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Abstract

This study examines the relationship between state- and occupation-specific skilled la-
bor shortages and firms’ involvement in apprenticeship training in Germany. It focuses
on four dimensions of apprenticeship activity: demand for apprentices, qualification re-
quirements, new apprentice hires, and contract terminations during the probationary
period. Skilled labor shortages are measured primarily using the ratio of unemployed
skilled jobseekers to job vacancies, with the skilled-labor-shortage indicator from the
Federal Employment Agency serving as an alternative measure. Involvement in ap-
prenticeship training is measured using administrative data. The study uses a two-way
fixed e↵ects model that exploits within state ⇥ occupation changes in shortage inten-
sity over time, complemented by a robust estimator for continuous treatment changes.
The results suggest that shortages are linked to greater apprentice demand, more hires,
and a shift away from recruiting applicants with higher school-leaving qualifications.
The results further point to fewer contract terminations during the probationary pe-
riod when shortages intensify, although this result is sensitive to the shortage measure
used. Moreover, the analysis reveals significant di↵erences across occupations in how
firms adjust their apprenticeship practices.
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1 Introduction

Skilled labor shortages have become a prominent topic in the news and political debates in

Germany and many advanced economies. These shortages are typically defined as a situa-

tion in which demand for workers in particular occupations exceeds the supply of individ-

uals who are qualified, available, and willing to work under prevailing market conditions

[Shah and Burke, 2005]. In line with this definition, this paper operationalizes skilled labor

shortages at the state ⇥ occupation level as imbalances between regional demand and the

available supply of qualified workers in the respective occupation. Apprenticeship training

o↵ers firms a potential strategy to address these shortages by developing their own skilled

workforce. Yet, systematic evidence on whether firms adapt their training behavior when

facing skilled labor shortages remains scarce, despite the question’s central relevance to

education and labor market policy.

The German vocational education and training system o↵ers a particularly suitable con-

text for studying this issue. Firms have full discretion over both the number of appren-

ticeship positions they o↵er and the selection of candidates, allowing them to respond di-

rectly to labor market conditions. Economic theory highlights several mechanisms through

which skilled labor shortages may influence firms’ training behavior. When skilled workers

are scarce, firms may choose to invest in apprenticeship training to develop their own fu-

ture workforce. This strategy can be e↵ective because apprentices gradually assume more

complex tasks and acquire firm-specific knowledge during their training, ultimately be-

coming valuable employees. At the same time, theory also highlights several factors that

may discourage firms from training in the presence of skilled labor shortages. Training is

costly and requires the involvement of skilled workers, temporarily reducing their availabil-

ity for other tasks. In fast-changing and unpredictable industries, the skills required to-

day may no longer be relevant by the time apprentices complete their training. Moreover,

when training is general rather than firm-specific—as is partly the case with apprentice-

ship training in Germany, which follows a state-mandated curriculum—other firms may

poach trained apprentices once their training is completed [Becker, 1964, Acemoglu and

Pischke, 1999, Muehlemann and Wolter, 2011, Mueller, 2014, Mohrenweiser et al., 2019].
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This study examines how firms respond to these challenges by analyzing the relationship

between state- and occupation-specific skilled labor shortages and firms’ apprenticeship

activities in Germany. Specifically, it investigates how shortages influence firms’ demand

for apprentices, their qualification requirements for applicants, the number of successfully

established apprenticeship contracts, and the share of apprenticeships terminated during

the probationary period, during which either party may end the contract without stating

a reason. It also examines whether firms adapt their training strategies di↵erently across

occupations to address these shortages.

To quantify skilled labor shortages, the study uses two measures: (1) the ratio of unem-

ployed skilled jobseekers to vacancies provided by the German Federal Employment Agency

(BA) as the main shortage measure, and (2) a skilled-labor-shortage indicator developed

by the BA, which accounts for factors such as vacancy duration, the skilled-jobseeker-to-

vacancy ratio, unemployment trends, and wage growth. These measures stand in contrast

to the broad skill-level aggregates commonly used in previous studies, such as skilled-to-

unskilled unemployment ratios or vacancy rates by general qualification level, which col-

lapse diverse occupations into broad categories and can obscure shortages in some fields by

o↵setting them with surpluses in others. They also avoid reliance on subjective employer

assessments found in other studies, which are influenced by firms’ perceptions and recruit-

ment experiences and may diverge from actual labor market conditions.

Firms’ apprenticeship involvement is quantified using administrative data on apprentice-

ship contracts and BA records. The empirical approach leverages regional and occupa-

tional variation in skilled labor shortages, applying two-way fixed e↵ects (TWFE) estima-

tions that exploit within state ⇥ occupation changes in shortage intensity, complemented

by the continuous-treatment estimator developed by de Chaisemartin et al. [2024].

The findings from the main specification, which measures skilled labor shortages using the

ratio of unemployed skilled jobseekers to vacancies, suggest that growing shortages are as-

sociated with increased demand for apprentices, more apprenticeship hires, a shift away

from recruiting applicants with higher school-leaving qualifications and fewer contract ter-

minations during the probationary period. Depending on the estimation approach used, a
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one-unit decrease in the skilled-jobseeker-to-vacancy ratio at the state ⇥ occupation level

is linked to an approximately 0.1 to 0.4% increase in demand for apprentices and a 0.2 to

0.9% increase in apprentice hires. A one-unit decrease in the ratio is also associated with

a decline of approximately 0.1 to 0.2 percentage points in the share of newly hired appren-

tices holding an upper secondary degree and an increase of approximately 0.1 percentage

points in the share of those holding an intermediate secondary degree. The estimates in

the main specification further point to fewer contract terminations during the probation-

ary period when shortages intensify, but this finding is not robust to using the alterna-

tive skilled labor shortage measure. Heterogeneity analyses show substantial di↵erences

across occupations, indicating that firms mainly adapt their apprenticeship strategies in

response to severe shortages, whereas in less a↵ected occupations, adjustments to skilled

labor shortages are more inconsistent.

This study contributes to the literature on firms’ apprenticeship activities under recruit-

ment constraints by shifting the focus from cyclical labor market tightness, which has

dominated existing studies of apprenticeship training, to skilled labor shortages. It further

di↵ers from much of the literature on skilled labor shortages by using detailed occupation-

specific shortage measures based on administrative data, instead of relying on broad skill

aggregates or subjective employer surveys.

The paper is structured as follows. Section 2 provides background on skilled labor short-

ages, the German apprenticeship system, and current labor market conditions. Section 3

describes the data sources, Section 4 presents descriptive evidence, and Section 5 details

the methodological approach. The results are presented in Section 6, and Section 7 con-

cludes.
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2 Background

2.1 Skilled Labor Shortages

Not only is there limited empirical research on firms’ responses to skilled labor shortages,

there is also little research on skilled labor shortages in general. A systematic review by

McGuinness et al. [2018] identified only seven studies on labor shortages—defined as “un-

filled or hard-to-fill vacancies that have arisen as a consequence of a lack of qualified can-

didates for posts”—published between 2006 and 2017, compared to, e.g., nearly 100 stud-

ies on overeducation. Moreover, several studies have challenged the notion of persistent

skilled labor shortages, arguing that employers adapt their skill requirements to the level

of unemployment and that unfilled vacancies often result from mismatched skill demands

or unattractive working conditions [Green and Ashton, 1992, Handel, 2005, Osterman and

Weaver, 2014, Modestino et al., 2016, Cappelli, 2014]. This view aligns with neoclassical

labor market theory, which states that short-term imbalances between labor demand and

supply are corrected through wage increases.

More recently, however, skilled labor shortages have gained somewhat greater recognition

in the academic literature, leading to a growing body of research on their drivers and con-

sequences. Studies examine persistent skilled labor shortages in specific sectors, such as

construction [Kim et al., 2020, Cerić and Ivić, 2020, Elbashbishy and El-adaway, 2024],

ICT [Finnie et al., 2018, Asliturk et al., 2016, Hyrynsalmi et al., 2021] and healthcare [Liu

et al., 2017, Michaeli et al., 2024, Kroczek and Koch, 2024]. Other research investigates

skill shortages and mismatches in the context of technological advancements and produc-

tivity [Horbach and Rammer, 2022, Morris et al., 2020] as well as structural changes like

demographic shifts [Ette et al., 2016, Albattah et al., 2015]. In addition, institutions are

increasingly publishing rankings of the occupations most a↵ected by skilled labor short-

ages [Cedefop, 2019, BA, 2024b, Jobs and Skills Australia, 2024]. Meanwhile, some schol-

ars, particularly those analyzing the U.S. labor market, continue to argue that skill mis-

matches often stem from firms raising hiring requirements during periods of high unem-

ployment rather than from genuine shortages of qualified workers [Zickuhr, 2022, Handel,
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2024].

