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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.1 German politicians fre-
quently 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 Mittel-
stand is Germany’s economic backbone’ (Federal Ministry of Economics and Technol-
ogy 2013; Federal Chancellor Angela Merkel 2009; Ministry of Economic Affairs 2014). 

1 Besides owner-management and a small firm size, further characteristics of Mittelstand firms are discussed in the lit-
erature. Mittelstand firms are said to be long-term oriented, well embedded in the region they are located in, and have 
long-lasting relationships to suppliers, clients, and employees. Moreover, they are often characterized as export oriented 
and highly flexible due to flat hierarchies (Audretsch and Lehmann 2016). However, since these characteristics are not 
measureable on the regional level, the following empirical analysis concentrate on owner-management and a small firm 
size only.
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As a consequence of the deeply rooted belief in the important role of Mittelstand firms, 
German politics has launched various political programs promoting the German Mittel-
stand on the regional and the national level (see e.g. Bavarian Ministry of Economic 
Affairs and Media, Energy and Technology (2009), Federal Ministry of Economic Affairs 
and Energy (2014)).2 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 Mittel-
stand 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 firms essen-
tially contribute to the resilience of the German economy in economic crises (Girotra 
and Netessine 2013; Berghoff 2006). The German Mittelstand is also said to account for 
a large share of total economic output and employment and to be overly innovative (Fed-
eral Ministry of Economics and Technology 2013).

German politics also often claims Mittelstand firms to make a major contribution to 
the German apprenticeship system by employing a large proportion of apprentices (Fed-
eral Ministry of Economics and Technology 2013; Ministry of Economic Affairs 2014). 
Since apprenticeship training helps to meet firms’ demand for skilled labour, it is eco-
nomically highly relevant (Federal Ministry of Economics and Technology 2014) and 
essential in the light of the prevailing demographic trends. Furthermore, apprenticeship 
training might contribute to minimize youth unemployment (Winkelmann 1996; Shack-
leton 1997) and thus reduces social spending for the unemployed (Franz et al. 2000).

The existing literature provides various theoretical explanations why Mittelstand firms 
might be highly engaged in training apprentices. The employed arguments are typi-
cally based on the assumption that firms train apprentices in order to retain productive 
apprentices as skilled employees after graduation. Thus, firms’ training efforts are seen 
as an investment in future skilled human capital, a view which is referred to as invest-
ment motive (Becker 1993; Acemoglu and Pischke 1999). In this context, firms might use 
apprenticeships to gain information about potential future employees in order to mini-
mize the risk of retaining unproductive workers (Franz et al. 2000; Krämer 2003; Wagner 
1998). Additionally, few theoretical explanations are based on the idea that firms pro-
vide 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 firm usually done by semi-skilled or 
skilled workers, without being paid respective wages (Ryan 2001; Busemeyer et al. 2012; 
Backes-Gellner and Mohrenweiser 2010).

The existing literature discusses the two dimensions of Mittelstand firms (owner-man-
agement, SMEs) separately. The first strand of the literature explains why owner-man-
aged firms might be highly active in training apprentices. In owner-managed firms 
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 firms might use apprenticeships to gather information about 
potential employees in order to minimize the risk of employing unproductive workers. 

2 Political programs e.g. give credits with favourable conditions to Mittelstand firms or subsidize their research and 
development facilities (Federal Ministry of Economic Affairs and Energy 2015).
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Moreover, owner-managed firms usually are long-term oriented (Institut für Mittel-
standsforschung 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 attractiveness of large employers3, trainees might 
complete their apprenticeships in small firms and then switch to other employers after-
wards, thereby counteracting the investment motive of the training firms (Hamel 2006; 
Krämer 2003). Therefore, SMEs may train a relatively large number of apprentices in 
order to compensate quitting graduates. Additionally, SMEs often have flat hierarchies 
that might simplify collecting information about potential employees during apprentice-
ships. Furthermore, particularly small firms active in craft industries might train a rela-
tively large number of apprentices according to the production motive since apprentices’ 
contribution to the production process tends to be relatively high in these firms (Buse-
meyer et al. 2012; Franz et al. 2000; Winkelmann 1996). According to Fama and Jensen 
(1983), owner-management especially makes sense in small noncomplex firms. There-
fore, 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 system. This is 
likely due to the fact that official statistics often do not report on the owner and govern-
ance structure of enterprises and thus impede the identification of owner-managed 
firms. Even employer surveys like the IAB Establishment Panel, providing detailed infor-
mation on employment at the establishment level, do not allow identifying owner-man-
aged enterprises. This is due to the fact that the IAB Establishment Panel does not 
distinguish between owner-managed enterprises and family firms. However, while many 
family firms are owner-managed, this does not hold true for all family firms. In family 
firms sometimes one part of the family owns at least parts of the enterprise whereas 
other family members manage the firm. Thus, ownership and management are not nec-
essarily conjoint in the same person.4

This paper aims at filling the gap in the empirical literature by using a 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 firms’ 
apprenticeship activity on the county level.5 The relative importance of owner-managed 
SMEs is measured by the share of Mittelstand firms in all economically active firms in a 
region. In order to measure firms’ apprenticeship activity, we use the share of appren-
tices in all employees subject to social insurance contributions on the regional level.6 
Since firms’ apprenticeship activity might not only depend on local characteristics, e.g. 

