
Jahn, Vera

Conference Paper

The Importance of Mittelstand Firms for Regional
Apprenticeship Activity

Beiträge zur Jahrestagung des Vereins für Socialpolitik 2017: Alternative Geld- und
Finanzarchitekturen - Session: Applied Microeconomics I, No. B17-V2

Provided in Cooperation with:
Verein für Socialpolitik / German Economic Association

Suggested Citation: Jahn, Vera (2017) : The Importance of Mittelstand Firms for Regional
Apprenticeship Activity, Beiträge zur Jahrestagung des Vereins für Socialpolitik 2017:
Alternative Geld- und Finanzarchitekturen - Session: Applied Microeconomics I, No. B17-V2,
ZBW - Deutsche Zentralbibliothek für Wirtschaftswissenschaften, Leibniz-Informationszentrum
Wirtschaft, Kiel, Hamburg

This Version is available at:
http://hdl.handle.net/10419/168260

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.



The Importance of Mittelstand Firms for

Regional Apprenticeship Activity

Abstract

Politicians frequently emphasize the importance of Mittelstand �rms for the economy,

thereby particularly referring to their enormous engagement in training apprentices.

This view is especially prevailing in Germany, leading to political promotion of

Mittelstand �rms on the regional and the national level. However, due to data

availability, there is yet almost no empirical evidence on the question whether Mit-

telstand �rms are in fact excessively active in training apprentices. This paper

aims at �lling this gap in the empirical literature by using a unique �rm dataset

from Creditreform. Combining information from Creditreform with regional data of

West German counties, we study whether the relative importance of owner-managed

small and medium sized enterprises has an e�ect on �rms' apprenticeship activity.

We thereby �nd a signi�cantly positive relation between the relative importance of

Mittelstand �rms and apprenticeship activity on the regional level. However, on the

national level an increase in the share of Mittelstand �rms turns out to be without

e�ect on apprenticeship activity.

JEL: C21; D23; I21.

Keywords: apprenticeship, Mittelstand �rms, owner-management, SMEs, regional

spillovers, Germany.
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1 Introduction

In many countries owner-managed small and medium sized enterprises (SMEs) are

seen as superior form of organizing business. This view is particularly prevailing in

Germany, where this kind of enterprise is referred to as Mittelstand. German politi-

cians frequently stress the importance of owner-managed SMEs for the German

economy by arguing `the German Mittelstand is the engine of the German economy'

and `the Mittelstand is Germany's economic backbone' (Federal Ministry of Eco-

nomics and Technology 2013, Federal Chancellor Angela Merkel 2009, Ministry of

Economic A�airs, Energy and Industry of the State of North Rhine-Westphalia

2014). As a consequence of the deeply rooted belief in the important role of Mit-

telstand �rms, German politics has launched various political programs promoting

the German Mittelstand on the regional and the national level (see e.g. Bavarian

Ministry of Economic A�airs and Media, Energy and Technology (2009) and Fed-

eral Ministry of Economic A�airs and Energy (2014)).1 Due to the well performing

German economy, there has recently been an increasing international attention in

German owner-managed SMEs (see e.g. UK Trade and Invest et al. (2014)). Many

countries are interested in the German Mittelstand model and some even aim at

emulating it (see e.g. Kirchfeld and Randow (2010), Blackstone and Fuhrmans

(2011), Fear (2014)). It is argued that Mittelstand �rms essentially contribute to

the resilience of the German economy in economic crises (Girotra and Netessine

2013, Bergho� 2006). The German Mittelstand is also said to be responsible for a

large share of aggregate output and employment and to be overly innovative (Federal

Ministry of Economics and Technology 2013).

German politics also often claims Mittelstand �rms to play a decisive role in the

apprenticeship system by employing a large proportion of apprentices in Germany

(Federal Ministry of Economics and Technology 2013, Ministry of Economic A�airs,

1Political programs e.g. give credits with favourable conditions to Mittelstand �rms or subsidize
their research and development facilities (Federal Ministry of Economic A�airs and Energy 2015).
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Energy and Industry of the State of North Rhine-Westphalia 2014). Apprenticeship

training is economically highly relevant as it helps to meet �rms' demand for skilled

labour (Federal Ministry of Economics and Technology 2014) which is essential in

the light of the prevailing demographic trends. Moreover, apprenticeship training

might contribute to minimize youth unemployment (Winkelmann 1996, Shackleton

1997) and thus reduces social spending for the unemployed (Franz et al. 2000).

The existing literature provides various theoretical explanations why Mittelstand

�rms might be highly engaged in training apprentices. The employed arguments are

typically based on the assumption that �rms train apprentices in order to retain

productive apprentices as skilled employees after graduation. Thus, �rms' training

e�orts are seen as an investment in future skilled human capital, a view which is

referred to as investment motive (Becker 1993, Acemoglu and Pischke 1999). In this

context, �rms might use apprenticeships to gain information about potential future

employees in order to minimize the risk of retaining unproductive workers (Franz et

al. 2000, Krämer 2003, Wagner 1998). Additionally, few theoretical explanations are

based on the idea that �rms provide apprenticeships in order to extract rents from

the apprentices paying wages below productivity, referred to as production motive.

Besides learning a trade, apprentices might take over tasks in the production process

of a �rm usually done by semi-skilled or skilled workers, without being paid respec-

tive wages (Ryan 2001, Busemeyer et al. 2012, Backes-Gellner and Mohrenweiser

2010).

The existing literature discusses the two dimensions of Mittelstand �rms (owner-

management, SMEs) separately. The �rst strand of the literature explains why

owner-managed �rms might be highly active in training apprentices. In owner-

managed �rms owners make strategic decisions at their own risk. If these decisions

e.g. concerning human resources are wrong, they have to bear the resulting costs

themselves. Therefore, especially owner-managed �rms might use apprenticeships

to gather information about potential employees in order to minimize the risk of
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employing unproductive workers. Moreover, owner-managed �rms usually are long-

term oriented (Institut für Mittelstandsforschung Bonn 2013), which likely increases

the incentive to train apprentices. The second strand of the literature argues why

SMEs might engage excessively in the apprenticeship system. Due to the attrac-

tiveness of large employers2, trainees might complete their apprenticeships in small

�rms and then switch to other employers afterwards, thereby counteracting the in-

vestment motive of the training �rms (Hamel 2006, Krämer 2003). Therefore, SMEs

may train a relatively large number of apprentices in order to compensate quitting

graduates. Additionally, SMEs often have �at hierarchies that might simplify col-

lecting information about potential employees during apprenticeships. Furthermore,

particularly small �rms active in craft industries might train a relatively large num-

ber of apprentices according to the production motive since apprentices' contribution

to the production process tends to be relatively high in these �rms (Busemeyer et al.

2012, Franz et al. 2000, Winkelmann 1996). According to Fama and Jensen (1983),

owner-management especially makes sense in small noncomplex �rms. Therefore,

one might in fact expect owner-managed SMEs to train a relatively large number of

apprentices, as politicians often claim.

However, there is yet almost no empirical evidence on the question whether

owner-managed SMEs are in fact overly engaged in the German apprenticeship sys-

tem. This is likely due to the fact that o�cial statistics often do not report on

the owner and governance structure of enterprises and thus impede the identi�ca-

tion of owner-managed �rms. Even employer surveys like the IAB Establishment

Panel, providing detailed information on employment at the establishment level, do

not allow identifying owner-managed enterprises. This is due to the fact that the

IAB Establishment Panel does not distinguish between owner-managed enterprises

and family �rms. However, while many family �rms are owner-managed, this does

2Wagner (1997) �nds large companies to pay higher wages and fringe bene�ts than small �rms
in Germany. Moreover, employees' opportunities for skill enhancement turn out to increase with
�rm size.
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not hold true for all family �rms. In family �rms sometimes one part of the family

owns at least parts of the enterprise whereas other family members manage the �rm.

