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Chapter |

Introduction and Summary




My dissertation aims at analyzing the relevance of vocational education and training (VET) on firm
innovation in Germany. It makes a twofold contribution to the innovation literature:

Firstly, it complements studies on the effect of conducting initial VET on firm innovation. In doing so,
it identifies indirect moderation and mediation effects of participating in VET in combination with
learning capacity in SMEs, particularly microenterprises. Secondly, the dissertation supplements the
research literature on VET graduates’ participation in innovation as well as literature on the effects of
educational diversity among employees on innovation: It determines the active participation of VET
graduates and advanced VETs (masters, technicians) in (non-)R&D-invention and in implementation in
comparison to university graduates.

In the course of this, it underlines that the dual system in Germany contributes to the country’s
innovativeness twofold: On the one hand indirectly by interacting with and fostering learning capacity
of microenterprises and on the other hand by educating skilled workers, who subsequently innovate.
Taken as a whole, conducting VET can be seen as one distinct (low-level) means, which contributes to
paving the way to innovation in (small) German firms as well as to participating in the innovation
system.

Innovation then again is key driver of economic growth (Kremer, 1993; Rodriguez-Pose & Crescenzi,
2008; Solow, 1956) with internal resources, the external environment and technological trajectory
(Malerba, 2002; Nooteboom, 1994; Pavitt, 1984; Rosenberg, 1982) fostering company innovativeness.
Internal resources include R&D departments, employees and their human capital, accumulated
experience, the organizations’ way of learning, their competence to shape products and processes as
well as their technological equipment. The external environment as innovation driver is constituted by
the interrelation of companies and employees with external actors, i.e. universities, research and other
educational institutions, suppliers, costumers, users and competitors as well as the institutional
system. Finally, the technological trajectory in which firms operate in depends on their respective
economic sector and market developments, which constitute a third innovation driver. This diversity
in innovation drivers leads to multifaceted patterns of company innovativeness, which differ for each
company, the respective economic sector and the region where a firm is located (Asheim & Gertler,
2005; Malerba, 2002; Malerba & Orsenigo, 1997; Pavitt, 1984).

For the German case, the VET system has already been found to constitute an essential pillar of the
national innovation system (Philip Cooke & Morgan, 1994; EFIl, 2014; Porter, 1991). It is attributed
particular importance for smaller companies as these rely on skills beyond academic qualification as
well as innovation activities apart from R&D (Brunet Icart & Rodriguez-Soler, 2017; Lund & Karlsen,
2020; Thoma, 2017). However, explicit research for the German case on the one hand concerning the
direct and indirect effects of conducting VET for firm innovation is lacking. On the other hand, analyses
on the participation of VET graduates and advanced VETs (masters, technicians) to different innovation
phases in comparison to university graduates remain scarce, as well.

At the same time, the German innovation system is currently under pressure. According to the OECD,
Germany needs — among others — “to boost investment in [...] knowledge-based capital, [...] and
address skills bottlenecks” (OECD, 2021) due to demographic changes with shrinking and ageing work
population (Thomas Deissinger & Breuing, 2014; Frosch, 2011). The lack of skilled employees such as
(vocationally trained) technicians, in turn, decreases firm capacity to integrate new technologies and
hence to innovate (Lewis, 2020).



The dual VET system as guarantor of a skilled workforce faces thereby not only demographic changes
but also specific issues, which go beyond demographic developments. These issues subsequently
challenge the VET systems’ function in the innovation system at least in terms of securing a skilled
labor force. According to the National Educational Report 2022 (Autor:innengruppe
Bildungsberichterstattung, 2022), these issues are that supply of and demand for training places are
decreasing with simultaneously increasing mismatch. Particularly integrating certain social groups
(Seeber & Seifried, 2019), problems of small companies with hiring apprentices and premature
cancellation of contract (Eckelt, Mohr, Gerhards, & Burkard, 2020; Pahnke, Icks, & Brink, 2020) are
contributing to these current issues. Accordingly, particularly smaller firms as crucial element of the
German “Mittelstand”, the backbone of the economy (Kirner, Kinkel, & Jaeger, 2009; Kirner & Som,
2015; Thoma, 2017), and correspondingly their innovativeness, which relies on both, VET system and
VET participation respectively, face specific challenges concerning their competitiveness.

Against this backdrop, it is essential to facilitate a deeper understanding of the means by which the
VET system and VET activity contribute to innovation. These have been identified as educating skilled
employees, fostering learning capacity and organizational changes, promoting knowledge transfer and
access to state-of-the art technology along technological trajectory (Barabasch & Keller, 2020; Hodge
& Smith, 2019; Lund & Karlsen, 2020; Proeger, 2020; Rupietta & Backes-Gellner, 2019; Rupietta,
Meuer, & Backes-Gellner, 2021; Schultheiss & Backes-Gellner, 2022).

Hence laying the foundation for the analyses conducted during the course of my dissertation, the
following sections elaborate on the role of skilled employees for innovation, knowledge transfers in
regional innovation systems as well as the concept of organizational learning and its interrelation with
innovativeness. These innovation drivers subsequently constitute the theoretical foundation for
analyzing the influence of the dual VET system and participating in it on company innovation. Chapters
[I-V contain the empirical results of the conducted analyses.

Skills and innovation

Employee, owner and management skills are essential elements of internal resources for innovation.
They contribute to absorptive capacities (Cohen & Levinthal, 1989), are complementary to R&D
activities and foster knowledge creation and dissemination in organizations (lansiti & Clark, 1994; Kline
& Rosenberg, 1986; Rothwell et al., 1974; Warner, 1996). Therefore, innovation research is increasingly
interested in examining factors such as employee skills (Leiponen, 2005; Siepel, Camerani, & Masucci,
2021).

Recent studies suggest that not only university graduates but also vocationally educated employees
foster innovativeness, particularly in smaller companies (Albizu, Olazaran, Lavia, & Otero, 2017; Brunet
Icart & Rodriguez-Soler, 2017; Freel, 2005; Toner, 2010). When differentiating innovation processes
into invention and implementation phases, academic and upper intermediate skills are perceived to
be beneficial for inventing, while implementation also benefits from the intermediate qualifications of
VET graduates (Bolli, Renold, & Worter, 2018; Mason, Rincon-Aznar, & Venturini, 2020).

VET graduates’ contributions to innovation, particularly on the shop floor, are stimulated by their
theoretical and practical knowledge acquired during vocational education and while working (Thomas;
Deissinger, 2015; Flaten, Isaksen, & Karlsen, 2015). These competences enable VET graduates to
engage in creative problem-solving and to deal with complex tasks as well as unpredictability on shop
floor (Pfeiffer, 2018). With their experience-based knowledge, they particularly contribute to process
and product innovation. Nevertheless, VET graduates participate in R&D, prototyping and construction
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as well (Brunet Icart & Rodriguez-Soler, 2017; Flaten et al., 2015; Pfeiffer, 2016; Thom4, 2017; Toner,
2010). These insights indicate that the VET system, which educates a skilled workforce and provides
foundation for upper intermediate skills, subsequently builds one essential pillar for company
innovation. Knowledge transfers and stimuli for organizational changes and learning capacity
complement this education function. The following sections take a closer look at their link to company
innovation.

Knowledge transfer in regional innovation systems

The innovation systems approach builds upon an understanding of innovation as complex, interactive,
and cumulative learning processes with a focus on the interaction among firms, universities, education
and research institutions, regulatory and policy actors and authorities, financial institutions and
intermediaries. Regional innovation systems (RIS) are a core concept in innovation research due to
regional proximity being established as a driver of knowledge transfer and hence innovation (Autio,
1998; P. Cooke, 2001; Philip Cooke, Gomez Uranga, & Etxebarria, 1997).

The actors in RIS contribute to generating and diffusing knowledge embedded in specific regional
socio-economic, institutional, and cultural environment. SMEs particularly benefit from regional
innovation systems as collaboration and external knowledge are important drivers of small firm
innovation, especially when companies conduct less or no R&D and have limited financial and
personnel resources (Hervas-Oliver, Parrilli, Rodriguez-Pose, & Sempere-Ripoll, 2021; Rammer,
Czarnitzki, & Spielkamp, 2009).

Even though universities and research institutions are perceived as main driver of producing and
transferring knowledge, the VET system constitutes an important element as well, particularly for
smaller firms. It educates a skilled workforce and constitutes a source of knowledge facilitating
technology transfer (Albizu et al., 2017; Lund & Karlsen, 2020; Porto Goémez, Zabala-Iturriagagoitia, &
Aguirre Larrakoetxea, 2018; Toner, 2010). The latter indicates an indirect contribution of VET
participation to innovation beyond the education function. Stimuli for organizational changes and
learning capacity, which contribute to organizational learning, complement this indirect function of
conducting VET.

Organizational learning, organizational changes and (non-R&D-) innovation

Organizational learning (OL) is a framework in which learning constitutes a process with strategic
renewal as product (Crossan, Lane, & White, 1999; Crossan, Maurer, & White, 2011) subsequently
laying the foundation for innovation and corporate success (Jiménez-Jiménez & Sanz-Valle, 2011). The
process of OL is iterative and interactive, occurring at different but intensively related levels (Jerez-
Gbémez, Céspedes-Lorente, & Valle-Cabrera, 2005), which are connected with feedback and
feedforward processes (Crossan et al., 1999, 2011). The framework itself includes individuals, teams
and organizations as three learning levels as well as four learning processes, the so called 4-1-processes:
Intuiting, interpreting, integrating and institutionalizing (Crossan et al., 1999, 2011). Through these
processes, individual knowledge is transformed into organizational knowledge. This requires the skills
and knowledge of groups and individual employees to be embedded in companies’ organizational
practices, which subsequently improves innovativeness and business performance (Jiménez-Jiménez
& Sanz-Valle, 2011; Santos-Vijande, Lépez-Sanchez, & Trespalacios, 2012).

A plethora of theoretical models focuses on the interrelation of organizational learning and innovation,
explaining learning processes, knowledge creation, transfer and transformation on the firm level (Lam,
2005). In this regard, the resource-based view constitutes one approach, which focuses on a firm’s
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competitive environment and its strategic resources such as employees’ skills to explain future
performance (Barney, 1991). The resource-based view of the firm is recently employed to analyze SME
innovation (De Massis, Audretsch, Uhlaner, & Kammerlander, 2018; Terziovski, 2010) as well as
employee involvement in SME innovation (Andries & Czarnitzki, 2014). Empirical studies thereby reveal
contributions of all employees to innovation, while organizational learning is of particular relevance
for innovation and performance of SMEs (Jiménez-Jiménez & Sanz-Valle, 2011).

In the literature on innovation modes, where different means of organizational learning constitute a
crucial element, recent publications differentiate two innovation modes: A science and technology-
driven innovation (STI) and a doing, using and interacting (DUIl) mode of innovation (Jensen, Johnson,
Lorenz, & Lundvall, 2007). The former relies on codified knowledge, science and technology, while the
latter is associated with tacit knowledge, learning environment, and learning from experience, internal
and external interaction and problem-solving (Alhusen et al., 2021; Jensen et al., 2007), which is why
the VET system and DUl mode learning are often seen as related (Thoma, 2017; Toner, 2010).
Moreover, the opportunities for learning and organizational changes, which are stimulated by
conducting initial VET, are determinants of DUl mode learning and innovation as well (Jensen et al.,
2007; Parrilli, Balavac, & Radicic, 2020; Parrilli & Radicic, 2021; Thoma, 2017). This similarity points to
the contributions of VET to an environment conducive to learning and thus organizational learning and
innovation, as well. However, research on direct contributions of VET to organizational learning
remains scarce.

Notwithstanding and building upon the contributions of VET participation to organizational changes
and learning capacity (Barabasch & Keller, 2020; Hodge & Smith, 2019), as well as considering the
essential role of VETs in educating a skilled workforce and DUl mode learning, the organizational
learning framework suggests that VET participation might contribute to innovation. These
contributions hold particularly true for smaller companies.

In conclusion, the current challenges faced by the German national innovation system and particularly
by the dual VET system, combined with scarce empirical analysis of the interplay between VET and
firm-level innovation, underline the need for research into the influence of vocational education and
training on innovation activity. Building upon these aspects, | analyzed the relation of VET participation
and innovation, as well as the participation of VET graduates and advanced VETs in innovation, over
the course of my dissertation. The next sections provide an overview of the contributions made by my
coauthors and myself to this field.

Summary Chapter Il

This chapter analyzes the correlation between the participation of firms in initial vocational education
(VET) and their innovation activities. Departing from preceding studies on the innovation contributions
of initial VET on firm-level (Lund & Karlsen, 2020; Porto Gémez et al., 2018; Rodriguez-Soler & Icart,
2018; Rupietta & Backes-Gellner, 2019; Rupietta et al., 2021), the paper firstly elaborates theoretically
on the link between vocational education and training. It examines the interrelation of VET and the
doing, using and interacting (DUI) mode of innovation, the role of VET in organizational learning and
provides an overview of empirical studies analyzing the contributions of VET to innovation.

Based on two seminal contributions in the research strand on VET and innovation, namely the
theoretical considerations of Toner (2010) and the empirical analysis of Rupietta & Backes-Gellner
(2019), we secondly employ data from the IAB establishment panel (EP) for a cross-sectional analysis
of the correlation between VET participation of firms in Germany and their innovation activity. The
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results based on linear probability models and entropy balancing show that VET has no association
with radical innovation. However, we find a positive correlation between VET activities and
incremental product or process innovation in the case of microenterprises with fewer than 10
employees.

We subsequently deduce policy implications for the VET system and VET institutions concerning
knowledge transfer, educating skilled youth, and company engagement in conducting VET. These
implications are complemented by further research needs in the fields of identification strategy as well
as the understanding of the links between VET, organizational learning, knowledge transfer, and
innovation. This paper and the related research needs constitute the point of departure for further
analyzing the influence of vocational education and training on innovation in Germany.

Summary Chapter Il

The influence of VET participation on firm innovation is believed to be most significant for SMEs,
although certain aspects have not been fully understood. While Rupietta & Backes-Gellner (2019)
found that the effects on product innovation were stronger for smaller enterprises, our first study also
identified an association with process innovation, with effects being particularly noticeable for
microenterprises (Matthies, Haverkamp, Thom4, & Bizer, 2022). However, despite these quantitative
analyses, Hodge & Smith (2019) found only indirect effects of apprentices and accompanying VET
participation, with their findings referring to full-time, school-based vocational training systems with
company practice periods being constrained to temporarily limited work placements. Nevertheless,
they argue that VET fosters innovation indirectly through knowledge diffusion and organizational
learning.

Against this backdrop, and based on the findings on the relevance of VET institutions for RIS (Brunet
Icart & Rodriguez-Soler, 2017; Philip Cooke & Morgan, 1994; Lund & Karlsen, 2020; Porto Gomez et al.,
2018), of which SMEs are probably benefiting most (Lund & Karlsen, 2020; Parrilli & Radicic, 2021), this
paper investigates the interrelation of VET, organizational learning, and technological innovation for
SMEs employing IAB EP panel waves for 2009-2019. By estimating interaction effects between VET
activities and organizational changes, we found that a training firm’s initial VET activities are associated
with product innovation but not with process innovation. However, for microenterprises, we identified
that initial VET is associated with a higher probability of (local) new-to-market product innovation if it
is accompanied by changes in organizational processes that support individual learning and knowledge
creation.

Based on these findings, we suggest implications for education and innovation policy regarding VET
and its potential to foster innovativeness of microenterprises in interaction with organizational
learning. These findings also suggest further research opportunities in understanding the interplay
between organizational learning, VET, and innovation in more detail, as well as improved identification
strategies concerning the chain of effects and reverse causality.

Summary Chapter IV

The third paper builds upon the findings of the first two and complements them by analyzing a
mediation effect. The authors depart from qualitative studies that suggest a chain of effects beyond
simple interaction: Initial VET participation enhances learning capacity and organizational changes,
which in turn boost technological innovation in microenterprises (Barabasch & Keller, 2020; Hodge &
Smith, 2019; Schultheiss & Backes-Gellner, 2022). This perspective posits that initial VET indirectly
promotes firm-level innovativeness by strengthening a microenterprise's knowledge base and learning
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capacity, facilitating learning and innovation in the less-R&D-intensive DUI-mode of innovation, which
is especially relevant for smaller companies (Thoma & Bizer, 2021). Using German panel data (IAB EP)
for the years 2011-2019, with a focus on microenterprises, the authors quantitatively analyze this chain
of effects. They discuss their findings against the backdrop of the persistent decline in initial VET
participation in the German microenterprise sector.

Against the backdrop of declining VET activities among microenterprises due to difficulties in finding
apprentices and premature cancellation of training contracts, the paper finds primarily indirect effects
of VET activity on innovativeness, mediated by an organizational work environment conducive to
learning. The paper underscores the innovation relevance of microenterprises’ initial VET activities and
is, therefore, in accordance with Matthies, Thoma, & Bizer (2022) while the results are in contrast to
the findings of Matthies, Haverkamp, Thom4, & Bizer (2022) and Rupietta & Backes-Gellner (2019) at
first glance. However, as both studies employ cross-sectional data and do not account for mediation
effects, their observation of direct contributions can be explained by mediated effects, which our study
reveals. In conclusion, and based on the learning capacity-stimulating character of initial VET, this
paper deduces policy implications on means by which the learning environment can be fostered and
measures to support microenterprises in finding apprentices and conducting VET.

Education, labor market and innovation policy should endeavor to promote the beneficial interplay of
conducting initial VET, learning culture and capacity, and innovation. To facilitate continuous training
participation and hence the maintenance of channels for transferring knowledge as well technologies,
microenterprises need support in finding and hiring apprentices. Therefore, currently available support
measures need to be promoted more intensely (Eckelt et al., 2020), and training and learning alliances
need to be furthered (Schmierl, 2012). Premature cancellation of training contracts should be
prevented, and monetary incentives for apprentices could be introduced (Pahnke et al., 2020).

Moreover, to secure innovativeness, the learning climate and culture of training companies should be
promoted. Training as an essential element of company culture (Pilz, 2008), integrated learning along
company processes to foster apprentices’ professional acting competence and their contributions to
organizational changes (Ebbinghaus, 2016; Hodge & Smith, 2019; INAP Commission ‘Architecture
Apprenticeship,” 2013; Pfeiffer, Ritter, Schiitt, & Hillebrand-Brem, 2017), quality standards in terms of
available resources and conditions, as well as their assessment, constitute crucial elements of such a
learning environment (Guellali, 2017). This environment, in turn, is a seedbed for learning and
innovating without R&D based on the ,Learning by Doing, Using, Interacting (DUI)” mode, which is
particularly relevant for the competitiveness of the German Mittelstand (Thoma & Bizer, 2021).
Innovation policy for the German Mittelstand should therefore consider initial VET as a means of
promoting the entry of the ‘smallest’ in the corporate landscape into the innovation system.

Summary Chapter V

The first three studies have provided evidence for the interrelation of VET activities, an organizational
work environment conducive to learning, and firm innovativeness, underlining the contributions of
apprentices, VET institutions, knowledge transfer and learning atmosphere to innovation. Therefore,
the VET system fosters innovation activities indirectly and educates skilled workers who are
subsequently engaged in improvement activities and in developing new products and processes.

Departing from the educational function, the engagement of VET graduates and advanced VETs such
as masters or technicians, who conducted further training after completing dual education, is the
subject matter of the fourth article. By conflating literature on the participation of VET graduates in
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SME innovation (Albizu et al., 2017; Brunet Icart & Rodriguez-Soler, 2017) and the strand on the effect
of diversity in terms of educational background on innovation (Bolli et al., 2018; Mason et al., 2020),
the authors firstly argue theoretically why and how VET personnel contributes to different stages in
the innovation process. Subsequently, the article presents results for participation in invention and
implementation based on BIBB/BAuA Employment Surveys from Germany for 2006, 2012 and 2018,
differentiated by company size classes and in comparison to university graduates.

Independently of firm size, university graduates dominate R&D inputs for inventions, while advanced
VETs also contribute to R&D, but to a lesser extent. For inputs without conducting R&D, the latter show
comparable likelihoods with university graduates while VET graduates also conduct non-R&D-inputs,
which is somehow surprising. During implementation, university graduates focus on organizational,
digital, and service innovation, while VET graduates are occupied with technological (process)
innovation. Advanced VETs act as all-rounders. For both phases, the labor division is found to increase
with firm size, suggesting positive effects of diversity in terms of complementarity for larger firms and
between innovation phases. It is particularly here that future research on explicit complementarities
should build upon, while management should consider VET as well as university qualifications in
innovation processes.

Simultaneously, policy is well-advised to acknowledge the VET system as an essential pillar of the
German innovation system and hence to support companies in conducting high-quality VET,
apprentices to find the appropriate training places, and to consider and implement political measures
on the VET system in both, educational and innovation policy. In concrete terms, idea competitions for
employees could leverage employee driven innovation, which should be complemented by
intrapreneurship and entrepreneurship education ininitial VET to lay the foundation for VET workforce
participation in innovation.
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Does initial vocational training foster innovativeness at the
company level? Evidence from German establishment data

Abstract

While an increasing number of conceptual studies postulate that vocational education and training
(VET) activities have a positive impact on firm-level innovation, empirical evidence on the subject
remains scarce. This study exploits establishment data from a representative survey of German
companies to estimate the association between firms’ participation in initial VET and their innovation
outcomes. The results based on linear probability models and entropy balancing show that the
relationship between VET activity and innovation are more ambiguous than often postulated. Overall,
the participation ininitial VET has virtually no effect on radical product innovation. However, a positive
association between VET activities and incremental product innovation or process innovation is found
in the case of microenterprises with fewer than 10 employees. From this, we conclude that
participation in the VET system primarily promotes the innovation and learning conditions of very small
training enterprises. The paper concludes with implications for policy and research.

Keywords
Vocational education; apprenticeship training; modes of innovation; innovation without R&D; SMEs

1. Introduction

Over decades, scholars of innovation highlighted formal research and development (R&D) activities of
firms as the critical source of innovation and the engine of technological change (Hall, Mairesse, &
Mohnen, 2010; Rammer, Czarnitzki, & Spielkamp, 2009; Shefer & Frenkel, 2005; Smith, 2005). They
conceptualized innovation as a production process based on codified scientific and technical
knowledge developed either at scientific institutes or by a company’s R&D department (Aghion &
Howitt, 2006; R. Locke & Wellhausen, 2014). In this tradition, vocational education and training (VET)
below the academic level was not expected to provide any significant impetus for firm-level
innovation. By contrast, recent approaches conceptualize the innovativeness of companies as an
interactive learning process that is strongly based on informal exchanges within and outside of the firm
(Asheim & Parrilli, 2012a; Fitjar & Rodriguez-Pose, 2013; Mario Davide Parrilli, Fitjar, & Rodriguez-Pose,
2016). These approaches emphasize the importance of incremental and process innovation linked to
manufacturing activities (Hervas-Oliver, Sempere-Ripoll, & Boronat-Moll, 2014; Trippl, 2011; Trott &
Simms, 2017) and accentuate the role of vocationally trained workers (as opposed to scientific
personnel) in this process (Albizu et al., 2017; Brunet Icart & Rodriguez-Soler, 2017; Thoma, 2017).
These insights have recently prompted the emergence of a number of studies arguing that the
participation of businesses in the VET system fosters firm-level innovativeness (Lund & Karlsen, 2020;
Porto Gémez et al., 2018; Rodriguez-Soler & Icart, 2018; Rupietta & Backes-Gellner, 2019; Rupietta et
al.,, 2021). The example of VET with its strong emphasis on person-embodied knowhow and
experience-based learning therefore vividly illustrates how important tacit skills continue to be in the
knowledge economy (Balconi 2002; Thoma 2017).

While these contributions provide well-founded conceptual arguments for the importance of VET for
innovation, the empirical evidence remains sparse. The studies to date either remain conceptual
(Thomas Deissinger, 2012; Harris & Deissinger, 2003; Toner, 2010) or rely upon a qualitative research
design (Alhusen & Bennat, 2021; Barabasch & Keller, 2020; Hodge & Smith, 2019; Lund & Karlsen,
2020; Porto Gémez et al., 2018). These studies reveal that the following key dimensions of the a
knowledge economy’s competitiveness (see OECD 2004; Powell and Snellman 2004) are potentially
fostered by conducting VET: knowledge diffusion, organizational learning and management innovation
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as well as the built-up of experience-base knowledge, which enables workers to contribute to complex
problem-solving. Hence, firms in knowledge economies with strongly embedded VET systems such as
Germany, Switzerland or Norway are expected to benefit from companies’ VET activities in terms of
innovation and competiveness (Cooke & Morgan, 1994; Hirsch-Kreinsen, 2008; Lund & Karlsen, 2020;
Porter, 1991; Rupietta & Backes-Gellner, 2019; Rupietta et al., 2021).

However, quantitative testing of the empirical relationship between initial VET and firm-level
innovation remains scarce in the literature. In this context, the study of Rupietta and Backes-Gellner
(2019) has a pioneering character. Using company-level data for 2,870 firms from Switzerland (with
larger companies being overrepresented in the sample), Rupietta and Backes-Gellner (2019) show that
firms participating in apprenticeship training have higher innovation outcomes. The authors establish
that the effect follows an inverted u-shape along the firm size, i.e. the effects are stronger for smaller
enterprises. They also report stronger effects for product rather than process innovations.

Our study aims to shed further light on this. We review and synthesize arguments in favor of the
positive impact of VET on firm-level innovativeness and examine them using a representative sample
of German companies. Here, we draw on an extensive survey of the Research Institute of the German
Federal Employment Agency (the IAB EP dataset), which provides comprehensive information on
companies’ innovation activities and vocational training. We start the analysis by replicating the
seminal contribution of the Swiss study of Rupietta and Backes-Gellner (2019) to directly address the
guestion whether the results obtained by the authors should be treated as country-specific only. Since
we observe correlations of increased magnitude as reported by the Swiss study, we conclude that the
study of subject deserves further attention. In the next step, we extend the set of controls and examine
the sensibility of the estimated coefficients to the inclusion of additional indicators. Most importantly,
we include indicators on in-house R&D as well as continuing training, which were missing in the Swiss
study and hence may induce omitted variable bias. As expected, we observe a sharp reduction in the
measures of associations. For the purpose of robustness testing, we perform estimations based on
entropy balancing.

Overall, our results indicate that the association of initial VET with firm-level innovation is more
ambiguous than often postulated. For the total population of observed German companies, we find
no effect of VET on radical innovation but a positive correlation between VET and incremental product
innovation and process innovation. Since VET is often assumed to hold particular relevance for smaller
enterprises (Alhusen & Bennat, 2021; Porto Gémez et al., 2018; Rupietta & Backes-Gellner, 2019;
Thoma, 2017), we also focus on the effects of VET on innovation for different firm size groups. The
corresponding results imply that the association between initial VET and firm-level innovation is in fact
strongest in the group of microenterprises with less than 10 employees.

On the one hand, our study thus corroborates the conclusions of previous research on the positive link
between VET and innovation. However, we also show that this association is weaker than often
postulated as it mainly holds only for the group of microenterprises. We therefore conclude that
participation in the VET system increases the innovative capacity of very small firms in knowledge-
based economies through organizational learning routines, knowledge diffusion and the built-up of
tacit know-how. This finding holds certain implications for policy-makers. At present, innovation policy
still tends to neglect non-R&D related sources of innovation such as VET (Hall & Jaffe, 2018; Lay & Som,
2015). As a result, policy support measures are still strongly oriented towards the science-push model
of innovation, with its emphasis on promoting in-house R&D (Hirsch-Kreinsen, 2008; Kirner & Som,
2015; Thoma & Zimmermann, 2020). As such, they tend to overlook the body of empirical evidence
showing that large shares of innovating companies do not report any formal R&D (Arundel et al. 2008;
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Hervas-Oliver et al. 2011; Thoma and Bizer 2013), and still do not differ in productivity levels (Kirner,
Kinkel, & Jaeger, 2009; Som, 2012) or growth rates from R&D active companies (Rammer et al., 2009;
Thoma & Zimmermann, 2020). Thus, with their traditional focus on R&D-intensive firms and high-tech
start-ups, innovation policies may disregard the growth potential of large parts of the SME sector.
Furthermore, overlooking the group of non-R&D innovators, they are unable to identify and promote
those institutions that facilitate and support less-R&D-oriented modes of innovation at the company
level. Our results therefore suggest that promoting a company’s engagement in the VET system should
not only be regarded by policy-makers as a tool to foster the smooth integration of youth into the
regular labor market and secure a supply of skilled workers, but also as a measure of innovation policy
towards the small enterprise sector. Similarly, the technological upgrade of vocational schools and
training centers should not only be considered as a tool of modern education policy, but also as an
integral part of innovation policy in the knowledge economy.

