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I. INTRODUCTION

Skills are a key driver of economic growth (e.g., Hanushek and Woessmann, 2008), and the

type of skills acquired is crucial for individual earnings trajectories. While general skills offer

higher long-term returns and greater adaptability, specific skills provide immediate labor mar-

ket advantages but may become obsolete more quickly (e.g., Hanushek et al., 2017, Deming

and Noray, 2020). Economic shocks can affect human capital investments by shifting expected

returns and the value of outside options (e.g., Becker, 1962). But how do they affect the choice

between general and specific skills? While countercyclical college-going is a stylized fact in

economics, less is known about how economic conditions shape the skill content of educational

choices, particularly the trade-off between general and specific skills.1

Germany’s education system provides an ideal case to study how individuals substitute

between general and specific skill investments. Academic universities (Universitäten) focus

on general skills, whereas applied universities (such as Fachhochschulen) offer a skill mix and

blend general education and vocational training. While varying in skill content, Bachelor’s

degrees in Germany are formally equivalent across institutions. Apprenticeships serve as the

typical outside option and are highly firm-specific in contrast. Germany’s centrally funded

higher education system and regulated labor market resemble those of many OECD countries.

This article exploits deviations from secular state-specific trends in the unemployment

rate around high school graduation to study how economic conditions affect postsecondary

skill investments. Using administrative microdata on German higher education, I construct a

commuting-zone (CZ) level panel on the share of more than six million high school graduates

who enroll in and graduate from different universities (1995–2018). To distinguish between

expected returns and outside options as mechanisms, I support my analysis with administrative

data on the apprenticeship system, large-scale survey data on the expected returns to university

vs. apprenticeship and study intentions, as well as a decomposition of unemployment shocks.

1 I distinguish between general and specific skills (i.e., firm- or occupation-specific) and ab-

stract from the distinction between basic and applied skills (see Sanders and Taber, 2012,

Woessmann, 2025, for respective overviews).
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I find that a 1 percentage point (pp) deviation of the state unemployment rate (UR) from its

long-term quadratic trend in the senior high school year reduces overall first-time enrollment

by 2.10 pp. Enrollment effects are concentrated at academic universities and result in a long-

term reduction in attainment at these institutions (-1.04 pp). In contrast, attainment at applied

universities increases significantly by 0.40 pp. Large-scale survey data support an expectations

channel, as higher unemployment lowers the subjectively expected returns to higher education

and the enrollment intentions measured half a year before graduation. During downturns, es-

pecially low-performing young women expect the value of an apprenticeship degree, the main

outside option, to increase in both relative and even in absolute terms. A decomposition of the

state UR suggests that these effects are mainly driven by changes in aggregate conditions rather

than changes in state-specific conditions.

This paper makes three contributions. First, it documents a novel margin of adjustment

within the large literature on economic conditions and college-going: Investment in general vs.

specific skills.2 Most related work studies Anglo-Saxon settings (see Graves and Kuehn, 2022,

for a survey) and finds countercyclical enrollment, a pattern documented as far back as the late

1960s (Card and Lemieux, 2001). My findings contrast with, but do not contradict, this conven-

tional wisdom: for German high school graduates obtaining the highest leaving qualification

(Abitur), I find procyclical college enrollment.3 In the U.S., cyclical responses are concentrated

at community colleges (Goodman and Winkelmann, 2025, Bičáková et al., 2025), which serve

as a “safe port in a storm” (Betts and McFarland, 1995). Yet, Germany has no equivalent two-

year college sector, and intensive tracking in secondary school. During downturns, high school

graduates shift towards more specific skills: Enrollment declines are concentrated at academic

universities, while long-run attainment at applied universities increases.

2 Related work has mostly focused on the effects of economic shocks on on-the-job training

(Fukao and Otaki, 1993, Méndez and Sepúlveda, 2012) and the demand for skills (Hershbein

and Kahn, 2018, Blair and Deming, 2020), rather than on investment decisions.

3 However, focusing on the selected group of high school graduates with Abitur alone can-

not explain procyclical enrollment. For example, Johnson (2013) also shows countercyclical

enrollment for postgraduate students in the U.S.
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Second, this paper helps to clarify which level of business cycle fluctuation shapes human

capital investment by decomposing market shocks into national and (sub-)state-level shocks.

Traditionally, the literature on graduating in a recession has focused on more macroeconomic

shocks to study different outcomes.4 Recently, the literature focuses more on local labor mar-

kets (e.g., Clark, 2011, Sievertsen, 2016, Deneault, 2025), or sector and occupation-specific

shocks (Charles et al., 2018, Han and Winters, 2020, Acton, 2021, Weinstein, 2022, Bütikofer

et al., 2025). I synthesize these strands of the literature by showing that CZ-level unemployment

shocks affect outside options, and national shocks affect both outside options and expectations.

Lastly, this paper contributes to the literature on belief formation and its interplay with the

business cycle (e.g., Beaudry and Portier, 2006, Blanchard et al., 2013, Enke and Zimmermann,

2019, Nowzohour and Stracca, 2020) and is the first to study its effect on expectations in educa-

tion (see Giustinelli, 2023, for a survey). I show that, in particular, changes in aggregate labor

market conditions reduce the expected value of academic degrees. In contrast, the expected

value of an apprenticeship, and thus more specific skills, is stable across the business cycle.5

These responses reflect extrapolation from current conditions rather than forward-looking up-

dating, consistent with experience-based belief formation (Malmendier and Nagel, 2011, 2016,

Nagel, 2026) and also matter for eventual choices. I show that these beliefs directly affect

enrollment intentions of high school students.

Next, Section II discusses the institutional context and Section III introduces the data. Sec-

tion IV outlines the identification strategy. Section V presents the main effects on college

enrollment and attainment. Section VI presents individual-level evidence from survey data on

the expectations channel. Section VII concludes.

4 For high school graduates, these include college enrollment (e.g., Dellas and Koubi, 2003,

Dellas and Sakellaris, 2003, Hillman and Orians, 2013, Long, 2014, Alessandrini, 2018,

Charles et al., 2018), major choice (Ersoy, 2020, Blom et al., 2021), later cognitive skills

(Hampf et al., 2020, Arellano-Bover, 2022), and earnings (Bičáková et al., 2021, 2023).

5 This belief is at odds with empirical evidence showing that university graduates, especially

those with more general skills, are less vulnerable to recessions (see Hoynes et al., 2012,

Altonji et al., 2016, Eggenberger et al., 2022, respectively).
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II. INSTITUTIONAL BACKGROUND

To study substitution patterns in postsecondary investments in general vs. specific skills, this

paper abstracts from the exact institutional type and major and distinguishes between three

options in students’ choice set, which vary in their underlying skill content and length:

1. Academic university: All full universities (Universitäten) in Germany that are publicly

financed. They offer a full range of majors and are known for providing a comprehen-

sive, theoretical education. Degrees at academic universities are typically awarded in

full-time programs and emphasize the acquisition of general skills. Internships are al-

lowed but usually not mandatory. Hence, there is greater emphasis on general skills.

Before the Bologna Process (see Online Appendix Section OA.I.C for details), academic

universities awarded Diplom and Magister degrees with a formal duration of four and

a half years and a median completion time of six years. Since the reform, the formal

duration is three years for a Bachelor’s degree and two years for a consecutive Master’s

degree. Two-thirds of Bachelor’s graduates at academic universities enter a Master’s

program (Destatis, 2022). Several classical professions, for example medicine, law, and

teaching, require a degree from an academic university.

2. Applied university: All other institutions, predominantly Universities of Applied Sci-

ences (Fachhochschulen), but also e.g., private universities, typically offer a more practice-

oriented education. They focus on engineering, business, design, media, and technology

majors, and their curriculum often includes internships. Some are privately financed,

and many offer bachelor’s degrees through dual study programs, in which students spend

much of their studies in paid on-the-job training. Depending on the degree type chosen

(dual or full-time), the focus on specific skills is much stronger. Formal study duration

is the same as in academic universities, but only 29 percent of Bachelor’s graduates at

applied universities enter a Master’s program (Destatis, 2022). Typical graduates work,

for example, as engineers in industry, business administrators, or social workers.

3. Apprenticeship: High school graduates who enter the labor market typically start an ap-
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prenticeship at a firm. Apprenticeships combine on-the-job training at the firm with the-

oretical education at a vocational school (Berufsschule). These vocational training pro-

grams cover various occupations, e.g., traditional crafts, technical fields, and healthcare.

By design, skills taught in apprenticeships are highly firm- and occupation-specific. The

training content of each occupation is codified in state-approved, nationally standardized

apprenticeship plans (Langer and Wiederhold, 2023). Depending on the occupation, ap-

prenticeships formally last between two and three and a half years (Bundesinstitut für

Berufsbildung, 2022). High school graduates with Abitur graduate faster, in around two

and a half years. Among them, typical training occupations include bank clerk, industrial

clerk, or IT specialist.

I focus on high school graduates who obtained the highest leaving qualification (allgemeine

Hochschulreife, i.e. Abitur). It typically takes 12–13 years of schooling, and graduates with

Abitur represent the largest share (about 75 percent) of high school graduates in the academic

track (Gymnasium). Their total share has risen over the sample period, from roughly a quarter

of a birth cohort in the mid-1990s to about 40 percent by the late 2010s, as participation in

the academic track expanded (Destatis, 2020).6 Graduates with Abitur have the full choice set:

They can enroll at any institution, in any degree, and, depending on their GPA, in any major.

Direct labor market entry without any of these qualifications is rare. Four and a half years after

graduation, only about 1 percent of school leavers with a higher education entrance qualification

neither hold nor plan a postsecondary qualification (Spangenberg and Quast, 2016).

Due to the high degree of tracking in secondary school, enrollment among Abitur holders

is high. Over 2009–2018, around 76 percent of my sample enrolled in higher education within

a year of graduation, compared with a U.S. immediate college enrollment rate of about 68

percent over 2012–2018 (National Center for Education Statistics, 2024). The selectivity of

the academic track is already evident by mid-secondary school. In PISA 2022, 15-year-olds in

6 Further descriptive statistics on high school graduates, enrollment, and unemployment, as

well as all relevant educational reforms between 1995 and 2018, are discussed in the Online

Appendix Section OA.I.
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the academic track (Gymnasium) scored 546 points in mathematics (Lewalter et al., eds, 2023),

well above the German national mean of 475 and the U.S. mean of 465 (OECD, 2023).7

III. DATA

III.A Student and Exams Register

The student register (Statistik der Studierenden, RDC, 2019a) covers the universe of students

enrolled in higher education in Germany. Each observation represents an individual enroll-

ment spell and contains information on the institution, degree, entry qualification, gender, age,

county, and year of high school graduation. Conversely, the exam register (Statistik der Prü-

fungen, RDC, 2019b) covers the same information for each awarded degree. Due to strict data

protection measures, however, they do not contain individual identifiers, and the register data

can not be linked internally to understand the exact course of study. I thus link the register data

on the number of first-year students and first-time university graduates who graduated from

high school in a given county and year to the county-level data on the number of high school

graduates from the Regionaldatenbank and county-level unemployment rates from the Federal

Employment Agency (BA).

To account for the relevance of local labor markets (e.g., Amior and Manning, 2018, Her-

shbein and Stuart, 2024) and commuting across county borders (Krebs and Pflüger, 2023), I

aggregate all counties to the so-called Raumordnungsregionen level. These regions are groups

of counties that reflect a larger commuting zone (CZ). Throughout the analysis, I use the cur-

rent 96 CZ delineations from the Federal Office for Building and Regional Planning (BBR).

My final sample spans the years 1995 to 2018 and includes 6,296,662 high school graduates.8

7 PISA assesses 15-year-olds, several years before the Abitur at around age 18. The score thus

reflects the selectivity of the academic track rather than the skill level of actual graduates.

8 Of all 2,304 CZ × cohort cells, I have to exclude five cells from the state of Hesse (no data on

high school graduates in 2007), two cells for 1996 and 1997 in the CZ of Osnabrück, and four

cells from each state Mecklenburg-Western Pomerania and Saxony-Anhalt in 2001 (no high

school graduates due to an increase in the mandatory years of schooling), totaling 2,289 cells.
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As main outcome variables, I use the share of high school graduates with Abitur, from

commuting zone r and graduation cohort t, enrolling in different colleges c within one year

after high school graduation. Each enrollment share is defined by:

Ec
rt =

t+1

∑
τ=t

∑
i∈r,t

Enrolling in Collegec,y=τ

i / ∑
i∈r,t

High School Graduatesi, t ≤ 2018, (1)

where y indicates the year of first-time enrollment. I focus on individuals i in the student

register with Abitur and use the number of high school graduates from the CZ with Abitur as

the denominator. Until 2011, male high school graduates had to fulfill one year of civil service.

Hence, I consider enrollment within one year of graduation. My final sample thus ends with

the 2018 high school cohort, but I still count enrollment in 2019.

To study long-term attainment, I use the same denominator but count all successful first-

time college graduations of high school graduates with Abitur from a given CZ r and cohort t

at any time y after high school graduation. The attainment shares are thus defined by:

Ac
rt =

2019

∑
τ=t

∑
i∈r,t

Graduating from Collegec,y=τ

i / ∑
i∈r,t

High School Graduatesi, t ≤ 2016. (2)

Because my data cover college enrollment and graduation until 2019, and I want to give all

cohorts at least three years of regular study duration to finish their bachelor’s degree and want

to avoid the COVID-19 pandemic as a confounder, I restrict the attainment sample to high

school cohorts 1995–2016, but again count first-time graduations (at any time) until 2019.

III.B Panel Study of School Leavers

To study subjective expectations and enrollment intentions, I rely on the Panel Study of School

Leavers with a Higher Education Entrance Qualification (Daniel et al., 2017) of the German

Centre for Higher Education Research and Science Studies (DZHW). The data cover 131,606

high school students scheduled to graduate in 2008, 2012, 2015, and 2018 in a given state. Each

cohort is surveyed at least twice: a first wave in December of the senior high school year, half
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a year before graduation, and a follow-up wave in December of the graduation year. Follow-up

waves record students’ first realized activity and updated beliefs.

Students are surveyed in the calendar year before (wave 1) and half a year after high school

graduation (wave 2) on their beliefs about the returns to (i) a college degree and (ii) an ap-

prenticeship. Students are asked (i): “In general, how do you value the job perspectives for

graduates with a college degree?” and (ii) “In general, how do you value the job perspectives

for graduates with a vocational degree, without a college degree?” on a five-point Likert scale,

with the option to state “do not know.”9 From these measures, I compute (iii) a proxy for the

implicitly expected “relative return” of academic vs. vocational education, i.e., the standard-

ized difference between the two. The raw measure ranges from -4 (negative returns) to 4 (very

high returns to college), with a mean of 0.52. I consider students who are uncertain about either

option to have a weak preference for the other. If a student values the return on a college degree

as good (4) and is uncertain about apprenticeships, the difference would be equal to 1.10

The first waves also record enrollment intentions. I code an intention indicator that equals

1 if a student answers “yes, certainly” or “yes, probably” when asked about enrolling after

graduation and names a higher-education institution, and 0 otherwise.11 Because intentions

are measured in the first wave, they are available for all four cohorts and are unaffected by

panel attrition and delayed enrollment. Among students also observed in the follow-up wave,

63 percent of intenders enroll by December of the graduation year.

The estimation sample on subjective expectations is effectively a repeated cross-section, re-

9 In the same battery, students are asked about their own prospects: “How do you value your

personal job perspectives?”, on the same scale.

10 Otherwise, students answering “do not know” are excluded: the expectations estimates use

students answering all three items (N = 104,666), and the weak-preference coding of one-

sided “do not know” responses enters only the larger sample of the intention estimates in

Section VI.A, where it adds 9,496 students.

11 To match the register data, I count 2,203 students (3 percent of those with enrollment inten-

tions) with Berufsakademie as intended institution as not intending to enroll. These institu-

tions are not part of the student register and focus heavily on specific skills.
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stricted to 104,666 students with complete information on gender, parental education, grades,

both expectation items, and a valid intention response. In the follow-up wave, students report

their current activity, which I categorize into higher education, vocational training, employ-

ment, civil or military service, and other, to analyze study intentions and choices in a second

step and make use of the panel dimension. Until the suspension of conscription in 2011, most

male high school graduates completed civil or military service first, so their activity half a year

after graduation is uninformative about enrollment. I therefore exclude men of the 2008 cohort

wherever realized choices are the outcome.

IV. IDENTIFICATION

To estimate the causal effect of labor market conditions on skill investments, I regress enroll-

ment rates E (and analogously attainment shares A) of each high school cohort t from commut-

ing zone r at each college type c on the unemployment rate URs(r),t−1 in the respective state

s(r) in the senior year before graduation:

Ec
rt = β URs(r), t−1 + αs(r) + gs(r)(t) + γ

′Zs(r), t + εrt , (3)

where αs(r) are state fixed effects and Z contains indicators for state-specific education re-

forms.12 To obtain coefficients equivalent to those from an individual-level regression, I weight

each cell by the number of high school graduates. To adjust standard errors for common shocks

across cohorts and correlation within states, I allow for two-way clustering by state and cohort

(Cameron et al., 2011). My identification strategy is similar to that of, e.g., Blom et al. (2021),

which isolates cyclical changes in U.S. college major choice.

