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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; Rodríguez-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; EFI, 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 & Rodríguez-Soler, 2017; Lund & Karlsen, 

2020; Thomä, 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). 
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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; Thomä, 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 

II-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 (Iansiti & 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, Lavía, & Otero, 2017; Brunet 

Icart & Rodríguez-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, & Wörter, 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; Flåten, 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 & Rodríguez-Soler, 2017; Flåten et al., 2015; Pfeiffer, 2016; Thomä, 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 (Hervás-Oliver, Parrilli, Rodríguez-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 Gómez, 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-

Gómez, 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-I-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, López-Sánchez, & 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 (DUI) 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 DUI mode learning are often seen as related (Thomä, 2017; Toner, 2010). 

Moreover, the opportunities for learning and organizational changes, which are stimulated by 

conducting initial VET, are determinants of DUI mode learning and innovation as well (Jensen et al., 

2007; Parrilli, Balavac, & Radicic, 2020; Parrilli & Radicic, 2021; Thomä, 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 DUI 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, I 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 II 

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 Gómez et al., 2018; Rodríguez-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 III 

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, Thomä, & 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 & Rodríguez-Soler, 2017; Philip Cooke & Morgan, 1994; Lund & Karlsen, 2020; Porto Gómez 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 (Thomä & 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, Thomä, & Bizer (2022) while the results are in contrast to 

the findings of Matthies, Haverkamp, Thomä, & 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, Schütt, & 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 (Thomä & 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 & Rodríguez-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 in initial 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 in initial 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 & Rodríguez-Pose, 2013; Mario Davide Parrilli, Fitjar, & Rodríguez-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 & Rodríguez-Soler, 2017; Thomä, 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 Gómez et al., 2018; Rodríguez-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; Thomä 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 Gómez 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 

question 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 Gómez et al., 2018; Rupietta & Backes-Gellner, 2019; 

Thomä, 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; Thomä & 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; Thomä 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; 

Thomä & 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 DUI 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 (Thomä, 2017; Thomä & 

Zimmermann, 2020). 

STI 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 DUI 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, Thomä (2017) and Thomä 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 Thomä and Zimmermann 2013; Runst and Thomä 2022). An essential 

prerequisite for DUI innovation in smaller firms to succeed – and thus a key starting point for policy 

support – is effective knowledge diffusion. On this basis, DUI-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 DUI mode innovation are vital in this context (Isaksen and Karlsen 2011; Hervás-Oliver 

et al. 2021; Hewitt-Dundas 2006; OECD 2010; Rammer et al. 2009; Thomä 2017; Bennat 2021).  All of 

these mechanisms can be expected to be facilitated by the VET system (Brunet Icart & Rodríguez-Soler, 

2017; Hodge & Smith, 2019; Lund & Karlsen, 2020; Porto Gómez 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 Aragón, 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 DUI 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, López-Sánchez, & 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 Thomä (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 (Thomä, 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 Gómez et al., 2018; Rodríguez-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 DUI 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 Gómez et al. (2018) as well as Rodríguez-Soler and 

Icart (2018) and the Norwegian study of Lund and Karlsen (2020). Porto Gómez 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. Rodríguez-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 DUI 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 

  
All companies Training companies  

Non-training 
companies  

 Description Mean S.D. Mean S.D. Mean S.D. 
Dependent 
variables 

 
      

General 
innovation 

1 if firm conducted product 
and/or process innovation 

0.43 0.50 0.53 0.50 0.35 0.48 

Product 
innovation 

1 if firm conducted product 
innovation 

0.42 0.49 0.51 0.50 0.34 0.47 

Process 
innovation 

1 if firm conducted process 
innovation 

0.16 0.37 0.22 0.41 0.11 0.31 

Radical product 
innovation 

1 if firm conducted new-to-
market product innovations 

0.07 0.26 0.09 0.29 0.06 0.23 

Incremental 
product 
innovation 

1 if firm conducted product 
innovation which is not new to 
the market  

0.36 0.48 0.44 0.50 0.28 0.45 

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
0 

29.81 110.0
3 

Share of workers 
with vocational 
qualification 

Employees with completed 
vocational training in total 
employment (%) 

0.55 0.29 0.63 0.24 0.49 0.30 

Share of workers 
with university 
degree  

Employees with higher 
education in total employment 
(%) 

