact on the number of
enrollments. This applies over and above the positive
immediate impact and captures one of the assumed lags.
Table 4 below compares the results of another specifica-
tion, based on a persistent treatment, with a first-differ-
ences specification.

The specification based on a persistent treatment esti-
mates a significant decrease in students by 8.14 percent.
The effects of the other variables are analogous to the
previous specification, but under these assumptions a
significant anticipation effect of 2.85 percent less enroll-
ment is apparent, while the two-year lead has a negative
sign as well. Assuming that the effect of tuition fees per-
sists beyond the actual treatment, it is somewhat stronger
than under the assumption of a temporary treatment.
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Table 4 Comparison of effects between persistent tuition fee treatment after charging tuitions once on the log of public institution
enrollments (fixed effects) and temporary tuition fee treatment on the log of the first-differences of institutional enrollments

4] (2)

Fixed effects First-differences

Persistent/Temporary treatment

One year lead in treatment

Two year lead in treatment

Upper secondary school graduates [in thousands]
One year lag of graduates [in thousands]

Two year lag of graduates [in thousands]
Unemployment rate [percentage]

Vocational training contracts acquired

Gross domestic product [per capital

Proportion of bachelor-degrees and master-degrees
Year Dummies

Federal state specific year trend

Observations
R? (within)

—0.0814*** —0.0778***
(—=4.27) (—6.80)
—0.0285** —0.0059
(=2.25) (—=0.46)
-0.0193 —0.0267*
(~0.96) (—1.66)
0.0035%** 0.0022%**
(831) (5.76)
0.0008*** 0.0009**
(2.65) (2.40)
0.0003 —0.0000
(0.96) (=0.01)
—0.0249%** 0.0343***
(=2.97) (3.26)
—0.0000 —0.0000
(=0.49) (-061)
—0.0000 0.0000
(=0.17) 0.92)
0.0083*** 0.0080%**
(7.01) (2.90)

v
v
2,472 2,266
0.4435 0.1605

Coefficients of Fixed effects regression (1) and First-differences specification (2), both with logarithmized count of students as dependent variable, both using cluster

robust standard errors (institutional level);

t statistics in parentheses; 'p<0.1, “p<0.05, “"p<0.01

The following first-differences approach cancels out all
time-invariant heterogeneity between the institutions. In
particular, the first differences estimation considers the
slope based on the values immediately before the onset of
the treatment and is thus more inefficient than the alter-
native chosen specification, when the time series is larger
than two periods. Despite this limitation, institutions that
received treatment had a decrease in the number by 7.78
percent, ceteris paribus. Thus, the coefficient is again
slightly higher than in the main specification and even
here significant, confirming the robustness of the main
model results.

My main interest was in analyzing the effect of tuition-
fee introduction on the number of enrolled students.
Three dynamic panel data models specified various tim-
ing of this effect and found this effect to be significant
and negative temporarily and even persisting after the
abolishment of tuition fees in Germany. The effects went
in the hypothesized direction based on human capital
theory, meaning that German students are sensitive to

cost increases and HEIs that imposed fees lost students.
Respectively, states that have implemented this policy
have—at least in the duration of the observation period—
sustainably lower enrollments. An anticipation effect,
which was modelled by the two leads, did just occur in
the long-term specification and for just one year. Regard-
ing the contradictory effect of a general trend towards
higher education, both the descriptive analyses and the
regression analyses supported my previous assumptions.
Thus, the number of university entrance qualification
holders had the expected positive effect on the number of
first-year students.

1.6 Robustness checks
As the data included several selective subgroups, robust-
ness checks were necessary. While detailed outcomes can
be found in the appendix, group wise summary statistics
are attached to the Additional file 1.

First, I examined my main specification separately for
universities and universities of applied sciences. By doing
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so, it becomes apparent that the negative effect is pre-
sent for both subgroups, but is somewhat smaller for the
classic universities (see Appendix 1). Moreover, the labor
market influences only affect enrollments at universi-
ties of applied sciences significantly, while the lag effect
of secondary school graduates, which can be seen in the
overall model, only occurs at classic universities. This
induces a more direct transition into higher education for
students opting for the applied sciences institutions.