The remainder of the paper is structured as follows. In the following section, we review and synthesize
arguments from the conceptual and empirical studies analyzing how initial VET contributes to
knowledge transfer, learning and innovation (Section 2). Here, we derive our central arguments on the
potential association between VET and different patterns of firm-level innovation. In the next sections,
we introduce the dataset (Section 3), discuss the estimation strategy (Section 4) and present the main
results both from baseline specifications (Section 5.1) and extended models (Sections 5.2-5.3). The
paper concludes with implications for policy and further research.

2. The link between vocational education and innovation

2.1. VET and the DUI mode of innovation

Traditionally, researchers have conceptualized innovation as the production and use of codified
scientific and technical knowledge, as a process based on scientific principles and formal R&D practices
(Jensen, Johnson, Lorenz, & Lundvall, 2007). Knowledge production has been assumed to take place in
scientific institutions or formal R&D departments of industrial leaders and build on prior knowledge
and skills of scientific personnel (Aghion, 2008; Aghion & Howitt, 2006). In this context, the human
capital of academically-trained personnel (e.g. employees with a PhD or master in natural sciences or
engineering) has been seen as the main precondition for a company’s ability to absorb valuable
knowledge inputs from outside the firm (Cohen & Levinthal, 1989, 1990). Unsurprisingly, this research
tradition did not assume that VET-based qualifications below academic levels holds much relevance
for technological progress and firm-level innovation.

The more recent literature takes a rather holistic approach to innovation, emphasizing the role of
experience-based, locally-embedded tacit knowledge (Grillitsch & Rekers, 2016; Pittaway, Robertson,
Munir, Denyer, & Neely, 2004; Thompson, 2010) and interactive learning within and external to the
firm (Fagerberg, Fosaas, & Sapprasert, 2012; Lundvall, 1985; Pittaway et al., 2004) for innovation. This
approach closely relates to Jensen et al.'s (2007) conceptual differentiation between two distinctive
modes of innovation. The first one — labeled the STI mode — resembles the traditional understanding
of the innovation process. It is based on learning by science, technology and innovation (STI) and is
characterized by the production and use of explicit, codified and scientific knowledge. The second
mode is based on learning by doing, using and interacting (DUI) and relies upon the interactive use of
experience-based know-how, which is often highly localized and of an implicit nature. The DUI
approach builds on the concepts of learning-by-doing (Arrow, 1962), learning-by-using (Rosenberg,
1982) and learning-by-interacting (Lundvall & Johnson, 1994), which imply that not only formalized
R&D activities but also practical experience in production and customer relations result in competence
building and knowledge flows, which in turn facilitates innovation outcomes. Within the DUI mode,
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practical problem-solving skills developed in production-related environments hold paramount
importance for innovation. Moreover, organizational learning and creating a corresponding business
culture are the internal foundation of DUl mode learning in innovating firms (Asheim & Parrilli, 2012b).
As a result, some studies in the literature on DUI mode innovation stress the importance of vocational
qualifications as an important input into the business innovation process (Thoma, 2017; Thoma &
Zimmermann, 2020).

STl and DUI modes of innovation are often associated with different innovation outcomes. The science-
driven STI mode is expected to produce more radical, market-shaping, disruptive innovation. By
contrast, incremental innovations that involve only minor modifications and improvements of existing
technologies, products and services are primarily associated with DUl processes (Nunes & Lopes,
2015). Incremental product modifications are assumed to be mainly customer-driven, and they result
from the adaptation and improvement of existing products and services to specific needs of individual
consumers (Kirner & Som, 2015). Incremental process innovations in terms of continuous
improvements, optimization and the cost efficiency of business processes arise as a result of
cumulative learning among employees (Dutton & Thomas, 1984; Matthews, MacCarthy, & Braziotis,
2017). According to Toner (2010), VET trained workers play a critical role in such incremental
innovation activities. Similarly, Thoméa (2017) and Thoma and Zimmermann (2020) argue that DUI
mode learning, the introduction of incremental innovation and the relevance of VET-based
qualifications are closely intertwined with DUI-mode learning constituting an important element of
small firm innovation (see also Thoméa and Zimmermann 2013; Runst and Thomé& 2022). An essential
prerequisite for DUl innovation in smaller firms to succeed — and thus a key starting point for policy
support — is effective knowledge diffusion. On this basis, DUl-oriented SMEs often receive the
necessary impetus to engage in innovation. Hence, measures to increase the capacity of smaller firms
to absorb external knowledge by including a broad set of institutions that affect learning and
innovation (particularity at the regional level), the integration of small and medium-sized enterprises
(SMEs) in regional innovation systems and the upgrade workforce skills in SMEs to enable their
participation in DUl mode innovation are vital in this context (Isaksen and Karlsen 2011; Hervas-Oliver
et al. 2021; Hewitt-Dundas 2006; OECD 2010; Rammer et al. 2009; Thoma 2017; Bennat 2021). All of
these mechanisms can be expected to be facilitated by the VET system (Brunet Icart & Rodriguez-Soler,
2017; Hodge & Smith, 2019; Lund & Karlsen, 2020; Porto GOmez et al., 2018; Rupietta & Backes-
Gellner, 2019; Rupietta et al., 2021).

According to Jensen et al. (2007: 684), DUI-based workplace learning may occur as an “unintended by-
product”, but it can also be intentionally fostered by building organizational structures, which enhance
knowledge exchange and informal learning. While previous literature on organizational learning
focused on the role of flexible organizational practices like task groups (Argote & Miron-Spektor, 2011),
quality circles or task rotation (Wood, 1999), recent literature starts to devote attention to more
established and continuous forms of organizational learning, like the initial or continuing training of
skilled workers (Barba Aragon, Jiménez Jiménez, & Sanz Valle, 2014; Bauernschuster, Falck, & Heblich,
2009; Jaw & Liu, 2003). Thus, training activities such as those occurring in the VET system are
increasingly acknowledged as an essential element of DUl mode learning and innovation (Alhusen &
Bennat, 2021; Apanasovich, 2016).

2.2. The role of VET in organizational learning

In Germany, initial VET is often associated with a distinct learning and training culture (Thomas;
Deissinger, 2015; Thomas Deissinger, 2012; Harris & Deissinger, 2003; Pilz, 2008; Wiemann & Pilz,
2020). However, only a few recent studies explicitly conceptualize the VET system as an institutional
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mechanism for organizational learning and knowledge spillover and a driver of smaller firms’
absorptive capacities (Barabasch & Keller, 2020; Proeger, 2020; Rupietta et al., 2021). Generally, the
concept of organizational learning refers to the transformation of individual knowledge into
organizational knowledge and the establishment of organizational routines that sustainably promote
knowledge creation and dissemination (Argyris & Schon, 1978; Popper & Lipshitz, 2000).
Organizational learning as a multilevel process occurs when the knowledge and skills of individual
workers and groups become embedded in the organization’s practices (Crossan et al., 2011) and thus
improve business performance and innovativeness (Jiménez-Jiménez & Sanz-Valle, 2011; Santos-
Vijande, Lopez-Sanchez, & Trespalacios, 2012). Gaining experience is crucial for growing knowledge
stocks (Argote & Miron-Spektor, 2011; Fiol & Lyles, 1985).

In accordance with this concept, Barabasch and Keller (2020) argue that companies participating in the
VET system not only support and encourage independent learning of their apprentices, but they also
introduce “innovative structural practices” that shape the learning culture of the whole enterprise.
Similarly, Harris and Deissinger (2003) note that apprenticeship training involves not only the “picking
up of skills”, but also assimilating the tacit knowledge of the corresponding profession, along with its
cultural values, ways of interacting and manufacturing standards by means of “learning-by-
immersion”. Alhusen and Bennat (2021) argue that participation in the VET system helps to develop a
new organizational culture that promotes “learning-by-training”. According to Thoma (2017), the
strength of the VET system is associated with the interactive character of dual training, enabling VET
graduates to solve complex problems and interact with engineers and scientists in innovation projects.

All of these studies suggest that the innovative impact of the VET system stems from both internal
knowledge creation and external knowledge transfer (Nonaka, 1994), namely from the combination of
endogenous and exogenous learning. Endogenous learning occurs within the firm and is associated
with localized skill enhancement (Dutton & Thomas, 1984). While conducting initial VET, tacit
knowledge is transferred from experienced practitioners to apprentices. The internal knowledge
transfer is seen as a comprehensive process that is not reduced to “teaching skills” but rather
conceptualized as a complex process of trade-based socialization (Harris & Deissinger, 2003) and
complemented by experience-based practical expertise (Thomd, 2017). Exogenous learning is
associated with the acquisition and absorption of new information from external resources (Dutton &
Thomas, 1984), like VET colleges (Lund & Karlsen, 2020; Wieland, 2015). In this view, apprentices act
as “hybrid agents”, integrate external knowledge and moderate organizational change (Rupietta et al.,
2021). The VET system helps companies to institutionalize such internal and external forms of learning
(Thomas; Deissinger, 2015; Wieland, 2015) and ensures a constant flow of knowledge within the
organization (i.e. between employees) and across organizational boundaries from the institutions of
the VET system to individual business establishments (Hodge & Smith, 2019; Lund & Karlsen, 2020;
Porto Gémez et al., 2018; Rodriguez-Soler & Icart, 2018; Rupietta & Backes-Gellner, 2019; Rupietta et
al., 2021). Hence, VET in knowledge economies such as Germany, Norway or Switzerland fosters
knowledge dissemination and related innovation activities at the company level (Powell & Snellman,
2004; Proeger, 2020).

2.3. Empirical evidence

To our knowledge, Toner (2010) was the first to discuss the role of vocational training in innovation in
more detail. His study focuses on the patterns of innovation activity in Australia, which he describes as
being concentrated on a range of low and medium technology sectors and non-R&D-intensive firms
that heavily rely on technology sourcing rather than own research activities (i.e. a pattern of DUl mode
innovation). The author argues that the effectiveness and efficiency of innovation activities in this less
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R&D intensive knowledge environment critically depend on the capacity of the production workforce
to engage creatively in problem-solving. The VET system is seen as crucial for this process. According
to Toner (2010), it plays a critical role in skills creation, knowledge diffusion and the development of
the workforce’s absorptive capacity. He also stresses the importance of vocational education
institutions, which are highly responsive to the particular needs of local industries, offer customized
training programs, serve as intermediaries between equipment producers and local businesses and
present new technologies to their customers. Building on the arguments of Rosenfeld (1998), this study
recapitulates that all of these functions are especially vital for SMEs, which often lack the resources
and competences to scout the newest knowledge and technologies. Taken together, Toner (2010)
conceptualizes the VET system as an institutional learning environment that promotes localized skill
enhancement and technology diffusion through initial VET.

The role of vocational education institutions for the functioning of regional innovation systems is
further examined in the Spanish studies of Porto Gomez et al. (2018) as well as Rodriguez-Soler and
Icart (2018) and the Norwegian study of Lund and Karlsen (2020). Porto Gémez et al. (2018) use a
survey design to analyze the role of VET training centers as agents of knowledge exchange and
dissemination in the Basque country. They conclude that for many local firms, VET centers represent
the main source of knowledge and hence play a “pivotal role” in the innovation processes of these
companies. Rodriguez-Soler and Icart (2018) establish that geographical proximity is crucial for
knowledge exchange networks between VET institutions and SMEs. In this way, VET institutions can be
a driving force of regional innovation systems in terms of knowledge diffusion. Again, VET institutions
are described as “a key node” (p. 13) in the knowledge network of DUI-oriented SMEs. Lund and
Karlsen (2020) conduct nineteen in-depth, semi-structured interviews in two Norwegian
manufacturing regions and re-establish the result of the Spanish studies, concluding that vocational
colleges are important sources of knowledge for local firms. Similar to Toner (2010), they report the
high responsiveness of vocational institutions to the needs of the local business sector, show how
industrial actors and vocational schools cooperate in developing educational programs and
demonstrate how the manufacturing industry and vocational education institutions co-evolve with
new technological developments. Thus, the studies stress that the participation in initial VET
contributes to establishing continuous knowledge flows between VET institutions and local business
establishments.

The recent Swiss study of Rupietta and Backes-Gellner (2019) goes a step beyond these considerations
and analyzes in detail how participation in the VET system promotes technology diffusion and
innovation. They describe the Swiss dual system of apprenticeship training and highlight the role of
institutionalized curriculum development and updating processes as a central channel of knowledge
diffusion, and hence as major driver of DUl mode learning in training companies. In Switzerland (as in
Germany), vocational training is based on nationally-binding, occupation-specific training curricula,
which ensure a high level and transferability of vocational skills (Mueller & Schweri, 2015; Wolter &
Ryan, 2011). These curricula are regularly updated to not only cover widespread knowledge and well-
established technologies, but also to provide information about specialized technologies or new
technological developments that are not generally used in the day-to-day operations of an individual
company. Lund and Karlsen (2020) also illustrate this process, which is based on collaboration between
VET institutions and industry actors, for manufacturing regions in Norway.

In the model of Rupietta and Backes-Gellner (2019) the involvement of the leading-edge companies in
this institutionalized curricula-updating process fosters the distribution of new knowledge and
technologies across the broad range of training companies and therefore enhances their innovation
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capacities. According to the authors, companies participating in initial VET are confronted with new
technologies of the industry leaders, learn about them and — because of this — have competitive
advantages over firms that do not participate in apprenticeship training. While large companies are
primarily those that provide the innovative input into the curricula-updating process, SMEs are
expected to profit most from this knowledge diffusion and the subsequent adaptation of new
knowledge inputs to their individual needs. Consequently, Rupietta and Backes-Gellner (2019) expect
the innovation effects of participation in the VET system to be stronger for smaller companies.

2.4. Synthesis: the potential impact of initial VET on innovation

Taken together, the existing studies argue that participation in the VET system enables individual
companies to enhance their technical competences, raise their absorptive capacity and — even more
importantly — establish organizational structures that strengthen the continuous inflow of new
knowledge into training firms and foster a viable learning climate at the company level. At the same
time, we expect several dimensions of the competitiveness of knowledge-based economies to be
promoted through the VET system. These are knowledge diffusion, organizational learning and
management innovation as well as the built-up of experience-based know-how. In sum, the
innovativeness of training companies should therefore be higher than for non-participants. Moreover,
the potential positive impact of initial VET on innovation should therefore result from a
complementary relationship between a top-down approach (driven by management) and a bottom-
up approach (driven by the trainees) to innovation in training firms (Hodge and Smith 2018).

Moreover, the skill enhancement associated with initial VET should result in incremental innovation
rather than radical, market-shaping outcomes. In terms of product innovation, this should relate to
minor changes and improvements to existing products. Something similar can be expected with regard
to process innovation, where a firm’s involvement in initial VET can contribute to the continuous
improvement, optimization and cost reduction of materials and components (Toner 2010). In this
context, the empirical results of Rupietta and Backes-Gellner (2019) suggest that initial VET activities
have a stronger impact on product innovation activities than for process innovation. Finally, the
potential role of VET institutions — training centers as well as training curricula and their continuous
updating — should be considered as well. Previous research further stresses their importance as a main
channel of technology transfer from technological leaders and technology enablers to technology
followers. In this context, participation in the VET system should have the strongest impact on
innovation in smaller firms, which are not at the technological frontier of their industry and often lack
necessary resources and competencies for technology sourcing.

3. Data

To investigate the link between VET and innovation, we use data from an extensive survey of the
German Federal Employment Agency: the IAB EP dataset. The IAB EP is an employer survey that is
representative of all industries and firm size groups in Germany. The sampling frame in the IAB EP
survey is the Establishment File of the Federal Employment Agency, which contains all business units
with at least one employee covered by social security. Thus, one-person establishments or
establishments with marginal employees (i.e. employees who are not subject to social security
provisions) are not included in the target sample. This limitation does not affect our study because VET
trainees are treated as regular employees in German social security schemes. Companies providing
initial VET are therefore fully covered by the sampling scheme. Ellguth et al. (2014) provide further
details on the sampling of the IAB EP dataset and the overall design of the survey.
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Table 1. Descriptive statistics

. . . Non-training
All companies Training companies .
companies
Description Mean S.D. Mean S.D. Mean S.D.
Dependent
variables
General 1 if firm conducted product 0.43 0.50 0.53 0.50 0.35 0.48
innovation and/or process innovation
Product 1 if firm conducted product 0.42 0.49 0.51 0.50 0.34 0.47
innovation innovation
Process 1 if firm conducted process 0.16 0.37 0.22 0.41 0.11 0.31
innovation innovation
Radical product 1 if firm conducted new-to- 0.07 0.26 0.09 0.29 0.06 0.23
innovation market product innovations
Incremental 1 if firm conducted product 0.36 0.48 0.44 0.50 0.28 0.45
product innovation which is not new to
innovation the market
Explanatory
variable
Training company 1 if firm employs VET trainees 0.46 0.50 1.00 0.00 0.00 0.00
Control variables (step 1: replication)
Company size Total number of employees 114.30 858.34 215.06 1,257.9 29.81 110.0
0 3
Share of workers Employees with completed 0.55 0.29 0.63 0.24 0.49 0.30
with vocational vocational training in total
qualification employment (%)
Share of workers Employees with higher 0.09 0.18 0.09 0.16 0.08 0.19
with university education in total employment
degree (%)
Competitive 1 for medium / substantial 0.69 0.46 0.74 0.44 0.66 0.47
pressure competitive pressure
Demand 1 if company expects increasing 0.26 0.44 0.30 0.46 0.24 0.43
expectation business volume next year
Foreign company 1 if company is foreign owned 0.06 0.24 0.07 0.26 0.06 0.23
Shortage of skilled 1 if a company reports lack of 0.25 0.43 0.34 0.47 0.17 0.38
workers skilled workers
Extended set of controls (step 2: further controls)
Continuing 1 if a company provides 0.67 0.47 0.86 0.35 0.51 0.50
training continuing training to their
employees
R&D activities 1 if a company conducts in- 0.10 0.31 0.16 0.37 0.06 0.23
house R&D
Investment 1if a company made 0.61 0.49 0.74 0.44 0.50 0.50
activities investments in 2016
Technical State of a company’s technical 2.75 0.76 2.80 0.74 2.71 0.78
equipment equipment (1 “state-of-the-art”
— 4 “out of date”)
Export activities 1 for exporting companies 0.22 0.41 0.30 0.46 0.15 0.36
Broadband 1 if a company has high-speed 0.78 0.41 0.83 0.38 0.74 0.44
connection internet access
Family business 1if a company is family- 0.77 0.42 0.67 0.47 0.84 0.37

controlled

Source: IAB Establishment Panel, Wave 2017. Data access was provided via remote data execution (Research Data Centre (FDZ) of the German
Federal Employment Agency (BA) at the Institute for Employment Research (IAB), 2017). DOI: 10.5164/IAB.IABBP9317.de.en.v1.

We analyze data for 2017, which we access via a remote data execution system (JoSuA) of the Research
Data Centre (FDZ) of the German Federal Employment Agency. The dataset includes information on
15,421 establishments, 43.5% of which report innovation outcomes and 45.6% report VET activities. A
full description of all variables and the respective descriptive statistics by VET status is given in Table
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1. Our main variables of interest are indicators for innovation outcomes and initial VET. The IAB survey
asks respondents a number of questions on innovation activities that we can use to construct our
dependent variables. Following Rupietta and Backes-Gellner (2019), we distinguish between general,
product and process innovation. In contrast to their study, we also differentiate between radical and
incremental product innovation.

The underlying survey questions fully comply with the Oslo Manual guidelines on measuring firm-level
innovation (OECD/Eurostat, 2018)*. Contrary to Rupietta and Backes-Gellner (2019), we do not have
any information on the companies’ patenting strategy, so we cannot use an indicator for patent
applications in our research setting. However, in contrast to Rupietta and Backes-Gellner (2019) we
can control for a firm’s R&D activity.

The survey further gathers extensive information concerning VET activities of individual companies.
We construct our primary variable of interest — the binary training indicator “training company” —
based on information in the IAB survey on whether a company employs VET trainees (i.e. apprentices)
or not. In addition, we also use the comprehensive information on the qualification structure of the
company’s workforce provided in the dataset. Here, we construct a metric variable describing the
share of workers with different qualification levels.

We divide the sample by VET status and report descriptive statistics for training companies and non-
trainers in Table 1. We observe that training companies outperform other firms in a number of
dimensions. First of all, training companies more often report innovation outcomes than non-training
ones. Thus, based on descriptive statistics, we would expect the training status to be associated with
firm-level innovativeness. However, training companies are also larger on average, face fiercer
competition and have stronger propensities to invest in equipment, provide continuing training and
conduct R&D themselves (Table 1).

Hence, the distribution of the covariates is strongly unbalanced and we should consider this in our
estimation strategy. To address this issue, we use a large number of control variables in our estimation
models. Most importantly — and in contrast to Rupietta and Backes-Gellner (2019) — we include
indicators for R&D, continuing training and investment in the extended control strategy. To improve
the precision of the estimates of the association between VET and innovation and to test for
robustness of our results, we also perform estimations based on balanced data. We explain the
motivation for the usage of the estimation strategy and the associated problems in more detail in the
following section.

4. Estimation strategy

We start our analysis by estimating models with different specifications and sets of controls using
standard ordinary least square estimators. Our dependent variable is an indicator, so we refer to the
estimations as linear probability models (LPMs) (Angrist & Pischke, 2008). In analogy to the Swiss study
of Rupietta and Backes-Gellner (2019), we rely on LPMs rather than probit or logit models for
consistency. Generally, the choice of the estimation model will hardly affect the results, given that
LPMs and non-linear models based on link functions are known to deliver similar results (Angrist &
Pischke, 2008).

1 The questions asked in the IAB survey 2017 were: “In the last business year of 2016, did your establishment improve or
further develop a product or service which had previously been part of your portfolio?” (product innovation); “In the last
business year of 2016, did your establishment start to offer a product/service that had been available on the market before?”
(new-to-the-firm product innovation); “Have you started to offer a completely new product or service in the last business year
of 2016 for which a new market had to be created?” (radical product innovation); “Did you develop or implement procedures
in the last business year of 2016 which have noticeably improved production processes or services?” (process innovation).
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Our basic estimation model is thus given by:

K
INNOJ = %Yo + )/1VET] + Z )/kxk]- + ej
k=1

where INNO denotes the innovation indicator (equal 1 for innovating companies, and 0 otherwise),
VET takes the value of 1 if the firm is currently engaged in initial VET activities, k denotes the number
of control variables, j denotes the number of companies and e is the error term.

We begin our analysis with the replication of the models estimated by Rupietta and Backes-Gellner
(2019). Their set of controls include firm size, the educational composition of a firm’s workforce,
competition measures, an indicator for a shortage of skilled workers and indicators for foreign-owned
firms, economic sector, year and region. For the educational composition, we include information on
the share of vocationally and academically trained employees. In contrast to Rupietta and Backes-
Gellner (2019), we leave out an additional indicator for the share of unqualified workers due to
collinearity. Based on our dataset, we are able to construct a comparable set of controls with some
minor differences in the scaling of some variables (see Table 1). First, our workforce qualification
variable includes four categories rather than five. Second, our competition measures do not refer to
price and non-price competition, but rather a question asking survey respondents to assess the
pressure of competition in their market (1 for medium or substantial pressure). Third, as an alternative
to the control variable on demand changes in the Swiss study, we use information on the business
volume expectation (1 if a company expects increasing business volume in the next year). Like Rupietta
and Backes-Gellner (2019), we are also able to control for economic sector, firm size, a shortage of
skilled workers, foreign ownership and regional dummies.

In the second step of our analysis, we extend the set of controls in the estimated models. Most
importantly, Rupietta and Backes-Gellner (2019) are unable to control for in-house R&D in their study.
This is an important limitation, because formal and institutionalized R&D activities are known to be a
major input to the innovation process at the company level, especially in companies following the STI
mode of innovation (Hall & Jaffe, 2018; Jensen et al., 2007). Due to the wide scope of the IAB EP survey,
we are able to include the R&D indicator and additionally an indicator for continuing training. We
assume that both R&D and continuing training activities increase the knowledge stock of companies
and affect their knowledge flows, both of which should have a positive impact on firm-level
innovativeness, in particular regarding product innovation (Bauernschuster et al., 2009; Fagerberg,
Srholec, & Verspagen, 2010).

Further, we consider indicators on investment and the technical state of equipment as further
important inputs into the knowledge production process. The technical state of equipment reflects a
firm’s technological endowment and its ability to convert resources into innovative outputs.
Investments in new production facilities, plants or equipment increase this stock and capabilities
(Barney, 1991; Heidenreich, 2009). The literature shows that investment activities may be inversely
related to R&D: firms may substitute their own technology development with technology sourcing
(Santamaria, Nieto, & Barge-Gil, 2009). We can include both indicators as control variables by drawing
on the questions in the IAB EP survey concerning the technical state of a company’s equipment (1
“state of the art” — 4 “out of date”) and its investment activities (1 for investments in 2016, 0
otherwise).
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Drawing upon additional evidence in Akerman et al. (2015) and their discussion of the link between
productivity and digital transformation, we further control for high-speed internet access. Finally, we
also include general company-specific controls, such as dummies for family-owned businesses (Zahra,
2012) and export activities, as these indicators have both been shown to affect firm-level
innovativeness (Peters & Rammer, 2013).

The main challenge in estimating the impact of initial VET on firm-level innovativeness is that a firm’s
participation in the dual VET system may not be random. Thus, when deciding on the estimation
approach, it is necessary to address the problem of a potential self-selection into training in a
robustness test. Assuming selection on observables, we could cope with the potential selection bias
by applying either matching (Abadie & Imbens, 2011; Z. Zhao, 2004) or entropy balancing (Hainmueller,
2012). Both techniques are data pre-processing methods that aim to eliminate the self-selection bias
by balancing out the set of observable characteristics. Entropy balancing (EB) is a technique that has
recently emerged in the literature on treatment effects. It is to be understood as a generalization of
the propensity score weighting approach (Hainmueller, 2012). EB generates weights so that specified
moment conditions of covariate distributions of treatment and control group are balanced. The
balancing reduces model dependency (Hainmueller, 2012; Hainmueller & Xu, 2013; Q. Zhao & Percival,
2017).

We have opted for EB in our study for three reasons: first, EB allows us to include a larger set of balance
constraints compared to matching; second, in relying on EB we can retain the full information from the
original data and do not have to discard observations (as would be the case with matching); and third,
the method is also computationally attractive, as the search algorithm attains the weighting solution
rather quickly, even with a large data set like ours. By contrast, matching procedures often involve an
intricate search process, which often does not result in a satisfying level of covariate balance and —in
some cases — can even prevent the reduction of potential self-selection bias (Hainmueller, 2012;
Hainmueller & Xu, 2013; Q. Zhao & Percival, 2017).