Most research on skilled labor shortages relies on employer surveys or broad indicators

that measure whether labor supply matches demand in terms of general education levels,

such as skilled-to-unskilled (un)employment ratios or vacancy durations by skill level [Blair

and Deming, 2020, Burke et al., 2020, Abbritti and Consolo, 2024, Arpaia et al., 2014,

Rutkowski, 2007]. These measures fail to capture di↵erences across specializations, mask-

ing shortages in some occupations with surpluses in others.1 Employer surveys, on the

other hand, may be influenced by question framing, as shown by contrasting U.S. manu-

facturing surveys [The U.S. Manufacturing Institute and accenture, 2014, Osterman and

Weaver, 2014]. Furthermore, a firm’s perception of shortages may be distorted if it strug-

gles to fill a highly specialized position while other roles could be filled immediately.

Few studies go beyond employer surveys or skill-level mismatch indicators to analyze occupation-

specific shortages. Those that do typically rely on U.S. job advertisement data like Help

Wanted OnLine [Şahin et al., 2014] or apply machine-learning techniques on data from

other online job platforms [Dawson et al., 2020]. In this context, the data from the BA

[2024b] used in the present study, which include occupation- and state-specific counts of

vacancies and unemployed skilled jobseekers, o↵er rare insights into skilled labor shortages

in Germany.

Empirical research on whether firms expand apprenticeship programs in response to skilled

labor shortages has yielded mixed results. On the one hand, a firm survey conducted by

the IHK Munich [2024] indicates that 41% of firms in Bavaria, Germany, intend to address

skilled labor shortages by increasing their apprenticeship postings. Several other studies

of the Swiss and German contexts, which are relatively close comparators because ap-

prenticeship training in both countries is structured around regulated occupations and

coordinated by public authorities and industry actors, also suggest that firms are more

likely to invest in apprenticeship training when recruiting costs rise, as is typically the

case when skilled labor becomes scarce [Aepli et al., 2024, Blatter et al., 2016, Oswald-

1For example, Germany has recently lacked healthcare workers while having a surplus in media and
information services [BA, 2024b], yet the above indicators would treat supply and demand in both fields
as equivalent due to similar education levels, potentially suggesting no overall shortage of skilled labor.
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Egg and Siegenthaler, 2021]. Meanwhile, evidence from a 2024 ifo survey shows that 15%

of HR managers in Germany plan to discontinue apprenticeship programs, with half cit-

ing sta�ng constraints caused by skilled labor shortages as one reason for their decision

[ifo Institut, 2025]. Evidence from apprenticeship systems that di↵er more institutionally

from the German system provides additional insights, but is less directly transferable to

the German context. For the British industrial sector, Stevens [1994] finds a positive re-

lationship between a skill shortage index from a firm survey and apprentice recruitment.

A firm survey-based study by Mason et al. [2012] finds that while firms in New Zealand

facing skilled labor shortages are more likely to invest in training, they tend to focus on

upskilling current employees rather than training new apprentices. These conflicting find-

ings underscore the need for a deeper understanding of how firms adapt their apprentice-

ship training in response to skilled labor shortages, particularly because the scarce existing

evidence comes from apprenticeship systems that di↵er in their regulation, institutional re-

sponsibilities, and organization of training, which may shape firms’ responses in di↵erent

ways.

A related body of research focuses on labor market tightness—typically measured by (lo-

cal) unemployment rates—and apprenticeship training. Unlike skilled labor shortages, the

concept of labor market tightness does not account for the match between required and

available skills. Instead, it focuses on the overall number of jobseekers and primarily re-

flects fluctuations in the business cycle. Most studies find that higher (local) unemploy-

ment correlates with fewer apprenticeships or firm-sponsored training programs [Muehle-

mann et al., 2009, Majumdar, 2007, Bertoni and Brunello, 2022, Askilden and Nilsen,

2005, Morlet and Bolli, 2025]. Some studies also exploit natural experiments to show that

increased labor supply reduces apprenticeship training [Oswald-Egg and Siegenthaler,

2021, Shirshikova, 2024, Aepli and Kuhn, 2021, Neuber-Pohl et al., 2023].

In contrast, the concept of skilled labor shortages—as defined by Shah and Burke [2005]—

focuses on mismatches between the specific skills demanded and those supplied in the la-

bor market. These shortages can persist during high unemployment and are more often

driven by structural than cyclical factors, making them closely linked to structural unem-
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ployment [Restrepo, 2015]. Demand-side drivers include industry growth or decline, tech-

nological advances, and regulatory changes, while supply-side factors include demographic

shifts, changes in working conditions and wages, immigration trends, and fluctuations in

vocational training participation and completion rates [Brunello and Wruuck, 2021].

2.2 Apprenticeship System and Labor Market

In Germany, apprenticeships are organized in a publicly regulated dual system, typically

involving 2 to 3.5 years of structured on-the-job training in firms, complemented by lessons

at vocational schools, which provide the necessary theoretical knowledge and broaden the

general knowledge of apprentices. The decision of whether to o↵er apprenticeship posi-

tions, how many to o↵er, and in which occupations to train apprentices rests with the

firms. They must, however, follow the o�cial training regulations for the corresponding

occupation, which specify the skills and content to be taught.

In 2023, there were 327 o�cially recognized vocational training occupations in Germany

[Federal Institute for Vocational Education and Training (BIBB), 2023]. To establish an

apprenticeship relationship, firms advertise apprenticeship positions, potential apprentices

apply, and then a bilateral apprenticeship contract is concluded between the selected can-

didate and the firm.

The apprenticeship system is a key cornerstone of the German post-secondary education

system and serves as an important source of qualified employees for firms. Each year around

500,000 new apprentices start an apprenticeship at one of approximately 420,000 firms

(which make up around 19% of all firms with employees covered by social insurance in

Germany, Federal Institute for Vocational Education and Training (BIBB) [2023]). Ap-

proximately 72% of the apprentices who successfully complete their training are hired

by their training firm immediately afterward, underscoring the importance of vocational

training for firms to develop a skilled workforce [Federal Institute for Vocational Education

and Training (BIBB), 2022]. Firms play an active role in shaping the curriculum, provid-

ing hands-on training, and mentoring apprentices. This direct involvement helps ensure
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that the skills taught align closely with industry requirements, making graduates highly

employable.

Since mid-level skilled workers in Germany are primarily trained through firm-based ap-

prenticeships, the country presents a particularly insightful setting for analyzing how firms

respond to skilled labor shortages. This distinguishes the present study from research in

countries like the U.S., where skills are typically defined by academic degrees.

However, it is not only the structure of the German apprenticeship system but also the

dynamics of the labor market that make Germany a particularly compelling case for un-

derstanding how firms respond to skilled labor shortages. Labor market data suggest that

in Germany, skilled labor shortages are more pressing than general labor market tightness.

Between 2015 and 2023, the overall unemployment rate averaged 5.7% [BA, 2025b], re-

maining above the full employment threshold of 3%. Unemployment was particularly high

among unskilled workers (19.7%), while it was significantly lower among those with vo-

cational (3.6%) or tertiary qualifications (2.4%) [BA, 2024a]. Over this period, the gap

between skilled and unskilled workers has even widened. In 2023, the unemployment rate

for unskilled workers rose to 20.8%, while unemployment among medium- and high-skilled

workers remained below the 2015 to 2023 average. Among skilled workers, unemployment

also varies considerably by occupation. In 2023, the highest rates were in performing arts

and entertainment (11.2%), followed by textile and leather manufacturing (8.5%). In con-

trast, the lowest rates were found in financial services (1.0%) and law/public administra-

tion (1.1%) [BA, 2023]. Thus, even in occupations with the highest unemployment among

skilled workers, rates remain well below those for unskilled workers.

Relating skill-level-specific counts of unemployed jobseekers [BA, 2025b] to job vacancies

requiring the same qualification level [Institute for Employment Research (IAB), 2024]

reveals notable imbalances: in 2023, there were approximately 3.4 unskilled workers, 0.9

vocationally trained workers, and 0.7 workers with tertiary qualifications per vacancy.

Given the large unemployment gap between skilled and unskilled workers, one might ex-

pect unskilled workers to pursue vocational training and firms to invest in training them

for skilled positions. However, such a development cannot be observed, at least not at the
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macro level. On the contrary, Germany has seen an increase in the number of 15–24-year-

olds classified as NEET (Not in Education, Employment, or Training), suggesting that the

potential of unskilled youth remains largely untapped despite growing skilled labor short-

ages.

3 Data

3.1 Skilled Labor Shortage Measures

In order to quantify the degree of skilled labor shortages at the state and occupation level,

I rely on BA [2025a] data on unemployment and vacancies as the main shortage measure

and the skilled-labor-shortage indicator also available from the BA [2024b] as an alterna-

tive measure. Occupations are classified according to the German Classification of Oc-

cupations 2010 (KldB 2010, BA [2020]), a classification scheme that groups occupations

based on their similarity in terms of tasks, skills and expertise. The hierarchical structure

of the KldB 2010 classification scheme groups occupations at di↵erent levels of granularity.

The main analysis is conducted at the level of 35 occupational main groups, while addi-

tional analyses use the more detailed classification of 103 occupational groups.

