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Abstract

This study analyzes how firms adjust their hiring practices when labor mar-
kets become tighter. Using unique linked employer-employee data for Germany,
we find that pre-match search costs represent only 16 percent of total hiring ex-
penditures, while post-match costs account for the remaining 84 percent. We find
no evidence of firms raising entry wages in response to labor market tightness, in-
stead they adjust them along two margins. First, in tighter labor markets, firms
hire workers whose general ability is lower relative to their existing workforce.
Second, they incur higher post-match hiring costs. A one standard deviation
increase in labor market tightness is associated with a 0.1 standard deviation de-
crease in hiring standards, a 10 percent longer adaptation period, and 12 percent
higher informal training hours for new hires. These findings reveal an alternative
adjustment mechanism that may reflect firms’ wage-setting power, with firms
substituting costly post-hire training investments for wage competition.
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1 Introduction

Labor markets across Western economies have tightened dramatically in recent years,
with Germany experiencing vacancy-to-unemployment ratios not seen in decades. De-
mographic aging and sustained economic growth have driven unemployment down and
vacancy postings up, fundamentally altering how firms compete for workers (Domash
and Summers, 2022; Kiss et al., 2022). While standard search-and-matching mod-
els predict that wages should rise one-for-one with labor-market tightness, empirical
evidence reveals striking heterogeneity across institutional contexts. Studies from the
United States (US) and United Kingdom (UK) document strong positive wage-tightness
elasticities (Azar et al., 2022; Bassier et al., 2023; Marinescu and Woltho�, 2020; Web-
ber, 2022), yet research from more regulated continental European labor markets finds
substantially weaker wage responses (Carrillo-Tudela et al., 2023; Mueller et al., 2024).

This wage inelasticity may reflect firms’ wage-setting power and their preference to
adjust along alternative margins rather than engage in wage competition. When firms
choose not to raise wages, they can intensify recruitment e�orts (Manning, 2006), accept
longer vacancy durations, or relax hiring standards (Reder, 1955). Despite the theo-
retical importance of these adjustment mechanisms, direct empirical evidence remains
limited. Le Barbanchon et al. (2023) document that French firms reduce experience
requirements but maintain educational thresholds when markets tighten, yet compre-
hensive evidence on how firms adapt their entire hiring process remains elusive.

We address this gap by linking detailed German employer survey data on hiring
costs with rich administrative records. Our dataset o�ers four important advances over
previous work, particularly Muehlemann and Strupler Leiser (2018). First, we observe
the marginal cost of the last filled vacancy rather than multi-year averages. Second, we
attach detailed personal information – including age, gender, occupational experience,
and AKM worker e�ects (named after Abowd, Kramaz, and Margolis, who introduced
them in Abowd et al., 1999) – to that specific vacancy. Third, we observe exact entry
wages and can link AKM firm wage premiums as proxies for long-run productivity.
Fourth, we construct explicit hiring-standard metrics based on the gap between the
recruit’s ability and the firm’s workforce. These data merge with o�cial tightness
measures from the Federal Employment Agency at the occupation-by-region-by-month
level.

Our data reveal the substantial costs of external hiring in Germany: firms spend ap-
proximately 10,000 EUR per skilled hire, equivalent to 22 weeks of pay. Strikingly, 84%
of these costs accrue after signing the employment contract. New hires require extensive
firm-specific training, with coworkers’ informal instruction accounting for half of total
hiring costs. This dominance of post-match investments suggests that in tight labor

1



markets, firms prefer to bear substantial training costs rather than compete through
higher wages.

Our analysis shows how firms with wage-setting power respond to labor market
tightness through non-wage adjustments, with the most substantial changes occurring
after the employment contract is signed. First, we find no association between tightness
and entry wages – contrasting sharply with US evidence (Azar et al., 2022) but aligning
with Austrian findings (Mueller et al., 2024) – suggesting that firms choose not to use
wages as their primary adjustment mechanism. Second, firms in tighter markets recruit
workers with significantly lower general ability (measured by AKM e�ects) relative to
their existing workforce, even though occupational experience requirements remain un-
changed. Third, tightness is associated with modestly higher pre-match search costs,
particularly job-posting expenditures. Fourth, and most strikingly, post-match invest-
ments are higher in tight markets: adaptation periods are longer, external training costs
are higher, and coworkers spend significantly more time informally training new hires.

These patterns reveal that firms facing tight labor markets prefer to hire workers
with lower abilities and bear substantial training costs rather than engage in wage com-
petition. This behavior is consistent with firms exercising wage-setting power: rather
than bidding up wages to attract better workers, they accept lower match quality and
compensate through costly post-hire investments. As we find no conclusive evidence for
a higher productivity gap between the new hire and incumbent workers in tighter labor
markets at the end of the onboarding period, our results suggest that informal train-
ing provided by coworkers can compensate for a lower hiring standard. This study’s
contribution to the literature is as follows. First, we extend research on firms’ adjust-
ment mechanisms in tighter labor markets (Carrillo-Tudela et al., 2023; Le Barbanchon
et al., 2023; Mueller et al., 2024) by providing the first comprehensive evidence on how
tightness a�ects the entire hiring and onboarding process when firms avoid wage compe-
tition. Second, we contribute to the training literature by documenting the prevalence
and importance of informal coworker instruction, a guidance that previous research out-
side Switzerland has largely overlooked. Third, our methodology of matching survey
responses about specific hires to administrative records advances the frontier of linked
employer-employee data construction.

The remainder of this paper proceeds as follows. Section 2 reviews related empirical
literature. Section 3 describes our data sources and sample construction. Sections 4
and 5 present the components of hiring costs and our estimation approach, respectively.
Section 6 reports our main results and robustness checks. Section 7 interprets our
findings within the broader literature, and Section 8 concludes.
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2 Empirical Literature

2.1 Labor market tightness and hiring costs

Empirical evidence on the association between labor market tightness and directly ob-
servable hiring costs is rather limited notwithstanding its importance to the theoretical
literature (e.g., Pissarides, 2000, 2009; Shimer, 2005).1

Muehlemann and Pfeifer (2016) provide the first cross-sectional evidence for Ger-
many, indicating that local unemployment is negatively associated with average hiring
costs, albeit only marginally statistically significant, and is driven by higher adaptation
costs when unemployment decreases. However, their data lack a measure for the num-
ber of local vacancies. Carbonero and Gartner (2022) exploit data from the German
Job Vacancy Survey and find that a tightness-induced increase in the search duration
for a new hire is not significantly associated with the costs to fill a vacancy. Using
data from the German Job Vacancy Survey, Kiarsi and Muehlemann (2021) find that
an increase in tightness, as measured at the occupational level across regions, is signifi-
cantly associated with non-labor search costs but not with the time that firms spend to
interview job candidates. While not directly observing the search costs to fill a vacancy,
Carrillo-Tudela et al. (2023) analyze the extent to which firms can use search e�ort (i.e.,
number of search channels that firms use to fill their vacancies) to increase matching
e�ciency. Their findings suggest that search e�orts play only a minor role.

Blatter et al. (2012) report that a decrease in regional unemployment in Switzerland
is positively associated with search and adaptation costs. On average, a one percent-
age point decrease in regional unemployment is associated with an increase in average
hiring costs in the magnitude of 0.63 weekly wage payments for skilled workers. Muehle-
mann and Strupler Leiser (2018) subsequently introduce the concept of disruption costs,
measured as the time new hires prevent their coworkers from conducting their tasks dur-
ing the onboarding period. They report the association of various subcomponents of
hiring costs with labor market tightness, as measured by the industry-level vacancy-
unemployment ratio. Specifically, they report that a two-standard deviation increase in
tightness is associated with a 25% increase in average (not marginal) search costs but
find no association with adaptation costs in a panel regression. The authors note that
the e�ect of tightness on search costs is larger in a fixed-e�ects panel regression than
in a cross-sectional correlation, highlighting the importance of unobserved heterogene-
ity at the firm level. Aepli et al. (2024) analyze overall hiring costs in Germany and

1Data on directly observable hiring costs are available for France, Germany, Switzerland, and the
US. In this section, we only review the literature focusing on the association of labor market tightness
and hiring costs. For a more detailed overview of survey methodologies and general findings, we refer
to the literature review in Muehlemann and Strupler Leiser (2018) or Manning (2011).
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Switzerland, using indicator variables of labor market tightness at the firm level and
find evidence that labor market tightness significantly increases hiring costs in both
countries. Consistent with the empirical findings thus far, we expect firms to increase
their recruitment e�orts when there is a shortage of skilled workers. Additionally, we
expect to observe lower match quality with increasing labor market tightness, which,
in turn, entails higher onboarding investments for firms.

2.2 Labor market tightness and hiring standards

Despite a high labor market tightness, some firms succeed in hiring (faster) because
they adjust their hiring standards, as some search and matching models propose (e.g.,
Sedlá�ek, 2014; Carrillo-Tudela et al., 2023).

There is a paucity of empirical studies that analyze the association between labor
market tightness and hiring standards. Carrillo-Tudela et al. (2023) discuss the signif-
icant role of employers’ hiring standards for matching e�ciency. They use two binary
measures for hiring standards related to the qualification and experience of the new
hire: one variable indicating if a new hire’s qualification is below the expected qual-
ification and a second variable indicating if the new hire’s experience falls below the
expected experience. They do not explicitly test the association between tightness and
hiring standards but find that hiring standards are negatively related to hiring rates in
terms of qualification and experience. In addition, they construct a selectivity measure
based on AKM worker e�ects, which they interpret as the extent to which a new hire’s
unobserved ability di�ers from that of the incumbent workforce. Their results show
that hiring rates are negatively related to this selectivity measure. Thus, their findings
suggest that firms that hire more new workers per period have lower hiring standards.

Mueller et al. (2024) combine vacancy information with matched employer-employee
data for Austria. They use work experience, previous unemployment, hiring from em-
ployment, and the AKM worker e�ect of new hires as indicators of a firm’s hiring
standards. They argue that hiring standards ”explain about 20% of the patterns of
vacancy filling within and across establishments” (Mueller et al., 2024, p.37). How-
ever, the authors acknowledge that their data do not include information on the new
hire’s educational attainment or the learned (or previous) occupation, which may lead
to an underestimation of the importance of adjusting hiring standards in Austria. Like
Carrillo-Tudela et al. (2023), they do not directly test the association between tightness
and hiring standards.