3 Wagner (1997) finds large companies to pay higher wages and fringe benefits than small firms in Germany. Moreover, 
employees’ opportunities for skill enhancement turn out to increase with firm size.
4 Specifics of family firms compared to owner-managed firms are discussed e.g. in Chrisman et al. (2004), Kets de Vries 
(1993) and Chu (2009).
5 German counties correspond to the European NUTS-3-level.
6 Related empirical studies often differentiate between firms’ propensity to train apprentices and firms’ training inten-
sity, given they decided to train apprentices in general. Since we are interested in the total effect of the relative regional 
importance of Mittelstand firms on firms’ 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 firms. Moreover, the empirical 
literature finds a significantly positive effect of firm size on firms’ propensity to train apprentices (see e.g. Beckmann 
(2002), Mühlemann et al. (2007)). Thus, if we find a significantly positive impact of the relative regional importance of 
owner-managed SMEs on firms’ apprenticeship activity, we expect this effect even to be underestimated.
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the situation on the domestic labour market or the local supply of potential trainees, but 
also on characteristics of surrounding 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 significantly positive effect of the relative importance 
of owner-managed SMEs on firms’ apprenticeship activity on the county level. Thus, 
regions with a higher relative importance of Mittelstand firms 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 firms to disappear when other 
regions show a higher relative importance of owner-managed SMEs as well. Thus, we do 
not find a significant effect of the relative importance of owner-managed SMEs on firms’ 
engagement in the apprenticeship system on the national level. Therefore, our empirical 
results lead to different 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 estimation 
approach and introduces the employed datasets. Sections “Results and discussion” and 
“Limitations” present the empirical results. The final section summarizes the main 
results and draws some conclusions.

Institutional background
The German system of apprenticeship training is often recognized as exemplary com-
pared to the training systems of other developed countries (Beckmann 2002) as it pro-
vides 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 firms, training apprentices in prac-
tical skills. Therefore, the German system is also referred to as dual vocational train-
ing system (Zimmermann et  al. 2013; Troltsch and Walden 2011). Creating graduates 
with theoretical and practical knowledge, the German apprenticeship system helps to 
meet the firms’ demand for skilled labour, necessary to produce product and services 
of high quality (Federal Ministry of Economics and Technology 2009, 2014). Thereby, 
the apprenticeship system might contribute to a relatively low youth unemployment 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, firms are subject to the laws of apprenticeship 
training. The Chambers of Commerce and Industry or Crafts first check whether firms 
meet the official training standards to train apprentices (Federal Ministry of Education 
and Research 2013; Federal Ministry of Justice and Consumer Protection 2013a; Bunde-
sausschuss für Berufsbildung 1972; Federal Ministry of Justice and Consumer Protection 
2009, 2013b). Granted the official permission to train apprentices, firms 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).
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Vocational schools and training firms provide job-related skills, covering approxi-
mately 350 occupations (Zimmermann et al. 2013; Troltsch and Walden 2011). At the 
end of the training, apprentices pass an official job-related exam that is provided by the 
Chambers of Commerce and Industry or Crafts (Federal Ministry of Education and 
Research 2013; Federal Ministry of Justice and Consumer Protection 2013a, b). This offi-
cial exam aims at ensuring a high training quality and should prevent enterprises from 
teaching firm-specific instead of mainly general knowledge (Beckmann 2002; Zimmer-
mann et al. 2013). According to the investment motive, firms might have an incentive to 
provide firm-specific knowledge in order to tie graduates to the training firms (Zimmer-
mann et al. 2013).