In the main analysis, I measure skilled labor shortages using the ratio of unemployed skilled

jobseekers to vacancies requiring the same skills at the state ⇥ occupational main group

level.2 The BA [2025a] has published monthly data on unemployed skilled jobseekers and

vacancies by occupation for each of Germany’s 16 states since 2011. I compute the ratio of

unemployed skilled jobseekers to vacancies using the current stocks of jobseekers and va-

cancies measured each September from 2013 to 2022,3 and then match this shortage mea-

sure observed in September of year t � 1 to apprenticeship outcomes in year t. Since most

2Certain occupational groups in nursing and education-related occupations are excluded because train-
ing in these occupations is school-based rather than firm-based and is therefore not covered by the ap-
prenticeship contract data used to construct the outcomes (see Section 3.2). To align the occupational
coverage of the shortage measures with that of the apprenticeship outcomes, I exclude unemployed skilled
jobseekers and vacancies in these groups when constructing the shortage measures.

3In these datasets, values of 1 or 2 are anonymized; I set these values to 1.5. The ratio is calculated
as the number of unemployed jobseekers plus one divided by the number of vacancies plus one in order to
ensure that the ratio is defined even in the rare case of zero vacancies for a given occupation, state and
year.
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firms advertise apprenticeship positions for year t after September of t� 1, this timing cap-

tures the skilled labor shortage situation when firms decide about apprenticeship postings

and before they make apprentice hiring decisions.4

When interpreting the skilled-jobseeker-to-vacancy ratio, the classification of an occupa-

tion as facing a skilled labor shortage should not be restricted to cases in which the ra-

tio falls below one. Given the state-level aggregation of the measure, a ratio of one does

not imply that each vacancy has a suitable skilled jobseeker nearby, since potential re-

cruits may live far from the firm despite residing in the same state, may face mobility con-

straints, may not be suitable for the specific job or firm, or may not be willing to accept a

particular position. This interpretation is consistent with the BA skilled-labor-shortage in-

dicator, which includes the skilled-jobseeker-to-vacancy ratio as one component and treats

ratios below three as evidence of a bottleneck [BA, 2024b].

While the main analysis uses data at the occupational main group level, I also conduct a

second analysis at the more detailed occupational group level. However, at this finer level

of aggregation, some occupational groups may be similar enough that an unemployed job-

seeker trained in one occupation could also be well-suited for positions in other related

occupational groups. As a result, the ratio of unemployed skilled jobseekers to vacancies

at the occupational group level may overstate the severity of the skilled labor shortages

experienced by firms. Additionally, the extent to which workers can transition between

occupations likely varies across industries, further influencing the accuracy of this measure.

As an alternative shortage measure, I use an indicator constructed by the BA based on six

statistical measures, all evaluated at the state5 ⇥ occupational group level. These mea-

sures include median vacancy duration, the skilled-jobseeker-to-vacancy ratio, the un-

employment rate, the exit rate from unemployment, the three-year change in the share

of foreign workers covered by social security, and three-year median wage growth.6 For

4Apprenticeship positions are typically advertised between October and January. Application dead-
lines for most positions fall between November and March, although firms continue to fill vacant positions
throughout the summer [Azubiyo, 2025].

5To enhance the availability of robust data, the three city-states—Berlin, Hamburg, and Bremen—are
combined with neighboring non-city states. Additionally, the two comparably small states of Saarland and
Rhineland-Palatinate in southwest Germany are grouped together, so that the indicator is calculated for
12 geographic entities. For simplicity, I will refer to these entities as states.

6Unemployment and registered vacancies are measured as annual averages. Employment of foreign
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each component measure, the BA has established a set of thresholds used to assign a score

ranging from 0 (very far from signs of a skilled labor shortage) to 3 (clear signs of a short-

age). The six component scores are then averaged to obtain the BA skilled-labor-shortage

indicator for a given state and occupational group. The resulting indicator ranges from 0

to 3, with higher values indicating a more severe skilled labor shortage. To improve the in-

terpretability of the estimation results, I rescale the BA skilled-labor-shortage indicator to

range from 0 to 100, where lower values indicate more severe skilled labor shortages. This

rescaling aligns the direction of the indicator with that of the skilled-jobseeker-to-vacancy

ratio, for which lower values likewise indicate more severe skilled labor shortages.

While representing a rare comprehensive indicator of skilled labor shortages at the state ⇥

occupational group level, the BA [2024b] skilled-labor-shortage indicator has several lim-

itations. For one, it is only available for years since 2020, resulting in a relatively short

observation period that overlaps substantially with the COVID-19 pandemic. Then, it is

reported only at the occupational group level and is unavailable for many less common oc-

cupational groups, particularly in smaller states, due to data availability requirements.7 In

contrast, the ratio of unemployed skilled jobseekers to vacancies is available for all occupa-

tional groups and states. Finally, since the BA skilled-labor-shortage indicator captures,

among other factors, the development of median wages and the share of foreign workers, it

reflects not only the current mismatch between skilled labor supply and demand, but also

how firms are adapting to it.

Another limitation of both the BA [2024b] skilled-labor-shortage indicator and the ratio

of unemployed skilled jobseekers to vacancies is that they are available only at the state ⇥

occupation level. This level of aggregation may mask substantial within-state variation in

skilled labor shortages, as workers living in one part of a state may be practically unavail-

able to firms in more distant regions. Conversely, local labor markets may extend across

administrative state borders, particularly in metropolitan areas that span multiple states.

workers is recorded on June 30 of the reporting year and three years before, while wages are measured on
December 31 of the reporting year and three years prior to it.

7It is only reported if there are at least 500 employees subject to social insurance contributions in this
occupational group and state, at least four out of the six included measures are available, and one of the
evaluated measures is the vacancy duration.
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The BA assigns unemployed jobseekers to a target occupation based on their qualifica-

tions, suitability, preferences, and employment prospects. Since the target occupation re-

flects jobseekers’ preferences and qualifications, the BA’s occupation-specific unemploy-

ment data largely capture skilled labor supply as defined in this study [Shah and Burke,

2005]. However, some individuals may be unwilling or unable to take up employment de-

spite being required to register a target occupation to qualify for unemployment benefits.

Conversely, jobseekers may be suitable for or enter employment in related occupations,

implying that the labor supply available to firms may exceed the number of jobseekers

registered for a specific occupation [BA, 2019]. This concern is greater in the analyses us-

ing 103 occupational groups than in those based on 35 broader occupational main groups

because, at the finer level of aggregation, adjacent occupational groups are more similar,

making cross-group mobility more likely. Because the empirical analysis exploits changes

within state ⇥ occupational (main) group cells over time, occupational mobility a↵ects the

estimates only if it changes systematically across states or occupations over time.

The vacancy data include all vacancies for jobs subject to social security contributions,

part-time jobs and other jobs with an intended duration of more than seven days that are

reported to the BA for placement services. Firms are not obliged to register their vacan-

cies with the BA. Estimates suggest that about 40 to 50% of the vacancies at the level of

skilled workers are registered with the BA [Burstedde et al., 2020], while the rest are ad-

vertised through other channels or filled in-house. Again, the underreporting of vacancies

is only problematic if the development of the reporting behavior of firms varies systemati-

cally across occupations and regions.

3.2 Apprenticeship Outcomes

To measure the demand for apprentices and the expectations employers have for appren-

tices in di↵erent occupations and regions, I use annual register data on apprenticeship con-

tracts (Berufsbildungsstatistik der Statistischen Ämter des Bundes und der Länder, BBS)

and data on apprenticeship postings provided by the BA.

The BBS data contain information on all apprenticeships that start, are ongoing, are suc-
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cessfully completed or are prematurely terminated in Germany each year. These data are

reported by the training firms to the regional chambers, collected by the Federal O�ce

of Statistics and processed by the Federal Institute for Vocational Education and Train-

ing (Bundesinstitut für Berufsbildung, BIBB). Since all firms are obliged to report the

requested details for each apprentice they contract, the dataset has the character of ad-

ministrative register data. The data contain, among other details, information on the lo-

cation of the training firm, the apprentice’s training occupation as classified under KldB

20108, the apprentice’s school-leaving qualification, and whether the apprenticeship con-

tract was terminated during the probationary period.9 Thus, five outcomes can be derived

from the BBS data: the number of newly hired apprentices, the share of hires with lower,

intermediate, and upper secondary degrees, and the share of contracts terminated during

the probationary period, each by occupation and state.

In addition to the outcomes derived from the BBS data, I use data on the number of ap-

prenticeship postings registered with the employment agencies and job centers in order to

quantify the demand for apprentices. These data are collected by the BA and are available

by year and region at di↵erent KldB 2010 levels.10

8Note that the KldB 2010 is a general, not-apprenticeship-specific, classification scheme. Some of the
327 government-recognized apprenticeship occupations may fall into di↵erent KldB 2010 categories de-
pending on the sector in which the firm operates and the resulting specialization of the apprenticeship.
For example, a digital and print media design apprentice may either be assigned to the KldB 2010 cate-
gory of ”sales occupations in retail trade” or ”occupations in digital and print media design”, depending
on whether the focus of the training is on consulting and planning or on conception, design and visualiza-
tion.

9For contracts scheduled to begin in a given year, I observe contract terminations during the pro-
bationary period if they occur before the end of that same year. Since the probationary period for ap-
prenticeships lasts between one and four months depending on the contract, and the vast majority of
apprenticeships start on August 1 or September 1, this measure captures most contract terminations dur-
ing the probationary period. However, the data do not indicate whether the termination was initiated by
the apprentice or the employer. During the probationary period, either party may terminate the contract
without stating a reason. After the probationary period ends, an apprentice may terminate the contract
at any time, whereas the employer may only dismiss the apprentice in cases of serious violations of the
apprenticeship agreement (§ 22(2)(1) BBiG).