Le Barbanchon et al. (2023) link an administrative dataset on job vacancies in France
with matched employer-employee data to study the impact of hiring frictions on hiring
outcomes. They measure hiring frictions in terms of a firm’s ability to successfully fill a
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vacancy and vacancy duration in a local labor market. Furthermore, the authors employ
multiple indicators to assess hiring standards at the job level, including experience
and educational background, and the type of contract o�ered for the position (open-
ended, temporary, or full-time/part-time). They report that firms lower their hiring
requirements in terms of mandatory experience when they face di�culties in filling
their vacancies, but not in terms of the required education or contract type. Moreover,
aligned with Carrillo-Tudela et al. (2023), they find that firms that hire at a faster rate
are more likely to reduce their hiring standards. Given these, albeit rare, findings in
the literature, we expect firms in tighter labor markets to lower their hiring standards
to fill their vacancies.

2.3 Labor market tightness and entry wages

Mueller et al. (2024) examine the relationship between the duration of a vacancy and
the starting wage. They find that the duration of vacancy is negatively correlated
with starting wages. However, their reported elasticities are small, implying that varia-
tions in entry wages are not the most important factor in successfully filling vacancies.
Similarly, Carrillo-Tudela et al. (2023) demonstrate that wage generosity plays only a
quantitatively minor role. Bertheau et al. (2023) link a Danish firm-level survey to
administrative data and analyze the determinants of hiring decisions. They do not
show that paying higher wages is associated with firms being less discouraged by skill
shortages, thus complementing the findings of Mueller et al. (2024). Evidence from
Denmark reports a small elasticity of wages with respect to tightness (Hoeck, 2022).

However, the association between entry wages and a firm’s di�culty in filling a
vacancy is stronger in less-regulated labor markets. Using US data on job postings,
Azar et al. (2022) find that labor market tightness is positively associated with posted
wages. Moreover, using the same data, Marinescu and Woltho� (2020) find that a 10%
increase in posted wages is associated with a 7.7% increase in applications. However,
in their study, the reason some firms o�er higher wages than others is not strictly
attributable to an increase in labor market tightness. Examining how labor market
frictions evolve over the business cycle, Webber (2022) reports a substantial decrease in
labor supply elasticity between 1998 and 2012, with an apparent pro-cyclical pattern
leading to at least a 4 percent decline in earnings for average workers. Arguing that it
is not purely business cycle factors that drive the decline in labor market competition,
Webber (2022) provides indirect evidence of the link between wages and tightness in
the US labor market. In the UK, Bassier et al. (2023) exploit within-firm variations in
wages and vacancy duration using data from online job advertisements, and find that
firms that pay higher wages find it easier to fill vacancies. Broadly, based on the prior
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literature, we expect that firms in a regulated labor market (such as the German labor
market) do not increase their starting wages to a significant degree when facing skill
shortages.

3 Data

3.1 Data Sources

To study the relationship between labor market tightness and recruitment costs, we
linked firm-level survey information from the BIBB Cost-Benefit Survey (BIBB-CBS)
2017/18 to administrative labor market records from the Institute for Employment
Research (IAB) and o�cial statistics from the Federal Employment Agency (FEA).

The BIBB-CBS 2017/18 is a representative survey of apprenticeship training and
the recruitment of skilled workers in Germany and comprises 4,045 computer-assisted
personal interviews with firm representatives. The Institut für angewandte Sozial-
forschung GmbH (infas) conducted the survey between September 2018 and July 2019
(Schoenfeld et al., 2020; Wenzelmann and Schoenfeld, 2022). The interviewers posed
questions on the training and external recruitment of skilled workers with reference to
a specific occupation of the firm for which they were either trained or recruited. A key
advantage of the BIBB-CBS is its exceptionally rich information on almost all aspects
of firms’ hiring practices. The survey quantified the costs of the application procedure,
continuing training during adaptation periods, initial productivity di�erences of new
skilled workers, and costs arising from coworkers providing informal learning for the
last-hired skilled worker. Thus, the data provide specific cost information for all phases
of the hiring process, including post-match hiring costs, which are usually not observed
in firm-level surveys.

We linked the firm-level survey data to two administrative data sources. First, the
Integrated Employment Biographies (IEB) covers all individuals in Germany with at
least one entry in their social security records during the observation period (Antoni
et al., 2019).2 The IEB combines several sources of administrative records, but we
mainly used employment notifications derived from Employee History (BeH). The BeH
provides day-to-day information on working-time status (i.e., full-time, part-time, or
marginal employment), daily gross wage, worker’s occupation (a 5-digit code according
to the German Classification of Occupations 2010 (KldB 2010)), and socio-demographic
characteristics. Second, the Establishment History Panel (BHP, Betriebshistorikpanel)
aggregates the BeH to the firm level on June, 30 each year (Ganzer et al., 2022). Among

2The observation period in our study is 2014-2019. Note that the IEB does not include civil servants,
self-employed people, and regular students without a job subject to social insurance contributions.
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other characteristics, the BHP contains information on the firm’s economic sector, lo-
cation, structure of employees by qualifications and wages, and the first appearance of
the firm in the register data. Our data also include the AKM e�ects stemming from
the Mincerian wage equation estimated by Bellmann et al. (2020). AKM worker e�ects
capture the proportion of workers’ individual skills and other factors that are rewarded
equally across employers in their wage earnings. Firms’ AKM e�ects reflect firm-specific
pay premiums or discounts.

Finally, we used o�cial statistics on posted vacancies and job-seekers from the
FEA3 to capture labor market tightness. We determined the number of job-seekers
and registered vacancies monthly on a set day. The concept of job-seekers is broader
than that of unemployed persons, as it includes individuals who search for employment
subject to social security for at least 15 hours per week, are registered at the FEA or
Job Center, and legally allowed to perform such a job (Federal Employment Agency,
2023). The stock of vacancies includes non-subsidized vacancies with a duration of
more than seven days registered with the FEA or Job Center for mediation (Federal
Employment Agency, 2018). Firms are not obligated to register vacancies with the
FEA. Both the stock of job-seekers and registered vacancies are available at the 2-digit
(target) occupation level according to KldB 2010 and at the regional level of the Federal
States.

3.2 Linking the BIBB-CBS survey to IEBs and identifying the

most recently hired skilled worker

The first step of our data preparation is linking the IEB micro data to the CBS in-
formation at the firm level (Step 1 in Figure 1).4 We linked administrative data to
2,434 of the 4,045 survey firms that explicitly allowed data to merge. We excluded
surveyed firms that did not exhibit an identifier in the administrative data and firms
with more than 1,000 employees because the record data for those firms contained only
20% of the sample. To ensure a su�ciently high linkage quality, we compared the
number of reported and registered employees in both data sources. Following Dietrich
et al. (2014), we defined linkage quality as su�ciently high if the absolute di�erence
between the number of employees reported in the survey and the number of registered
employees in the IEB is less than half of the respective firm size category width. This
plausibility restriction indicates that 90.02% of the CBS firms (2,128 of 2,364) can be
linked with justifiable deviations, which is comparable to the linkage of the BIBB-CBS

3Data are accessible via the following link: https://statistik.arbeitsagentur.de/
SiteGlobals/Forms/Suche/Einzelheftsuche_Formular.html?gtp=15084_list%253D7&submit=
Suchen&topic_f=berufe-heft-kldb2010

4Section A in the Appendix provides a detailed description of how we linked and prepared the data.
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2007 described in Dietrich et al. (2014) and the Linked Employer-Employee-Data of the
IAB (Ruf et al., 2023).

Figure 1: From record linkage to working sample

Firm-level
BIBB Cost-Benefit

Survey (CBS)

Administrative data
Integrated

Employment
Biographies

(IEB)

Establishment
History
Panel
(BHP)

Step 1: Matching administrative data to CBS data

Linked employer-employee data

Step 2: Restricting to hiring CBS firms

Step 3: Restricting to small and medium sized firms (SME)

Step 4: Identifying lastly hired skilled worker

Step 5: Keeping matches with non-missings in key variables

Working sample with N=630 employer-employee matches

Source: Authors’ own illustration.

Prior to identifying the newly hired skilled workers to which the hiring information in
the survey refers, we restricted our sample to firms that hired a skilled worker between
2015 and 2019 in Step 2. This period results from the fact that hiring information
in the survey refer to the last worker hired since 2015, and the last interviews were
conducted in 2019. A total of 1,538 CBS firms recruited skilled workers. In step
3, we restricted our data to employees who had entered small and medium-sized firms
(SMEs) with a maximum of 249 employees. As SMEs rarely hire employees with similar
characteristics simultaneously, there is a strong chance of finding the most recent hire.
Restricting our analysis to SMEs is justifiable because they make up the vast majority
of firms in Germany5 and play a crucial role in the annual turnover (Soellner, 2014).

5According to the Federal Statistical O�ce, 99.3% of all firms in Germany in 2022 had less than
250 employees, and 55% of all employees worked in SMEs.
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This yields a sample of 1,468 CBS firms. The CBS provides information on the skill
level, occupation, occupational experience, and entrance date of the last-hired worker
that we explored in step 4. Maintaining the last-hired skilled worker yields a sample of
931 employer-employee matches. To obtain a working sample for our main analysis, we
restricted the sample to hires that work full-time when they entered the CBS firm and
deleted observations with missing values in our main explanatory variables in Step 5.6

This yields a working sample of 630 employer-employee matches. The distribution of
the hiring dates during the sample period shows that most matches occurred in 2017
and 2018, years that are closest to the interview date (see Figure C1).

To check the quality of the linking procedure and the dataset that results from iden-
tifying the most recently hired skilled workers, we assessed for systematic di�erences in
firms’ consent to merge the data and for systematic di�erences of firms in the working
sample. Table A2 shows that firms that agreed to the data merge are somewhat more
often very small (<= 9 employees), have less often 50-249 employees, are less often
located in West Germany (2 ppt less in the working sample) and firms in the man-
ufacturing and construction sector are over-represented. Higher linkage consent rates
for firms located in East Germany have also been observed in other record linkages
(Warnke, 2017). The regression on the variable indicating if the firm is within the
working sample (or not) shows that firms in the working sample are large,r and educa-
tion, human health services, residential care, and social work activities are somewhat
under-represented (Table A3). Overall, we argue that the process of our data merge is
of high quality and that we tackle potential concerns about the lack of representative-
ness in our sample by including specific controls for firm size, sector, region, and other
firm and worker characteristics in our regressions.

For our final data preparation, we followed the guidelines of Dauth and Eppelsheimer
(2020). If an individual holds more than one job simultaneously, we kept his/her main
job, which is defined as the job with the highest daily wage. Furthermore, we calculated
real wages (daily wages in EUR, deflated by the CPI to 2015 values) and imputed top-
coded wages at the upper limits for compulsory social insurance. We added information
on the average wage by qualification group and economic sector from the BHP. Finally,
we matched o�cial statistics on the stock of posted vacancies and job-seekers to the
linked data for the exact month of firm entry, as well as at the level of occupation (KldB
2010, 2-digit) and federal state.7

6Note that some information on the mean wages of skilled workers is missing in the BHP. We
transferred values from the following year up to the following three years in case of missing data. This
is plausible because we used this information to control for the overall wage level among skilled workers
within the firm.