5. Results

5.1. Baseline results

We start with the presentation of a basic replication of the Swiss study of Rupietta and Backes-Gellner
(2019). According to the results displayed in Table 2, German companies participating in initial VET
have an 11.7% higher probability of being innovative than non-training companies. Thus, the point
estimate in our estimation sample is five-percentage points higher than in the Swiss study, which
reports a point estimate of 6.8%. Turning to product innovation, we observe a marginal effect of 0.116,
which is again higher than the coefficient reported in the Swiss study (0.061). We further observe a
positive association between initial VET activities and process innovation (0.072). Here, our results
differ from Rupietta and Backes-Gellner (2019), who report a non-significant marginal effect of 0.034.
Overall, the replication results provide evidence in favor of an overall positive association between
initial VET and general firm-level innovativeness. The effect sizes and significance levels in the German
sample are higher compared to those reported in the Swiss study. Moreover, we find some support
for the argument that the association between initial VET and product innovation is stronger than in
case of process innovation.

Turning to the estimation models for radical and incremental innovations (Table 2, Columns 4 and 5),
we observe the pattern of results that we expected based on the theoretical literature: the positive
impact of initial VET on firm-level innovativeness primarily relates to incremental (DUI) learning and
innovation (marginal effect of 0.117). In case of radical innovation, the respective coefficient is lower
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(0.025). These results are consistent with the theoretical reasoning presented above, postulating a
stronger correlation with incremental rather than radical product innovation.

Table 2. Baseline results
Linear probability models

General Product Process Radical Incremental
innovation innovation innovation product product
innovation innovation

For comparison: Rupietta and Backes-Gellner (2019) results based on Swiss data
Training company  0.068*** 0.061*** 0.034 not reported not reported

Replication results based on German data

Training company  0.117*** 0.116*** 0.072*** 0.025*** 0.117***
R? 0.144 0.141 0.095 0.053 0.148
Adj. R? 0.141 0.138 0.092 0.049 0.145
Observations 11,764 11,766 11,769 11,773 11,764

Notes: The table displays marginal effects from linear probability models, estimated for different dependent variables (binary indicators for
general, product, process, radical and incremental innovation). Further controls include firm size, indicators for the educational composition
of a firm’s workforce, competition measures, an indicator for a shortage of skilled workers, indicators for foreign ownership, economic sector
and sixteen federal states. The coefficient estimates for the control variables are reported in the Appendix (Table A. 1). Significance levels
are based on robust standard errors and denoted as: * p-value < 0.1, ** p-value < 0.05, *** p-value < 0.01.

Source: IAB Establishment Panel, Wave 2017. Data access was provided via remote data execution. DOI: 10.5164/IAB.IABBP9317.de.en.v1.

5.2. Results based on the extended set of controls

In their pioneering study, Rupietta and Backes-Gellner (2019) are unable to control for two important
inputs into the knowledge production process that are associated with different modes of learning:
the existence of in-house R&D activities and continuing training of employees. As highlighted in Section
4, this is an important limitation, which can upward bias the results of the baseline specification due
to omitted variables. Therefore, to check the robustness of the baseline results to the inclusion of
additional covariates, we extend the control strategy and add a number of additional variables to the
estimation models. In particular, we include indicators on R&D, company-financed continuing training
and several technology and investment dummies. Additionally, we control for a firm’s digital
infrastructure and a number of other company-level characteristics that have been shown to affect
the propensity to innovate (and are listed in Table 1). The estimation results for the full set of controls
are given in Table 3. As expected, the extended control strategy significantly reduces the estimated
association between initial VET and all outcome measures of innovation. The coefficients on
participation in VET remain positive for all innovation types, although they are much lower and partly
not significant.
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Table 3. Results of models with the extended control strategy differentiated by firm size

General innovation Product innovation Radical product innovation Incremental product innovation Process innovation

| Il 11 IV | Il 1] IV | Il I IV I Il 11 IV | Il I \Y%
Training 0.031 0.049 0.011 0.032 0.030 0.049 0.012 0.034 0.003 0.007 -0.002  0.003 0.022 0.037 0.002 0.018 0.027 0.028 0.016 0.040
Company * %k * % %k k * k% * % * % k% k * % *
Controls
Company 0.000 -0.004 0.001 0.000 0.000 -0.004 0.001 0.000 0.000 0.001 0.001 0.000 0.000 -0.002 0.001 0.000 0.000 0.002 0.000 0.000
Size * * * 3%k % %k ¥
Share 0.031 0.043 0.060 0.020 0.023 0.036 0.054 0.012 0.008 -0.009 0.010 0.042 0.040 0.061 0.029 0.064 0.007 0.025 0.018 -0.033
qualified * * ** **
workers
Share of 0.159 0.095 0.131 0.283 0.155 0.101 0.115 0.300 0.098 0.016 0.147 0.119 0.177 0.116 0.123 0.337 0.080 0.058 0.091 0.081
university 3 %k * ¥ 3 %k % %k * * % %k % % %k * %k * % * %k * % EEd EE TS EE TS *
graduates
Shortage of 0.041 0.052 0.050 0.016 0.036 0.049 0.042 0.013 0.012 0.041 -0.003  0.002 0.039 0.048 0.038 0.021 0.035 0.011 0.043 0.039
Sk'”ed % %k %k * % % %k %k % %k %k * % * ¥ * * k% * %k %k * % * %k % %k %k %k ¥ * %
workers
Continuing 0.094 0.098 0.084 0.075 0.089 0.093 0.088 0.058 0.012 0.016 0.007 0.007 0.081 0.078 0.086  0.068 0.044 0.042 0.035 0.081
training % %k %k * k% % %k %k * % % %k %k * k% % %k %k * * ¥ * % * %k %k %k k % %k %k * % % %k %k * k% %k ¥ * k%
R&D 0.261 0.320 0.295 0.209 0.282 0.330 0.311 0.239 0.147 0.181 0.180 0.115 0.320 0.362 0.346  0.266 0.219 0.297 0.208 0.187
activities k% k * k% k% k * k% %k k * k% %k k * %k %k k * k% %k k %k k %k k %k k * k% * k% * k% * k% * %%k * k%
Investment 0.126 0.120 0.120 0.162 0.121 0.115 0.113 0.165 0.024 0.029 0.019 0.009 0.104 0.093 0.096  0.152 0.054 0.052 0.044 0.090
aCtIVItIes 3 %k ¥k ¥ 3 %k 3 %k % %k EE T % %k % %k % % %k %k % * % * %k * %k EE TS EE TS EE TS EE XS %k k. %k %
Technical 0.045 0.054  0.041 0.027 0.045 0.054 0.041 0.029 0.011 0.016 0.003 0.010 0.047 0.044 0.060  0.037 0.030 0.021 0.024 0.056
equipment % %k %k * k% % %k %k * % % %k %k * k% % %k %k * % % %k %k * k% * %k %k %k k % %k %k * k% % %k %k * k% %k ¥ * k%
Export 0.112 0.183 0.077 0.072 0.104 0.171 0.080 0.059 0.024 0.031 0.025 0.021 0.091 0.120 0.080  0.060 0.052 0.067 0.053 0.029
aCtIVItIes % %k %k ¥k % % %k %k k% * %k % %k % % %k % * % * %k k% * % * %k * %k EE T EEd EE T EE TS ¥k k.
Competitive 0.062 0.055 0.063 0.085 0.061 0.055 0.061 0.096 0.003 -0.006 0.012 0.028 0.051 0.045 0.045 0.095 0.018 0.017 0.004 0.036
pressure % %k %k ¥k ¥ % %k %k k% * %k % %k % * %k % * %k * %k * %k k%K EE TS kK EEd
Demand 0.072 0.074  0.075 0.060 0.070 0.069 0.073 0.064 0.025 0.030 0.029 0.016 0.062 0.060 0.059 0.070 0.036 0.031 0.051 0.022
eXpeCtation % %k %k * k% % %k %k * k% % %k %k * k% % %k %k %k k % %k %k * k% * %k %k * %k %k %k k % %k %k * ok k 3% %k %k * ok k %k ¥
Foreign -0.024 -0.041 -0.056 0.017 -0.027 -0.035 -0.064 0.007 0.003 -0.003 -0.046  0.040 -0.031  -0.019 -0.087 -0.000 0.006 0.000 -0.032  0.036
company * *ox * *ok ok
Broadband 0.020 0.017 0.033 -0.009 | 0.022 0.014 0.038 0.005 0.007 0.005 0.013 -0.010 0.031 0.040 0.019 0.010 0.001 0.005 0.004 -0.020

* * * ¥ * * %k %k %k k
Family -0.055 -0.043 -0.064 -0.034 | -0.054 -0.046 -0.062 -0.039 | -0.017 -0.044 0.000 -0.025 -0.064 -0.031 -0.076 -0.044 -0.024  0.005 -0.013  -0.033
bus'ness % %k %k % %k %k * * %k % * %k % * % * % k% * * %k EE T EEd kK *
Observations 10,581 4,757 3,402 2,422 10,582 4,758 3,402 2,422 10,586 4,762 3,401 2,423 10,581 4,759 3,399 2,423 10,584 4,761 3,400 2,423
R? 0.217 0.142 0.195 0.226 0.215 0.141 0.193 0.232 0.083 0.079 0.100 0.075 0.230 0.139 0.197 0.243 0.149 0.119 0.114 0.135
Adj. R? 0.214 0.133 0.184 0.211 0.211 0.132 0.182 0.217 0.079 0.069 0.088 0.057 0.227 0.130 0.186  0.228 0.145 0.110 0.102 0.118

Notes: The table displays marginal effects from linear probability models, estimated for different dependent variables (binary indicators for general, product, radical and incremental product, and process innovation) by
company size classes (I: whole sample; II: 1-9 employees; I1I: 10-49 employees, IV: 50 or more employees). Further controls include indicators for economic sector and sixteen federal states. Significance levels are based on
robust standard errors and denoted as: * p-value < 0.1, ** p-value < 0.05, *** p-value < 0.01. Source: IAB Establishment Panel, Wave 2017. Data access was provided via remote data execution. DOI:
10.5164/IAB.IABBP9317.de.en.v1.
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In particular, as expected, we cannot observe any positive impact of initial VET on radical product
innovation, which is a result consistent with our theoretical reasoning. For the whole sample, we
observe a positive relationship between VET and general innovation (3.1%***), product (3.0%***) and
incremental product (2.2%**) as well as process innovation (2.7%***). Hence, based on an extended
set of controls, we find evidence in favor our argumentation in Subsection 2.4.Additionally, the
association between VET and product and process innovation are both significant with the former
being stronger in comparison to process innovation, while Rupietta and Backes-Gellner (2019) do not
observe an effect for process innovation. This novel finding can probably be explained by the fact that
process innovations often are a result of hands-on experience of employees and their intimate
familiarity with the technological processes involved. The knowledge associated with improvements
in production and services processes thus often contains a relatively high degree of tacitness
(Gopalakrishnan, Bierly, & Kessler, 1999), which can explain the role of initial VET in this context.
Moreover, by looking at the estimates differentiated by firm size, it can be seen that the significant
effects for the whole sample are mainly due to microenterprises (Table 3). We observe higher and
significant correlations only for companies with less than 10 employees while the coefficients are
insignificant for companies with more employees. Hence, especially in very small firms, apprentices
can play a crucial role in (incremental) innovation activities.

Hence, very small DUl mode firms should profit most from the knowledge diffusion stemming from
vocational education institutions (on this issue, see Section 2). A closer look at the control variables
further explains the reasons for the change in the estimated coefficients (Table 3). In line with previous
research (e.g. Hall and Jaffe 2018; Heidenreich 2009), we observe a very strong association between
R&D and all output measures of innovation. Companies that report formal R&D activities have a
between 14.7% and 36.2% higher probability (depending on the type of innovation) of reporting
innovation outputs. Similarly, companies that invest in new technology and report a more advanced
technological equipment display a significantly higher probability to innovate, which is also a result
known from the literature (Barney, 1991; Smith, 2005). Like Bauernschuster et al. (2009) and Peters
and Rammer (2013), we also observe a positive impact of continuing training on innovation. Leaving
out these central inputs into the knowledge production process would lead to overestimating the
impact of initial VET activities on the innovativeness of individual companies.

5.3. Robustness test: results based on entropy balancing

As noted above, the results in Table 3 may be biased due to potential self-selection into initial VET. To
address this issue, we balance the estimation sample on the set of observable variables, i.e. we equate
the covariate distribution across training and non-training firms. The results of estimations based on
balanced data are reported in Table 4 (for more details, see Table A.2 in the Appendix). In balanced
LPMs, we obtain coefficients that are slightly higher than those estimated in the regressions reported
in Table 3. We still do not observe any association between participation in initial VET and radical
production innovation, which is again consistent with our theoretical reasoning. For all other
innovation measures of innovation, we now observe significant associations between 3.0% and 3.9%
for the whole sample. The coefficients for different firm size groups support the results reported in
Table 3. After controlling for selection on observables, the results for the whole sample are again
driven by a positive correlation between initial VET and innovation in microenterprises with less than
10 employees.
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Table 4. Results based on entropy balancing differentiated by firm size

General innovation Product innovation Radical product innovation Incremental product innovation Process innovation

| Il 11 IV | Il 11 IV | Il I IV | Il 11 IV | Il I \%
Training 0.038 0.048 0.015 0.058 0.039 0.053 0.014 0.067 -0.002 0.005 -0.005 -0.007 0.033 0.044 0.009 0.043 0.030 0.033 0.014 0.042
Company * %k * % * * %k * % * % * % * % * %% * %
Controls
Company -0.000 -0.008 0.000 -0.000 | -0.000 -0.009 0.000 -0.000 | 0.000 0.001 0.001 0.000 -0.000 -0.005 -0.000 -0.000 0.000 0.002 -0.000 0.000
size *
Share 0.008 0.031 0.069 -0.053 | 0.000 0.014  0.067 -0.048 | -0.012 -0.015 -0.012 0.012 0.018 0.052 0.029 -0.001 0.001 0.029 0.024 -0.044
qualified
workers
Share of 0.204 0.093 0.276 0.204 0.195 0.088 0.242 0.232 0.149 0.119 0.214 0.126 0.228 0.143 0.236  0.275 0.116 0.077 0.232 0.016
university 3% % % 3% % % 3 %k % %k EE T EE T % %k * %k k EE L %k % %k % * 3k %k ok
graduates
Shortage of 0.044 0.070 0.017 0.049 0.034 0.063 0.010  0.034 0.012 0.049 0.003 -0.004 0.033 0.061 0.000  0.040 0.044 0.020 0.038 0.058
Sk'”ed % %k %k * k% * % % %k %k * % %k k %%k * % %k ¥ * * %
workers
Continuing 0.081 0.106 0.077 0.010 0.077 0.094  0.087 -0.005 | 0.016 0.019 0.012 -0.008 0.072 0.079 0.080  0.033 0.047 0.051 0.030 0.085
training % %k %k * k% % %k %k % %k %k * k% %k ¥ * * % %k % * k% % %k %k %k ¥ %k k * * k%
R&D 0.264 0.240 0.298 0.229 0.295 0.258 0.317 0.277 0.171 0.190 0.203 0.124 0.335 0.335 0.359 0.299 0.224 0.268 0.196 0.212
activities k% k * k% k% k * k% %k k * k% * k% * k% %k k %k k %k k %k k * k% * k% * k% * k% * %%k %k k * %%k * k%
Investment 0.115 0.111 0.106 0.150 0.109 0.105 0.098 0.149 0.020 0.019 0.007 0.032 0.100 0.094 0.085 0.140 0.052 0.050 0.036 0.078
aCtIVItIes 3% % % 3 %k 3% % % 3 %k % %k %k ¥ ¥k % ¥k ¥ * % * EE L %k % EE TS EE TS %k k. * %k * 3k ¥k
Technical 0.045 0.061 0.030 0.036 0.044 0.062 0.026 0.037 0.020 0.028 0.006 0.029 0.051 0.043 0.054  0.044 0.034 0.027 0.020 0.059
equipment k% k * k% * % * % %k k * k% * * % %k k %k k * % * k% * k% * k% * k% * %%k %k k * k%
Export 0.103 0.233 0.082 0.043 0.096 0.220  0.092 0.019 0.011 0.040 0.034 -0.054 0.082 0.174 0.079 0.024 0.046 0.086 0.060 -0.010
aCtIVItIeS % %k %k %k % %k %k * %k %k % %k % * * % %k % %k % EE T ¥k k. * %k kK
Competitive 0.070 0.053 0.041 0.163 0.069 0.052 0.041 0.167 0.012 0.002 0.009 0.055 0.063 0.046 0.026  0.165 0.027 0.023 -0.017  0.096
pressure % %k %k k% * k% * %k % %k % * %k % * % EE T k% EE T * % ¥k ok
Demand 0.076 0.087 0.088 0.053 0.079 0.073 0.091 0.073 0.028 0.035 0.046 -0.003 0.069 0.071 0.066  0.076 0.048 0.048 0.068 0.022
eXpeCtation % %k %k k% k % %k %k * % % %k %k * k% %%k % * k% % %k %k * % * %k %k %k ¥ * k% 3% %k %k * %k k %k k. %k k %k ¥
Foreign -0.001  0.006 -0.058  0.011 0.000 0.005 -0.057  0.012 0.010 0.012 -0.071  0.058 -0.004  0.006 -0.061  0.006 -0.003  -0.037 -0.047 0.011
company Fkx
Broadband 0.018 0.032 0.045 -0.043 | 0.022 0.030  0.047 -0.033 | 0.010 0.006 0.012 0.002 0.028 -0.006  0.032 -0.025 -0.018  0.056 0.007 -0.062

* * * %k k *

Family -0.052  0.019 -0.058  -0.071 | -0.043  0.005 -0.047  -0.061 | 0.015 -0.028 0.035 0.003 -0.057  0.011 -0.058  -0.064 -0.027  0.032 -0.004  -0.048
bus'ness % %k %k * k% * % ¥k * EE T * EEd *
Observations 10,581 4,757 3,402 2,422 10,582 4,758 3,402 2,422 10,586 4,762 3,401 2,423 10,581 4,759 3,399 2,423 10,584 4,761 3,400 2,423
R? 0.213 0.157 0.201 0.257 0.211 0.155 0.200  0.261 0.095 0.108 0.153 0.089 0.232 0.159 0.200  0.272 0.154 0.152 0.134 0.158
Adj. R? 0.209 0.147 0.190 0.247 0.208 0.144  0.189 0.247 0.092 0.099 0.142 0.070 0.229 0.151 0.189 0.257 0.151 0.144  0.122 0.142

Notes: The table displays marginal effects from linear probability models, estimated for different dependent variables (binary indicators for general, product, radical and incremental product, and process innovation) by
company size classes (I: whole sample; II: 1-9 employees; 1I: 10-49 employees, IV: 50 or more employees). Further controls include indicators for economic sector and sixteen federal states. Significance levels are based on
robust standard errors and denoted as: * p-value < 0.1, ** p-value < 0.05, *** p-value < 0.01. Source: IAB Establishment Panel, Wave 2017. Data access was provided via remote data execution. DOI:
10.5164/IAB.IABBP9317.de.en.v1.
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Overall, the results based on balanced data confirm that there is a positive association between initial
VET and firm-level innovation. However, the observed associations are lower than those reported in
the Swiss study of Rupietta and Backes-Gellner (2019) (Table 2). Moreover, it also shows that this effect
applies only to incremental product and process innovations in very small firms with fewer than 10
employees.

6. Conclusion and discussion

There is a risk that a R&D focused innovation policy will underestimate the role and transformative
potential of economic agents not investing in internal R&D resources. The most recent innovation
literature does not question the role of R&D in knowledge production, but it no longer regards R&D
investments as “a sine-que-non” for innovation (Shefer & Frenkel, 2005). In proceeding beyond the
linear model of innovation, corresponding studies stress the strong variety of R&D and non-R&D-based
ways of learning in companies, which may lead to different kinds of innovation outcomes. In this
context, special attention is paid to the ongoing relevance of tacit skills and experience-based know-
how under the conditions of the knowledge economy. In this literature, VET is increasingly
acknowledged as an important driver of a mode of learning and innovation that extends beyond formal
processes of R&D and science. In light of this, policy-makers who aim to foster innovation in less R&D-
oriented knowledge environments or motivate companies to bridge the gap between R&D and
production through innovation-related exchanges on the shop floor may consider the potential role of
VET systems.

However, the empirical literature on the importance of VET for innovation remains sparse and studies
on the subject often remain conceptual. Overall, corresponding research argues that companies can
profit from VET in terms of innovation for three different reasons, which in turn constitute
fundamental aspects of a knowledge economy’s competitiveness: First, VET enhancea the skill and
competence portfolio of employees; as a result, a VET trained production workforce will be more able
to engage in incremental innovation. Second, going beyond the individual capability argument, initial
VET activities incentivize companies to establish internal organizational structures and learning
environments that facilitate the transfer of (tacit) knowledge within firms and are therefore conducive
for building up absorptive capacities at the organizational level of the firm. Third, the interaction with
external VET education institutions may enable companies (especially the very small ones) to get in
touch with emerging technology trends and external knowledge inputs by fostering knowledge
dissemination. For example, VET schools may serve as agents of knowledge diffusion regarding new
technologies, and the continuous updating of VET curricula may support the transfer of specialized
knowledge and new technologies from industrial leaders to less tech-savvy enterprises (which are
often found in the small business sector).

Even if the arguments in favor of the positive impact of VET on innovation seem persuasive, there
remains the threat that they can overestimate the actual role of VET on firm-level innovation. For
example, large manufacturing firms that follow the science-driven mode of innovation may treat
training activity as crucial for quality considerations in manufacturing processes, but they may also lack
the commitment to utilize the involvement in VET activities as a starting point for transforming their
organizational innovation culture. By contrast, innovation stimuli stemming from VET education
institutions can hold essential importance to low-tech companies that lack internal R&D resources
(Alhusen & Bennat, 2021; Toner, 2010). Hence, there is a need for further empirical research to
establish whether and for which types of enterprises participation in VET will result in superior
innovation outcomes. This study directly addresses this research gap and provides empirical evidence
on the role of VET for innovation.
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To date, the empirical testing of the quantitative link between initial VET and innovation is
underdeveloped. The Swiss study of Rupietta and Backes-Gellner (2019) was the first to provide
empirical evidence on this issue. Taking this as a starting point, we begin our analysis replicating the
models estimated by Rupietta and Backes-Gellner (2019). Here, we observe effects of similar direction
but higher magnitude as reported by the original study. In the second step, we extend the set of
controls to examine the sensibility of the estimated coefficients to the inclusion of further important
drivers of companies’ innovation outcomes. As expected, we observe a significant decrease in the
measures of associations between initial VET and innovation outcomes. Finally, to improve the
precision of the estimates, we employ a maximum EB procedure to account for problems associated
with selection on observables.

As aresult, we observe that the correlation between initial VET and innovation may be less robust than
conceptually postulated. The participation in VET has virtually no effect on radical product innovation.
For the total business population, we observe a positive effect of VET activities on incremental product
innovation and process innovation. However, this effect is mainly due to microenterprises with fewer
than 10 employees. We conclude from this finding that the knowledge diffusion function that the VET
system has in knowledge economies (at least at the regional level) primarily holds relevance for the
smallest of the training companies.

Our results holds some relevance for innovation policy. They imply that small firms’ participation in
the VET system helps them to improve their skill and competence portfolio, establish structures
conducive to organizational learning and strengthen their capacity to absorb technological knowledge
from VET education institutions. In this case, promoting companies’ engagement in the VET system
should not only be regarded as a policy tool that aims to foster a smooth integration of youth into the
regular labor market, but it can also serve as a measure of innovation policy for the small enterprise
sector. Similarly, the technological upgrade of vocational schools and training centers should not only
be considered as a tool of modern education policy, but also as an integral part of (small firm-oriented)
innovation policy in knowledge-based economies.

One further implication of our study refers to the measurement of innovation. Interestingly,
expenditure on training is still not consequently incorporated into the standard sets of innovation
indicators. Although the revisions of the Oslo Manual (OECD/Eurostat, 2018; OECD and Statistical
Office of the European Communities, 2005) reflect the growing appreciation of innovation sources
besides R&D, they still seem to underestimate the role of VET for firm-level innovativeness. The most
recent edition of the Oslo Manual (OECD/Eurostat, 2018) distinguishes “general training” from
“training for innovation”, implying that general skill enhancement of the production workforce does
not result in any significant improvement of productivity or the innovative capacity of individual
business establishments. Expenditure on initial VET (e.g. training of apprentices) is explicitly excluded
as innovation-irrelevant investment (OECD/Eurostat, 2018). This reflects the prevailing conviction that
production-related skill enhancement and organizational learning in manufacturing environments
should be treated as the firm-specific, on-site qualification of low-skilled workforce (Dalitz & Toner,
2016; Hirsch-Kreinsen, 2008; Krueger & Kumar, 2004) without any relevance for innovation activities.
The results of our study call such assumptions into question. Based on our results, the treatment of
initial VET activities in methodological guidelines for innovation measurement may be thoroughly
reconsidered.

Regarding future research, there is an ongoing need for further empirical research to establish whether
and for which types of enterprises the participation in initial VET helps to facilitate organizational
learning and is associated with superior innovation outcomes. Further progress in the understanding
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of the role of VET in innovation can be achieved by advancing and combining insights from quantitative
research and qualitative methods. The latter can help to identify the potential mechanisms and
channels of learning and knowledge transfer within initial VET, such as feedback and documentation
systems (Barabasch and Keller 2020; Hodge and Smith 2019). Following the blueprint of Figueiredo et
al. (2020) — who examine learning processes in multinational subsidiaries — qualitative research could
address the question of how VET participation can help to establish a vital learning environment at the
company level.

Quantitatively, the central challenge refers to improving the identification strategy, as our empirical
analysis does not allow to draw strict causal inferences. For example, one could argue that innovation
activities trigger a higher demand for skilled workers, which may affect the decision to start training
activities within the dual VET system (Jansen, Pfeifer, Schonfeld, & Wenzelmann, 2015; Rupietta &
Backes-Gellner, 2019). This would imply problems associated with reverse causality. Similarly, it could
be that we should control for managerial ability (which unfortunately is unobservable in our dataset),
as the human capital of managers or owners has been shown to have a positive impact on firm-level
innovativeness (Andries & Czarnitzki, 2014; Kraiczy, Hack, & Kellermanns, 2015; McGuirk, Lenihan, &
Hart, 2015; Moilanen, @stbye, & Woll, 2014).

In this respect, it would be promising to examine the long-term innovation effects of initial VET
activities based on panel data to control for such fixed effects or to apply an instrumental variable
approach to cope with endogeneity. Moreover, the effect of starting or stopping training activities on
aggregate innovation outcomes could be analyzed as the quota of companies conducting vocational
training varies over time (Seeber & Seifried, 2019). In addition, further research on the effect of
changes in regulations or training schemes (e.g. the updating of VET curricula) on innovation activities
could be a promising starting point to gain a better understanding of the link between initial VET and
firm-level innovation. Hence, there remains a need and room for further research on the subject
matter.
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Appendix A
Table A. 1. Baseline results, full set of controls
Linear probability models

General Product Process Radical Incremental
innovation innovation innovation product product
innovation innovation
Training company 0.117%** 0.116*** 0.072%** 0.025*** 0.107***
Controls
Company size 0.000** 0.000%** 0.000*** 0.000 0.000**
Share of qualified workers 0.108*** 0.096*** 0.055%** 0.024*** 0.111%**
Share of university 0.490%*** 0.495%** 0.254*** 0.225%** 0.513***
graduates
Competitive pressure 0.087*** 0.085*** 0.032%** 0.011%** 0.076***
Demand expectation 0.116%** 0.114%*** 0.063*** 0.036*** 0.103***
Foreign company 0.029* 0.026 0.042*** 0.025** 0.031*
Shortage of skilled workers ~ 0.062*** 0.056*** 0.044*** 0.017*** 0.056***
Observations 11,764 11,766 11,769 11,773 11,764
R? 0.144 0.141 0.095 0.053 0.148
Adj. R? 0.141 0.138 0.092 0.049 0.145

Notes: Further controls include indicators for economic sector and sixteen federal states. Source: IAB Establishment Panel, Wave 2017.
Data access was provided via remote data execution. DOI: 10.5164/IAB.IABBP9317.de.en.v1.