0.09 0.18 0.09 0.16 0.08 0.19 

Competitive 
pressure 

1 for medium / substantial 
competitive pressure 

0.69 0.46 0.74 0.44 0.66 0.47 

Demand 
expectation 

1 if company expects increasing 
business volume next year 

0.26 0.44 0.30 0.46 0.24 0.43 

Foreign company  1 if company is foreign owned 0.06 0.24 0.07 0.26 0.06 0.23 

Shortage of skilled 
workers 

1 if a company reports lack of 
skilled workers 

0.25 0.43 0.34 0.47 0.17 0.38 

Extended set of controls (step 2: further controls)       

Continuing 
training 

1 if a company provides 
continuing training to their 
employees 

0.67 0.47 0.86 0.35 0.51 0.50 

R&D activities 1 if a company conducts in-
house R&D 

0.10 0.31 0.16 0.37 0.06 0.23 

Investment 
activities 

1 if a company made 
investments in 2016 

0.61 0.49 0.74 0.44 0.50 0.50 

Technical 
equipment 

State of a company’s technical 
equipment (1 “state-of-the-art” 
– 4 “out of date”) 

2.75 0.76 2.80 0.74 2.71 0.78 

Export activities 1 for exporting companies 0.22 0.41 0.30 0.46 0.15 0.36 

Broadband 
connection 

1 if a company has high-speed 
internet access 

0.78 0.41 0.83 0.38 0.74 0.44 

Family business 1 if a company is family-
controlled 

0.77 0.42 0.67 0.47 0.84 0.37 

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)1. 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:  

 

𝐼𝑁𝑁𝑂𝑗 =  𝛾0 +  𝛾1𝑉𝐸𝑇𝑗 + ∑ 𝛾𝑘𝑥𝑘𝑗

𝐾

𝑘=1

+ 𝑒𝑗 

 
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 

(Santamaría, 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 
innovation 

Product 
innovation 

Process 
innovation 

Radical 
product 
innovation 

Incremental 
product 
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*** 
R² 0.144 0.141 0.095 0.053 0.148 
Adj. R² 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 
 I II III IV I II III IV I II III IV I II III IV I II III IV 
Training 
company 

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 
* 

Controls                     
Company 
size 

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 
*** 

Share 
qualified 
workers 

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 

Share of 
university 
graduates 

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 

Shortage of 
skilled 
workers 

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 
** 

Continuing 
training 

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 
*** 

R&D 
activities 

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 
*** 

Investment 
activities 

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 
*** 

Technical 
equipment 

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 
*** 

Export 
activities 

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 

Competitive 
pressure 

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 

Demand 
expectation 

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 

Foreign 
company 

-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 

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 

Family 
business 

-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 
* 

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 
R² 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. R² 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; III: 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 DUI 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 
 I II III IV I II III IV I II III IV I II III IV I II III IV 
Training 
company 

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 

Controls                     
Company 
size 

-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 

Share 
qualified 
workers 

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 

Share of 
university 
graduates 

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 

Shortage of 
skilled 
workers 

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 
** 

Continuing 
training 

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 
*** 

R&D 
activities 

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 
*** 

Investment 
activities 

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 
** 

Technical 
equipment 

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 
*** 

Export 
activities 

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 

Competitive 
pressure 

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 
*** 

Demand 
expectation 

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 

Foreign 
company 

-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 

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 
* 

Family 
business 

-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 
* 

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 
R² 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. R² 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; III: 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 a result, 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, Schönfeld, & 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, Østbye, & 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 
innovation 

Product 
innovation 

Process 
innovation 

Radical 
product 
innovation 

Incremental 
product 
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 
graduates 

0.490*** 0.495*** 0.254*** 0.225*** 0.513*** 

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 
R² 0.144 0.141 0.095 0.053 0.148 
Adj. R² 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 3.31 .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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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; Bäckström and Bengtsson, 2019; 

Birkinshaw and Duke, 2013; Bolli et al., 2018; Høyrup, 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 Rodríguez-Soler, 2017; Freel, 2005; Mason et al., 2020; Thomä, 

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 Rodríguez-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 Rodríguez-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; Thomä, 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; Thomä 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; Thomä 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 Rodríguez-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 Rodríguez-Soler (2017), but also self-

employed persons with their participation in innovation.2 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; Flåten 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 (Thomä, 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 (Flåten 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 (Flåten 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 Rodríguez-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 (Thomä, 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; 