10To obtain state-level data for the main analyses involving the ratio of unemployed skilled jobseek-
ers to vacancies from 2013 to 2022, I aggregate district ⇥ occupational main group data on apprentice-
ship postings provided by the BA. The data at the district ⇥ occupational group level contain too many
anonymized values, which is why the relationship between the skilled-jobseeker-to-vacancy ratio and ap-
prenticeship postings is not analyzed at that level. For the period from 2020 to 2022, the BA [2025c] also
provides data on registered apprenticeship postings at the state ⇥ occupational group level, which I use
for the analysis involving the BA skilled-labor-shortage indicator. For data protection reasons, the exact
number of apprenticeship postings is not disclosed in either dataset if there are only one or two postings in
a given occupation and region. Additionally, in rare cases, other values may be anonymized to prevent the
back-calculation of missing data. In such cases, the missing values can be approximated using additional
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The apprenticeship posting counts include all apprenticeship postings reported to the BA

with a placement mandate. Since firms are not required to register their apprenticeship

postings with the BA, these counts do not reflect the actual total number of apprentice-

ship postings. However, according to the BA, the share of registered apprenticeship post-

ings remained approximately constant throughout the study period (BA, personal commu-

nication, June 19, 2024).11

The data on skilled labor shortages and apprenticeship outcomes are combined with a set

of state-level control variables, namely state GDP per capita, the number of firms and the

number of school leavers per state and year, sourced from the Federal Statistical O�ce.

For the analyses involving the share of apprentices with di↵erent school-leaving qualifica-

tions, I additionally include data from the Federal Statistics O�ce on the shares of school

leavers by qualification type.

4 Descriptive Statistics

Figure 1, Panel (a), illustrates the development of the ratio of unemployed skilled jobseek-

ers to vacancies by occupational sector from 2013 to 2022. The ratio declined in nearly

every sector between 2013 and 2019, indicating growing skilled labor shortages, before

temporarily increasing in 2020 during the COVID-19 pandemic. The magnitude of the

decline varied substantially across sectors: some already faced shortages in 2013, while

others experienced much sharper increases in shortage intensity over the observation pe-

riod. These di↵erences provide an important source of variation for the empirical analysis,

while the common temporal pattern motivates a long-di↵erence analysis distinguishing the

contextual information.
11Unlike the skilled-labor-shortage measures and the outcomes derived from the BBS data, which are

based on calendar years, the reporting period for the BA apprenticeship posting data is October 1 to
September 30 of the following year. Since the vast majority of apprenticeships begin in August or Septem-
ber, the discrepancy between reporting periods is minimal. According to the BA, only 12,100 apprentice-
ship positions with a scheduled start in 2023 were registered after September 30, 2023. Most of these had
already been filled earlier in 2023 and were re-registered due to early contract terminations [BA, 2024c],
with a similar number of newly registered positions in previous years. By comparison, over 500,000 ap-
prenticeships scheduled to start in 2023 were registered before September 30, 2023, making the number
of apprenticeship postings registered for the first time after this date negligible. As a result, the number
of apprenticeship postings recorded from October 1 of one year to September 30 of the next closely aligns
with that of postings per calendar year.
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pre-pandemic period, the pandemic shock, and the subsequent recovery.

Figure A1 in the Appendix shows the geographical distribution of the ratio of unemployed

skilled jobseekers to vacancies in the six occupational main groups assessed in detail in

this study. The figure reveals both di↵ering trends over time across occupational main

groups and substantial regional variation in the severity of skilled labor shortages. In 2013,

eastern Germany exhibited a clear surplus of unemployed skilled jobseekers compared to

other regions, particularly southern Germany, where initial signs of skilled labor shortages

were already evident. By 2022, these regional disparities had become less pronounced. In

four of the six occupational main groups, all states experienced severe skilled labor short-

ages. Only in occupations related to business management and organization did no state

record fewer than 1.25 unemployed skilled jobseekers per vacancy in 2022—again with

no clear divide between eastern and southern Germany. The lowest ratio of unemployed

skilled jobseekers to vacancies can be observed in medical and health care occupations,

technical occupations in the machine-building and automotive industry and occupations in

tra�c and logistics. Notably, the first two of these occupational main groups were already

experiencing moderate skilled labor shortages across large parts of Germany as early as

2013. These geographical di↵erences in the development of skilled labor shortages provide

a second source of variation for the empirical analysis.

Figure 1, Panel (b), illustrates the development of the key outcome variable, the number

of newly hired apprentices, by occupational sector. Apprentice hiring varies substantially

across occupational sectors and over time. The impact of the COVID-19 pandemic on the

number of newly hired apprentices was relatively mild, with only a small decline in hires

in 2020. This contrasts with the broader labor market, where the economic downturn led

to reduced demand for skilled labor and, in some cases, layo↵s, as reflected in the increase

in unemployed skilled jobseekers per vacancy (see Figure 1, Panel (a)). The di↵erences

in how the skilled-labor-shortage measures and the apprenticeship market responded to

the COVID-19 pandemic may introduce only additional noise into the estimation, as long

as there are no systematic di↵erences across occupations and states in how the pandemic

a↵ected these measures.
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The trend in apprenticeship postings, shown in Figure A2, Panel (a), in the Appendix fol-

lowed a similar pattern to that of apprenticeship hires. Panels (b)–(e) further show that

the share of contracts terminated during the probationary period and the educational

composition of newly hired apprentices also vary across occupational sectors and over

time. Tables A1 and A2 in the Appendix summarize the skilled labor shortage measures,

apprenticeship outcomes, and controls by reporting weighted national averages and totals

in the first table and unweighted state ⇥ occupational (main) group averages in the sec-

ond.

After documenting the development of skilled labor shortages and apprenticeship practices

separately, Figure 2 shows the reduced-form relationship between skilled labor shortages in

year t � 1 and newly hired apprentices in year t at the state ⇥ occupational sector ⇥ year

level.12 The downward-sloping fitted line suggests that apprenticeship hiring is higher in

labor markets where skilled workers were scarcer in the previous year, or conversely, that

excess unemployed skilled labor may reduce firms’ demand for apprentices.

Figure A5 in the Appendix adds to the descriptive analysis by plotting longer-run changes

in the skilled-jobseeker-to-vacancy ratio against changes in the log number of newly hired

apprentices within state ⇥ occupational sector cells. Consistent with the lag structure

used in the main analysis, I relate changes in the skilled-jobseeker-to-vacancy ratio over

2013–2018, 2018–2020, and 2020–2022 to those in newly hired apprentices over the corre-

sponding subsequent periods 2014–2019, 2019–2021, and 2021–2023. The figure suggests

that the negative association observed across state ⇥ occupational sector ⇥ year cells is

also visible in longer-run changes within state ⇥ occupational sector cells.

The empirical strategy outlined in Section 5 builds on this descriptive relationship by re-

lating changes in skilled labor shortages to changes in apprenticeship outcomes within

state ⇥ occupational main groups, while accounting for persistent di↵erences across states

and occupational main groups, common year shocks, and state-level controls. In doing so,

12I use the log number of newly hired apprentices because apprenticeship counts vary substantially
across occupational sectors and states. Figure A3 in the Appendix shows the same relationship using the
untransformed number of newly hired apprentices, while Figure A4 normalizes newly hired apprentices by
the number of employed skilled workers in the state ⇥ occupational sector ⇥ year cell. Both alternative
transformations show a similar negative reduced-form relationship.
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it provides a more structured assessment of the patterns visible in the raw data.

5 Methodology

To estimate the relationship between skilled labor shortages and firms’ involvement in ap-

prenticeship training, this paper employs a TWFE model. The model exploits changes

over time in shortage intensity within state ⇥ occupational main group cells, while ac-

counting for time-invariant di↵erences across these cells and common year shocks:

Yijt = �Wij(t�1) + �Xjt + ↵ij + �t + ✏ijt

where Yijt represents the outcome of interest (i.e., the number of new apprentices hired,

the number of apprenticeship postings, the share of apprenticeship hires with a specific

school-leaving qualification, or the share of contracts terminated during the probationary

period) in occupational main group i, state j, and year t. On the right-hand side, Wij(t�1)

denotes the skilled-jobseeker-to-vacancy ratio at the state ⇥ occupational main group

level, measured one year prior to the outcome (at t � 1). The model also includes state

⇥ occupational main group fixed e↵ects ↵ij, year fixed e↵ects �t, and time-varying state-

specific control variables Xjt. These controls include the number of firms in the state and

state GDP per capita in year t � 1 as well as the number of school leavers in t. When es-

timating the relationship between skilled labor shortages and the share of new apprentice-

ship hires with a specific school-leaving qualification, Xjt additionally includes the share of

school leavers in the state holding upper and intermediate secondary degrees.