Table A. 2. Results of the balancing procedure, all establishments

Treat Control

mean variance skewness mean variance skewness

Company size 149.9 1865789 39.29 149.7 480362 6.36
Share of qualified workers .63 .06 -.81 .63 .07 -.82
Share of academics .06 .02 331 .06 .02 3.06
Competitive pressure .83 .83
Demand expectation 33 33
Foreign company .07 .07
Shortage of skilled workers .36 .36
Continuing training .81 .81
R&D activities .19 .19
Investment activities 73 73
Technical state of equipment 2.82 2.82
Export activities 33 .33
Broadband connection .81 .81
Family business 73 73

Notes: Further balancing constraints include indicators for economic sector and sixteen federal states. Source: IAB Establishment Panel, Wave
2017. Data access was provided via remote data execution. DOI: 10.5164/IAB.IABBP9317.de.en.v1.
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ABSTRACT ARTICLE HISTORY
While an increasing number of studies postulate that voca- Received 11 January 2022
tional education and training (VET) activities have a positive Accepted 31 March 2023
impact on the innovative capacity of training companies, KEYWORDS

empirical evidence on the topic remains contradictory. This Innovation: Vocational

study exploits establishment data from a representative sur- .4, ion and sraining (VET);
vey of German companies to estimate the relationship Knowledge diffusion;
between firms’ participation in initial VET and their innova- Organizational learming;

tion outcomes. Our results show that the direct effects of SMEs
initial VET on technological innovation in small and medium-
sized entarprises (SMEs) are on average quite weak. If at all,
a training firm's initial VET activities are associated with pro-
duct innovation activities and not with process innovation.
Larger effects can only be observed in case of microenter-
prises with fewer than ten employees. In these firms, initial
VET is associated with a higher probability of {local) new-to-
market product innovation if it is accompanied by changes in
organisational processes that support individual learming and
knowledge creation. We conclude from this finding that the
knowledge diffusion function of the VET system primarily
holds relevance for the smallest of the training companies
and that initial VET is only positively related to technological
innovation when it goes along with organisational leaming
in the training company.

Introduction

In recent years, the question of the role that vocational education and training
(VET) potentially plays for innovation has gained increasing attention in scho-
larly research (e.g. Barabasch and Keller 2020; Hodge and Smith 2019; Lund and
Karlsen 2020; Gdmez, Igone, and Aguirre Larrakoetxea 2018; Rodriguez-Soler
and Brunet Icart 2018; Rupietta and Backes-Gellner 2019; Rupietta, Meuer, and
Backes-Gellner 2021). Regarding the role of VET institutions in this context, for
example, it has been empirically shown that they provide an impeortant con-
tribution to the functioning of regional innovation systems (Lund and Karlsen
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2020; Goémez, Igone, and Aguirre Larrakoetxea 2018; Rodriguez-Soler and Brunet
lcart 2018).

It would be expected that the empirical evidence at the company level is
analogous to this, although surprisingly this is not the case. The studies con-
ducted by Hodge and Smith (2019) and Rupietta and Backes-Gellner (2019)
provide different results regarding the direct influence of initial VET activities on
technological innovation activities in training firms (i.e. in terms of the contribu-
tion of VET students to a firm's propensity to introduce new or significantly
improved products, services or processes). While the first study - based on
qualitative interviews from Australia - does not provide clear evidence that
VET students contribute directly to a firm's technological innovativeness,
the second study — based on Swiss firm data — provides quantitative evidence
that apprenticeship training has a positive impact on technological innovation
under the conditions of dual VET systems.

According to Rupietta and Backes-Gellner (2019), the effect of initial VET on
innovation is stronger for small and medium-sized enterprises (SMEs), and tends
to apply to product rather than process innovations. However, since SMEs are
a quite heterogeneous entity in terms of innovation (Thoma and Bizer 2013 de
Jong and Marsili 2006), it remains unclear exactly to which subgroup(s) of SMEs
this effect applies. This is relevant insofar as it is known from the empirical
literature on the motives of companies to participate in apprenticeship that the
productivity of VET students is on average higher the smaller a training com-
pany is (see eg. Mohrenweiser and Backes-Gellner 2010; Muehlemann and
Wolter 2014; Muehlemann 2016) - which, conversely, could indicate that
there may be a positive relationship between initial VET and innovation in
very small firms in particular. Moreover, Rupietta and Backes-Gellner's non-
significant result on process innovation outcomes appears surprising given
that - compared to product innovation - the knowledge associated with
improvements in business processes often contains a relatively high degree of
tacitness (Gopalakrishnan, Bierly, and Kessler 1999), which should be related
with a stronger importance of VET-based learning and skills in this context
(Thoma 2017). Moreover, the Swiss study of Rupietta and Backes-Gellner
(2019) does not distinguish between different degrees of innovative novelty.
However, especially regarding incremental innovation, a potential contribution
by VET students could be expected (Toner 2010).

By contrast, the qualitative results of Hodge and Smith (2019) imply that
a VET student’s contribution to firm-level innovation should not be overesti-
mated, at least under conditions of full-time, school-based vocational training
systems with company practice periods being constrained to temporarily lim-
ited work placements. The following pointed question by Hodge and Smith
(2019) illustrates this: ‘If VET students, like any students, are novices in an
occupational area, why would we expect to find they contribute to innovation?’
(p. 16). They nevertheless argue that VET activities may still contribute to a firm’s
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technological innovativeness in two relevant ways: through knowledge diffu-
sion and via organisational learning. With regard to the former, they expect VET
students to be potential mediators of knowledge diffusion stemming from
vocational education institutions. This may explain the finding of Rupietta and
Backes-Gellner (2019) that the effects on innovation are stronger in smaller
firms, given that - mostly at the level of regional innovation systems - SMEs
are probably profiting most from the VET system’s important function in terms
of knowledge diffusion (Lund and Karlsen 2020; Gdmez, Igone, and Aguirre
Larrakoetxea 2018; Rodriguez-Scler and Brunet lcart 2018). Regarding
the second driver, according to Hodge and Smith (2019), initial VET can lead
to improved day-to-day organisational practices in training firms (including
changes in workplace organisation, new organisational practices etc.) - either
through a direct role of VET students in introducing such organisational changes
or through the more general changes in organisational learning processes that
follow a company's decision to participate in initial VET. 5uch organisational
innovations have been shown to significantly improve the technolegical inno-
vation performance of non-R&D-intensive SMEs (Rammer, Czarnitzki, and
Spielkamp 2009; Hervas-Oliver et al. 2015) - which raises the question of how
initial VET, organisational changes and technological innovation are related in
the case of (smaller-sized) training firms (Rupietta, Meuer, and Backes-Gellner
2021).

Hence, the question remains whether conducting initial VET actually fosters
technological innovativeness at the company level. Against this background,
our paper aims to contribute to the literature in two related ways. First, com-
pared to the Australian study of Hodge and Smith (2019}, our empirical analysis
uses a broad data set from Germany, a country where the dual system of VET
formis an integral part of the national innovation system (Thoma 2017). Due to
the duality of vocational training (i.e. the combination of long periods of
practical learning in companies and theoretical learning at vocational schools),
German VET students may contribute to firm-level innovation to a stronger
degree compared to VET students in countries where initial VET takes place
mainly in full-time vocational schools with limited practical periods during the
time of training. Moreover, we aim to provide empirical evidence for the
relationship between initial VET and technological innovation by placing
a special emphasis on the role of knowledge diffusion and organisational
learning, and hence supplement the study of Hodge and Smith (2019).

Second, regarding the Swiss study of Rupietta and Backes-Gellner (2019),
we add to the literature by distinguishing between different categories of
SMEs to shed further light on the role of firm size in the present context.
Moreover, by using a wider set of control variables and developing
a comprehensive theoretical foundation for explaining the potential impact
of initial VET on smaller firms’ technological innovation activities we comple-
ment Rupietta and Backes-Gellner (2019). In a broader sense, this is also

47



4 (&) E MATTHIES ET AL

a contribution to the empirical literature that quantitatively addresses the
question of whether training companies benefit from their investments in
initial VET already during the apprenticeship period in economic terms (e.g.
fwick 2007; Mohrenweiser and Backes-Gellner 2010; Muehlemann and
Waolter 2014).

Innovation in the majority of SMEs: Learning beyond R&D
Overview on the conceptual framework

In line with Hodge and Smith (2019) and Rupietta and Backes-Gellner (2019), we
assume that knowledge diffusion and organisational learning are important
determinants of innovation for many SMEs in Germany (Figure 1)." Our main
argument at this point is that initial VET activities at the company level are
closely involved in corresponding learing processes and knowledge dynamics,
leading to a mutual reinforcing relationship between these three elements and
SME innovation, which tends to be overlooked by innovation schelars and
policy-makers alike (Gdmez, Igone, and Aguirre Larrakoetxea 2018). Thus, our
conceptual framework is not only based on the dynamic relationship between
organisational learning and knowledge diffusion as key innovation drivers in
less R&D-intensive segments of the SME sector, but also locates within it the
interactive and reciprocal interplay with the VET system.

The first dimension of the concept refers to the key importance that the dual
VET system has in terms of knowledge diffusion, especially at the regional level.
Effective diffusion of new technologies throughout the economy is an essential
precondition for SMEs' innovation success hence constituting a crucial starting
point for policy measures and support. By means of knowledge diffusion, SMEs
frequently receive the necessary stimulus for introducing innovations. Thus,
increasing the absorptive capacity of smaller firms concerning the use of exter-
nal knowledge, focusing on a broad set of institutions that affect learning and
innovation (including VET institutions such as vocational schools or vocational
training centres), integrating SMEs in regional innovation systems and upgrad-
ing workforce skills in 5MEs to facilitate participation in innovation are vital in
this context (Rammer, Czarnitzki, and Spielkamp 2009; Harvas-Oliver et al. 2021;
Thomad 2017). The second dimension relates to the fact that informal ways of
learning by doing, using and interacting (DUI) are particularly strong in the case
of SME innovation, not least in the ‘German Mittelstand’ (Pahnke and Welter
2019; Alhusen et al. 2021). In Germany, the VET trained workforce plays a key
role for DUIl-based innovation activities in non-R&D-intensive firms and indus-
tries (Thoma 2017; Thoma and Zimmermann 2020). Moreover, DUl-based tech-
nolegical innovation usually requires deep erganisational learning in order to be
successfully implemented at the company level (Rammer, Czarnitzki, and
Spielkamp 2009).
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Finally, our conceptual framework (and the following empirical analysis) is
based on a general and broad definition of innovation that applies to all sectors
of the economy (Gault 2018). The advantage of this definition of innovation is
that we have comparable information for the entire spectrum of training
companies in a large number of industries and can thus examine the general
link between initial VET and SME innovation. The potential drawback of this
innovation definition is certainly that the more specific relationships betwean
individual aspects of a company’s innovation processes and initial VET can only
be partially captured by this broad, rather abstract measurement approach.

Dimension 1: VET and knowledge diffusion

Toner (2010) argues that the VET system plays a critical role in knowledge
diffusion, particularly regarding innovation in 5MEs, which are not at the frontier
of technological development. The author stresses the importance of vocational
education institutions such as vocational schools, vocational colleges or voca-
tional training centres as being highly responsive to the particular needs of local
industries, offering customised training programs, serving as technology inter-
mediaries between equipment or software producers and local businesses, and
informing their students about new technologies, which increases the absorp-
tion capacity of a training company's workforce in terms of both practical skills
and innovation-relevant knowledge.

The empirical studies of Gémez, Igone, and Aguirre Larrakoetxea (2018),
Rodriguez-Soler and Brunet lcart (2018) and Lund and Karlsen (2020) analyse
the role of vocational education institutions for the functioning of regional
innovation systems with some indications of effects at the company level. For
example, it is argued that VET institutions represent a main source of external
technological knowledge for innovating SMEs in Spain. Moreover, it is shown
that this is especially the case for DUl-based innovation activities in training
companies, which are triggered by the demand-based and problem-solving-
oriented training opportunities provided by VET institutions and ‘the type of
skills and expertise held by their staff and the long-lasting [trust-based] relation-
ships between these and local firms’ (Gémez, Igone, and Aguirre Larrakoetxea
2018). For the Spanish regions of Catalonia and Aragon, Rodriguez-Soler and
Brunet Icart (2018) find that geographical proximity to VET institutions is crucial
in this context.

Lund and Karlsen {2020} confirm the results of the Spanish studies with
a focus on two Morwegian manufacturing regions, concluding that VET institu-
tions are important sources of external knowledge for local SMEs. According to
their results, vocational colleges promote the competitiveness of manufacturing
firms by developing programs for education tailored to regional industries that
consider current technological trends and state-of-the-art technologies and
new materials, which shows how VET institutions are driving the dissemination
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of new technologies in training companies. According to the authors of this
study, these findings provide a better understanding of the DUl mode of
innovation in training companies.

For the case of Switzerland, Rupietta and Backes-Gellner (2019) establish that
the involvement of highly innovative companies in institutionalised curricula-
updating processes promote technology and knowledge diffusion among train-
ing-companies enhancing companies’ innovation capacities. Following their
argument, training firms constantly face new technologies of the industrial
leaders. By learning about these technologies, training firms can develop certain
competitive advantages over non-training companies. In this process, SMEs are
assumed to benefit from absorbing and adapting new knowledge and technol-
ogies whereas large companies are attributed to contribute innovative input to
curricula updating.

Dimension 2: VET and organisational learning

Technological innovation activities at the company level can be based on
different modes of learning. In this respect, according to Jensen et al. (2007),
innovating firms differ according to the degree to which they have integrated
formal processes of learning related to R&D and the extent to which they use
informal ways of DUI learning. The innovation activity of smaller firms is often
described as minimally or not at all R&D-intensive and, hence, being strongly
rooted in the DUl mode (Baldwin and Gellatly 2003; de Jong and Marsili 2006;
Tadtling and Kaufmann 2002). Impertant elements of DUl-based innovation
activities in 5MEs are an emphasis on experience-based learning from informal
problem-solving communication, interactive learning with customers or suppli-
ers, the overall importance of locally embedded tacit knowledge and the
fostering of organisational learning within the firm (Thoma and Zimmermann
2020).

According to Toner (2010), processes of learning by doing and using are at
the core of VET activities in training companies. Hence, it is only logical to expect
a close link between a company's participation in the VET system and its
integration of the DUl mode of learning and innovation (Thoma 2017). Within
the DUI mode, practical problem-solving skills developed in production pro-
cesses hold key importance for innovation activities at the firm level {Jensen
et al. 2007). The VET system provides employees with corresponding skills and
underpinning knowledge and hence raises the workforce's absorptive capaci-
ties (Toner 2010). In this way, knowledge flows within and between firms are
facilitated (Rupietta and Backes-Gellner 2019) and VET students are enabled to
potentially act as technology gatekeepers (Rupietta, Meuer, and Backes-Gellner
2021). As a result, some studies in the DUI literature stress the importance of VET
as an important driver of innovation processes in SMEs (Thoma 2017; Thoma
and Zimmermann 2020: Alhusen and Bennat 2021).
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The VET literature argues that apprenticeship activities can positively influ-
ence the organisational learmning processes of training companies in two inter-
related ways (Barabasch and Keller 2020; Hodge and 5Smith 2019; Rupietta,
Meuer, and Backes-Gellner 2021): Either through the direct contribution of
VET students to new day-to-day organisational practices implemented in their
training company, or more indirectly through the implementation of a more
distinctive learing culture developed in training companies as a result of the
decision to participate in the VET system. Such organisaticnal learning pro-
cesses, in turn, are an important determinant of the DUl mode of innovation
(Thom3 2017; Parrilli, Balavac, and Radicic 2020; Parrilli and Radicic 2021).
Indeed, organisational learning and creating a corresponding business culture
are considered by Asheim and Parrilli (201 2) to be the micro-foundation of DUI-
based technological innovation, which is why Thoma (2017) considers organisa-
tional innovation to foster individual learming and knowledge creation (e.g.
through promoting teamwork among employees, delegating decision-making
powers, restructuring customer relationships, developing a general culture of
open communication etc.) as a necessary prerequisite for the successful inte-
gration of the DUl mode at the level of the firm. To sum up, it can be expected
that initial VET activities exert a positive impact on DUl-based technological
innovation in SMEs if they are accompanied by vital processes of crganisational
learning.

Data

The empirical analysis is based on balanced panel data from the |AB EP dataset,
an employer survey from the German Federal Employment Agency (Bellmann
et al. 2019). The |AB EP dataset considers all firms in Germany, which conduct
initial VET, as long as their apprentices are not exempt from social security
contributions. Further information on the dataset and the survey design is
provided by Ellguth, Kohaut, and Mdller (2014).

Our analysis focuses on the panel waves for 2009-2019, which are accessed
via a remote data execution system. Information on 45,013 5MEs is used for the
present analysis. For this purpose, the SME definition applied by the European
Union (maximum 249 employees) has been applied. In our sample, 38% firms
repert technological innovation outcomes and 44% conduct initial VET activities
(Table 1). The main variables of interest are indicators for technological innova-
tion (the dependent variables) and organisational changes as well as initial VET
(the explanatory variables), with all three indicators varying across firm size
categories (Table 1). The survey questions on technological innovation comply
with the Oslo Manual measurement guidelines (OECD/Eurostat 2018).°

Information on organisational changes® is included in the IAB EP dataset at
two-year intervals. Since the corresponding survey questions refer to organisa-
tional changes conducted within the firm in the last two years, we have replaced
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Table 1. Descriptive statistics by firm size categories.

1 1 1] L
Description Mean 50. Mean 50 Mean 5D0. Mean 50

Dependent wariables

General 1 if firm conducted product 038 049 029 045 042 049 052 050
inmovation and/or process innovation

Mew-to-market 1 if frm conducted new-to- s 023 003 078 006 025 009 029
product market product innovaticns
innovation

MNew-to-firm 1if firm conducted new-to-firm Q.18 038 014 035 020 040 023 042
product product innovation
innovation

Incremental 1 if firm conducted product 031 046 023 042 034 047 044 050
product innovation which is not new
inmorvation to the markat or to the firm

Process 1 if firm conducted process 013 033 008 026 094 035 021 041
innovation innovation

Explanatory wanoble

Initial VET 1 if firm employs apprentices 044 050 019 039 055 050 078 042

[VET students)

Organizational 1 if firm conducted 030 046 017 037 036 043 051 05D
changes organizational changes

Comtrol wariahles

Company size  Total number of employees 3270 4700 447 2132 1390 1109 11084 5169
Share of workers  Employses with completed 057 028 048 023 064 026 063 025
with vocational training in total

vocational employment (%)
qualification
Share of workers  Employees with higher 008 Q17 005 014 009 013 012 09
with university  education in total
degree employment (%)
Competitive 1 for medium/substantial 293 100 287 099 2946 099 198  1.04
pressure competitive pressure
Demand 1 if company expects 205 059 202 056 207 061 208 064
expactation increasing business wolume
next year
Foreign company 1 if company is foreign owned QU4 020 002 Q15 003 013 010 030
Shortage of 1if a company reports lack of 014 035 007 026 018 038 024 043
skilled workers  skilled workers
Continuing 1 if a company provides 063 048 043 049 073 045 090 029
training continuing training to their
employees
RE&D activities 1 if a company conducts in- 007 026 003 016 008 027 oe 037
houwse RED
Investment 1 if a company made 059 049 043 050 067 047 079 040
activities investments in 2016
Technical State of a company's technical 273 075 267 077 27 075 B0 072
equipment equipment (1 ‘state-of-the-
art' — 4 ‘out of date’)
Export activities 1 for exporting companies 020 040 009 023 024 043 042 049

Motes: Firm size category (k full sample; Ik 1-% employees; 1ll: 1049 employees, IV: 50-249 employees). Source:
IAB Establishment Panel, Waves 2009-2019. Data access was provided via remote data execution. DOl 10.5164/
IABJAEBPI319.de.en.v]

missing values in survey years without information on organisational changes
with values from the following year. Finally, the binary variable ‘initial VET refers
to information from the [AB EP survey on whether a company currently employs
apprentices (i.e. VET students). Finally, our dataset includes a broad set of
control variables (see Table 1).
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Estimation strategy

We conduct our analysis using standard ordinary least square estimators with
random effects. Since our dependent variables are binary indicators, we employ
linear probability models (LPMs). For consistency, we follow Rupietta and
Backes-Gellner (2019) and rely on LPM — which is justified as comparable results
can be expected from linear and non-linear models (Angrist and Pischke 2008).
Due to the binary character of our explanatory variable on initial VET and its
relative persistence over time, we opt for random effects models, as fixed effect
estimation would cause information loss with respect to companies that con-
tinuously train apprentices (Woeldridge 2013). However, we later also resort to
fixed effects models to check the robustness of our results.
Our estimation model is thus given by:

K
INNO;: = yo + vi VET# #ORGA: + > yikige + 0 + e, (1)
k=1

where INMNO constitutes the indicator on technological innovation (1 for inno-
vating companies), VET equals 1 if the firm is currently conducting initial VET
activities (1 for companies that employ apprentices), ORGA indicates organisa-
tional learning that results from changes in a firm's organisational practices
(equals 1 for companies with organisational changes), k denotes the number of
control variables, | denotes the number of companies and e is the error term.

In our set of controls, first we include information on workforce qualification
based on the share of qualified employees and the share of employees with an
academic qualification. Second, we measure competition by analysing the
responses to a question on the competitive pressure in the firm's market
environment. Third, as a control variable for demand changes, we employ an
indicator on the expected business volume. As Rupietta and Backes-Gellner
(2019) we control for econemic sector, firm size, shortage of skilled workers,
foreign ownership and regional dummies. Furthermore, we additionally include
controls for continuing training and in-house R&D, as a positive impact on
innovation activities can be expected through knowledge creation and
improved knowledge flow (Bauernschuster, Falck, and Heblich 2009).

In addition, we take into account information on the technical status of
equipment and investment activity, the former enabling a firm to transform
resources into innovations based on its technological endowment. Investment
increases this endowment and the associated capabilities (Barney 1991;
Heidenreich 2009). Our estimation strategy includes both indicators as control
variables related to the |AB-EP survey questions on a firms’ investment activity
and on the technical state of a firm’s equipment.

Finally, we also include an indicator for export activities, as these positively
affect innovation at the firm level (Peters and Christian 2013). We conduct the
analysis for our entire sample of SMEs as well as differentiated by firm size in
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three categories to investigate the correlation between initial VET and techno-
logical innovation for different subgroups of SMEs (fewer than ten, 10 to 49 and
between 49 and 250 employees).

Results

We observe significant associations for initial VET and general innovation
(+3.0%) and new-to-firm product innovation (+1.6%). Given the corresponding
baseline probabilities (i.e. the mean Y-outcomes, see Table 2), both effect sizes
must be considered weak. Hence, similar to Hodge and Smith (2019), our results
suggest that the direct effect of initial VET to technological innovation in SMEs is
rather small on average and should not be overestimated. For organisational
changes, the correlation is significant for all innovation types in almost all firm
size categories (Table 2), underlining the link between organisational learning
and SME innovation discussed above.

Turning to the interaction between initial VET and organisational changes,
we observe a significant association (+4.1%) with new-to-market product inno-
vations in firms with fewer than 10 employees. Hence, in very small firms, initial
VET is related to the introduction of (local) new-to-market product innovation if,
at the same time, accompanying changes in the training firm's organisational
processes support individual learning and knowledge creation. Given the base-
line probakility of 3% in this case (Table 2), the corresponding correlation must
be deemed strong.* This result is in line with our conceptual framework in
Section 2. On the one hand, it shows that initial VET can only be related
positively with technological innovation in smaller firms if it is accompanied
by organisational learning at the company level. Indeed, a number of authors
argue that initial VET in countries with a dual VET system, such as Germany or
Switzerland, is often associated with a distinct learning and training culture in
training firms (Deissinger 2012; Harris and Thomas 2003; Pilz 2008; Thomas;
Deissinger 2015; Wiemann and Matthias 2020). And from the literature on
innovation modes, it is known that DUl mode learning can also drive the
generation of more radical technological innovation when it is accompanied
by organisational innovation (Apanasovich 2016). On the other hand, we con-
clude from this finding that the knowledge diffusion function of the VET system
is particularly relevant for the smallest of the training companies. This is because
a more radical innovation performance (compared to incremental product
innovation) relies more heavily on the absorptive capacity of firms in terms of
external knowledge acquisition (Forés and Camisdn 2016). The knowledge
diffusion processes necessary for this seem to take place above all when training
companies succeed in generating product innovations on the basis of organisa-
tional learning that have a high degree of novelty, at least in their local/regional
market environment.
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It is interesting that the interaction effect is negative for the entire sample -
although the effect size is again very small compared to the base probability
(Table 2). The differentiation by innovation type suggests that this is mainly due
to the case of incremental product innovations. There, the interaction effect is
also significant and negative, probably reflecting the fact that incremental
innovation activity means continuous learning along well-established paths -
and it is precisely here that organisational changes often have a very disruptive
effect (Bourke and Roper 2017).

As a robustness check, we run the regression analysis again with fixed-effects
models (see Table 3). We also obtain a significant association for the interaction
for new-to-market innovations in microenterprises with fewer than 10 employ-
ees (+4.6%), while the main correlation for organisational changes is not sig-
nificant in this case. The latter can be explained by the fact that fixed effects
estimations do not consider variables that are constant over time (Wooldridge
2013) and thus tend to underestimate the relationship between continuous
organisational learning and innovation (Ganter and Hecker 2013).

Conclusion

Regarding the role of VET in the context of innovation, previous studies show
that VET institutions have a relevant contribution to the functioning of regional
innovation systems. |t would be expected that the empirical evidence at the
company level is analogous to this, although surprisingly this is not the case as
only a small or no direct relation between initial VET and innovation has been
found at the company level. Hence, the question remains whether and for which
types of firms a participation in initial VET results in technological innovation.

In this paper, we provide a conceptual framework for the channels through
which initial vocational training activities can have a positive impact on innova-
tion activity, especially in (less R&D-intensive) SMEs. On this basis, we empirically
examine the impact of initial VET on techneological innovation in the German
SME sector. Such a quantitative testing of the hypothesis on a positive link
between initial VET and firm-level innovation is underdeveloped. To our knowl-
edge, the study of Rupietta and Backes-Gellner (2019) was the first to provide
some empirical evidence on this issus. However, their estimates are in contrast
to the results obtained by Hodge and 5mith (2019) - a study that ‘did not find
clear evidence that VET student placement could directly contribute to new or
significantly new products, services, methods or processes’ (p. 16).

In contrast to the findings of Rupietta and Backes-Gellner (2019), our results
suggest that the direct associations between initial VET and technological
innovation are actually quite weak. In this respect, our study confirms the
findings of Hodge and Smith (2019). However, in line with Rupietta and Backes-
Gellner (2019), we find that a training firm’s initial VET activities are associated, if
at all, with production innovation activities and not with process innovation.
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Moreover, our results suggest that initial VET strengthens the technological
innovation capacity of training firms via knowledge diffusion and organisational
learning, as already assumed by Hodge and Smith (2019). However, this is only
true for very small training companies. In case of microenterprises with fewer
than ten employees, initial VET is related to the introduction of (local) new-to-
market product innovations if, at the same time, accompanying changes in the
training firm’s organisational processes support individual learning and intra-
firm knowledge creation. We conclude from this that active participation in the
VET system primarily promotes the innovation activities of very small firms
through knowledge diffusion and organisational learning that enables firms to
develop the capacity to absorb new external knowledge.