Methodology and data
Methodology

Based on a dataset of German enterprises from Creditreform, we examine for the first 
time whether the relative importance of owner-managed SMEs has an effect on firms’ 
apprenticeship activity on the regional level. For this purpose, we regress firms’ appren-
ticeship 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 sec-
tion.7 Due to persistent considerable differences 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.8 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, domi-
nating the East German economic structure Wagner (1998). In the course of German 
reunification, firms primarily had to adjust to the changing economic structures, 
neglecting the supply of apprenticeships. In order to ensure a sufficient supply of train-
ing positions, especially underrepresented SMEs have been subsidized (Troltsch et  al. 
2009; Wagner 1998). Whereas in West Germany in 2005 only 10% of apprentices were 
trained in publicly funded trainings, the share of apprentices in state-funded trainings in 
East Germany was about 30%. Additionally, the German government established pub-
licly funded institutions specialized in training apprentices in East German regions 
(Grünert et al. 2006). Thus, we exclude East German counties from our analysis.9 Con-
centrating 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

7 Creditreform collects data about firms over time. However, Creditreform calculated the regional shares of owner-man-
aged SMEs on special request for one year only. Both the regional share of apprentices in all employees and the regional 
share of Mittelstand firms in all enterprises tend to be relatively stable over time. Thus, firms’ apprenticeship activity and 
the relative importance of owner-managed SMEs vary more widely between regions than over time. However, estimat-
ing a cross section bears the risk of endogeneity. For a detailed discussion see “Limitations” section.
8 According to the territorial boundaries of 31.12.2008, Germany consists of 326 West German counties and 87 East 
German counties.
9 We estimate a regression including all German counties as a robustness check in “Results and discussion” section.

(1)Apprenticeshipr = α + β Share of Mittelstand firmsr + γ Xr + ǫr
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with Apprenticeship measuring firms’ apprenticeship activity, Share of Mittelstand firms 
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 from, ǫ 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, firms’ apprenticeship activity might not only depend on local character-
istics, 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 regions in order to 
train a relatively large number of apprentices. Thus, we need to take spatial dependen-
cies between regions into account. However, spatial correlations lead OLS in many cases 
not to deliver best linear unbiased estimators. Since spatial dependencies usually vio-
late 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 suffers from serious spatial correlations and to control for the relevant form of 
spatial interaction, if necessary. Three types of spatial dependencies might occur in lin-
ear regressions.

First, the independent variables might exhibit spatial correlations. As an example, 
firms’ 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

should be implemented. Y is the dependent variable, X is a vector of independent varia-
bles and ǫ is a normally distributed error term. W is the contiguity matrix, describing the 
spatial arrangement of the observed regions. θ is the vector of coefficients of the spatial 
lags of the independent variables. The parameters to be estimated are α , θ and β.

Second, the dependent variable might be autocorrelated in space. In our research con-
text, firms’ apprenticeship activity of a region might be influenced by firms’ apprentice-
ship activities in neighboring regions. In the presence of spatial autocorrelation in the 
dependent variable, a spatial lag model of the type

should be used. The parameters to be estimated are ρ , α and β.
Third, the error term might exhibit spatial autocorrelation. In this case, firms’ appren-

ticeship activity of the referring region might be affected by unobserved characteristics 
that neighboring regions have in common. In the presence of spatially autocorrelated 
residuals, a spatial error model of the form

(2)Y = α + θ WX + β X + ǫ, ǫ ∼ N (0, σ 2)

(3)Y = ρWY + α + β X + ǫ, ǫ ∼ N (0, σ 2)

(4)Y = α + β X + u, u = �Wu+ ǫ, ǫ ∼ N (0, σ 2)
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should be implemented. u is the spatially dependent and ǫ the normally distributed error 
term. The parameters to be estimated are α , β and �.

However, the three described types of spatial dependencies might also occur in combi-
nation. The spatial Durbin model includes a spatially autocorrelated dependent 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 specific-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 first have to define the contiguity 
matrix. We use a row standardized contiguity matrix of style queen, including only 
regions next to the one under consideration, since this type of contiguity matrix is rec-
ommended in the literature (see e.g. Dormann et al. (2007), Keilbach (2000), Eckey et al. 
(2007)).10 Using row standardization we control for different numbers of neighbors by 
equalizing a neighbor’s impact on the referring region to the average of all neighbors’ 
influences Keilbach (2000). A detailed analysis in order to find the adequate spatial 
model to capture the underlying spatial interactions is presented in “Results and discus-
sion” section.

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 insur-
ance contributions to measure firms’ apprenticeship activity.11 The referring data on the 
NUTS-3-level were extracted from the INKAR database of the Federal Institute for 
Research on Building, Urban Affairs and Spatial Development. Regional apprenticeship 
activities vary from 2.9 to 8.9%, with a mean of 5.88%. 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.

