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ABSTRACT
This paper provides an overview of the theoretical 
perspectives and key debates regarding the role and 
contribution of the vocational education and training 
system (VET) and vocationally-trained workforce in 
technical innovation. It considers contributions to 
these debates from innovation studies, varieties of ca-
pitalism research, neoclassical human capital theory 
and the work organization discipline. Historically, the 
primary role assigned to the VET system in innovation 
has been in relation to technology diffusion, parti-
cularly the generation, adaptation and diffusion of 
technical and organizational change and incremental 
innovation. Differences between national VET systems 
have been linked to large disparities in the level of 
skills qualifications, which is in turn a major factor in 
determining differences in patterns of innovation and 
key aspects of economic performance between advan-
ced economies. The article finished by considering ba-
rriers to maximizing the contribution of VET to innova-
tion linked to future social and economic challenges.
Keywords: vocational education and training sys-
tem, skills, innovation, technical workforce.

RESUMEN
Este artículo proporciona una visión general de las 
perspectivas teóricas y debates clave en relación 
con el papel y la contribución de la educación y el 
sistema de formación profesional (FP) a la inno-
vación técnica. Se consideran las contribuciones 
a estos debates, a partir de los estudios de inno-
vación, la investigación sobre variedades de capi-
talismo, la teoría neoclásica del capital humano 
y la disciplina de la organización del trabajo. Las 
diferencias entre los sistemas nacionales de FP 
se han relacionado con grandes disparidades en 
el nivel de cualificación y de ‘skills’, que a su vez 
constituyen un factor importante en la determina-
ción de las diferencias en los patrones de innova-
ción y de desempeño económico en las economías 
avanzadas. El artículo concluye abordando las 
barreras existentes a la contribución de la EFP a 
la innovación para la resolución de futuros retos 
sociales y económicos.

Palabras clave: Formación Profesional, competen-
cias, innovación, fuerza de trabajo técnica.
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INTRODUCTION

It is broadly accepted that the vocational edu-
cation and training (VET) system plays an impor-
tant role in technical innovation. A direct interre-
lationship is understood to exist between the VET 
sector, a skilled workforce and the capacity of orga-
nizations, and the economy as a whole, to innovate. 
This article will not disagree with the validity of this 
overall claim. However, it will point out subtleties in 
the literature regarding VET, skills and innovation 
that suggest the broad general argument should 
be adopted neither uncritically nor uniformly across 
economic or technology sectors.

The structure of the article is as follows. The 
following section introduces the broad theoretical 
arguments regarding the relationships between 
VET, the vocationally trained workforce and inno-
vation, with attention to the key concept of skill. 
Section 3 provides an overview of each of the main 
approaches to the VET-skills-innovation nexus wi-
thin the social science literature, including some 
critical commentaries on strengths and weaknes-
ses. Section 4 then considers barriers that may 
be preventing economic and technological sectors 
in advanced economies from benefiting fully from 
their institutional vocational training endowments. 
It also points toward current and future social and 
economic challenges and transitions to which the 
VET sector will make a crucial contribution.

VOCATIONAL EDUCATION AND TRAINING, SKILLS 
AND INNOVATION

A persuasive case can be made that the topic 
of skills and their relation to the capacity for in-
novation, broadly conceived as technological and 
organisational change, has been a central concern 
of the social sciences since the early Industrial Re-
volution. For example, Adam Smith (1776) identi-
fied the fact that growth in the size of the market 
facilitates increased specialization, both of labour 
tasks (i.e., skill requirements) in production and 
of the capital equipment used by this labour. Marx 
(1867) described the role of machinery and large 

scale industry, characterised by rapid increases in 
the capital-labour ratio, application of science to 
the capital goods sector, and an intensified division 
of labour in production. Subsequently, economic 
historians have demonstrated the role of particu-
lar occupations in innovation, such as the critical 
role of craftspeople in the genesis of the Industrial 
Revolution through their incremental improvements 
to machine tools, metallurgy, armaments, printing 
machines and steam engines (Landes, 1972). For 
example, an eighteenth century English wood wor-
ker was responsible for developing a marine chro-
nometer sufficiently accurate to enable the precise 
calculation of longitude, which unpinned the sub-
sequent growth of international trade and colonial 
empires (Sobel, 1995).