From a pelicy perspective, our results imply that the participation of micro-
enterprises in the VET system helps to improve their skills and competence
portfolio, creates structures within the firm that promote organisational learn-
ing, and increases absorptive capacities of training companies in terms of
technolegical knowledge from VET institutions. Hence, particularly the smallest
among training companies seem to benefit from the knowledge transfer from
the VET systemn. As a result, these firms should be more likely to succeed in
overcoming — at least in part — some of their size-related disadvantages in
innovation. Promoting a small firm's engagement in the VET system should
therefore not only be regarded by policy-makers as a tool to foster the smooth
integration of youth into the reqular labour market and secure a supply of
skilled workers, but also as a measure of innovation policy towards the small
business sector. At the same time, the technelogical upgrading of vocational
schools and training centres should therefore not only be a measure of modern
education policy, but also an integral part of an SME-oriented innovation policy.

A possible limitation of our study could be the fact that the empirical analysis
is based on a general a broad definition of innovation that is applicable across
all economic sectors. While this approach has clear advantages with regard to
quantitative measurement and comparability, it may also have disadvantages
when it comes to capturing informal processes of non-R&D-based interactive
learning and experience-based know-how (including what this might mean in
terms of initial VET and its concrete contributions to innovation) - which can be
very specific to certain business environments.

This potential limitation opens the way for future research efforts. In general,
there is an ongoing need for further empirical studies to examine the relation-
ship between VET and innovation. With regard to less generalisable aspects of
innovation, it would be crucial to examine the complex interplay between initial
VET, organisational learning and (DUl mode) technological innovation in specific
firm and industry contexts using qualitative research methods, thus comple-
menting the findings of the present quantitative study.

A key challenge for future quantitative studies would be to improve the
estimation strategy in terms of causality to rule out the possibility that our
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results are biased in this respect. Future research could also investigate whether
the type of initial VET matters. Our paper has investigated the link between
initial VET and techneological innovation under the conditions of a country with
a dual VET system. In countries with a full-time school-based VET system, the
results might differ to a certain extent, since under the conditions there, VET
students have only limited practical phases in companies during their time of
training. It would also be interesting to compare the innovation contribution of
apprentices with that of vocationally trained skilled workers. In the present
analysis, no relationship was found between initial VET and process innovation.
However, from a theoretical point of view, we would expect a positive relation
between VET and process innovation outcomes, as the knowledge associated
with business process improvements often contains a relatively high degree of
tacitness. It seems reasonable to assume that apprentices still have too little
experiential knowledge to contribute effectively to process innovation, whereas
VET-trained skilled workers have probably already built up precisely this prac-
tical experience and strong familiarity with the business processes concerned to
make a significant contribution to the introduction of process innovations.
Investigating whether this is indeed the case could be a promising avenue for
future research efforts.

Motes

1. At the same time, we fully acknowledge that the relationship between training
activities and a firm's propensity to innovate is complex, as causality may run in
opposite directions (Bauernschuster, Falck, and Heblich 2009).

2. The questions asked in the IAB survey 2017 were: 'In the last business year of 2016, did
your establishment improve or further develop a product or service which had pre-
viously been part of your portfolio? (incremental product innovation); ‘In the last
business year of 2016, did your establishment start to offer a product/service that
had been available on the market before? (new-to-the-firm product innovation); ‘Have
you started to offer a completely new product or service in the last business year of
2016 for which a new market had to be created? (new-to-market product innovation):
'Did you develop or implement procedures in the last business year of 2016 which have
noticeably improved preduction processes or services? (process innovation).

3. The guestions on organisational changes were as follows: Has one of the following
changes taken place within your establishmentfoffice in the last two yearsh:
Restructuring of procurement and distribution channels and/or of customer relations;
Restructuring of departments or areas of activities: Downward shifting of responsibil-
ities and decisions: Introduction of team work/working groups with their own respon-
sibilities; Introduction of units/departments carrying out their own cost and result
calculations; Improvement of quality management’.

4. At this point it should be noted that, espedally in the case of small firms, new-to-market
product innowvations ‘do not necessarily need to be world firsts as innovations, but may
gain their innovative character from market boundaries such as a regional business focus
or a concentration on specific customer groups.” (Thoma and Bizer 2013, 38).
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Zusammenfassung

In diesam Aufsatz wird der Zusammenhang zwischan aktivar
Ausbildungsbetsiligung im dualan System und Innovationsfahigkait von
Betrisban mit weniger als zahn Baschaftigten untarsucht. Die Ergebnisse
Zaigen, dass in Kleinstbetrisban nicht nur sin direktes Zusammeanspisl von
dualar Ausbildung und dem Vorliegen siner lernforderlichen
Innovationsumgebung dis Harvorbringung von technologischen Innovationan
beginstigen kann, sondern dass neben diesem Imteraktionsaffokt noch aing
waitara Varkettung basteht: Eine Ausbildungsbetsiligung schafft Anreize zum
Aufbau odar zur Varbesserung der Lernumgebung in Kleinstbetrisben und
fordert auf disse Weizs daren Innovationsfahigksit. Der Aufsatz présentien
ompirische Evidenz fir diese Wirkungsketta von dualer Ausbildung dber
organizatorizche Meuerungen zu technologischer Innovation und
problematiziert vor digsam Hintergrund dan seit geraumer Zeit zu

verzeichnanden Rickgang der Ausbildungsbeteiligung im Klasinstbatrisbszektor.
Abstract

In this article the contribution of dual vocational education and training (VET) 1o
the innovative capacity of smaller firmis with less tham tan smployess is
axamined. Results show that dual VET in micra enterprizes promotaes direct
intaraction batween dual apprenticeships and the presance of a work
anvironment conducive to lgarning which facilitatas technological innovation. In
addition, thara is a further effect — qualitative studies suggsst a chain of sffects
that goses beyond simpla intaraction: participation in dual VET provides
incantives to implerment organisational changas, which in the next step ara a
ralevant driver of technological innovation in micro enterprises. According to
this view, dual VET also promotses firm-level innovativensess indirectly by first
strengthaning the learning capacity of the micro anterprise. The authors analysa
this chain of effects gquantitatively based on mediation analysis using German
panel data with a focus on micro enterprizes and discuss their findings against
the backdrop of the paersistent decline in dual VET participation in the German

micro entarprise sector.
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betriebliche Lernumgebung
und Innovationsfahigkeit
von Kleinstunternehmen

Aktuelle Studien legen nahe, dass von einer aktiven Ausbildungsaktivitit ein
unmittelbarer Beitrag zur Innovationstitigkeit von kleineren Unternehmen ausgeht.
Dieser Beitrag schlieft daran an und zeigt, dass eine Ausbildungsbeteiligung von
Kleinstbetrieben Anreize zum Aufbau oder zur Verbesserung der Lernumgebung
schafft und auf diese Weise die Innovationsfahigkeit fordert. Vor dem Hintergrund
des gegenwirtigen Rickgangs der Aushildungsbeteiligung im Kleinstbetriebssektor
werden daraus innovations- und kildungspolitische Implikationen abgeleitet.

EIKE MATTHIES, JORG THOMA, JORG LAHNER

1 Einleitung

Der anhaltende Rickgang der Ausblldungsbetsiligung
unter Klensthetriehen mit wenlger als zehn Beschiftigten
steht akduell auf der bildungspolitischen Agenda (Bun-
desministerium fiir Bildung und Forschung 2022; Pahnks
et al aozo). Wichtlg 1=t hierbel, dass gerade diess Betriohe
mit elner aktiven Aushildungstatigkst nicht nur das Zlsl
der mittelfnstigen Fachkraftesicherung verbindan, son-
dern Auszublldende auch besonders hiufig berelts wih-
rend der Ausbildungszeit im Betriebsalliag produkily eln-
setzen (Mohrenwelser /Backes-Gellner 2oi0; Mohrenwel-
ser/ Fwick zoog; Muchlemann 20s6; Mushlemann/ Wolter
po14). Wicht ruletzt aufgrund disser produkiiven Tatig-
kalten Ist ein posltiver Beltrag der Ausblldungshetelligung
ur Wetthewerbsfhigkedt von Kleinstbetrisben zu erwar-
ten, der durch den fortwihrenden Ausstleg aiss der dualen
Aushildung gefahrdat 15t {Pahnke et al 2020). Eben hier-
fidr sprechen die Ergebnlsse von Matthies et al. (2023), wa-
nach vor allem im Kleinsthetrishssekior elne akbve Aus-
bldungsbetelligung die Hervorbringung von Innovatl-
onen befirdert vor dlesem Hintergrund erscheint der
anhaltende Rickgang der Ausblldungsbeteligung der
Elelnsthatriehe aufgrund von Rekrutierungsschwierighel-
ten und anhaltend hoher Rate vorzeltiger Vertragsltsun-
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gen (Eckelt et al. 2o00; Pahnke ot al. 20z0) nicht nur aus
Perspeiitve der Fachkraftesicherung, sondern awuch aus
Inoovationssicht kridsch

Konkret fdentifiziert die Sfudle won Matthles atal
{2023) fiir Kleinsthetrishe mit weniger als zehn Baschaf-
Hgten sinen innovatlonsforderlichen Charakier des inter-
akifven Fusammensplels von Wissenstransfer, der Exls-
tenz alner lernforderlichen Organisationsumgebung und
betrichlicher Aushildungstatigkest [Me Ergebnisse zelgen,
dzss organisatorische Mewerungsn zur Verbesssrung der
(Innavatienshezogensn) Zusammenarbelt Im Betrish -
z B. diz Reorgenisation von Aufgabenveriellungen oder
die Einfihrung van Gruppenarbeit - als sogenannte Mo-
darator-Variable agleren, welche den Effielt efner Aushil-
dungstatigkedt auf die technologlische Innovationsf2hig-
keit von Kleinstbetrichen posittv verstarkt Ausbildungs-
t2tigkelt, die In elne lernfirderliche Ongenisationsumge-
bung elngebetiet 1st, erhoht demnach die wahrscheinlich-
kedt, dase Klainsthetrishe news oder verbesserte Produk-
te nder Dienstlelstungen hervorbringen. Dleser Effelt it
Im Kern darauf murickrufihren, dass durch etne Inner-
hetriebliche Lermumgebung, in der Auszublldende akity
In Unternehmensprozesse elnbezogen sind und in der edn
hithes Mal an betrishlicher Aushildungsqualitat gestchert
1st, die Awshildungstatigkslt zum integralen Bestandiel]
der Unternshmenskultur werden kann (Pilz 2000; Rauner
el al. 2o43).



Maben diesem sich gegenseitlg verst2rkenden | Mode-
rator-Effelt” pwischen Aushildungshetolligung wnd lern-
farderlicher Organlsationsumgebung im Betrieh diirfte fe-
doch eine Ausblldungstatighedt die Innovatlonskraft von
Kleinsthetriehen noch dber elne andere Wirkungsket-
te anregen. Eine Relhe von Studlen legt nahe, dass ainer-
sefts der instiutionelle Aufbay des duzlen Aushildungs-
systems den wissenstransfer zwischen Berufshildungs-
elnrichtungen und Aushildungsbetrichen befordart {Al-
husen/Bennat rom; Lund/Karlsen 2020; Porio Gomez
atal oa8; Froeger 1o2o; Rupleﬂa,rnid.es-ﬁelluer 2005
SchulthelssfBadkes-Gellner 2022; Toner 200) und ande-
rerselts Auszublldende als  Moment des wandels™ agieren
konnen (Pielffer et al. 2o047), Indam sle gerade in kletne-
ren Betrishen eine Verbesserung von Prozessan Initisren
{Barahasch/Kaller 2020; Hodge/Smith xog). Glelchzaltiy
gehort es zu den rachilichen Voraussetzungen elner Aus-
bildunpgstatigielt, dass meben der fachlich-persinlichen
Elgniung des Aushlldungspersonals auch dle Ausbildungs-
stitte selbst .nach Art und Einmichtung fiir die Berufs-
aushildung [geelgnet seln muss]” (Berufshildungsgesetz
§27), um sicherzustellen, dass die fir die Durchiiihrung
der Aushldung notwendigen materigllen Ressowrcen und
Bedingungen vorhanden sind {Guellali et &l. zo7) - ein
Umstand, der hiufig alnen ersten Anrelz zum Aufbay el-
ner lemfrderlichen Organtsationsamgebung 1m - Adshil-
dungsbetriah stftet, zumal die Eignung dunch die Eam-
mem fortlzufend gepraft und dberwacht wird (Berufs-
bildungsgesetz §12). Aus der Innovetonsforschung st xu-
dem bebannot, dass organtsatorische MNeuerungen zur Ver-
besserung der innerbetrieblichen Austausch- und Wis-
sensprozesse den ‘Wesenskern elnes Lern- und Inndvatl-
onsmodiss bilden, in dessen Rahmen klsiners Unterneh-
men auch ohne elgene Forschung und Entwicklung (FuE)
zuf Basls von erfahrungshbaslertam . Lezming by Dolng,
Using, Interacting (IMI1)" Innovativ sein kinnen (Jensen
et 2l 2007; Thoma 2017) - und dass ehen dieser DUT-Mo-
dus durch elne Aushildungsbetalligung angeregt wird bow.
eng damit verzahnt 1st {Alhusen/Bennat 2021; Kupletia/
Backes-Gellner 20mg; Thom3/Blzer zoat). Kurz gesagl-
Emme aushildungshetelligung dirfie gerade den Kleinsthe-
trighen viclfElige Lernmisglichkeiten ertdfnen, wovon lm
Resultat deren InnovationsfEhigkedt profitlert.

Vor diesem Hintergrund legt die Vermutung nzhe,
dass plne Awusbildungstatighelt neben dem genannten
~Muoderator-Efekt® noch elnen wedteren, Indirekien Ef-
fiekt 2uf die Einfihrung newsr Produkie und Progesse in
Kleinsthetrichen hat: Sle regt den Auwfbaw elner lamfbr-
derlichen Organisationsumgebung an und iniilert auf
diesar Grundlage technologische Innovationen. Der Fak-
tor Lernumgebung wiirde 2us dizser Perspektive als sog.
~Medlator® im Sinne elnes Bindeglisds rwischen dusler
Ausshildung und Innovatonstitsghedt in Klainstbetrisban
fungleren (Schulthelss/Backes-Gellnar 2012). Im vorlss-

genden Befirag gehen wir diesem Wirkungsrusammen-
hang nach, Indem wir uns der fulgenden Forschungsfra-
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ge widmen: Handelt es sich In Kleinstbetrishen bed dem
Zusammenhang rwischen dusler Aushildung, nnerbe-
trieblicher Lernumgebung und InnovationsfEhigkest ne-
ben dem Moderations- awch um einen Mediationseffaki?
e Unterscheddung rwischen Moderator- und Medlator-
otfiekt ist gerade vor dem obigen Hintergrund wichtig. weil
letzterer gegebenenfalls newe Hinwelse darauf gibt, wie dle
sinkende Ausbildungsheteiligung im Kleinbetrishssakior
unter Inmovatiens- und Wetthewerbsgesichispunkten
bewerten 15

Machfolgend wird in Abschmitt 3 der theoretische Er-
klarungsrahmen ndher hergelettet, woraufhin 1o Ab-
schnitt 3 dle verwendete Datenquelle und das methodl-
sche Vorgehen beschrieben werden. Abschnitt 4 stellt die
Ergebmisse der durchgefiihrien Medistionsanalyse dar
Dlese werden in Abschnitt 5 diskutiert. Auf dieser Grnd-
lage werden abschlisffend (Abschnili &) vor dem Hinter-
grund des anhaltenden Rickgangs der Aushildungsheted-
ligung im Klainsthetrishssektor verschiadens nnowvati-

ons- und bildungspolitische Implikationen abgelattat.

2 Theoretischer Hintergrund:
Moderator- und Mediatoreffekte

der Ausbildung

Bal der Batrachtung des Fusammenhangs rwischen dua-
ler Ausbildung und Innovatlonstatighkedt gilt es, owel un-
terschiedliche Literatursiringe zu unberschedden: elner-
seils Studlen zur Betefllgung dusl susgebildeter Fach-
krifte an unternehmerischer Innovationstatigkels (Al-
zu et al. 2047; Freel 2006; Thomd rovy; Thom) Fimmer-
mann 20:0; Toner 20qo); andererselts Untersuchungen
heziglich der unmittelharen Einflisse einer akiiven Aus-
hildungshetadligung von Betrisben aul deren Innovations-
fehighkest {Matthies/Haverkamp et al. 2022; Matthies t al
2023; Rupletta et 2l 2015; Rupletta/Backes-Gellner 2049).
Letzterer stehit Im Mittelpunkt der folgenden Analyse. Re-
levante empirische Beltrige befassen sich dabel unter an-
derem mit der Funkton von Berufshildungsetnrichiun-
gen des dualen Aushildungssystems tn regionalen Innove-
tionssystemen. Sle ldentifizteren Berufsschulen und beruf-
liche Blldungsstitten als wichiige Wissensquells fir klai-
ne und mittelgrofe Unternehmen (KEMU) und Anbleter
spezteller, auf den Bedarf regionaler Unternehmen zuge-
schnittener Awshildungsprogramme {Lund/Karlsen 2020;
Porto Gomez et al. 200%; Rodrigues-Solerflcart 2008).
Darzn anknipfend befassen sich empirtsche Restrige
ebenso mit dem Fusammenhang von Ausbilldungs- und
Innovationstatigkes auf der betrishlichen Ebens. Soermat-
teln Rupistta/Backes-Gellner (2019) auf Basls von Schwed-
zer Qruerschnittsdaten einen Effekt von Aushildungstitlg-
ket Inshesondere fiir EMU und vor allem fGr Produkt-
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tnoovationen" [Me Akiuslisierung von Aushildungscourm-
cula In Bezug zu neuen Technologlen fidhrt zu deren An-
weandung In der Bralte wvon Aushildungshetrieben, was al-
nen 'Wissens- und Technologetransferkanal erdfnet wnd
Anrelze rur Heraushildung enes DUI-basterten Larm-
und Innovationsmadus setet (Rupletta/Backes-Gellner
1myg; Schulthetss/Backes-Gellner 2022). Glelchzelily fin-
den Matthles/Haverkamp et al. (2021} auf Basls von deut-
schen Querschnitisdaten direlde Efekie filr KMU allge
mieln ind filr Betriehe mit weniger als zehn Beschafiig-
ten fiir allgemedne Innovationstatighelt, Flrmenneubetten,
inkrementelle Produkiinnovation und Prozessinnovatio-
nen. Anhand von Schwalzer Quarschnittsdaten beschral-
ben Rupdetia etal. (2021) Auszublldende dariiber hinaus
als Gatekeeper”, die den EInfliss von argantsatorischen
Mewerungen 1o den Geschaftsprozessen von Unterneh-
men aufl Prozessinnovationen, Patente und Verkaufsrah-
len von verbesserten Produkten sttmidseren - und damst
wiederum dle Herzushildung des DUT-Lern- und Innova-
tionsmodus auf Unternehmensebene unterstitzen.

Me genannien Studlen li=fen dabel allerdings welt-
gehend die Frage offen, ob es sich belm Fusammenhang
rwischen Aushildungshetedligung und Innovation wm 41-
rekte oder indirekte Effeite handelt und fiir welche Inno-
vationsarien dies gegebenenfalls gilt Einen ersten Schritt
in disse Richiung machen Matthies et al. {2023} auf Ba-
sls von Paneldaten, Indem sle aufrelgen, dass das paral-
lele vorlieagen elner lernfirderlichen Organisationsumge-
bung im Betrieh den Beltrag einer akttven Aushildungs-
betelligung zuf die Innovationsfzhigkslt von Kleinstbe-
triehen mit weniger als zehn Beschafiipien posittv ver-
starki (sog. Interakiions- bew. Moderator-Edfelt). In An-
knGpfung an die Literatur 7 betrieblichen Innovations-
miosdd {fiir ednen Uberblick s. Apanasovich 2006 und San-
tos et al. 2022) wird dabel die Durchfithrung organiszaio-
rischer Meusrungen als Indikator fidr das Vorliegen siner
lernftrderlichen Organisationsumgebung - den innerbe-
triehlichen Wesensikern des DUT-Modus - genutrt, wobal
sich ein Moderator-Efekt” far das Zusammensplel von
Aunshildungstatigheit und Innovation zelgt (Abbiidung o)
Ein direkier Einfluss der Ausbildung auf die Innovations-
fahigheit von Klainsthetrichan hestsht nach den Ergehnis-
sen yon Matthies et al (2023) dagegen nicht

Dieser Maoderator-Effekt” von Ausbildung auf Inno-
vation entsteht, wenn die Ausbildungsbetedligung ain Inte-
graler Bestandied]l der Unternehimenskultur Ist (Pl 2009)
und Ausrubildende aufgrund der larmfbrderlichen Onga-
nisationsumgebung akitv in betriebliche Prozesse und de-
ren Verbesserung einbepogen sind (Rzuner etzl. 2m3).
Daneben findet sich jedoch auch empirtsche Evidenz hin-
slchilich elner weiteren indirekten Innovatlonswirksam-
kelt der aushildung, indem dber @lne Ausbildungshatel-
ligung zunachst iiberhaupt erst einmal der Aufbau elner
inmovationsfirderlichen innerbetdeblichen  Lernumpge-
bung bzw. deren Verbesserung angeregt wird {Barabaschy
Keller 2000; Hodge/Smith 209). Im Sinne elnes  Madi-
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Lemforderliche Organisationsumgebung als Moderator

Ouglie: Eigana Darngikng

ator-Effekts” konnte dies dann als Bindeglied zwischen
Aushlldungsaktivitdt und Innovationst3tighkelt fungleren
{5chulthelss/Backes-Gellner zoaa)

Anhaltspunkte fiir den vermuteten Mediatlonseffeict
gibt es verschiedene. 5o hat der Einstleg elnes Batrichs
in das duale Ausbildungssystem oft zundchst organisa-
torische Anpassungen zur Verbesserung bew. Sichersiel-
lung elner addguaten innerbetrieblichen Lemumgebung
zur Foldge, um die rechilichen Anforderungen hinsschilich
der Elgnung als Ausbildungsstatte, der Arbeits- und Ge-
schifisprozesse sowle der geforderten Ausbildungsmitiel
zu erfillen, sodass alle Auspublldenden dber geniigend
Material, Baum und Betrewung durch die Awsbilderin-
nen und Aushllder™ verfiigen (Guellall of 2l 27, 5 24)
Auch 1m spateren Ausbildungsgeschehen sind die betal-
ligten Betriebe iImmer wieder gefordert, durch den Auf-
bau und die Pflege etner lem- und Interakiionsfirderl-
chen Aushildungs- wnd Arbeltsumgebung eine gualita-
tiv hochwertige Aushildung mu gewzhrletsten (Detssinger
z045; Plle 200g; Rauner et 2l zo43), die es Auszubilden-
den ermoglicht, ganzheltiich entlang der Prozesse Im Be-
trieh zu larmen und berufliche HandlungsfEhigkelt rw er-
langen {[Deftmer et @l 2003 Ebbinghaus 2016). Kurzwm-
Betriebliche Aushildungsheteiligung diirfte gerade in den
Klednsthetrieben slnen Anrefr rum Aufbay elner lernfis-
derlichen Organisationsumgebung schaffen, von dem aus
der Innovationsforschung berelts hinlinglich bekannt ist
elne wichtige Grundlage dafiir zu bilden, den gerads fir
kletnere Unternehmen typischen informellen und wenlg
FuE-baslerten DUT-Lemn- und Innovatonsmaodus 2w eta-

1 Im aB-Betrebspanal, der von uns versendaten Datan.
nuals, werden folgends Innovationen abgafragt (e els
baogen 2uf das vworangegangens Geschiftsiahr): Produkt-
innowation (inforemantal): Verbessansng! Woitcranbwiok-
lung beroits angabotenar Laistungan' Produics; Produikd-
innowvation (Frmenneuhaitl: News Laistungineuas Prodisid
aus Batriebssiche, aber nicht fidr dan Markt, Produktinno-
wation {Marktneuhait): Violig neus Leishang! newses Produkt
im Markt; Prozessinnovation: News Verfahiren, dia den
Produktiorsprozess cdar das Baroitstallen won Dicraties-
hungen mearklich warbassart haban
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Aufbau cder Verbesserung der innerbetrisblichen Learmumgebung

als Mediator

Lormiam gebung

Tuslie: Eigane Darnellng

bileren {Hervas-Oltver et al. 2086; Kirner et 2l 2000; Tho-
‘miy Blzer aoa1).

Falglich stellt sich die Frage. ob neben dem berefts
Identlfirlerten innovationsftrderlichen Fusammenspiel
von Aushildungsbeteiligung und lemftrdarlicher Orga-
nisztionsumgebung (Moderator-Effekt) auch eine Medl-
aton erkennbar tst, ob Ausbildungshetelligung also die
Gestaltung der Innerbetrisblichen Lernumgebung anregt
und aul disse Welse die Innovatlonstatigkeit frdert (4b-
tldng 2). Dde Unterschetdung zwischen Moderator- und
Mediatoretfekt tst von Interesse, well letrterer gegebanen-
falls Hinwelse darauf geben kann, wie dle sinkende Aus-
bildungshetelligung Im Kleinbetrichssaktor aus Innovatl-
anspaiitischer Sicht zu bewerten st

3 Daten und Methode

Zur Anzlyse der Mediationshypothese werden Daten des
LA B-Betriebspanels, elner reprisentativen Betriebsumira-
ge des Instibuts fiir Arbeltsmarkt- und Berufsforschung,
dar Jahre 20012000 ausgewertet.” Meben Informationen
zu Betrighsgriife, Exportakiivitaten, tachnologischer Aus-
stattung, Zussmmensetzung der Besch3filgtenstruktur
und ‘wirtschafiszweigen werden auch das Vorlisgen won
Aushildungsakitvitat, technologischen Innovetionen wund
argantsatorischen Neuerungen sbgefragt.

DM Abfrage technologlscher Innovationstatighelt er-
folgt Im Sinne der ganglgen Standards zur Messung von

Innovationen Im Produkt- wund Dienstlelstungshereich
(ditferenziert mach inkrementell, Firmen- und Marktne-
helt} sowle im Konbext von newen oder merklich verhes-
sarten Progessen und Verfahren (slehe FuBnote 1; ergin-
zend dazu: OECDY Eurostat 212). Informationen zu onga-
nisatorischen Meuerungen als MaBnzhmen zum Aufbau
oder zur Verbesserung der innerbetrisblichen Lernum-
gebung In Ankehnung an den Innovationsmaodus-Ansztz
won Jensen et gl (2007) stehen fiir die Jahre zodr, 2004,
2085, 2007 und 200g zur Verfigung.® DMe Licken aufgrand
fehlender Erhebungsjahre konnen geschlossen werden,
da sich dia Abfrage der organisztorischen Mewsrungen je-
wedls zuf die rwel Vorpzhre bezleht. Dle organisztorischen
verdnderungsmafnzhmen werden in elnem bindren In-
dikator zur Erfassung der innerbetrishlichen Lemmumge-
bung zusammengsfasst.

Der Datensatx enthalt Informationen 24 15268 Betrie-
ben mit wenlger 2ls zehn Baschaftigten (= Tabelle ). 220%
dieser Kletnsthetrishe entwickeln technologlsche Innova-
Honen und #5.4% berichiten Gher organtsatorische Mews-
rungen. Die Batrishe haben durchschniitlich 4.5 Beschal-
tigte, 18 8 % bildeten zum Befragungszeltpunkt aus. Beruf-
lich qualifirlerte Fachkrdfte stellem mit durchschnitilich
48,2 % den grifien Antedl der Beschifilgten

Zur Analyse des Mediationsetfekis werden Struktur-
glelchungsmodelle verwendet (Ripamonty/Barberls zoot;
Zhao et al 20i0). Die Nultrung von Paneldaten ermibyg-
licht dzhed die Analyse von Wirkungsmechanlsmen in al-
ner zedtlichen Abfolge. Des erbobt die Qualitit der Me-
diztionsanelyse (Fledler et 2l roi8; [ose 2m6). Fouaght
et al. (2020) folgend werden aufgrund der binren abhin-
glgen Variablen generalisierte Strukturglelchungsmodelle
mit Probit-Modellen und Cluster-robusten Standarddeh-
lern geschatyt, um dle sich ber dred Jzhre erstreckende
Kette  Ausbildungsbetailgung In t-2 tragt 21 organisato-
rischen Meusrungen und damit bernfirderdicher Organi-
sationsumgebung [n 1—1 bel, die wiederum technologlsche
Innovationen in t fardern” fAbbidumg 3) 2o untersuchen.