Thus, ownership and management are not necessarily conjoint in the same person.3

This paper aims at �lling the gap in the empirical literature by using a unique

dataset that allows us to identify owner-managed SMEs on a detailed regional level.

Thus, we analyze the relationship between the relative importance of owner-managed

SMEs and �rms' apprenticeship activity on the NUTS-3-level. The relative impor-

tance of owner-managed SMEs is measured by the share of Mittelstand �rms in

all economically active �rms in a region. In order to measure �rms' apprenticeship

activity, we use the share of apprentices in all employees subject to social insur-

ance contributions on the regional level.4 Since �rms' apprenticeship activity might

not only depend on local characteristics, e.g. the situation on the domestic labour

market or the local supply of potential trainees, but also on characteristics of sur-

rounding regions, we estimate spatial models in order to take spatial dependencies

between regions into account. Controlling for various types of spatial dependencies,

we detect a signi�cantly positive impact of the relative importance of owner-managed

SMEs on �rms' apprenticeship activity on the county level. Thus, regions with a

higher relative importance of Mittelstand �rms might attract potential trainees from

other regions and thus train a larger number of apprentices relative to all employees.

However, regional competition for potential trainees leads the regional advantage of

a higher relative importance of Mittelstand �rms to disappear when other regions

show a higher relative importance of owner-managed SMEs as well. Thus, we do

3Speci�cs of family �rms compared to owner-managed �rms are discussed e.g. in Chrisman et
al. (2004), Kets de Vries (1993) and Chu (2009).

4Related empirical studies often di�erentiate between �rms' propensity to train apprentices and
�rms' training intensity, given they decided to train apprentices in general. Since we are interested
in the total e�ect of the relative regional importance of Mittelstand �rms on �rms' apprenticeship
activity, there is no need to distinguish. We instead focus on the share of apprentices in all
employees in all enterprises, training and non-training �rms. Moreover, the empirical literature
�nds a signi�cantly positive e�ect of �rm size on �rms' propensity to train apprentices (see e.g.
Beckmann (2002), Mühlemann et al. (2007)). Thus, if we �nd a signi�cantly positive impact of the
relative regional importance of owner-managed SMEs on �rms' apprenticeship activity, we expect
this e�ect even to be underestimated.
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not �nd a signi�cant impact of the relative importance of owner-managed SMEs on

�rms' engagement in the apprenticeship system on the national level. Therefore,

our empirical results lead to di�erent policy implications on the regional and on the

national level.

The remainder of this paper is organized as follows. The second section delivers

an overview of the German apprenticeship system. Section three outlines the esti-

mation approach and introduces the employed datasets. Section four presents the

empirical results. The �nal section summarizes the main results and draws some

conclusions.

2 Institutional Background

The German system of apprenticeship training is often recognized as exemplary

compared to the training systems of other developed countries (Beckmann 2002) as

it provides theoretical and practical knowledge of high quality (Federal Ministry of

Economics and Technology 2009). German apprenticeship training takes place in

public vocational schools, teaching theoretical knowledge, and private �rms, training

apprentices in practical skills. Therefore, the German system is also referred to as

dual vocational training system (Zimmermann et al. 2013, Troltsch and Walden

2011). Creating graduates with theoretical and practical knowledge, the German

apprenticeship system helps to meet the �rms' demand for skilled labour, necessary

to produce product and services of high quality (Federal Ministry of Economics and

Technology 2014, Federal Ministry of Economics and Technology 2009). Thereby,

the apprenticeship system might contribute to a relatively low youth unemploy-

ment rate in Germany (Winkelmann 1996, Shackleton 1997, Federal Ministry of

Economics and Technology 2014).

Firms' participation in the apprenticeship system is voluntary (Winkelmann

1996). However, once decided to participate, �rms are subject to the laws of appren-
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ticeship training. The Chambers of Commerce and Industry or Crafts �rst check

whether �rms meet the o�cial training standards to train apprentices (Federal Min-

istry of Education and Research 2013, Federal Ministry of Justice and Consumer

Protection 2013a, Bundesausschuss für Berufsbildung 1972, Federal Ministry of Jus-

tice and Consumer Protection 2013b, Federal Ministry of Justice and Consumer

Protection 2009). Granted the o�cial permission to train apprentices, �rms and

trainees sign a temporary contract for the duration of the apprenticeship including

the payment of a reduced wage (Federal Ministry of Education and Research 2013,

Federal Ministry of Justice and Consumer Protection 2013a).

Vocational schools and training �rms provide job-related skills, covering approx-

imately 350 occupations (Zimmermann et al. 2013, Troltsch and Walden 2011). At

the end of the training, apprentices pass an o�cial job-related exam that is pro-

vided by the Chambers of Commerce and Industry or Crafts (Federal Ministry of

Education and Research 2013, Federal Ministry of Justice and Consumer Protection

2013a, Federal Ministry of Justice and Consumer Protection 2013b). This o�cial

exam aims at ensuring a high training quality and should prevent enterprises from

teaching �rm-speci�c instead of mainly general knowledge (Beckmann 2002, Zim-

mermann et al. 2013). According to the investment motive, �rms might have an

incentive to provide �rm-speci�c knowledge in order to tie graduates to the training

�rms (Zimmermann et al. 2013).

3 Methodology and Data

3.1 Methodology

Based on a unique dataset of German enterprises, we can examine for the �rst time

whether the relative importance of owner-managed SMEs has an impact on �rms'

apprenticeship activity on the regional level. For this purpose, we regress �rms'
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apprenticeship activity on the share of owner-managed SMEs and numerous control

variables on the county level. Since the regional share of owner-managed SMEs is

available only for the year 2008, we have to concentrate on the examination of the

referring cross section.5 Due to considerable historical di�erences between the East

and the West German apprenticeship system (Troltsch et al. 2009, Troltsch and

Walden 2011, Wagner 1998), we focus our estimation on West German regions.6 In

the German Democratic Republic training was often outsourced from enterprises into

central training centres. Moreover, apprenticeships that were not outsourced mainly

took place in large enterprises, dominating the East German economic structure

(Wagner 1998). In the course of German reuni�cation, �rms primarily had to adjust

to the changing economic structures, neglecting the supply of apprenticeships. In

order to ensure a su�cient supply of training positions, especially underrepresented

SMEs have been subsidized (Troltsch et al. 2009, Wagner 1998). In order to conduct

a conservative estimation, we exclude East German counties from our analysis.7

Concentrating on West German regions is also in line with the existing literature

(see e.g. Bellmann and Neubäumer 1999, Franz et al. 2000). Our empirical approach

thus consists of estimating the following regression

(1) Apprenticeshipr = α + β Share of Mittelstand �rmsr + γ Xr + εr

with Apprenticeship measuring �rms' apprenticeship activity, Share of Mittelstand

�rms measuring the relative importance of owner-managed SMEs and X being a

vector of control variables. The index r denotes the region, an observation comes

5Both the regional share of apprentices in all employees and the regional share of Mittelstand
�rms in all enterprises tend to be relatively stable over time. Thus, �rms' apprenticeship activity
and the relative importance of owner-managed SMEs vary more widely between regions than over
time. However, estimating a cross section bears the risk of endogeneity. Since no clear instrument
variable is available for owner-managed SMEs, we therefore have little possibilities to control for
endogeneity. However, there is neither a credible theoretical argument for reverse causality nor
empirical evidence pointing in this direction.

6According to the territorial boundaries of 31.12.2008, Germany consists of 326 West German
counties and 87 East German counties.

7We estimate a regression including all German counties as a robustness check in Section 4.
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from, ε is the error term and α, β and γ are the parameters to be estimated. In our

baseline model we estimate the regression using the OLS technique.