Second, I examined models separately by gender
(based on the same institutional sampling). Although
female participation in HE has been rising and is about
to surpass male tertiary participation in many fields
(Buchmann et al. 2008; Schofer and Meyer 2005), there
are still some differences between the subgroups of stu-
dents. Costs-benefit analyses for education vary by gen-
der. According to Lorz et al. (2011), female students also
evaluate HE benefits smaller than their male counter-
parts. Based on these findings, human capital evalua-
tions should lead to greater decreases in the subgroup of
female first year students. Appendix 2 shows the results
that confirm this assumption. While the group of women
records a decrease of about 8.72 percent, the group of
men loses on average only 5.78 percent of the enroll-
ments. The associations of a positive influence of sec-
ondary school graduates applies to both genders equally,
while just for male students a significant lag effect can be
observed one year after treatment. Subsequently, women
are more sensitive to the fee charges.

Third, to compare my results with previous studies
with similar modeling but different aggregation level
or shorter observation period (Bruckmeier et al. 2013;
Bruckmeier and Wigger 2014; Hiibner 2012), I aggre-
gated my dataset and estimate results both at the state
level and in a disaggregated setting based on a shorter
time series. The former approach is intended to test
whether the estimates at the aggregate level are subject
to an ecological fallacy. The results—plotted in Appendix
3—are consistent with the findings of the general models
and significant. The decrease of 5.47 percent is somewhat
smaller than at the disaggregated level.

Furthermore, I restricted the disaggregated dataset
to a few control variables and formed three subsamples
with different study periods, which correspond to some
previous studies. The results can be found in Appendix
4. There, one can see that the negative effect of tuition is
robust across all study periods, but has a smaller effect in
the shortest study period ending in 2008.

Finally, the figures above have made it clear that enroll-
ment numbers are subject to large variations over the
period of the intervention. Thus, in a final step, I re-
estimate my central model and sequentially leave out
one state at a time to prevent outliers from biasing the
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effect of my calculations. I have visualized the coefficients
of the treatment dummy of the resulting 16 estimates in
Appendix 5. When North Rhine-Westphalia is excluded
from the sample, the largely stable effect of about 7 per-
cent drops down to an effect of 3.8 percent reduction in
enrollments. But, even without North Rhine-Westphalia,
the effect remains different from zero and significant
at the 0.01 percent level. In the data set, North Rhine-
Westphalia dominates in terms of the number of sampled
institutions of higher education, and a visual inspection
of the data reveals a distinct maximum in the number of
graduates and enrollments in 2013. This may be attrib-
utable to a simultaneous policy of shortening the high
school career path, which may have subsequently influ-
enced the within-difference in my specification, while
and shortly after the abolishment of tuition fees. To con-
trol for this policy, I calculated a specification with an
additional dummy variable that includes so-called "dou-
ble cohorts" (two graduating classes were merged into
one graduating cohort; see Additional file 1: Table S4).
However, the double cohorts do not exert a significant
effect, and the tuition effect remains at about 7 percent
(another model with a one-year lagged effect of the policy
similarly provides no further explanatory contribution).
An even slightly higher treatment effect is found when
leaving out Bavaria. All in all, this test underscores the
robustness of the results, but it calls for caution regarding
the size of the effect.

The evidence shown here illustrates that the imposition
of tuition leads to a reduction in enrollment regardless of
gender, type of institution, or observation period aggre-
gation level of the study and drawn subsamples, although
different subgroups vary in their sensitivity.

2 Conclusion, limitations, and remarks for future
research

I examined a negative effect of tuition-fee imposition in
Germany between 2006 and 2014 on enrollment num-
bers in fee-charging institutions by performing panel
data regression with a balanced and comprehensive
panel data set. To the best of my knowledge, this study
is the first to look at the whole treatment period of the
German tuition-fee policy intervention and beyond. My
results show a significant decline in first-year student
enrollments in German HEIs across all models and sup-
port the hypotheses based on human capital theory.
Analyses using different regression methods and varying
specifications confirm Hypothesis 1. Thus, tuition fees
negatively influenced the number of first-year students at
a fee-charging institution by about 3.8 to 7 percent less
enrollments, confirming the theoretical assumptions. The
effect thus adds to the evidence of negative effects of tui-
tion on actual enrollments in the German public system.
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Nevertheless, there is a question of why researchers
have found very different results regarding the influ-
ence of tuition fees when using very similar data sets
and regression methods (see Bruckmeier et al. (2013),
Bruckmeier et al. (2015), Mitze et al. (2015)). One
explanation relates to a variation in the aggregation
level and the observation period of studies beforehand.
Different explanations were investigated in robust-
ness tests. While generally a higher aggregation level
(as in Hubner 2012, Bruckmeier Wigger 2014) shows
the same effect direction like results at the institu-
tional level, a shorter study period might contribute to
a smaller effect, which becomes largest when measur-
ing the full period between 2003 and 2018. Varying the
specification and the treatment from temporary to per-
sistent shows a decrease in enrollments likewise. Thus,
tuition fees have not only led to a temporary decrease
in enrollment, but also to a sustained reduction (within
the period under consideration) at the institutions that
charged them. Although it cannot be ruled out that
such a general reduction over such a long treatment
period is also due to other factors of unobserved het-
erogeneity, this can be understood as first evidence that
even small price increases affect the demand for higher
education in a certain region negatively. In addition to
the consequences for the reputation of decision-makers
by protests in political controversy, this shows in par-
ticular that tuition fees should not be considered as a
temporary policy instrument.