In order to measure the regional share of owner-managed SMEs in all firms, we 
employ a dataset from Creditreform.12 Creditreform is the largest German company 
information service, collecting data on all economically active firms in Germany. The 
database contains 3,195,389 economically active enterprises located in West Germany at 
the end of the year 2008.13 The Creditreform database allows us to quantify owner-man-
aged SMEs on the regional level. More precisely, it includes information on the legal 
form, the owners and the chief operating officers of an enterprise. Moreover, the data-
base reports the companies’ turnover and the number of employees which are subject to 
social insurance contributions. Using this information, we can adequately identify 

10 Since this is the first paper analyzing the effect of the relative importance of Mittelstand firms on firms’ 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.
11 Since employees subject to social insurance contributions include apprentices, a quota between zero and 100% 
emerges.
12 Similar data from Creditreform were employed by Audretsch and Keilbach (2004, 2005, 2007, 2008) in order to exam-
ine the relationship between knowledge spillovers, entrepreneurship and economic growth in German regions.
13 For a small number of enterprises, no information on the location was available. Thus, we dropped these observations 
form our sample.
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owner-managed SMEs. We consider firms to be owner-managed whenever the chief 
operating officers of an enterprise also own (at least parts of ) the enterprise. However, as 
the advantage of owner-managed firms tends to diminish with an increasing number of 
decision makers, we restrict the maximum number of chief operating officers, which are 
considered to be classified as owner-managed firms, to four. Since we are interested in 
owner-managed SMEs only, we then apply the definition of SMEs to the identified 
owner-managed firms. We thereby apply the values used in the definition of the Institut 
für Mittelstandsforschung Bonn and classify SMEs as firms with less than 500 employees 
or an annual turnover of less than 50 million Euro. However, according to this definition, 
only a few owner-managed enterprises do not meet the SME-criteria. Thus, owner-man-
agement seems to be the determining criterion of Mittelstand firms. By applying this 
procedure, we identify 2,602,830 West German firms, respectively 81.46% of total West 
German enterprises, as Mittelstand firms. Since the Creditreform database does not 
report the number of apprentices a firm employs, we cannot estimate the influence of 
owner-management and firm size on apprenticeship activity on the firm level. Therefore, 

Fig. 1 Apprenticeship activity by West German counties in percent, 2008
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we quantify owner-managed SMEs on a very small regional level in order to analyze the 
relation between the relative importance of Mittelstand firms and firms’ engagement in 
the apprenticeship system on the regional level. In order to obtain the relative impor-
tance of owner-managed SMEs on the NUTS-3-level, we divide the number of owner-
managed SMEs by the total number of firms on the county level.14 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 firms. However, while for large firms the dataset contains 
no missing data at all, for many SMEs the employment and turnover data are missing. 
This is due to the fact that the main business objectives of Creditreform are to provide 
information about the financial situation of firms and to handle collection orders. In the 
few cases firms refuse to give information, Creditreform tries to collect information in 
interviews. Given the huge number of firms in Germany, Creditreform cannot interview 
all firms for reasons of cost. Since most enquiries address large firms with numerous 
business connections, Creditreform primarily concentrate on collecting information 
about large enterprises. While Mittelstand firms are thus classified correctly, there is no 
adequate information on the employment or turnover share of owner-managed SMEs. 
Therefore, we have to rely on the share of Mittelstand firms in all economically active 
firms to measure the regional importance of the Mittelstand. Regional shares of owner-
managed SMEs vary from 58.3 to 91.0%, with a mean of 82.7%. 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 firms’ apprenticeship 
activity. Especially small urban regions seem to have relatively small quotas of owner-
managed SMEs.

Besides the regional share of owner-managed SMEs in all enterprises, various addi-
tional factors might have an effect on firms’ apprenticeship activity. According to the 
existing literature, regional unemployment rates might affect firms’ 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 invest-
ment motive, firms might train a larger number of apprentices when they expect skilled 
labour to be scarce in the future. However, whenever firms’ expectations about the 
future are based on the current labour market situation, today’s labour market might 
determine firms’ 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, firms might also train a larger number of apprentices in order to substitute 
skilled employees by trainees. Apprentices might take over some tasks in the produc-
tion 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 coun-
ties into the regression equation. We expect a negative impact of the unemployment rate 
on firms’ apprenticeship activity. The referring data were also extracted from the afore-
mentioned INKAR database.

14 The same variable has been used in Berlemann and Jahn (2016).
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Additionally, the number of potential apprentices per region might influence firms’ 
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 measure the regional sup-
ply of potential apprentices, we first 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 variable. We thereby take the skill level 
into account by differentiating between graduates and leavers of secondary schools hold-
ing a General Certificate of Secondary Education (Realschulabschluss, medium-skilled) 
and graduates and leavers who hold a Higher Education Entrance Qualification (Hoch-
schul-, Fachhochschulreife, high-skilled). Data on school graduates and school leavers 
on the regional level were provided by the Statistical Office of Lower Saxony. In order to 
calculate the regional supply of potential trainees per enterprise, we use the total num-
ber of firms on the NUTS-3-level from the aforementioned Creditreform database.