7We matched the tightness at the month of firm entry as we did not have information on the exact
date of vacancy posting.

9



3.3 Descriptive statistics

Table 1: Summary Statistics

Working
Sample

Recruiting
firms in

entire CBS

Worker Characteristics

Female (%) 34.13

Age group
20 – 34 50.48
35 – 49 32.06
50 – 65 17.14

Highest Education (%)
Vocational training 79.84
University (of applied sciences) degree 12.22

Regular employment s.t. social security prior to firm entrance (%) 61.90

Real daily entry wage (in EUR) 87.28
(37.88)

Occupation
Production of raw materials and goods, and manufacturing (%) 29.37 22.41
Business organization, accounting, law and administration (%) 16.98 23.49
Commercial services, trading, sales and hotel business and tourism (%) 16.51 18.44
Construction, architecture, surveying and technical building services (%) 15.40 8.66

Firm Characteristics

Firm located in East Germany (%) 14.60 12.63
Very small firms (%) 22.54 22.68

Industry
Service (%) 66.35 76.48
Construction (%) 17.30 10.26
Manufacturing (%) 14.29 10.09

Labor market tightness (v/u) 0.28
(0.21)

Number of observations 630 2,874

Notes: Shares by occupation are the most frequent occupational groups (1-digit, Kldb2010). Daily
wages in EUR are deflated by the CPI to 2015 levels. Standard deviations are in parentheses.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statistics
of the German Federal Employment Agency.

Table 1 provides the descriptive statistics of our working sample of 630 employer-
employee matches between January 2015 and May 2019. Of the vacancies, 34.7% com-
prise female skilled workers and 50.5% workers aged between 20 and 34 years. For
most, an upper secondary vocational training is the highest education level (79.8%),
followed by a university degree (12.2%). In the sampled firms, 22.5% are very small
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with at maximum of 9 employees. The average degree of labor market tightness is 0.28.
A closer look at our tightness variable (v/u) shows a substantial variation between and
within occupations over time (Table C2). In 2018 and 2019, labor market tightness
was particularly high in the occupations of mechatronics, production and processing
of raw materials, in occupations concerning construction, and healthcare. Occupa-
tions in these groups are also reported as the main countrywide bottlenecks in 2018
and 2019 (Federal Employment Agency, 2019). The filled vacancies in metal-making,
mechatronics, building construction, tra�c, and logistics had the largest increases in
tightness over the sample period, which also corresponds to the reported Germany-
wide statistics (Federal Employment Agency, 2019). Thus, the tightness conditions we
analyze are consistent with the overall picture in Germany.8

4 Components of Hiring Costs

The overall cost of hiring a skilled worker i in firm j comprises three components:
search costs SCj, adaptation costs ACj, and disruption costs DCj.9 Search costs are
also referred to as pre-match hiring costs, whereas adaptation and disruption costs incur
after the contract is signed are referred to as post-match hiring costs.

Search costs SCj = kj + lj +ej include the sum of job-posting costs kj (e.g., costs for
vacancy posts or inquiries at the employment o�ce), the cost involved in preparing, con-
ducting, and evaluating interviews with job candidates lj, and the costs incurred toward
external advisors or placement agencies ej. Adaptation costs arise due to the newly
hired skilled worker’s lower (initial) productivity and firm-financed training courses dur-
ing the adaptation period, and are given by ACj = m

i
j(1≠p

i
j)wi

j +(Ci
j +IC

i
j). p

i
j denotes

the relative productivity of the new hire during the adaptation period compared with
an average skilled worker with a comparable job in the firm. m

i
j represents the number

of months for which a new hire is less productive than an average skilled worker with a
comparable job. w

i
j is the average new hire’s wage during the adaptation period. The

costs of training courses and the second term entail the direct and indirect cost compo-
nents. Direct costs Cj includes course fees and other direct expenses. The indirect costs
ICj are opportunity costs because a new hire is absent from the workplace during the
training period. Disruption costs arise as new hires disrupt the production process in
the firm and are defined as DCj = h

m
j w

m
j +h

sw
j w

sw
j , where h

m
j (hsw

j ) denotes the average
number of hours that incumbent managers (skilled workers) provide informal training

8Furthermore, we compared the tightness (over time) in the sampled matches with the overall
reported tightness in those occupations for January 2015 and January 2019 using the o�cial statistics
of the FEA (compare Section 3.1) and did not find conspicuous di�erences.

9In describing the composition of hiring costs, we rely on Muehlemann and Pfeifer (2016) and
Muehlemann and Strupler Leiser (2018).
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Table 2: Main components of hiring costs

Working Sample Overall Sample

Mean SD Share Mean SD Share
Search Costs (SC) 1,627.21 2,791.98 15.88% 1,568.30 2,603.96 13.85%

Cost of job posting 612.27 1028.14 626.00 1,043.20
Use of external
advisors/headhunters 0.54 - 0.57 -

Time spent for job
interviews (in hours) 17.81 21.72 18.52 23.70

Average hourly
skilled worker wage 22.94 6.62 23.02 6.80

Adaptation costs (AC) 3651.93 5,543.22 35.63% 4,051.85 6,089.44 35.77%
Duration of adaptation
period (in months) 3.35 2.98 3.64 3.56

Costs for external
training courses 242.20 729.20 287.80 885.07

Disruption costs (DC) 4,970.19 8,376.21 48.49% 5,707.27 9,642.16 50.35%
Informal training (in hours) 180.50 286.32 200.37 309.07

Total hiring costs (HC) 10,249.32 13,579.66 100.00% 11,327.42 15,066.17 100.00%

Observations 630 2,874

Note: All costs are given in EUR unless otherwise stated.
Source: BIBB Cost-Benefit Survey 2017/18.

to the new hire and h
m
j (hsw

j ) is their hourly wage level. Thus, the overall firm-level
hiring costs for the last filled skilled worker vacancy are HCj = SCj + ACj + DCj.

Table 2 summarizes the hiring cost components for the last hires in the working
sample and the overall BIBB-CBS. The average hiring cost was approximately 10,000
EUR. Only 16% of these costs were incurred as direct search costs of finding and in-
terviewing suitable candidates. Disruption costs comprise 48% of these costs, whereas
adaptation costs comprise nearly 36%. Thus, a major portion of hiring costs arise after
the contract is signed, as new hires need to acquire new skills to perform their tasks.
This shows that new hires acquire much of their new skills either by independently
learning on the job and other forms of self-directed learning, or by acquiring the neces-
sary knowledge and skills from coworkers. The di�erent shares of the cost components
compare well with those in the overall sample. However, firms in the working sample
show a slightly higher share of search costs, whereas their disruption costs are lower
than those in the overall sample.

To gain the first intuition, Table 3 presents the average of the hiring cost compo-
nents, and the firm and worker characteristics for each tightness quartile. The table
shows that the costs involved in job posting and external training courses increase with
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Table 3: Summary statistics at di�erent values of tightness

Quartiles of (v/u)

xÆP25 P25<xÆP50 P50<xÆP75 x>P75

Search Costs
Cost of job posting (in EUR) 432.25 457.38 761.84 797.97

(833.98) (774.91) (1145.20) (1235.64)
Use of external advisors/
headhunters

0.50
(-)

0.51
(-)

0.59
(-)

0.57
(-)

Time spent for job interviews
(in hours)

19.7
(23.71)

15.08
(15.98)

18.90
(24.41)

18.05
(21.67)

Adaptation Costs
Duration of adaptation period
(in months)

3.15
(2.49)

2.97
(2.91)

3.63
(2.74)

3.66
(3.64)

Costs for external training courses
(in EUR)

122.12
(372.27)

185.51
(547.14)

308.25
(778.43)

355.69
(1029.96)

Productivity deduction
at end of adaptation period (in %)

8.08
(11.81)

9.25
(11.57)

9.89
(12.68)

11.42
(15.16)

Disruption Costs
Disruption time (in hours) 165.88 142.80 202.26 210.87

(142.80) (214.49) (272.64) (399.12)
AKM firm e�ects 0.21 0.26 0.26 0.27

(0.18) (0.19) (0.17) (0.18)
Selectivity Measure
for hiring standard

-0.04
(0.22)

0.01
(0.24)

-0.05
(0.26)

-0.07
(0.23)

Occupational experience
in years

8.31
(8.10)

9.51
(9.07)

8.32
(8.40)

9.86
(9.44)

Ln (entry wage) 4.35 4.40 4.42 4.44
(0.34) (0.37) (0.38) (0.33)

Number of observations 159 156 158 157

Note: Standard errors in parentheses. The selectivity measure for the firm’s hiring standard is
defined as di�erence between the AKM worker e�ect of the new hire and the average AKM e�ects
of the rest of the firm’s workforce (compare Equation 2). The entry wage is the daily wage in EUR
deflated by the CPI to 2015 levels.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statistics
of the German Federal Employment Agency.

higher tightness quartiles. The increase in average adaptation period and disruption
time is consistent with tightness distribution. Similarly, we observe a positive correla-
tion between productivity deductions at the end of the onboarding period and tightness.
This suggests that new hires are comparatively less productive at the end of the adap-
tation period, specifically when hired during situations of skill shortage. The selectivity
measure for the firm’s hiring standard reflects the new hire’s innate ability compared to
the average workforce, and is defined as the di�erence between the AKM worker e�ect
of the new hire and the average AKM e�ects of the rest of the firm’s workforce. The
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selectivity measure, occupational experience, and entrance wages do not show a clear
relationship with tightness.

5 Empirical Strategy

We linked the survey information on the recruitment costs of the respective filled va-
cancies to labor market tightness as well as worker and firm characteristics.

The hiring cost components are positively skewed, with some meaningful zero-valued
observations. Therefore, we apply a Poisson pseudo-maximum likelihood (Poisson
PML) estimator (Wooldridge, 2010; Santos Silva and Tenreyro, 2011), which was re-
cently applied, for example, in Flueckiger et al. (2022). The job-posting costs for hiring
skilled worker i for firm j are given by

ki = exp
3

– + —1(
v

u
)tor + —2Xj + —3·t + —4“s

4
+ ‘i, (1)

where ( v
u)tor is the vacancy-unemployment ratio of a filled vacancy during month

t in occupation o and federal state r. We control for year and sector fixed e�ects
(represented by ·t and “s, respectively).10 Sector information is available at the 1-digit
level of the Classification of Economic Activities 2008 (WZ 2008). Xj is a vector with
firm-specific characteristics, including location in East or West Germany, firm size,
hiring rate, average wage for skilled workers during the hiring year, and the AKM firm
e�ect. Hiring rate is defined as the number of newly hired skilled workers divided by the
average employment stock of skilled workers during the hiring year and the occupation
of the filled vacancy (cf. Lochner et al., 2021; Muehlemann and Strupler Leiser, 2018).
‘i is the error term.