In der Mediationsanalyse bericksichtigen wir neben
direkien und indirekien Effeliten elne Relhe von Kontroll-
variablen sowle awch Informationen zu organlsztorischen
Maerungen In t—2 und 2 technologischen Innovations-
gldtvit3ten in t—1 und t-2, um fGr zeftinvariante Efakie,
dle mit der abhingigen Variable korrelleren, kontrollieren
zu kinnen sowie Simultanit3t und umgedrehie Kausalitat
s0 welt wie miglich suszuschlisfen (Jose zoi6). Als ab-
hEngige Varlablen verwendsn wir die InnovationstEtgkelt
Im Allgemeinen sowle die Einfithrung von Markt- oder

2  laB-Batrishspanc 2om1-201g (httpsifide. iab.da!
betricbsdatan’ob-betrisbepanal-iab-bpwarsicn-smaeil,
D3l wo.svia A8 1A BEP aarg. dasn v,

3 Folgends organisatorischa Neusrungan wandan betrach-
tat: Mougestaltung der Beschaffungs- und Vartrickswega
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bew. Kundanbaichungan, Acorganisationwon Abtailangen
odar Funktionsberaichan, Varkgenng won Veranteoriung
und Entscheidungan nach untan, Eanfishrung won Grnappen-
arbeit!sigemverantwortichen Arbaitsgruppan, Enrichturg
won Einheiian mit siganar Kosten-/ Ergebnisermitthang,
Varbassarung dar DuslitSts sichanang.
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Deskriptive Statistik
Easchrolbarng Mimmtamn 50,
Abhangige Vanisblken: Tachnologische Innavation
Allgamein Inrowation 1 mird. aing technokgizche Innowation singafhnt o220 04ae
MlarkEnauhert 1 Marktnauhsit aingafubrt oozs 0,168
Firnanneuhait 1 Firmannauhgit singafihrt o1z 0,338
Inkremeritella Produktinnoeation 1 inkrermnantella Produltinnovation durchgefuhrt 0216 0412
Prozessnnovaticn 1 Prozessinnowation durchgafishn oo74 0,281
Mediztor: Organisatorischa Neuarungen
Bufbau/Varbessarung 1 mind. @ine organisatorsche Neusrung durchgafihr [V -] 0,361
dar innerbetrieblichen Lamumgebung
Unabhangiga Varable: & usbildung statighsit
Busbildung sl itan 1 Umtormnahman beschaftigt Avzubildenda o1=8 2,381

Anmerkungen: Deskripov

e Sriwkenru den Konmrolvarablen iUnemehmensgrofs, Amel dual Juskifiiens, Ameil Akademiker®innen, Werbewsrhs-

druck, Erwaniat Geschahsenrsckiong, Beriab in ausandechem Eigenium, Fachkrahemangel, Weharbikungsakuer, FEE AlvRImn, InvesiRionan,
Technische AuSSIELNG, Brponacvinien) snd A nirage bel don Auorn erhaidich,

Ouaier LAE-Bairiehspansd som- s cigena Berachmengen

Firmenneiheiten, imkrementellen Produktinnovatsonen
und Prozessinnovationen.

Um zeltvarlante Effekie mu berGoksichtigen, wind ein
stochastischer Effekt auf Unternehmensebens fir die ab-
hingige Variable berfcksichiigt (flang/™1 2o0z0). DHe Me
diztionsatfekte wurden Bartus (zo17) folgend berechnet
und die Signifikanzen gemaf Fhao et 21 (2000) bestimmit:
Slgnifikant 1=t ein Effiekt, wenn 1 nlcht im Konfidenzinter-
vall enthalten ist berw. wenn der p-Wert signifikant 15t

Da der Indirelde Efskt, den wir haopbachten, eln Er-
pebnts aus zwel Parametern (Aushbildungsbetellgung und
organizztorische Mewerungen) 152, kann dessen Verteflung
verzerrt und damit die ermittelte Signifikanz ungenau
sein. Dies kann durch Bootstrapping susgeglichen wer-
den, wobel durch wiederholies Zlshen aws dem Sample
die Variabilitat der betden Parameter berdcksichilgt wird
{Zhao et al. 2010). Zur Uberpriifung der Signifikanz wer-
den die Schatzungen daher als Robustheltstest zusitrlich
noch etnmal mit Bootstrapping durchgefGhrt.

Um welters Wirkungsketten ausschllefen und dle
soglichkelt alner umgedrahten Mediztionskette von In-
novatlon iiber organisatorische Newserungen hin zur Aus-
bildungstatigkett Gherprifen zu konnen {jose 2ou6), haben
wir zudem Fiedler ot al. (z018) folgend rusitrlich Modelle
mit Aushildungstatigkelt als sbhinglge und Innovations-
tatlgkest als erklarende variable geschatet. Erginzend wur-
den auferdem Schitrungen mit Aushildungstatigkedt als
Mediator far die Beztehung swischen organlsatorischen
Meuerangen und Innovationstatigkslt vorgenommen.

4 Dis Schitzergebnizse sind im Detail einschiisllich der

4 Ergebnisse

In Tabeile 2 sind dle Ergebnisse der Madiatlonsanalyss fidr
die unterschiadlichen Innovatlonsarten (abhinglge arl-
zhlen), bel denen eindeutiges Eetten 1dentifiztert werdan
konnten, im Uherblick aufgefihrt *

Mfferendert werden die moglichen direkten Effekte
alner lermnibrderlichen Organisationsumgebung auf tach-
nologische Innovatlonen (Hervas-Cliver et al. 2015; Sap-

AEBIL D NG 2 |

Schematische Darstellung Mediationsanalyse
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prasert/Clausen zon2), von Aushildungstatighent auf tech-
nolegische  Innovationen  (Matthies/ Haverkamp  etal
I0RT; Rupeturﬂadces-ﬁell.n.er 2mg), von Aushildungs-
tatigkett 2uf dle Lemibrderbichkett efner Organisations-
umgebung (Rarzbaschi/Keller x000; HodgerSmith 2oug;
Pizttfer et al. 2007) sowie der indireite Fifekt von Ausbil-
dungstatigkelt auf technologlsche Innovationen mit Maf-
nahmen rum Aufhau oder zur Verbesserung der Innerbe-
trighlichen Lernumgebung 2ls Madiator

dungstitigkedt von Kletnsthetricben folghch deren Inno-
vationswahrscheinbichkedt Indirekt um 29-3.5%** erhd-
hen. Ein direkter Eiffekt i nicht erkennbar. DMe Robust-
heltstests hestEtigen disses Ergebnls.

Bal Firmenneuhelten ist darGber hinzus etn direkter
Fusammenhang mit Ausbildungstatighett erkennbar, der
Jedoch nur schwach signifikant 1=t (£,5%*). Hier handelt
g5 5ich um elne partiells, also tellwelse Madiation, bed der
rund 4% des Gesamteffeltts 2uf den indirelden und 51%

TABELLE = |

Ergebnisse Strukturglesichungsmodells, bei denen sine sindeutige Kette erkennbar ist

Gamesmane Plada Direiner Eflakr gﬁm '“:-Fli!ﬂ- mn;rﬂd—
Inmwation allgemsin
Org. Mewansngen - Innawation allgamein 15rEr 1L44-1,72
Sushildung = Innovation allgernain 1073 eS0T
Bushildung - Org. Neusrungaen 1.0BE"* 1,02-1,18

Aushildung - Org Novsrungen - Innovation aligemain

1.038** Viallstandig Lon-1.07

Marktneuhat

Org. Meusnungen 2 Marktneuhait 140z L21-1,83
Busshildung - Marktneuhai 0,883 o117
Burshildung - Org. Neusrungan 1.0EE** 1L02-1,18

Aushiidung -+ Org Nouerungen -+ Warkinoufa't

1.028%*  Vallstindig 1,00-1,08

Firnanneuheit

Org. Neusnsngen -+ Firnanrsu heit 1. 4peE 1.35-1,85
Bushildung - Firmanneuhaeit 1,408 mEE e
Burshildung - Org. Neusrungan 1.0EE** 1L02-1,18

Aushildung <+ Org Novorungan -+ Hrmonneuhalt

1,025** Particll: 28,8% (ML ay )

Prozessinnow aticn

Org. Mewansngen - Prozessinnosation 14T 1.32-1,68
Burshildung - Prozessinnovation 0,888 mE-L
Sushildung - Org. Neusrungan 1.0EE** L02-1,18

Aushiidung - Org Neverungen - Preessnnovation

1.033** Vallstandig Lion-1.08

Anmariungen Odds Rauic for ik und indirekes Efelos mit organizancnschen Meusrungen als Medinor aul Sasis von gens rliskenen Sruknerglsd
chungsmodelien mi probh-Schirungen umer Bendoksichagung won rmndom efiecrs ool Frmenebene. Komrollern wind for Armengedie, Winschafos
remig Drlificadion Miarbehenda, Fachiriemange| ‘Weierbildungsaktivity FSE, Imvestitonsn, Exponaiichen, Wierbows rsdruck, Umsazrenyar
nung, sechnische Auessmung, Bgemumssrucuran, Bundasiand urd Beobacungsahre sn-aing.

Bl Inkremarnalien RNoaionen R kaing cindeurige Kems srikenniar, weshalb g Ergebnizss nichn dargesicli warden.

SIQIMEanEIvEaL: * fod) ** P 005 *MRcddn

Quedla: i B-Boribepanel som-song; ifens BEorchnungan

Dl Kette . Ausblldungsbetelllgung in t—2 tragt 2o or-
gantatorischen Newerungen und damit lernfirderlicher
Organisationsumgebing in t—1 hal, die wiederum techno-
logtsche Innovationen in t fiedart”™ st fir alle Innovatl-
onsarien auBer inkrementeller Innovation erkennbar, da
el letztorer ein Effekt In belde Richtungen zu werzedch-
nen Bt Demzufolgs kann Aushildung=tatigkedt zum Auf-
bau oder der Verbesserung der innerbetrisblichen Lern-
umgebung beliragen, was im n3chsten Schritt wisderum
die Wahrscheinlichkelt fir technologlsche Innovatlonen
arhbht. Uber diesen Mediationseffelt kann die Awshil-
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auf den direkien Effekt zurfickaufihren sind. Bel allen an-
deren Innovatlonsarten bedingen sich Innowvationstatg-
kedt, organisztorische Mewerungen und Aushildungstitg-
kedt Im Sinne des heschrisbenen Mediztionsetfokts. Abge-
sehen won dem Indirekten Zusammenhang von Aushil-
dungs- und InnovationstEtigkelt sind kelne klaren Wir-
kungsketten erkennbar. Dle erwartete Komplementaritas
von technologischer Innovation und organisstorischen
Mewsrungen bestatigt sich (Hervas-Oliver et al 2016; Sap-
prasert/Clausen 2002).



5 Diskussion

Die durchgefilhrie Madiationsanalyse fir Kleinsthetre-
be in Deutschland hat indirekte, qua MaBnahmen zum
Aufbau bew. zur Verbesserung der innerhetriehlichen
Lernumgebung vermittelte Zusammenhinge elner Aus-
bildungsbetelligung auf technologische Innovationen im
Allgemeinen, Markineuheiten und Prozessinnovationen
aufgerelgt. Fir Firmennechelten wurde etn direkter wnd
ein indirekter Zuszmmenhang gefunden. Damit erfshrt
die Madiationshypothese aufer im Fall der inkrementel-
len Produktinnovationen® thre Beborafdgung. Mese indl-
rekten Zusammenhinge dirfien daraus resultieren, dass
Batriebe durch elne Aushildungsbetelllgung dber Me-
chanismen wie dle fortlaufende Aktuzlisterung von Aus-
bilidungsordnungen (Schulthelss/Backes-Gellner zo22),
verbesserungsvorschlige von Awszublldenden (Hodger
smith 201g; Pletffer et 2l. 2007), die Qualititssicherung In
der Ausbildung (Delssinger 2015) sowie nicht zuletet zur
Elnhaltung der rechtiichen Voraussetzungen filr Erwerh
und Balbehaltung elner Aushildungsherechtigung (gemag
Berufshlldungsgesetr) daru angeregt werden, die Lem-
forderlichkest threr innerbetrisbiichen Organisationsum-
gehung fortw2hrend auf den Prafstand zu stellen, was im
Ergebmnis deren Innovationsfihigkelt stirkt. [ie vorllegen-
den Ergebnisse bekrftigen somit die Ergebnlsse von qua-
htatty-methodischen Studien 2o den Auswirkungen siner
Aushildungstatigkett auf die Innerbetrisbiiche Lernumpge-
bung (Barabasch/&aller rooo; HodgeSmith 200g; Proeger
2020) und damit verbundene konzeptsonelle ExkiZrungen
um maglichen Einfluss der Ausblildungsbetelligung auf
die InnovationsEahighett von Betrsshen (Rupletta; Backes-
Gellner 204g; Schultheis/Backes-Gellner zo2z).

Im Bezug zur Basiswahrscheinlichkedt st der Effekt
fir die allgemeine Innovationstatigkelt zwar als sher ge-
ring elnruschitzen. Fir Prozessinnovationen wird die
Wahrschelnlichkelt jadoch berelts um die Hilfte erhishi
Dassalbe gilt fir die Kombination von direktem und indi-
rektem Effekt hinsichtlich Flrmennewheften. Fiir Mark-
neuhelten dzhingegen verdoppelt der Mediationseffekt
diiz Innovatlonswahrschelnlichkest, wobel zu berficksich-
tigen Ist, dass es sich In den melsten Fallen des hier unter-
suchten Kleinsthetriehssektors um Produktnebatten sif
regionalen M2rkien handeln dirfie

e 5] MITTEILUMGEN, 76 JG., /2073

Fiir letrtere Innovationsart bestehen somit rwel Ef-
felte gleichzeltly: Ein Moderations- (Matthies et 2l 20230
und ein Medlationsstiekt. Im Falle von Marktneuhetten
in Kleinstheirizben starkt folglich sowohl dis Glalchzal-
tgkelt {Moderation) von Ausbildungstitighedt und dem
Varllegen elner lernftirderlichen Orpantsationsumgebung
die Innovationsfihighket als auch die Mediatsonswirkung,
die von der Aushildungshetelligung Gher organisatorische
Heuerungen hin zur Hervorbringung technologischer In-
nawvatkmen relcht

Hinsichitlich wunmitelbarer Kaorrelatlonen 1st festo-
stellen, dass der im Rahmen dlessr Untersuchung 2 be-
obachtende direite Innoveationsetfelt der Aushildungshe
tefligung von geringer Signifikan 1st, die belm Robust-
heltstest mitiels Bootstrapping-Methode ginziich verlo-
ren geht. Somit st vor zllem von enem indirekten Zu-
sammenhang xwischen Ausblldungstitgkelt und Inno-
vetonstatgkelt In Klelnsthetrishen susrugehen. Dies ba-
statigt di= Ergebnissa von Matthles et &l {2023), stehit 2ber
zunzchst im ‘Widersprsch mu den Ergebnissen von Mati-
hies/Haverkamp et al. {2022) und Rupletta/Backes-Gell-
ner (201g). Wird jedoch In Betracht gezogen, dass die bal-
den letzigenannien Paplere mit Querschnlttsdaten arbel-
ten und die beschriehenen Moderator- und Mediatsonssf-
felte micht herficksichtigen, Hegt die Interpretation nahe,
dass die In disser Studle ermittelen indireiden Fifekts n
den Cuerschnittsdatenanalysen als direkde Efekie gemes-
sen wurden. Insgesami erweltert die vorllegende Studie
damlt das Verstindnls hinstchtlsch des Zusammenhangs
zwischen duzler Ausbildung, lernftrderlichen Organisa-
tionsumgebung und technologischer Innovation zuf be-
trieblicher Ebene.

Eine Einschrinkung der vorllagenden Studse 1=t, dass
wir zwar musitelich zum Moderations- elnen Mediatlons-
etfiekt dentifizieren, aul Basis der vorllegenden Daten und
der verwendeten Methodik jedoch micht abschlisBend
klzren kiinnen, welcher der bedden Effekie dberwiegt baw.
mit welchem Gewicht zu Buche schligt Dies ndher zu un-
tersuchen, obllegt zukiinfitgen Forschungsarbelten. Das-
salbe gilt fidr dle Analyss kausaler Zusammenhinge. Me-
diationsmedalle beruhen auf starken Annahmen, weshalb
wir versucht haben, Rilckschlisse zuf Kausalitst nur sshr
vorsichity 2u zishen. Awch an dieser Stelle kann die zu-
kEnftige Forschung zum Thema ansetzen.

durchgefiibirion Robustheitstosts suf Anfrage bei den
Bartaren ahaitlich.

Dies st darauf zurickzuhibnen, dass im Fall won irkremsan-
tallen Produktinnowationan keing sindautigs Wirkungskatio
entifiziert warden kann. Es zegt sichzwar such hier der
warmutsta Wirkurgskanal von Ausbidungstitighsit Obar
anganisatorischs Lamumgsbung 2uf Innowation. Gleichzai-

m

tig liegt jedach auch sina umgekshrts Wirkungskotta wor,
gemak darer - wenn auch nur gering signifikant - i indi-
relktar Efiakt von der Innovatiorsseia auf dieAusbiddungs-
tatigkait ausgeht. Dias fubnt darw, dass im Gegensatz zu
den anderan Innowvationsarten kain klaner Wirkungsrusam-
menharyg arfennkar ist, weshalk dar vermutsta Madia-
tiomsaffekt bai inkrementallan Produksinnovaticnan richi
sindeutig st
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6 Fazit und Politikimplikationen

Der prmittelte indirekie Mediationsetfekt hat wor dem Hintergrund der
anhaltend sinkenden Aushildungshetelligung von Eleinsthetrichen 1n
Deutechland besondere Relevane. Es bedarf daher geeigneter Unterstit-
rungsmafnzhmen, um den Ausstleg disser Betriehs aus dem dualen Aus-
hildungssystem mit den darzus resultierenden nagativen Konsequenzen
fidr deren Innovations- und wetthewerbsfahigkelt und damit deren po-
tenzielle weltere Unternehmensentwicklung zu verhindern (Edelt ot al.
10a0). Fir die Politik sollte es darum gehen, in Kletnsthetricben den fiar-
derlichen Fusammenhang rwischen dwaler Aushildung, Innerhetrich-
licher Lernumgebung und Innovation zu stirken. Besondsre Unterstdt-
zung Ist bed der Suche und Refrufierung von Aushildungsintersssenten
notwendig, damit kletne Betrighe trote der slligemeinen Rekrutisnungs-
schwlerigkedten auch welterhin ausbilden kinnen. Konkret gilt es ©.B.,
die Bekannthedt der berelts heute verfigbaren Unterstitrungsmafnah-
men @y erhdhen (Eckelt ot &l. 20z0), Aushildungsverbiinds und Lernalll-
anzen weiter tu frdern (Schmied 2o01), vorzeltige Vertragsiisungen o
vermelden und monetire Anrelze fiir Auszubldende anmubleten (Pahn-
ke et al 2030l

Ferner sind die Ergebnisss auch fidr die Innovatsonspolitl von Inte-
resse. Dle sichergestellte Betelllgung an der Auwsblldung ermoghicht die
Aufrachierhaltung der wverschledenen Wissens- und Technologletrans-
ferkanile des dualen Aushildungssystems und damit die Stimulation &l-
ner lernftirderlichen Organisstionsumgebung auf Unternehmenssbene,
die gerade fiir dses Innovationsfahigkelt von Kletnsthetrishen nicht zu ver-
nachlissigen Ist Insafern giit es, die Lernkultur In Awshildungshetrishen
2uch unter Innovationsgesichispunkten zu sichern, indem Auwsbildungs-
bedingungen gefirdert werden, die Interakiives Lernen enflang der be-
triehlichen Prozesse ermiglichen und dadurch Raum fir Innovations-
bettrige durch Auszubildende schatffen - wodurch der fir die Innovat-
onsfihigkeit des dewtschen Mittelstands so wichtlge Learning by Do-
ing, Using, Interacting™-Modus {DUT-Modus) gestarid wird (ThomasBl-
mer 2011}, Auch die mittelstandsorientierte Innovationspolitik sollte da-
her die duale Ausbildung im Blick behalten, um gerade den _Kletnen™ In
der Unternehmenslandschaft den Einstieg in das Innovationssystermn o
erleichtern. m
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Skills for innovation: individual contributions of the
vocationally trained workforce

Abstract

A rising number of studies addresses the impact of employee skills beyond university qualification on
firm-level innovativeness. However, analyses of the participation of different (vocational)
qualifications to different phases in the innovation process, namely invention and implementation,
under consideration of different types of innovation and firm-size effects are missing. Investigating
data from a repeated survey among (self-)employed persons in Germany (the BIBB/BAuA Employment
Surveys) this study addresses these research gaps upon data on individuals. Our analyses reveal that
university graduates show highest probability for conducting R&D activities during the invention phase
with increasing marginal effects by firm size compared to other qualifications. On the output side
during implementation, university graduates show highest likelihoods for introducing non-
technological innovations, while masters/technicians act as boundary spanners. Vocationally educated
employees in particular experience technical innovations in their working environment with marginal
effects in comparison to university graduates increasing with firm size. We conclude that all
qualification types matter for innovation with particularly supplementary effects in the invention
phase and an innovation-promoting division of labour between the invention and implementation
phases underlining the importance of vocational education for the German innovation system.

Keywords
Innovation, skills, vocational education and training, SMEs
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1. Introduction

The role that different qualifications and skills play for the innovativeness of companies is increasingly
coming into the focus of research (e.g. Andries and Czarnitzki, 2014; Backstrém and Bengtsson, 2019;
Birkinshaw and Duke, 2013; Bolli et al., 2018; Hgyrup, 2010; Mason et al., 2020; Smith et al., 2012). In
this context, some studies go beyond the common focus on university graduates, such as scientists and
engineers, and emphasize the innovation contributions of individuals with vocational education and
training (VET) qualifications, including the organizational and institutional context within and outside
the firm in which their innovation participation is embedded (Albizu et al., 2017; Alhusen and Bennat,
2021; Bolli et al., 2018; Brunet Icart and Rodriguez-Soler, 2017; Freel, 2005; Mason et al., 2020; Thoma,
2017; Toner, 2010). Two main strands of empirical literature have emerged in this context. The first
relates to the role of VET employees for the innovation capacity of small and medium-sized enterprises
(SMEs). In this context, based on a sample of Spanish SMEs, the results of Albizu et al. (2017) show that
VET employees contribute significantly to firm-level innovation, and that this participation increases
with a higher innovation capacity of the company and the presence of a within-firm organizational
environment that is conducive to learning and employee participation. These results are confirmed by
Brunet Icart and Rodriguez-Soler's (2017) study and complemented by the finding that persons with
VET qualifications contribute, in particular, to process innovation and incremental product innovation
at the firm level. In addition, by also using the example of Spanish SMEs, their findings suggest that the
interaction between companies and nearby VET institutions is crucial for a VET employee’s
involvement in innovation. This points to the importance of the VET system for the functioning of
regional innovation systems (on this issue, see e.g. Lund and Karlsen, 2020).

The second strand of empirical studies relates to the interplay between different skills and
corresponding qualification groups in a firm's innovation process. Bolli et al. (2018) use the example of
Swiss firms to investigate how educational diversity in the workforce affects a company’s innovation
performance, taking also into account the role of VET employees. Their results suggest that the
interaction between different qualification groups is conducive to innovation in case of R&D activities
and in the generation of highly innovative new products, while such interaction is less crucial in the
practical implementation of innovations. This suggests that the role of VET qualifications in firm-level
innovation should also be examined in comparison to the non-VET workforce, distinguishing between
the invention and implementation phases. Mason et al. (2020) take these considerations further by
using aggregate country data for the U.S. and Western Europe to show that absorptive capacities and
patenting output of firms depend not only on university graduates but also strongly on employed
persons with higher VET qualifications (i.e. "advanced VETs" such as master craftsmen or technicians),
suggesting an innovation-promoting interplay between these two groups in particular during the
invention phase of a company’s innovation process. In contrast, "VET graduates" (e.g. skilled workers
with basic VET qualifications) are found in this study to play a greater role only in later stages of the
innovation process, where application-oriented implementation is the primary focus. This confirms
that the distinction between innovation phases is important when assessing the innovation
participation of the VET workforce, including the interaction with other qualification groups in this
respect. At the same time and in line with Freel (2005), it becomes clear that in this context a distinction
should be made between the innovation contributions of "VET graduates" and "advanced VETs".

Despite this evidence, a number of questions remain regarding the participation of the VET workforce
in firm-level innovation. To date, it is still relatively unclear exactly to which specific elements of the
innovation process they make a relevant contribution (see Albizu et al., 2017; Bolli et al., 2018; Brunet
Icart and Rodriguez-Soler, 2017; Mason et al., 2020). For example, while VET employees were found
to play an important role in the case of process innovations, information is lacking on what types of
process innovations this refers to (e.g., whether it is the introduction of new manufacturing or process
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technologies, the use of new machinery or equipment, or the improvement of organizational
processes). At the same time, the question of whether the innovation contributions of the VET
workforce depend on the size of the company —which the results of the two Spanish studies mentioned
may suggest — has not yet been clarified. Indeed, especially with regard to smaller firms, a notable
involvement in innovation activities on the part of persons with VET qualifications is repeatedly
assumed in the literature, whereas with regard to the in-house research and development (R&D)
activities of larger firms the role of university graduates — notably those of natural sciences and
engineering — is usually emphasized (e.g. Acs and Audretsch, 1988; Alhusen and Bennat, 2021; Jensen
et al., 2007; Leiponen, 2005; Thoma, 2017; Van Dijk et al., 1997).

Moreover, the VET workforce itself has hardly been differentiated in more detail with regard to
individual contributions to innovation so far, which is why the distinction between advanced VETs and
VET graduates has not been made clear in the empirical studies mentioned above, or only to some
extent. Nevertheless, this is exactly what should be important. Since data on the employment of
scientifically trained personnel — i.e. university graduates — are a standard indicator of a company's
absorptive capacity (Jensen et al., 2007), it would be reasonable to assume that the individual
innovation contributions of the VET workforce fall primarily on the implementation phase of
innovation processes. However, as mentioned above, the study by Mason et al. (2020) suggests that
advanced VETs play an important role already in the invention phase and that, therefore, a variety of
academic and VET qualifications come into play at this stage of the innovation process, promoting the
finding of new solutions and ideas. Indeed, the results of a number of studies suggest that advanced
VETs are a relevant driver of firm-level innovation (Freel, 2005; Hirsch-Kreinsen, 2015; Hirsch-Kreinsen,
2008; Kirner and Som, 2015; Thoma and Zimmermann, 2020; Weidner et al., 2022). Hence, there is
some reason to assume that not only university graduates but also advanced VETs shape the
absorptive capacity of an innovating firm and thus play a key role in the invention phase of a firm’s
innovation process. In addition, they are often the ones who supervise the implementation of
organizational innovations in practice, guide technological improvement processes, and act as
mediators and translators between scientifically trained R&D personnel and skilled production workers
from the shop floor (Finegold and Wagner, 1998; Mason, 2000; Mason et al., 2020; Thomé& and
Zimmermann, 2020; Weidner et al., 2022). Accordingly, advanced VETs can be expected to make a
number of individual contributions to firm-level innovation, which could be different from those of VET
graduates — an assumption that requires further investigation.