Thomä 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; Thomä 

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; Thomä, 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 Rodríguez-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 Thomä (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.3 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/BAuA 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 (doi: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 / 

researching / constructing  
0.127 0.333 

Occasional R&D 1 if respondents are sometimes involved in developing 
/ researching / constructing 

0.217 0.412 

Continuous innovator 
without R&D 

1 if it occurs frequently that respondents improve 
existing procedures or try something new without 
conducting R&D 

0.196 0.397 

Occasional innovator 
without R&D 

1 if it occurs sometimes that respondents improve 
existing procedures or try something new without 
conducting R&D 

0.469 0.499 

Dependent variables on innovation outputs    
Manufacturing / 
process technologies 

1 if new manufacturing or process technologies have 
been introduced in the last two years 

0.366 0.482 

Products / materials 1 if new or significantly changed products or materials 
have been used in the last two years 

0.283 0.451 

Machines / plants 1 if new machines or plants have been introduced in 
the last two years 

0.392 0.488 

Computer programs 1 if new computer programs have been introduced in 
the last two years (excluding updating of existing ones) 

0.493 0.500 

Services 1 if new or significantly changed services have been 
provided in the last two years 

0.301 0.459 

Organizational 
practices 

1 if there has been a significant restructuring or 
reorganization of the personal work environment in the 
last two years 

0.437 0.496 

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 
qualification 

1 if no formal qualification 0.073 0.260 

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” 

1 “workers” 
2 “employees” 
3 “self-employed” 

0.019 
0.204 
0.672 
0.105 

0.136 
0.403 
0.470 
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: 

𝑖𝑛𝑛𝑜𝑗𝑡 = 𝛾𝑜 +  𝛾1𝑛𝑜_𝑓𝑜𝑟𝑚𝑎𝑙_𝑞𝑢𝑎𝑙𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑗𝑡 + 𝛾2𝑜𝑡ℎ𝑒𝑟_𝑞𝑢𝑎𝑙𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑗𝑡

+  𝛾3𝑉𝐸𝑇_𝑔𝑟𝑎𝑑𝑢𝑎𝑡𝑒𝑠 𝑗𝑡 + 𝛾4𝑎𝑑𝑣𝑎𝑛𝑐𝑒𝑑_𝑉𝐸𝑇𝑠 𝑗𝑡 + ∑ 𝛾𝑘𝑥𝑘𝑗𝑡

𝐾

𝑘=1

+ 𝑒𝑗𝑡 

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. 

 
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 
*** 

Occasional R&D -0.029 
* 

-0.064 
*** 

-0.071 
*** 

-0.050 
** 

-0.001 
 

-0.017 
 

-0.020 
 

0.019 
 

Continuous innovator 
without R&D 

-0.025 
* 

-0.062 
*** 

-0.032 
 

-0.085 
*** 

-0.026 
 

-0.026 
 

0.021 
 

-0.042 
* 

Occasional innovator 
without R&D 

-0.017 
 

-0.016  
 

-0.043 
** 

-0.002 
 

-0.003 
 

0.006 
 

-0.023 
 

0.008 
 

Controls: year, economic sector, east / west Germany, firm size, age, age², 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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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 / 
process 
technologies 

-0.001 0.036  
** 

0.045 
*** 

0.075 
*** 

0.035 
*** 

0.044 
** 

0.063 
*** 

0.095 
*** 

Machines / plants 0.069 
*** 

0.087 
*** 

0.079 
*** 

0.099 
*** 

0.105 
*** 

0.097 
*** 

0.080 
*** 

0.121 
*** 

Products / materials 0.030 
*** 

0.056 
*** 

0.047 
*** 

0.060 
*** 

0.043 
*** 

0.057 
*** 

0.056 
*** 

0.075 
*** 

Computer programs -0.091 
*** 

-0.057 
*** 

-0.061 
*** 

-0.032 
** 

-0.068 
*** 

0.018 -0.047 
* 

-0.005 
 

Services -0.065 
*** 

-0.065 
*** 

-0.069 
*** 

-0.047 
*** 

-0.021 -0.042 
* 

-0.029 
 

-0.003 

Organizational 
practices 

-0.032 
*** 

-0.013 -0.052 
*** 

-0.030 
*** 

0.008 0.023 -0.011 -0.000 

Controls: year, economic sector, east / west Germany, firm size, age, age², 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), Thomä (2017), 

and Brunet Icart and Rodríguez-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 (Flåten 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 (Thomä 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 (Flåten 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; Thomä, 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 Rodríguez-Soler, 2017; Thomä, 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; Bäckström and Bengtsson, 2019; 