However, �rms' apprenticeship activity might not only depend on local char-

acteristics, e.g. the local unemployment rate or the regional supply of alternative

training opportunities, but also on characteristics of surrounding regions. Moreover,

since the pool of potential apprentices in Germany is somewhat limited in the short

run, regions compete for potential trainees and might attract them from other re-

gions in order to train a relatively large number of apprentices. Thus, we need to

take spatial dependencies between regions into account. However, spatial correla-

tions lead OLS in many cases not to deliver best linear unbiased estimators. Since

spatial dependencies usually violate the assumptions of the general linear model,

OLS regressions often are expected to be biased (Keilbach 2000, Lerbs and Oberst

2014, Dormann et al. 2007, Gleditsch and Ward 2007, Eckey et al. 2007). Therefore,

it is necessary to examine whether our baseline model su�ers from serious spatial

correlations and to control for the relevant form of spatial interaction, if necessary.

Three types of spatial dependencies might occur in linear regressions.

First, the independent variables might exhibit spatial correlations. As an exam-

ple, �rms' apprenticeship activity of the referring region might not only depend on

the local supply of potential trainees but perhaps also on the supply of potential

apprentices of neighboring regions. In the presence of spatially lagged explanatory

variables, a spatial model of the form

(2) Y = α + θWX + β X + ε, ε ∼ N(0, σ2)

should be implemented. Y is the dependent variable, X is a vector of independent

variables and ε is a normally distributed error term. W is the contiguity matrix,

describing the spatial arrangement of the observed regions. θ is the vector of co-

e�cients of the spatial lags of the independent variables. The parameters to be
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estimated are α, θ and β.

Second, the dependent variable might be autocorrelated in space. In our re-

search context, �rms' apprenticeship activity of a region might be in�uenced by

�rms' apprenticeship activities in neighboring regions. In the presence of spatial

autocorrelation in the dependent variable, a spatial lag model of the type

(3) Y = ρW Y + α + β X + ε, ε ∼ N(0, σ2)

should be used. The parameters to be estimated are ρ, α and β.

Third, the error term might exhibit spatial autocorrelation. In this case, �rms'

apprenticeship activity of the referring region might be a�ected by unobserved char-

acteristics that neighboring regions have in common. In the presence of spatially

autocorrelated residuals, a spatial error model of the form

(4) Y = α + βX + u, u = λWu+ ε, ε ∼ N(0, σ2)

should be implemented. u is the spatially dependent and ε the normally distributed

error term. The parameters to be estimated are α, β and λ.

However, the three described types of spatial dependencies might also occur

in combination. The spatial Durbin model includes a spatially autocorrelated de-

pendent variable together with spatially lagged explanatory variables. The Manski

model combines all three forms of spatial correlations (Elhorst 2010).

In the following, we examine whether and which of the described types of spatial

dependence turn out to exist in our data. We thereby follow the speci�c-to-general

approach, starting with the OLS model and then test whether the model needs to be

extended with spatial interaction terms (Elhorst 2010). In order to test for spatial

correlations, we �rst have to de�ne the contiguity matrix. We use a row standard-

ized contiguity matrix of style queen, including only regions next to the one under

consideration, since this type of contiguity matrix is recommended in the literature
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(see e.g. Dormann et al. (2007), Keilbach (2000), Eckey et al. (2007)).8 Using

row standardization we control for di�erent numbers of neighbors by equalizing a

neighbor's impact on the referring region to the average of all neighbors' in�uences

(Keilbach 2000). A detailed analysis in order to �nd the adequate spatial model to

capture the underlying spatial interactions is presented in Section 4.

3.2 Data

In line with most of the related literature (see e.g. Franz et al. (2000), Stöger and

Winter-Ebmer (2001)), we use the share of apprentices in all employees subject

to social insurance contributions to measure �rms' apprenticeship activity.9 The

referring data on the NUTS-3-level were extracted from the INKAR database of the

Federal Institute for Research on Building, Urban A�airs and Spatial Development.

Regional apprenticeship activities vary from 2.9 to 8.9 percent, with a mean of 5.88

percent. Figure 1 shows the regional quotas of apprentices in 2008 in West Germany.

While most central regions turn out to have relatively low apprenticeship activities,

the north-western and south-eastern regions mainly show relatively high quotas of

apprentices.

8Since this is the �rst paper analyzing the e�ect of the relative importance of Mittelstand �rms
on �rms' apprenticeship activity on the county level using spatial models, we do not know a priori
which type of contiguity matrix is appropriate. Moreover, no objective criteria exist to choose the
proper contiguity matrix. Therefore, we decided to employ a simple binary contiguity matrix to
ensure not to manipulate the regression results by choosing a complex one.

9Since employees subject to social insurance contributions include apprentices, a quota between
zero and 100 percent emerges.
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Figure 1: Apprenticeship activity by West German counties in percent, 2008

In order to measure the regional share of owner-managed SMEs in all �rms,

we employ a unique dataset of Creditreform10. Creditreform is the largest German

company information service, collecting data on all economically active �rms in Ger-

many. The database contains 3,195,389 economically active enterprises located in

West Germany at the end of the year 2008.11 The Creditreform database allows

us to quantify owner-managed SMEs on the regional level. More precisely, it in-

cludes information on the legal form, the owners and the chief operating o�cers

of an enterprise. Moreover, the database reports the companies' turnover and the

10Similar data from Creditreform were employed by Audretsch and Keilbach (2004, 2005, 2007,
2008) in order to examine the relationship between knowledge spillovers, entrepreneurship and
economic growth in German regions.

11For a small number of enterprises, no information on the location was available. Thus, we
dropped these observations form our sample.
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number of employees which are subject to social insurance contributions. Using this

information, we can adequately identify owner-managed SMEs. We consider �rms

to be owner-managed whenever the chief operating o�cers of an enterprise also own

(at least parts of) the enterprise. However, as the advantage of owner-managed

�rms tends to diminish with an increasing number of decision makers, we restrict

the maximum number of chief operating o�cers, which are considered to be clas-

si�ed as owner-managed �rms, to four. Since we are interested in owner-managed

SMEs only, we then apply the de�nition of SMEs to the identi�ed owner-managed

�rms. We thereby apply the values used in the de�nition of the Institut für Mittel-

standsforschung Bonn and classify SMEs as �rms with less than 500 employees or

an annual turnover of less than 50 million Euro. However, according to this de�-

nition, only a few owner-managed enterprises do not meet the SME-criteria. Thus,

owner-management seems to be the determining criterion of Mittelstand �rms. By

applying this procedure, we identify 2,602,830 West German �rms, respectively 81.46

percent of total West German enterprises, as Mittelstand �rms. Since the Creditre-

form database does not report the number of apprentices a �rm employs, we cannot

estimate the in�uence of owner-management and �rm size on apprenticeship activ-

ity on the �rm level. Therefore, we quantify owner-managed SMEs on a very small

regional level in order to analyze the relation between the relative importance of

Mittelstand �rms and �rms' engagement in the apprenticeship system on the re-

gional level. In order to obtain the relative importance of owner-managed SMEs on

the NUTS-3-level, we divide the number of owner-managed SMEs by the total num-

ber of �rms on the county level.12 in order to analyze the in�uence of the regional

share of owner-managed SMEs on regional innovative activity. As the Creditreform

database also includes information on employment and turnover, one might think

of measuring the regional importance of owner-managed SMEs by the employment

or turnover share of Mittelstand �rms. However, while for large �rms the dataset

12The same variable has been used in Berlemann and Jahn (2016).
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contains no missing data at all, for many SMEs the employment and turnover data

are missing. While Mittelstand �rms are thus classi�ed correctly, there is no ade-

quate information on the employment or turnover share of owner-managed SMEs.