I did not find general anticipation effects of the intro-
duction of tuition fees, meaning that Hypothesis 2 must
be rejected. One explanation for this finding may relate
to the ever-changing political debate on tuition fees after
2005 in Germany.

Hypothesis 3 was confirmed as the growing number
of high-school graduates increased the number of first
year students—but only to a moderate extent. This too,
supports the analysis of Bruckmeier and Wigger (2014),
which contends that neglecting the number of high-
school graduates leads to serious omitted variable bias.
As shown by the results of the dynamic specification,
there is a one-year-lag effect of school graduates transi-
tioning to higher education.

The significant and negative effect of tuition fees varied
by institutional type and the negative effect was stronger
for Universities of Applied Sciences. Differing mobil-
ity patterns may be one explanation for this. Mitze et al.
(2015) examined these by institutional type. Students
attending classic universities (as opposed to universities
of applied science) migrated more strongly from fee-
charging states to non-fee-charging states. Another—
potentially interdependent—reason would be the social
selectivity of these two tiers (Schindler and Reimer 2011).
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There are several limitations of this study. First, I could
not ensure that parallel trends assumption holds com-
pletely. Although I tested the central premise as described
above, I could not rule out any other influences limiting
this premise. One major reason for this may be a migra-
tion of students from fee-charging to non-fee-charging
states during the treatment years. In this case, the dif-
ferences in enrollment rates between fee-charging and
non-fee-charging institutions reflects two factors: On the
one hand, there is the substitution effect of inter-institu-
tional migration of students and, on the other hand, the
deterrence effect, i.e. (some) high-school graduates may
have opted not to go to university. Hence, it is not pos-
sible to generalize the results to the introduction of tui-
tion fees throughout Germany: Different tuition rates for
students migrating from one federal state to another—of
the kind commonly found in U.S. public universities—
did not exist in Germany (Mitze et al. 2015). Because of
the coexistence of universities with and without tuition
fees, high-school graduates migrated to institutions with-
out tuition fees—at least to a certain extent. Such behav-
ior is very likely due to Germany’s small geographical
size combined with its good commuting infrastructure.
This in turn implies that tuition fees in the treatment
group increased the number of enrollments of the con-
trol group. Thus, the negative impact of about 7 percent
in the main specification does not mean that imposing
tuition fees in all German states would engender a simi-
lar effect. Loosely speaking, this figures only indicate an
upper limit without the existence of substitution effects.
In fact, there is evidence that deterrence effects do not
exist (Bruckmeier et al. 2015; Mitze et al. 2015). In addi-
tion, the data set did not allow me to identify which fields
of study were affected and to what extent. Given the need
for highly skilled engineers in many German firms, this
is an important question. Furthermore, it would be use-
ful to have more individual level data on and analyses of
the social structure of those affected by fee imposition (as
done by Bahrs and Siedler (2018) for educational inten-
tions) as this was selective by socioeconomic group even
before fee introduction (Vossensteyn 2009; Weiss and
Steininger 2013). Finally, my dataset did not allow me to
analyze the causes of the negative effect of tuition fees
(e.g. the lack of credible quality improvements at univer-
sities or the lack of scholarship programs) or the effect of
so-called “pseudo students” (students who enroll to take
advantage of the student status like free public transport),
who were probably discouraged by the imposition of fees.
These effects could lead to an over- or underestimation.