The model includes state ⇥ occupational main group and year fixed e↵ects to account for

unobserved confounders specific to each state ⇥ occupational main group cell and time

period. Since the outcomes may be correlated over time within the same state ⇥ occupa-

tional main group cell, I cluster standard errors by state ⇥ occupational main group. The

model is estimated using fixed e↵ects regression.13

13For all model specifications considered, the Hausman test indicates that a fixed e↵ects model is pre-
ferred over a random e↵ects model.

17



The TWFE estimator identifies the relationship between skilled labor shortages in one

year and the apprenticeship market in the following year rather than the average treat-

ment e↵ect of skilled labor shortages, unless several strict assumptions are imposed. When

using a TWFE approach with a non-binary treatment that can increase or decrease over

time, as is the case here, specific conditions must be met for the estimate to accurately re-

flect the average treatment e↵ect: first, the treatment e↵ect must be homogeneous across

all states, occupations and years. Second, the parallel trends assumption must hold, i.e. in

the absence of changes in the treatment, the outcome trajectories across units would have

evolved in parallel. Third, the e↵ects must be linearly additive [Imai and Kim, 2021].

To address these limitations of the TWFE approach, I also apply the estimator devel-

oped by de Chaisemartin et al. [2024]. This method is designed for continuous treatments

and does not rely on assumptions of treatment e↵ect homogeneity or linearity. Moreover,

it accommodates settings in which treatment values change for all observations between

periods—a feature that applies to nearly all model specifications in this study. The treat-

ment e↵ect is estimated by calculating the average change in outcomes across units ex-

periencing di↵erent treatment changes, using quasi-stayers (observations with very small

treatment changes) as a reference group to approximate untreated observations. However,

the current Stata implementation of this approach does not yet support the inclusion of

control variables.

Even with this more robust approach, however, the analysis remains subject to potential

endogeneity. For this reason, I opt for a more reserved interpretation, considering the es-

timates as indicative of the relationship between skilled labor shortages and the respective

outcome rather than as causal e↵ects. One source of endogeneity is that firm closures or

downsizing may reduce both skilled labor shortages and apprenticeship activity. While the

inclusion of state GDP per capita and the number of firms provides some control for these

dynamics, these variables likely do not fully capture the underlying processes. Another

source of endogeneity is that regional economic growth may simultaneously contribute to

rising skilled labor shortages and increased apprenticeship activity. Again, controlling for

GDP per capita may help account for this to some extent but is unlikely to fully resolve
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the issue. Both of these potential sources of endogeneity could increase the absolute mag-

nitude of the estimated coe�cients.

In addition to GDP per capita and the number of firms in a state, the number of school

leavers likely influences the number of new apprentices hired. Therefore, I include this

variable as a control in the estimations to reduce noise. Likewise, when estimating the re-

lationship between skilled labor shortages and the school-leaving qualifications of newly

hired apprentices, I account for the composition of the potential applicant pool by includ-

ing the state-level shares of school leavers holding upper and intermediate secondary de-

grees.

The model is first estimated for all occupations combined. To explore potential hetero-

geneities in the relationship between skilled labor shortages and apprenticeship outcomes, I

also estimate the model for a subset of six occupational main groups. For this subsample,

I estimate a pooled TWFE model that allows the relationship between skilled labor short-

ages and apprenticeship outcomes to vary across occupational main groups. In addition, I

report estimates from the robust continuous-treatment estimator proposed by de Chaise-

martin et al. [2024], estimated separately for each occupational main group. The selected

occupational main groups are: (i) sales occupations in retail trade, (ii) technical occupa-

tions in machine-building and automotive industry, (iii) occupations in business manage-

ment and organization, (iv) medical and health care occupations, (v) occupations in traf-

fic and logistics without vehicle driving, and (vi) agriculture, forestry, and farming occu-

pations. The first five occupational main groups are among those with the highest num-

bers of apprenticeships between 2014 and 2023.14 As a sixth group, I include agriculture,

forestry, and farming occupations, despite their relatively lower number of apprenticeships,

to ensure representation across all major sectors.

The hypothesis under investigation is that firms respond to increasing skilled labor short-

ages by expanding the number of apprenticeship positions and becoming less selective re-

14Occupations are classified according to the German Classification of Occupations 2010; for further
details, see Section 3.1. The first five occupational main groups are among the top six occupational main
groups in terms of apprenticeship counts. The group of mechatronics, energy electronics, and electrical
engineering occupations, although also among the top six, is excluded due to its similarity to group (ii),
machine-building and automotive industry occupations.
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garding applicants’ initial qualifications. This, in turn, is expected to result in a greater

number of newly hired apprentices and a lower average level of educational attainment

among newly hired apprentices. For the final outcome analyzed, the share of contracts ter-

minated during the probationary period, the direction of the expected relationship with

skilled labor shortages is ambiguous. On the one hand, apprentices may be more likely

to complete their training despite doubts, given improved labor market prospects in the

context of shortages. Similarly, firms may be more inclined to retain apprentices, even in

cases of performance concerns, and may foster conditions that encourage apprentices to

stay. On the other hand, if firms lower their hiring standards in response to skilled labor

shortages, they may end up terminating more contracts when mismatches become evi-

dent during training. Regarding heterogeneity, I hypothesize that the relationship between

skilled labor shortages and apprenticeship outcomes is stronger in occupations experienc-

ing particularly acute shortages.

To assess the robustness of the main specification, I conduct three complementary sets of

analyses. First, I re-estimate the model at the more detailed state ⇥ occupational group

level. I initially use the same ratio of unemployed skilled jobseekers to vacancies as in the

main specification to examine whether the results are sensitive to the level of occupational

aggregation. I then use the BA skilled-labor-shortage indicator as an alternative shortage

measure.

Second, while the main specification relates apprenticeship outcomes to the skilled labor

shortages in the previous year, firms may also base apprenticeship decisions on contempo-

rary skilled labor shortages, on shortages observed further in the past, or on anticipated

future shortages. I therefore estimate alternative specifications using contemporaneous

values, di↵erent lag structures—namely, separate two- and three-year lags, a distributed-

lag specification that jointly includes the first three lags, and a weighted index of past

shortages—and, additionally, leads of the skilled-jobseeker-to-vacancy ratio to examine

whether apprenticeship hiring is more closely related to recent, earlier, or expected future

skilled labor shortages.

Third, I estimate long-di↵erence specifications that relate changes in skilled labor short-
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ages during the three major phases of labor market development identified in Section 4 to

changes in apprenticeship outcomes over the respective subsequent periods. This allows

me to examine whether the relationship between skilled labor shortages and firms’ involve-

ment in apprenticeship training is driven by short-run fluctuations or also persists over

longer horizons.

6 Findings

The results of the main specification, which examines the relationship between the ratio of

unemployed skilled jobseekers to vacancies and the apprenticeship outcomes at the state

⇥ occupational main group level, are presented in Table 1. While most estimates from the

simple TWFE specifications without and with controls, reported in Columns (1) and (2),

respectively, are not statistically significant, they consistently show the expected sign and

some are economically meaningful in magnitude. The estimates from the de Chaisemartin

et al. [2024] approach, reported in Column (3) for each outcome, point in the same direc-

tion, but are generally larger in absolute value and statistically significant for several out-

comes. Since the de Chaisemartin et al. [2024] estimator, unlike TWFE, does not impose

homogeneity or linearity in the relationship between shortage intensity and apprenticeship

outcomes, the similarity in signs suggests that the direction of the TWFE estimates is not

driven by violations of these restrictive assumptions. However, the smaller TWFE magni-

tudes indicate that the TWFE specifications may attenuate the estimated relationships.

Regarding the size of the point estimates, a one-unit decrease in the ratio of unemployed

skilled jobseekers to vacancies within an occupational main group is associated with ap-

proximately 0.2 to 0.9% more newly hired apprentices and 0.1 to 0.4% more apprentice-

ship postings, depending on the estimation approach used. Relative to an average of 984

newly hired apprentices per state ⇥ occupational main group cell in 2023 (see Table A2),

these percentage changes are modest but economically meaningful. The estimates also sug-

gest that a one-unit decrease in the skilled-jobseeker-to-vacancy ratio is associated with

a decline of about 0.09 to 0.15 percentage points in the share of newly hired apprentices
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holding an upper secondary degree. Conversely, greater shortage intensity is associated

with a higher share of newly hired apprentices holding an intermediate secondary degree:

per one-unit decrease in the skilled-jobseeker-to-vacancy ratio, the share of newly com-

mencing apprentices with an intermediate secondary degree increases by 0.08 to 0.15 per-

centage points. Notably, the share of apprentices with a lower secondary degree is much

less strongly related to skilled labor shortages, with the estimates being small in magni-

tude and not statistically significant. Finally, the estimates for contract terminations dur-

ing the probationary period, where theoretical considerations suggest that both a positive

and a negative relationship is plausible, indicate that greater shortage intensity is asso-

ciated with a lower share of contracts terminated during the probationary period. This

pattern is consistent with the possibility that firms make greater e↵orts to retain appren-

tices when skilled workers are scarce, or that apprentices perceive better prospects from

completing their training.