12 These are the introduction and abolition of tuition fees across states, as well as inflated high

school graduation cohorts (“double-cohorts”) resulting from the reduction of statutory years

spent in high school (Marcus and Zambre, 2019). Cohorts without high school graduates,

resulting from increased statutory schooling, are excluded from the sample. These reforms

may otherwise affect university enrollment (see, e.g., Bietenbeck et al., 2023) and act as

supply shocks on the apprenticeship market (Mühlemann et al., 2022, Dorner et al., 2024).
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Against the background of diverging trends across East and West German states in the

number of high school graduates, university enrollment, and unemployment rates, as well as

structural breaks in these variables (see Section OA.I), my main specification aims to net out

these confounders, isolating cyclical fluctuations in enrollment and unemployment rates, via:

gs(t) = θ1s τt + θ2s τ
2
t + θ3s 1{t ≥ 2005}τt + θ4s 1{t ≥ 2005}τ

2
t , (4)

which is a function that controls for quadratic time trends within each state s(r), that are allowed

to change slope after the year 2005, and τt = t − 2005 gives the number of years relative to

2005.13 Figure I overlays the fitted trends on the time series of the national unemployment rate

and aggregate enrollment rates, both on average and across university types, and Figure II plots

the resulting residual variation in enrollment and unemployment, i.e., the cyclical variation after

detrending, aggregated across states and by cohort.14 Overall, the graphs show a procyclical

pattern that is particularly pronounced for enrollment at academic universities. Deviations in

enrollment from their long-term trend follow fluctuations in unemployment with a delay of

about a year, as mirrored in my main specification.

Under the conditional independence assumption, i.e., E
(
εrt |URs(r),t−1,αs(r),gs(r)(t),Zs(r)t

)
=

0, my estimates reflect the causal effect of a one percentage point deviation from the state-

specific UR trend on CZ-level enrollment shares Ert of the following graduation cohort. Ex-

plicitly, I assume that, conditional on state fixed effects, state-specific quadratic time trends, and

educational reforms, the cyclical variation in the senior-year unemployment rate is exogenous

to other changes in the relative returns to certain institutional choices or cohort characteristics.

Reverse causality seems implausible, as variation in unemployment likely reflects changes in

broad labor demand. Because the preferred specification omits year fixed effects to capture ag-

gregate business-cycle fluctuations, omitted variable bias could arise from unobserved within-

13 To study the effect of aggregate labor market shocks, the main specification omits year fixed

effects. Section V.C decomposes the state UR into federal and state-specific variation.

14 Corresponding CZ-level residuals in enrollment and state-level variation in UR, as well as

the variation absorbed by alternative specifications, including cohort fixed effects, are shown

in Online Appendix Section OA.III.
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Figure I: Aggregated main variables of interest and quadratic fits
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year cross-state shocks as well as from common national cohort-year shocks, such as national

shifts in educational preferences or unmeasured federal policies, that correlate with detrended

unemployment and independently alter enrollment.

A first suspect is technology shocks. For example, high-skill-augmenting technological

shocks may simultaneously increase the expected return to general skill investments and affect

unemployment. Yet, larger technological shocks often take time to be adopted and cause labor

market reallocation (see, e.g., Comin and Hobijn, 2010). In turn, adoption speed varies geo-

graphically and depends on economic conditions (Hershbein and Kahn, 2018). As a result, a

substantial share of technology-induced changes in unemployment may be captured by state-

specific trends. Moreover, the effects of technology shocks on the labor market are typically

ambiguous ex-ante.15 Hence, it is unlikely that technology shocks immediately affect average

15 Take artificial intelligence as an example, where the exact impact on labor markets is complex
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Figure II: Aggregated business cycle variation in enrollment and unemployment
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Source: Student register, Federal Employment Agency (BA), Federal Statistical Office (Hochschulstatistik), years 1995–2018.

college-going.16 Overall, while I cannot rule out that technology shocks may affect enrollment

choices in specific periods, a systematic bias due to unobserved technology shocks is unlikely.

A second main suspect is firms’ expectations. If firms lower their expectations, e.g., due to

political uncertainty, they may hire fewer workers and apprentices (Bloom, 2009, Mühlemann

et al., 2020). As a result, the UR would increase, and high school graduates with Abitur may

fail to find an apprenticeship and instead enroll at university. If this were the case, my finding

of procyclical college enrollment would be attenuated and may represent a lower bound. Im-

portantly, however, such expectation-driven changes in firms’ hiring and training behavior are

arguably part of the fluctuations in labor demand that my analysis intends to capture.

and hard to predict (see, e.g., Frank et al., 2019, Acemoglu, 2024).

16 On an intensive margin, however, specific technology shocks may locally affect field of study

choice (see, e.g., Acton, 2021, Weinstein, 2022).
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V. EVIDENCE FROM ADMINISTRATIVE RECORDS

V.A Skill Substitution in Enrollment and Attainment

Table I presents the main results for enrollment and attainment. Each panel reports the effect of

the senior-year state UR on one institutional margin. Column (1) uses all high school cohorts

(1995–2018) and shows that a 1 pp increase in the state UR in the senior year of high school

reduces the overall share of students enrolling in any college by 2.10 pp. This procyclical en-

rollment is driven entirely by a reduction in enrollment at academic universities (-2.05 pp), and

enrollment effects at applied universities are insignificant and close to zero (-0.06), consistent

with a substitution towards specific skill investments.17 A 1 SD increase in the net-of-trend

senior-year state UR (0.67 pp) thus reduces overall enrollment by 0.32 SD (1.4 pp).

Column (2) repeats the enrollment analysis for high school cohorts 1995–2016 for which I

can trace back university graduation for at least three years after high school graduation. The

results are virtually the same as in the full panel. Based on the restricted sample, column (3)

then presents the long-run effects of cyclical UR fluctuations before high school graduation on

educational attainment. For overall attainment, the effects are negative but insignificant and

much smaller (-0.64 pp) than the enrollment effects. This may be well explained by “second

chance studies”, i.e., students who initially started an apprenticeship directly after graduating

from high school, but later enrolled in, e.g., a University of Applied Sciences.18 Consistent with

this explanation, there is a positive and significant effect on attainment at applied universities of

about 0.4 pp, i.e., an increase of 2 percent. At the same time, the attainment effects on academic

universities are still negative and significant (-1.04).

17 Symmetric to lower overall university enrollment, higher unemployment rates increase the

number of applicants and new contracts on the apprenticeship market. Online Appendix

Section OA.V studies the effect on the apprenticeship market in more detail.

18 Dahm and Peter (2023) show that the share of university graduates with previous vocational

education declined from 39 percent in 1997 to 19 percent in 2017, and that applied uni-

versities are particularly popular among former apprentices. Biewen and Tapalaga (2017)

document the broader role of such second-chance routes into higher education in Germany.
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Table I: Effects of the senior-year state UR on enrollment
and attainment

1995–2018 1995–2016

Enrollment Enrollment Attainment
(1) (2) (3)

Panel A: Overall (any college)
State UR (t-1) -2.102*** -2.143*** -0.640

(0.378) (0.363) (0.374)
Outcome mean 71.2 71.0 59.9

Panel B: Academic university
State UR (t-1) -2.047*** -2.107*** -1.039***

(0.373) (0.344) (0.231)
Outcome mean 54.2 54.6 40.0

Panel C: Applied university
State UR (t-1) -0.055 -0.037 0.399**

(0.063) (0.065) (0.184)
Outcome mean 17.0 16.4 19.9

No. CZ-cohort cells 2,289 2,097 2,097
No. high school graduates 6,296,662 5,727,918 5,727,918
State FE, trends, policy controls yes yes yes

Notes: This table presents estimates from Equation (3) for the effect of the state
unemployment rate in the senior high school year (t − 1). The outcome is the
share of high school graduates with Abitur enrolling at (columns 1–2) or gradu-
ating from (column 3) any college (Panel A), academic universities (Panel B), or
applied universities (Panel C). Column 1 spans high school cohorts 1995–2018.
Columns 2 and 3 span cohorts 1995–2016, with attainment measured by 2019.
Policy controls include tuition fee introductions and abolitions, as well as dou-
ble cohorts. Each cell is weighted by the number of high school graduates with
Abitur. Standard errors in parentheses allow for two-way clustering at the state
and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, exam register, Federal Employment Agency, Regional-
datenbank.

These results suggest that cyclical fluctuations in labor market conditions at high school

graduation not only have short-term effects on investment choices but also affect economies’

skill supply in the long run. Online Appendix Table OA.4 shows that substitution patterns in en-

rollment are relatively stable over time, with no significant differences in effect sizes before and

after 2008.19 For attainment, however, effects significantly change with the completion of the

Bologna process. After 2008, they are larger on average (1.47 pp vs. 1.00 pp), and for academic

universities (1.67 pp vs. 1.31 pp). This is consistent with the considerably higher completion

rates of Bachelor’s degrees vs., e.g., Diploma degrees (58 percent and 74 percent, respectively;

see Bietenbeck et al., 2023), with a thus higher transmission of enrollment responses. Online

19 After removing the state-specific trends, the senior-year state UR has a standard deviation of

0.88 pp before 2008 and 0.32 pp after. The aggregate component of the detrended enrollment

share falls in step (2.4 vs. 0.8 pp), while its dispersion across commuting zones is acyclical

and stable.
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Appendix Table OA.5 presents results separately for male and female high school graduates,

using the student and exam registers. Overall, the effects are somewhat larger for women, but

the difference is not statistically significant.20

V.B Robustness

i. Detrending. Figure III reports the senior-year unemployment effect across five trend spec-

ifications (i.e., variations of Equation (4)) for the three enrollment (panel A) and attainment

margins (panel B).21 For overall enrollment, the effect is significantly negative throughout and

ranges between roughly -1.1 in the specification with a quadratic trend without break and a cu-

bic trend with a trend break in 2005, and -2.1 pp in my preferred specification, which I interpret

as an upper bound in absolute terms. For enrollment at applied universities, the estimates range

between -0.4 pp and my estimate of -0.06 pp. Only the two point estimates from specifications

that do not account for a trend break are significant.

For attainment in panel B, the overall effects are more sensitive to the exact parametric

choice, with in particular the linear trend with a 2005 break and quadratic-no-trend-break spec-

ification delivering large confidence intervals. The applied university effect is positive and sig-

nificant only under the main and the cubic specifications, and insignificant for the other three

parametric choices. However, the academic university attainment effect is negative under each

specification, but not for cubic trends with a trend break. In sum, only the negative academic-

university attainment response is robust to alternative parametric detrending choices.22

20 Section OA.VII.A discusses further heterogeneity by gender and parental education using

survey data.

21 Online Appendix Section OA.III.A shows, for each of these specifications, the fitted trend

against the raw series and the residual variation in enrollment and unemployment that remains

after detrending.

22 The cubic trend including a break in 2005 is an exception to this. However, Online Appendix

Figure OA.8 shows that the attainment trends are much smoother than enrollment, so a cubic

trend with a trend break likely overfits. Similarly, the quadratic trend without trend break,

and the linear trend, even with a trend break, are likely to underfit.
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Figure III: Senior-year unemployment effect across trend specifications
(a) Panel A: Enrollment
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(b) Panel B: Attainment
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Notes: This figure plots the estimated effect of a 1 pp deviation of the senior-year (t −1) state unemployment rate from its trend on first-time
college enrollment (Panel A, high school cohorts 1995–2018) and attainment (Panel B, cohorts 1995–2016, degrees counted through 2019),
with 95% confidence intervals, for enrollment shares overall, at academic universities, and at applied universities. Each row corresponds to
a different state-specific detrending choice: a linear trend with a 2005 break, and quadratic and cubic trends, with and without a 2005 break.
Main specification indicated by a larger marker. Standard errors allow for two-way clustering at the state and year level.
Source: Student register, exam register, Federal Employment Agency (BA), Regionaldatenbank.

Online Appendix Table OA.20 shows that shifting the break year to 2006 or 2004 leaves

the enrollment effects similar to the main specification, with overall effects between -1.87 and

-2.13 pp, respectively, and small effects at applied universities. Online Appendix Table OA.21

and Figure OA.19 show that the skill substitution pattern is also robust to replacing the policy-

motivated trend specification with the cyclical components from a Hodrick–Prescott (HP) fil-

ter.23 The attainment estimates are also not driven by the unequal completion horizons of early

and late cohorts: restricting to cohorts graduating by 2013, which all have at least six years to

complete a degree by 2019, yields -0.88 pp at academic and +0.49 pp at applied universities

(Online Appendix Table OA.22).

ii. Treatment Timing. Online Appendix Table OA.23 assesses the robustness of the main

23 The exception is again the applied-university enrollment margin, which turns significantly

negative under λ = 100.
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results towards using different leads and lags, contemporaneous values, and moving averages

of the state UR.24 The effects remain negative and significant when using a different lag (t-

2) or averages in the unemployment rate during high school as the main regressor. However,

when using the lagged unemployment in the year following high school graduation, the ef-

fects are positive and largely insignificant. While this could merely reflect serial correlation in

unemployment, it may also reflect changes in outside options, assuming that expectations are

primarily affected during high school. When using unemployment in the high school gradua-

tion year (t) as the regressor, the effects remain negative, but lose significance.

iii. Compositional Effects. Lastly, lagged negative effects of labor market conditions on

college enrollment may reflect compositional changes of high school graduates. For example,

Gaini et al. (2013) suggests that during high unemployment, secondary schooling may act “as

a shelter” (also see Petrongolo and San Segundo, 2002). If, during recessions, low-performing

students choose to remain in school and graduate, college enrollment rates in these inflated

cohorts may be lower. Using log cohort sizes by gender, Online Appendix Table OA.24 shows

that adverse labor market conditions two to three years before graduation increase the number

of students completing the academic track, consistent with a shelter or continuation effect.

Importantly, however, this response occurs before the enrollment decision studied in this paper.

Reassuringly, enrollment effects are largest for shocks in t-1. Also, cyclical UR shocks in the

senior year do not significantly affect high school cohort sizes.

Still, as unemployment is serially correlated, the senior-year deviation could still partly re-

flect the earlier shocks that inflated the cohort.25 Replacing the share denominator with the

24 URs(r),t−1 is the annual average unemployment rate of calendar year t −1. The senior school

year of graduation cohort t runs from the summer of t − 1 to the early summer of t, so cal-

endar year t −1 covers its first half, including the autumn and winter in which students form

intentions and applications, and in which the panel study interviews take place (December of

t − 1). The graduation-year UR (t) instead covers the months around and after graduation,

when outside options are realized.

25 Online Appendix Table OA.25 adds the state URs two and three years before graduation as

controls. Conditional on these lags, the senior-year effect is -2.06 pp overall and -1.91 pp at
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population aged 18–19 addresses composition directly (Online Appendix Table OA.26). The

share of a birth cohort obtaining the Abitur does not respond to the senior-year UR. Per 18–19-

year-old, a 1 pp higher senior-year UR reduces first-time enrollment at academic universities

by 0.24, about 3 percent of the mean and proportionally the same response as in the share

specification, with no effect at applied universities. The enrollment response thus reflects the

choices of a given pool of graduates rather than upstream changes in its composition. A related

concern is the secular expansion of the Abitur itself. With rising participation, the marginal

graduate is drawn from further down the achievement distribution, and average cohort qual-

ity may erode over time (Altonji et al., 2012). The state-specific trends absorb this secular

selection, so identification relies on cyclical deviations from it.

V.C Decomposition

The literature distinguishes between two main mechanisms of how economic conditions af-

fect enrollment: outside options and expected returns. Under imperfect mobility, more lo-

calized economic conditions should determine graduates’ outside options. Yet, it remains an

open question which type of information students actually use to form their beliefs. To study

the distinct effect of national vs. state-specific conditions, I calculate state-specific shocks as

UR∆
s,t−1 = URstate

s,t−1 −URnational
t−1 . I use the national UR and state-specific residuals as regressors

instead of the state UR and estimate:

Ec
rt = β1 URnational

t−1 + β2 UR∆

s(r),t−1 + αs(r) + gs(r)(t) + γ
′Zs(r)t + εrt . (5)

where β1 represents the part of the main effect explained by national conditions, and β2 repre-

sents that part of the effect explained by state-specific residual shocks net of national conditions.

Table II column 1 shows that the negative effect of the state UR on enrollment is mostly

explained by its national component. A 1 pp deviation of the national UR from its secular trend

decreases overall enrollment rates by 2.36 pp. This effect is mostly driven by enrollment at

academic universities, while the effect of the national UR for applied universities is zero across

samples. The pattern is robust to dropping the high school cohorts of 2017 and 2018 in column

academic universities, nearly identical to the baseline on the same sample.
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2, for which only graduation below nominal study duration is observable in the exams register.

Column 3 shows that the attainment response follows the same pattern and even turns coun-

tercyclical for applied universities. A 1 pp deviation of the national UR reduces the share

graduating from academic universities by 1.19 pp while increasing the share graduating from

applied universities by 0.47 pp. Unlike for enrollment, state-specific deviations have no signif-

icant effect on attainment. For enrollment and attainment at academic universities, as well as

for overall attainment, the negative effect of the national UR is significantly larger since 2008

(Online Appendix Table OA.6), consistent with the explanation that, following the Bologna

Process, applied universities have become a more popular alternative to academic universities

(see Figure OA.1b). The positive attainment response at applied universities also weakens after

2008, from 0.35 pp to 0.11 pp, although period-specific coefficients and their change are not

statistically significant (p = 0.14). Substitution thus operates at two margins in the scenario of

Figure OA.7: from academic towards applied universities within higher education, and from

applied universities towards apprenticeships.

