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1.  Introduction 

 

Apprenticeship training, also known as ‘dual vocational education and training’ (VET), constitutes 

one of the two main pillars of the education systems in German-speaking countries (Eichhorst et 

al., 2015; Ryan, 2001; Wolter & Ryan, 2011). Students in these countries can choose either the 

academic educational path, which usually leads to a university education, or the vocational path, 

which leads to a dual apprenticeship in a vocational occupation of their choice. This article covers 

dual apprenticeships in countries with strong VET systems, such as Germany or Switzerland. 

To enter a dual apprenticeship programme after completing compulsory school at age 15 to 

16, students must apply to a training firm for an apprenticeship position, through an application 

procedure very similar to that for a regular job (e.g. Mueller & Wolter, 2014). During dual appren-

ticeships, students spend roughly three-quarters of their training time at a training firm, where they 

acquire practical skills according to well-specified, nationally defined occupational curricula. They 
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spend the remaining time at a vocational school, where they acquire both occupation-related and 

more general (cross-occupational) theoretical knowledge, again according to their occupational 

curriculum. Both the training firms and the vocational schools must follow the national curricula, 

and student learning is assessed through nationally defined examination procedures and timelines, 

thereby ensuring that all students completing a dual apprenticeship in a particular occupation pos-

sess similar skill sets. The duration of a dual apprenticeship programme is typically three to four 

years, depending on the occupation. 

Given the structure of dual apprenticeships, firms are crucial contributors to VET and thus 

to the entire education system. Therefore, from an economic perspective, the question arises under 

what conditions firms are willing to contribute to a well-functioning apprenticeship system and 

how firms and individuals share the costs and benefits of dual apprenticeships. This article sum-

marises key theoretical arguments on how costs and benefits of dual apprenticeships are shared and 

outlines important empirical evidence.  

 

2. Theoretical foundations of dual apprenticeship training as a hu-

man capital investment 

 

2.1 Standard human capital theory (Becker, 1962, 1964) 

 

According to Becker (1962, 1964), any type of education constitutes an investment in human cap-

ital. Becker’s (1962, 1964) human capital theory thus provides the foundation for an economic 

analysis of investments in apprenticeship training. According to his theory, individuals decide to 

participate in education or training (and thus invest in their human capital) if their expected benefits 
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exceed their participation costs. Likewise, firms decide to provide training to individuals if their 

expected benefits exceed their costs of providing training. Consequently, education and training 

programmes have to offer net benefits to individuals, firms or both to ensure their participation.  

To determine who is willing to cover the costs and who will earn the benefits of an educa-

tion and training programme, human capital theory distinguishes between general and firm-specific 

human capital. General human capital increases productivity to the same extent in both the training 

firm and any other firm, is fully marketable, and thus forces firms to pay the trained individuals 

wages that equal those individuals’ marginal productivity. Therefore, individuals reap all the ben-

efits of investments in general training. Hence, human capital theory predicts that individuals them-

selves have to bear all the costs of general training, because firms are not willing to bear any.  

In contrast, firm-specific human capital increases productivity only in the training firm and 

is not marketable, thereby enabling firms to pay trained individuals wages below those individuals’ 

marginal productivity. Firms can thus reap benefits from investments in firm-specific training, but 

only if the trained workers stay in the training firm. Therefore, firms are willing to bear training 

costs as long as they can expect the trained workers to stay. To incentivise workers to stay, firms 

share both the benefits and costs of firm-specific training with the trained workers. 

Dual apprenticeship programmes provide general human capital because the training has to 

follow legally binding, nationally standardised curricula. Therefore, according to standard human 

capital theory, firms are not expected to be willing to invest in apprenticeship training or bear any 

training costs. However, empirical studies clearly show that firms both offer dual apprenticeship 

training and cover substantial parts of the costs of this training. For example, recent cost-benefit 

studies show that about 70% of German training firms and about 40% of Swiss training firms incur 

net costs (Gehret et al., 2019; Schönfeld et al., 2020), and earlier studies already showed similar 

results, for example for the 1970s and 1980s (Sachverständigenkommission Kosten und 
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Finanzierung der beruflichen Weiterbildung, 1974; von Bardeleben et al., 1995). The early empir-

ical results thus started an extensive research discussion on the ‘net-cost puzzle’ of dual appren-

ticeship training, often also referred to as the ‘new training literature’.   

 

2.2  New training literature  

 

Early theoretical studies in the new training literature include Sadowski (1980), who discusses 

labour market reputation and improved recruiting as an explanation for the net-cost puzzle of dual 

apprenticeship training, or Harhoff and Kane (1993, 1997), who argue that a compressed wage 

structure in Germany gives firms an opportunity to reap the benefits of apprenticeship training. 

Later studies – for example Stevens (1994) and Acemoglu and Pischke (1998) – point more gen-

erally towards market imperfections that equip firms with enough market power to prevent dual 

apprenticeship-graduates from switching to external employers without losing income. More recent 

studies consider additional sources of labour market frictions, such as residential inertia or works 

councils (e.g. Booth & Bryan, 2007; Dustmann & Schönberg, 2009, 2012).  