Tables B1 and B2 in the Appendix show the estimation results for the relationship be-

tween apprenticeship outcomes and, respectively, the ratio of unemployed skilled jobseek-

ers to vacancies and the BA skilled-labor-shortage indicator, measured at the finer-grained

state ⇥ occupational group level. Apart from the TWFE coe�cients for new apprentice

hires in Columns (1) and (2) of Appendix Table B1, none of the estimates is statistically

significant, and the coe�cients are generally smaller in absolute value than the correspond-

ing estimates at the state ⇥ occupational main group level. The point estimates are nev-

ertheless mostly consistent in sign with those from the main specification or negligible in

magnitude. The exceptions are contract terminations and the share of apprentices holding

a lower secondary degree, although evidence for these outcomes was already weaker in the

main analysis, with relatively small and mostly insignificant estimates.

The generally smaller coe�cients at the state ⇥ occupational group level may reflect firms’

ability to address shortages in specific occupational groups by hiring workers from closely

related groups rather than adjusting their apprenticeship activities (see Section 3.1). Be-

yond the finer occupational aggregation, the specification using the BA skilled-labor-shortage

indicator also di↵ers from the main specification in the states and occupations included,
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the time period covered, and its conceptual scope, which may explain the larger deviations

from the results in the main specification. Despite these di↵erences, the results provide

limited support for the main findings. The roles of timing and the COVID-19 period are

examined in the following robustness checks using alternative lag structures and long dif-

ferences.

Table B3 in the Appendix reports the results from alternative timing and functional-form

specifications. The estimates based on the shortage measure observed in the outcome year

t and on its first three lags generally have the same signs as those from the main speci-

fication, although most are not statistically significant. A similar pattern emerges in the

distributed-lag and weighted-lag specifications: the estimates largely retain the main signs,

particularly for new hires, contract terminations, and educational composition. Notably,

the estimates also point to a relatively large increase in the share of apprentices with a

lower secondary degree following periods of skilled labor shortages, with the weighted-lag

estimate being statistically significant.

Across the outcome-year and lagged specifications, the relationship tends to be strongest

for shortages observed in the outcome year t or the previous year t � 1, particularly in the

estimations for apprentice hires and apprenticeship postings. Since the shortage measure

for t is recorded in September, after apprenticeship decisions for year t have been made,

it e↵ectively captures shortages shortly after rather than contemporaneously with these

decisions. Overall, the results indicate that firms’ apprenticeship adjustments are most

closely associated with shortages arising around the time of recruitment rather than with

those observed further in the past.

Notably, for most outcomes, the coe�cients for future shortages have the opposite sign

to those for lagged shortages, particularly for the educational composition of apprentice

hires, although most estimates are statistically insignificant. This provides little evidence

that firms adjust their educational requirements for applicants in anticipation of future

shortages; instead, such adjustments appear to occur when shortages are already present

or close in time to recruitment.

Finally, when the squared shortage measure is included, the linear coe�cients retain the
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signs found in the main specification and are substantially larger for new apprentice hires

and apprenticeship postings. For these two outcomes, the statistically significant squared

terms indicate a nonlinear relationship. This nonlinearity may partly explain why the es-

timates from the estimator proposed by de Chaisemartin et al. [2024], which allows for

nonlinear e↵ects, are larger in absolute value than the linear TWFE estimates.

Table B4 in the Appendix reports the results from the long-di↵erence specifications. The

coe�cients for new apprentice hires, contract terminations during the probationary pe-

riod, and the shares of apprentices holding upper and intermediate secondary degrees have

the same signs as in the main specification. By contrast, the coe�cients for apprenticeship

postings and the share of apprentices holding a lower secondary degree do not consistently

have the same signs as in the main specification but are close to zero. Although none of

the estimates is statistically significant, the consistency in sign for several outcomes sug-

gests that the relationships observed in the main analysis are not driven exclusively by

short-run fluctuations and may also persist over longer horizons.

Tables 2 and 3 present the heterogeneity estimates. Columns (1) and (2) report pooled

TWFE estimates that interact the ratio of unemployed skilled jobseekers to vacancies with

indicators for the six occupational main groups, without and with controls, respectively.

Column (3) reports estimates from the robust estimator proposed by de Chaisemartin

et al. [2024], estimated separately for each occupational main group.

The estimates show considerable di↵erences across occupational main groups in the re-

lationship between skilled labor shortages and apprenticeship outcomes. For apprentice

hires, the pooled TWFE estimates in Columns (1) and (2) of Table 2 are negative across

all occupational main groups, although they are close to zero for business management

and organization and agriculture, forestry, and farming. The robust estimates in Column

(3) have the opposite sign for machine-building and automotive occupations, medical and

health care occupations, and agriculture, forestry, and farming. The first two estimates are

comparatively small and statistically insignificant, whereas the estimate for agriculture,

forestry, and farming is statistically significant.

For apprenticeship postings, the pooled TWFE estimates in Columns (1) and (2) are neg-
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ative for four of the six occupational main groups, with positive but small coe�cients for

business management and organization and agriculture, forestry, and farming. In Column

(3), the estimates are positive for machine-building and automotive occupations and agri-

culture, forestry, and farming, although only the former is statistically significant. Taken

together, the most consistent evidence of higher apprentice hiring and postings as short-

ages intensify is found in sales occupations and, to a lesser extent, tra�c and logistics oc-

cupations. For medical and health care occupations, the estimates indicate higher postings

as shortages intensify and a similar relationship for apprentice hires in the TWFE specifi-

cations, but not under the robust estimator.

For contract terminations during the probationary period, the estimates in Columns (1)

and (2) are not consistent across occupational main groups. By contrast, the robust esti-

mates in Column (3) indicate fewer terminations as shortages intensify for all occupational

main groups except machine-building and automotive occupations.

Finally, for the educational composition of apprentice hires in Table 3, the estimates in

Columns (1)–(3) show no consistent pattern across occupational main groups. Only in

machine-building and automotive occupations and in business management and organiza-

tion occupations do the estimates across all specifications indicate a shift away from hiring

apprentices holding an upper secondary degree toward those holding an intermediate sec-

ondary degree. Thus, the shift observed in the main analysis appears to be concentrated

in particular occupational main groups, implying that adjustments in educational require-

ments vary across occupations.

The comparatively large di↵erences between the TWFE and robust estimates for machine-

building and automotive occupations and for medical and health care occupations may

reflect heterogeneous developments across states and periods. Structural transformation

may be particularly relevant in the former, while the COVID-19 pandemic may have con-

tributed to unusual developments in the latter.

The strength of the relationships between skilled labor shortages and apprenticeship activ-

ities appears to vary with the severity of shortages across occupational main groups. As

shown in Figure A1 in the Appendix, business management and organization and agricul-
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ture, forestry, and farming experienced comparatively lower shortage levels than the other

four occupational main groups. Consistent with this pattern, the coe�cients for appren-

tice hires and postings are relatively small in business management and organization and

provide mixed evidence for agriculture, forestry, and farming. By contrast, the clearest ev-

idence of increasing apprentice hires and postings as shortages intensify is found in sales

and tra�c and logistics occupations. The TWFE estimates point in the same direction

for machine-building and automotive occupations and for medical and health care occupa-

tions, both of which also experienced severe shortages, although some of the robust esti-

mates have the opposite sign. Overall, this pattern is consistent with the possibility that

firms adjust apprentice hiring more strongly when shortages are more severe.

7 Conclusion

In this study, I assess the relationship between skilled labor shortages and firms’ appren-

ticeship practices. The main specification measures shortages using the state ⇥ occupa-

tional main group ratio of unemployed skilled jobseekers to vacancies, observed one year

before the apprenticeship outcomes. As an alternative, I use the BA skilled-labor-shortage

indicator and re-estimate the analysis at the more detailed state ⇥ occupational group

level. I also examine alternative lag structures and long-di↵erence specifications. The anal-

yses exploit changes in shortage intensity within state ⇥ occupation units using TWFE

models and the continuous-treatment estimator developed by de Chaisemartin et al. [2024].

The estimation results indicate that increased skilled labor shortages are associated with

higher demand for apprentices and more apprentice hires. Additionally, the estimates

point to a shift away from hiring apprentices with upper secondary degrees toward those

with intermediate secondary degrees as skilled labor shortages increase. The main esti-

mates further point to fewer contract terminations during the probationary period when

shortages intensify, although this relationship is not robust across shortage measures and

specifications.

The heterogeneity analysis reveals notable di↵erences across training occupations. In par-
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ticular, the relationships with apprentice hiring and postings tend to be weaker in occupa-

tional main groups with relatively low levels of skilled labor shortages, potentially indicat-

ing that firms adjust their apprenticeship practices more strongly when shortages are more

severe.

These findings open several avenues for further research, particularly through the use of

natural experiments. For example, the skilled labor shortage measures used in this study

could potentially be instrumented using shocks such as firm bankruptcies or mass layo↵s

that primarily a↵ect specific regions and occupations. Additionally, certain policy mea-

sures that influence labor demand or supply in specific occupations, such as the German

Heating Act, could serve as suitable instruments for further analyses.

The observed pattern of higher apprenticeship hiring in contexts of skilled labor shortages,

together with a shift away from hiring applicants holding an upper secondary degree to-

ward those holding an intermediate secondary degree, underscores the potential impor-

tance of apprenticeship training as a policy lever to secure future skilled labor supply.