Conditional on the national UR, a 1 pp higher state-specific residual UR∆

s(r)t has no signifi-

cant effect on university enrollment, but significantly decreases enrollment at applied universi-

ties by 0.44 to 0.51 pp, depending on the sample and period. A general interpretation is that the

marginal academic university student is more mobile and responds to changes in national con-

ditions. Similarly, a marginal high school student indifferent between applied university and an

apprenticeship may prefer apprenticeships during times of high unemployment, valuing, e.g.,

their good school-to-work transition. In contrast, the marginal student at applied universities

would be less mobile and respond more to state-specific conditions.

To study effects driven by local, sub-state labor market conditions, Online Appendix Ta-

ble OA.27 uses the more granular, cyclical variation in the CZ-level UR, with CZ fixed effects

and CZ-specific trends in Panels A and B, and with the state fixed effects and trends of the

main specification in Panels C and D. Panels B and D add cohort fixed effects. The results

are overall smaller and noisier, suggesting that macroeconomic conditions are more salient

in belief formation than local conditions. Panels B and D of Table OA.27 also complete the

year-fixed-effects comparison of Section IV. Once cohort fixed effects absorb the national com-
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Table II: Decomposed effects on enrollment and attainment

1995–2018 1995–2016

Enrollment Enrollment Attainment
(1) (2) (3)

Panel A: Overall (any college)
National UR (t-1) -2.364*** -2.363*** -0.724*

(0.433) (0.410) (0.384)
UR∆ (t-1) -0.432 -0.672 -0.080

(0.736) (0.665) (0.459)
Outcome mean 71.2 71.0 59.9

Panel B: Academic university
National UR (t-1) -2.369*** -2.397*** -1.193***

(0.449) (0.419) (0.239)
UR∆ (t-1) 0.011 -0.164 -0.014

(0.545) (0.482) (0.408)
Outcome mean 54.2 54.6 40.0

Panel C: Applied university
National UR (t-1) 0.006 0.034 0.469**

(0.072) (0.076) (0.200)
UR∆ (t-1) -0.444* -0.508** -0.066

(0.235) (0.224) (0.220)
Outcome mean 17.0 16.4 19.9

No. CZ-cohort cells 2,289 2,097 2,097
No. high school graduates 6,296,662 5,727,918 5,727,918
State FE, trends, policy controls yes yes yes

Notes: This table presents estimates from Equation (5), splitting the senior-year
(t −1) state unemployment rate into the national UR and the state-specific devia-
tion UR∆. The outcome is the share of high school graduates with Abitur enrolling
at (columns 1–2) or graduating from (column 3) any college (Panel A), academic
universities (Panel B), or applied universities (Panel C). Column 1 spans high
school cohorts 1995–2018. Columns 2 and 3 span cohorts 1995–2016, with at-
tainment measured by 2019. Policy controls include tuition fee introductions and
abolitions, as well as double cohorts. Each cell is weighted by the number of high
school graduates with Abitur. Standard errors in parentheses allow for two-way
clustering at the state and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, exam register, Federal Employment Agency, Regional-
datenbank.

ponent of unemployment, the remaining local variation has no significant effect on overall or

academic enrollment, and only the small applied margin responds negatively. This mirrors

the decomposition result that enrollment response operates through the national component of

unemployment, and (sub-)state deviations alone move enrollment little.

VI. EVIDENCE FROM THE PANEL STUDY OF SCHOOL LEAVERS

VI.A Expected Returns

My main finding of procyclical college enrollment, concentrated at academic universities, is

consistent with a Roy-type model described in Section OA.II, in which high school graduates

choose between enrollment in academic universities, applied universities, and apprenticeships,
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based on their relative return. To explicitly measure the expected returns to university degrees

vs. apprenticeship degrees as representing general and more specific human capital, respec-

tively, I rely on the Panel Study of School Leavers with a Higher Education Entrance Qualifi-

cation (Daniel et al., 2017) of the German Centre for Higher Education Research and Science

Studies (DZHW) described above. Unfortunately, the data do not cover beliefs about the re-

turns to academic vs. applied university, so I focus on explaining the extensive margin of any

college vs. no college. To mirror my main analysis and to avoid selective attrition26, I focus

on expectations as measured in the calendar year before graduation and estimate the following

model on the repeated cross-section of high school students scheduled to graduate in year t:

Y e
ist = β URs,t−1 + ψ

′Xi + φ
′ (URs,t−1 ·Xi

)
+ αs + hs(t) + γ

′Zst + εist , (6)

where Y e
ist is the standardized value of either type of expectation e (college, vocational educa-

tion, relative return, and personal) for student i in state s, αs are state fixed effects, URs,t−1

is the state UR, Zst are policy controls and, Xi is a vector of individual-level controls (GPA,

GPA squared, gender, and SES) and all their two-way and three-way interactions. A fourth

outcome is the standardized value of personally expected job prospects, elicited in the same

survey battery. To learn about heterogeneity, I additionally interact the state UR with the full

set of interacted controls. In contrast to the main analysis, hs(t) = θ1s t+θ2s t2 are simple state-

specific quadratic trends without a trend break, as the sample starts in 2008. With four cohorts,

state fixed effects and state-specific trends leave limited residual variation. The detrended state

UR has a standard deviation of 0.14 pp. Standard errors again allow for two-way clustering by

state and cohort.

Table III presents the effect of the state UR one year before high school graduation on

the expected value of a vocational degree, the expected value of an academic degree, and the

implicitly expected relative returns to college. Panel A column 1 shows that a 1 pp increase in

the state UR has no significant effect on the expected value of a vocational degree, suggesting

26 Attrition between the first two survey waves is severe and ranges from 66.1 percent of first-

wave respondents in cohort 2012 to 78.9 percent in cohort 2008. The analysis therefore uses

expectations and intentions as measured in the first wave, before graduation.

21



Table III: State UR effects on implicitly expected returns to college and personal job prospects

Vocational Academic Relative Returns Personal

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

Panel A: State-level UR
State UR (t-1) 0.033 0.029 -0.122** -0.120** -0.114** -0.108** -0.220*** -0.221***

(0.021) (0.020) (0.027) (0.026) (0.031) (0.029) (0.014) (0.015)
[0.230] [0.266] [0.021] [0.020] [0.016] [0.013] [0.002] [0.002]

Female -0.009 -0.039 -0.266*** -0.271*** -0.184** -0.164** -0.292*** -0.335***
(0.029) (0.026) (0.034) (0.028) (0.040) (0.035) (0.024) (0.022)

Low SES 0.080*** 0.054** -0.054** -0.044* -0.100*** -0.073*** -0.052** -0.082**
(0.006) (0.013) (0.012) (0.017) (0.007) (0.011) (0.013) (0.015)

GPA -0.008 -0.022 0.095*** 0.103** 0.074** 0.091*** 0.283*** 0.308***
(0.019) (0.015) (0.011) (0.021) (0.016) (0.010) (0.020) (0.021)

GPA2 -0.013** -0.017* -0.003 -0.008 0.008 0.008 -0.007** -0.008
(0.003) (0.006) (0.005) (0.005) (0.004) (0.005) (0.001) (0.004)

Panel B: Decomposed UR
National UR (t-1) 0.033 0.010 -0.190*** -0.169*** -0.162** -0.129** -0.294*** -0.296***

(0.033) (0.032) (0.025) (0.025) (0.030) (0.033) (0.016) (0.022)
UR∆ (t-1) 0.034 0.039 0.034 0.028 -0.002 -0.010 -0.047 -0.051

(0.067) (0.064) (0.043) (0.043) (0.050) (0.047) (0.031) (0.028)

No. students 104,666 104,666 104,666 97,316
State FE, trends, policy controls yes yes yes yes yes yes yes yes
Interactions no yes no yes no yes no yes

Notes: This table presents estimates from Equation (6) for the effect of the state-level unemployment rate (Panel A) and its components (Panel
B) on the standardized value of the expected returns to a vocational degree (apprenticeship), to an academic degree (college), and the implicitly
expected relative returns to college, one year before high school graduation. Columns (7) and (8) use the standardized personally expected job
prospects as outcome. Item nonresponse on this question reduces its sample to 97,316 students. Controls include gender, SES, and the current
high school GPA (standardized), as well as its squared value. Interactions of the UR with the full set of controls are presented in Figure IV.
Standard errors in parentheses allow for two-way clustering at the state and cohort level. In columns (2), (4), and (6), the UR is centered at its
sample mean, so the coefficients on the controls give their association at the mean UR. Wild cluster bootstrap p-values in brackets impose the
null and use 9,999 replications with Webb weights, clustering by state. * p<0.1, ** p<0.05, *** p<0.01.
Source: Federal Employment Agency (BA), and DZHW, years 2008, 2012, 2015, and 2018.

that students’ beliefs about the value of specific skills are stable over the business cycle. The

same state UR fluctuation decreases the expected value of a university degree by 0.12 SD. As

a result, the implicitly expected general returns to college are significantly procyclical and thus

likely explain the procyclical pattern in college enrollment. Given that students were asked

about college in general, the negative effect for academic universities is likely to be even larger,

which may explain the smaller enrollment effect for applied universities.

To examine whether students form their beliefs based on aggregate or more local conditions,

Panel B repeats the analysis as in Section V.C and includes both the national UR and state-

specific deviations. While the effect of state-specific fluctuations is small and insignificant

throughout, the effect of the national unemployment rate again follows the same pattern as in

Panel A. Conditional on covariates, a 1 pp increase in the national UR decreases the expected

value of a college degree by 0.19 SD. It decreases the implicitly expected relative returns by

0.16 SD. This dominant role of aggregate labor market conditions for subjective expectations
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aligns with the findings for enrollment choices in Section V.C.

Personal job prospects respond even more strongly than the beliefs about either educational

track. A 1 pp increase in the state UR lowers personally expected job prospects by 0.22 SD

(columns 7 and 8), and this response again runs almost entirely through the national component

(0.29 SD, Panel B). To the extent that students interpret the survey question about their personal

job prospects as an ad-hoc statement about a scenario without further education, smaller co-

efficients for the general value of degrees may partly capture beliefs about the future state of

the economy at (college or apprenticeship) graduation.27 The expectations estimates are un-

changed when restricting the sample to students who answer the personal-prospects question

(Online Appendix Table OA.11).

Figure IV: Marginal state UR effects on implicitly expected returns to college by covariates
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Notes: This figure plots the marginal effect of a positive 1 pp deviation of the state UR from its trend one year before high school graduation
on the implicitly expected relative return to a college degree. Estimates are based on the fully interacted model presented in Table III.
Source: Federal Employment Agency (BA), and DZHW, years 2007, 2011, 2014, and 2017.

Figure IV plots marginal effects of a state-level labor market shock along the GPA dis-

tribution, separately by gender and SES. The effects are larger among female students, who

also have lower baseline expected returns, and they decrease in GPA. This suggests that high-

27 For students observed in both waves, within-person changes in the state UR between the

two interviews leave all three expectation measures unchanged. This supports measuring the

treatment in the year before graduation, as in Equation (3) (Online Appendix Table OA.9).
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performing students are either better informed about the cyclical nature of vocational outside

options or more confident about their labor market outcomes, irrespective of the business cy-

cle. The gender pattern is consistent with the differential selection into the Abitur discussed

in Section V.B: men who obtain the qualification are more strongly selected on study commit-

ment, so the marginal student is more often female. Online Appendix Figure OA.17 repeats this

exercise separately for the expected value of a college degree and of a vocational degree. Low-

performing students, and women without college-educated parents in particular, even expect a

significantly higher return to a vocational degree in the labor market when unemployment is

high. This could imply that they are either less informed about the cyclicality of general vs.

specific skills, or are primarily concerned with finding any job after (postsecondary) gradua-

tion. If true, they may place greater value on the smooth school-to-work transition typically

associated with apprenticeships.

VI.B Enrollment Intentions

To study changes in expectations as a mechanism for postsecondary skill investments, I further

use the Panel Study of School Leavers to (i) study their reduced-form effect on study intentions

and (ii) use UR fluctuations as an instrument for expectations with study intentions as second-

stage outcome. Panel A of Table IV presents estimates of Equation (6) with the intention

indicators described in Section III as outcomes, on the estimation sample of the expectations

analysis. A 1 pp increase in the senior-year state UR reduces the probability of intending to

enroll by 3.0 pp without individual controls, and by 5.8 pp with individual controls. Both are

substantially larger than the enrollment effects estimated using administrative data. A typi-

cal cyclical deviation of the state UR, 0.14 pp after removing state-specific trends, moves the

intention probability by about 0.8 pp. The response is again concentrated at academic univer-

sities, although the institution-type split is less precisely estimated. As for expected returns,

the response is larger for students with lower grades, and similar across gender and parental

education (Online Appendix Figure OA.18).

Decomposing the state UR into its national and state-specific components attributes the

statistically significant part of the intention response to the national component (−0.060, wild-
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cluster-bootstrap p = 0.040), while the state-specific coefficient is of similar size but imprecise

(−0.054, p = 0.18), in line with Section V.C. Online Appendix Table OA.10 shows that includ-

ing year fixed effects and identifying from within-cohort cross-state variation alone yields a

smaller but statistically significant response. Moreover, the estimate is robust to linear instead

of quadratic state trends. Estimates stay significant when using alternative inference methods

that account for the small number of clusters.

Table IV: State UR, expected returns, and enrollment intentions

Intends to enroll

Any Academic Applied

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

Panel A: Reduced form
State UR (t-1) -0.030** -0.058*** -0.013 -0.041* -0.010 -0.010

(0.009) (0.008) (0.021) (0.014) (0.020) (0.020)
Wild cluster bootstrap p 0.018 0.010 0.624 0.116 0.728 0.719
Outcome mean 0.65 0.65 0.39 0.39 0.19 0.19
No. students 104,666 104,666 101,500 101,500 101,500 101,500
Individual controls No Yes No Yes No Yes

Panel B: Expected relative returns
OLS 0.099*** 0.059*** 0.034***

(0.011) (0.007) (0.005)
2SLS 0.428*** 0.291 0.090

(0.108) (0.177) (0.144)
Anderson-Rubin 95% conf. set [0.26,1.25] [−0.07,3.60] [−2.59,0.43]
First-stage F 13.1 12.8 12.8
No. students 114,162 110,778 110,778

Notes: This table presents estimates from Equation (6) with study intention indicators as outcomes. Panel A
uses the estimation sample of Table III. The intention indicators are 1 if the student intends to enroll certainly or
probably (columns 1–2), and among these names an academic (columns 3–4) or applied (columns 5–6) institu-
tion. Panel A regresses the indicators on the state UR one year before graduation, without and with individual
controls (gender, SES, standardized GPA, and its square). Outcome means refer to the estimation sample. Panel
B regresses the indicators on the standardized expected relative return to college, by OLS and by 2SLS with
the state UR one year before graduation as the instrument, with individual controls. Panel B additionally keeps
students whose relative return is coded from a “do not know” response on one expectation item (Section III).
The Anderson-Rubin confidence sets impose the null and use the wild cluster bootstrap by state (Davidson and
MacKinnon, 2014). First-stage F statistics are cluster-robust. All specifications include state fixed effects, state-
specific quadratic trends, and policy controls. Standard errors in parentheses allow for two-way clustering at the
state and cohort level in Panel A and the OLS rows, and for clustering by state in the 2SLS rows. Wild cluster
bootstrap p-values from a bootstrap by state with 9,999 replications and Webb weights. * p<0.1, ** p<0.05, ***
p<0.01.
Source: Federal Employment Agency (BA), and DZHW, cohorts 2008, 2012, 2015, and 2018.

In Panel B, a 1 SD higher expected return is associated with a 9.9 pp higher probability

of intending to enroll. Using the senior-year state UR as an instrument for expected returns

yields a 2SLS estimate of 0.43, with a first stage of −0.134, a cluster-robust F statistic of

13.1, and a weak-instrument-robust Anderson-Rubin confidence set of [0.26,1.25] (Davidson

and MacKinnon, 2014, Roodman et al., 2019). The corresponding estimates for the academic

and applied margins carry the expected signs but are not statistically distinguishable from zero.
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The estimates are similar, and the first stage is stronger among students who also answer the

personal-prospects question (Online Appendix Table OA.12).

Realized choices point in the same direction as intentions but are estimated with less pre-

cision. In the attrition-reduced follow-up sample, and excluding men who are affected by con-

scription until 2011, a 1 pp higher senior-year state UR reduces the probability of being enrolled

half a year after graduation by 2.6 pp. However, the effect is not statistically significant, with

similar estimates for women and men (Online Appendix Table OA.13). Instrumenting expected

returns in this sample yields positive but imprecise estimates (Online Appendix Table OA.14).

The intention estimates are therefore the more reliable individual-level evidence.

The exclusion restriction requires that unemployment affects intentions only via expected

returns. Even though I cannot explicitly rule out alternative channels, common competing

channels do not show the same pattern. Online Appendix Table OA.15 shows that students re-

port a lower influence of study costs on their enrollment decision when unemployment is high,

which speaks against a binding financing constraint. This matches the evidence that capacity

constraints (Section OA.VIII) and credit constraints (Section OA.VII.B) play a secondary role

at best in explaining procyclical enrollment.