All these theories help explain why firms are willing to invest in apprenticeship training 

even though it teaches general skills. Importantly, however, these theories do not systematically 

distinguish between different types of apprenticeship occupations. Yet this distinction is critical, 

given that firms and individuals may face very different occupation-specific challenges. Lazear’s 

(2009) skill-weights approach provides a new foundation for both studying the net-cost puzzle of 

dual apprenticeships and answering research questions resulting from the gap in previous theorical 

explanations.  
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2.3 Lazear’s (2009) skill-weights approach: a micro-foundation of human capital theory  

 

According to Lazear’s (2009) skill-weights approach, all single skills are general, but particular 

combinations of single skills (skill bundles) can be more or less specific depending on their use-

fulness in the overall labour market. Drawing on this theory, one can interpret occupations as rep-

resenting skill bundles, with different occupations being more or less specific. This interpretation 

helps explain differences in a variety of labour market outcomes across occupations.  

The first study to apply this approach is Mure (2007), followed by Geel et al. (2011), Eg-

genberger et al. (2018) and Rinawi & Backes-Gellner (2021). These studies show, for example that 

a higher degree of occupational specificity leads to lower occupational mobility and to a larger 

share of training costs borne by firms. Later studies apply Lazear’s (2009) theory, for example in 

explaining differences in individuals’ labour market outcomes across occupations after interna-

tional trade shocks (Eggenberger et al., 2022) or after opening borders for free movement of labour 

(Pregaldini & Backes-Gellner, 2021).  In addition, the theory has great potential for explaining 

other labour market phenomena arising from, for example increased digitisation or ageing socie-

ties. 

 

3. Empirical evidence on the costs and benefits of dual apprentice-

ship training 

 

3.1 Firms’ costs and benefits during and after dual apprenticeships 

 

A series of studies on the costs and benefits of dual apprenticeships in Switzerland find that, on 
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average, Swiss firms that train apprentices experience net benefits during the three- to four-year 

training period (e.g. Gehret et al., 2019; Wolter et al., 2006). While firms’ costs for apprenticeship 

training (e.g. apprentice pay, trainers’ wages, materials) may exceed their immediate benefits (i.e. 

apprentices’ productive work output) in the first one to two years, firms’ benefits become larger 

than their costs during the third or fourth year, thereby enabling firms to earn net benefits over the 

entire training period (Gehret et al., 2019; Strupler & Wolter, 2012).  

 In contrast, empirical evidence for Austria and Germany suggests that firms in these two 

countries face net costs during the training period (Beicht et al., 2004; Dionisius et al., 2009; 

Moretti et al., 2019). These country differences are attributable to apprentices in Germany spending 

less training time on productive activities and by apprentice pay being higher in Austria (Dionisius 

et al., 2009; Moretti et al., 2019). Accordingly, Mohrenweiser and Backes-Gellner (2010) find that 

the majority of German training firms follow an investment strategy, that is they accept net costs 

during the training period to earn benefits from dual apprenticeship-graduates staying at the train-

ing firm in the post-training period.  

As a further benefit, firms engaging in dual apprenticeship training profit from improved 

innovativeness. Two mechanisms lead to this improvement. Firstly, a systematic process of updat-

ing occupational curricula with inputs from firms operating at the innovation frontier promotes the 

most future-oriented skills in dual apprenticeships and, thereby, the diffusion of new technologies 

(Backes-Gellner, 1996; Rupietta & Backes-Gellner, 2019; Schultheiss & Backes-Gellner, 2021). 

Secondly, firms can profit from new skill combinations of dual apprenticeship-graduates who con-

tinue to a university of applied sciences (UAS), a tertiary-level institution targeting primarily dual 

apprenticeship-graduates and teaching vocational and applied research knowledge. The knowledge 

that dual apprenticeship-graduates obtain at UASs enables firms to increase their research and de-

velopment activities and, ultimately, their profits (Lehnert et al., 2020; Pfister et al., 2021; Schlegel 
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et al., 2022). For an overview of the benefits of dual apprenticeship training for innovation, see 

Backes-Gellner and Pfister (2019) and Backes-Gellner and Lehnert (2021). 

These empirical results demonstrate that the solution to the net-cost puzzle takes different 

forms in different countries. Indeed, additional empirical analyses provide evidence of large dif-

ferences in labour market imperfections across countries and for firms using alternative internal 

mechanisms (e.g. incentive pay) to retain their dual apprenticeship-graduates (e.g. Mohrenweiser 

et al., 2019; Mühlemann et al., 2013; Pfeifer & Backes-Gellner, 2018; Rinawi & Backes-Gellner, 

2020). Further research also shows that training apprentices can serve as a screening instrument 

for more effectively recruiting internally (particularly for firms following an investment strategy), 

thereby saving potentially high recruitment costs (Blatter et al., 2016; Mohrenweiser et al., 2019; 

Pfeifer & Backes-Gellner, 2018). Moreover, participation in dual apprenticeship training can pos-

itively influence firms’ reputations, thereby attracting better workers from the external labour mar-

ket (Backes-Gellner & Tuor, 2010; Sadowski, 1980).   