With demographic change continuing to limit skilled labor availability, strengthening the

vocational education and training system will remain crucial for policymakers.
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(a)

(b)

Figure 1: Skilled labor shortages and apprenticeship hiring by occupational sector. Panel (a)
shows the development of skilled labor shortages, measured as the ratio of unemployed skilled jobseekers
to vacancies, across nine occupational sectors in Germany from 2013 to 2022. Panel (b) shows the develop-
ment of the number of newly hired apprentices across the same occupational sectors from 2014 to 2023.
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Figure 2: Skilled jobseeker–vacancy ratio and newly hired apprentices (log), 2014–2023. The
figure plots the relationship between the ratio of unemployed skilled jobseekers to vacancies in year t � 1
and the log number of newly hired apprentices in year t. Each dot represents a state ⇥ occupational sec-
tor ⇥ year observation in Germany between 2014 and 2023. The red line shows the unweighted linear fit.
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Newly Hired
Apprentices (log)

Apprenticeship
Postings (log)

Terminations during
Probationary Period [%]

(1) (2) (3) (1) (2) (3) (1) (2) (3)
Unemployed Jobseekers
per Vacancy

-.0020 -.0017 -.0087** -.0009 -.0008 -.0039* .0216 .0144 .0627**

(s.e.) (.0017) (.0016) (.0032) (.0021) (.0021) (.0019) (.0180) (.0183) (.0208)
GDP/Capita X X X
Firms X X X
# School Leavers X X X
Year FE X X X X X X X X X
N 5,382 5,381 5,382

Upper Secondary
Degree [%]

Intermediate Secondary
Degree [%]

Lower Secondary
Degree [%]

(1) (2) (3) (1) (2) (3) (1) (2) (3)
Unemployed Jobseekers
per Vacancy

.1009** .0944* .1538*** -.0824 -.0797 -.1475* -.0337 -.0253 -.0522

(s.e.) (.0386) (.0392) (.0353) (.0458) (.0470) (.0640) (.0306) (.0301) (.0410)
GDP/Capita X X X
# Firms X X X
# School Leavers X X X
% School Leavers with
Upper Secondary Degree

X X X
% School Leavers with
Intermediate Secondary Degree

X X X
Year FE X X X X X X X X X
N 5,382 5,382 5,382

Table 1: Relationship between skilled-jobseeker-to-vacancy ratios and apprenticeship out-

comes. This table reports estimation results for the relationship between skilled labor shortages—
measured as the ratio of unemployed skilled jobseekers to vacancies—and various outcomes at the state
⇥ occupational main group level. The estimates are obtained using (1) a TWFE specification with state
⇥ occupational main group and year fixed e↵ects but no additional controls, (2) the same specification
with controls for GDP per capita, the number of firms, the number of school leavers, and, where applica-
ble, school-leaver composition, and (3) the estimator proposed by de Chaisemartin et al. [2024]. Robust
standard errors clustered at the state ⇥ occupational main group level are reported in parentheses for
Columns (1) and (2). Standard errors reported by the continuous-treatment estimator are shown for Col-
umn (3). Significance levels: * p < 0.05; ** p < 0.01; *** p < 0.001.
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(a) (b)

(c) (d)

(e)

Figure A2: Developments in apprenticeship outcomes by occupational sector, 2014–2023. This
figure shows the development of (a) the number of yearly apprenticeship postings, (b) the share of ap-
prenticeship contracts terminated during the probationary period, (c) the share of newly hired apprentices
holding an upper secondary degree, (d) the share with an intermediate secondary degree, and (e) the share
with a lower secondary degree across occupational sectors in Germany between 2014 and 2023.
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Skilled-Labor-Shortage Measures 2013 2020 2022

Unemployed Skilled Jobseekers per Vacancy 3.83 2.66 1.39
BA Skilled-Labor-Shortage Indicator 46.5 38.8

Outcomes 2014 2021 2023

Newly Hired Apprentices* 569,178 522,477 540,909
Apprenticeship Postings 532,987 522,867 545,039
Contract Terminations during Probationary Period [%] 8.92 10.4 10.9
Apprentices with Upper Secondary Degree [%] 25.3 29.1 27.2
Apprentices with Intermediate Secondary Degree [%] 42.4 42.0 44.0
Apprentices with Lower Secondary Degree [%] 29.3 25.8 25.8

Controls
t: 2014/
t-1: 2013

t: 2021/
t-1: 2020

t: 2023/
t-1: 2022

GDP/Capita (t-1) 34,869 40,933 46,243
# Firms (t-1) 3,853,716 3,668,276 3,726,781
School Leavers (t) 850,721 768,191 782,423
... with Upper Secondary Degree [%] 33.1 34.4 33.2
... with Intermediate Secondary Degree [%] 44.2 43.5 43.0

Table A1: Descriptive statistics for skilled-labor-shortage measures, apprenticeship out-

comes, and control variables in selected years. This table reports vacancy-weighted arithmetic
means for the two skilled-labor-shortage measures: the skilled-jobseeker-to-vacancy ratio is averaged across
state ⇥ occupational main group observations, while the BA skilled-labor-shortage indicator is averaged
across state ⇥ occupational group observations. All remaining variables are reported for Germany as a
whole as totals, averages, or shares. Apprenticeship outcomes and school-leaver controls are reported for
t 2 {2014, 2021, 2023}, while the skilled-labor-shortage measures and the remaining control variables are
measured in the preceding years, t � 1 2 {2013, 2020, 2022}. *For data-protection purposes, the number of
newly hired apprentices is rounded to the nearest multiple of three.
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Skilled-Labor-Shortage Measures 2013 2020 2022

Unemployed Skilled Jobseekers per Vacancy 6.25 4.55 2.42
(6.80) (6.83) (3.33)

BA Skilled-Labor-Shortage Indicator 48.9 39.7
(18.7) (17.2)

Outcomes 2014 2021 2023

Newly Hired Apprentices 1,027 946.5 983.5
(1,876) (1,678) (1,737)

Apprenticeship Postings 951.7 934.2 973.9
(1,752) (1,789) (1,875)

Contract Terminations during Probationary Period [%] 8.95 10.1 10.4
(5.72) (5.72) (6.32)

Apprentices with Upper Secondary Degree [%] 28.6 33.1 30.7
(23.8) (23.3) (21.5)

Apprentices with Intermediate Secondary Degree [%] 39.6 38.9 41.6
(15.7) (14.7) (13.7)

Apprentices with Lower Secondary Degree [%] 27.2 23.8 23.7
(20.8) (17.7) (17.6)

Table A2: Descriptive statistics for skilled-labor-shortage measures and apprenticeship out-

comes in selected years. This table reports unweighted arithmetic means across state ⇥ occupational
main group observations, with standard deviations in parentheses. Descriptive statistics for the BA
skilled-labor-shortage indicator are instead calculated across state ⇥ occupational group observations.
Apprenticeship outcomes are reported for t 2 {2014, 2021, 2023}, while the skilled-labor-shortage measures
are measured in the preceding years, t� 1 2 {2013, 2020, 2022}.
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Figure A3: Skilled-jobseeker-to-vacancy ratio and newly hired apprentices, 2014–2023. This
figure plots the relationship between the ratio of unemployed skilled jobseekers to vacancies in year t � 1
and the untransformed number of newly hired apprentices in year t. Each dot represents a state ⇥ occu-
pational sector ⇥ year observation in Germany between 2014 and 2023. The red line shows the unweighted
linear fit.

Figure A4: Skilled-jobseeker-to-vacancy ratio and newly hired apprentices per employed

skilled worker, 2014–2023. The figure plots the relationship between the ratio of unemployed skilled
jobseekers to vacancies in year t � 1 and the number of newly hired apprentices per employed skilled
worker in year t. Each dot represents a state ⇥ occupational sector ⇥ year observation in Germany be-
tween 2014 and 2023. The red line shows the unweighted linear fit.
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Figure A5: Long di↵erences in skilled-jobseeker-to-vacancy ratios and newly hired appren-

tices (log). The figure plots the relationship between long di↵erences in the ratio of unemployed skilled
jobseekers to vacancies and long di↵erences in the log number of newly hired apprentices. The long dif-
ferences cover three subperiods, relating changes in the skilled-jobseeker-to-vacancy ratio over 2013–2018,
2018–2020, and 2020–2022 to changes in newly hired apprentices over the corresponding subsequent peri-
ods 2014–2019, 2019–2021, and 2021–2023. Each dot represents a state ⇥ occupational sector ⇥ subperiod
observation. The red line shows the unweighted linear fit.