Birkinshaw and Duke, 2013; Bolli et al., 2018; Høyrup, 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 Rodríguez-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 Ulhøi, 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 (EFI, 2014; Mason et al., 2020; Thomä, 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 

Rodríguez-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; Thomä, 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; Thomä 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 (Flåten 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; Thomä 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 
electrical equipment 

8,439 19.06 

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 I II III IV all I II III IV 

No formal qualifi-
cation 

-0.112 *** 
(0.016) 

-0.065 *** 
(0.020) 

-0.093 *** 
(0.017) 

-0.122 *** 
(0.021) 

-0.157 *** 
(0.020) 

-0.110 *** 
(0.018) 

-0.088 *** 
(0.020) 

-0.121 *** 
(0.024) 

-0.125 *** 
(0.023) 

-0.107 *** 
(0.026) 

Others -0.078 *** 
(0.014) 

-0.105 *** 
(0.020) 

-0.048 *** 
(0.017) 

-0.089 ** 
(0.039) 

-0.073 ** 
(0.029) 

-0.086 *** 
(0.0187) 

-0.103 *** 
(0.029) 

-0.045 (0.031) -0.199 *** 
(0.052) 

-0.062 *** 
(0.024) 

VET graduates -0.115 *** 
(0.010) 

-0.100 *** 
(0.017) 

-0.094 *** 
(0.012) 

-0.104 *** 
(0.011) 

-0.144 *** 
(0.013) 

-0.053 *** 
(0.017) 

-0.029 * 
(0.017) 

-0.064 *** 
(0.017) 

-0.071 *** 
(0.018) 

-0.050 ** 
(0.020) 

Advanced VETs  -0.082 *** 
(0.009) 

-0.070 *** 
(0.021) 

-0.061 *** 
(0.014) 

-0.077 *** 
(0.009) 

-0.106 *** 
(0.008) 

-0.001 (0.019) -0.001 (0.018) -0.017 (0.013) -0.020 (0.024) 0.019 (0.028) 

Age 0.003 *** 
(0.001) 

0.001 (0.002) 0.003 ** 
(0.001) 

0.007 *** 
(0.002) 

0.001 (0.002) 0.002 * (0.001) 0.002 (0.003) 0.002 (0.003) -0.001 (0.002) 0.003 (0.002) 

Age² -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 *** 
(0.015) 

-0.061 *** 
(0.020) 

-0.069 *** 
(0.017) 

-0.067 *** 
(0.017) 

-0.074 *** 
(0.011) 

-0.085 *** 
(0.017) 

-0.082 *** 
(0.011) 

-0.085 *** 
(0.020) 

-0.091 *** 
(0.017) 

-0.084 *** 
(0.021) 

Nationality -0.017 *** 
(0.006) 

-0.032 *** 
(0.012) 

-0.000 (0.021) -0.031 ** 
(0.013) 

-0.007 (0.016) -0.007 (0.017) -0.072 * 
(0.039) 

-0.062 * 
(0.032) 

0.004 (0.025) -0.016 (0.018) 

Workers -0.038 ** 
(0.018) 

-0.039 * 
(0.022) 

0.002 (0.016) -0.034 (0.033) -0.050 (0.032) -0.018 ** 
(0.009) 

0.015 (0.021) 0.021 (0.022) -0.060 ** 
(0.029) 

-0.029 

Employees 0.046 *** 
(0.017) 

0.010 (0.025) 0.063 *** 
(0.015) 

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 

Self-employed 0.062 *** 
(0.020) 

0.055 ** 
(0.022) 

0.050 ** 
(0.020) 

0.094* (0.057) 0.057 (0.076) 0.086 *** 
(0.025) 

0.120 *** 
(0.023) 

0.104 *** 
(0.031) 

-0.012 (0.048) -0.003 

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 *** 
(0.007) 

0.019 ** 
(0.001) 

0.017 ** 
(0.008) 