Regional shares of owner-managed SMEs vary from 58.3 to 91.0 percent, with a

mean of 82.7 percent. Figure 2 shows the regional quotas of owner-managed SMEs

in West Germany. The relative importance of owner-managed SMEs varies more

widely across regions than �rms' apprenticeship activity. Especially small urban

regions seem to have relatively small quotas of owner-managed SMEs.

Figure 2: Quotas of owner-managed SMEs by West German counties in percent,
December 31, 2008
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Besides the regional share of owner-managed SMEs in all enterprises, various ad-

ditional factors might have an impact on �rms' apprenticeship activity. According to

the existing literature, regional unemployment rates might a�ect �rms' engagement

in the apprenticeship system (Askilden and Nilsen 2005, Schweri and Wolter 2002,

Troltsch and Walden 2011, Blatter et al. 2015, Mühlemann et al. 2007). Referring to

the investment motive, �rms might train a larger number of apprentices when they

expect skilled labour to be scarce in the future. However, whenever �rms' expec-

tations about the future are based on the current labour market situation, today's

labour market might determine �rms' engagement in the apprenticeship system as

well (Askilden and Nilsen 2005, Schweri and Wolter 2002). In periods with a tight

labour market for skilled workers, �rms might also train a larger number of ap-

prentices in order to substitute skilled employees by trainees. Apprentices might

take over some tasks in the production process usually handled by semi-skilled or

skilled workers (Busemeyer et al. 2012, Backes-Gellner and Mohrenweiser 2010). In

order to control for regional labour market tightness, we include the share of the

unemployed in the workforce in percent by counties into the regression equation.

We expect a negative impact of the unemployment rate on �rms' apprenticeship

activity. The referring data were also extracted from the aforementioned INKAR

database.

Additionally, the number of potential apprentices per region might in�uence

�rms' contribution to the apprenticeship system positively because a relatively large

supply of potential trainees might improve the matching between enterprises and

candidates (Mühlemann and Wolter 2007, Blatter et al. 2015). In order to mea-

sure the regional supply of potential apprentices, we �rst employ the share of the

unemployed younger than 25 years in all unemployed. Second, we use the regional

number of graduates and leavers of secondary schools per enterprise as control vari-

able. We thereby take the skill level into account by di�erentiating between grad-

uates and leavers of secondary schools holding a General Certi�cate of Secondary
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Education (Realschulabschluss, medium-skilled) and graduates and leavers who hold

a Higher Education Entrance Quali�cation (Hochschul-, Fachhochschulreife, high-

skilled). Data on school graduates and school leavers on the regional level were

provided by the Statistical O�ce of Lower Saxony. In order to calculate the re-

gional supply of potential trainees per enterprise, we use the total number of �rms

on the NUTS-3-level from the aforementioned Creditreform database.

However, not all graduates and leavers of secondary schools are interested in

dual vocational trainings and instead apply for a place at a university or a univer-

sity of applied sciences. In order to take this alternative training opportunity into

account, we control for the supply of academic training on the NUTS-3-level. Since

universities and universities of applied sciences vary considerably in size, we employ

the number of academic and artistic personnel. We include the number of academic

personnel at universities and universities of applied sciences per school leaver into

the regression equation. As �rms compete with universities and universities of ap-

plied sciences for graduates of secondary schools, we expect the regional relative

supply of academic training to have a negative in�uence on the matching between

enterprises and candidates and hence on �rms' apprenticeship activity. Data on the

number of academic and artistic personnel at universities and universities of applied

sciences on the county level were provided by the German Federal Statistical O�ce

on request.

Moreover, �rms' engagement in the apprenticeship system might vary with the in-

dustries, the enterprises are active in (Blatter et al. 2015, Bellmann and Neubäumer

1999, Stöger and Winter-Ebmer 2001, Franz et al. 2000, Beckmann 2002). Hence,

we include the share of �rms of an industrial sector13 in all enterprises per region

in percent into the regression equation. Data were extracted from the Creditreform

database as well.14

13Table A.1 in the Appendix shows the referring industrial sector classi�cation (NACE Rev. 2,
one digit).

14However, for roughly 5.7 percent of the enterprises in the Creditreform database (183,202 cases)
no sector classi�cation is available. The referring �rms are summarized in the group 'No sector
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Furthermore, �rms' contribution to the apprenticeship system might also vary

with the occupations, the apprentices are trained in (Blatter et al. 2015). Therefore,

we also control for the share of employees of di�erent occupational categories15 in

all employees subject to social insurance contributions by counties in percent. The

referring data were provided by the Federal Employment Agency on request.16 Since

employees subject to social insurance contributions include apprentices, we thus

consider the occupations of the employees that might train the apprentices as well

as the occupations, apprentices are trained in. However, in most cases, occupations

of trainers and trainees should be the same.

Additionally, regional characteristics like the structure of �rm size, the share of

the working age population in all inhabitants, population density, and GDP per

capita might have an in�uence on �rms' apprenticeship activity on the county level.

In order to take heterogeneity between German NUTS-3-regions into account and to

work against an omitted variable bias, we include several regional control variables

in our analysis.

For a detailed description and some descriptive statistics of the employed vari-

ables see Table 1 and Table 2.

information'.
15Due to data availability, we employ the German occupation classi�cation from 1988, shown in

Table A.2 in the Appendix.
16For a small number of employees no detailed information on the occupation is available. The

referring employees are summarized in the group 'No occupational information'.

17



Table 1: Description of employed variables
Variable Description Source

Apprenticeship
Share of apprentices in all employees subject to social insurance
contributions at place of work by counties in percent, West Ger-
many, 2008a

INKAR database
(2010) of the
Federal Institute
for Research on
Building, Urban
A�airs and Spatial
Development

Share of Mittel-
stand �rms

Number of owner-managed SMEs relative to all enterprises by
NUTS-3-regions in percent, West Germany, December 31, 2008.
Due to data availability, �rms are localized by headquarters.

Creditreform

database (2008)b

Unemployment
rate

Share of the unemployed in the workforce by counties in percent,
West Germany, 2008

INKAR database
(2010)

Unemployed
potential
trainees

Share of young people (aged under 25 years) in the unemployed
by counties in percent, West Germany, 2008

INKAR database
(2010)

Medium-skilled
(high-skilled)
potential
trainees

Number of graduates and leavers of secondary schoolsd in the
school year 2007/08 holding a General Certi�cate of Secondary
Education (Realschulabschluss) (holding a Higher Education En-
trance Quali�cation (Hochschul-, Fachhochschulreife)) per enter-
prise by NUTS-3-regions, West Germany, 2008

Statistical O�ce
of Lower Saxony
(2010), Creditre-

form database
(2008)b

Universities

Number of academic and artistic personnel at universities and uni-
versities of applied sciences per graduate or leaver of secondary
schoold in the school year 2007/2008 by counties, West Germany,
2008. In order to deal adequately with academic personnel work-
ing part-time, we report full-time equivalent values.

German Federal
Statistical O�ceb

Sectors

Share of enterprises of the referring industrial sectore in all enter-
prises by NUTS-3-regions in percent, West Germany, 2008. When-
ever a �rm is active in various sectors, we report the industrial
sector in which a company generates its largest turnover. The
share of enterprises without sector information is reported as 'No
sector information'.

Creditreform

database (2008)b

Occupations

Share of employees of the referring occupational categoryf in
all employees subject to social insurance contributions at place
of work by counties in percent, West Germany, June 30, 2008.
Employees without information about their occupations, non-
agricultural family workers, labourers with occupation still to be
speci�ed and labourers not further speci�ed are summarized in
the group 'No occupational information'.