 

3.2 Individuals’ benefits from apprenticeship training  

  

As to the long-term benefits for individuals who invested in apprenticeship training, empirical ev-

idence for Switzerland suggests that the lifetime earnings and employability of dual apprenticeship-

graduates are comparable to those of individuals with an academic degree. Dual apprenticeship-

graduates thus profit from their investment in apprenticeship training and offset the costs they bear 

during the training period (Pfister et al., 2017; Schweri et al., 2020; Tuor & Backes-Gellner, 2010). 

Moreover, Chuard & Grassi (2021) find a high intergenerational income mobility in Switzerland 

compared to many other developed countries, attributing it to the dual apprenticeship system and 

the permeability in the overall education system.  
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Recent studies drawing on Lazear’s (2009) skill-weights approach refine this empirical ev-

idence. They show that individuals who completed a dual apprenticeship programme in a more 

specific occupation have lower occupational mobility but higher average earnings, provided that 

they stay in their original occupation (Eggenberger et al., 2018; Geel & Backes-Gellner, 2011; 

Rinawi & Backes-Gellner, 2021). Hence, given this trade-off, individuals can choose their training 

occupation according to their individual risk preferences. Further empirical evidence suggests that 

social skills and certain types of digital skills (both of which individuals acquire in dual appren-

ticeship programmes in many occupations) increase occupational mobility and employability and 

that individuals always have to consider risk-return trade-offs, particularly when economic condi-

tions are likely to change (e.g. in case of external trade shocks or accelerated technological pro-

gress) (Eggenberger & Backes-Gellner, 2021; Eggenberger et al., 2022; Kiener et al., 2019). 

 In addition to benefits such as higher earnings and better employability, dual apprentice-

ship-graduates also experience a variety of further advantages. For example Switzerland’s highly 

permeable education system gives dual apprenticeship-graduates not only excellent prospects for 

labour market entry but also a diversity of educational career options (e.g. obtaining a tertiary-level 

vocational degree at a UAS or – after fulfilling additional requirements – studying at a top Swiss 

academic university) (Cattaneo, 2011; Pfister et al., 2017; Tuor & Backes-Gellner, 2010). Such 

educational upgrades also build valuable knowledge bridges between dual apprenticeship-gradu-

ates and tertiary-level academic graduates in firms, thereby creating positive spillovers for dual 

apprenticeship-graduates in these firms – just as a rising tide lifts all boats (Schultheiss et al., 2021). 

Dual apprenticeships also foster the development of personal characteristics such as self-esteem or 

self-competence, which, in the long term, are associated with increased labour market success 

(Hoeschler et al., 2018). 
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4. Discussion and future research 

 

This article has presented theoretical foundations and empirical evidence on the costs and benefits 

of dual apprenticeships, and shown that an investment in dual apprenticeships is beneficial for both 

individuals and firms in the short and long terms. Although research on the costs and benefits of 

dual apprenticeships is already steadily increasing, the field still offers a variety of valuable ave-

nues for future research. 

 A first such avenue is the contribution of dual apprenticeship training to innovation. Inter-

national literature on the effects of education on innovation often argues that an economy needs 

tertiary-level academic skills, rather than vocational skills, to achieve a high level of innovation 

(e.g. Aghion et al., 2014; Krueger & Kumar, 2004). However, this literature often neglects the 

important role of vocational education in innovation in countries with well-developed dual VET 

systems. While the empirical evidence summarised in this article has shown that dual apprentice-

ships can be an important driver of innovation, analysing the underlying mechanisms – and thus 

contributing to a better understanding of this relation – is promising for future research.  

 A second, and related, avenue is the ability of dual VET systems to adapt to technological 

change and guarantee sufficient adaptation with the necessary speed. While systematic updates of 

dual apprenticeship curricula (e.g. approx. every five years in Switzerland) ensure that both indi-

viduals and firms can keep pace with technological change and continue contributing to innovation 

(Backes-Gellner & Pfister, 2019), sometimes curricula will need more frequent updates, given the 

accelerating pace of technological change. In addition, meeting these challenges may require ad-

justments in other elements of a dual VET system (e.g. training modes, trainer qualifications, ex-

amination types). The question of which incentives are critical for achieving such systemic 
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adjustments, in particular, remains unexplored. 

A third avenue for future research entails tackling the consequences of ageing societies for 

economies based on dual apprenticeship training. In ageing societies with fewer labour market 

entrants, imparting new skills (especially digital skills) to the workforce through dual apprentice-

ship-graduates will no longer suffice. Rather, lifelong learning that systematically adds to older 

workers’ initial education and training will become crucial. The empirical evidence on the adapta-

bility of dual apprenticeship-graduates with broad occupational skill bundles (summarised in this 

article) suggests that dual VET systems are thus far comparatively well-equipped for meeting 

changing skill demands. However, future research needs to investigate more closely how the eco-

nomic and technological developments challenge the functionality of dual apprenticeships and how 

those apprenticeships can be systematically complemented by continuous education programmes. 
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