In the regressions on the post-match hiring cost components, we also control for char-
acteristics specific to skilled worker i filling the vacancy; namely, gender, occupation-
related experience, and person AKM e�ects. Thus, the vector with the control variables
becomes Xij for these estimations.

5.1 Endogeneity concerns

Local labor-market tightness ( v
u)tor is unlikely to be exogenous to a firm’s hiring deci-

sions. Two distinct mechanisms link unobserved productivity shocks to our per-hire cost
measures. First, when a firm experiences a positive productivity (or demand) shock,
the expected surplus from an additional filled job rises. The firm, therefore, posts more

10Note that including year by sector fixed e�ects does not a�ect our results.
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vacancies, pushing up the vacancy-to-unemployment ratio ( v
u)tor in the occupation–

region–time cell. If we regress hiring costs on ( v
u)tor without further controls, part of

the productivity e�ect is mechanically attributed to tightness, biasing the tightness
coe�cient upward. Second, the same productivity shock increases the value of a filled
job in a standard search-and-matching model, prompting firms to intensify their search,
screening, and onboarding e�orts – expenditures that enter our cost measures directly.

To isolate the variation in hiring costs orthogonal to productivity, we include (i)
the AKM firm e�ect, a time-invariant wage premium reflecting long-run di�erences in
technology, organizational capital, or brand attractiveness, and (ii) the AKM worker
e�ect, which captures person-specific ability that is valued similarly across employers.
Including these e�ects mitigates permanent productivity heterogeneity at both firm and
worker levels, while year, sector, and region dummies absorb aggregate shocks. After
these controls, our identifying variation derives from di�erences in occupation-specific
tightness across time within local labor markets, for instance, comparing the cost of
hiring an electrician versus a plumber in the same region and month.

Moreover, firm-specific transitory factors a�ect the individual firm’s hiring costs
but have a negligible impact on the market-level ( v

u)tor, e�ectively breaking the link
between the omitted variable and our regressor. In contrast, cell-wide transitory shocks
– those a�ecting many firms in the same occupation-region time cell – move both hiring
costs and tightness simultaneously and could bias the coe�cient upward. Reassuringly,
the tightness coe�cients remain unchanged after adding firm and AKM worker e�ects
(Table 4). While bias from transitory cell-wide shocks cannot be definitively ruled out,
the coe�cient stability provides suggestive evidence that such shocks are not first-order.

Finally, reverse causality could arise if firms anticipating high hiring costs post fewer
vacancies, mechanically reducing ( v

u)tor. However, our focus on small and medium-sized
firms limits their individual impact on market-level tightness.

Taken together, while upward bias from unobserved cell-wide shocks remains possi-
ble, bias due to reverse causality works in the opposite direction. We, therefore, refrain
from making causal statements and interpret our estimates as robust associations of
the causal e�ect of labor-market tightness on hiring costs.

6 Empirical Results

This section presents our results on the relationship between labor market tightness
and a firm’s search e�orts, hiring standards, and entry wages.

Subsequently, we show the results of the association between tightness and post-
match hiring costs (i.e., adaptation and disruption costs). Table 4 summarizes the
main results.
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Table 4: Summary of regression results

Parsimonious
Model

Model with
Full Controls

Job posting costs (in EUR) 0.159*** 0.153***
(0.052) (0.050)

Time spent for job interviews (in h) -0.038 -0.025
(0.050) (0.049)

Headhunters/external placement agency 0.027 0.037*
(0.021) (0.021)

Hiring standard (std) -0.081** -0.100**
(0.039) (0.041)

Occupational experience (in years) 0.048 0.024
(0.039) (0.038)

Ln entry wage 0.015 0.004
(0.013) (0.012)

Duration adaptation period (in months) 0.084** 0.095**
(0.041) (0.041)

Productivity deduction end of adaptation period (in %) 0.111* 0.138**
(0.061) (0.061)

Costs for external training courses (in EUR) 0.348*** 0.325***
(0.120) (0.107)

Disruption time (in h) 0.096* 0.119**
(0.055) (0.053)

Observations 630 630

Notes: Coe�cients and robust standard errors in parentheses refer to the Poisson PML re-
gressions of the dependent variables (rows) on the standardized (v/u) ratio (Tables B1–B10).
In the parsimonious model (Model 1 in Tables B1–B10), we control for both year- and sector
fixed e�ects and the firm’s location in East or West Germany. In the model with full controls
(last specification in Tables B1–B10), additionally, we include controls for the firm size, hiring
rate, and AKM firm e�ects for search costs and add age, gender, occupational experience, and
AKM worker e�ects in the estimations on post-match hiring costs. The full model on the hir-
ing standard (entry wage) additionally controls for the employment s.t. social security before
the firm entrance (the firm’s coverage of a collective agreement). Entry wage is the daily wage
in EUR deflated by the CPI to 2015 levels. Significance levels are * p<0.1, ** p<0.05, ***
p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial
Statistics of the German Federal Employment Agency.

6.1 Tightness and search costs

Firm’s recruitment e�orts determine its capacity to fill a vacancy successfully, as re-
flected in increased spending on advertising a vacancy, additional time spent screening
applicants and inviting candidates for job interviews or contracting headhunters and
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external placement agencies. We find that labor market tightness is positively and
significantly associated with the cost of job posting, consistent with Muehlemann and
Strupler Leiser (2018). In the baseline specification, a one-standard deviation increase
in the v/u ratio is associated with a 15.9% increase in job posting costs (Table 4, par-
simonious model). The magnitude of the coe�cient remains largely una�ected when
control variables such as firm size, hiring rate, skilled workers’ wages, and AKM e�ects
were included. Although job posting costs are strongly associated with skilled workers’
wage levels (Table B1, Model 4), the coe�cient of tightness decreases only slightly.11

In our preferred specification, wherein firm fixed e�ects are controlled (Table 4, second
model), an increase in the v/u ratio by one standard deviation is associated with a
15.3% increase in the cost of job posting, corresponding to 94 EUR on average. We
find no association between the time firms spend on job interviews and the probability
to use external placement agencies.

6.2 Tightness and hiring standards

Although German firms spend financial resources posting vacancies, we cannot assess
if this increased recruitment e�ort is su�cient to hire workers who fully meet the firm’s
requirements. To empirically evaluate if firms lower their hiring standards in tight labor
markets, we use a measure of the new hire’s ability relative to the average worker’s
ability in the firm. Following Carrillo-Tudela et al. (2023), the selectivity measure sjt is
defined as the di�erence between the AKM e�ect of a newly hired skilled worker (–new

i )
and the average AKM e�ects of the rest of the workforce (Njt), except from the new
hire.

sjt = –
new
i ≠ 1

Njt

ÿ

iœNjt

–i. (2)

Regressing our selectivity measure on (v/u) suggests that firms lower their hiring
standards in terms of the general innate ability when faced with tighter labor markets.
An increase in tightness by one standard deviation is associated with a decrease in the
relative hiring standard of 0.10 standard deviations (Table B4, Model 3). The coef-
ficient’s size remains similar if we control for the new hire’s occupational experience
and labor market participation subject to social security prior to firm entry (Table
B4, Models 4 and 5). This indicates that relaxing such requirements with respect new

11Firms that pay higher wages may be more specialized, and this may require a more specific and
expensive job posting. However, we do not find any statistically significant evidence that a higher wage
rate for skilled workers also increases the likelihood of firms using external advisors or headhunters
(Model 4 in Table B3).
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hires’ occupational experience does not seem to be an adjustment channel for firms to
reduce the frictions involved in hiring. To provide direct evidence for this, we regress
occupational experience in years at the time of firm entry on tightness (Table 4 and
B5).12 This result indicates an economically small and statistically insignificant coe�-
cient. Thus, we do not find any evidence of firms making concessions on occupational
experience when labor markets are tight.

6.3 Tightness and entry wages

A third channel to increase the speed and likelihood of filling vacancies is to raise the
entry wages for new hires. However, we do not find a statistically significant relationship
between tightness and new hires’ entry wages (Table 4 and B6), even when controlling
for the coverage of collective agreements that lower the firm’s wage-setting power. The
lack of wage adjustments may be due to the institutional peculiarities of the German
labor market. Our finding is largely consistent with Mueller et al. (2024) and Börschlein
et al. (2024) but contrary to the findings in less-regulated labor markets (Azar et al.,
2022; Bassier et al., 2023; Marinescu and Woltho�, 2020).13

6.4 Tightness and adaptation costs

Lowering hiring standards can potentially result decline the productivity of newly hired
individuals relative to recruits based on higher standards. Lower productivity may
induce a higher initial training investment. Therefore, we analyze if filling a vacancy in
tight labor markets is associated with a longer adaptation period, lower productivity
of new hires after completing the onboarding period, or increased costs for external
training courses and informal training provided by coworkers.

We find that a one standard deviation increase in tightness is associated with a
9.5% increase in the duration of the adaptation period (second model in Table 4), which
corresponds to 0.3 months or approximately 10 days given an average adaptation period
of 3.4 months in our sample.

Furthermore, labor market tightness is positively and statistically significantly re-
lated to the costs of external training courses during the adaptation period (Cj). Our
preferred specification shows that an increase in labor market tightness by one standard

12As occupational experience is correlated with age, we include a quantile regression that allows
the coe�cient of tightness to di�er across the distribution of experience. This does not yield di�erent
results.

13Börschlein et al. (2024) report an upper bound of 0.01 for the wage elasticity with respect to
labor-market tightness based on an instrumental variable regressions for Germany between 2012 and
2022. Although economically small, their estimate is statistically significant given their large sample
size (over eight million observations), and notably close to our point estimate of 0.008 (Table B6).
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deviation is associated with a 32.5% increase involved in a firm’s costs for external train-
ing courses (second model in Table 4). However, although the coe�cient size is large,
absolute costs are comparably small, as firms spend an average of 242 EUR (Table 2)
on external training for a new hire.

Finally, our results indicate that the lower general ability of new hires in tight labor
markets relates to workers’ productivity in the middle term. The point estimate of the
Poisson PML regression implies that a one standard deviation increase in tightness is
associated with a 13.8% lower productivity of new hires by the end of the onboarding
period relative to the firm’s average skilled worker (Table 4, second model). However,
we cannot confirm this finding in all our robustness checks (see Section 6.6).

6.5 Tightness and disruption costs

Table 4 results show that labor market tightness is positively associated with disruption
time. According to the full model, a one standard deviation increase in the (v/u) ratio
is associated with an 11.9% increase in disruption time. A firm facing an average
disruption time of 181 hours (Table 2) would experience a 22-hour increase in the time
spent by coworkers and managers in providing informal training to new hires when
tightness increases by one standard deviation. Controlling for AKM firm and worker
e�ects does not significantly change the point estimate to a remarkable extent (Models
4–5 in comparison to Models 2–3 in Table B10). Furthermore, controlling for a new
hire’s occupational experience before entering the firm in Model 6 does not change the
estimated coe�cient of tightness, implying that our estimates are not primarily driven
by the lower occupational experience of the new worker when labor markets are tight.