Despite this historical importance, a generally 
accepted definition of skill is often said to be lac-
king. “[A]n appropriate and robust definition of skill 
has proven elusive. It seems that skill is a more 
complex and abstract concept or idea than current 
approaches have been able to capture” (Esposto, 
2008: 101). Reflecting the elusive character of skill, 
the literature on the impact of technological change 
on workforce skills has used a number of indirect 
indicators of skill level and/or change in skill level. 
These indicators include employment distribution 
by level of occupation (Cully, 1999), employment 
distribution by educational attainment (Colecchia 
y Papaconstantinou, 1996), wage differentials by 
educational attainment or occupation (Goldin y 
Katz, 2007) and change in job tasks and attributes 
required to perform a job (Howell y Wolff, 1991; Es-
posto, 2008). In other studies skills and skill levels 
are defined as some combination of education, trai-
ning and experience (Machin y Van Reenan, 1998; 
Tether et al., 2005; Pro Inno Europe, 2007). This 
approach is also taken by many national statistical 
agencies in the classification and definition of oc-
cupations for the collection of labour market data. 
The US Department of Labor, in addition to using 
education, training and experience, has devised de-
tailed taxonomies of skills comprising hundreds of 
different elements such as social perceptiveness, 
problem identification, equipment selection, iden-
tification of key causes or management of financial 



Phillip Toner / Richard Woolley

321
RES n.º 25 (3) (2016) pp. 319-342. ISSN: 1578-2824

resources. These are used to define the scope of oc-
cupations and provide an ordinal ranking of these 
skills in terms of their importance for each occupa-
tion and across occupations (Esposto, 2008).

However skill is understood, the empirical evi-
dence supports a strong causal interrelation bet-
ween the supply of higher levels of education, trai-
ning and skills and increased demand for, and su-
pply of, technical and organisational innovation. At 
the most fundamental level, investments in capital 
equipment, innovation and human capital have been 
shown to be broadly complementary and mutually re-
inforcing (Lloyd-Ellis y Roberts, 2002). A cumulative 
growth in the demand for skills has occurred: “[r]
egardless of the measurement of skills… demand 
for high-skilled labour has risen since the 1970s. 
This trend is observed in both the manufacturing… 
and the service sector…as well as in the aggregate 
economy. The higher the skill level of jobs or occupa-
tions, the greater the skill upgrading is likely to be” 
(Kim, 2002: 91). The complementarity of education, 
training and innovation thus suggests a virtuous 
circle whereby a workforce with a higher initial level 

of education stimulates employers to further develop 
their productive capacity through training and both 
of these improve the capacity of the workforce to deal 
with technical change (HM Treasury, 2004). The pro-
pensity of firms to provide employer-funded training, 
and the intensity of this training, has been shown 
to increase markedly the higher is the initial educa-
tional attainment and prior training of its workforce 
(Arulampalam y Booth, 1998; Wolbers, 2005). Con-
versely, persons with low educational attainment are 
much less likely to have the opportunity participate 
in employer-sponsored training or to invest in their 
own training (HM Treasury, 2004: 26).

Vocational education and training, and the ski-
lled workforce it produces, is thus understood as key 
to innovation and to the development of national and 
regional innovation systems. VET systems are diverse 
sets of institutions and organizations delivering post-
school, non-university education and training within 
public entities and private firms. In some countries, 
around half the population of working-age has a VET 
qualification, while this figure is much lower in some 
other countries (Table 1).

Table 1. Educational attainment of 25-64 year-olds, selected countries (2014)

Percent with vocational 
qualifications*

Percent with tertiary 
qualifications**

Australia 35 30

France 43 17

Germany 60 25

Italy 43 16

Spain 22 23

Switzerland 48 37

United Kingdom 19 30

United States 45 32

Source: OECD Education at a Glance 2015: Table A1.1a. http://www.oecd-ilibrary.org/education/education-at-a-glance-2015_
eag-2015-en.
* ISCED 2011 Level 3 Upper secondary, Level 4 Post-secondary non-tertiary.
** ISCED 2011 Level 6 Bachelor’s and Level 7 Master’s degrees or equivalents.
Note: These data are not complete for some countries and therefore may not fully represent educational attainment in these 
countries.
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The core role of the VET system in innovation is 
through the provision of training. Training is a me-
chanism for technology diffusion that allows effec-
tive and efficient deployment of technology and the 
ongoing improvement in operations and routines, 
through the involvement of a skilled workforce 
(Nelson y Phelps, 1966). The linkages between VET 
training and the economy are then shaped by the 
technology investments and product-market stra-
tegies of firms that characterize different sectors. 
The VET system has consistently been linked to the 
direct production and manufacturing workforce. In 
particular, the VET sector is charged with producing 
many of the technical competences on which tech-
nology diffusion depends. Technical competences 
enhance the capacity of the workforce to engage 
creatively in problem-solving and to continuously 
learn through the process of doing (Lundvall, 1998). 
The effectiveness and efficiency of innovation pro-
cesses, particularly those directly linked to techno-
logy diffusion, thus depend critically on the quality 
and quantity of technical competences distributed 
across the workforce. The VET sector, by seeking to 
raise the overall level of technical competence wor-
kforce, improves the “absorptive capacity” (Cohen 
y Levinthal, 1990) of those organisations that play 
a critical role in technology diffusion.