Federal Employ-
ment Agencyb

Small (large)
�rms

Share of companies with minimum ten and maximum 49 (with
minimum 50) employees subject to social insurance contributions
in all enterprises by NUTS-3-regions in percent, West Germany,
2008. A further di�erentiation according to the number of em-
ployees is not feasible due to secrecy in some regions.

Federal Statistical
O�ce and the Sta-
tistical O�ces of
the Länder (2016)

Population
density

Population per square kilometer by NUTS-3-regions, West Ger-
many, 2008.

Federal Institute
for Research on
Building, Urban
A�airs and Spatial
Development

Working age
population

Share of population aged 15 to 65 in all inhabitants by counties,
West Germany, 2008.

Statistical O�ce
of Lower Saxony
(2010)

GDP per capita
Gross Domestic Product (GDP) per capita at current prices (e,
thousands) by NUTS-3-regions, West Germany, 2008.

Statistical O�ces
of the Länder
(2010)

a The value for Flensburg was missing (0.0) in the original data. In consultation with the data provider,
we added the missing value (7.2).

b Special analysis on request.
d In Bavaria including commercial colleges.
e Industrial sectors according to NACE Rev. 2, one-digit-level (see Table A.1).
f Occupational categories according to the German occupational classi�cation from 1988 (see Table A.2).
Shares of occupational categories and 'No occupational information' do not add to 100 percent due to
anonymization.



Table 2: Descriptive statistics of employed variables
Variable Min Median Mean Max Std. Dev.
Apprenticeship 2.9000 5.9500 5.8800 8.9000 0.9222
Share of Mittelstand �rms 58.3000 83.9000 82.7000 91.0000 5.0180
Unemployment rate 1.9000 6.3000 6.8200 18.3000 2.9390
Unemployed potential trainees 5.0000 10.9000 10.8000 16.0000 1.7720
Medium-skilled potential trainees 0.0268 0.1080 0.1090 0.2370 0.0327
High-skilled potential trainees 0.0000 0.0635 0.0681 0.1750 0.0302
Universities 0.0000 0.0031 0.1390 2.7700 0.3448
Small �rms 4.7800 8.0000 8.0500 12.3000 1.3630
Large �rms 0.8400 2.0400 2.1100 4.0500 0.6640
Working age population 60.9000 65.3000 65.4000 72.5000 1.7030
Population density 41.0000 232.0000 569.0000 4270.0000 694.5000
GDP per capita 13.3000 27.3000 30.3000 85.4000 11.3500

Sectors
Agriculture, forestry and �shing 0.1370 1.9000 2.4200 10.2000 1.9600
Mining and quarrying 0.0000 0.0682 0.0927 0.7520 0.0921
Manufacturing 2.8800 6.6100 6.9000 20.9000 2.2490
Electricity 0.0380 0.4060 0.6000 6.9200 0.6696
Water supply and waste management 0.0622 0.2870 0.2920 0.8680 0.1069
Construction 5.4400 11.5000 11.3000 17.0000 2.5310
Wholesale and retail trade 15.0000 22.9000 22.8000 31.0000 2.3440
Transportation and storage 1.5800 3.3800 3.6300 15.4000 1.2090
Accommodation and food service 2.7200 5.5400 5.9000 13.0000 1.6480
Information and communication 0.8310 2.2800 2.5000 9.7800 1.1160
Finance and insurance 1.8700 3.4400 3.4500 5.7800 0.5859
Real estate activities 1.8400 3.7600 3.9300 10.7000 1.1970
Professional and technical activities 6.7600 12.3000 12.9000 23.1000 3.0470
Administrative and support service 3.0100 4.8400 5.0400 11.8000 1.1900
Public administration 0.0561 0.3580 0.4230 1.4300 0.2563
Education 0.4600 1.0700 1.1300 2.3900 0.3095
Human health and social work 1.8800 3.8100 3.9100 7.2500 0.9856
Arts, entertainment and recreation 0.9080 1.7200 1.8000 3.7200 0.4523
Other service activities 2.3400 4.7300 5.1300 16.5000 1.8920
Households as employers 0.0000 0.0217 0.0297 0.1640 0.0305
Extraterritorial organisations 0.0000 0.0000 0.0309 2.7200 0.2018
No sector information 0.0460 5.0800 5.8000 17.3000 3.8470

Occupations
Farmer, forestry workers and miners 0.3000 1.3000 1.6400 11.1000 1.0990
Chemical worker 0.1000 1.4000 1.9100 16.5000 1.7840
Metal cutters and connectors 0.1000 1.8000 2.2400 11.6000 1.6450
Smiths, �tters and mechanics 2.6000 7.2000 7.3300 20.3000 2.0320
Electricians 1.3000 2.4000 2.5100 6.2000 0.6587
Assemblers 0.1000 1.6000 2.1900 22.7000 2.1560
Food makers 1.0000 2.7000 2.8900 8.7000 1.1510
Building construction labourers 0.6000 2.4000 2.5500 6.9000 1.1950
Wood-product makers 0.2000 0.8000 0.9050 3.5000 0.5707
Painters and surface �nishers 0.3000 0.8000 0.8820 3.3000 0.3043
Products testers and packagers 0.2000 1.5000 1.5500 5.4000 0.7334
Labourers no further speci�ed 0.5000 2.0000 2.3000 18.3000 1.5630
Machine operators 0.1000 0.6000 0.7310 5.0000 0.4734
Engineers and chemists 0.5000 1.9000 2.2700 12.1000 1.4330
Technicians 1.3000 4.0000 4.1400 14.3000 1.3060
Sellers and salespersons 4.4000 8.1000 8.2000 15.1000 1.4170
Service agents and clerks 1.3000 3.0000 3.4300 17.4000 1.6400
Surface transport occupations 3.7000 7.2000 7.4900 16.5000 1.8400
Managers and o�ce clerks 9.0000 18.2000 19.5000 38.7000 4.0770
Protective services workers 0.6000 1.2000 1.3400 5.2000 0.5241
Authors and editors 0.2000 0.5000 0.6820 11.4000 0.7499
Health care occupations 3.0000 7.6000 7.6500 15.3000 1.9940
Care occupations and teachers 2.2000 6.0000 6.1500 11.4000 1.4950
Hairdressers and cleaners 2.7000 5.5500 5.8000 15.6000 1.6260
No occupational information 0.3000 0.9000 1.0100 6.3000 0.5478
N = 326



4 Results

In Table 3 we report the results of our baseline regression approach, explaining

�rms' apprenticeship activity (Apprenticeship) by the relative importance of owner-

managed SMEs (Share of Mittelstand �rms) on the county level, estimated using the

OLS technique. The �rst column displays the results of the simple linear regression.

The second column shows the estimation results of a model containing various con-

trol variables except regional characteristics, whereas the third model includes all

control variables discussed in the previous Section. In all three models the variable

of central interest, the relative importance of Mittelstand �rms, turns out to have a

positive impact on �rms' apprenticeship activity which is statistically signi�cant in

model (1) and (3). Several employed control variables also show a signi�cant in�u-

ence on �rms' apprenticeship activity with coe�cients having the expected signs.