6.6 Robustness and further analysis

To verify our results, we conduct several robustness checks (Table B11). First, we
run separate regressions using additional and varying controls. Our treatment of la-
bor market tightness is merged at the occupational level. Nevertheless, we challenge
our findings by additionally controlling for occupational fields as classified in Tiemann
et al. (2008) (e.g., Bachmann et al., 2022; Lechmann and Schnabel, 2014 for applica-
tions). In contrast to KldB 2010, individual occupational fields are grouped based on
the similarity of their tasks. Apart from the coe�cient of the costs for external training
courses, which becomes statistically insignificant, our results remain stable. In our main
specifications, we rely on self-reported economic sector data from the CBS survey, as
we perceive this information as highly reliable and expect it to capture recent changes
more accurately than administrative data. Nevertheless, we use sector information al-
ternatively from administrative data and show that this does not change our findings
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meaningfully. It could be the case that labor market tightness has increased especially
in occupations that require much more informal training during the adaptation period.
To capture this, we control for the task complexity that firms specified for the filled
vacancy.14 The results remain robust. In the last two regressions, we test the sensi-
tivity of our results to log-like specifications frequently used in settings with intensive
and extensive margins (Chen and Roth, 2023). Instead of Poisson PML regressions,
we use ln(Y+1) and inverse hyperbolic sine (ihs) transformations.15 In both log-like
transformations, the coe�cient of productivity deduction at the end of the adaptation
period retains a comparable size but becomes statistically insignificant. We argue that
firms lower their hiring standards when labor markets are tight, however, investments in
informal learning provided by coworkers can compensate partially for the productivity
di�erential, such that we do not find a robust productivity deduction at the end of the
adaptation period in all specifications. The statistical significance of the coe�cients for
the duration of the adaptation period and disruption time decreases slightly, but the
coe�cient size remains similar. The point estimate for job-posting costs is higher in
the ihs-transformation. However, one needs to be careful in interpreting this coe�cient
as semi-elasticity (Bellemare and Wichman, 2020), and we regard the coe�cient as
confirmation of a statistically significant relationship. Overall, the log-like transforma-
tions confirm the statistically significant relationship between tightness and job-posting
costs, adaptation period duration, and disruption time.

The strong association between labor market tightness and post-match hiring costs
raises a question about the underlying mechanism. Our findings show that firms operat-
ing in tight labor markets lower their hiring standard, indicating that higher post-match
training investments are driven by the lower ability of new hires. While a causal test
of this hypothesis is not possible in our setting, a mediation analysis o�ers valuable
insights. We employ a generalized structural equation model (gsem) to quantify the
extent to which the total relationship between tightness and post-match hiring costs
is mediated through the channel of the hiring standard ("indirect relationship"). This
indirect relationship is computed as the product of the correlation between tightness
and the hiring standard and the correlation between the hiring standard and the post-
match hiring cost component. If a lower hiring standard is the primary driver of the
observed association, we would expect a positive and economically meaningful indirect
relationship. The results presented in Table B12 show that the proportion of the total
relationship between tightness and post-match hiring costs that is attributable to the

14To control for task complexity, we include two dummy variables for the above-median frequency
of non-routine and analytic tasks, respectively.

15The inverse hyperbolic sine transformation is arcsinh(Y ) = ln(Y +
Ô

Y 2 + 1); see Bellemare and
Wichman (2020).
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indirect pathway through the hiring standard does not exceed 5% for any component
of post-match costs, and is even slightly negative in the case of disruption time. These
findings do not provide evidence that the comparatively lower ability of new hires con-
tributes to higher post-match costs. Instead, the results suggest that labor market
tightness drives the post-match costs on a larger scale. We argue that this finding is
plausible because firms tend to operate at full capacity in tight labor markets. The
resulting high work volume of coworkers prolongs the onboarding period and informal
training that coworkers provide to the new hire.

7 Discussion

7.1 Embedding results in previous findings

We begin by embedding our results on the association between hiring costs and tight-
ness in empirical findings. The observed significance and economic relevance of the
relationship between tightness and search costs correspond with the studies so far. We
find that an increase in the tightness of one standard deviation is associated with an
estimated increase in the cost of job posting of 15.3%, consistent with Muehlemann
and Strupler Leiser (2018), who report a corresponding increase of 31% in advertising
costs for Switzerland using panel data, and Kiarsi and Muehlemann (2021), who use
the German Job Vacancy Survey and document that a 10% increase in tightness is as-
sociated with an 8.7% increase in non-labor expenses to fill a vacancy (mainly costs for
job advertising). Similarly, the statistically insignificant relationship between tightness
and the overall time spent on job interviews is consistent with the findings of Kiarsi
and Muehlemann (2021).

However, the situation is di�erent for post-match hiring costs, which comprise more
than 80% of overall hiring costs. We find that a one standard deviation increase in
tightness is associated with an 9.5% (on average, 10 days) increase in the duration
of the adaptation period, which contrasts with the findings of Muehlemann and Stru-
pler Leiser (2018), who report statistically no significant relationship in the cross-section
and even a negative e�ect of -11.6% in a panel data regression. Furthermore, we find a
positive association between training course costs and tightness, whereas Muehlemann
and Strupler Leiser (2018) do not report a statistically significant relationship. An ex-
planation for these diverging findings is that a stronger increase in search costs in Swiss
firms in response to tighter labor markets may be su�cient for firms to find suitable new
hires without having to reduce hiring standards or increase post-match training. How-
ever, the Swiss data do not include information on hiring standards or starting wages
for new hires; thus, an explicit empirical comparison of the di�erences in the hiring
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behavior of German and Swiss firms is not possible. Our most striking finding is that
tightness is related to informal training of coworkers; a one standard deviation increase
in tightness is associated with an additional 22 hours of informal training, which is an
economically meaningful size. In contrast, Muehlemann and Strupler Leiser (2018) find
that this relationship is comparably small and statistically insignificant.

7.2 Contribution to informal learning literature

Our study is the first to report a strong association between labor market tightness and
informal training, thereby contributing to the literature on informal coworker learn-
ing (compare Bishop, 1997; Asplund, 2004 for overviews). Prior literature on informal
coworker learning has primarily analyzed the outcomes for workers and firms, while
the relationship to business cycle conditions remains unexplored. The first strand of
research in this field focuses on the impact of coworker learning on individual human
capital accumulation. Loewenstein and Spletzer (1999), one of the first empirical stud-
ies in this area, use US data on youth, including information on informal on-the-job
training. They show that most workers receive informal training at the beginning of
their jobs and the combination of formal and informal training contributes to within-
job wage growth to a sizable amount. Although these authors mention the importance
of distinguishing between formal training, informal training, and learning-by-doing,
their data were a�ected by measurement errors. Latest studies analyzing the impact of
informal learning from coworkers on individual returns to human capital show that hav-
ing highly paid or educated coworkers is strongly associated with future wage growth
(Jarosch et al., 2021 for Germany; Nix, 2020 for Sweden); however, this cannot quantify
the amount of informal training provided.

The second strand of research directly quantifies the production e�ects of coworker
learning at the institutional level. Bartel et al. (2014), for example, report positive
production outcomes of human capital that are specific to shared knowledge, experi-
ences, and relationships among team members using disruptions in the composition
within nursing teams. Papay et al. (2020) study the impact of an intervention that en-
courages coworker learning among school teachers and find improvements in their job
performance. In addition, the positive e�ect of coworker training on the productivity
of untrained workers, either due to knowledge spillover or peer pressure, has been doc-
umented (De Grip and Sauermann, 2012). We contribute to the literature on informal
training provided by coworkers from a di�erent angle, as we have direct measures of the
amount of training during onboarding and its relationship to labor market tightness.

22



7.3 Study Limitations

Although we draw on highly detailed merged survey-register data to estimate how
firms adjust their hiring behavior when labor markets are tight, our study has some
limitations. To measure a firm’s hiring standard, we rely on the AKM worker e�ects,
which are common in the literature (Carrillo-Tudela et al., 2023; Mueller et al., 2024;
Butschek and Sauermann, 2022; Butschek, 2022). As Butschek (2022) points out,
measuring the hiring standard via AKM e�ects has the advantage of being a continuous
measure that is more nuanced than the level of schooling. This holds true in our case,
as the highest level of education for most new hires is vocational training. However,
wages reflect productivity to a limited extent in professions such as education, collective
bargaining restricts the link between productivity and wages, and AKM worker e�ects
often capture a worker-firm match quality element (see Butschek, 2022 for an extensive
discussion). Our regressions are restricted to the reported hiring costs for successful
job matches. However, costs that were incurred for job posting, interviews, external
advisors but did not lead to a job start were not reported in our data. Thus, we
may underestimate the relationship between tightness and job posting costs. Overall,
we acknowledge the lack of exogenous variation in the identification of the analyzed
relationships. However, our study delivers valuable insights. It is the first that has
individual information on a new hire filling a specific vacancy as well as AKM worker-
and firm e�ects. Contrary to prior research that lacks such detailed data, our study
makes a valuable contribution to understanding how firms cope with labor shortages.

8 Conclusion

This study examines empirically how firms adjust their hiring strategies – from recruit-
ment through onboarding – as labor markets become tighter. We show that post-match
expenditure dominates total hiring costs, comprising approximately 84 percent, with
informal coworker training accounting for close to half this amount. Despite tight labor
market conditions, firms make minimal adjustments to wages. Instead, a one standard
deviation increase in labor market tightness is associated with firms reducing hiring
standards by around 0.1 standard deviations, reflecting lowered selection criteria. This
decline in hiring standards coincides with increased post-hire investments: informal
training hours rise by about 12 percent, and the adaptation period extends by ap-
proximately 10 percent for each standard deviation increase in tightness. However,
our results suggest that it is not the lower ability of new hires that drives post-match
costs on a larger scale, but rather labor market tightness itself influences these costs.
We argue that the high work volume of coworkers in tight labor markets prolongs the
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onboarding process, including informal training.
The observed absence of wage adjustments alongside these costly non-wage responses

reveals notable features of the German labor market. Instead of increasing wages to
attract higher-ability workers, firms opt to hire lower-ability candidates and invest sig-
nificantly in post-hire training – a strategy that is consistent with firms having substan-
tial wage-setting power. For search-and-matching models, our evidence suggests that
post-match investments may be more important than pre-match search costs in terms
of how firms respond to business cycle fluctuations. Future research should investigate
the persistence of these patterns across diverse institutional contexts and explore the
long-run implications of firms relying on training rather than wage adjustments to clear
labor markets.