The expectations channel states that current unemployment moves beliefs about the future

value of a specific degree on the labor market. However, cyclical fluctuations in labor demand

today are not a perfect signal for future labor demand. Even though today’s conditions may

still be a good proxy for conditions in the near future, after an apprenticeship, or fast Bach-

elor’s studies within three years, they become less reliable after e.g. second-chance studies

or a Master’s degree (see Online Appendix Table OA.3 for details). Against this background,

it is unlikely that high school graduates act as forward-looking “adolescent econometricians”

(Manski, 1993) and form rational expectations about the returns to different skills several years

after graduation. Instead, my findings are consistent with an extrapolation from current con-

ditions rather than forward-looking updating, in line with experience-based belief formation

(Malmendier and Nagel, 2011, 2016, Nagel, 2026). Given the high degree of uncertainty about

the future state of the economy, investing in specific skills and betting on a good school-to-work

transition associated with specific skills may seem like a safe choice for students. Yet, over the
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lifecycle, this belief is at odds with the finding that workers with more general skills and higher

levels of education typically suffer less during recessions (see Hoynes et al., 2012, Altonji et

al., 2016, Eggenberger et al., 2022, respectively).

VII. CONCLUSION

This paper examines how labor market conditions at high school graduation affect postsec-

ondary skill investments, distinguishing between general academic education and more spe-

cific vocational pathways. Using administrative microdata on the universe of students in Ger-

man higher education, I find that higher unemployment at graduation reduces enrollment at

academic universities and lowers long-run attainment there, while attainment at applied uni-

versities rises. Complementary administrative data on the apprenticeship market suggest that

apprenticeships absorb part of the foregone college enrollment, although these data cannot be

linked to the same graduation cohorts.

My empirical analysis shows that high school graduates’ skill investments respond mainly

to aggregate fluctuations, consistent with the role of salient macroeconomic conditions in

experience-based beliefs updating. Survey data on subjective expectations show that for the

average student, downturns reduce the expected value of an academic degree, while low-

performing students, and women without college-educated parents in particular, even expect

greater returns to a vocational degree in a recession. Capacity and credit constraints only play

a negligible role.

My findings contrast with conventional wisdom on countercyclical college-going and demon-

strate that downturns can cause a shift to investments in more specific skills. The results high-

light that students’ adjustment to business cycle conditions depends critically on the available

outside options. In systems with established vocational pathways, recessions can shift students

toward investments in specific skills, while overall college enrollment declines. Countries that

wish to adopt elements of the German apprenticeship system should be aware of how these

changes affect the responsiveness of human capital investments to economic shocks. Ulti-

mately, my findings highlight the need to clearly distinguish between the effects of macroeco-

nomic and local conditions on human capital investment.
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OA.I. INSTITUTIONAL CONTEXT AND DESCRIPTIVES

OA.I.A Descriptive Statistics

Table OA.1: Summary statistics

Mean SD min max N

Students (1995–2018, regions)
High School Graduates (Abitur) 4,942 3,662 357 19,182 2,289
Enrollment Share (Any College) 71.36 10.38 26.27 97.82 2,289
Enrollment Share (academic university) 54.25 9.15 16.68 78.78 2,289
Enrollment Share (Applied university) 17.11 6.07 3.51 41.30 2,289
Detrended Enrollment Rate (Any College) 0.02 4.37 -21.47 17.59 2,289
Detrended Enrollment Rate (academic university) 0.36 4.74 -19.69 19.54 2,289
Detrended Enrollment Rate (Applied university) -0.34 2.91 -12.14 11.75 2,289

Unemployment (1995–2018, regions)
Detrended State UR (t-1) 0.00 0.67 -1.74 3.16 2,289
State UR (t-1) 9.28 4.19 3.20 20.50 2,289
National UR (t-1) 8.73 1.84 5.70 11.70 2,289
CZ-level UR (t-1) 8.94 4.38 2.10 23.98 1,907

SOEP v39 (1995–2018, individuals)
Female 0.56 0.50 0.00 1.00 1,851
Low SES 0.69 0.46 0.00 1.00 1,851
Any college 0.61 0.49 0.00 1.00 1,851
Vocational training 0.28 0.45 0.00 1.00 1,851
University 0.57 0.50 0.00 1.00 1,567
Applied university 0.10 0.30 0.00 1.00 1,567
Household Income (EUR) 3,678 1,804 614 10,000 1,447

DZHW (2008–2018, individuals)
Female 0.54 0.50 0.00 1.00 104,666
Low SES 0.48 0.50 0.00 1.00 104,666
GPA 2.41 0.59 0.70 6.00 104,666
Expected Returns 0.52 1.04 -4.00 4.00 104,666
Academic Expectations 3.91 0.75 1.00 5.00 104,666
Vocational Expectations 3.39 0.81 1.00 5.00 104,666
Personal Expectations 3.82 0.77 1.00 5.00 97,316
Enrolled (Dec of graduation year) 0.52 0.50 0.00 1.00 33,735
Vocational training (Dec of graduation year) 0.14 0.34 0.00 1.00 33,735

Notes: This table shows summary statistics for the main data sources used in the analysis. Statistics of
the two region panels (students and unemployment) are weighted by the number of high school graduates
with Abitur per cell. Unemployment rates refer to the senior year (t − 1), the treatment timing of the
analysis, and detrended values are residuals of the main specification’s state-specific quadratic trends with
a 2005 break. GPA: In the German grading system, the best grade is effectively a 0.7, and the worst is a
6.0. In the empirical analysis, I multiply the current GPA by -1 to ease interpretation (higher = better). In
this table, “above median GPA” also means better GPA.
Source: Student register, Federal Employment Agency, SOEP v39, DZHW, Regionaldatenbank.

4



OA.I.B Trends and Breaks in Enrollment and Unemployment

Panel A of Figure OA.1 plots the national unemployment rate and the aggregate share of high

school graduates enrolling at any college. After the German reunification in 1990, the unem-

ployment rate rose continuously until the late 1990s. A short recovery period was interrupted by

the dot-com crash in 2000, after which unemployment peaked at around 12% in 2005, making

Germany “the sick man of Europe” (Dustmann et al., 2014).

Figure OA.1: Time Series of Enrollment and Unemployment
(a) Panel A: Overall College Enrollment and National UR

corr: -0.641
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(b) Panel B: Enrollment by College Type
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recession periods (grey, following Breuer et al. (2022)).
Source: Student register, Federal Employment Agency, Regionaldatenbank, German Council of Economic Experts, years 1995–2018.

The 2005 peak coincides with the final and most far-reaching wave of these reforms,

Hartz IV, which took effect in January 2005. It merged unemployment and social assistance

into a single, lower, means-tested benefit, tightened job-search and availability requirements,

and expanded activation measures, raising both the incentive and the pressure to take up work.
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After the implementation of the last wave of the Hartz reforms in that year, the unemployment

rate fell rapidly until the COVID-19 pandemic, which is excluded from the sample, with only

a minor setback during the financial crisis. How much of the subsequent decline in unem-

ployment the reforms themselves account for, relative to the earlier decentralization of wage

bargaining and to favorable external demand, remains debated (Dustmann et al., 2014). What

matters for my identification strategy, however, is that the reforms mark a structural break in the

level and dynamics of unemployment around 2005, which I accommodate with a state-specific

trend break in that year (Section IV).

Due to the high degree of employment protection (see Figure OA.2), unemployment and

official recessions are therefore largely decoupled in Germany over this period, at least in com-

parison to the US. The unemployment peaks fall outside the shaded GDP recessions, and the

sharp 2008/09 contraction left unemployment almost unchanged. The unemployment rate,

rather than GDP, is thus the relevant measure of the labor market conditions students observe.

Figure OA.2: Labor market and higher education institutions in the OECD

AUS

AUT

CHL DNKFIN

FRA

ISL

ITA

JPN

LVA

LTU
MEX

NLD

NZL

NOR
ESP SWE

CHE

GBR

USA

DEU

0.00

1.00

2.00

3.00

4.00

EP
L 

St
ric

tn
es

s 
fo

r R
eg

ul
ar

 C
on

tra
ct

s

0 20 40 60 80 100
Individual-Level Student Support (%)

Notes: Share of college students benefiting from student loans or grants and the summary indicator for individual and collective dismissal of
regular workers (1998-2018 average) as a proxy for labor market cyclicality.
Source: OECD Employment Protection Legislation Database (2020), OECD Education at a Glance (2011, 2022)

During the same 24-year period, enrollment rates rose from around 55 percent in 1995 to

almost 80 percent in 2011, after which they slowly decreased. The previous rise in enrollment

rates was interrupted during the mid-2000s, coinciding with the Bologna process and the in-
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troduction of general tuition fees in 2007 in seven German states. Overall, there is a strong

procyclical relationship (ρ = −0.641) between unemployment and college enrollment. This

negative correlation is driven by the period before 2010. Since 2011, unemployment and col-

lege enrollment have fallen simultaneously.

Splitting enrollment rates by college type in Panel B suggests that these educational reforms

during the mid-2000s also triggered distinct trends at academic universities and all applied

universities. While enrollment at academic universities has been decreasing on average since

2003, enrollment rates at applied universities have surged. In two separate growth periods,

from 1995 to 2003, and 2004 to 2018, enrollment at colleges other than academic universities

rose from below 10 to around 24 percent. Structural break tests in Table OA.2 confirm that

unemployment and enrollment rates experience structural breaks during the mid-2000s.

Table OA.2: Structural break estimation and tests

Estimated break
H0: No Break

H1: Break in 2005

Year 95% CI F-statistic p-value
(1) (2) (3) (4)

Panel A: Quadratic trend (levels)
State UR 2006 [2005, 2007] 152.57 0.00
Any college 2003 [2002, 2004] 28.53 0.00
University 2003 [2002, 2004] 62.06 0.00
Applied university 2006 [2005, 2007] 140.35 0.00

Panel B: State UR coefficients
Any college 2006 [2005, 2007] 102.96 0.00
University 2006 [2005, 2007] 158.08 0.00
Applied university 2007 [2002, 2012] 10.73 0.00

Notes: Panel A reports estimated break dates and tests for a structural break at 2005.
Panel B uses detrended series (state FE and state-specific quadratic trends with a trend
break at 2005) and estimates a break in the UR-enrollment relationship. All estimates
and tests based on N=2,289 cells and implemented via xtbreak for paneldata, based on
Ditzen et al. (2025a,b). * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, Federal Employment Agency, Regionaldatenbank.

Time series of unemployment rates across states (Figure OA.3) and enrollment rates across

commuting zones (Figure OA.4) show that the structural breaks are particularly pronounced in

East Germany. Except for 2005, in West Germany, state-level unemployment fell more or less

constantly between 1995 and 2018, with overall levels below 10 percent. In East Germany,

however, they peaked in 2005 before falling sharply afterwards, converging to West German

levels. Conversely, enrollment rates in West Germany increased in the 1990s and have fluctu-

ated around 75 percent since 2001. Except for the mid-2000s, enrollment rates in East Germany
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have been increasing from below 50 percent and have converged to West German levels.

Figure OA.3: Unemployment rates over time
Panel A: By state
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respective quadratic trend (in red), allowing for a trend break in 2005.
Source: Federal Employment Agency, years 1995–2018.
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Figure OA.4: Overall college enrollment over time
Panel A: By commuting zone
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OA.I.C Bologna Reform and International Comparison

The largest reform in the European Higher Education sector was arguably the Bologna Process,

which began in 1999 (Crosier and Parveva, 2013). In Germany, the main change, alongside the

introduction of the European Credit Transfer and Accumulation System (ECTS), was the transi-

tion from a single-tier to a two-tier degree system. Figure OA.5 shows that adoption accelerated

in the mid-2000s: by 2008, bachelors programs had become the dominant entry route, with the

sharpest compositional shift around 2005. Relative to the Diplom and Magister degrees, the

median time-to-degree for the first cycle was reduced from 6 to 4 years (Bietenbeck et al.,

2023), while apprenticeships typically take around 2.5 years. This shift plausibly altered sub-

stitution patterns across educational options and the horizon over which students map current

macroeconomic conditions to expected returns.

Figure OA.5: Bologna Reform and degree choice of first-year students
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Notes: Share of first-year university students enrolling across degree types.
Source: Federal Statistical Office (Student Register).

A further institutional change associated with the Bologna Reforms was the disappear-

ance of the “Diplom (FH)” suffix for degrees from Universities of Applied Sciences (Fach-

hochschulen) with the two-tier harmonization, which reduced visible credential segmentation

between institution types and facilitated second-chance studies (e.g., combining apprenticeship

and BA) within a similar overall time window. Existing evidence on enrollment effects of the

Bologna Process is, however, inconclusive (see Kroher et al., 2021, for a literature review).

Figure OA.2 illustrates that Germany’s student financial aid coverage and regulated labor

market resemble those of many OECD countries. These institutional features may affect not
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only the cyclicality of outside options but also how economic shocks influence the perceived

risks and returns of different skill investments.
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OA.I.D High School Graduates

Figure OA.6 traces the expansion of the Abitur separately for West and East Germany. The

share of school leavers obtaining the Abitur (dashed) rises in both regions, while the absolute

number (solid) grows in the West but falls in the East. The decline in the East reflects the post-

reunification fertility collapse, the so-called Wendeknick. East German births roughly halved

between 1990 and 1994, so the cohorts reaching school-leaving age around 2008–2013 were

far smaller, and the falling number of graduates there is a demographic echo rather than a

decline in attainment, as the rising share makes clear. The pronounced spikes, most visible in

the West, are the double graduating cohorts created when states shortened the academic track

from nine to eight years (G8), which I control for throughout (Section IV). As a larger share of

each birth cohort obtains the Abitur, and the marginal graduate is drawn from further down the

achievement distribution, in line with US evidence on changing cohort characteristics (Altonji

et al., 2012). The state-specific trends absorb this secular selection, and Table OA.24 examines

its cyclical component.

Figure OA.6: Number of Abitur holders and the Abitur share over time, West vs. East Germany
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Notes: Each panel plots the number of school leavers obtaining the general Abitur (solid, left axis, in 1,000s) and their share of all school
leavers (dashed, right axis), aggregated over the West German and East German states (the latter including Berlin), 1995–2018. The spikes
are double graduating cohorts from the staggered shortening of the academic track (G8). The general-school Fachhochschulreife is excluded
throughout. The 2001 value for East Germany omits Mecklenburg-West Pomerania and Saxony-Anhalt, where a school-reform Nullkohorte
produced no Abitur cohort that year.
Source: Statistics of general schools, Regionaldatenbank.
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OA.I.E University Funding

In Germany, academic universities are financed through state budgets and multi-year frame-

work agreements that use upper-bound projections of student numbers (Eurydice, 2025). Around

90 percent of university funding comes from public sources, with roughly three-quarters pro-

vided by the states and the remainder by the federal government through joint programs such

as the Higher Education Pact (Hochschulpakt) and its successor, the Contract for the Future

of Higher Education and Teaching (Zukunftsvertrag Studium und Lehre stärken) (GWK, 2022,

HRK, 2025). It is explicitly aimed at maintaining need-based study capacity, and provides

dynamically increasing federal co-financing, largely independent of short-run state-level un-

employment shocks.
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OA.II. CONCEPTUAL FRAMEWORK

I extend a Roy-type model from Charles et al. (2018) to incorporate the effect of UR shocks

at different levels of aggregation, as well as parental income, and derive testable comparative

statics at two different enrollment margins. Consider high school students i with academic abil-

ity θi ∈ [0,1] that maximize lifetime payoff by choosing between three postsecondary options:

enrolling at an academic university (college type c = A, general skills), enrolling at an applied

university (college type c = B, skill mix), or starting an apprenticeship (c = 0, specific skills),

before working until retirement L.

Students finance their studies via parental income ωi.2 As college type B allows one to

allocate more time to work besides studying (e.g., via dual studies), its average monetary net

costs are lower (FA > FB). At college, potential students also face psychic costs of learning

κc. The curriculum at college type A focuses on general skills and is thus more challenging

(κA > κB), depending on students’ academic ability. The expected college premium at the

current period t for type-c college graduates equals πc
t = Y c

t −Y 0
t ≥ 0, where Y c

t and Y 0
t denote

earnings of college and non-college educated workers, respectively. The lifetime payoff for

student i at period t from attending a type-c college thus equals:

Rc
i (θi,ωi) =

L−t

∑
k=1

Et [π
c
t+k]−Y 0

t − (Fc −ωi)−κc(1−θi). (7)

Here, the term −Y 0
t is the immediate opportunity cost of forgone earnings while at college,

whereas the premia πc
t+k capture the earnings differential after graduation. When the payoff

of the outside option, apprenticeships, R0
i , is normalized to zero and under the assumption that

changes in unemployment rates do not affect Fc and κc, changes in the state s unemployment

rate dURst around graduation affect the expected returns to college via:

2 Parental transfers constitute 66 percent of the average monthly income of a first-year student

in Germany, and loan-aversion is high (Middendorff et al., 2017).
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dRc
i (θi,ωi)

dURst
=

d ∑
L−t
k=1 Et [π

c
t+k]

dURst︸ ︷︷ ︸
(i)

− dY 0
t

dURst︸ ︷︷ ︸
(ii)

+
dωi

dURst︸ ︷︷ ︸
(iii)

. (8)

Figure OA.7 Panel (a) shows the equilibrium sorting where students with ability up to threshold

θ B choose an apprenticeship, students with ability between θ B and θ AB enroll at college type

B, and students, with θi > θ AB enroll at college type A. Panel (b) shows a scenario where a

state-level unemployment shock reduces overall college enrollment (θ B′
> θ B) while keeping

constant the share of high school graduates enrolling at applied universities (θ AB′−θ B′
= θ AB−

θ B and R̄ = R̄′). A necessary condition for this is that the negative effect on expected returns to

college type A exceeds the negative effect on expected returns to college type B.