Fig. 2 Quotas of owner-managed SMEs by West German counties in percent, 2008
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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 university 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/universi-
ties of applied sciences vary considerably in size, we employ the number of academic 
and artistic personnel. We include the number of academic and artistic personnel at 
universities/universities of applied sciences per school leaver into the regression equa-
tion. Data on the number of academic and artistic personnel at universities/universities 
of applied sciences on the county level were provided by the German Federal Statistical 
Office on request. Additionally, we control for the average distance to the next univer-
sity/university of applied sciences. In order to do so, we calculate the distance between 
the geometric center of a region without any university/university of applied sciences 
to the nearest geometric center of a region hosting at least one university/university of 
applied sciences. The distance to the next university/university of applied sciences in 
regions where at least one university/university of applied sciences is located in, is zero. 
As firms compete with universities/universities of applied sciences for graduates of sec-
ondary schools, we expect the size of universities/universities of applied sciences to have 
a negative influence and the distance to have a positive impact on the matching between 
enterprises and candidates and hence on firms’ apprenticeship activity.

Moreover, firms’ engagement in the apprenticeship system might vary with the indus-
tries, 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 firms of an industrial sector15 in all enterprises per region in percent into the 
regression equation. Data were extracted from the Creditreform database as well.16

Furthermore, firms’ 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 different occupational categories17 in all employees 
subject to social insurance contributions by counties in percent. The referring data were 
provided by the Federal Employment Agency on request.18 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 firm size, the share of the 
working-age population in all inhabitants, population density, GDP per capita, and polit-
ical attitudes might have an impact on firms’ apprenticeship activity on the county level. 
Political attitudes, measured as the share of valid second votes a political party received 
in the parliamentary election in 2009, might influence the regional share of Mittelstand 
firms through political programs as well. In order to take heterogeneity between German 

15 Additional file 1: Table S2 shows the referring industrial sector classification (NACE Rev. 2, one digit).
16 However, for roughly 5.7% of the enterprises in the Creditreform database (183,202 cases) no sector classification is 
available. The referring firms are summarized in the group ’No sector information’.
17 Due to data availability, we employ the German occupation classification from 1988, shown in Additional file  1: 
Table S3.
18 For a small number of employees no detailed information on the occupation is available. The referring employees are 
summarized in the group ’No occupational information’.
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NUTS-3-regions into account and to work against an omitted variable bias and a possi-
ble simultaneity bias, we include regional control variables in our analysis.

For a detailed description and some descriptive statistics of the employed variables see 
Table 1 and Additional file 1: Table S1. 

Results and discussion
In Table 2 we report the results of our baseline regression approach, explaining firms’ 
apprenticeship activity (Apprenticeship) by the relative importance of owner-managed 
SMEs (Share of Mittelstand firms) on the county level, estimated using the OLS tech-
nique. The first column displays the results of the simple linear regression. The second 
column shows the estimation results of a model containing all control variables dis-
cussed in the previous section. In both models the variable of central interest, the rela-
tive importance of Mittelstand firms, turns out to have a significantly positive effect on 
firms’ apprenticeship activity. Several employed control variables also show a significant 
influence on firms’ apprenticeship activity with coefficients having the expected signs.

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 significance of the Share of Mittelstand firms-coefficient, we keep all 
regions in our sample even within the following empirical analyses. Furthermore, an 
examination of bivariate correlations and variance inflation factors does not detect any 
multicollinearity problems.19 Additionally, estimation 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. 
Additional file 1: Table S4 reports the analysis including all German counties.

In order to check whether our dataset exhibits serious spatial interactions, we first use 
a Moran’s I-test (Anselin 1988; Keilbach 2000). This test shows a small but highly signifi-
cant Moran’s I-value of 0.0868 for model (2), identifying positive spatial autocorrelation 
in the OLS residuals.20 This result is likely due to the fact that the OLS baseline regres-
sion does not explicitly control for spatial dependencies, and thus they are reflected in 
the residuals. In order to extend the OLS baseline model by spatial correlations, we esti-
mate a model with spatially lagged explanatory variables Elhorst and Vega (2013). How-
ever, the extended model suffers from serious multicollinearity problems and therefore 
should not be used.21 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 existing spatial interactions Eckey et  al. (2006). Lagrange-
Multiplier-tests detect both models to be potentially appropriate at the 95%-significance 
level and thus robust Lagrange-Multiplier-tests should be used. The robust tests support 
the spatial lag model, showing a higher test value for RLMlag (Anselin 2005; Anselin and 

19 Since model (2) only serves as a starting point for the following spatial analysis, we do not show the regression 
results without outliers, the correlation matrix, and the variance inflation factors here. They are instead available 
from the author on request.
20 Addiional file 1: Figure S1 shows the Moran scatterplot of the OLS residuals.
21 The variance inflation factors of the extended model are available from the author on request.
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Table 1 Description of employed variables