Table 3: OLS
Dependent variable: Apprenticeship

(1) (2) (3)
(Intercept) 1.7833* 1.2976 -3.2213
Share of Mittelstand �rms 0.0496*** 0.0125 0.0231*
Unemployment rate -0.0274* -0.0571***
Unemployed potential trainees 0.0884*** 0.0864***
Medium-skilled potential trainees -0.8121 -2.8992
High-skilled potential trainees 0.6981 -0.9932
Universities -0.0700 -0.4356***
Sectors X X
Occupations X X
Small �rms 0.2036***
Large �rms 0.0001
Working age population 0.0509*
Population density 0.0001
GDP per capita -0.0004
N 326 326 326
adj R2 0.0699 0.6490 0.6770
F-value 25.40*** 12.80*** 13.10***

*** p<0.01, ** p<0.05, * p<0.1.
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In order to check the stability of the results of our OLS regressions, we test for

possible outliers and multicollinearity. Since regressions without potential outliers

lead to similar outcomes as in the analysis including all 326 West German regions,

at least with regard to direction and signi�cance of the Share of Mittelstand �rms-

coe�cient, we keep all regions in our sample even within the following empirical

analyses. Furthermore, an examination of bivariate correlations and variance in�a-

tion factors does not detect any multicollinearity problems.17 Additionally, estima-

tion results remain qualitatively unchanged when we include East German regions

in our analysis. Results for all German counties are numerically even stronger than

estimation results for West German regions. Table A.3 in the Appendix reports the

analysis including all German counties.

In order to check whether our dataset exhibits serious spatial interactions, we

�rst use a Moran's I-test (Anselin 1988, Keilbach 2000). This test shows a small

but highly signi�cant Moran's I-value of 0.0831 for model (3), identifying positive

spatial autocorrelation in the OLS residuals.18 This result is likely due to the fact

that the OLS baseline regression does not explicitly control for spatial dependencies,

and thus they are re�ected in the residuals. In order to extend the OLS baseline

model by spatial correlations, we estimate a model with spatially lagged explanatory

variables (Elhorst and Vega 2013). However, the extended model su�ers from seri-

ous multicollinearity problems and therefore should not be used.19 Hence, we apply

Lagrange-Multiplier-tests to discover whether a spatial error model or a model with

a spatially autocorrelated dependent variable might be adequate to capture the ex-

isting spatial interactions (Eckey et al. 2006). Lagrange-Multiplier-tests detect both

models to be potentially appropriate at the 95-percent signi�cance level and thus ro-

bust Lagrange-Multiplier-tests should be used. The robust tests support the spatial

17Since the OLS models only serve as a starting point for the following spatial analysis, we do
not show the regression results without outliers, the correlation matrices, and the variance in�ation
factors of the OLS models here. They are instead available from the author on request.

18Figure A.1 shows the Moran scatterplot of the OLS residuals.
19The variance in�ation factors of the extended model are available from the author on request.
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lag model, showing a higher test value for RLMlag (Anselin 2005, Anselin and Florax

1995, Elhorst et al. 2010).20 Therefore, we estimate a model with spatial interaction

in the dependent variable using the Maximum-Likelihood-technique. However, this

spatial lag model might su�er from omitted variable bias since it does not account

for spatially lagged independent variables. In this case, the spatial Durbin model

would be appropriate, extending the spatial lag model by spatial correlations in the

explanatory variables (see e.g. Elhorst et al. 2010). Thus, we estimate a spatial

Durbin model and contrast it with the spatial lag model using a Likelihood-Ratio-

test. The Likelihood-Ratio-test, especially adapted to spatial models, detects the

spatial Durbin model to better describe the underlying data (Anselin 2003, Elhorst

2010, Angulo and Mur 2011). Therefore, we reject the spatial lag model in favor

of the spatial Durbin model. As a major strength of the model, the spatial Durbin

model leads to unbiased coe�cient estimates even when the data generating process

follows another spatial regression equation (LeSage and Pace 2009), unless the true

data generating process is of the Manski type (Elhorst 2010).21 In order to check

whether the spatial Durbin model or the Manski model is appropriate to capture

the existing spatial dependencies, we estimate a Manski model. The only di�erence

between the spatial Durbin model and the Manski model is the spatially lagged

error term. Since λ turns out to be highly signi�cant, we reject the spatial Durbin

model in favor of the Manski model (Elhorst and Vega 2013). At the end, the Man-

ski model quali�es as the adequate spatial model to capture the underlying spatial

interactions.22

The results of the Manski model are shown in Table 4. The Manski model �ts

the data very well, showing a Nagelkerke pseudo R squared of 0.8284. ρ turns out

20The referring results are shown in Table A.4 in the Appendix.
21Although the Kelejian-Prucha model nests the spatial lag model as well, we refrain from

estimating a Kelejian-Prucha model because it produces biased estimates when the true data
generating process follows another spatial regression speci�cation (LeSage and Pace 2009, Elhorst
2010).

22Results of the spatial lag model, the spatial Durbin model and the Likelihood-Ratio-test are
available from the author on request.
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to be highly signi�cant, indicating a considerable spatial autocorrelation of �rms'

apprenticeship activity.

Table 4: Manski model
Direct p-values Indirect p-values Total p-values
e�ects e�ects e�ects

Share of Mittelstand �rms 0.0267 0.0389 -0.0740 0.0762 -0.0472 0.2193
Unemployment rate 0.0057 0.7837 -0.0032 0.9974 0.0025 0.9373
Unemployed potential trainees 0.0541 0.0184 0.2174 0.0108 0.2715 0.0019
Medium-skilled potential trainees 0.7334 0.6300 -5.0023 0.3412 -4.2690 0.4657
High-skilled potential trainees -1.3387 0.4513 2.2280 0.7473 0.8893 0.9131
Universities -0.2010 0.2265 -0.8574 0.2912 -1.0584 0.2311
Small �rms 0.1084 0.0211 0.0364 0.8515 0.1448 0.4298
Large �rms 0.0337 0.6914 0.4405 0.3386 0.4742 0.3059
Working age population 0.0141 0.6138 0.1141 0.2635 0.1281 0.2139
Population density 0.0000 0.7722 0.0001 0.6978 0.0001 0.6368
GDP per capita -0.0149 0.0251 0.0036 0.9219 -0.0113 0.6738
N 326
Nagelkerke 0.8284
ρ 0.4697 (0.0000)
λ − 0.6856 (0.0000)

Note: Industrial sectors and occupations are further controls not reported in this table.
Table A.5 in the Appendix reports the results of the Manski model including sectors and
occupations.

According to LeSage and Pace (2009), Gleditsch and Ward (2007) and Elhorst

(2014), the regression coe�cients of models containing a spatially lagged dependent

variable, like the Manski model, should not be interpreted because they ignore feed-

back e�ects. Feedback e�ects result from the spatial autocorrelation of the explained

variable and describe impacts that a�ect the dependent variable of a region, pass

on to neighboring regions and back to the referring region (Elhorst 2014, Gleditsch

and Ward 2007, LeSage and Fischer 2008). We therefore calculate direct, indirect

and total e�ects of the independent variables, taking feedback e�ects into account.

Direct e�ects measure the impact of a particular independent variable on the depen-

dent variable of the same region. Indirect e�ects, also referred to as spillover e�ects,

describe the in�uence of a single explanatory variable on the explained variables

of all other regions. Using an alternative interpretation, indirect e�ects measure

the change in the dependent variable of the referring region due to an increase in a
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particular explanatory variable in all other regions. Total e�ects are the sum of the

direct and indirect impacts (LeSage and Pace 2009, Elhorst et al. 2010, LeSage and

Fischer 2008).23 Total e�ects measure the overall impact of a single explanatory

variable of the referred region, within and across regions. Changing perspectives,

total e�ects describe the overall impact on the dependent variable of a particular

region due to nationwide changes in a single independent variable. Total e�ects

might therefore be interpreted as national impacts, taking e�ects within and across

regions into account.