7



B Findings

Newly Hired
Apprentices (log)

Terminations during
Probationary Period [%]

(1) (2) (3) (1) (2) (3)
Unemployed Skilled
Jobseekers per Vacancy

-.0018* -.0017* -.0011 .0084 .0069 -.0266

(s.e.) (.0008) (.0008) (.0016) (.0110) (.0112) (.0400)
GDP/Capita X X
Firms X X
# School Leavers X X
Year FE X X X X X X
N 13,846 13,846

Upper Secondary
Degree [%]

Intermediate Secondary
Degree [%]

Lower Secondary
Degree [%]

(1) (2) (3) (1) (2) (3) (1) (2) (3)
Unemployed Skilled
Jobseekers per Vacancy

.0219 .0206 .2013 -.0144 -.0138 -.0994 -.0103 -.0093 -.1465

(s.e.) (.0299) (.0299) (.1656) (.0281) (.0287) (.1123) (.0111) (.0108) (.1389)
GDP/Capita X X X
Firms X X X
# School Leavers X X X
... with Upper
Secondary Degree [%]

X X X
... with Intermediate
Secondary Degree [%]

X X X
Year FE X X X X X X X X X
N 13,846 13,846 13,846

Table B1: Relationship between skilled-jobseeker-to-vacancy ratio and apprenticeship out-

comes. This table reports estimates of the relationship between skilled labor shortages—measured by the
ratio of unemployed skilled jobseekers to vacancies—and apprenticeship outcomes at the state ⇥ occupa-
tional group level. The estimates are obtained using (1) a TWFE specification with state ⇥ occupational
group and year fixed e↵ects but no additional controls, (2) the same specification with controls for GDP
per capita, the number of firms, the number of school leavers, and, where applicable, school-leaver compo-
sition, and (3) the estimator proposed by de Chaisemartin et al. [2024]. Robust standard errors clustered
at the state ⇥ occupational group level are reported in parentheses for Columns (1) and (2). Standard
errors reported by the continuous-treatment estimator are shown for Column (3). Significance levels: *
p < .05; ** p < .01; *** p < .001.
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Newly Hired
Apprentices (log)

Apprenticeship
Postings (log)

Terminations during
Probationary Period [%]

(1) (2) (3) (1) (2) (3) (1) (2) (3)
BA Skilled-Labor-
Shortage Indicator

.0000 -.0000 -.0000 -.0015 -.0015 -.0003 -.0061 -.0060 -.0130

(s.e.) (.0006) (.0006) (.0028) (.0014) (.0014) (.0154) (.0098) (.0099) (.0716)
GDP/Capita X X X
Firms X X X
# School Leavers X X X
Year FE X X X X X X X X X
N 1,945 1,949 1,945

Upper Secondary
Degree [%]

Intermediate Secondary
Degree [%]

Lower Secondary
Degree [%]

(1) (2) (3) (1) (2) (3) (1) (2) (3)
BA Skilled-Labor-
Shortage Indicator

.0299 .0315 .0491 -.0144 -.0163 -.0143 .0062 .0041 -.0107

(s.e.) (.0211) (.0207) (.1058) (.0228) (.0229) (.1067) (.0174) (.0174) (.0872)
GDP/Capita X X X
Firms X X X
# School Leavers X X X
... with Upper
Secondary Degree [%]

X X X
... with Intermediate
Secondary Degree [%]

X X X
Year FE X X X X X X X X X
N 1,945 1,945 1,945

Table B2: Relationship between the BA skilled-labor-shortage indicator and apprenticeship

outcomes. This table reports estimates of the relationship between skilled labor shortages—measured
using the BA skilled-labor-shortage indicator—and apprenticeship outcomes at the state ⇥ occupational
group level. The estimates are obtained using (1) a TWFE specification with state ⇥ occupational group
and year fixed e↵ects but no additional controls, (2) the same specification with controls for GDP per
capita, the number of firms, the number of school leavers, and, where applicable, school-leaver composi-
tion, and (3) the estimator proposed by de Chaisemartin et al. [2024]. Robust standard errors clustered at
the state ⇥ occupational group level are reported in parentheses for Columns (1) and (2). Standard errors
reported by the continuous-treatment estimator are shown for Column (3). Significance levels: * p < .05;
** p < .01; *** p < .001.
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Newly Hired

Apprentices (log)

Apprenticeship

Postings (log)

Terminations

[%]

Upper Sec.

Degree [%]

Intermed. Sec.

Degree [%]

Lower Sec.

Degree [%]

Panel A: Alternative timing of the shortage measure
Shortages, t+ 2 .0002 -.0005 .0312 -.0924*** .0522 .0121

(.0018) (.0015) (.0199) (.0327) (.0456) (.0422)
Shortages, t+ 1 .0001 -.0000 .0242 -.0615 .0087 .0187

(.0017) (.0021) (.0231) (.0382) (.0465) (.0472)
Shortages, t -.0031* -.0026 .0132 .0253 -.0472 .0201

(.0018) (.0024) (.0171) (.0439) (.0395) (.0341)
Shortages, t� 1 -.0017 -.0008 .0223 .1008*** -.0857* -.0292

(.0016) (.0021) (.0182) (.0383) (.0461) (.0299)
Shortages, t� 2 -.0008 .0005 .0080 .0188 -.0057 -.0369

(.0013) (.0017) (.0213) (.0351) (.0455) (.0383)
Shortages, t� 3 -.0007 .0004 .0241 .0887 -.0541 -.0378

(.0014) (.0017) (.0308) (.0586) (.0480) (.0332)

Panel B: Distributed-lag specification
Shortages, t� 1 -.0022 .0006 .0021 .0713 -.0026 -.0471

(.0015) (.0021) (.0219) (.0553) (.0700) (.0315)
Shortages, t� 2 -.0005 -.0001 .0068 -.0126 .0512 -.0594

(.0013) (.0015) (.0291) (.0340) (.0449) (.0400)
Shortages, t� 3 -.0006 .0004 .0175 .0852 -.0541 -.0316

(.0014) (.0015) (.0318) (.0598) (.0501) (.0349)

Panel C: Decaying-lag specification
Weighted past shortages -.0019 .0005 .0093 .0698* .0046 -.0676**

(.0015) (.0023) (.0219) (.0409) (.0533) (.0333)

Panel D: Quadratic specification
Shortages, t� 1 -.0092*** -.0081** .0177 .0892 -.0600 -.0651

(.0032) (.0039) (.0334) (.0721) (.0886) (.0641)
Squared shortages, t� 1 .00015*** .00014** -.00006 .0001 -.0004 .0008

(.00005) (.00006) (.00045) (.0013) (.0016) (.0009)

GDP/Capita X X X X X X
Firms X X X X X X
# School Leavers X X X X X
... with Upper
Secondary Degree [%]

X X X
... with Intermediate
Secondary Degree [%]

X X X
Year FE X X X X X X

Table B3: Robustness to alternative timing and functional-form specifications of skilled labor

shortages. This table reports estimates from robustness checks using alternative timing and functional-
form specifications of skilled labor shortages at the state ⇥ occupational main group level. All models are
estimated using TWFE regressions with state ⇥ occupational main group and year fixed e↵ects. Panel
A varies the timing of the shortage measure relative to the apprenticeship outcome year. Panel B jointly
includes the first three lags of the shortage measure. Panel C uses a weighted index of past shortages,
defined as Wij(t�1) + 0.5Wij(t�2) + 0.25Wij(t�3), which assigns progressively lower weights to shortages ob-
served further in the past. Panel D includes the shortage measure and its squared term. Robust standard
errors clustered at the state ⇥ occupational main group level are reported in parentheses. Significance
levels: * p < .10; ** p < .05; *** p < .01.
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Newly Hired

Apprentices (log)

Apprenticeship

Postings (log)

Terminations during

Probationary Period [%]

(1) (2) (1) (2) (1) (2)

� Unemployed Skilled Jobseekers per Vacancy -.0023 -.0018 -.0001 .0005 .0111 .0067
(s.e.) (.0016) (.0016) (.0014) (.0014) (.0264) (.0270)
� GDP/Capita X X X
� Firms X X X
� School Leavers X X X
Period FE X X X X X X

N 1,608 1,561 1,609 1,563 1,608 1,561

Upper Secondary

Degree [%]

Intermediate Secondary

Degree [%]

Lower Secondary

Degree [%]

(1) (2) (1) (2) (1) (2)

� Unemployed Skilled Jobseekers per Vacancy .0853 .0987 -.0960 -.1116 .0104 .0201
(s.e.) (.0762) (.0780) (.0887) (.0916) (.0453) (.0484)
� GDP/Capita X X X
� Firms X X X
� School Leavers X X X
� Share of School Leavers
with Upper Secondary Degree

X X X
� Share of School Leavers
with Intermediate Secondary Degree

X X X
Period FE X X X X X X

N 1,608 1,561 1,608 1,561 1,608 1,561

Table B4: Long-di↵erence estimates of the relationship between skilled labor shortages and

apprenticeship outcomes. This table reports estimates from long-di↵erence regressions at the state ⇥
occupational main group level. Changes in the ratio of unemployed skilled jobseekers to vacancies over
2013–2018, 2018–2020, and 2020–2022 are related to changes in apprenticeship outcomes over the corre-
sponding subsequent periods 2014–2019, 2019–2021, and 2021–2023. Column (1) includes period fixed
e↵ects without additional controls. Column (2) additionally controls for changes in GDP per capita, the
number of firms, and the number of school leavers. For the educational outcomes, Column (2) also con-
trols for changes in the shares of school leavers with upper and intermediate secondary degrees. Robust
standard errors clustered at the state ⇥ occupational main group level are reported in parentheses. Signifi-
cance levels: * p < .10; ** p < .05; *** p < .01.
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