Declaration of generative AI and AI-assisted technologies in the writing

process: During the preparation of this work, the authors used Claude Opus 4 to refine
the text and improve readability. After using this tool/service, the authors reviewed
and edited the content as needed and take full responsibility for the content of the
publication.
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A Data

We used linked data to study the relationship between labor market tightness and hiring
standards, wages, and hiring costs. This section explains the process by which we link
the records and identify the most recently hired skilled workers in detail.

A.1 Record linkage

We only linked administrative data to survey firms that explicitly allowed data mergers.
For this purpose, the CBS includes a question regarding consent to link survey data to
IAB administrative data. This question entails information on IAB’s data protection
policy. Of the 4,045 surveyed firms, 2,434 agreed to the data merge. Each firm address
has a unique ID to link the survey data to individual- and firm-level administrative data.
However, as 37 survey firms did not have equivalent identifiers in their administrative
data, we dropped these firms. For firms with more than 1,000 employees, a 20% sample
of all employees was recorded.16 As we focus on the most recently hired skilled workers,
we excluded these large-sample firms. This yielded 2,364 merged firms with a maximum
of 1,000 employees.

To ensure su�ciently high linkage quality, we compared the number of employees
that the survey firms reported for the reference day (September 30, 2017) to the aggre-
gated employment records encompassing this date in the IEB (cf. Dietrich et al., 2014).
We must consider two aspects here. First, the survey restricts the number of employees
considered to the firm’s permanent sta�,17 and the respective records are picked from
the IEB. Second, for some employees, the IEB showed duplicate job spells, including
the reference day. We excluded duplicates from the IEB data to assess the number of
employees. Following Dietrich et al. (2014), we defined linkage quality as su�ciently
high if the absolute di�erence between the number of employees reported in the survey
and the number of employees in the IEB is less than half the width of the respective
firm size category. This comparison shows that 90.02% of CBS firms (2,128 of 2,364
CBS firms) can be linked with justifiable di�erences in firm size, which is comparable
to the linkage quality of BIBB-CBS 2007 described in Dietrich et al. (2014). Note that
198 of the sampled firms that could not be linked showed significant di�erences in firm
size, whereas four firms could not be merged because of missing firm size data, and 34
firms did not show registered employees on the reference day.

Broadly, we followed Dauth and Eppelsheimer (2020) to calculate real wages (daily
16Note that the size is determined on the reference day of the survey, that is, September 30, 2017.
17The survey asks for number of employees subject to social security on the reference date, including

family helpers and working proprietors, and excludes temporary agency workers, freelance employees,
contractors, free-based employees, interns, and apprentices.
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wages in EUR, deflated by the CPI to 2015 levels) and imputing top coded wages at
the upper limits for compulsory social insurance. If an individual holds more than
one job simultaneously, we retained their main job, which is defined as the job with
the highest daily wage. We included information on the average wage by qualification
group and economic sector from the BHP. The BHP can be linked through the firm ID.
Furthermore, we merged AKM worker and firm e�ects with our data made available
by the IAB (Bellmann et al., 2020). Using longitudinal information on each worker,
we could mark employer changes, re-employment, and periods of unemployment. As
the spells were cut prior to September, 30, 2014, we mark employees’ entry and exits
from firms for the subsequent changes. We excluded individuals with more than 100
status changes within the observation period, as this indicates exceptional short-term
employment relationships.

A.2 Identifying most recently hired skilled workers in the ad-

ministrative data

Our record linkage yields 239,228 employees in 2,128 CBS firms. These form the
initial sample used to identify newly hired skilled workers (see Table A1). There is
no worker ID that allows us to directly identify the last-hired skilled worker to whom
the hiring information refers in the CBS. However, the CBS provides information on
the occupation, occupational experience, entrance year, and skill level of the last-hired
worker that we exploited for this purpose. We reduced the pool of potential employees
gradually instead of excluding all the firms because a few employees entered two di�erent
CBS firms during the observation period.

Table A1 lists the steps to identify the last hired skilled workers in the IEB. First,
we restricted the survey to persons entering a CBS firm that recorded a newly hired
skilled worker between 2015 and 2019, which applies to 1,538 CBS firms. Second, we
restricted employees to small and medium-sized firms (SMEs) with a maximum of 249
employees; as these firms rarely hire multiple employees with similar characteristics
simultaneously, the prospect of finding the correct reported hire is very high. Third,
we restricted the sample to skilled workers employed regularly in the CBS firm. We
assessed skilled workers as those whose skill requirement is professional or specialist,
as measured by the 5th digit of the occupational code (KldB 2010) at the entry stage.
Fourth, to retain regularly employed workers, we excluded those workers labeled as
apprentices, interns, or working students, and workers who are marginally employed or
part of publicly subsidized employment at the hiring stage. Fifth, we aligned the BIBB-
CBS survey and IEB information to ensure occupational correspondence by keeping
new hires whose occupations are equal in the survey and IEB data at the 2-digit level
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of the KldB 2010. Furthermore, we ensured plausibility with respect to occupational
experience by restricting the sample to employees whose age is probable in the context
of the reported years of occupational experience in the CBS.18 Next, we ensured that the
entrance date in the IEB corresponded to the survey information. More precisely, we
assume that the employee’s entrance year observed in the IEB deviates by a maximum
of one year from the specified entrance year in the survey. Furthermore, we kept hired
skilled workers whose entry to the BIBB-CBS firm was prior to the interview date,
such that the reported duration of the adaptation period had already passed until the
interview took place.19 Moreover, we excluded hired employees who stayed within the
CBS firm for a shorter period than the reported adaptation phase. Employees in the
resulting sample of 986 CBS firms met the criteria for hired skilled workers, as reported
in the survey. Sixth, we adopted the firm’s perspective and retained employees hired
closest to the interview date.20 The resulting sample comprised 931 employer-employee
matches from the most recent hires.

18More precisely, we excluded individuals whose age at the time of hiring was less than the years
of occupational experience plus 15 years. In case information on occupational experience was missing,
we did not sort out these individuals.

19We allowed for a maximal deviation of half a month in the di�erence between (entrance and
interview date in months) and the duration of the adaptation period in months.

20We excluded 59 CBS firms that simultaneously hired more than one skilled worker satisfying all
of criteria at their last hiring date.
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Table A1: Steps to identify a newly hired skilled worker in the IEB

No. of
individuals

No. of
CBS firms

Initial Sample 239,228 2,128

Step 1: Restricting to workers entering a recruiting CBS-firm between
2015 and 2019 91,813 1,538

Step 2: Restricting to workers entering a small and medium-sized
CBS-firm (SME-CBS) 68,022 1,468

Step 3: Restricting to skilled workers (skill requirement of job
in CBS-firm is professional or specialist) 45,737 1,443

Step 4: Restricting to skilled workers employed on a regular
basis (not registered as apprentices, interns, working students,
marginally employed or publicly subsidized at the hiring stage)

32,331 1,384

Step 5: Restricting to employees whose attributes w.r.t their
occupation, occupational experience as well as entrance- and tenure
information are consistent in survey- and IEB data

- Occupation: Correspondence in occupational code
(KldB 2010, 2-digit) 14,089 1,247

- Occupational experience: Employees’
age at the hiring stage refers to the years of occupational
experience plus 15 years

12,438 1,198

- Entrance date/tenure:

- Entrance year in the IEB corresponds to the
survey information (+/- 1 year) 6,656 1,106

- Entrance date in IEB is prior to the interview date and
the reported duration of the adaptation period in the survey
is a maximum of one month beyond the interview date

4,525 1,010

- Observed tenure in the CBS firm is at least as long as the
reported adaptation period 4,010 986

Step 6: Keeping the last hired skilled worker that entered the firm
closest to the interview date (Note that 55 firms hired more than one
potential new hire at the last hiring date)

931 931

Step 7: Keeping worker-firm matches where new hire enters in full-time 730 730

Step 8: Keeping matches with non-missings in key recruitment costs
and control variables 630 630

Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies.
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Table A2: Probit Regression on the firm’s consent to merge data

Firm’s consent to merge data

(1) (2)

Coe� SE Coe� SE

Firmsize
10-49 employees -0.094 (0.061) -0.107ú (0.063)
50-249 employees -0.163úú (0.067) -0.150úú (0.070)

Region
West Germany -0.312úúú (0.079) -0.302úúú (0.079)

Sector
Manufacturing (C) 0.375úú (0.169)
Construction (F) 0.431úúú (0.167)
Wholesale and retail trades (G) 0.226 (0.158)
Transportation and storage (H) 0.067 (0.203)
Accommodation and food service activities (I) 0.220 (0.175)
Information and communication;
Real estate activities; Business service (J,L,M,N) 0.02430 (0.156)

Financial and insurance activities (K) 0.060 (0.247)
Public administration and defense (O) 0.002 (0.220)
Education (P) -0.061 (0.238)
Human health services; Residential care
and social work activities (Q) 0.190 (0.166)

Other services (R,S,T,U) 0.018 (0.172)

Constant 0.674úúú (0.085) 0.496úúú (0.167)

Pseudo R2 0.007 0.016
Observations 2,551 2,551

Notes: Probit regression on firms’ consent to merge data. The sample comprises N=2,551
recruiting SMEs in the sample from which N=1,590 agreed to merge the data and N=961 did
not agree. Robust standard errors in parentheses. Significance levels are * p<0.1, ** p<0.05,
*** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18.
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Table A3: Probit Regression on whether the firm is included in the Working Sample

Firm included in the Working Sample

(1) (2)

Coe� SE Coe� SE

Firmsize
10 – 49 employees 0.407úúú (0.077) 0.381úúú (0.080)
50 – 249 employees 0.411úúú (0.086) 0.428úúú (0.090)

Region
West Germany 0.052 (0.090) 0.070 (0.092)

Sector
Manufacturing (C) 0.021 (0.217)
Construction (F) 0.222 (0.214)
Wholesale and retail trades (G) -0.111 (0.208)
Transportation and storage (H) 0.015 (0.270)
Accommodation and food service activities (I) 0.136 (0.228)
Information and communication;
Real estate activities; Business service (J,L,M,N) -0.067 (0.207)

Financial and insurance activities (K) -0.070 (0.325)
Public administration and defense (O) -0.490 (0.303)
Education (P) -1.072úúú (0.382)
Human health services; Residential care
and social work activities (Q) -0.504úú (0.222)

Other services (R,S,T,U) -0.393ú (0.233)

Constant -0.597úúú (0.099) -0.511úú (0.217)