The variable of central interest, the relative importance of Mittelstand �rms,

turns out to have a signi�cantly positive direct impact on �rms' apprenticeship ac-

tivity. An increase in the regional share of owner-managed SMEs signi�cantly raises

�rms' apprenticeship activity in the same region. However, the indirect e�ect is

signi�cantly negative on the 90-percent con�dence level, indicating apprenticeship

activities in surrounding regions to fall when the share of Mittelstand �rms in the

referring region raises. An increasing relative importance of owner-managed SMEs

in the referring region might potentially attract apprentices from other regions. Us-

ing the alternative interpretation, an increase in the quotas of owner-managed SMEs

in surrounding regions has a signi�cantly negative in�uence on the apprenticeship

activity of the referring region. The negative indirect e�ect cancels out the sig-

ni�cantly positive direct impact, leading to a non-signi�cant total e�ect. Hence,

a relatively large share of Mittelstand �rms is a relative regional advantage that

disappears when the relative importance of owner-managed SMEs in surrounding

regions also increases. This e�ect is quite plausible as all regions tend to compete

for the same pool of potential apprentices.

We neither �nd a signi�cant direct nor indirect impact of the regional unem-

ployment rate on �rms' apprenticeship activity. The total e�ect turns out to be

23The Manski model does not impose any restictions on the magnitude of the direct and indirect
e�ects. Therefore, the ratio between the direct and indirect e�ects may di�er across explanatory
variables. This �exibility makes the Manski model an attractive spatial model (Elhorst 2014).
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insigni�cant as well. Possibly, �rms' expectations about the future supply of skilled

labour as a reason to train apprentices according to the investment motive is not

only based on the current labour market situation. The supply of potential trainees

currently unemployed turns out to in�uence �rms' apprenticeship activity signi�-

cantly positive, both within and across regions. The education level of potential

trainees instead tends to have no signi�cant impact. The regional supply of aca-

demic training also does not have a signi�cant in�uence on �rms' engagement in the

apprenticeship system.

5 Summary and Conclusion

As a consequence of the deeply rooted belief in the importance of Mittelstand �rms

for the German economy, German policy makers launch numerous political pro-

grams to support Mittelstand �rms on the regional as well as on the national level.

Politicians often emphasize the important role of owner-managed SMEs by stat-

ing that Mittelstand �rms excessively engage in the German apprenticeship system.

However, there has been almost no empirical evidence on the question whether Mit-

telstand �rms are in fact excessively active in training apprentices yet. Based on a

unique dataset of German enterprises, we examine for the �rst time the relationship

between the relative importance of owner-managed SMEs and �rms' apprenticeship

activity on the county level. Taking numerous control variables and various types

of spatial dependencies between regions into account, we �nd a signi�cantly posi-

tive impact of the relative importance of owner-managed SMEs on apprenticeship

activity on the NUTS-3-level. Thus, regions with a higher relative importance of

Mittelstand �rms seems to be overly successful in attracting trainees and especially

train a larger number of apprentices relative to all employees than other regions.

However, since the pool of potential apprentices in Germany is somewhat limited

in the short run, German regions compete for potential trainees. This competition
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leads the relative regional advantage of a higher relative importance of Mittelstand

�rms to disappear when other regions show a higher relative importance of owner-

managed SMEs as well.

Although we have to rely on cross sectional data due to data availability, im-

peding a clear causal identi�cation strategy, we dare some policy implications from

our empirical analysis. Political promotion of the local Mittelstand, increasing the

regional share of Mittelstand �rms in all enterprises, seems to be a reasonable instru-

ment in order to raise �rms' apprenticeship activity in a particular region. However,

policy makers should be aware that this turns out to come at the price that a rela-

tively large share of owner-managed SMEs in a particular region attracts potential

trainees from surrounding regions, leading �rms' apprenticeship activity to decrease

there. This negative spillover e�ect tends to outweigh the positive impact of the rel-

ative importance of Mittelstand �rms on �rms' apprenticeship activity on a higher

regional level. Countries aiming at adopting the German Mittelstand model should

take these mechanisms into account.

While we analyze the link between Mittelstand �rms and �rms' apprenticeship

activity on the regional and the national level, we cannot be sure that Mittelstand

�rms account for the larger regional share of apprentices. Whereas it seems to be

natural to attribute the higher regional apprenticeship activities to local Mittelstand

�rms, it might also be the case that non-owner-managed or large �rms train a

larger number of apprentices in the presence of a high share of regionally competing

Mittelstand �rms. Although this analysis is infeasible with the dataset at hand and

thus has to be left open for future research, the result is less important for policy

implications to be drawn on the regional and national level.
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Appendix

Table A.1: Industrial sector classi�cation (NACE Rev. 2, one digit)
Variable Industrial Description

sector
classi�cation

Agriculture, forestry and �shing A Agriculture, forestry and �shing
Mining and quarrying B Mining and quarrying
Manufacturing C Manufacturing
Electricity D Electricity, gas, steam and air

conditioning supply
Water supply and waste management E Water supply; sewerage, waste

management and remediation activities
Construction F Construction
Wholesale and retail trade G Wholesale and retail trade; repair of

motor vehicles and motorcycles
Transportation and storage H Transportation and storage
Accommodation and food service I Accommodation and food service

activities
Information and communication J Information and communication
Finance and insurance K Financial and insurance activities
Real estate activities L Real estate activities
Professional and technical activities M Professional, scienti�c and technical

activities
Administrative and support service N Administrative and support service

activities
Public administration O Public administration and defence;

compulsory social security
Education P Education
Human health and social work Q Human health and social work

activities
Arts, entertainment and recreation R Arts, entertainment and recreation
Other service activities S Other service activities
Households as employers T Activities of households as

employers; undi�erentiated goods-
and services-producing activities
of households for own use

Extraterritorial organisations U Activities of extraterritorial
organisations and bodies

Source: Federal Statistical O�ce (2008).
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Table A.2: Relevant section of the German occupational classi�cation from 1988
Variable Occupational Description

classi�cation
Farmer, forestry workers I.II.01.09 Mixed crop and animal producers; lifestock and �sh
and miners farmer; agricultural production manager and advisors;

farm hands, mixed crop and livestock farm labourers;
gardeners, horticultural and nursery growers;
forestry workers and huntspersons; miners; mineral
exploitation and quarry workers; mineral and stone
processing plant operators

Chemical worker III.14.15 Chemical worker; plastic products machine operators
Metal cutters and III.19.24 Metal furnace and rolling-mill operators; moulders,
connectors casters; metal moulders non cutting deformation;

metal-cutters; metal surface processors and �nishers;
metal connectors

Smiths, �tters and III.25.30 Smiths; thinsmiths, plumbers and pipe �tters;
mechanics locksmiths and �tters; mechanics; toolmakers,

instrument mechanics; precious �tters and
related occupations

Electricians III.31 Electricians
Assemblers III.32 Assemblers and metal plant operators otherwise

undisclosed
Food makers III.39.43 Bakers, pastry-cooks and confectionery makers;

butchers, �sh-processing-machine operators and
related food preparers; cooks and other food makers;
beverage and semiluxury food makers; other food makers

Building construction III.44.47 Bricklayers and concreters; carpenters, roofers,
labourers sca�olders; road, maintenance and civil engineering

building experts; building construction labourers
Wood-product makers III.50 Cabinetmakers, carpenters, joiners and other

wood-product makers
Painters and surface �nishers III.51 Painters, wallpaperers, varnishers and surface �nishers
Products testers and packagers III.52 Products testers, packagers and loading agents
Labourers no further speci�ed III.53 Labourers no further speci�ed
Machine operators III.54 Machine operators and related occupations
Engineers and chemists IV.60.61 Engineers; chemists, physicists, mathematicans
Technicians IV.62.63 Technicians; science technicians
Sellers and salespersons V.68 Sellers and salespersons
Service agents and clerks V.69.70 Banking, building society and insurance experts;

other service agents, clerks and related occupations
Surface transport V.71.74 Surface transport occupations; water- and air tra�c
occupations occupations; communication tra�c occupations; stock,

loading and transport occupations
Managers and o�ce V.75.78 Entrepreneurs, managers, consultants, accountants and
clerks related clerks; legislators, senior and administrative

o�cials; calculators, bookkeepers, computing and data
processing professionals; o�ce clerks and hands

Protective services V.79.81 Attendance and protective services workers; soldiers,
workers police o�cers, �re�ghters, safety and health

inspectors; judges, lawyers, legal professionals and
executory o�cers

Authors and editors V.82.83 Authors, editors, interpreters, librarians and related
clerks; artists and related occupations

Health care occupations V.84.85 Medical doctors, pharmacists; remaining health care
occupations

Care occupations and V.86.89 Social welfare, care occupations; teachers and teaching
teachers professionals; humanities and natural scientists,

otherwise undisclosed; religious professionals,
associated professionals and assistants

Hairdressers and cleaners V.90.93 Hairdressers, barbers, beauticans and related workers;
hotel and restaurant occupations; housekeeping
occupations; launderers and cleaners

Source: Federal Employment Agency (1988) and Research Data Centre of the German Federal
Employment Agency at the Institute for Employment Research (2010).