Figure OA.7: A Roy model of skill investment
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Notes: Panel (a) shows the lifetime payoff of academic universities (college type c = A) and applied universities (college type c = B) by ability,
normalizing the lifetime payoff of apprenticeships (c = 0) to zero. Segments on the x-axis indicate enrollment shares. Panel (b) shows a new
equilibrium in a scenario where the negative effect of an economic shock at high school graduation on expected returns is stronger for college
type A and outweighs the effect on outside options for college type A and B.
Source: Own representation based on Charles et al. (2018).

The effect of changes in labor demand depends on how changes in the state UR affect (i)

the expected average returns to college type c, (ii) outside options, and (iii) parental income.

Conceptually, each change in the unemployment rate URs(r)t , in state s(r) of commuting zone

r at time t can be into a national and a state-specific component:

dURs(r)t = dURnat
t +dUR∆

s(r)t , (9)
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where URnat
t is the national unemployment rate (common across states) and UR∆

s(r)t is the de-

viation of the state unemployment rate from the national rate.3 Empirically, it remains an open

question which level of variation dominates for each separate channel.

3 Note that the state-specific deviation could also be represented as a weighted average across

commuting zones r in state s. Section V.C decomposes the state UR into a national component

and the state-specific deviation, and uses more granular variation on the CZ-level.

16



OA.III. IDENTIFYING VARIATION

Figure OA.8 overlays the fitted trends on the attainment series, the analogue of Figure I,

and Figure OA.9 plots the residual variation underlying these estimates, the attainment ana-

logue of Figure II. The last observed cohorts show declining raw attainment and large negative

attainment residuals, reflecting that they are observed for fewer years by 2019. Lastly, Sec-

tion OA.III.A collects, for each trend specification, the fitted trend against the raw national

series and the resulting residual variation.

Figure OA.8: Aggregated attainment variables and quadratic fits
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Notes: Each panel plots the raw series (solid black) and the fitted quadratic trend with a continuous slope break in 2005 (red long dash, with
the vertical line marking the break year). Panel A shows the unemployment rate, Panel B the overall share of high school graduates with Abitur
obtaining a degree by 2019, Panel C the share obtaining an academic-university degree, and Panel D the share obtaining an applied-university
degree. The fitted trend takes the form of Equation (4), shown here at the national level. In the estimating equation the trend is estimated
separately by state.
Source: Exam register, Federal Employment Agency (BA), Regionaldatenbank, high school cohorts 1995–2016.

Table OA.3 regresses the detrended state UR k years ahead on the current deviation. A 1 pp

deviation predicts a 0.47 pp deviation in the following year, when the first postsecondary in-

vestment decision is made. Over the horizon at which a university degree would be completed,

the deviation fades and reverses, and reaches -0.56 pp after three years. Part of this reversal is

mechanical, as residuals from a fitted trend must average to zero within each state.

17



Figure OA.9: Aggregated business cycle variation in attainment and unemployment
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Notes: Each panel plots, for each high school cohort, residuals after removing state fixed effects and state-specific quadratic trends with a
continuous 2005 break (Equation (4)), estimated on the 1995–2016 attainment sample. Panel A shows the residual state unemployment rate.
Panels B, C, and D overlay the residual state unemployment rate (solid line, left axis) with the residual share of high school graduates with
Abitur obtaining any, an academic-university, and an applied-university degree by 2019 (dashed line, right axis). Residuals are aggregated by
cohort year and weighted by the number of Abitur holders. The red line marks the zero mean.
Source: Exam register, Federal Employment Agency (BA), Regionaldatenbank, high school cohorts 1995–2016.

Current deviations remain statistically significant predictors at all horizons, but the sign

changes after two years, i.e., one year after graduation in my main analysis. The reversal is

most pronounced at k = 3 and k = 4, where the coefficients exceed the k = 1 coefficient in

absolute value, and fades toward the end of the window, where the point estimates at k = 5 and

k = 6 are less than half as large as at k = 1, with 40–50 percent larger standard errors. A student

extrapolating from current conditions thus receives a strong signal about entry conditions in the

immediate future. The signal about conditions at the horizon of university graduation, however,

is of opposite sign over most of that horizon and weaker toward its end. The horizon of the sign

reversal, negative from k = 2 through k = 5 and positive again at k = 6, is consistent with the

dated chronology of German business cycles, in which the complete cycles of the 2000s lasted

six to seven years (Breuer et al., 2022).
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Table OA.3: Persistence of cyclical unemployment deviations

Detrended state UR in t + k

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

Detrended state UR (t) 0.467*** -0.264*** -0.555*** -0.513*** -0.213*** 0.188***
(0.018) (0.018) (0.022) (0.026) (0.025) (0.027)

No. state-year cells 365 349 333 317 301 285

Notes: This table presents estimates from regressions of the detrended state unemployment rate k years ahead
on the current detrended state unemployment rate. Deviations are residuals from state fixed effects and state-
specific quadratic trends with a 2005 break, estimated on the state-year panel 1995–2018. Standard errors in
parentheses allow for clustering at the state level. All coefficients have wild-cluster-bootstrap p-values below
0.001 (Rademacher weights, 9,999 replications). * p<0.1, ** p<0.05, *** p<0.01.
Source: Federal Employment Agency (BA), years 1995–2018.

Figure OA.10 plots the residual state unemployment rate and college enrollment rate over

high school cohorts, after removing state fixed effects and the state-specific quadratic trends

with a 2005 break of the main specification. These residuals are the cyclical deviations effec-

tively used in Equation (3).

Figure OA.11 and Figure OA.12 plot kernel densities of the residualized state-level unem-

ployment rate and college enrollment share after progressively saturating the regression speci-

fication. Starting from the residual that absorbs only state fixed effects (solid), each subsequent

series adds state-specific quadratic trends with a 2005 break, year fixed effects, or both. State-

specific trends absorb substantially more variation in the state UR than year fixed effects do on

top of the state-FE baseline. Combining the two leaves very little variation in the treatment.
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Figure OA.10: Detrended state unemployment and college enrollment over time
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Notes: This figure plots, by high school cohort, the residual state UR (Panel A) and CZ-level college enrollment rate (Panel B) after controlling
for state fixed effects and state-specific quadratic time trends with a 2005 break. Each thin line is a region. The zero mean is in red and the ±1
standard deviation bands in blue.
Source: Student register, Federal Employment Agency (BA), years 1995–2018.
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Figure OA.11: Distributions of state-level UR
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Notes: Kernel densities of state-level unemployment rate residuals. The baseline (solid line) absorbs state fixed effects. The remaining three
series additionally absorb state-specific quadratic trends with a 2005 break (long dashes), year fixed effects (short dashes), or both (long dashes
with dots).
Source: Federal Employment Agency, years 1995–2018.

Figure OA.12: Distributions of college enrollment share
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Notes: Kernel densities of college enrollment share residuals across regions and years. The baseline (solid line) absorbs state fixed effects. The
remaining three series additionally absorb state-specific quadratic trends with a 2005 break (long dashes), year fixed effects (short dashes), or
both (long dashes with dots).
Source: Federal Statistical Office (Hochschulstatistik), years 1995–2018.
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OA.III.A Fitted Trends and Identifying Variation by Specification

Figure OA.13: Fitted trend and identifying variation: quadratic trend without a break
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Notes: The top panel shows the national series (solid line) and the fitted quadratic trend without a break (long dashes) by high school cohort,
weighted by the number of Abitur holders, for the unemployment rate and the overall, academic-university, and applied-university enrollment
rates. The bottom panel shows, for each high school cohort, the residual state unemployment rate (solid line) and the residual enrollment rates
(dashed line) after removing state fixed effects and the same trend. Residuals are aggregated by cohort year and weighted by the number of
Abitur holders. The red line marks the zero mean.
Source: Student register, Federal Employment Agency (BA), Federal Statistical Office (Hochschulstatistik).
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Figure OA.14: Fitted trend and identifying variation: cubic trend without a break
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Notes: The top panel shows the national series (solid line) and the fitted cubic trend without a break (long dashes) by high school cohort,
weighted by the number of Abitur holders, for the unemployment rate and the overall, academic-university, and applied-university enrollment
rates. The bottom panel shows, for each high school cohort, the residual state unemployment rate (solid line) and the residual enrollment rates
(dashed line) after removing state fixed effects and the same trend. Residuals are aggregated by cohort year and weighted by the number of
Abitur holders. The red line marks the zero mean.
Source: Student register, Federal Employment Agency (BA), Federal Statistical Office (Hochschulstatistik).
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Figure OA.15: Fitted trend and identifying variation: linear trend with a 2005 break
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Notes: The top panel shows the national series (solid line) and the fitted linear trend with a 2005 break (long dashes) by high school cohort,
weighted by the number of Abitur holders, for the unemployment rate and the overall, academic-university, and applied-university enrollment
rates. The bottom panel shows, for each high school cohort, the residual state unemployment rate (solid line) and the residual enrollment rates
(dashed line) after removing state fixed effects and the same trend. Residuals are aggregated by cohort year and weighted by the number of
Abitur holders. The red line marks the zero mean.
Source: Student register, Federal Employment Agency (BA), Federal Statistical Office (Hochschulstatistik).
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Figure OA.16: Fitted trend and identifying variation: cubic trend with a 2005 break
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Notes: The top panel shows the national series (solid line) and the fitted cubic trend with a 2005 break (long dashes) by high school cohort,
weighted by the number of Abitur holders, for the unemployment rate and the overall, academic-university, and applied-university enrollment
rates. The bottom panel shows, for each high school cohort, the residual state unemployment rate (solid line) and the residual enrollment rates
(dashed line) after removing state fixed effects and the same trend. Residuals are aggregated by cohort year and weighted by the number of
Abitur holders. The red line marks the zero mean.
Source: Student register, Federal Employment Agency (BA), Federal Statistical Office (Hochschulstatistik).
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OA.IV. HETEROGENEITY

This section reports the main enrollment and attainment effects by gender in the adminis-

trative data, and the heterogeneity of the intention response in the panel study. Heterogeneity

of the expectation measures by gender, SES, and GPA is presented in Section VI.A, and by

gender and SES in the SOEP in Section OA.VII.A.

Table OA.4 reports the senior-year enrollment and attainment effects separately for the

periods before and after the completion of the Bologna Process in 2008, Table OA.6 splits

the decomposed national and state-specific components of Table II by the same periods, and

Table OA.28 reports the effects of the unemployment rate in the graduation year.

Table OA.4: Enrollment and attainment effects before and after 2008

Enrollment Attainment

pre 2008 post 2008 p-value (β∆) pre 2008 post 2008 p-value (β∆)
(1) (2) (3) (4) (5) (6)

Panel A: Overall (any college)
State UR (t-1) -2.243*** -2.416*** [0.466] -0.999** -1.473** [0.051]

(0.416) (0.556) (0.413) (0.526)

Panel B: Academic university
State UR (t-1) -2.249*** -2.498*** [0.294] -1.309*** -1.667*** [0.019]

(0.363) (0.475) (0.251) (0.328)

Panel C: Applied university
State UR (t-1) 0.052 0.142 [0.195] 0.332* 0.210 [0.294]

(0.095) (0.159) (0.179) (0.245)

No. CZ-cohort cells 2,289 2,289 2,097 2,097
No. high school graduates 6,296,662 6,296,662 5,727,918 5,727,918
State FE, trends, policy controls yes yes yes yes

Notes: This table presents estimates from Equation (3) with the senior-year state unemployment rate interacted with dum-
mies for the period before and after 2008. The outcome is the share of high school graduates with Abitur enrolling at
(columns 1–3) or graduating from (columns 4–6) any college (Panel A), academic universities (Panel B), or applied univer-
sities (Panel C). Enrollment spans high school cohorts 1995–2018. Attainment spans cohorts 1995–2016 and is measured by
2019. P-values in brackets refer to tests of equal coefficients across periods. Policy controls include tuition fee introductions
and abolitions, as well as double cohorts. Each cell is weighted by the number of high school graduates with Abitur. Standard
errors in parentheses allow for two-way clustering at the state and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, exam register, Federal Employment Agency, Regionaldatenbank.

Table OA.5 estimates the main enrollment and attainment effects separately for men and

women in the administrative data. Point estimates are slightly larger for women for enrollment

and academic-university attainment, and the increase in applied-university attainment is statis-

tically significant among women only. None of the gender differences is statistically significant

(columns 3 and 6).
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Table OA.5: Enrollment and attainment effects by gender

Enrollment Attainment

Men Women p-value (β∆) Men Women p-value (β∆)
(1) (2) (3) (4) (5) (6)

Panel A: Overall (any college)
State UR (t-1) -1.943*** -2.134*** [0.746] -0.570 -0.714 [0.495]

(0.609) (0.381) (0.356) (0.464)
Outcome mean 74.8 68.9 59.1 57.7

Panel B: Academic university
State UR (t-1) -1.912*** -2.075*** [0.768] -0.925*** -1.157*** [0.257]

(0.600) (0.359) (0.218) (0.310)
Outcome mean 55.3 53.7 37.0 39.7

Panel C: Applied university
State UR (t-1) -0.032 -0.059 [0.812] 0.355 0.443** [0.272]

(0.122) (0.083) (0.205) (0.201)
Outcome mean 19.5 15.3 22.2 18.1

No. CZ-cohort cells 2,289 2,289 2,097 2,097
No. high school graduates 2,711,722 3,497,691 2,453,019 3,187,650
State FE, trends, policy controls yes yes yes yes

Notes: This table presents estimates from Equation (3) for the share of male and female high school graduates with Abitur
enrolling at (columns 1–3) or graduating from (columns 4–6) each college type. Enrollment spans high school cohorts
1995–2018. Attainment spans cohorts 1995–2016 and is measured by 2019. P-values in brackets refer to tests of equal
coefficients across genders, based on a fully interacted regression on the stacked gender-specific cells. Policy controls
include tuition fee introductions and abolitions, as well as double cohorts. Each cell is weighted by the number of male or
female high school graduates with Abitur. The sex-specific graduate counts do not add up to the pooled totals of Table I. The
sex-specific Regionaldatenbank series miss 87,249 graduates (1.4 percent), almost entirely in Saxony and Saxony-Anhalt
before 2008, where some graduates appear in neither sex-specific series. Standard errors in parentheses allow for two-way
clustering at the state and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, exam register, Federal Employment Agency, Regionaldatenbank.

Table OA.6: Decomposed effects before and after 2008

Enrollment Attainment

pre 2008 post 2008 p-value (β∆) pre 2008 post 2008 p-value (β∆)
(1) (2) (3) (4) (5) (6)

Panel A: Overall (any college)
National UR (t-1) -2.606*** -2.937*** [0.104] -1.220*** -2.002*** [0.011]

(0.436) (0.539) (0.395) (0.479)
UR∆ (t-1) -0.396 -0.265 [0.653] -0.039 0.397 [0.029]

(0.736) (0.794) (0.424) (0.514)

Panel B: Academic university
National UR (t-1) -2.711*** -3.187*** [0.020] -1.574*** -2.112*** [0.002]

(0.398) (0.449) (0.244) (0.279)
UR∆ (t-1) 0.067 0.310 [0.225] 0.026 0.080 [0.476]

(0.531) (0.575) (0.405) (0.438)

Panel C: Applied university
National UR (t-1) 0.104 0.250 [0.256] 0.354 0.111 [0.138]

(0.131) (0.251) (0.204) (0.283)
UR∆ (t-1) -0.463** -0.576** [0.489] -0.064 0.317 [0.005]

(0.208) (0.234) (0.205) (0.248)

No. CZ-cohort cells 2,289 2,289 2,097 2,097
No. high school graduates 6,296,662 6,296,662 5,727,918 5,727,918
State FE, trends, policy controls yes yes yes yes

Notes: This table presents estimates from Equation (5), splitting the senior-year (t − 1) state unemployment rate into the
national UR and the state-specific deviation UR∆, each interacted with dummies for the period before and after 2008. The
outcome is the share of high school graduates with Abitur enrolling at (columns 1–3) or graduating from (columns 4–6) any
college (Panel A), academic universities (Panel B), or applied universities (Panel C). Enrollment spans high school cohorts
1995–2018. Attainment spans cohorts 1995–2016 and is measured by 2019. P-values in brackets refer to tests of equal
coefficients across periods. Policy controls include tuition fee introductions and abolitions, as well as double cohorts. Each
cell is weighted by the number of high school graduates with Abitur. Standard errors in parentheses allow for two-way
clustering at the state and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, exam register, Federal Employment Agency, Regionaldatenbank.
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OA.V. APPRENTICESHIPS

For German high school graduates, the outside option to college is apprenticeships. I use

administrative state-level data from the Berufsbildungsstatistik (1995–2018) on the universe of

new apprenticeship contracts by school degree provided by the Federal Institute for Vocational

Education and Training (BIBB), and complement this with CZ-level data from the Ausbil-

dungsmarktstatistik of the Federal Employment Agency (BA) on apprenticeship applicants and

positions reported between 2008 and 2018.