Pseudo R2 0.016 0.041
Observations 1,590 1,590

Notes: Probit regression on dummy variable indicating if the firm is included in the Working
Sample. The sample comprises N=1,590 recruiting CBS-SMEs that agreed to merge the data
from which N=630 firms are in the Working Sample and N=960 are not. Robust standard
errors in parentheses. Significance levels are * p<0.1, ** p<0.05, *** p<0.01.
Source: BIBB Cost-Benefit-Survey 2017/18, Integrated Employment Biographies.
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B Regression tables

Table B1: Poisson PML regression with job posting costs as the dependent variable

Job-posting costs (in EUR)

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

(v/u) (std) 0.159úúú 0.158úúú 0.150úúú 0.133úúú 0.153úúú

(0.052) (0.052) (0.052) (0.049) (0.050)

10 – 49 employees 0.899úúú 0.953úúú 0.767úúú 0.819úúú

(0.212) (0.212) (0.212) (0.214)

50 – 249 employees 1.326úúú 1.228úúú 1.089úúú 1.187úúú

(0.229) (0.231) (0.230) (0.228)

Ln (hiring rate) 0.137 0.311úúú 0.181ú 0.153ú

(0.092) (0.119) (0.095) (0.090)

Ln (hiring rate) x (50-249 employees) -0.424úúú

(0.163)

Ln (skilled worker wage) 1.047úúú

(0.280)

Constant 5.529úúú 5.376úúú 5.452úúú 0.969 5.190úúú

(0.881) (0.818) (0.768) (1.436) (0.817)

Year Controls yes yes yes yes yes
Sector Controls yes yes yes yes yes
East Germany yes yes yes yes yes
AKM firm e�ects no no no no yes

R2 0.113 0.165 0.177 0.190 0.180
Observations 630 630 630 630 630

Notes: Job posting costs are measured in EUR and include costs for, e.g., vacancy posts or inquiries
at the employment o�ce. Labor market tightness (v/u) is the relationship between vacancies and
unemployment and is standardized. Skilled workers’ wage represents the mean and stems from the
BHP. Hiring rate is defined as the number of newly hired skilled workers divided by the average
employment stock of skilled workers during the hiring year and occupation of the filled vacancy
within the IEB. Robust standard errors in parentheses. Significance levels are * p<0.1, ** p<0.05,
*** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statis-
tics of the German Federal Employment Agency.
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Table B2: Poisson PML regression with time for job interviews as the dependent vari-
able

Time for job interviews (in hours)

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

(v/u) (std) -0.038 -0.024 -0.027 -0.031 -0.025
(0.050) (0.049) (0.049) (0.049) (0.049)

10 – 49 employees 0.395úúú 0.411úúú 0.360úúú 0.376úúú

(0.133) (0.134) (0.134) (0.137)

50 – 249 employees 0.672úúú 0.630úúú 0.608úúú 0.641úúú

(0.131) (0.130) (0.136) (0.137)

Ln (hiring rate) 0.140úú 0.203úú 0.153úú 0.142úú

(0.062) (0.079) (0.063) (0.062)

Ln (hiring rate) x (50-249 employees) -0.165
(0.114)

Ln (skilled worker wage) 0.309
(0.208)

Constant 2.593úúú 2.636úúú 2.659úúú 1.328 2.599úúú

(0.757) (0.714) (0.704) (1.169) (0.720)

Year Controls yes yes yes yes yes
Sector Controls yes yes yes yes yes
East Germany yes yes yes yes yes
AKM firm e�ects no no no no yes

R2 0.097 0.135 0.137 0.139 0.137
Observations 630 630 630 630 630

Notes: The time for job interviews denotes the time in hours that skilled workers and managers
spend for preparing, conducting, and evaluating interviews with job candidates. Labor market
tightness (v/u) is the relationship between vacancies and unemployment and is standardized.
Skilled workers’ wage represents the mean and stems from the BHP. Hiring rate is defined as the
number of newly hired skilled workers divided by the average employment stock of skilled workers
during the hiring year and occupation of the filled vacancy within the IEB. Robust standard errors
in parentheses. Significance levels are * p<0.1, ** p<0.05, *** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statis-
tics of the German Federal Employment Agency.
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Table B3: OLS regression using external advisors/headhunters as the dependent vari-
able

Use of external advisors/headhunters (1=yes)

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

(v/u) (std) 0.027 0.037ú 0.036ú 0.033 0.037ú

(0.021) (0.021) (0.021) (0.021) (0.021)

10 – 49 employees 0.206úúú 0.207úúú 0.190úúú 0.202úúú

(0.053) (0.053) (0.054) (0.053)

50 – 249 employees 0.312úúú 0.309úúú 0.281úúú 0.305úúú

(0.059) (0.061) (0.062) (0.061)

Ln (hiring rate) 0.093úúú 0.096úúú 0.099úúú 0.093úúú

(0.028) (0.033) (0.028) (0.028)

Ln (hiring rate) x (50-249 employees) -0.010
(0.059)

Ln (skilled worker wage) 0.144ú

(0.085)

Constant 0.344ú 0.378úú 0.379úú -0.230 0.372ú

(0.183) (0.189) (0.189) (0.411) (0.191)

Year Controls yes yes yes yes yes
Sector Controls yes yes yes yes yes
East Germany yes yes yes yes yes
AKM firm E�ects no no no no yes

R2 0.077 0.128 0.128 0.132 0.128
Observations 630 630 630 630 630

Notes: The dependent variable indicates the use of external advisors or headhunters during the
recruitment process (yes=1, no=0). Labor market tightness (v/u) is the relationship between
vacancies and unemployment and is standardized. Skilled workers’ wage represents the mean and
stems from the BHP. Hiring rate is defined as the number of newly hired skilled workers divided
by the average employment stock of skilled workers in the hiring year and occupation of the filled
vacancy within the IEB. Robust standard errors in parentheses. Significance levels are * p<0.1,
** p<0.05, *** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statis-
tics of the German Federal Employment Agency.
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Table B4: OLS regression with a selectivity measure for the hiring standard as the
dependent variable

Hiring Standard (std)

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

(v/u) (std) -0.081úú -0.076ú -0.097úú -0.101úú -0.100úú

(0.039) (0.040) (0.040) (0.040) (0.041)

Ln (hiring rate) 0.107ú 0.115úú 0.113úú 0.126úú

(0.057) (0.057) (0.057) (0.057)

10 – 49 employees -0.233úú -0.221úú -0.183ú -0.208úú

(0.106) (0.105) (0.104) (0.103)

50 – 249 employees -0.287úú -0.296úú -0.240úú -0.279úú

(0.120) (0.119) (0.119) (0.117)

Age 0.015úúú 0.008 0.008
(0.004) (0.005) (0.005)

Female -0.211úú -0.214úú -0.202úú

(0.095) (0.095) (0.093)

Occ. experience in years -0.001 -0.002
(0.015) (0.015)

Squared occ. experience in years 0.001 0.001
(0.000) (0.000)

Employment s.t. social security
before CBS entrance

0.243úúú

(0.080)
Year Controls Yes Yes Yes Yes Yes
Sector Controls Yes Yes Yes Yes Yes
East Germany Yes Yes Yes Yes Yes

R2 0.078 0.096 0.133 0.145 0.158
Observations 629 629 629 629 629

Notes: The selectivity measure for the firm’s hiring standard is defined as the standardized
di�erence between the AKM worker e�ect of the new hire and the average AKM e�ects
of the rest of the firm’s workforce (compare Equation 2). Labor market tightness (v/u) is
the relationship between vacancies and unemployment and is standardized. Hiring rate is
defined as the number of newly hired skilled workers divided by the average employment
stock of skilled workers during the hiring year and occupation of the filled vacancy within
the IEB. Robust standard errors in parentheses. Significance levels are * p<0.1, ** p<0.05,
*** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial
Statistics of the German Federal Employment Agency.

39



Table B5: Poisson PML regression with the occupational experience of the new hire as
the dependent variable

Occupational experience (in years)

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

(v/u) (std) 0.048 0.024 0.017 0.023 0.024
(0.039) (0.040) (0.029) (0.041) (0.038)

10 – 49 employees -0.185ú -0.165úú -0.175ú -0.183ú

(0.099) (0.065) (0.102) (0.099)

50 – 249 employees -0.210ú -0.242úúú -0.192ú -0.207ú

(0.108) (0.084) (0.114) (0.113)

Ln (hiring rate) -0.037 -0.018 -0.037 -0.031
(0.054) (0.039) (0.054) (0.053)

Female -0.284úúú -0.051 -0.285úúú -0.213úú

(0.087) (0.072) (0.087) (0.086)

Age 0.053úúú

(0.002)

Ln wage 0.091
(0.072)

Constant 1.565úúú 1.646úúú -0.245 1.663úúú -0.940
(0.390) (0.418) (0.435) (0.421) (0.596)

Year Controls yes yes yes yes yes
Sector Controls yes yes yes yes yes
East Germany yes yes yes yes yes
AKM firm e�ects no no no yes yes
AKM worker e�ects no no no no yes

R2 0.101 0.123 0.541 0.123 0.161
Observations 630 630 630 630 630

Notes: Occupational experience in years stems from the BIBB-CBS. Labor mar-
ket tightness (v/u) is the relationship between vacancies and unemployment and is
standardized. Hiring rate is defined as the number of newly hired skilled workers
divided by the average employment stock of skilled workers during the hiring year
and occupation of the filled vacancy within the IEB. Individual entry wage stems
from the IEB and is the daily wage in EUR deflated by the CPI to the 2015 levels.
Robust standard errors in parentheses. Significance levels are * p<0.1, ** p<0.05,
*** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies,
O�cial Statistics of the German Federal Employment Agency.
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Table B6: OLS regression with the entry wage of newly hired skilled workers as the
dependent variable

Ln Entry Wage

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

(v/u) (std) 0.015 0.005 0.004 0.004 0.004 0.004
(0.013) (0.012) (0.012) (0.012) (0.012) (0.012)

10 – 49 employees 0.092úú 0.092úúú 0.092úúú 0.095úúú 0.095úúú

(0.036) (0.035) (0.035) (0.035) (0.035)

50 – 249 employees 0.190úúú 0.178úúú 0.178úúú 0.182úúú 0.181úúú

(0.041) (0.040) (0.040) (0.040) (0.041)

Ln (hiring rate) -0.026 -0.024 -0.024 -0.024 -0.023
(0.018) (0.018) (0.018) (0.018) (0.019)

Female -0.114úúú -0.079úú -0.078úú -0.077úú -0.077úú

(0.033) (0.032) (0.032) (0.032) (0.032)

Age 0.009úúú 0.009úúú 0.008úúú 0.008úúú

(0.001) (0.001) (0.002) (0.002)

Collective agreement 0.003 0.004 0.004
(0.030) (0.030) (0.029)

Occ. experience 0.002 0.003
(0.002) (0.005)

Occ. experience squared -0.000
(0.000)