The practical skills and underlying knowledge 
imparted by VET do not necessarily need to be new 
or advanced, but they need to provide the compe-
tences required to deal with something that is new 
to the user. A technically competent workforce can 
better cope with “the dissemination of technical 
information and know-how and the subsequent 
adoption of new technologies and techniques by 
users…In many cases, diffused technologies are 
neither new nor necessarily advanced, although 
they are often new to the user” (Shapira y Rosen-
feld, 1996: 1). Whilst there are numerous sources 
of innovation and technology diffusion, including 
competitors and new equipment/software for exam-
ple, the capacity of firms, government agencies and 
other organizations to absorb, adapt and use these 
innovations will always depend to some extent on 
the technical competences of the internal workforce 
(Nelson y Phelps, 1966). The VET sector is thus vital 

to innovation, whether in producing the life-long 
learning opportunities and developed competences 
that are diffused widely across the workforce, or in 
supplying the core body of personnel for some spe-
cialized technical occupations that are produced 
largely through VET institutions.

The overall provision of education and training 
includes both the supply of tertiary qualifications 
in sciences and engineering via universities and 
of post-secondary technical qualifications via VET. 
The heavy focus in academic and policy circles 
on the tertiary sector and the need for advanced 
knowledge to drive radical innovation via a linear 
science-based model (Filipetti y Guy, 2015) has, 
to some extent, obscured the importance of VET to 
innovation, particularly incremental innovation. An 
appropriate skill-mix, which includes both a uni-
versity-formed knowledge base and VET acquired 
know-how and workforce skills, which is matched to 
a firms’ product-market strategy can drive the in-
novation performance and competitive advantage 
of firms (Herrmann y Peine, 2011). This includes the 
emergence of apparent complementarities between 
general and specific skills based capabilities within 
so-called “ambidextrous organisations” (O’Really y 
Tushman, 2004), particularly in sectors where R&D, 
production and marketing activities are intercon-
nected and incorporate to some degree end-user 
innovation feedback loops. However, much remains 
to be clarified about the appropriate composition 
of the knowledge-base and skills attributes of the 
workforce that can best advantage specific firms.

It can be argued, however, that VET teaching 
institutions are more attuned to the role of mee-
ting the immediate needs of industry for techno-
logy diffusion than universities. First, VET institu-
tions tend to have a more direct and explicit role 
in local and regional economic development that 
higher education institutions. Addressing and sa-
tisfying the technology needs of industry, and being 
responsive to changes in those needs, is a stron-
ger expectation of VET. Likewise, the matching of 
employment opportunities for students in a local/
regional socio-economic context is more strongly in 
the purview of colleges embedded in these contexts 



Phillip Toner / Richard Woolley

323
RES n.º 25 (3) (2016) pp. 319-342. ISSN: 1578-2824

than the more general remit of universities. Second, 
VET is directly linked into the investment strategies 
of firms in their region through their joint provision 
of hybrid forms of paid on-the-job and classroom-
based training. These inter-linkages underpin the 
greater responsiveness of VET to the demands of 
employers, particularly through the provision of cus-
tomized training that require a significant degree of 
adaptability to regional and sectoral contexts.

Vocational education and training institutions 
have three distinct roles in the diffusion of knowled-
ge. First, teaching in VET institutions is central to 
technology diffusion through the imparting of know-
how, practical skills and knowledge of the operations 
of production processes. Second, VET institutions act 
also as technology intermediaries linking producers, 
service providing firms and other organizations in 
networks through which technology transfer and in-
formation exchange can occur. For example, a tech-
nology and software supplier can demonstrate new 
iterations of equipment to firms, students and other 
users through VET institution hosted events. Third, 
particularly in local or regional contexts lacking a 
strong university, polytechnic or R&D presence, VET 
colleges can be the leading source of technical ex-
pertise. According to Rosenfeld (1998: 1-6) these ro-
les are particularly important for “small and medium 
sized employers, whose requirements for technology 
and innovation [are] something less than leading-
edge research and who…[lack] the capacities and 
connections to effectively adapt already commercia-
lly available technologies and proven innovations”. 
Importantly, the second and third of these roles of 
VET knowledge diffusion have to be understood as 
essentially discretionary activities that depend, to 
a significant extent, on the management of VET or-
ganizations and the individual motivations of VET 
practitioners to enact the kinds of network-building 
activities that enable diffusion of knowledge to occur. 
These roles are secondary to the core role of teaching, 
but are vital for the full exploitation of the human ca-
pital and knowledge benefits of this activity in local 
and regional socio-economic contexts.