This potential difference leads to another aspect that is still underexplored in the literature: the mutual
interplay between the VET workforce and university graduates. From the analyses of Bolli et al. (2018)
and Mason et al. (2020), we know that there are strong complementarities between university
graduates and VET employees, at least in the invention phase (whereby, as mentioned, it is still not
very clear exactly what their individual innovation contributions look like). This indicates that a
company's workforce is made up of different qualification groups, each with specific knowledge assets
and skills, which has an overall positive effect on a company’s innovation performance. Therefore, for
a better understanding of the innovation participation of the VET workforce — and thus in extension of
the studies by Albizu et al. (2017) and Brunet Icart and Rodriguez-Soler (2017) — it would be useful to
compare their contributions with those of university graduates, in order to possibly obtain evidence of
a fruitful interplay between academic and VET qualifications in the innovation process at the level of
the firm. In this context, not only should a distinction be made between different innovation phases,
as Bolli et al. (2018) and Mason et al. (2020) do, but it should also be investigated how the innovation-
promoting influence of educational diversity depends on the size of the company. This is because one
of the innovation advantages of large companies is that they have many highly qualified specialists in
various innovation-related fields (Nooteboom, 1994; Rothwell, 1989), which should increase the
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likelihood of an innovation-enhancing "division of labor" between different qualification groups and
departments of the company.

This paper aims to address at least some of these issues by analyzing data from a repeated survey
among employed persons in Germany (the BIBB/BAuA Employment Surveys). The advantage over the
previous studies is that this data is on individuals. The respondents therefore indicate where they are
personally involved in the innovation activity of their company, which allows a deeper understanding
of the individual innovation contributions of the VET workforce. The resulting picture is also more
complete in that it covers not only the level of employees, as in the company data-based studies of
Albizu et al., (2017), Bolli et al. (2018) and Brunet Icart and Rodriguez-Soler (2017), but also self-
employed persons with their participation in innovation.? Furthermore, the data allows us to clearly
distinguish between VET graduates and advanced VETs, and to contrast their innovation contributions
with those of university graduates so that the “the specific complementarities among education levels
[...] [become less] obscured” (Bolli et al., 2018, p. 21). In doing so, we can distinguish between input
and output indicators of firm-level innovation, which ensures the described need to differentiate
between the invention and implementation phases. Since the BIBB/BAuA employment survey is a
representative data set, it is also possible to examine the possible influence of firm size in a
differentiated manner. All in all, therefore, based on our dataset, we can examine the role and
contributions of the VET workforce in the context of firm-level innovation in a more nuanced way than
previous studies have been able to do.

The remainder of this paper is organized as follows: Section 2 describes the conceptual background of
our study and formulates a set of hypotheses on the individual innovation contributions of the VET
workforce. The data set is described in Section 3, while the fourth section presents the empirical
analysis. Section 5 summarizes our findings and we conclude with implications for policy and research.

2. Conceptual background

From a theoretical perspective, VET qualifications have several advantages in terms of innovation.
Toner (2010) was the first to describe this in detail, by focusing on the role of skilled production
workers and, in particular, craftsmen and technicians. He argues for the case of Australia that this
qualification group plays an important role in firm-level innovation in both R&D and non-R&D areas,
while the main innovation contributions of its members are related to experience-based processes of
learning by doing and using, acquiring and applying problem-solving competencies, and participating
in incremental innovation. Following on from this, the author sees a key role for the VET system in
terms of technology diffusion across the economy.

Based on Toner's (2010) seminal contribution, further studies extend these theoretical considerations
and focus on the specific skill set of the VET workforce, emphasizing their ability to communicate with
scientists and engineers on innovation-relevant issues due to their comparatively high level of training,
which includes both practical and theoretical knowledge elements (EFI, 2014; Ruth and Deitmer, 2010).
This "mutual understanding" promotes within-firm knowledge exchange (i.e. learning by interacting)
between the R&D department and other parts of the company, such as production and marketing
(Backes-Gellner and Rupietta, 2014; Flaten et al., 2015). This is likely to be the case above all in
countries with established dual VET systems such as Germany, where apprentices, on the hand, learn
"on the job" during their training period and, as a result, acquire experiential knowledge about internal
business processes that they later deepen as skilled workers (Ruth and Deitmer, 2010). On the other
hand, this practical knowledge is supplemented by the formal knowledge acquired in vocational

2 The study of Mason et al. (2020) also uses data on individuals, but only provides aggregate results at the country level
without presenting individual innovation contributions by qualification groups.
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schools, resulting in a mix of practical and theoretical-abstract knowledge that favors innovation-
promoting interaction with academically trained personnel (Thoma, 2017).

Based on their skills, members of the VET workforce are able to contribute to creative problem solving
and to coping with complexity and unpredictability in firms, which can be expected to contribute
positively to (non-R&D-based) innovation (Flaten et al., 2015; Pfeiffer, 2018). Their experience-based
knowledge is particularly important at the interface between product innovation, production
technology, plants, machines and process planning (Flaten et al., 2015; Pfeiffer, 2016; Toner, 2010). In
collaboration with university graduates, the VET workforce therefore participates in both R&D and
non-R&D innovation activities such as prototyping or design (Pfeiffer, 2016). In this way, its members
actively contribute to process and product innovations, as has already been shown in studies on SMEs
(Albizu et al., 2017; Brunet Icart and Rodriguez-Soler, 2017). The emergence of such contributions by
the VET workforce is thereby favoured by a learning-promoting design of workplaces that are geared
toward interaction, opportunities for learning via ‘trial-and-error’ and strong individual responsibility,
thus offering a high degree of scope for creativity to unfold (Thoma, 2017).

In this context, we argue that with respect to the particular stage of the innovation process, it is useful
to distinguish between the roles and contributions of different subgroups of the VET workforce.
Individuals with higher VET qualifications (the advanced VETs) are a relevant source of a firm’s
absorptive capacity (Freel, 2005; Hirsch-Kreinsen, 2015; Hirsch-Kreinsen, 2008; Kirner and Som, 2015;
Thoma and Zimmermann, 2020; Weidner et al., 2022) — and are therefore likely to have an important
function in generating and testing new ideas in the invention phase of firm-level innovation in
interaction with scientists and engineers (Bolli et al., 2018). Moreover, this innovation-promoting
interplay between advanced VETs and university graduates should also be related to the fact that
advanced VETs in particular can play an intermediary role in the internal learning environment of
innovating firms. This is because, at least in countries with broadly anchored VET systems such as
Germany or Switzerland, advanced VETs have both high scientific-theoretical knowledge related to
new innovative ideas and the deep practice-based experience required to implement them (e.g., in
terms of manufacturing processes, prototyping or required equipment and machinery), which enables
them to mediate and translate between different qualification groups within the company. For this
reason, they are able to orchestrate the knowledge exchange between scientists from the R&D
department and skilled workers from production, reducing coordination and communication costs
between different skill levels (Finegold and Wagner, 1998; Mason, 2000; Mason et al., 2020; Thoma
and Zimmermann, 2020; Weidner et al., 2022). For this reason, we expect that advanced VETs are
important “boundary spanners” (Weidner et al., 2022) between the invention and implementation
phases, helping to unlock the innovation-enhancing benefits of educational diversity at the level of the
firm (Bolli et al., 2018; Mason et al., 2020). This leads us to formulate two hypotheses:

H1: University graduates and advanced VETs both significantly contribute to the invention phase of
firm-level innovation.

H2: Advanced VETs are boundary spanners between different skill levels; they are therefore an
essential prerequisite for realizing the benefits of educational diversity in innovating firms.

Compared to advanced VETs, we expect VET graduates to be more involved in the implementation
phase of firm-level innovation (Mason et al., 2020). VET graduates should also be involved in
technological and organizational innovation processes, as they work directly with the innovation-
relevant machines, equipment or materials (Kern and Schumann, 1987; Toner, 2010). At the shop floor,
however, they often have to perform routine tasks as skilled production workers (Pfeiffer, 2018), which
is why we expect less creative innovation contributions overall compared to the group of advanced
VETs. Nevertheless, the feedback from VET graduates to upstream business units such as R&D, derived
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from the application experience they have gained, should provide important impetus for incremental
improvements and modifications (EFI, 2014; Mason et al., 2020; Thom4, 2017; Toner, 2010). Hence,
our third hypothesis is:

H3: VET graduates contribute primarily to the implementation phase of a company's innovation
process.

With regard to the concept of educational diversity (Bolli et al., 2018; Mason et al., 2020), the
discussion so far suggests that the role and contributions of the VET workforce can complement those
of university graduates in different ways. In this context, the influence of the organizational framework
as expressed by the size of an innovating firm is still unclear. As mentioned, the innovation contribution
of the VET workforce has so far been empirically shown using the example of SMEs (Albizu et al., 2017,
Brunet Icart and Rodriguez-Soler, 2017). However, we expect the benefits of educational diversity to
become more pronounced in larger firms.

It is well established in the literature that innovation processes and their determinants differ with firm
size (Acs and Audretsch, 1988; Van Dijk et al., 1997). At the same time, it has long been a well-known
fact in economic research that increasing size of a company is accompanied by a growing division of
labour among the individuals working there (Groenewegen, 2016). Against this background, it is not
surprising that firm-level innovation activities are also characterized by a division of labour
(Chakrabarti and Hauschildt, 1989) — and that this is probably driven by firm size. After all, one of the
key innovation advantages of large firms is precisely that they have many highly and differently
qualified specialists in various innovation-related fields (Jensen et al., 2007; Nooteboom, 1994;
Rothwell, 1989), which increases the likelihood of an innovation-enhancing "division of labour"
between different qualification groups and departments of the firm. Smaller firms, on the other hand,
have a higher degree of innovation activities that are carried out by one and the same person (such as
the business owner, see Runst and Thoméa (2021)) due to a lower degree of subdivision into
departments and functions, which is why the innovation-promoting diversity of different qualification
groups is likely to have less effect. Therefore, we formulate as a fourth hypothesis:

H4: The division of individual innovation contributions between the VET workforce and university
graduates is less pronounced in smaller companies; advantages of educational diversity therefore tend
to increase with larger firm size.

3. Data and method

To examine the individual innovation contributions of the VET workforce, we use data from the 2006,
2012 and 2018 BIBB/BAUA employment surveys as pooled cross-sections.? These provide employment
data from Germany of more or less 15,000 employed persons each, that has been collected jointly by
the Federal Institute for Vocational Education and Training (BIBB) and the Federal Institute for
Occupational Safety and Health (BAuA). The surveys are conducted at six-year intervals. The sample
frame of the BIBB/BAuUA employment surveys is the entire German labor force, including the self-
employed with core employment defined as persons working at least 10 hours per week and older
than 15 years (Rohrbach-Schmidt and Tiemann, 2013, 2011).

The surveys contain detailed information on the qualifications and working conditions of the
responding individuals, allowing a comprehensive and representative picture on aspects like education
levels, qualifications, tasks, knowledge requirements, work conditions, individual responsibilities or
career changes (Rohrbach-Schmidt and Tiemann, 2013, 2011). We restrict our sample to the working
population aged 15 to 65 and, because of our interest in business innovation, focus on employees in

3 BIBB/BAUA Employment Survey of the Working Population on Qualification and Working Conditions in Germany 2006
(doi:10.7803/501.06.1.1.30), 2012 (d0i:10.7803/501.12.1.1.60), 2018 (doi:10.7803/501.18.1.1.10).
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the manufacturing, construction, trade and service industries. Our sample includes 45,393
observations. 57.5% of the surveyed persons are VET graduates, 9.4% advanced VETs (degrees such as
master or technician) and 24.7% are university graduates (Table 1).

Table 1: Descriptive statistics on innovation inputs and outputs, explanatory variables and controls

Description Mean S.D.
Dependent variables on innovation inputs
Continuous R&D 1 if respondents are often involved in developing / 0.127 0.333
researching / constructing
Occasional R&D 1 if respondents are sometimes involved in developing 0.217 0.412
/ researching / constructing
Continuous innovator 1 if it occurs frequently that respondents improve 0.196 0.397
without R&D existing procedures or try something new without
conducting R&D
Occasional innovator 1 if it occurs sometimes that respondents improve 0.469 0.499
without R&D existing procedures or try something new without
conducting R&D
Dependent variables on innovation outputs
Manufacturing / 1 if new manufacturing or process technologies have 0.366 0.482
process technologies  been introduced in the last two years
Products / materials 1 if new or significantly changed products or materials 0.283 0.451
have been used in the last two years
Machines / plants 1 if new machines or plants have been introduced in 0.392 0.488
the last two years
Computer programs 1 if new computer programs have been introduced in 0.493 0.500
the last two years (excluding updating of existing ones)
Services 1 if new or significantly changed services have been 0.301 0.459
provided in the last two years
Organizational 1 if there has been a significant restructuring or 0.437 0.496
practices reorganization of the personal work environment in the
last two years
Explanatory
variables
VET graduates 1 if initial VET is completed 0.574 0.494
Advanced VETs 1 if higher VET qualifications (master, technicians) 0.094 0.292
University graduates 1 if university (or applied sciences) degree 0.247 0.432
No formal 1 if no formal qualification 0.073 0.260
qualification
Other qualification 1 if civil servants or other training qualification 0.011 0.102
Controls
Age of respondents Age in years 44.076 10.834
Male/female 0 if man, 1 if woman 0.476 0.499
East-West 1 if western Germany 0.850 0.357
Nationality 1 if German nationality 0.966 0.180
Employment status 0 “others” 0.019 0.136
1 “workers” 0.204 0.403
2 “employees” 0.672 0.470
3 “self-employed” 0.105 0.307

To capture the invention phase, we resort to two different indicators for the input side of innovation.
The first of these indicates how often a respondent researches, develops, or constructs something in
the context of his or her own professional activities, which we summarize under the term “R&D":
12.7% of respondents frequently conduct R&D themselves and 21.7% do so on an occasional basis. In
addition, to cover participation in non-R&D-based innovation activities during the invention phase, we
resort to a second indicator. This covers individuals who, while stating that they are not engaged in
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R&D, at the same time frequently or at least sometimes improve existing processes or try out
something new as part of their work — which suggests relatively high creativity requirements. This is
true for 19.6% on a frequent basis (“Continuous innovator without R&D”) and for 46.9% of respondents
on an occasional basis (“Occasional innovator without R&D”). On the output side, in order to cover the
implementation phase, we can distinguish between participation in product innovation activities and
contributions to process innovations. In this respect, the respondents were asked whether
corresponding changes had taken place in their immediate working environment in the last two years.
Regarding product innovation, we distinguish between the use of new or significantly changed
products or materials (28.3%) and the provision of new or significantly changed services (30.1%). In
the case of process innovation activities, on the other hand, we have information on the introduction
of new manufacturing or process technologies (36.6%), of new machines or plants (39.2%), completely
new computer programs (49.3%) and of new organizational practices (43.7%).

To conduct the empirical analysis, we estimate probit models (pooled cross-section) for the individual
innovation indicators as dependent variables. In each case, we employ the following estimation model:

innojy =Y, + yino_formal_qualification ;; + y,other_qualification j;
K
+ y3VET_graduates j. + y,advanced VETs j; + YkXkje T €t
k=1

Inno refers to our indicators on innovation input and output. No_formal qualification,
other_qualification, VET_graduates and advanced_VETs are the regression variables on a respondents’
professional qualification. University graduates are the reference case here. As controls (x), we use
variables on firm size, economic sector, age of respondents and their employment status, age squared,
gender, nationality, survey year and location in Germany. k denotes the number of control variables, j
the number of observations and e the error term.

The detailed regression results can be found in the Appendix. In the following section, the predicted
probabilities for the qualification groups of VET graduates, advanced VETs and university graduates
are visualized in spider web diagrams. In order to assess the statistical significance of the corresponding
differences, the marginal effects for VET graduates and VET advanced are then shown in line graphs in
reference to university graduates. Finally, this differentiation by marginal effects is carried out again
in separate regression models according to four company size classes (1-9 employees, 10-49
employees, 50-249 employees and more than 249 employees), so that the possible division of
innovation contributions between the VET workforce and university graduates can be examined in
relation to firm size.

4. Empirical results
4.1 Input side
Figure 1 shows the predicted probabilities for innovation contributions in the invention phase (input
side). As expected, university graduates are most likely to be involved in continuous R&D (21.8%). VET
graduates and advanced VETs show significantly lower probabilities in this respect. These differences
are statistically significant (see Figure A.1 in the Appendix). VET graduates also lag significantly behind
university graduates in the other input indicators. In general, however, the differences in the cases of
occasional R&D and non-R&D innovation activities are less pronounced, which could suggest a relative
relevance of VET graduates in certain parts of the invention phase — a result that is supportive with
regard to Hypothesis H3. The corresponding marginal effects for VET graduates in comparison to
university graduates lie between -1.7% and -5.7% (Figure A.1). The picture is somewhat different for
advanced VETs. Both in terms of the probability of occasional R&D and in terms of non-R&D-based
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innovation activities, they are almost on the same level as university graduates and do not differ
significantly. In line with Hypothesis 1, this suggests that advanced VETs are an important player in the
invention phase of firm-level innovation alongside university graduates.

VET graduates Advanced VETs University graduates

Continuous R&D

6

Occasional innovator without

0.00 Occasional R&D
R&D

Continuous innovator
without R&D

Figure 1: Predicted probabilities for individual innovation contributions during the invention phase differentiated by
qualification

Table 2: Marginal effects in comparison to university graduates for innovation inputs by firm size classes (number of
employees)

Qualification VET graduates Advanced VETs
1-9 10-49 50-249 250+ 1-9 10-49 50-249 250+
Continuous R&D -0.100 -0.094 -0.104 -0.144 -0.070 -0.061 -0.077 -0.106
¥k %k * k% *k ok kk ok ¥k ok * k% ¥k % 3k k ok
Occasional R&D -0.029 -0.064 -0.071 -0.050 -0.001 -0.017 -0.020 0.019
* ¥k %k 3k k ok k3
Continuous innovator -0.025 -0.062 -0.032 -0.085 -0.026 -0.026 0.021 -0.042
without R&D & ot Et &
Occasional innovator  -0.017 -0.016 -0.043 -0.002 -0.003 0.006 -0.023 0.008
without R&D *ok

Controls: year, economic sector, east / west Germany, firm size, age, age?, employment status, gender and nationality

Table 2 contains the marginal effects for the VET workforce compared to university graduates for the
input side differentiated by firm size classes. In the case of continuous R&D, the difference with
university graduates widens with firm size, indicating a division of tasks in the invention phase in large
companies with more than 250 employees (Hypothesis H4). The picture is less clear for the other input
indicators. VET graduates tend to lag behind university graduates across all company size classes,
which, in line with Hypothesis 3, suggests that VET graduates are more active in the implementation
phase regardless of company size. In the case of advanced VETs, on the other hand, there are no
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significant differences to university graduates across all company size classes with regard to both
participation in occasional R&D and the performance of non-R&D-based innovation activity. This, in
turn, is consistent with Hypothesis H1. Evidence with respect to the validity of H4 can thus only be
found with respect to continuous R&D.

4.2 Output side

The results on the output side suggest some division of tasks between university and VET graduates.
This is indicated by the fact that the areas of these two groups in the spider web diagram are not
congruent, but overlap only partially (see Figure 2). The former are more likely to be involved in the
implementation of new organizational practices (46.6%), the introduction of service innovations
(34.3%) and new computer programs (54.1%), while the latter, consistent with Hypothesis H3, are
more strongly involved in the introduction of new manufacturing or process technologies (38.4%), new
machinery or equipment (42.2%), and the practical introduction of new products and materials
(30.1%). These differences between VET graduates and university graduates are statistically significant
(see Figure A2 in the Appendix). In line with Hypothesis H3, this suggests that VET graduates are
strongly involved in the implementation phase of the business innovation process.

At the same time, there is evidence of a "boundary spanner" function for advanced VETs (Figure 2;
Figure A.2): Their area in the spider web diagram almost completely encloses that of the university and
VET graduates, which indicates that advanced VETs are in the implementation phase entrusted with
both the practical implementation of innovation steps and guiding the VET graduates in this, as well as
taking on more complex management and coordination tasks in collaboration with the group of
university graduates. If one also takes into account the strong involvement of the advanced VETs in
the invention phase, there is much to suggest that they mediate and translate between the invention
and implementation phases, and thus between university and VET graduates, making them an
important link in the business innovation process. This speaks in favour of Hypothesis H2.

Table 3 shows the marginal effects for VET graduates and advanced VETs compared to university
graduates for the output side differentiated by company size classes. A clear size effect is only evident
for the first three indicators listed in Table 3: the introduction of new manufacturing / process
technologies, the implementation of new machinery / plants and the introduction of new products /
materials. The differences in this regard, and thus the presumed division of tasks between the VET
workforce and university graduates are again most pronounced in the largest company size class (plus
249 employees). We interpret this result as a "fitting piece of the puzzle" to the results on the input
phase (see Section 4.1): There, the strong weight of university graduates in the area of continuous R&D
in large companies was revealed. On the output side, this picture is exactly the other way around when
it comes to innovation steps in the production area. In the sense of Hypothesis H4, we interpret this
as an indication that there is an innovation-promoting division of labour between the invention and
implementation phases between university graduates and the VET workforce, especially in large firms.
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VET graduates Advanced VETs University graduates

Manufacturing /

technologies

Organizational practices 530 Products / materials

Services Machines / plants

Computer programs

Figure 2: Predicted probabilities for individual innovation contributions during the implementation phase differentiated by
qualification

Table 3: Marginal effects in comparison to university graduates for innovation outputs by firm size classes (number of
employees)

Qualification VET graduates Advanced VETs
1-9 10-49 50-249 250+ 1-9 10-49 50-249 250+
Manufacturing / -0.001 0.036 0.045 0.075 0.035 0.044 0.063 0.095
process * %k %k k ¥k % ¥k ok * %k 3k k ok 3k k ok
technologies
Machines / plants 0.069 0.087 0.079 0.099 0.105 0.097 0.080 0.121
3k k ok * k% 3k k k %k k 3k k¥ kk ok %k k ok %k k ok
Products / materials 0.030 0.056 0.047 0.060 0.043 0.057 0.056 0.075
3k %k %k %%k %k 3k %k %k * %k %k 3k %k % 3k %k % %k %k %k %k %k %k
Computer programs -0.091  -0.057 -0.061 -0.032 -0.068 0.018 -0.047  -0.005
3k %k %k %%k %k 3k %k %k %k 3k %k %k % *
Services -0.065 -0.065 -0.069 -0.047 | -0.021 -0.042 -0.029  -0.003
3k %k % % %k %k 3k %k %k * %k %k *
Organizational -0.032  -0.013 -0.052 -0.030 | 0.008 0.023 -0.011  -0.000
practices 3k k ok 3k k k %k k

Controls: year, economic sector, east / west Germany, firm size, age, age?, employment status, gender and nationality;

5. Discussion

The results of our analysis confirm that in order to assess the individual innovation contributions of
the VET workforce, it is necessary to distinguish by innovation phase, innovation type and company
size, as well as to differentiate by the type of qualification. On the input side of innovation, the
university graduates are most likely to engage in continuous R&D. Nevertheless, advanced VETs and
VET graduates also make innovation contributions that are relevant to the invention phase. This is
often true for SMEs and non-R&D-innovation activities. According to Albizu et al. (2017), Thoma (2017),
and Brunet Icart and Rodriguez-Soler (2017), VET employees can have an innovative impact in smaller
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firms by finding new solutions to problems that often involves trial-and-error processes of learning by
doing and using. Moreover, advanced VETs, and to a certain degree also VET graduate, perform R&D
at least occasionally, supporting the findings of Turpin et al. (2011) and Pfeiffer (2016) and highlighting
that the latter group also contributes to the input side of innovation.

The difference for continuous R&D in comparison to university graduates increases for VET graduates
and advanced VETs with firm size for the invention phase indicating a rising division of labor with firm
size in the case of frequent R&D activities (Nooteboom, 1994; Rothwell, 1989). The results are also in
line with the literature identifying R&D, scientists and engineers as large firm innovation drivers as well
as the complementarity of the latter skills for R&D (Barge-Gil et al., 2011; Cohen and Klepper, 1996;
Jensen et al., 2007; Leiponen, 2005; Nooteboom, 1994; Rothwell, 1989).

For advanced VETs, we observe — apart from continuous R&D — insignificant marginal effects pointing
to their relevance for (non-)R&D innovation inputs (Flaten et al., 2015; Ruth and Deitmer, 2010; Toner,
2010) independently of firm size. This supports the findings of Mason et al. (2020), which suggest that
advanced VETs play an important role already in the invention phase and that, therefore, a variety of
academic and VET qualifications come into play at this stage of the innovation process, promoting the
finding of new solutions and ideas. Our results on the relevance of advanced VETs are also in
accordance with their role as company owners and hence innovation drivers (Thoma and
Zimmermann, 2020). In conclusion, they are supportive for our H1 that university graduates and
advanced VETs both significantly contribute to the invention phase of firm-level innovation, which
hence applies for all inputs except for continuous R&D.

Turning to VET graduates, the result on their participation in non-R&D-innovation is at first glance
surprising. However, the participation can be explained by the importance of non-R&D innovation
drivers, especially for SMEs (Apanasovich et al., 2017; Lee and Walsh, 2016). In this environment, VET
employees engage in complex and creative problem solving (Flaten et al., 2015) and cope with
complexity and unpredictability on shop floor thus contributing to innovation (Pfeiffer, 2018) based on
their practical process and experience-based knowledge (Ruth and Deitmer, 2010). Therefore, this
finding on the participation in the invention phase suggests that our results provide only partially
support for H3 that VET graduates contribute primarily to the implementation phase of a company's
innovation process.

The effect of firm size matters thereby during the invention phase for VET graduates while it is only
relevant for advanced VETs in case of continuous R&D, which partially supports H4. Advanced VETs’
involvement in R&D and non-R&D inputs also gives a hint on their role as boundary spanners linking
VET and university graduates in the invention phase, which provides support for H2.

Overall, with all three qualification types conducting R&D as well as non-R&D innovations, higher and
lower skills are relevant for the German innovation system (EFI, 2014; Porter, 1991; Thoma, 2017). The
interplay of different qualification backgrounds concerning R&D and beyond in terms of innovation
inputs is supported and extended concerning the relevance of VET graduates for non-R&D-inputs (Bolli
et al., 2018; Mason et al., 2020; Toner, 2011) while the participation of all qualifications in innovation
inputs is more often practiced in smaller companies, which is in line with the literature (Birkinshaw and
Duke, 2013).

Turning to the output side, our results point on the one hand to skill complementarities concerning
production and related organization (Bolli et al., 2018; Mason et al., 2020) as VET qualifications are
particularly relevant for new products, new processes and new machines. Therefore, they provide
further evidence for VET graduate’s main occupation in the fields of production (Freel, 2005) and their
focus on working directly with machinery and materials (Kern and Schumann, 1987) — both
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independent of firm size. This supports our H3 on VET graduates’ contributions to innovation and
emphasizes that VET graduates are occupied with product and process innovation independent of firm
size (Brunet Icart and Rodriguez-Soler, 2017; Thoma, 2017). Apart from that and in the sense of
Hypothesis H4, we interpret this as an indication that there is an innovation-promoting division of
labour between the invention and implementation phases among university graduates and the VET
workforce, especially in large firms.

Concerning rising labor division with firm size during the implementation phase, our results support
the assumption (H4) that marginal effects for VET graduates in comparison to university graduates are
smaller on output side for smaller companies than for larger companies, which indicates again rising
labor division with firm size. However, this finding is limited to technological innovation.