Year Controls Yes Yes Yes Yes Yes Yes
Sector Controls Yes Yes Yes Yes Yes Yes
East Germany Yes Yes Yes Yes Yes Yes

R2 0.178 0.229 0.301 0.301 0.301 0.302
Observations 629 629 629 629 629 629

Notes: Individual entry wage stems from the Integrated Employment Biographies and is the daily
wage in EUR deflated by the CPI to 2015 levels. Labor market tightness (v/u) is the relationship
between vacancies and unemployment and is standardized. Hiring rate is defined as the number
of newly hired skilled workers divided by the average employment stock of skilled workers in
the hiring year and occupation of the filled vacancy within the IEB. Robust standard errors in
parentheses. Significance levels are * p<0.1, ** p<0.05, *** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statis-
tics of the German Federal Employment Agency.
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Table B7: Poisson PML estimation with the duration of adaptation period as the
dependent variable

Duration of adaptation period (in months)

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

(v/u) (std) 0.084úú 0.094úú 0.094úú 0.093úú 0.093úú 0.095úú

(0.041) (0.041) (0.040) (0.040) (0.040) (0.041)

10 – 49 employees 0.151 0.144 0.129 0.129 0.119
(0.101) (0.098) (0.100) (0.099) (0.101)

50 – 249 employees 0.249úú 0.237úú 0.210ú 0.211ú 0.208ú

(0.108) (0.104) (0.110) (0.109) (0.111)

Ln hiring rate (IEB) 0.058 0.059 0.059 0.059 0.055
(0.046) (0.046) (0.046) (0.046) (0.046)

Female 0.097 0.098 0.101 0.100 0.081
(0.075) (0.079) (0.075) (0.076) (0.078)

Age -0.002
(0.003)

Ln wage 0.082
(0.151)

Occ. experience (std) -0.159
(0.100)

Occ. experience squared (std) 0.085
(0.104)

Constant 1.563úúú 1.560úúú 1.276ú 1.512úúú 1.578úú 1.297úú

(0.277) (0.297) (0.684) (0.297) (0.651) (0.644)

Year Controls yes yes yes yes yes yes
Sector Controls yes yes yes yes yes yes
East Germany yes yes yes yes yes yes
AKM firm E�ects no no no yes yes yes
AKM worker E�ects no no no no yes yes

R2 0.141 0.153 0.154 0.157 0.157 0.161
Observations 630 630 630 630 630 630

Notes: Adaptation period denotes the number of months that the new hire is less productive
than an average skilled worker within the firm. The labor market tightness (v/u) is the
relationship between vacancies and unemployment and is standardized. Hiring rate is defined
as the number of newly hired skilled workers divided by the average employment stock of
skilled workers during the hiring year and occupation of the filled vacancy within the IEB.
Individual entry wage stems from the IEB and is the daily wage in EUR deflated by the CPI to
2015 levels. Robust standard errors in parentheses. Significance levels are * p<0.1, ** p<0.05,
*** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial
Statistics of the German Federal Employment Agency.
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Table B8: Poisson PML regression with the cost for external training courses during
the adaptation period as the dependent variable

Costs for external training courses (in EUR)

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

(v/u) (std) 0.348úúú 0.326úúú 0.321úúú 0.319úúú 0.325úúú 0.325úúú

(0.120) (0.109) (0.107) (0.108) (0.109) (0.107)

10 – 49 employees 0.683ú 0.634ú 0.616ú 0.624ú 0.624ú

(0.368) (0.363) (0.352) (0.358) (0.356)

50 – 249 employees 1.288úúú 1.199úúú 1.178úúú 1.188úúú 1.186úúú

(0.373) (0.370) (0.347) (0.351) (0.348)

Ln (hiring rate) 0.073 0.084 0.092 0.096 0.096
(0.125) (0.126) (0.130) (0.130) (0.131)

Female 0.327 0.345 0.343 0.329 0.331
(0.211) (0.216) (0.209) (0.215) (0.217)

Age -0.010
(0.012)

Ln wage 0.557
(0.355)

Occ. experience (std) 0.040
(0.351)

Occ. experience squared (std) -0.030
(0.340)

Constant 4.621úúú 4.364úúú 2.233 4.194úúú 5.724úúú 5.783úúú

(0.766) (0.761) (1.580) (0.773) (2.046) (2.149)

Year Controls yes yes yes yes yes yes
Sector Controls yes yes yes yes yes yes
AKM firm E�ects no no no yes yes yes
AKM worker E�ects no no no no yes yes

R2 0.097 0.170 0.187 0.180 0.183 0.186
Observations 628 628 628 628 628 628

Notes: Labor market tightness (v/u) is the relationship between vacancies and unemployment and
is standardized. Hiring rate is defined as the number of newly hired skilled workers divided by the
average employment stock of skilled workers in the hiring year and occupation of the filled vacancy
within the IEB. Individual entry wage stems from the IEB and is the daily wage in EUR deflated by
the CPI to 2015 levels. Robust standard errors in parentheses. Significance levels are * p<0.1, **
p<0.05, *** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statistics of
the German Federal Employment Agency.
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Table B9: Poisson PML regression with productivity deduction at end of the adaptation
period as the dependent variable

Productivity deduction at end of adaptation period (in %)

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

(v/u) (std) 0.111ú 0.134úú 0.142úú 0.135úú 0.136úú 0.138úú

(0.061) (0.060) (0.058) (0.060) (0.060) (0.061)

10 – 49 employees 0.040 0.044 0.067 0.070 0.043
(0.148) (0.143) (0.147) (0.146) (0.146)

50 – 249 employees 0.010 0.046 0.060 0.066 0.056
(0.153) (0.147) (0.152) (0.150) (0.151)

Ln (hiring rate) 0.060 0.049 0.055 0.054 0.039
(0.077) (0.076) (0.076) (0.076) (0.075)

Female 0.229ú 0.173 0.223ú 0.210ú 0.171
(0.119) (0.120) (0.119) (0.120) (0.122)

Age -0.016úúú

(0.005)

Ln wage -0.060
(0.193)

Occ. experience (std) -0.379úú

(0.177)

Occ. experience squared (std) 0.234
(0.182)

Constant -2.407úúú -2.387úúú -1.681ú -2.318úúú -1.493 -2.009ú

(0.419) (0.427) (0.934) (0.430) (1.198) (1.209)

Year Controls yes yes yes yes yes yes
Sector Controls yes yes yes yes yes yes
East Germany yes yes yes yes yes yes
AKM firm E�ects no no no yes yes yes
AKM worker E�ects no no no no yes yes

R2 0.054 0.059 0.079 0.062 0.064 0.079
Observations 630 630 630 630 630 630

Notes: The dependent variable represents the productivity deduction of the new hire at the end of
the adaptation period in % compared to an average skilled worker within the firm. Labor market
tightness (v/u) is the relationship between vacancies and unemployment and is standardized. Hiring
rate is defined as the number of newly hired skilled workers divided by the average employment stock of
skilled workers during the hiring year and occupation of the filled vacancy within the IEB. Individual
entry wage stems from the IEB and is the daily wage in EUR deflated by the CPI to 2015 levels.
Robust standard errors in parentheses. Significance levels are * p<0.1, ** p<0.05, *** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statistics of
the German Federal Employment Agency.
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Table B10: Poisson PML regression with the disruption time of skilled workers and
managers as the dependent variable

Disruption time (in hours)

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

(v/u) (std) 0.096ú 0.118úú 0.116úú 0.117úú 0.118úú 0.119úú

(0.055) (0.053) (0.052) (0.052) (0.053) (0.053)

East -0.341úú -0.349úú -0.295ú -0.288 -0.260 -0.249
(0.172) (0.172) (0.175) (0.181) (0.182) (0.182)

10 – 49 employees 0.263ú 0.238 0.237 0.226 0.233
(0.154) (0.153) (0.154) (0.155) (0.158)

50 – 249 employees 0.388úú 0.330ú 0.343úú 0.322ú 0.347úú

(0.175) (0.170) (0.169) (0.170) (0.172)

Ln (hiring rate) 0.226úúú 0.232úúú 0.230úúú 0.228úúú 0.221úúú

(0.075) (0.076) (0.075) (0.075) (0.074)

Female 0.135 0.166 0.139 0.160 0.135
(0.134) (0.136) (0.133) (0.135) (0.135)

Age 0.001
(0.005)

Ln (entry wage) 0.263
(0.199)

Occ. experience (std) -0.322úú

(0.155)

Occ. experience squared (std) 0.257ú

(0.155)

Constant 5.395úúú 5.518úúú 4.403úúú 5.452úúú 4.180úúú 3.856úúú

(0.689) (0.712) (1.069) (0.723) (1.131) (1.137)

Year Controls yes yes yes yes yes yes
Sector Controls yes yes yes yes yes yes
East Germany yes yes yes yes yes yes
AKM firm E�ects no no no yes yes yes
AKM worker E�ects no no no no yes yes

R2 0.130 0.152 0.154 0.155 0.154 0.163
Observations 630 630 630 630 630 630

Notes: Disruption time is the average number of hours that managers and skilled workers provide
informal training for the new hire. Labor market tightness (v/u) is the relationship between
vacancies and unemployment and is standardized. Hiring rate is defined as the number of newly
hired skilled workers divided by the average employment stock of skilled workers during the hiring
year and occupation of the filled vacancy within the IEB. Individual entry wage stems from the
IEB and is the daily wage in EUR deflated by the CPI to 2015 levels. Robust standard errors in
parentheses. Significance levels are * p<0.1, ** p<0.05, *** p<0.01.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statis-
tics of the German Federal Employment Agency.
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Table B12: Estimated mediating role of the hiring standard

Duration adaptation period (in months) 3.02%

Costs for external training courses (in EUR) 5.36%

Disruption time (in h) -3.20%

Observations 630

Notes: This table shows the estimation results of a generalized structural
equation model (gsem). The gsem model allows to estimate the impor-
tance of a firm’s hiring standard as a mechanism through which tightness
a�ects the di�erent components of post-match hiring costs. A value of
100% implies that the hiring standard is the sole mechanism. We specify
a Poisson distribution for the outcome variables, use full controls (com-
pare Table 4) and include the hiring standard instead of AKM worker
e�ects.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Bi-
ographies, O�cial Statistics of the German Federal Employment Agency.
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C Figures

Figure C1: Filled vacancies in the working sample by date of firm entrance
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Note: The working sample comprises N=630 employer-employee matches.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies.
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Figure C2: Labor Market Tightness over Time in the Sample Occupations
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Notes: This figure presents the averages of labor market tightness in the sampled occupations across
occupation and time period during the initial (2015, 2016, 2017) and final years (2018, 2019) of the
observation period.
Source: BIBB Cost-Benefit Survey 2017/18, Integrated Employment Biographies, O�cial Statistics of
the German Federal Employment Agency.
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