0.023 ** 
(0.011) 

-0.057 *** 
(0.009) 

0.020 *** 
(0.006) 

0.022 *** 
(0.008) 

0.013 * (0.007) 0.032 *** 
(0.012) 

0.015 (0.013) 

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 

R² 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; II: 10-49 employees; III: 50-249 employees; IV: 250+ employees); Standard errors in parentheses; Source: 

BIBB/BAuA Employment Surveys 2018, 2012, 2006 
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Table A. 6 Results regression analysis innovation non-R&D-inputs  

 continuous innovator without R&D occasional innovator without R&D 
 all I II III IV all I II III IV 

No formal qualifi-
cation 

-0.079 *** 
(0.011) 

-0.076 ** 
(0.033) 

-0.087 *** 
(0.026) 

-0.035 (0.027) -0.103 *** 
(0.022) 

-0.100 *** 
(0.013) 

-0.099 *** 
(0.035) 

-0.133 *** 
(0.027) 

-0.099 *** 
(0.029) 

-0.076 *** 
(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 *** 
(0.008) 

-0.025 * 
(0.013) 

-0.062 *** 
(0.019) 

-0.032 (0.020) -0.085 *** 
(0.013) 

-0.017 ** 
(0.008) 

-0.017 (0.017) -0.016 (0.015) -0.043 ** 
(0.019) 

-0.002 (0.022) 

Advanced VETs  -0.011 (0.011) -0.026 (0.033) -0.026 (0.018) 0.021 (0.028) -0.042 * 
(0.022) 

-0.003 (0.015) -0.003 (0.033) 0.006 (0.027) -0.023 (0.028) 0.008 (0.033) 

Age 0.002 (0.001) -0.008 ** 
(0.004) 

0.001 (0.002) 0.009 *** 
(0.003) 

0.004 (0.005) 0.009 *** 
(0.002) 

0.013 *** 
(0.003) 

0.010 *** 
(0.003) 

0.005 (0.004) 0.006 (0.006) 

Age² -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 ** 
(0.010) 

-0.011 (0.013) -0.027 ** 
(0.014) 

-0.050 *** 
(0.016) 

-0.011 (0.012) 0.017 *** 
(0.005) 

0.005 (0.017) 0.024 *** 
(0.008) 

0.032 *** 
(0.010) 

0.009 (0.013) 

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 ** 
(0.043) 

-0.022 (0.036) 0.065 ** 
(0.029) 

0.029 (0.036) 

Workers -0.033 ** 
(0.015) 

-0.004 (0.038) 0.043 * (0.024) -0.088 * 
(0.047) 

-0.065 *** 
(0.10) 

-0.035 ** 
(0.014) 

-0.068 ** 
(0.035) 

-0.059 (0.038) 0.050 (0.044) -0.057 ** 
(0.022) 

Employees 0.022 (0.014) 0.030 (0.038) 0.078 *** 
(0.025) 

-0.014 (0.048) -0.000 (0.023) 0.021 (0.013) -0.013 (0.029) -0.008 (0.038) 0.112 *** 
(0.039) 

-0.000 (0.022) 

Self-employed 0.116 *** 
(0.016) 

0.138 *** 
(0.039) 

0.165 *** 
(0.022) 

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) 

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 *** 
(0.006) 

0.050 *** 
(0.014) 

0.029 ** 
(0.013) 

0.023 * (0.013) 0.041 *** 
(0.007) 

0.028 *** 
(0.008) 

0.012 (0.014) 
 

0.019 (0.017) 0.042 *** 
(0.016) 

0.039 *** 
(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 

R² 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; II: 10-49 employees; III: 50-249 employees; IV: 250+ employees); Standard errors in parentheses; Source: 

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

 Manufacturing / process technologies Products / materials Machines / plants 

 all I II III IV all I II III IV all I II III IV 

No formal 
qualification 

0.004 
(0.021) 

-0.033 * 
(0.017) 

-0.019 
(0.033) 

-0.017 
(0.016) 

0.053 
(0.034) 

0.021 ** 
(0.010) 

-0.016 
(0.025) 

0.032 
(0.020) 

0.004 
(0.017) 

0.036 *** 
(0.014) 

0.058 *** 
(0.019) 

0.015 
(0.024) 

0.031 
(0.032) 

0.057 ** 
(0.023) 