Advanced VETs then again are found to act as innovators and boundary spanners. In particular, in fields
where the marginal effect in comparison to university graduates is insignificant while the difference
between VET graduates and university graduates is significant, they can either introduce e.g. an
organizational innovation or transfer the relevant knowledge on a new service to the graduated VETs.
As masters/technicians also participate in all kinds of innovation outputs and nearly all innovation
inputs comparable with university graduates, they bridge different academic and vocational skills and
act as boundary spanners between both, skills and innovation phases (Finegold and Wagner, 1998;
Mason, 2000; Weidner et al., 2022). Particularly their role as first line managers on shop floor and as
process developers (Mason, 2000; Mason and Wagner, 2005; Weidner et al., 2022) is supported by our
findings on the relevance of this group for organizational and process innovation. The high likelihood
for participation in the introduction of new machines further underlines masters’ / technicians’
relevance for absorptive capcacity (Weidner et al., 2022) and a firms’ ability to adopt new technologies
(Lewis, 2020). Technicians and masters therefore seem to constitute the nexus between VETs’ and
university graduates’ innovation activities. Keeping in mind the strong involvement of the advanced
VETs in the invention phase, there is much to suggest that they mediate and translate between the
invention and implementation phases, and thus between university and VET graduates, making them
an important link in the business innovation process, as well. Hence, both findings speak in favour of
Hypothesis H2.

6. Conclusion

The role that different qualifications and skills play for the innovativeness of companies is increasingly
coming into the focus of research (e.g. Andries and Czarnitzki, 2014; Backstrém and Bengtsson, 2019;
Birkinshaw and Duke, 2013; Bolli et al., 2018; Hgyrup, 2010; Mason et al., 2020; Smith et al., 2012). In
this regard, recent studies point to the innovation relevance of skills beyond academic qualification
(Albizu et al., 2017; Brunet Icart and Rodriguez-Soler, 2017; Freel, 2005) as well as to the necessity to
differentiate innovation phases, to distinguish between advanced VETs and VET graduates and to
consider effects of diversity and firm size (Bolli et al., 2018; Mason et al., 2020). However, several of
these aspects have remained unclear, as research on the contributions of different (VET) qualifications
to different phases in innovation processes and to different types of innovation, the interdependence
with firm size and comparisons among the qualifications has to date remained scarce — especially
studies based on data on individuals.

We address these research gaps by conflating literature on the role of VET employees for the
innovation capacity of SMEs on the one hand and literature related to the interplay between different
skills and corresponding qualification groups in a firm's innovation process on the other. We thereby
differentiate university graduates, VET graduates and advanced VETs, R&D and non-R&D innovation
activities as well as different types of (process) innovation to enhance the understanding of VET
qualifications’ contributions to invention and implementation phase in the innovation process.
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Analyzing data from the BIBB/BAuA Employment Surveys 2006, 2012 and 2018 on the individual
employee’s and self-employed person’s involvement in the innovation activity of their company as
pooled cross-sections we find explicit roles for the different qualifications in invention as well as the in
implementation phase. For the invention phase, we identify VET graduates to participate significantly
less in R&D innovation inputs in comparison to university graduates except for occasionally innovating
without R&D. This is surprising in so far as university graduates are perceived as crucial innovation
drivers (Albizu et al., 2017; Andries and Czarnitzki, 2014; Kesting and Parm Ulhgi, 2010). Nevertheless,
it has to be kept in mind that feedback from VET graduates to upstream business units such as R&D,
derived from the application experience they have gained, should provide important impetus for
incremental improvements and modifications (EFl, 2014; Mason et al., 2020; Thoma, 2017; Toner,
2010).

For advanced VETs, participation is only significantly lower for continuously conducting R&D compared
with university graduates, who dominate R&D inputs to the invention phase. However, except for
conducting continuously R&D, their contribution is comparable with advanced VETs, which suggests
that advanced VETs are an important player in the invention phase of firm-level innovation alongside
university graduates.

During implementation, VET graduates particularly contribute to technological innovation, advanced
VETs act as all-rounders and boundary spanners while university graduates are occupied with
organizational and service innovation as well as introducing new computer programs. These findings
underline Toners (2011) statement that innovations require different qualifications and occupations
to be engaged in generating and adapting as well as diffusing technological and organizational changes.

In terms of firm-size related labor division and particularly for large companies, university graduates
are primarily occupied with R&D while VET graduates focus on (technological) implementation. Taking
into account advanced VETs’ involvement in invention as well as their "boundary spanner" function for
the implementation phase, there is much to suggest that they mediate and translate between the
invention and implementation phases, and thus between university and VET graduates, making them
an important link in the business innovation process. Advanced VETs are therefore a crucial driver of
innovation processes.

Overall, we therefore extend the findings of Bolli et al. (2018) and Mason et al. (2020) to that extent,
that we identify explicit contributions of different qualifications to the two innovation phases
differentiated by firm size and different types of innovation as well as complementarity in terms of
positive diversity effects. Moreover and in extension to Albizu et al. (2017) and Brunet Icart and
Rodriguez-Soler (2017), contributions of VET graduates to invention phase and specific types of process
innovation are revealed.

In concrete terms, we find support for our first hypothesis on the significant contributions of university
graduates as well as advanced VETs to the invention phase and for our second hypothesis as advanced
VETs seem to act as boundary spanners. Concerning our third hypothesis, our results provide partial
support, as VETgraduate’s contributions require a differentiated consideration keeping in mind firm
size effects, invention relevant non-R&D tasks as well as their technological innovation contributions
during implementation phase.

Concerning the fourth hypothesis and even though our results add insights to the empirical literature
on diversity (Bolli et al., 2018; Mason et al., 2020), our analysis only provides hints on
complementarities of skills in terms of positive diversity effects for firm size and between innovation
phases. Our study is thereby limited in so far, as it does not facilitate drawing conclusions on the degree
of diversity, which fosters inventions or hinders implementation. Analyses, which link individual and
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company data, could thereby provide further evidence on the beneficial interplay of different
qualifications on firm level concerning innovation processes and cooperation. In this regard, advanced
VETs seem to play a crucial role (Freel, 2005; Mason et al., 2020). Examining the explicit means of how
they conduct this role leaves room for further research, as well.

An additional research need arises from labor division and its interplay with firm size. It therefore
remains to be examined, whether diversity is more important for bigger companies as these employ
on the one hand specialists more often (Nooteboom, 1994; Rothwell, 1989) whose combined
knowledge enhances capacity for problem-solving while diversity might on the other hand raise
communication costs (Bolli et al., 2018).

Against the backdrop of skilled labor shortages and companies’ difficulties in finding apprentices for
vocational education and training (EFI, 2014; Thom3, 2017), our results facilitate deriving policy
implications, particularly for SMEs. Enhancing learning atmosphere concerning company structure and
learning climate can be a low-level measure to increase innovativeness and promote a companies’
development to a learning organization (Alhusen et al., 2021; Thoma and Zimmermann, 2020).
Therefore, an innovation strategy that integrates every employee into innovation processes and that
fosters workplaces conducive to learning (Ruth and Deitmer, 2010) designed to facilitate interaction,
participation as well as autonomy (Flaten et al., 2015; Lettmayr and Nehls, 2012) is beneficial. Active
consideration of employees’ ideas by CEOs / management is recommended (Andries and Czarnitzki,
2014). Particularly the German system of innovation, which is characterized by high-quality VET
training and intense interactions between employees with different educational background (Cooke
and Morgan, 1994; Porter, 1991; Soskice, 1997; Thoma and Zimmermann, 2020), is well advised to
strengthen the VET system in general and in particular further training of masters and technicians to
sustain innovation capabilities, especially in SMEs (Alhusen and Bennat, 2021; Lewis, 2020; Weidner et
al., 2022).
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Appendix A

Table A. 3: Descriptive statistics company size classes

Company size classes # observations share
1 employee 2,297 5.29
2 employees 909 2.09
3-4 employees 2,013 4.64
5-9 employees 3,954 13.46
10-19 employees 4,504 10.37
20-49 employees 5,894 13.57
50-99 employees 4,431 10.20
100-249 employees 5,380 12.39
250-499 employees 3,876 8.93
500-999 employees 3,105 7.15
1,000+ employees 7,058 16.25

Table A. 4: descriptive statistics economic sector

Industry # observations  share
Mining, Electricity, gas and water supply 838 1.89
Food products and tobacco 1,268 2.86
Manufacture of textiles and leather 404 0.91
Manufacture of wood and paper 471 1.06
Printing and service activities related to printing 765 1.73
Manufacture of chemicals 2,140 4.83
Manufacture of basic metals and fabricated metal products and 8,439 19.06
electrical equipment

Manufacture of furniture and jewelry 277 0.63
Recycling and disposal 330 0.75
Construction 2,805 6.33
Trade, Repair, Renting 5,128 11.58
Hotels and restaurants 1,154 2.61
Transport, storage and communication 3,047 6.88
Financial intermediation 2,488 5.62
Real estate 532 1.20
Data processing, research and business activities 5,473 12.36
Public administration 25 0.06
Health and social work 8,040 18.16
Other services 660 1.49
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Table A. 5: Results regression analysis innovation R&D-inputs

continuous R&D occasional R&D
all | 1l 1] \% all | 1 1] \Y)

No formal qualifi- -0.112 *** -0.065 *** -0.093 *** -0.122 *** -0.157 *** -0.110 *** -0.088 *** -0.12] *** -0.125 *** -0.107 ***

cation (0.016) (0.020) (0.017) (0.021) (0.020) (0.018) (0.020) (0.024) (0.023) (0.026)

Others -0.078 *** -0.105 *** -0.048 *** -0.089 ** -0.073 ** -0.086 *** -0.103 *** -0.045 (0.031) -0.199 *** -0.062 ***
(0.014) (0.020) (0.017) (0.039) (0.029) (0.0187) (0.029) (0.052) (0.024)

VET graduates -0.115 *** -0.100 *** -0.094 *** -0.104 *** -0.144 *** -0.053 *** -0.029 * -0.064 *** -0.071 *** -0.050 **
(0.010) (0.017) (0.012) (0.011) (0.013) (0.017) (0.017) (0.017) (0.018) (0.020)

Advanced VETs -0.082 *** -0.070 *** -0.061 *** -0.077 *** -0.106 *** -0.001 (0.019) -0.001 (0.018) -0.017 (0.013) -0.020 (0.024) 0.019 (0.028)
(0.009) (0.021) (0.014) (0.009) (0.008)

Age 0.003 *** 0.001 (0.002) 0.003 ** 0.007 *** 0.001 (0.002) 0.002 * (0.001) 0.002 (0.003) 0.002 (0.003) -0.001 (0.002) 0.003 (0.002)
(0.001) (0.001) (0.002)

Age? -0.000 *** -0.000 ** -0.000 *** -0.000 *** -0.000 (0.000) -0.000 *** -0.000 (0.000) -0.000 (0.000) -0.000 (0.000) -0.000 **
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Male/female -0.069 *** -0.061 *** -0.069 *** -0.067 *** -0.074 *** -0.085 *** -0.082 *** -0.085 *** -0.091 *** -0.084 ***
(0.015) (0.020) (0.017) (0.017) (0.011) (0.017) (0.011) (0.020) (0.017) (0.021)

Nationality -0.017 *** -0.032 *** -0.000 (0.021) -0.031 ** -0.007 (0.016) -0.007 (0.017) -0.072 * -0.062 * 0.004 (0.025) -0.016 (0.018)
(0.006) (0.012) (0.013) (0.039) (0.032)

Workers -0.038 ** -0.039 * 0.002 (0.016) -0.034 (0.033) -0.050 (0.032) -0.018 ** 0.015 (0.021) 0.021 (0.022) -0.060 ** -0.029
(0.018) (0.022) (0.009) (0.029)

Employees 0.046 *** 0.010 (0.025) 0.063 *** 0.044 (0.032) 0.062 * (0.032) | 0.017 (0.020) 0.033 (0.022) 0.048 * (0.029)  -0.015 (0.034) 0.006
(0.017) (0.015)

Self-employed 0.062 *** 0.055 ** 0.050 ** 0.094* (0.057) 0.057 (0.076) 0.086 *** 0.120 *** 0.104 *** -0.012 (0.048) -0.003
(0.020) (0.022) (0.020) (0.025) (0.023) (0.031)

Firm size Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Economic Sector Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

East-West 0.029 *** 0.019 ** 0.017 ** 0.023 ** -0.057 *** 0.020 *** 0.022 *** 0.013 *(0.007)  0.032 *** 0.015 (0.013)
(0.007) (0.001) (0.008) (0.011) (0.009) (0.006) (0.008) (0.012)

year Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

# observations 42,951 9,039 10,288 9,692 13,918 42,951 9,041 10,283 9,691 13,930

R? 0.146 0.150 0.144 0.154 0.145 0.035 0.043 0.044 0.043 0.025

Marginal effects of probit estimations for innovation inputs by firm size (All: whole sample; I: 1-9 employees; Il: 10-49 employees; lIl: 50-249 employees; IV: 250+ employees); Standard errors in parentheses; Source:
BIBB/BAUA Employment Surveys 2018, 2012, 2006



Table A. 6 Results regression analysis innovation non-R&D-inputs

continuous innovator without R&D

occasional innovator without R&D

all | 1l 1] \% all | 1] 1] \Y)
No formal qualifi- -0.079 *** -0.076 ** -0.087 *** -0.035 (0.027) -0.103 *** -0.100 *** -0.099 *** -0.133 *** -0.099 *** -0.076 ***
cation (0.011) (0.033) (0.026) (0.022) (0.013) (0.035) (0.027) (0.029) (0.026)
Others -0.007 (0.019) -0.052 (0.046) -0.073 (0.047) -0.005 (0.029) -0.002 (0.031) -0.014 (0.020) -0.010 (0.061) 0.054* (0.031) -0.067 (0.064) -0.036 (0.045)
VET graduates -0.057 *** -0.025 * -0.062 *** -0.032 (0.020) -0.085 *** -0.017 ** -0.017 (0.017) -0.016 (0.015) -0.043 ** -0.002 (0.022)
(0.008) (0.013) (0.019) (0.013) (0.008) (0.019)
Advanced VETs -0.011 (0.011) -0.026 (0.033) -0.026 (0.018) 0.021 (0.028) -0.042 * -0.003 (0.015) -0.003 (0.033) 0.006 (0.027) -0.023 (0.028) 0.008 (0.033)
(0.022)
Age 0.002 (0.001) -0.008 ** 0.001 (0.002) 0.009 *** 0.004 (0.005) 0.009 *** 0.013 *** 0.010 *** 0.005 (0.004) 0.006 (0.006)
(0.004) (0.003) (0.002) (0.003) (0.003)
Age? -0.000 ** 0.000 (0.000) -0.000 (0.000) -0.000 *** -0.000 (0.000) -0.000 *** -0.000 *** -0.000%*** -0.000 (0.000) -0.000 (0.000)
(0.000) (0.000) (0.000) (0.000) (0.000)
Male/female -0.025 ** -0.011 (0.013) -0.027 ** -0.050 *** -0.011 (0.012) 0.017 *** 0.005 (0.017) 0.024 *** 0.032 *** 0.009 (0.013)
(0.010) (0.014) (0.016) (0.005) (0.008) (0.010)
Nationality -0.006 (0.009) -0.025 (0.034) 0.008 (0.020) 0.001 (0.028) -0.010 (0.018) 0.037 *(0.020) 0.088 ** -0.022 (0.036) 0.065 ** 0.029 (0.036)
(0.043) (0.029)
Workers -0.033 ** -0.004 (0.038) 0.043 * (0.024) -0.088 * -0.065 *** -0.035 ** -0.068 ** -0.059 (0.038) 0.050 (0.044) -0.057 **
(0.015) (0.047) (0.10) (0.014) (0.035) (0.022)
Employees 0.022 (0.014) 0.030 (0.038) 0.078 *** -0.014 (0.048) -0.000 (0.023) 0.021 (0.013) -0.013 (0.029) -0.008 (0.038) 0.112 *** -0.000 (0.022)
(0.025) (0.039)
Self-employed 0.116 *** 0.138 *** 0.165 *** 0.095 (0.129) 0.024 (0.067) 0.017 (0.017) -0.021 (0.038) -0.007 (0.036) 0.091 (0.115) -0.010 (0.067)
(0.016) (0.039) (0.022)
Firm size Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Economic Sector Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
East-West 0.036 *** 0.050 *** 0.029 ** 0.023 * (0.013)  0.041 *** 0.028 *** 0.012 (0.014) 0.019 (0.017) 0.042 *** 0.039 ***
(0.006) (0.014) (0.013) (0.007) (0.008) (0.016) (0.008)
year Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
# observations 27,910 5,959 7,146 6,503 8,302 27,921 5,959 7,149 6,506 8,306
R? 0.026 0.038 0.027 0.027 0.026 0.009 0.011 0.013 0.013 0.007

Marginal effects of probit estimations for innovation inputs by firm size (All: whole sample; I: 1-9 employees; Il: 10-49 employees; lIl: 50-249 employees; IV: 250+ employees); Standard errors in parentheses; Source:

BIBB/BAuUA Employment Surveys 2018, 2012, 2006
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Table A. 7: regression results innovation outputs

Manufacturing / process technologies Products / materials Machines / plants
all | 1] 1 \ all | 1l 1] \% all | 1 ] \%
No formal 0.004 -0.033 * -0.019 -0.017 0.053 0.021 ** -0.016 0.032 0.004 0.036 *** | 0.058 ***  0.015 0.031 0.057 ** 0.097 ***
qualification (0.021) (0.017) (0.033) (0.016) (0.034) (0.010) (0.025) (0.020) (0.017) (0.014) (0.019) (0.024) (0.032) (0.023) (0.030)
Others 0.057 ***  0.014 0.037 0.122 * 0.048 0.057 ** 0.063 ** 0.046 0.085 ***  0.034 0.044 0.043 0.037 0.036 0.046
(0.016) (0.044) (0.027) (0.066) (0.041) (0.022) (0.025) (0.033) (0.025) (0.059) (0.032) (0.052) (0.058) (0.036) (0.047)
VET graduates 0.048 ***  -0.001 0.036 ** 0.045 ***  0.075 *** | 0.056 ***  0.030 ***  0.056 ***  0.047 ** 0.060 *** | 0.093 ***  0.069 *** 0.087 *** 0.079 ***  0.099 ***
(0.010) (0.010) (0.017) (0.015) (0.015) (0.014) (0.012) (0.014) (0.023) (0.015) (0.012) (0.018) (0.026) (0.010) (0.014)
Advanced VETs 0.066 ***  0.035 ***  0.044 ** 0.063 ***  0.095 *** | 0.064 *** 0.043 ***  (0.057 ***  0.056 *** 0.075 *** | 0.108 ***  (0.105 ***  0.097 ***  0.080 ***  0.121 ***
(0.010) (0.010) (0.021) (0.013) (0.015) (0.015) (0.013) (0.020) (0.019) (0.021) (0.009) (0.027) (0.018) (0.016) (0.020)
Age 0.003 ** -0.002 0.007 ***  0.004 0.003 0.001 -0.003 0.001 0.003 0.004 0.002 -0.002 0.004 0.002 0.003
(0.001) (0.003) (0.002) (0.005) (0.003) (0.001) (0.003) (0.003) (0.002) (0.004) (0.001) (0.003) (0.004) (0.004) (0.003)
Age? -0.000 0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 * -0.000 -0.000
*xx (0.000) *EE (0.000) (0.000) *oxk (0.000) (0.000) HEE (0.000) HEE (0.000) (0.000) (0.000) (0.000)
(0.000) (0.000) (0.000) (0.000) (0.000)
Male/female -0.061 -0.081 -0.046 -0.053 -0.066 -0.080 -0.091 -0.082 -0.076 -0.079 -0.128 -0.128 -0.121 -0.120 -0.140
%k k. %k k. * k% %k k * %k k %k k * 3k k %k k * %k k %k k * %k k %k k %k %k %k k %k %k
(0.013) (0.011) (0.017) (0.017) (0.019) (0.015) (0.018) (0.020) (0.016) (0.020) (0.013) (0.020) (0.017) (0.012) (0.018)
Nationality -0.043 -0.003 -0.036 -0.063 **  -0.060 ** -0.039 **  -0.016 -0.048 **  -0.058 -0.030 -0.042 -0.046 * -0.048 * -0.065 -0.014
ol (0.020) (0.023) (0.027) (0.028) (0.017) (0.018) (0.024) Hkx (0.028) Hkx (0.026) (0.027) Hkx (0.026)
(0.012) (0.020) (0.013) (0.020)
Workers -0.024 -0.026 -0.076 -0.086 0.025 0.102 ***  0.054 ** 0.070 * 0.184 ***  (0.103 ** 0.118 ***  -0.021 0.051 0.129 ***  (0.237 ***
(0.051) (0.048) (0.072) (0.059) (0.038) (0.027) (0.022) (0.040) (0.023) (0.048) (0.022) (0.035) (0.032) (0.035) (0.019)
Employees -0.074 -0.019 -0.097 -0.130 **  -0.063 * 0.049 * 0.051 ** 0.041 0.121 ***  0.019 -0.003 -0.054 -0.031 0.016 0.052 ***
(0.052) (0.049) (0.077) (0.062) (0.036) (0.027) (0.022) (0.044) (0.022) (0.042) (0.013) (0.037) (0.025) (0.031) (0.013)
Self-employed -0.028 -0.023 -0.036 0.012 0.002 0.090 ** 0.068 ***  0.095 * 0.125 ***  0.200 ** 0.160 ***  0.055 0.175 ***  0.237 ***  (0.217 ***
(0.059) (0.051) (0.090) (0.108) (0.009) (0.037) (0.026) (0.055) (0.042) (0.081) (0.029) (0.052) (0.034) (0.049) (0.066)
Firm size Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Economic Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
sector
East-West 0.001 0.008 0.013 0.002 -0.021 -0.006 -0.008 -0.015 -0.008 0.016 -0.014 -0.010 -0.016 -0.031 **  0.005
(0.007) (0.016) (0.014) (0.013) *EE (0.006) (0.014) (0.010) (0.008) (0.010) (0.009) (0.012) (0.024) (0.015) (0.015)
(0.008)
year Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
#observations 42,497 8,975 10,184 9,568 13.,765 42,540 9,010 10,195 9,566 13,762 42.705 9,023 10,232 9,625 13,823
R? 0.067 0.040 0.024 0.039 0.051 0.059 0.073 0.054 0.058 0.054 0.085 0.062 0.074 0.085 0.104

Marginal effects of probit estimations for innovation outputs by firm size (All: whole sample; I: 1-9 employees; Il: 10-49 employees; Ill: 50-249 employees; IV: 250+ employees); Standard errors in parentheses; Source:
BIBB/BAuUA Employment Surveys 2018, 2012, 2006
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Table A. 8: regression results innovation outputs

Computer programs Services Organizational practices
all | Il 1l \% all | 1 1l \% all | 1] 1] \%
No formal -0.100 -0.096 -0.127 -0.118 -0.075 -0.070 -0.106 -0.093 -0.081 -0.027 -0.073 -0.041 -0.047 * -0.109 -0.094
qualification *kok *kok *kok *kk *kk *kk * ¥k * %ok *kk (0.025) *kk (0.027) (0.025) *kk *kk
(0.015) (0.028) (0.016) (0.023) (0.022) (0.012) (0.028) (0.022) (0.021) (0.011) (0.014) (0.028)
Others -0.053 -0.045 -0.085 * -0.052 -0.038 -0.022 -0.018 -0.120 0.002 0.015 -0.015 -0.003 -0.090 * 0.063 * -0.019
*E* (0.035) (0.048) (0.073) (0.034) (0.019) (0.030) *Ek (0.034) (0.046) (0.026) (0.044) (0.052) (0.037) (0.057)
(0.016) (0.032)
VET graduates -0.054 -0.091 -0.057 -0.061 -0.032 ** -0.057 -0.065 -0.065 -0.069 -0.047 -0.033 -0.032 ** -0.013 -0.052 -0.030
k% k * k% * k% * k% (0016) * k% %k k * k% * k% * k% * k% (0013) (0018) * %% * %%
(0.013) (0.021) (0.015) (0.021) (0.005) (0.013) (0.016) (0.011) (0.006) (0.007) (0.013) (0.010)
Advanced VETs -0.021 -0.068 **  0.018 -0.047 * -0.005 -0.019 -0.021 -0.042 * -0.029 -0.003 -0.003 0.008 0.023 -0.011 -0.000
(0.013) (0.027) (0.030) (0.026) (0.008) (0.013) (0.016) (0.023) (0.021) (0.012) (0.008) (0.016) (0.020) (0.020) (0.015)
Age 0.013 ***  0.005 ** 0.015 ***  0.015 ***  0.014 *** | 0.013 ***  0.007 ***  0.015 ***  0.010 ***  0.015 *** | 0.014 ***  0.005 * 0.011 ***  0.023 ***  (0.015 ***
(0.001) (0.002) (0.004) (0.004) (0.003) (0.002) (0.002) (0.003) (0.003) (0.003) (0.002) (0.003) (0.002) (0.004) (0.003)
Age? -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 **  -0.000 -0.000 -0.000
* %k * %k * %k %k k %k k %k ok * %k k * %k k %k k %k k %k k (0000) %k k % %k %k * %k %k
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Male/female -0.043 -0.072 -0.038 **  -0.037 **  -0.028 * -0.060 -0.073 -0.078 -0.060 -0.032 -0.027 -0.020 **  -0.032 -0.039 **  -0.016 **
RS it (0.018) (0.018) (0.015) *xk *EE *Ek xRk *xE xRk (0.009) *xE (0.013) (0.008)
(0.017) (0.027) (0.013) (0.013) (0.019) (0.013) (0.012) (0.006) (0.008)
Nationality 0.001 0.041 * -0.027 -0.026 -0.004 -0.017 0.007 -0.001 -0.037 -0.038 -0.002 0.007 -0.010 -0.047 0.037 *
(0.017) (0.023) (0.023) (0.032) (0.013) (0.013) (0.019) (0.023) (0.023) (0.023) (0.015) (0.025) (0.025) (0.031) (0.021)
Workers -0.105 -0.159 -0.070 -0.163 -0.088 * -0.062 **  -0.059 **  -0.047 -0.057 * -0.081 * -0.089 **  -0.051 -0.112 * -0.115 **  -0.089
xRk Hkx (0.051) *Ex (0.048) (0.024) (0.026) (0.034) (0.033) (0.042) (0.037) (0.034) (0.062) (0.048) Hkx
(0.034) (0.031) (0.031) (0.032)
Employees 0.011 -0.023 0.059 -0.024 0.014 -0.002 0.018 0.006 0.009 -0.017 -0.040 0.014 -0.074 -0.048 -0.043 *
(0.032) (0.032) (0.052) (0.027) (0.047) (0.027) (0.022) (0.029) (0.033) (0.045) (0.039) (0.029) (0.069) (0.050) (0.025)
Self-employed 0.107 ***  0.046 0.169 ***  0.132 ***  -0.027 0.100 ***  0.118 ***  0.087 ***  0.046 0.059 -0.031 0.037 -0.070 -0.077 -0.180 **
(0.035) (0.032) (0.052) (0.042) (0.087) (0.031) (0.032) (0.031) (0.059) (0.078) (0.040) (0.026) (0.074) (0.059) (0.078)
Firm size Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Economic Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
sector
East-West 0.026 ***  0.016 0.018 * 0.021 ** 0.045 *** | 0.016 ***  -0.014 0.016 0.036 ***  0.031 *** | 0.049 ***  0.028 0.029 ** 0.073 ***  (0.055 ***
(0.004) (0.011) (0.010) (0.010) (0.009) (0.005) (0.011) (0.013) (0.007) (0.011) (0.007) *xx (0.013) (0.010) (0.014)
(0.009)
year Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
# observations 41,847 8,910 9,918 9,534 13,663 42,489 8,991 10,188 9,562 13,741 42,784 9,011 10,238 9,647 13,888
R? 0.069 0.084 0.052 0.039 0.028 0.034 0.051 0.034 0.031 0.030 0.065 0.033 0.024 0.024 0.022

Marginal effects of probit estimations for innovation outputs by firm size (All: whole sample; I: 1-9 employees; Il: 10-49 employees; Ill: 50-249 employees; IV: 250+ employees); Standard errors in parentheses; Source:
BIBB/BAuUA Employment Surveys 2018, 2012, 2006
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