Table OA.7 presents three sets of estimates: Panel A focuses on new apprentices and appli-

cants with a high school degree, Panel B on total new apprenticeship contracts, applicants, and

positions, and Panel C on the share of apprentices and applicants with a high school degree.

Panel A shows a large and positive effect of state-level unemployment on the number of new

apprentices with a high school diploma. A 1 pp increase in the state UR in t-1 is associated

with a 5.1 percent increase in new apprentices with a high school degree. However, the results

are not statistically significant for years after 2008. Consistent with this, a 1 pp increase in the

state UR increases the number of applicants with Abitur by around 6.4-7.3 percent. This aligns

with the main findings on college enrollment, suggesting that a significant share of high school

graduates make skill-specific investments rather than enroll in college.4

Panel B presents results for the total number of new apprentices, regardless of qualification.

Depending on the sample period, a 1 pp increase in the state UR increases the number of

new contracts by 2.3–2.5 percent. For the years 2008 to 2018, BA data indicate that higher

URs also increase the total number of registered applicants by approximately 2.2–4.1 percent,

depending on the level of analysis, significant at the state level. Simultaneously, economic

shocks do not significantly increase the number of registered new positions. My results again

contrast with most international evidence, which indicates that the number of new apprentices

4 As I do not explicitly observe the year of high school graduation of new apprentices, I focus

on the year and state/CZ of the contract signing instead. As a result, the effects may include,

but are not limited to, recent high school graduates. Effect sizes and baseline shares are thus

not directly comparable to the effects on college enrollment studied earlier.
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Table OA.7: Effects on the apprenticeship market

Contracts Applicants Positions

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

Panel A: ln(high school)
State UR (t-1) 0.051** 0.018 0.073*** 0.064***

(0.021) (0.015) (0.020) (0.019)
[6,915] [8,245] [8,237] [1,373]

Panel B: ln(total)
State UR (t-1) 0.023** 0.025** 0.041** 0.022 0.021

(0.009) (0.010) (0.018) (0.017) (0.015)
[35,442] [33,566] [34,253] [5,709] [5,570]

Panel C: Share high school
State UR (t-1) 0.358 -0.069 0.779* 0.795***

(0.268) (0.321) (0.357) (0.202)
[20.5] [25.2] [23.3] [21.9]

No. Cells 384 176 176 1,056 1,056
Level of analysis State State State CZ CZ
Time frame 1995-2018 2008-2018 2008-2018 2008-2018 2008-2018
Data source BIBB BIBB BA BA BA

Notes: This table presents estimates from different regressions mirroring Equation (3), on the state level
and CZ level, on new apprenticeship contracts, applicants, and positions. Panel A shows effects on the
number (in logs) of high school graduates starting or applying for an apprenticeship. Panel B shows
effects on the total number (in logs) of new apprenticeship contracts, applicants, and positions reported.
Panel C shows effects on the share of high school graduates among new apprenticeship contracts and
applicants. Outcome means in levels in brackets. Standard errors in parentheses allow for clustering at
the state and year level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Federal Institute for Vocational Education and Training (BIBB), Federal Employment Agency
(BA).

is mildly procyclical (see, e.g., Lüthi and Wolter (2020) for Switzerland and Brunello (2009) for

a review). For Germany, however, Baldi et al. (2014) find no significant effect of the business

cycle on apprenticeship contracts between 1999 and 2012.5

Lastly, Panel C presents results for the share of new apprentices and applicants with a high

school degree. In the post-Bologna years (2008-2018), the larger relative increase in high

school graduates leads to a higher share of such graduates among applicants. A 1 pp increase

in the state-level UR increases the share of high school graduates by around 0.78 pp from a

baseline of around 22 percent. This may come at the expense of school leavers with lower

academic qualifications, who must now compete with high school leavers. However, I find no

significant effects on apprenticeship contracts, and the data do not permit direct testing of such

displacement effects.

5 Note that the BA data only contains positions and applications posted at the employment

agency. A higher number of posted positions or applicants may signal greater labor market

frictions rather than higher supply or demand.
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Table OA.8 repeats the decomposition analysis for the apprenticeship market. For overall

contracts, there seems to be a clear difference in the effects of national and state-specific la-

bor market conditions. Consistent with Table OA.7, national conditions positively affect the

number of new contracts with high school graduates. In particular, state-specific unemploy-

ment reduces both the number of new contracts and the number of contracts with high school

graduates. After 2008, both state-specific effects are smaller and statistically insignificant, and

the effect on total contracts turns positive. For the number of registered applicants, both na-

tional and state-specific UR increases are associated with a higher number of applicants in the

following years. For the total number of registered positions, there is again no significant effect.

Table OA.8: Decomposed effects on the apprenticeship market

Contracts Applicants Positions

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

Panel A: ln(high school)
National UR (t-1) 0.084*** 0.042** 0.069** 0.063**

(0.028) (0.019) (0.029) (0.024)
UR∆ (t-1) -0.085*** -0.022 0.080*** 0.067**

(0.029) (0.013) (0.025) (0.025)
[6,915] [8,245] [8,237] [1,373]

Panel B: ln(total)
National UR (t-1) 0.033** 0.029* 0.036* 0.012 0.021

(0.012) (0.014) (0.018) (0.014) (0.021)
UR∆ (t-1) -0.017** 0.018 0.049* 0.046* 0.020

(0.008) (0.013) (0.025) (0.024) (0.024)
[35,442] [33,566] [34,253] [5,709] [5,570]

Panel C: Share high school
National UR (t-1) 0.653* 0.377 0.865 1.109***

(0.336) (0.507) (0.575) (0.337)
UR∆ (t-1) -0.857*** -0.820** 0.634 0.090

(0.288) (0.298) (0.561) (0.360)
[20.5] [25.2] [23.3] [21.9]

No. Cells 384 176 176 1,056 1,056
Level of analysis State State State CZ CZ
Time frame 1995-2018 2008-2018 2008-2018 2008-2018 2008-2018
Data source BIBB BIBB BA BA BA

Notes: This table presents estimates based on Equation (5), on the state and CZ level, on new apprentice-
ship contracts, applicants, and positions. Panel A shows effects on the number (in logs) of high school
graduates starting or applying for an apprenticeship. Panel B shows effects on the total number (in logs)
of new apprenticeship contracts, applicants, and positions reported. Panel C shows effects on the share
of high school graduates among new apprenticeship contracts and applicants. Outcome means in levels
in brackets. Standard errors in parentheses allow for clustering at the state and year level. * p<0.1, **
p<0.05, *** p<0.01.
Source: Federal Institute for Vocational Education and Training (BIBB), Federal Employment Agency
(BA).

Negative effects on overall contracts and positive effects on applicants registering at the BA

may very well reflect increased frictions on the apprenticeship market. A zero effect on posted

positions may still be consistent with this, e.g., when the true demand for apprentices is lower,
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but more of the remaining positions are posted due to frictions. Procyclical effects of state-level

labor demand on the apprenticeship market align with the international evidence (e.g., Lüthi

and Wolter (2020) and Brunello (2009) as discussed above). Together with the decomposition

results on college enrollment, these effects suggest that national labor demand shocks shift

students at the margin between academic and applied universities towards applied universities,

visible in attainment rather than contemporaneous enrollment, while more localized shocks

operate at the margin of college going.
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OA.VI. MORE EVIDENCE FROM THE PANEL STUDY OF SCHOOL LEAVERS

Table OA.9: Within-person expectation updating be-
tween the survey waves

Vocational Academic Relative Returns
(1) (2) (3)

∆ State UR -0.024 -0.012 0.011
(0.032) (0.039) (0.040)

No. students 31,141 31,371 33,450
Cohort FE, state FE yes yes yes
Individual controls yes yes yes

Notes: This table regresses the within-person change in each raw expec-
tation measure between the first survey wave (December of the senior
year) and the second wave (December of the graduation year) on the
change in the state UR between the two interviews. The sample cov-
ers students with expectation reports in both waves. Individual controls
include gender, SES, and the standardized GPA and its square. All spec-
ifications include cohort and state fixed effects. Standard errors in paren-
theses allow for clustering at the state level. * p<0.1, ** p<0.05, ***
p<0.01.
Source: Federal Employment Agency (BA), and DZHW, cohorts 2008,
2012, 2015, and 2018.
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Figure OA.17: Marginal state UR effects on expectations by covariates (separate degrees)
Panel A: Expected value of a college degree
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Panel B: Expected value of a vocational degree
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Notes: This figure plots the marginal effect of a positive 1 pp deviation of the state UR from its trend one year before high school graduation
on the standardized explicitly expected general value of a college degree in (Panel A) and a vocational degree (Panel B). Estimates are based
on Equation (6) with the UR interacted with the full set of controls (see Table III).
Source: Federal Employment Agency (BA), and DZHW, years 2008, 2012, 2015, and 2018.
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Figure OA.18: Marginal state UR effects on enrollment intentions by covariates
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Notes: This figure plots the marginal effect of a positive 1 pp deviation of the state UR from its trend one year before high school graduation
on the probability of intending to enroll, along the standardized GPA distribution and separately by gender and SES. Estimates are based on
the fully interacted version of Equation (6) on the estimation sample of Table IV, Panel A.
Source: Federal Employment Agency (BA), and DZHW, cohorts 2008, 2012, 2015, and 2018.

Table OA.10: Intention to enroll: alternative time controls

Intends to enroll (any)

Quadratic trends Linear trends Cohort FE
(1) (2) (3)

State UR (t-1) -0.058*** -0.052** -0.017**
(0.008) (0.014) (0.005)

Wild cluster bootstrap p 0.010 0.013 0.008
Outcome mean 0.65 0.65 0.65
No. students 104,666 104,666 104,666

Notes: This table presents estimates from Equation (6) with the intention to
enroll as outcome, on the estimation sample of Table IV, Panel A. Column 1
uses state-specific quadratic trends as in the main specification, column 2 state-
specific linear trends, and column 3 cohort fixed effects instead of trends. All
columns include state fixed effects, policy controls, and individual controls (gen-
der, SES, standardized GPA and its square). The wild cluster bootstrap row
reports p-values from a bootstrap by state with 9,999 replications and Webb
weights. Standard errors in parentheses allow for two-way clustering at the state
and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Federal Employment Agency (BA), and DZHW, cohorts 2008, 2012,
2015, and 2018.
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Table OA.11: State UR effects on expected returns among students an-
swering the personal-prospects question

Vocational Academic Relative Returns Personal
(1) (2) (3) (4)

Panel A: State-level UR
State UR (t-1) 0.029 -0.125** -0.112** -0.220***

(0.020) (0.026) (0.029) (0.014)
[0.280] [0.019] [0.015] [0.002]

Panel B: Decomposed UR
National UR (t-1) 0.025 -0.191*** -0.156** -0.294***

(0.033) (0.028) (0.029) (0.016)
UR∆ (t-1) 0.038 0.029 -0.009 -0.047

(0.066) (0.054) (0.048) (0.031)

No. students 97,316 97,316 97,316 97,316
State FE, trends, policy controls yes yes yes yes

Notes: This table repeats the estimates of Table III, columns (1), (3), (5), and (7), on the subsample
of students with a valid response to the personal-prospects question. The outcomes are the stan-
dardized expected returns to a vocational degree, to an academic degree, the implicitly expected
relative returns to college, and the personally expected job prospects, one year before high school
graduation. All specifications include individual controls (gender, SES, standardized GPA, and its
square). Standard errors in parentheses allow for two-way clustering at the state and cohort level.
Wild cluster bootstrap p-values in brackets impose the null and use 9,999 replications with Webb
weights, clustering by state. * p<0.1, ** p<0.05, *** p<0.01.
Source: Federal Employment Agency (BA), and DZHW, cohorts 2008, 2012, 2015, and 2018.

Table OA.12: Expected returns and intentions among students an-
swering the personal-prospects question

Intends to enroll

Any Academic Applied
(1) (2) (3)

Panel A: Sample of Table IV, Panel B
OLS 0.101*** 0.061*** 0.035***

(0.012) (0.008) (0.005)
2SLS 0.464*** 0.316* 0.111

(0.116) (0.180) (0.148)
Anderson-Rubin 95% conf. set [0.29,1.32] [−0.05,3.03] [−2.10,0.47]
First-stage F 13.8 13.8 13.8
No. students 103,791 100,679 100,679

Panel B: Sample of Table III
OLS 0.093*** 0.056*** 0.032***

(0.013) (0.009) (0.005)
2SLS 0.553*** 0.401* 0.121

(0.158) (0.232) (0.180)
Anderson-Rubin 95% conf. set [0.34,3.59] [−0.05,7.21] [−4.77,0.56]
First-stage F 9.9 10.1 10.1
No. students 97,316 94,341 94,341

Notes: This table repeats the estimation of Table IV, Panel B, on the subsample of students
with a valid response to the personal-prospects question. Panel A restricts the estimation
sample of Table IV, Panel B. Panel B restricts the estimation sample of Table III. Each
column regresses the intention indicator on the standardized expected relative return to
college, by OLS and by 2SLS with the state UR one year before graduation as the instru-
ment, with individual controls. The Anderson-Rubin confidence sets impose the null and
use the wild cluster bootstrap by state with 9,999 replications and Webb weights (David-
son and MacKinnon, 2014). First-stage F statistics are cluster-robust. All specifications
include state fixed effects, state-specific quadratic trends, and policy controls. Standard
errors in parentheses allow for two-way clustering at the state and cohort level in the OLS
rows and for clustering by state in the 2SLS rows. * p<0.1, ** p<0.05, *** p<0.01.
Source: Federal Employment Agency (BA), and DZHW, cohorts 2008, 2012, 2015, and
2018.
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Table OA.13: Individual-level enrollment half a year after
graduation

All Women Men Weighted
(1) (2) (3) (4)

State UR (t-1) -0.026 -0.049 -0.072 -0.032
(0.041) (0.030) (0.042) (0.034)

No. students 31,718 21,400 12,335 31,716
State FE, trends, policy controls Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes

Notes: This table presents linear probability estimates of being enrolled in higher
education in December of the graduation year on the state unemployment rate in
the senior high school year, following Equation (6). Higher education excludes
Berufsakademien, mirroring the student register. Individual controls include gender
(columns 1 and 4), SES, and the standardized GPA and its square. Columns 1 and 4
exclude conscription-affected men of the 2008 cohort, and column 3 includes them.
Column 4 additionally uses the survey’s longitudinal weights. Standard errors in
parentheses allow for two-way clustering at the state and cohort level in columns
2–4, and for clustering at the state level in column 1. * p<0.1, ** p<0.05, ***
p<0.01.
Source: Federal Employment Agency (BA), and DZHW, years 2008, 2012, 2015,
and 2018.

Table OA.14: Expected returns and enrollment: OLS
and 2SLS, women

OLS 2SLS
(1) (2)

Expected relative returns (W1) 0.056** 0.439
(0.012) (0.545)

Anderson-Rubin 95% confidence set [−0.622,7.293]

First stage: State UR (t-1) -0.081**
(0.022)

First-stage F 8.8
Reduced form: State UR (t-1) -0.035

(0.031)

No. students 20,872 20,872
State FE, trends, policy controls Yes Yes
Individual controls Yes Yes

Notes: This table relates enrollment in higher education in December of
the graduation year to the expected relative return to college measured
in the senior year, for women. Column 1 reports OLS. Column 2 instru-
ments the expected relative return with the state unemployment rate in
the senior high school year and reports the corresponding first stage and
reduced form. The Anderson-Rubin confidence set imposes the null and
uses a wild cluster bootstrap with 9,999 replications and Webb weights,
clustering by state (Davidson and MacKinnon, 2014). The first-stage F
statistic is cluster-robust. Individual controls include SES and the stan-
dardized GPA and its square. Standard errors in parentheses allow for
clustering by state in column 2 and two-way clustering at the state and
cohort level in column 1 and the first-stage and reduced-form rows. *
p<0.1, ** p<0.05, *** p<0.01.
Source: Federal Employment Agency (BA), and DZHW, years 2008,
2012, 2015, and 2018.
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Table OA.15: State UR, the reported influence of study costs, and perceived
difficulties

Influence of Perceived as difficulty

study costs (std.) Labor market Financing Admission
(1) (2) (3) (4)

State UR (t-1) -0.070** -0.077*** -0.057*** -0.041**
(0.021) (0.007) (0.009) (0.011)
[0.047] [0.001] [0.011] [0.049]

Outcome mean 2.72 0.33 0.28 0.40
No. students 112,491 113,299 113,299 113,299
State FE, trends, policy controls yes yes yes yes

Notes: This table presents estimates from Equation (6) with elicited decision factors as outcomes,
measured half a year before graduation. Column 1 uses the standardized influence of study costs on
the education decision. Its outcome mean refers to the raw item, which ranges from 1 (no influence) to
5 (large influence). Columns 2–4 use indicators equal to one if the student perceives the development
of the labor market, the financing of their education, or admission restrictions (numerus clausus) as a
difficulty for the education decision. Columns 2–4 share a common sample. Individual controls include
gender, SES, and the standardized GPA and its square. The wild cluster bootstrap p-values in brackets
impose the null and use 9,999 replications with Webb weights, clustering by state. Standard errors in
parentheses allow for two-way clustering at the state and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Federal Employment Agency (BA), and DZHW, cohorts 2008, 2012, 2015, and 2018.
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OA.VII. EVIDENCE FROM THE SOCIO-ECONOMIC PANEL

To test credit constraints as a mechanism, I use survey data from the German Socio-

Economic Panel (SOEP). The SOEP is a longitudinal survey of approximately 15,000 private

households in Germany, tracking individuals educational trajectories, including their state and

year of high school graduation and postsecondary education (Goebel et al., 2019). This comes

with the advantage that I can now explicitly estimate within-person choices, including both

college types and apprenticeships as outcomes. It also provides household and parental income

and education as measures of SES. The sample covers school leavers from academic-track

and comprehensive schools (Gymnasium, Gesamtschule) with any leaving degree, the closest

survey analogue to the Abitur sample of the administrative data. Restricting to Abitur hold-

ers (1,758 of the 1,851 school leavers) leaves the estimates virtually unchanged, for example

−0.035 instead of −0.034 for tertiary education per 1 pp UR. I start by re-estimating the main

results and underlying heterogeneities before I test credit constraints directly.