Concerning future research, there is already limited,
albeit sometimes contradictory, evidence on general tui-
tion fees. However, there have hardly been any studies
on the price sensitivity of students and specific student
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groups with regard to specific fees. On the one hand, this
applies to foreign students, who make up a not inconsid-
erable proportion of the newly enrolled students. Since
2017, Baden-Wiirttemberg has charged €1,500 tuitions
from foreign students. Vortisch (2023) shows first evi-
dence of a general decline of international student enroll-
ments in the respective state as a result of this policy. In
addition, 6 out of 10 federal states charge fees as soon
as students exceed the regular period of study (German
Student Union 2015). The evidence for this policy is also
very limited, only a report for the University of Konstanz
in Baden-Wiirttemberg by Heineck et al. (2006) shows
slight accelerations in individual subjects, which are
offset by an increase in the probability of unsuccessful
degrees, changing institutions and dropping out. Further-
more, private higher education institutions in Germany
still have a comparatively low relevance (PROPHE 2011)
and rather moderate private tuition fees Buschle and
Haider (2016), but they are recording rapid growth, con-
sidering the 11-fold increase in the number of students
between 2001 and 2020 (Federal Statistical Office of Ger-
many 2021) and thus also during the general fee policy.
This raises questions on private tuition elasticities and
of a potential public—private-interplay, especially in the
context of the temporarily intensified competition in
Germany, which in the US. led to migration between
institutions (Astin and Inouye 1988; Perna and Titus
2004). Finally, less obvious in this respect is a growing
market in Germany for fee-based offers by public higher
education institutions (e.g. in the context of so-called
“certificate courses”) and the interaction or competi-
tion between these and public offers. In any case, the
evidence that examines the marketization tendencies in
the tertiary sector needs to be expanded, not only from a
general perspective, but also from a perspective of socio-
economic segregation. In addition to the general knowl-
edge of higher price sensitivity for general fees (Bahrs and
Siedler (2018) for Germany, Coelli (2009) for Canada,
Pigini and Staffolani (2016) for Italy or Declercq and Ver-
boven (2015) for the Netherlands), one can assume effect
of specific and private fees to affect the composition of
the student body in cultural aspects (Vortisch 2023) or
socio-economic-gradients (Herrmann 2019). Dealing
with specific fees can therefore make a major contribu-
tion to preventing socio-economic segregation.

The results for general public tuition fees show that
even the introduction of very modest charges led to
a relatively strong reaction and show first evidence
for a remaining behavioral adjustment among ter-
tiary students in Germany. For some HEIs in FS, this
may not have been too problematic, but those institu-
tions that had relatively low student numbers before
the introduction of fees and that depended on these
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numbers for public funding may have been greatly
affected. Moreover, the results confirm that the quality
improvement argument for tuition fees did not work to
stimulate demand or at least this was not justified by
additional financial resources (Gawellek et al. 2016). In
this event, neither substitution nor deterrence effects
should have been at hand. These are relevant outcomes,
given that the possibility of the (re-)introduction of tui-
tion fees remains on the political agenda—or has been
implemented for subgroups as discussed above. Any
discussions should take into account in particular that
the tertiary education participation of 25-34 year old’s
is still increasing, but behind the EU(-27) average and
the European tertiary quota target for 2030 (Eurostat
2023). In this regard, it is unclear to what extent a dif-
ferent fee system would contribute to a lower reduc-
tion on student enrollments and, in particular, less to
deterring lower socio-economic groups, preventing the
potential for segregation mechanisms discussed above.

In the specific case, the rapid introduction of up-
front-fees led to much dissatisfaction (Timmermann
2019) but was not associated with quality improve-
ments (Gawellek et al. 2016) or improvements in social
equality (Bahrs and Siedler 2018). A rational politi-
cal debate and future decisions should be based less
on ideology and more on empirical evidence (Kauder
and Potrafke 2013). All in all, my study has shown that
treated HEIs persistently lost students, who are their
major sources of talent, renewal, and public funding.
The reform put the brakes on the desired expansion
of mass tertiary education and represented a costly
experiment.

Appendix

Appendix 1 Effect of temporary tuition fee
charges on the log of first-year-student
enrollments at public higher education institution
by institutional type subgroups

m (2

Universities Universities
of Applied
Sciences
Public tuition fee charging [dummy] —-00655""  —-00776"
(—4.85) (—4.54)
One year lead in treatment —0.00359 0.00918
(-0.25) (0.46)
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(1) (2)
Universities Universities
of Applied
Sciences
Two year lead in treatment —-0.0165 —-0.0397
(—0.56) (—=1.58)
Upper secondary school graduates [in ~ 0.00270”" 000444
thousands]
(5.22) (4.97)
One year lag of graduates [in thou- 000136 0.000325
sands] (340) 082)
Two year lag of graduates [in thou- 0.000175 0.000421
sands] (047) (085)
Unemployment rate [percentage] -0.0191 —-0.0252"
(—=157) (—234)
Vocational training contracts acquired  0.000000700 —0.00000408"
(0.37) (=2.19)
Gross domestic product [per capita] 0.000000500 —0.00000108
(0.09) (=0.30)
Proportion of bachelor-degrees 000991 0007317
and master-degrees 6.14) “91)
Federal state specific year trend v v
Observations 1,572 900