0.097 *** 
(0.030) 

Others 0.057 *** 
(0.016) 

0.014 
(0.044) 

0.037 
(0.027) 

0.122 * 
(0.066) 

0.048 
(0.041) 

0.057 ** 
(0.022) 

0.063 ** 
(0.025) 

0.046 
(0.033) 

0.085 *** 
(0.025) 

0.034 
(0.059) 

0.044 
(0.032) 

0.043 
(0.052) 

0.037 
(0.058) 

0.036 
(0.036) 

0.046 
(0.047) 

VET graduates 0.048 *** 
(0.010) 

-0.001 
(0.010) 

0.036 ** 
(0.017) 

0.045 *** 
(0.015) 

0.075 *** 
(0.015) 

0.056 *** 
(0.014) 

0.030 *** 
(0.012) 

0.056 *** 
(0.014) 

0.047 ** 
(0.023) 

0.060 *** 
(0.015) 

0.093 *** 
(0.012) 

0.069 *** 
(0.018) 

0.087 *** 
(0.026) 

0.079 *** 
(0.010) 

0.099 *** 
(0.014) 

Advanced VETs  0.066 *** 
(0.010) 

0.035 *** 
(0.010) 

0.044 ** 
(0.021) 

0.063 *** 
(0.013) 

0.095 *** 
(0.015) 

0.064 *** 
(0.015) 

0.043 *** 
(0.013) 

0.057 *** 
(0.020) 

0.056 *** 
(0.019) 

0.075 *** 
(0.021) 

0.108 *** 
(0.009) 

0.105 *** 
(0.027) 

0.097 *** 
(0.018) 

0.080 *** 
(0.016) 

0.121 *** 
(0.020) 

Age 0.003 ** 
(0.001) 

-0.002 
(0.003) 

0.007 *** 
(0.002) 

0.004 
(0.005) 

0.003 
(0.003) 

0.001 
(0.001) 

-0.003 
(0.003) 

0.001 
(0.003) 

0.003 
(0.002) 

0.004 
(0.004) 

0.002 
(0.001) 

-0.002 
(0.003) 

0.004 
(0.004) 

0.002 
(0.004) 

0.003 
(0.003) 

Age² -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) 

-0.000 
*** 
(0.000) 

-0.000 
(0.000) 

-0.000 * 
(0.000) 

-0.000 
(0.000) 

-0.000 
(0.000) 

Male/female -0.061 
*** 
(0.013) 

-0.081 
*** 
(0.011) 

-0.046  
*** 
(0.017) 

-0.053 
*** 
(0.017) 

-0.066 
*** 
(0.019) 

-0.080 
*** 
(0.015) 

-0.091 
*** 
(0.018) 

-0.082 
*** 
(0.020) 

-0.076 
*** 
(0.016) 

-0.079 
*** 
(0.020) 

-0.128 
*** 
(0.013) 

-0.128 
*** 
(0.020) 

-0.121 
*** 
(0.017) 

-0.120 
*** 
(0.012) 

-0.140 
*** 
(0.018) 

Nationality -0.043 
*** 
(0.012) 

-0.003 
(0.020) 

-0.036 
(0.023) 

-0.063 ** 
(0.027) 

-0.060 ** 
(0.028) 

-0.039 ** 
(0.017) 

-0.016 
(0.018) 

-0.048 ** 
(0.024) 

-0.058 
*** 
(0.020) 

-0.030 
(0.028) 

-0.042 
*** 
(0.013) 

-0.046 * 
(0.026) 

-0.048 * 
(0.027) 

-0.065 
*** 
(0.020) 

-0.014 
(0.026) 

Workers -0.024 
(0.051) 

-0.026 
(0.048) 

-0.076 
(0.072) 

-0.086 
(0.059) 

0.025 
(0.038) 

0.102 *** 
(0.027) 

0.054 ** 
(0.022) 

0.070 * 
(0.040) 

0.184 *** 
(0.023) 

0.103 ** 
(0.048) 

0.118 *** 
(0.022) 

-0.021 
(0.035) 

0.051 
(0.032) 

0.129 *** 
(0.035) 

0.237 *** 
(0.019) 

Employees -0.074 
(0.052) 

-0.019 
(0.049) 

-0.097 
(0.077) 

-0.130 ** 
(0.062) 

-0.063 * 
(0.036) 