OA.VII.A Heterogeneity by SES

As the student register contains no information on socioeconomic background, I use the Ger-

man Socio-economic Panel (SOEP v39) to estimate effects across students with and without

college-educated parents (high vs. low SES) and across gender. The SOEP data contain in-

formation on the first post-secondary enrollment spell of 1,851 high school graduates between

1995 and 2018 and information on the state of graduation. In contrast to the student register,

it also allows for direct estimation of business cycle effects on the probability of starting an

apprenticeship.

Table OA.16 summarizes the main results for different enrollment choices (any college,

vocational training, academic university, applied university, and neither or missing) in each

panel and for the whole sample, as well as splits by gender and SES in each column. Overall,

the main results follow a pattern similar to that observed in the administrative data. The overall

enrollment effect is -3.4 pp and appears larger at academic universities (Panel D) than at applied

universities (Panel E). However, these effects are not statistically significant, and the baseline
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probability of college enrollment (61 percent) is considerably lower than in the student register.

Panel B shows that vocational training is positively and significantly affected by higher

unemployment rates (+2.9 pp). The effect is largest and statistically significant among female

high school graduates (+4.3 pp). A simple explanation for this is that a higher share of women

obtain the Abitur (Goldin et al., 2006, Riphahn and Schwientek, 2015). Men are more likely to

begin an apprenticeship after obtaining an intermediate secondary school degree and to forgo

high school. Hence, the remaining men might be preselected and have stronger study inten-

tions. In line with this, the adverse enrollment effects at academic universities are also stronger

for women.6 Splitting by SES, the enrollment effects on overall college enrollment seem to

be stronger and are statistically significant for low SES graduates, which seems intuitive. Sec-

tion VI.A presents results for expectations as the main mechanism across gender, SES, and

along the GPA distribution of graduates.

OA.VII.B Credit Constraints

One alternative mechanism to expectations suggested in the conceptual framework is credit

constraints. In Germany, however, higher education has low direct costs, as there are no general

tuition fees.7 A means-tested federal aid program (BAFöG) supports around 25 percent of full-

time students. However, only 28 percent of formally eligible students (i.e., those under 30)

receive any BAFöG, either because they failed the means test, or because they did not apply

(Fidan and Manger, 2022). Similarly, only five percent of students take on a private loan. Of

the average monthly income of students under 21, 66 percent is parental allowances, 13 percent

is own earnings, twelve percent stems from federal aid BAFöG, and nine percent is from other

6 Gendered business cycle effects align with Leibing et al. (2023), who document stronger

associations between the expected returns to college and actual enrollment for female high

school graduates, and Bietenbeck et al. (2023), who find larger effects of tuition fees on female

college attainment in Germany.

7 Between 2007 and 2014, some states introduced minor tuition fees (500 EUR per semester)

with little effect on overall attainment (Bietenbeck et al., 2023). Private institutions can still

charge tuition fees.
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Table OA.16: Enrollment effects in the Socio-economic Panel

By gender By SES

Main Female Male High Low
(1) (2) (3) (4) (5)

Panel A: Any college
State UR (t-1) -0.034 -0.038 -0.041 -0.025 -0.044*

(0.021) (0.026) (0.026) (0.054) (0.023)

Outcome mean 0.61 0.59 0.64 0.74 0.56
No. graduates 1,851 1,035 816 571 1,280

Panel B: Vocational training
State UR (t-1) 0.029** 0.043* 0.025 0.045 0.026

(0.013) (0.022) (0.022) (0.033) (0.020)

Outcome mean 0.28 0.31 0.25 0.15 0.34
No. graduates 1,851 1,035 816 571 1,280

Panel C: Neither or missing
State UR (t-1) 0.005 -0.005 0.016 -0.020 0.018

(0.013) (0.010) (0.021) (0.021) (0.013)

Outcome mean 0.10 0.10 0.11 0.11 0.10
No. graduates 1,851 1,035 816 571 1,280

Panel D: University
State UR (t-1) -0.024 -0.049* -0.003 -0.029 -0.031

(0.021) (0.026) (0.035) (0.037) (0.026)

Outcome mean 0.57 0.54 0.60 0.73 0.50
No. graduates 1,567 883 684 461 1,106

Panel E: Applied university
State UR (t-1) -0.006 0.006 -0.027 -0.017 -0.003

(0.010) (0.012) (0.025) (0.014) (0.011)

Outcome mean 0.10 0.09 0.11 0.09 0.10
No. graduates 1,567 883 684 461 1,106

Notes: This table presents estimates from a linear probability model with state fixed ef-
fects, as well as state-specific trends including a 2005-trend break and policy controls, for
high school graduates with any high school degree, spanning graduation years 1995–2018
in a repeated cross-section. Panels A-C focus on all high school graduates. Panels D-E
focus on high school graduates for whom enrollment information by institution is avail-
able. Standard errors in parentheses allow for clustering at the state and cohort level. *
p<0.1, ** p<0.05, *** p<0.01.
Source: SOEP v39, Federal Employment Agency (BA).

sources (Middendorff et al., 2017).

If downturns reduce parental income, the main financial resource of students in Germany,

then credit-constrained students may forgo college. The evidence on credit constraints is mixed.

Hazarika (2002) and Christian (2007) suggest that enrollment is more procyclical for low-

income households. However, Cameron and Taber (2004) and Hilger (2016) find that most

individuals with enrollment intentions are not liquidity constrained; Bulman and Hoxby (2015)

detect only small effects of tax credits on college-going. Bulman et al. (2021) find that only

large lottery wins have a small positive impact. However, Lovenheim (2011), Pan and Ost
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(2014) and Manoli and Turner (2018) find significant effects of increases in housing wealth,

parental layoff, and tax refunds on enrollment, respectively. For Germany, Goehausen and

Thomsen (2024) finds negative effects of housing costs on enrollment and student mobility.

Table OA.17 Panel A shows that a 1,000 EUR increase in net household income is statis-

tically significantly associated with a 2.9 pp increase in the probability of attending college.

Yet, given the mean net household income (about 3,678 EUR; (sd=1,804)), this is a very small

estimate. Panel B shows that a one percent increase in income is associated with an increase

in the probability of attending college of 0.096 percentage points. The effects on vocational

training are reversed (-0.070 pp), and the effects on institutional choice are insignificant.

Table OA.17: Household income and postsecondary education

By college type

Tertiary Vocational
training

Neither
or missing Academic Applied

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

Panel A: Net income at graduation
wt (in 1,000 EUR) 0.029** -0.019* -0.009* 0.019 0.002

(0.010) (0.010) (0.005) (0.020) (0.012)

Panel B: ln(Income)
ln(wt ) 0.096*** -0.070** -0.027** 0.062 0.014

(0.027) (0.031) (0.010) (0.054) (0.033)

Panel C: Immediate change
ln(wt )-ln(wt−1) 0.046 -0.023 -0.024 0.126 -0.094

(0.072) (0.081) (0.056) (0.123) (0.091)

Panel D: Deviation from trend
ln(wt )-ln(ŵt ) 0.041 -0.043 0.002 0.028 0.016

(0.071) (0.086) (0.044) (0.087) (0.043)

Outcome mean 0.61 0.31 0.08 0.55 0.10
No. graduates 1,090 1,090 1,090 957 957

Notes: This table presents estimates from a linear probability model with state fixed effects, as well as
state-specific trends including a 2005-trend break and policy, gender, and SES controls for high school
graduates with any high school degree, spanning graduation years 1995–2018 in a repeated cross-section.
Standard errors in parentheses allow for clustering at the state and year level. * p<0.1, ** p<0.05, ***
p<0.01.
Source: SOEP v39, Federal Employment Agency (BA).

Table OA.18 shows effects of the state UR increases on different income measures. A

1 pp increase in the senior-year state UR is associated with a 38 EUR (about 1 percent) lower

monthly household income, not statistically distinguishable from zero. However, household

income of high-SES graduates increases with the state UR (7.9 percent, Panel B), while that of

low-SES graduates, the group for which credit constraints would bind, declines by an impre-

cisely estimated 3.4 percent (Panel C).
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Table OA.18: State UR and household income (wt)

wt ln(wt )
ln(wt ) -
ln(wt−1)

ln(wt ) -
ln(ŵt )

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

Panel A. All graduates
State UR (t-1) -0.038 -0.005 -0.001 -0.011

(0.068) (0.022) (0.007) (0.015)

Outcome mean 3.68 8.09 0.02 -0.04
No. graduates 1,447 1,447 1,369 1,107

Panel B. High SES
State UR (t-1) 0.222* 0.079** 0.004 0.013

(0.113) (0.032) (0.027) (0.039)

Outcome mean 4.59 8.32 -0.00 -0.04
No. graduates 447 447 416 317

Panel C. Low SES
State UR (t-1) -0.114 -0.034 -0.004 -0.011

(0.067) (0.023) (0.007) (0.020)

Outcome mean 3.27 7.99 0.03 -0.05
No. graduates 1,000 1,000 953 790

Notes: This table presents estimates from a model with state fixed ef-
fects, as well as state-specific trends including a 2005-trend break and
policy controls for the effects of the state UR on household income (wt ,
in 1,000 EUR) and alternative (change) measures for high school gradu-
ates with any high school degree, spanning graduation years 1995–2018
in a repeated cross-section. Standard errors in parentheses allow for clus-
tering at the state and year level. * p<0.1, ** p<0.05, *** p<0.01.
Source: SOEP v39, Federal Employment Agency (BA).

After conditioning on gender and SES, there can still be unobserved shocks on the house-

hold level that affect income and the decision to enroll in college. Hence, the estimates do not

have a causal interpretation. However, as potential confounding factors, such as health shocks,

similarly affect college enrollment and income, the estimates are more likely to be upward-

biased and overstate the role of income. Panels C and D use within-household, across-time

changes and deviations from each household’s predicted income trend before the graduation

year as income measures to account for potential shocks around graduation. A 1 pp higher

change in income relative to the pre-graduation year is associated with an insignificant 0.046 pp

increase in the probability of attending college (Panel C). Similarly, a 1 pp higher deviation in

income from the pre-graduation linear prediction has no significant effect on enrollment.
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OA.VIII. CAPACITY CONSTRAINTS

Another alternative mechanism for procyclical enrollment is supply-side adjustment, for

example, a reduction in the number of students a university would admit to a given program.

For the U.S., Deming and Walters (2017) show that a 10 percent increase in spending increases

enrollment by 3 percent. To complement the spending data with a more direct measure of

capacity, I draw on the Hochschulkompass of the German Rectors’ Conference (HRK), the of-

ficial register of study programs at German higher-education institutions. For each state and

winter semester from 2006 to 2018, I observe the number of undergraduate study programs

on offer and, among these, the number subject to a local admission restriction (örtliche Zulas-

sungsbeschränkung, a local numerus clausus). The register pools all institution types and is

not broken out by academic versus applied universities. A local restriction is imposed when

applications to a program exceed the number of places a department supplies, so the count of

restricted programs is a revealed measure of binding capacity. If universities reduce capacity

when public budgets decline, the number of restricted programs would rise with higher UR. As

restrictions depend on applications as well as places, the count is an equilibrium measure of

excess demand. Since enrollment demand itself falls in downturns, a stable count of restricted

programs is suggestive rather than conclusive evidence against capacity reductions.

Table OA.19 shows little sign of cyclical capacity adjustment. Real spending is essentially

flat in the current year across all institution types (Panel A, columns 1–3). With a one-year lag

(Panel B), higher unemployment is associated with somewhat lower spending overall and at

academic universities. Still, the estimates are not statistically significant at conventional levels

and are consistent with funding formulas that track student numbers with a lag. This modest

budget sensitivity does not translate into a contraction of study-place supply: the number of

study programs does not fall, and the number subject to a local admission restriction does not

rise, when unemployment is high (columns 4–5). If anything, the total number of programs

rises slightly when unemployment is high.
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Table OA.19: Cyclical adjustment of spending and study-program supply

Real spending (mn EUR) Study programs (count)

Overall Academic Applied Total Restricted

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

Panel A: Current unemployment
State UR (t) -0.004 -0.005 0.001 0.016* 0.025

(0.011) (0.011) (0.013) (0.008) (0.029)

Panel B: Lagged unemployment
State UR (t-1) -0.016 -0.017 -0.010 0.017 0.040

(0.009) (0.010) (0.011) (0.010) (0.033)

Outcome mean (in levels) 6,918 5,214 1,704 565 270
No. state-year cells 207 207 207 207 207

Notes: This table presents estimates from regressions of five outcomes on the state unemployment
rate, years 2006–2018. Columns 1–3 use the log real annual spending of higher-education institutions
per state (in million EUR). Columns 4–5 use the log number of undergraduate study programs offered
per state, and among them the number subject to a local admission restriction (örtliche Zulassungs-
beschränkung). The program-supply columns pool all institution types. All specifications include
state fixed effects and state-specific quadratic trends with a 2005 break, mirroring Equation (3), and
control for an indicator for the years in which tuition fees were charged and for double cohorts. All
values are deflated to reflect 2020 real values. Spending excludes university hospitals. Standard er-
rors in parentheses allow for two-way clustering at the state and year level. * p<0.1, ** p<0.05, ***
p<0.01.
Source: Finance statistics of institutions of higher education, Regionaldatenbank (columns 1–3),
HRK Hochschulkompass (columns 4–5).

Because the expenditure data do not separate teaching from research, the spending esti-

mates have limited information value for the teaching margin specifically. Program-supply

measures speak to it more directly and show no tightening. The spending measure excludes

university hospitals as they rely on different funding schemes than their associated universities.

As their medical degrees are always oversubscribed, with study places allocated via a cen-

tral clearinghouse (Stiftung für Hochschulzulassung, until 2010: Zentralstelle für die Vergabe

von Studienplätzen), my measure can not respond to state budgets by design. Overall, federal

funding arrangements appear to stabilize aggregate capacity, and supply-side restrictions play

a secondary role at best. This is consistent with Marcus and Zambre (2019), who find no ef-

fects of large double cohort shocks (see Section IV) on the number of study programs using

GPA-based admission cutoffs as a proxy for capacity constraints.
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OA.IX. ROBUSTNESS AND ADDITIONAL RESULTS

This section reports robustness checks and supplementary results. The overall and academic-

university estimates are stable across the form of the state-specific trend (Figure III), the break

year (Table OA.20), the timing of the unemployment measure relative to graduation (Table OA.23),

and replacing the parametric trend with a Hodrick–Prescott filter (Table OA.21, Figure OA.19).

The small applied-university enrollment margin is more sensitive to these choices. The filter

involves an arbitrary smoothing choice without institutional interpretation and tests robust-

ness towards a smooth trend-cycle decomposition. Its fitted trends nearly coincide with the

quadratic-break trend (Figure OA.19). In contrast to the policy-motivated 2005 break, the fil-

ter is purely data driven and itself contested (Hamilton, 2018). The section further reports the

effects by period and for the graduation-year unemployment rate (Table OA.4, Table OA.28),

and bootstrap inference for the 16 state clusters (Table OA.29). The main effects by gender are

presented in Section OA.IV.