This is not the place to enter into a detailed 
discussion of the patchwork of studies conducted 

in different national systems that have found in-
dications of positive impacts of investment in VET 
at the firm, sectoral or societal levels. However, it is 
useful to highlight broad understandings regarding 
the impact on firms of investing in VET. The Euro-
pean Centre for the Development of Vocational Trai-
ning (CEDEFOP) conducted a meta-analysis of the 
impact of training and vocational education on firm 
productivity and performance. A total of 236 stu-
dies from 26 single countries were included, with 
a further 28 multi-country studies also included. 
The largest numbers of studies were focused on the 
US (34), Finland (29), Belgium (21), UK (18) and 
Netherlands (16) (CEDEFOP, 2011: 50). Despite the 
problems associated with the heterogeneous condi-
tions and forms of training investment associated 
with different national VET systems and the lack of 
consistent empirical indicators, the meta-analysis 
established a clear result - a positive and signifi-
cant relationship between investments in training 
and firm productivity. A positive association was 
also found for other types of performance indicators, 
including innovation (CEDEFOP, 2011: 8). However, 
the variety of indicators used prevented reliable es-
timations of effect sizes. There are also some mixed 
messages, with a link to firm profitability being less 
clear (CEDEFOP, 2011: 8). Simply comparing the 
numerical balance of the studies reviewed supports 
the notion of positive impacts, with studies that 
find significant benefits to firms outweighing those 
that do not (CEDEFOP, 2011: 69).

Whilst the theoretical arguments for the positive 
impacts of VET on firm performance outlined above 
are strong, this meta-analysis highlights the diffi-
culty of attributing empirical outcomes to the effect 
of VET in precise ways. Different countries tend to 
define skill in distinct ways (Clarke y Winch, 2006: 
261-5). Performance indicators and VET indicators 
are varied between studies and a major problem is 
that the type of VET training that is being referred 
to (classroom, workplace, formal or informal) is not 
specified or only imprecisely described (CEDEFOP, 
2011: 68).On the most easily measured indicator, 
productivity, firms in manufacturing were most likely 
to show positive results. However, the analysis notes 
that productivity is much more easily measured in 
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manufacturing firms in comparison to service firms. 
A further impression formed by the meta-analysis 
is that VET activities that are nested in a broader 
HRM strategy are associated with positive outcomes 
for firms (CEDEFOP, 2011: 68-9). Finally, the meta-
analysis identifies innovation (along with job satis-
faction and absenteeism) as topics which require 
further investigation as to the impacts of VET (CEDE-
FOP, 2011: 70). So, whilst isolated studies of certain 
types of VET interventions in specific contexts may 
find positive impacts arising from VET investment, 
this meta-analysis would suggest that in terms of 
generalizable results regarding the impact of VET 
on firms then a far greater number of systematically 
designed and statistically comparable studies are 
required to strengthen and add nuance to the empi-
rical evidence base.

There are also important systemic impediments 
to the degree of success that the VET sector is likely 
to have in fulfilling its core roles and by extension 
their contribution to innovation. First, many VET sys-
tems face stagnation or decline in the rate of growth 
in real funding investment. This can lead to compro-
mises in terms of quality and/or scope of training 
and a reduction of the capacity of the VET to innova-
te and to remain up-to-date in terms of technology 
and techniques. Second, in many cases the develop-
ment of linkages between VET institutions and firms 
and government agencies using, or wanting to use, 
emerging technologies, are not sufficiently well de-
veloped. The core focus on stable technologies and 
systematized training routines may not be comple-
mented sufficiently in focusing on areas of uncer-
tainty and change unless there is sufficient funding 
and available capacity to develop more forward 
looking activities. Third, the accent on acquiring 
university qualifications in many countries has been 
argued to reduce the pool of talented school leavers 
entering VET courses (Ashton et al., 2003; Hoeckel y 
Schwartz, 2010). This is reinforced, in some cultural 
settings, by a low level of social prestige or desirabi-
lity being associated with VET qualifications in com-
parison to university degrees (OECD, 2000). Fourth, 
there is a suspicion that the expanding influence of 
competency based training (CBT), which places a 
heavy emphasis on the successful reproduction of 