0.049 * 
(0.027) 

0.051 ** 
(0.022) 

0.041 
(0.044) 

0.121 *** 
(0.022) 

0.019 
(0.042) 

-0.003 
(0.013) 

-0.054 
(0.037) 

-0.031 
(0.025) 

0.016 
(0.031) 

0.052 *** 
(0.013) 

Self-employed  -0.028 
(0.059) 

-0.023 
(0.051) 

-0.036 
(0.090) 

0.012 
(0.108) 

0.002 
(0.009) 

0.090 ** 
(0.037) 

0.068 *** 
(0.026) 

0.095 * 
(0.055) 

0.125 *** 
(0.042) 

0.200 ** 
(0.081) 

0.160 *** 
(0.029) 

0.055 
(0.052) 

0.175 *** 
(0.034) 

0.237 *** 
(0.049) 

0.217 *** 
(0.066) 

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

Economic 
sector 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

East-West  0.001 
(0.007) 

0.008 
(0.016) 

0.013 
(0.014) 

0.002 
(0.013) 

-0.021 
*** 
(0.008) 

-0.006 
(0.006) 

-0.008 
(0.014) 

-0.015 
(0.010) 

-0.008 
(0.008) 

0.016 
(0.010) 

-0.014 
(0.009) 

-0.010 
(0.012) 

-0.016 
(0.024) 

-0.031 ** 
(0.015) 

0.005 
(0.015) 

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 

R² 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; II: 10-49 employees; III: 50-249 employees; IV: 250+ employees); Standard errors in parentheses; Source: 

BIBB/BAuA Employment Surveys 2018, 2012, 2006   
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Table A. 8: regression results innovation outputs 

 Computer programs Services Organizational practices 

 all I II III IV all I II III IV all I II III IV 

No formal 
qualification 

-0.100 
*** 
(0.015) 

-0.096 
*** 
(0.028) 

-0.127 
*** 
(0.016) 

-0.118 
*** 
(0.023) 

-0.075 
*** 
(0.022) 

-0.070 
*** 
(0.012) 

-0.106 
*** 
(0.028) 

-0.093 
*** 
(0.022) 

-0.081 
*** 
(0.021) 

-0.027 
(0.025) 

-0.073 
*** 
(0.011) 

-0.041 
(0.027) 

-0.047 * 
(0.025) 

-0.109 
*** 
(0.014) 

-0.094 
*** 
(0.028) 

Others -0.053 
*** 
(0.016) 

-0.045 
(0.035) 

-0.085 * 
(0.048) 

-0.052 
(0.073) 

-0.038 
(0.034) 

-0.022 
(0.019) 

-0.018 
(0.030) 

-0.120 
*** 
(0.032) 

0.002 
(0.034) 

0.015 
(0.046) 

-0.015 
(0.026) 

-0.003 
(0.044) 

-0.090 * 
(0.052) 

0.063 * 
(0.037) 

-0.019 
(0.057) 

VET graduates -0.054 
*** 
(0.013) 

-0.091 
*** 
(0.021) 

-0.057 
*** 
(0.015) 

-0.061 
*** 
(0.021) 

-0.032 ** 
(0.016) 

-0.057 
*** 
(0.005) 

-0.065 
*** 
(0.013) 

-0.065 
*** 
(0.016) 

-0.069 
*** 
(0.011) 

-0.047 
*** 
(0.006) 

-0.033 
*** 
(0.007) 

-0.032 ** 
(0.013) 

-0.013 
(0.018) 

-0.052 
*** 
(0.013) 

-0.030 
*** 
(0.010) 

Advanced VETs  -0.021 
(0.013) 

-0.068 ** 
(0.027) 

0.018 
(0.030) 

-0.047 * 
(0.026) 

-0.005 
(0.008) 

-0.019 
(0.013) 

-0.021 
(0.016) 

-0.042 * 
(0.023) 

-0.029 
(0.021) 

-0.003 
(0.012) 

-0.003 
(0.008) 

0.008 
(0.016) 

0.023 
(0.020) 

-0.011 
(0.020) 

-0.000 
(0.015) 

Age 0.013 *** 
(0.001) 

0.005 ** 
(0.002) 

0.015 *** 
(0.004) 

0.015 *** 
(0.004) 

0.014 *** 
(0.003) 

0.013 *** 
(0.002) 