Table OA.20: Robustness towards alternative trend breaks

Overall Academic Applied

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

Panel A: trend break in 2004
State UR (t-1) -2.127*** -1.879*** -0.248***

(0.334) (0.329) (0.055)
... × pre 2008 -2.217*** -2.028*** -0.189*

(0.400) (0.354) (0.103)
... × post 2008 -2.303*** -2.172*** -0.132

(0.563) (0.495) (0.165)
p-value (β∆) [0.717] [0.538] [0.400]

Panel B: trend break in 2006
State UR (t-1) -1.873*** -1.913*** 0.041

(0.438) (0.465) (0.106)
... × pre 2008 -2.048*** -2.188*** 0.140

(0.469) (0.420) (0.119)
... × post 2008 -2.281*** -2.552*** 0.272

(0.602) (0.517) (0.184)
p-value (β∆) [0.256] [0.096] [0.124]

Outcome mean 71.2 71.2 54.2 54.2 17.0 17.0
No. region-cohort cells 2,289 2,289 2,289 2,289 2,289 2,289
No. high school graduates 6,296,662 6,296,662 6,296,662 6,296,662 6,296,662 6,296,662

Notes: This table presents estimates from Equation (3) for the share of high school graduates with Abitur enrolling
in different college types, spanning high school cohorts 1995–2018, but using different trend breaks in gs(t). Panel
A uses a trend break in 2004, and Panel B in 2006, with the quadratic trend centered at the respective break year.
Standard errors in parentheses allow for two-way clustering at the state and cohort level. * p<0.1, ** p<0.05, ***
p<0.01.
Source: Student register, Federal Employment Agency, Regionaldatenbank.
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Table OA.21: Robustness: business-cycle variation from a Hodrick–Prescott filter

Overall Academic Applied
(1) (2) (3)

Panel A: Main specification (state-specific quadratic trend, 2005 break)
State UR (t-1) -2.102*** -2.047*** -0.055

(0.378) (0.373) (0.063)
No. CZ-cohort cells 2,289 2,289 2,289
No. high school graduates 6,296,662 6,296,662 6,296,662

Panel B: HP filter, λ = 6.25
Cyclical state UR (t-1) -1.314*** -1.131** -0.182

(0.325) (0.386) (0.120)
No. CZ-cohort cells 2,193 2,193 2,193
No. high school graduates 6,071,511 6,071,511 6,071,511

Panel C: HP filter, λ = 100
Cyclical state UR (t-1) -1.401*** -1.043* -0.358**

(0.472) (0.501) (0.141)
No. CZ-cohort cells 2,193 2,193 2,193
No. high school graduates 6,071,511 6,071,511 6,071,511

Outcome mean 71.2 54.2 17.0
State FE, policy controls yes yes yes

Notes: Panel A presents estimates from Equation (3) with the state unemployment rate in the senior year (t − 1),
including state-specific quadratic trends with a 2005 break. In Panels B and C, the cyclical components of the state
unemployment rate and the enrollment share are instead extracted with a Hodrick–Prescott filter (Hodrick and Prescott,
1997), applied within commuting zones, and cyclical enrollment is regressed on the lagged cyclical unemployment
rate. As the state unemployment series is constant across the commuting zones of a state, filtering within commuting
zones is equivalent to filtering the state series, except at interpolated cells. The smoothing parameter is λ = 6.25 (for
annual data, Ravn and Uhlig, 2002) in Panel B and λ = 100 in Panel C. Panels B and C drop the 1995 cohort, which
has no lagged cyclical unemployment rate. Empty cells (Nullkohorten) are linearly interpolated before filtering. The
outcome is the share of high school graduates with Abitur enrolling at any college (column 1), academic universities
(column 2), or applied universities (column 3). Policy controls include tuition fee introductions and abolitions, as
well as double cohorts. Each cell is weighted by the number of high school graduates with Abitur. Standard errors in
parentheses allow for two-way clustering at the state and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, Federal Employment Agency, Regionaldatenbank.

Table OA.22: Robustness: attainment with a common mini-
mum completion horizon

Overall Academic Applied
(1) (2) (3)

Panel A: Baseline, cohorts 1995–2016
State UR (t-1) -0.640 -1.039*** 0.399*

(0.410) (0.255) (0.196)
No. CZ-cohort cells 2,097 2,097 2,097
No. high school graduates 5,727,918 5,727,918 5,727,918

Panel B: Cohorts 1995–2013
State UR (t-1) -0.393 -0.884*** 0.491***

(0.267) (0.211) (0.147)
No. CZ-cohort cells 1,809 1,809 1,809
No. high school graduates 4,863,473 4,863,473 4,863,473

State FE, trends, policy controls yes yes yes

Notes: This table presents estimates from Equation (3) for the share of high school
graduates with Abitur graduating from any college (column 1), academic universities
(column 2), or applied universities (column 3), with first-time graduations counted
through 2019. Panel B restricts the sample to high school cohorts 1995–2013, for
which every cohort has at least six years to complete a degree by 2019. Policy
controls include tuition fee introductions and abolitions, as well as double cohorts.
Each cell is weighted by the number of high school graduates with Abitur. Standard
errors in parentheses allow for two-way clustering at the state and cohort level. *
p<0.1, ** p<0.05, *** p<0.01.
Source: Exam register, Federal Employment Agency, Regionaldatenbank.
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Figure OA.19: HP-filter fit comparison
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Notes: Each panel plots the population-weighted national series (solid black) together with three candidate trends: the state-specific quadratic
trend with a continuous 2005 break (red long dash, as in Equation (4)), and Hodrick–Prescott trends with smoothing parameter λ = 6.25 (blue
dash) and λ = 100 (green dash-dot). The vertical line marks 2005.
Source: Student register, Federal Employment Agency (BA), Regionaldatenbank, years 1995–2018.
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Table OA.23: Robustness towards different leads, lags, and
moving averages

Overall Academic Applied

(1) (2) (3)

Panel A: Two years to graduation
State UR (t-2) -1.601*** -1.739*** 0.138

(0.262) (0.218) (0.154)

Panel B: 2-year moving average
State UR (t, t-1) -2.287*** -2.168*** -0.119

(0.458) (0.530) (0.099)

Panel C: 3-year moving average
State UR (t, t-1, t-2) -3.354*** -3.378*** 0.024

(0.442) (0.413) (0.154)

Panel D: Graduation year
State UR (t) -1.000 -0.886 -0.114

(0.593) (0.662) (0.124)

Panel E: One year after graduation
State UR (t+1) 1.004 1.083* -0.080

(0.643) (0.600) (0.097)

Outcome mean 71.2 54.2 17.0
No. region-cohort cells 2,289 2,289 2,289
No. high school graduates 6,296,662 6,296,662 6,296,662

Notes: This table presents estimates from Equation (3) for the share of high
school graduates with Abitur enrolling in different college types, spanning high
school cohorts 1995–2018, but using different UR measures in each Panel. Panel
A uses the state UR two years before high school graduation, Panel B uses the
two-year moving average in the respective graduation and senior year, Panel C
additionally averages over the second year before graduation, Panel D uses the
state UR in the graduation year, and Panel E uses the lead UR one year after high
school graduation. Standard errors in parentheses allow for two-way clustering at
the state and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, Federal Employment Agency, Regionaldatenbank.
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Table OA.24: Upstream effects on the number of high school graduates

log(total graduates) log(male graduates) log(female graduates)

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

Panel A: Graduation year assuming G9
State UR (t-3) 0.027** 0.029** 0.029**

(0.012) (0.013) (0.013)
... × pre 2008 0.032** 0.029* 0.022

(0.014) (0.014) (0.021)
... × post 2008 0.028** 0.029** 0.018

(0.012) (0.013) (0.019)
p-value (β∆) 0.522 0.993 0.580

Outcome mean (in levels) 2,769 2,769 1,194 1,194 1,539 1,539
No. region-cohort cells 2,193 2,193 2,193 2,193 2,193 2,193

Panel B: Graduation year assuming G8
State UR (t-2) 0.026** 0.027*** 0.026**

(0.009) (0.009) (0.010)
... × pre 2008 0.026** 0.026** 0.024*

(0.010) (0.010) (0.013)
... × post 2008 0.029** 0.032** 0.026*

(0.011) (0.011) (0.015)
p-value (β∆) 0.549 0.156 0.532

Outcome mean (in levels) 2,751 2,751 1,185 1,185 1,528 1,528
No. region-cohort cells 2,289 2,289 2,289 2,289 2,289 2,289

Panel C: Senior year
State UR (t-1) 0.012 0.012 0.009

(0.008) (0.008) (0.009)
... × pre 2008 0.016* 0.019** 0.010

(0.009) (0.007) (0.012)
... × post 2008 0.022 0.030** 0.014

(0.014) (0.011) (0.020)
p-value (β∆) 0.514 0.214 0.699

Outcome mean (in levels) 2,751 2,751 1,185 1,185 1,528 1,528
No. region-cohort cells 2,289 2,289 2,289 2,289 2,289 2,289

Panel D: Graduation year
State UR (t) -0.010 -0.009 -0.014

(0.009) (0.011) (0.009)
... × pre 2008 -0.009 -0.005 -0.018*

(0.009) (0.010) (0.010)
... × post 2008 -0.008 0.001 -0.022

(0.016) (0.018) (0.014)
p-value (β∆) 0.904 0.562 0.732

Outcome mean (in levels) 2,751 2,751 1,185 1,185 1,528 1,528
No. region-cohort cells 2,289 2,289 2,289 2,289 2,289 2,289

Notes: This table presents estimates from Equation (3) for the number of high school graduates with Abitur by gender as outcome, spanning high school
cohorts 1996–2018 in Panel A and 1995–2018 in Panels B-D. Policy controls include tuition fee introductions and abolitions, as well as double cohorts. “G9”
assumes three years of upper-secondary education. In comparison “G8” assumes two years of upper-secondary education (see Marcus and Zambre, 2019, on
enrollment effects the so-called “G8 reform.”) Standard errors in parentheses allow for two-way clustering at the state and cohort level. * p<0.1, ** p<0.05,
*** p<0.01.
Source: Student register, Federal Employment Agency, Regionaldatenbank.
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Table OA.25: Robustness: controlling for pre-senior-year un-
employment

Overall Academic Applied
(1) (2) (3)

Panel A: Baseline, cohorts 1996–2018
State UR (t-1) -1.946*** -1.923*** -0.023

(0.434) (0.440) (0.085)

Panel B: Adding pre-senior-year URs
State UR (t-1) -2.064*** -1.910*** -0.154

(0.595) (0.627) (0.105)
State UR (t-2) 0.112 -0.113 0.226

(0.417) (0.425) (0.129)
State UR (t-3) -1.156*** -1.135*** -0.021

(0.366) (0.319) (0.149)

No. CZ-cohort cells 2,193 2,193 2,193
No. high school graduates 6,071,511 6,071,511 6,071,511
State FE, trends, policy controls yes yes yes

Notes: This table presents estimates from Equation (3) for the share of high school
graduates with Abitur enrolling at any college (column 1), academic universities
(column 2), or applied universities (column 3). Panel B adds the state unemployment
rates two and three years before graduation as controls. Both panels span high school
cohorts 1996–2018, as the unemployment rate in t − 3 is not available for the 1995
cohort. Policy controls include tuition fee introductions and abolitions, as well as
double cohorts. Each cell is weighted by the number of high school graduates with
Abitur. Standard errors in parentheses allow for two-way clustering at the state and
cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, Federal Employment Agency, Regionaldatenbank.

Table OA.26: Robustness: enrollment per 18–19-year-old (popula-
tion denominator)

First-time enrollments per capita Cohort share

Overall Academic Applied with Abitur
(1) (2) (3) (4)

State UR (t-1) -0.251* -0.239** -0.011 0.037
(0.118) (0.095) (0.025) (0.095)

Outcome mean 9.86 7.48 2.38 14.08
No. CZ-cohort cells 2,193 2,193 2,193 2,193
No. high school graduates 6,071,511 6,071,511 6,071,511 6,071,511
State FE, trends, policy controls yes yes yes yes

Notes: This table presents estimates from Equation (3) with outcomes per 100 of the popula-
tion aged 18–19. Columns 1–3 use the number of high school graduates with Abitur enrolling
for the first time at any college, academic universities, or applied universities. Column 4 uses
the number of high school graduates with Abitur, so the outcome is the share of the cohort
obtaining the qualification. The denominator is the county population aged 18 to under 20
on December 31 of the senior year (t − 1), from the Regionaldatenbank population statis-
tics (12411 tables), aggregated to commuting zones. The sample spans high school cohorts
1996–2018, as the population data start in 1995. Each cell is weighted by the population aged
18–19. Dropping commuting-zone-cohort cells with incomplete county-to-commuting-zone
population coverage leaves the estimates unchanged. Standard errors in parentheses allow for
two-way clustering at the state and cohort level. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, Federal Employment Agency, Regionaldatenbank.
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Table OA.27: Enrollment effects of CZ-level unemployment variation

Overall Academic Applied

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

Panel A: CZ FEs, without year FEs
CZ-level UR (t-1) -1.031** -0.734 -0.297**

(0.444) (0.481) (0.138)
... × pre 2008 -1.021* -0.789 -0.232

(0.531) (0.486) (0.155)
... × post 2008 -1.015 -0.822 -0.193

(0.702) (0.633) (0.200)
p-value (β∆) [0.982] [0.897] [0.611]

Panel B: CZ FEs, including year FEs
CZ-level UR (t-1) 0.111 0.214 -0.103

(0.413) (0.334) (0.199)
... × pre 2008 0.111 0.211 -0.100

(0.397) (0.323) (0.173)
... × post 2008 0.101 0.335 -0.234

(0.526) (0.381) (0.192)
p-value (β∆) [0.967] [0.415] [0.391]

Panel C: State FEs, without year FEs
CZ-level UR (t-1) -0.126 0.205 -0.332**

(0.238) (0.339) (0.155)
... × pre 2008 -0.166 0.146 -0.312*

(0.239) (0.336) (0.151)
... × post 2008 -0.025 0.355 -0.381**

(0.252) (0.351) (0.164)
p-value (β∆) [0.512] [0.416] [0.404]

Panel D: State FEs, including year FEs
CZ-level UR (t-1) -0.017 0.313 -0.329**

(0.196) (0.314) (0.142)
... × pre 2008 -0.036 0.080 -0.117

(0.248) (0.381) (0.153)
... × post 2008 0.003 0.544** -0.541***

(0.191) (0.250) (0.145)
p-value (β∆) [0.849] [0.068] [0.008]

Outcome mean 73.7 73.7 55.4 55.4 18.3 18.3
No. CZ-cohort cells 1,907 1,907 1,907 1,907 1,907 1,907
No. high school graduates 5,366,608 5,366,608 5,366,608 5,366,608 5,366,608 5,366,608

Notes: This table presents estimates of the effect of the CZ-level unemployment rate in the senior year (t −1) on the share of
high school graduates with Abitur enrolling in different college types, spanning high school cohorts 1999–2018. Panels A and
B include CZ fixed effects and CZ-specific quadratic trends with a 2005 break. Panels C and D include the state fixed effects
and state-specific quadratic trends of Equation (3). Panels B and D additionally include cohort fixed effects. Policy controls
include tuition fee introductions and abolitions, as well as double cohorts. Each cell is weighted by the number of high school
graduates with Abitur. Standard errors in parentheses allow for two-way clustering at the state and cohort level in Panels A and
C, and at the state level in Panels B and D. * p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, Federal Employment Agency, Regionaldatenbank.
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Table OA.28: Effects of the graduation-year state UR

1995–2018 1995–2016

Enrollment Enrollment Attainment
(1) (2) (3)

Panel A: Overall (any college)
State UR (t) -1.000 -1.206* 0.348

(0.593) (0.587) (0.426)
Outcome mean 71.2 71.0 59.9

Panel B: Academic university
State UR (t) -0.886 -1.171* -0.267

(0.662) (0.639) (0.397)
Outcome mean 54.2 54.6 40.0

Panel C: Applied university
State UR (t) -0.114 -0.035 0.615***

(0.124) (0.130) (0.169)
Outcome mean 17.0 16.4 19.9

No. CZ-cohort cells 2,289 2,097 2,097
No. high school graduates 6,296,662 5,727,918 5,727,918
State FE, trends, policy controls yes yes yes

Notes: This table presents estimates from Equation (3) for the effect of the state
unemployment rate in the graduation year (t). The outcome is the share of high
school graduates with Abitur enrolling at (columns 1–2) or graduating from (col-
umn 3) any college (Panel A), academic universities (Panel B), or applied univer-
sities (Panel C). Column 1 spans high school cohorts 1995–2018. Columns 2 and
3 span cohorts 1995–2016, with attainment measured by 2019. Policy controls
include tuition fee introductions and abolitions, as well as double cohorts. Each
cell is weighted by the number of high school graduates with Abitur. Standard
errors in parentheses allow for two-way clustering at the state and cohort level. *
p<0.1, ** p<0.05, *** p<0.01.
Source: Student register, exam register, Federal Employment Agency, Regional-
datenbank.

Table OA.29 reports three bootstrap procedures for the main enrollment effects: a wild

cluster bootstrap-t with the null imposed, with Rademacher and with Webb weights (Cameron

et al., 2008, Roodman et al., 2019), and a pairs cluster bootstrap that resamples states with

replacement (following the guide in MacKinnon et al., 2023).
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Table OA.29: Small-cluster bootstrap inference for the main enrollment
effects

Overall Academic Applied
(1) (2) (3)

State UR (t-1) -2.102 -2.047 -0.055

Wild cluster bootstrap-t (Rademacher)
p-value <0.001 <0.001 0.521
95% CI [-2.661, -1.423] [-2.470, -1.505] [-0.216, 0.126]

Wild cluster bootstrap-t (Webb)
p-value <0.001 <0.001 0.530
95% CI [-2.659, -1.449] [-2.471, -1.515] [-0.214, 0.129]

Pairs cluster bootstrap
p-value <0.001 <0.001 0.434
95% CI [-2.512, -1.547] [-2.383, -1.617] [-0.175, 0.104]

No. CZ-cohort cells 2,289 2,289 2,289
No. state clusters 16 16 16

Notes: This table reports bootstrap inference for the senior-year state UR coefficients of Equation (3)
on the share of high school graduates with Abitur enrolling at each college type, high school cohorts
1995–2018. The wild cluster bootstrap-t rows use Rademacher and Webb weights drawn per state,
impose the null, and are t-pivoted, with B = 9,999 replications (fwildclusterboot). Their con-
fidence intervals are obtained by test inversion. The pairs cluster bootstrap resamples the 16 states
with replacement, B = 999 replications, with percentile confidence intervals. All procedures cluster
by state. The main estimates instead use two-way clustering by state and cohort. Policy controls,
state-specific quadratic trends with a 2005 break, and weighting follow Equation (3).
Source: Student register, Federal Employment Agency, Regionaldatenbank.
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