Coefficients of Fixed effects

regression with cluster

robust standard errors (institutional level);

t statistics in parentheses; p<0.1, p<0.05, p<0.01

Appendix 2 Effect of temporary tuition fee
charges on the log of enroliments at public higher
education institution by gender

W)
Female enroliments

(2)
Male enrollments

Public tuition fee charging
[dummy]

One year lead in treatment

Two year lead in treatment

Female upper second-
ary school graduates [in
thousands]

One year lag of female
graduates [in thousands]

Two year lag of female
graduates [in thousands]

Male upper secondary
school graduates [in thou-
sands]

One year lag of male gradu-
ates [in thousands]

-0.0872"
(-7.32)
0.00766
051)
—-0.0411
(-1.85)
000576
(5.82)

0.00101
(1.66)
0.000390
(0.62)

*

~0.0578"
(-3.59)
0.00233
(0.16)
—0.00707
(-0.29)

xxx

0.00761
(6.92)

%

0.00441"
(4.63)

(1

Female enrollments

(2)
Male enrollments

Two year lag of male gradu-
ates [in thousands]

-0.0131
(=1.38)

Unemployment rate [per-
centage]

Vocational training contracts  —0.00000213

acquired (=140)

Gross domestic product [per  0.00000447

capital 1.19)

Proportion of bachelor- 0.0118™
degrees and master-degrees 9.16)

Federal state specific year v
trend

Observations 2472

000111
(1.27)
—-0.0303"
(-3.09)
0.00000134
(0.68)
—0.00000316
(—065)
0.00609™"
(4.41)

v

2472

Coeflicients of Fixed effects Poisson regression with clus-
ter robust standard errors (institutional level);

¢ statistics in parentheses; p<0.1, "p<0.05, p<0.01

Appendix 3 Effect of temporary tuition fee charges
on the count of enroliments at federal state level

(1
Fixed Effects
Regression
(Aggregate)

Public tuition fee charging [dummy] —0.0547"
(—248)

One year lead in treatment 0.0024
0.11)

Two year lead in treatment 0.0104
(0.30)

Upper secondary school graduates [in thousands] ~ 0.0042""
(3.26)

One year lag of graduates [in thousands] 0.0020"
(2.07)

Two year lag of graduates [in thousands] 0.0012
(1.05)

Unemployment rate [percentage] 0.0285
(1.56)

Vocational training contracts acquired 0.0000
(0.62)

Gross domestic product [per capital —~0.0000”
(—245)

Proportion of bachelor-degrees and master- 0.0054

degrees (1.53)

Year [dummies] v

Observations 192

Coeflicients of Fixed effects regression with cluster
robust standard errors (federal state level);
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t statistics in parentheses; p<0.1, p<0.05, " p<0.01

Appendix 4 Comparison of the effects of temporary
tuition charging on enroliments at public higher
education institutions for different study periods

(1) (2)

(3)

Estimation Estimation Estimation until

until 2018 until 2010 2008
Public tuition ~ —0.0651"" —0.0494" —0.0448"
feecharging (416 (~236) (—245)
[dummy]
Oneyearlead  —00296" —0.00663 0.00963
in treatment (=2.76) (-0.62) (0.68)
Twoyearlead 00135 00198 0.0435"
In treatment (1.05) (130) (2.82)
Upper second-  0.0113™ 00197 0.00327
ary school - (5.27) (4.84) (0.59)
graduates [in
thousands]
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(1

(3)

Estimation Estimation until
until 2018 2008
Upper second-  —0.0000530" —0.0000650
ary school . (=3236) (=1.04)
graduates [in
thousands,
squared]
Unemployment  0.0467™ 00128
rate [percent- (6.86) (132)
age]
Year [dummies] v/ v
Observations 2,884 1,236
R? (within) 04205 0.2093

Coeflicients of Fixed effects regressions with cluster

robust standard errors (institutional level);

t statistics in parentheses; p<0.1, "p<0.05, p<0.01

Appendix 5 Overview of treatment coefficients from fixed effect regression models, sequentially leaving

one federal state out of the specification [legend based on official federal state codes]

Public tuition fee charging [dummy]

-12

-.06

-.04

-.02

BB out
BE out
BW out
BY out
HB out
HE out
HH out
MV out
NI out

NW out
RP out
® SHout
m 8L out

SN out
ST out

TH out
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