Variable Description Source

Apprenticeship Share of apprentices in all employ-
ees subject to social insurance 
contributions at place of work 
by counties in percent, West 
Germany,  2008a

INKAR database (2010) of the Federal 
Institute for Research on Building, 
Urban Affairs and Spatial Develop-
ment

Share of Mittelstand firms Number of owner-managed SMEs 
relative to all enterprises by 
NUTS-3-regions in percent, West 
Germany, December 31, 2008. 
Due to data availability, firms 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  schoolsc in the school 
year 2007/08 holding a General 
Certificate of Secondary Educa-
tion (Realschulabschluss) (holding 
a Higher Education Entrance 
Qualification (Hochschul-, Fach-
hochschulreife)) per enterprise by 
NUTS-3-regions, West Germany, 
2008

Statistical Office of Lower Saxony 
(2010), Creditreform database 
(2008)b

Size of universities Number of academic and artistic 
personnel at universities and 
universities of applied sci-
ences per graduate or leaver of 
secondary  schoolc in the school 
year 2007/2008 by counties, 
West Germany, 2008. In order to 
deal adequately with academic 
personnel working part-time, we 
report full-time equivalent values

German Federal Statistical  Officeb

Distance to universities Distance to the nearest university/
university of applied sciences in 
meter

Own calculation

Sectors Share of enterprises of the referring 
industrial  sectord in all enterprises 
by NUTS-3-regions in percent, 
West Germany, 2008. Whenever 
a firm is active in various sectors, 
we report the industrial sector 
in which a company generates 
its largest turnover. The share of 
enterprises without sector infor-
mation is reported as ’No sector 
information’

Creditreform database (2008)b
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Florax 1995; Elhorst et al. 2010).22 Therefore, we estimate a model with spatial interac-
tion in the dependent variable using the Maximum-Likelihood-technique. However, this 
spatial lag model might suffer 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 

22 The referring results are shown in Additional file 1: Table S5.

Table 1 continued

Variable Description Source

Occupations Share of employees of the refer-
ring occupational  categorye in 
all employees subject to social 
insurance contributions at place 
of work by counties in percent, 
West Germany, June 30, 2008. 
Employees without informa-
tion about their occupations, 
non-agricultural family workers, 
labourers with occupation still to 
be specified and labourers not 
further specified are summarized 
in the group ’No occupational 
information’

Federal Employment  Agencyb

Small (large) firms Share of companies with minimum 
ten and maximum 49 (with mini-
mum 50) employees subject to 
social insurance contributions in 
all enterprises by NUTS-3-regions 
in percent, West Germany, 2008. A 
further differentiation according 
to the number of employees is 
not feasible due to secrecy in 
some regions

Federal Statistical Office and the Sta-
tistical Offices of the Länder (2016)

Population density Population per square kilometer by 
NUTS-3-regions, West Germany, 
2008

Federal Institute for Research on 
Building, Urban Affairs and Spatial 
Development

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

Statistical Office of Lower Saxony 
(2010)

GDP per capita Gross Domestic Product (GDP) per 
capita at current prices (€, thou-
sands) by NUTS-3-regions, West 
Germany, 2008

Statistical Offices of the Länder 
(2010)

CDU/CSU/ FDP (other parties) Share of valid second votes CDU/
CSU and FDP (other parties)f 
received in the parliamentary 
elections in 2009

Federal Returning Officer (Bun-
deswahlleiter)

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
c  In Bavaria including commercial colleges
d  Industrial sectors according to NACE Rev. 2, one‑digit‑level (see Additional file 1: Table S2)
e  Occupational categories according to the German occupational classification from 1988 (see Additional file 1: Table S3). 
Shares of occupational categories and ’No occupational information’ do not add to 100% due to anonymization
f  Other parties are defined as all parties taking part in the parliamentary elections in 2009 except CDU/CSU, FDP, SPD, and 
Die Grünen
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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 bet-
ter 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 coefficient esti-
mates 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).23 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 difference between the spatial Durbin model and the Manski model is 
the spatially lagged error term. Since � turns out to be highly significant, we reject the 
spatial Durbin model in favor of the Manski model Elhorst and Vega (2013). At the end, 
the Manski model qualifies as the adequate spatial model to capture the underlying spa-
tial interactions.24

The results of the Manski model are shown in Table 3. The Manski model fits the data 
very well, showing a Nagelkerke pseudo R squared of 0.8386. ρ turns out to be highly 
significant, indicating a considerable spatial autocorrelation of firms’ apprenticeship 
activity.