Table A.3: OLS with all German counties
Dependent variable: Apprenticeship

(1) (2) (3)
(Intercept) 2.8743*** 2.6429 -1.9396
Share of Mittelstand �rms 0.037*** 0.0213 0.0285**
Unemployment rate -0.0244 -0.0436**
Unemployed potential trainees 0.1214*** 0.1085***
Medium-skilled potential trainees -0.4694 -1.8019
High-skilled potential trainees 5.0486** 3.5379
Universities -0.3230** -0.6240***
Sectors X X
Occupations X X
Small �rms 0.2062***
Large �rms 0.0345
Working age population 0.0572*
Population density -0.0001
GDP per capita -0.0083
N 413 413 413
adj R2 0.0270 0.5340 0.5540
F-value 12.4*** 10.3*** 10.1***

*** p<0.01, ** p<0.05, * p<0.1.

Figure A.1: Moran scatterplot of OLS residuals
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Table A.4: Lagrange-Multiplier-tests
Lagrange Multiplier p-value

LMerr 4.86 0.0300
LMlag 32.49 0.0000
RLMerr 8.40 0.0000
RLMlag 36.04 0.0000
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Table A.5: Manski model including sectors and occupations
Direct p-values Indirect p-values Total p-values
e�ects e�ects e�ects

Share of Mittelstand �rms 0.0267 0.0389 -0.0740 0.0762 -0.0472 0.2193
Unemployment rate 0.0057 0.7837 -0.0032 0.9974 0.0025 0.9373
Unemployed potential trainees 0.0541 0.0184 0.2174 0.0108 0.2715 0.0019
Medium-skilled potential trainees 0.7334 0.6300 -5.0023 0.3412 -4.2690 0.4657
High-skilled potential trainees -1.3387 0.4513 2.2280 0.7473 0.8893 0.9131
Universities -0.2010 0.2265 -0.8574 0.2912 -1.0584 0.2311

Sectors
Agriculture, forestry and �shing -0.0463 0.0832 0.0493 0.6016 0.0030 0.9601
Mining and quarrying 0.2516 0.4552 1.2491 0.2812 1.5007 0.2032
Manufacturing 0.0103 0.6788 0.2317 0.0316 0.2420 0.0250
Electricity -0.0513 0.4158 0.1640 0.3299 0.1127 0.4896
Water supply and waste management -0.1947 0.5343 -0.5433 0.6166 -0.7380 0.5242
Construction 0.0200 0.4786 0.0224 0.8289 0.0424 0.6673
Wholesale and retail trade -0.0748 0.0003 0.0382 0.5820 -0.0366 0.6154
Transportation and storage -0.0114 0.7116 0.1609 0.1191 0.1495 0.1670
Accommodation and food service 0.0314 0.3109 0.0802 0.4230 0.1117 0.2813
Information and communication -0.1642 0.0056 0.1870 0.2749 0.0228 0.8438
Finance and insurance 0.0004 0.9961 0.2811 0.2463 0.2815 0.2661
Real estate activities 0.0224 0.5590 0.1563 0.3817 0.1787 0.3268
Professional and technical activities -0.0398 0.0795 -0.0089 0.9498 -0.0488 0.5546
Administrative and support service -0.0014 0.9594 0.0216 0.8016 0.0202 0.8048
Public administration -0.2677 0.0895 -0.2747 0.5701 -0.5423 0.2541
Education 0.3070 0.0321 0.5677 0.2781 0.8747 0.1044
Human health and social work 0.1098 0.0887 -0.4593 0.0694 -0.3495 0.1760
Arts, entertainment and recreation -0.1295 0.1786 0.3810 0.2254 0.2514 0.4393
Other service activities 0.0152 0.3882 0.1060 0.1875 0.1211 0.1196
Households as employers 0.2119 0.8432 1.2601 0.7524 1.4720 0.7182
Extraterritorial organisations -0.1204 0.4150 -0.1390 0.8452 -0.2594 0.6908

Occupations
Farmer, forestry workers and miners 0.0093 0.8020 0.2986 0.0709 0.3079 0.0853
Chemical worker -0.0393 0.0706 0.0599 0.4532 0.0206 0.7596
Metal cutters and connectors -0.0469 0.0739 0.0748 0.4172 0.0279 0.7453
Smiths, �tters and mechanics 0.0428 0.0612 0.0136 0.8276 0.0564 0.4827
Electricians 0.1005 0.0513 0.1519 0.4285 0.2524 0.2256
Assemblers -0.0399 0.0700 0.1395 0.0976 0.0996 0.2683
Food makers 0.0201 0.6177 0.2560 0.0688 0.2761 0.0678
Building construction labourers 0.1568 0.0004 0.2993 0.1088 0.4561 0.0249
Wood-product makers 0.1520 0.0416 -0.0613 0.8390 0.0907 0.7612
Painters and surface �nishers -0.1556 0.1744 0.4323 0.3548 0.2767 0.5709
Products testers and packagers -0.0035 0.9116 0.1165 0.5520 0.1130 0.6056
Labourers no further speci�ed -0.0713 0.0054 -0.0451 0.6377 -0.1164 0.2462
Machine operators 0.1136 0.1071 0.0807 0.7344 0.1943 0.4533
Engineers and chemists -0.0324 0.3827 0.2492 0.0771 0.2168 0.1472
Technicians 0.0762 0.0249 0.0411 0.6987 0.1173 0.3661
Sellers and salespersons 0.1219 0.0000 0.4626 0.0025 0.5845 0.0004
Service agents and clerks 0.0747 0.0176 -0.0534 0.7916 0.0213 0.8649
Surface transport occupations -0.0509 0.0186 -0.0591 0.4991 -0.1100 0.2168
Protective services workers 0.0711 0.2673 -0.4675 0.1183 -0.3964 0.2173
Authors and editors 0.0465 0.3987 -0.3700 0.2595 -0.3235 0.3296
Health care occupations 0.0749 0.0038 0.3288 0.0086 0.4037 0.0029
Care occupations and teachers -0.0106 0.6743 -0.1192 0.3193 -0.1299 0.3040
Hairdressers and cleaners -0.0480 0.0961 -0.0034 0.9835 -0.0514 0.7028
No occupational information -0.0804 0.1936 0.1808 0.4754 0.1004 0.6859
Small �rms 0.1084 0.0211 0.0364 0.8515 0.1448 0.4298
Large �rms 0.0337 0.6914 0.4405 0.3386 0.4742 0.3059
Working age population 0.0141 0.6138 0.1141 0.2635 0.1281 0.2139
Population density 0.0000 0.7722 0.0001 0.6978 0.0001 0.6368
GDP per capita -0.0149 0.0251 0.0036 0.9219 -0.0113 0.6738
N 326
Nagelkerke 0.8284
ρ 0.4697 (0.0000)
λ − 0.6856 (0.0000)