0.007 *** 
(0.002) 

0.015 *** 
(0.003) 

0.010 *** 
(0.003) 

0.015 *** 
(0.003) 

0.014 *** 
(0.002) 

0.005 * 
(0.003) 

0.011 *** 
(0.002) 

0.023 *** 
(0.004) 

0.015 *** 
(0.003) 

Age² -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) 

-0.000 
*** 
(0.000) 

-0.000 ** 
(0.000) 

-0.000 
*** 
(0.000) 

-0.000 
*** 
(0.000) 

-0.000 
*** 
(0.000) 

Male/female -0.043 
*** 
(0.017) 

-0.072 
*** 
(0.027) 

-0.038 ** 
(0.018) 

-0.037 ** 
(0.018) 

-0.028 * 
(0.015) 

-0.060 
*** 
(0.013) 

-0.073 
*** 
(0.013) 

-0.078 
*** 
(0.019) 

-0.060 
*** 
(0.013) 

-0.032 
*** 
(0.012) 

-0.027 
*** 
(0.006) 

-0.020 ** 
(0.009) 

-0.032 
*** 
(0.008) 

-0.039 ** 
(0.013) 

-0.016 ** 
(0.008) 

Nationality 0.001 
(0.017) 

0.041 * 
(0.023) 

-0.027 
(0.023) 

-0.026 
(0.032) 

-0.004 
(0.013) 

-0.017 
(0.013) 

0.007 
(0.019) 

-0.001 
(0.023) 

-0.037 
(0.023) 

-0.038 
(0.023) 

-0.002 
(0.015) 

0.007 
(0.025) 

-0.010 
(0.025) 

-0.047 
(0.031) 

0.037 * 
(0.021) 

Workers -0.105 
*** 
(0.034) 

-0.159 
*** 
(0.031) 

-0.070 
(0.051) 

-0.163 
*** 
(0.031) 

-0.088 * 
(0.048) 

-0.062 ** 
(0.024) 

-0.059 ** 
(0.026) 

-0.047 
(0.034) 

-0.057 * 
(0.033) 

-0.081 * 
(0.042) 

-0.089 ** 
(0.037) 

-0.051 
(0.034) 

-0.112 * 
(0.062) 

-0.115 ** 
(0.048) 

-0.089 
*** 
(0.032) 

Employees 0.011 
(0.032) 

-0.023 
(0.032) 

0.059 
(0.052) 

-0.024 
(0.027) 

0.014 
(0.047) 

-0.002 
(0.027) 

0.018 
(0.022) 

0.006 
(0.029) 

0.009 
(0.033) 

-0.017 
(0.045) 

-0.040 
(0.039) 

0.014 
(0.029) 

-0.074 
(0.069) 

-0.048 
(0.050) 

-0.043 * 
(0.025) 

Self-employed  0.107 *** 
(0.035) 

0.046 
(0.032) 

0.169 *** 
(0.052) 

0.132 *** 
(0.042) 

-0.027 
(0.087) 

0.100 *** 
(0.031) 

0.118 *** 
(0.032) 

0.087 *** 
(0.031) 

0.046 
(0.059) 

0.059 
(0.078) 

-0.031 
(0.040) 

0.037 
(0.026) 

-0.070 
(0.074) 

-0.077 
(0.059) 

-0.180 ** 
(0.078) 

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

Economic 
sector 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

East-West 0.026 *** 
(0.004) 

0.016 
(0.011) 

0.018 * 
(0.010) 

0.021 ** 
(0.010) 

0.045 *** 
(0.009) 

0.016 *** 
(0.005) 

-0.014 
(0.011) 

0.016 
(0.013) 

0.036 *** 
(0.007) 

0.031 *** 
(0.011) 

0.049 *** 
(0.007) 

0.028 
*** 
(0.009) 

0.029 ** 
(0.013) 

0.073 *** 
(0.010) 

0.055 *** 
(0.014) 

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 

R² 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; II: 10-49 employees; III: 50-249 employees; IV: 250+ employees); Standard errors in parentheses; Source: 

BIBB/BAuA Employment Surveys 2018, 2012, 2006  
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Figure A1: Marginal effects for innovation inputs by VET qualification with reference to university graduates 

 
Figure A2: Marginal effects for innovation outputs by VET qualification with reference to university graduates 
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