23 Although the Kelejian–Prucha model nests the spatial lag model as well, we refrain from estimating a Kelejian–Pru-
cha model because it produces biased estimates when the true data generating process follows another spatial regression 
specification (LeSage and Pace 2009; Elhorst 2010).
24 Results of the spatial lag model, the spatial Durbin model and the Likelihood-Ratio-test are available from the author 
on request.

Table 2 OLS

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

Dependent variable: Apprenticeship

(1) (2)

Share of Mittelstand firms 0.0496*** 0.0251**

Unemployment rate − 0.0414*

Unemployed potential trainees 0.0790***

Medium-skilled potential trainees − 2.4162

High-skilled potential trainees − 0.0753

Size of universities − 0.3006*

Distance to universities 0.0049*

Small firms 0.2290***

Large firms − 0.0239

Working-age population 0.0331

Population density 0.0001

GDP per capita − 0.0084

CDU/CSU/FDP 0.0254***

Other parties 0.0579***

Sectors ×
Occupations ×

N 326 326

adj  R2 0.07 0.698

F-value 25.4*** 13.7***



Page 16 of 21Jahn  Empirical Res Voc Ed Train  (2018) 10:8 

According to LeSage and Pace (2009), Gleditsch and Ward (2007) and Elhorst (2014), 
the regression coefficients of models containing a spatially lagged dependent variable, 
like the Manski model, should not be interpreted since they ignore feedback effects. 
Feedback effects are a consequence of the spatial autocorrelation of the explained varia-
ble. They measure impacts on the explained variable of a region that pass on to neigh-
boring regions and then back to the referring region (Elhorst 2014; Gleditsch and Ward 
2007; LeSage and Fischer 2008). We therefore calculate direct, indirect and total effects 
of the independent variables, taking feedback effects into account. Direct effects meas-
ure the impact of a particular independent variable on the dependent variable of the 
same region. Indirect effects, also named spillover effects, describe the influence of a 
single explanatory variable on the explained variables of all other regions. Using an alter-
native interpretation, indirect effects measure the change in the dependent variable of 
the referring region due to an increase in a particular explanatory variable in all other 
regions. Total effects are the sum of the direct and indirect impacts (LeSage and Pace 
2009; Elhorst et  al. 2010; LeSage and Fischer 2008).25 Total effects report the overall 
impact of a single explanatory variable of the referred region, within and across regions. 
Changing perspectives, total effects measure the overall impact on the explained 

25 The Manski model does not impose any restictions on the magnitude of the direct and indirect effects. Therefore, the 
ratio between the direct and indirect effects may differ across explanatory variables. This flexibility makes the Manski 
model an attractive spatial model (Elhorst 2014).

Table 3 Manski model

Industrial sectors and occupations are further controls not reported in this table. Additional file 1: Table S6 reports the 
results of the Manski model including sectors and occupations

*** p < 0.01, ** p < 0.05, * p < 0.1.

Direct effects Indirect effects Total effects

Share of Mittelstand firms 0.0218* − 0.0849* − 0.0631

Unemployment rate 0.0273 0.0280 0.0553

Unemployed potential trainees 0.0580*** 0.2556*** 0.3136***

Medium-skilled potential trainees 0.6358 − 8.1262 − 7.4904

High-skilled potential trainees − 0.6437 1.0097 0.3660

Size of universities − 0.0666 − 0.5825 − 0.6491

Distance to universities 0.0066*** 0.0028 0.0094

Small firms 0.0916* − 0.0758 0.0158

Large firms 0.0040 0.7407 0.7447

Working-age population 0.0103 0.1370 0.1474

Population density 0.0000 0.0002 0.0002

GDP per capita − 0.0162** 0.0132 − 0.0030

CDU/CSU/FDP 0.0306*** − 0.0389 − 0.0083

Other parties 0.0309 − 0.0799 − 0.0489

N 326

Nagelkerke 0.8386

ρ 0.5222 (0.0000)

� − 0.7407 (0.0000)
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variable of a particular region due to nationwide changes in a single independent varia-
ble. Total effects might therefore be interpreted as national impacts, taking effects within 
and across regions into account.

The variable of central interest, the relative importance of Mittelstand firms, turns out 
to positively influence firms’ apprenticeship activity. The direct effect is significant on 
the 90%-confidence level. An increase in the regional share of owner-managed SMEs sig-
nificantly raises firms’ apprenticeship activity in the same region. However, the indirect 
effect is significantly negative, indicating apprenticeship activities in surrounding regions 
to fall when the share of Mittelstand firms in the referring region raises. An increasing 
relative importance of owner-managed SMEs in the referring region might potentially 
attract apprentices from other regions. Using the alternative interpretation, an increase 
in the quotas of owner-managed SMEs in surrounding regions has a significantly nega-
tive influence on the apprenticeship activity of the referring region. The indirect effect 
is larger than the direct effect since spillover effects are cumulated over all regions. The 
indirect effect falling on any single region however is likely much smaller than the direct 
effect (LeSage and Pace 2009; LeSage and Fischer 2008). The negative indirect effect 
cancels out the significantly positive direct impact, leading to a non-significant total 
effect. Hence, a relatively large share of Mittelstand firms is a relative regional advantage 
that disappears when the relative importance of owner-managed SMEs in surrounding 
regions also increases. This effect is quite plausible as all regions tend to compete for the 
same pool of potential apprentices.

We neither find a significant direct nor indirect impact of the regional unemploy-
ment rate on firms’ apprenticeship activity. The total effect turns out to be insignificant 
as well. Possibly, firms’ expectations about the future supply of skilled labour as a rea-
son 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 influence firms’ apprenticeship activity significantly positive, both within 
and across regions. The education level of potential trainees as well as the quantity of the 
regional supply of academic training tend to have no significant impact. The accessibility 
of universities/universities of applied sciences however seems to play a role. The greater 
the distance to the next university/university of applied sciences, the higher the regional 
share of apprentices in all employees.

Limitations
Estimating a cross section bears the risk of endogeneity. First, endogeneity might influ-
ence the results in the form of a simultaneity bias. Although we control for a large num-
ber of variables, we cannot completely rule out that unobserved regional characteristics 
might affect both, the regional share of Mittelstand firms and firms’ apprenticeship 
activities. In order to address this problem, we employ a cluster analysis. Thereby, we 
first calculate the Euclidean distances between regions based on all employed control 
variables. In the second step, Euclidean distances are used to cluster regions into dif-
ferent groups. It turns out that German counties are relatively comparable. Only a few 
regions are identified as substantially different from the others. Thus, one main cluster 
of homogenous regions emerges. Reestimating the baseline model focusing on homog-
enous regions only, confirms the results from “Results and discussion” section. In order 
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to build the cluster analysis on a larger number of regions, we conduct a further clus-
ter analysis based on all German counties. We again find a significantly positive effect 
of the relative importance of Mittelstand firms on firms’ apprenticeship activities. The 
effect found from the cluster analyses is numerically even stronger than the effect from 
the baseline model. A spatial analysis based on homogenous regions is infeasible since 
regions are not necessarily adjacent.

The second aspect of endogeneity is reverse causality. Reverse causality however does 
not seem to play a role in our empirical analysis. There is neither a credible theoretical 
argument for reverse causality nor empirical evidence pointing in this direction. Since 
no clear instrument variable is available for owner-managed SMEs, we have little pos-
sibilities to formally control for reverse causality.

Summary and conclusion
Since Mittelstand Firms are attributed to play an important role in the German economy, 
German policy makers has established numerous political programs to support Mittel-
stand Firms on the regional as well as on the national level. Politicians often emphasize 
the important role of owner-managed SMEs by stating that Mittelstand firms excessively 
engage in the German apprenticeship system. However, there has been almost no empir-
ical evidence on the question whether Mittelstand firms are in fact excessively active in 
training apprentices yet. Based on a dataset of German enterprises, we examine for the 
first time the relationship between the relative importance of owner-managed SMEs and 
firms’ apprenticeship activity on the regional level. Taking numerous control variables 
and various types of spatial dependencies between regions into account, we find a sig-
nificantly positive effect of the relative importance of owner-managed SMEs on appren-
ticeship activity on the county level. Thus, regions with a higher relative importance of 
Mittelstand firms 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 counties compete for potential trainees. This competition leads the rela-
tive regional advantage of a higher relative importance of Mittelstand firms 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, impeding a 
clear causal identification strategy, we dare some policy implications from our empirical 
analysis. Political promotion of the local Mittelstand, increasing the regional share of 
Mittelstand firms in all enterprises, seems to be a reasonable instrument in order to raise 
firms’ apprenticeship activity in a particular region. However, policy makers should be 
aware that this turns out to come at the price that a relatively large share of owner-man-
aged SMEs in a particular region attracts potential trainees from surrounding regions, 
leading firms’ apprenticeship activity to decrease there. This negative spillover effect 
tends to outweigh the positive impact of the relative importance of Mittelstand firms on 
firms’ 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 firms and firms’ apprenticeship activity 
on the regional and the national level, we cannot be sure that Mittelstand firms account 
for the larger regional share of apprentices. Whereas it seems to be natural to attribute 
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the higher regional apprenticeship activities to local Mittelstand firms, it might also be 
the case that non-owner-managed or large firms train a larger number of apprentices 
in the presence of a high share of regionally competing Mittelstand firms. 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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