practical skills and less emphasis on the theoretical 
underpinnings of these tasks, can have a negative 
impact on technology diffusion. Finally, it has been 
noted that VET remains relatively excluded from 
national innovation systems and innovation policy 
thinking generally (Edquist, 2005; Jones y Grimshaw, 
2012; Toner y Dalitz, 2012) An over-emphasis on hig-
her education (HEd) policy and a failure to fully un-
derstand the potential benefits of better articulation 
between VET and HEd may thus also be reducing the 
priority given to technology diffusion in comparison 
to R&D, for example, in turn reducing the apparent 
importance of VET in innovation.

In summary, this section has outlined the broad 
links between VET institutions, workforce skills and 
technology diffusion that underpin the VET contri-
bution to innovation. The argument advanced is 
that the training supplied by the VET sector enhan-
ces technology, through providing firms and other 
organizations with the skills need to adopt and cus-
tomize equipment, software and other technical in-
puts to production or service-based activities. The 
following sections develop this broad argument by 
looking at a variety of perspectives that emphasize 
particular understandings of these relationships. 
We introduce perspectives from human capital 
theory, varieties of capitalism research, innovation 
studies and high performance work systems appro-
aches which provide a variety of specific theoreti-
cal explanations for VET contribution to innovation 
performance. This allows us to expand our focus on 
links between VET, workforce skills and technology 
diffusion to also more adequately highlight the im-
portance of knowledge, political economy and the 
presence of innovative firms in the complex of rela-
tionships that drive the propensity to innovate.

DEBATES ON THE ROLE AND CONTRIBUTION OF VET 
SYSTEMS AND THE VET-TRAINED WORKFORCE IN 
TECHNICAL INNOVATION

Vocational training, workforce skills and inno-
vation have been studied in many different acade-
mic disciplines each with distinctive methods and 
assumptions. There is not space for a comprehen-
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sive review of all these approaches (see Tether et 
al., 2005). Rather, the focus of this section is on 
summarizing the dominant schools of thought on 
the topic. First, we look at human capital theory 
and arguments about skill-biased technical chan-
ge. Second, we consider the contribution of the field 
of innovation studies, whilst also questioning why 
a more expansive engagement with this topic is 
missing from the field. Third, we consider the quite 
extensive varieties of capitalism research that fo-
cuses on the set of institutional arrangements go-
verning training, industrial relations, industry po-
licy, education and welfare, and how the variation 
in these arrangements drives the level of workforce 
skills and the capacity of individuals and firms to 
engage in product and process innovation. Finally, 
we look at crossovers between management and 
organizational studies via the phenomenon of high 
performance work systems research, and how this 
globalised and competitive approach to organiza-
tional innovation is related to workforce skill levels 
and innovation.

Human Capital Theory and Related Approaches

The basic argument of ‘neoclassical’ econo-
mics and, more recently, endogenous growth theory, 
is that total output expands due to increases in the 
quantity of inputs, capital and labour, along with 
improvement in the quality of these inputs over 
time. These improvements stem from technical 
change embodied in improved capital and inter-
mediate goods and improvements in the quality of 
labour through increased investment in education 
(Becker, 1962, 1994). Improving the quality of la-
bour improves the productivity of labour as increa-
sed investment in “human capital” through edu-
cation and training improves labour productivity 
(Becker, 1994; Romer, 1994).

This process in turn improves the complemen-
tarity between labour and capital, raising the pro-
ductivity of capital that in turn stimulates further 
capital investment, which then raises the demand 
for skilled labour (Becker, 1994; Romer, 1994). Rai-
sing the level of skill of the workforce is thus argued 

to be associated with economic growth. Statistical 
studies have shown a strong correlation between in-
crements in human capital (proxied by either years 
of schooling or level of qualification) and hourly 
earnings (Card, 1999). Country comparisons also 
suggest links between workforce educational levels 
and per capita GDP (Krueger y Lindahl, 2000).

Over recent decades increases in the relative 
demand for more highly skilled labour have been 
argued to be explained by skilled biased technical 
change (SBTC), which results from “a significant 
complementarity of human capital with new te-
chnology” (Machin y Van Reenan, 1998: 1216). 
Indicators such as change in the R&D intensity of 
firms and industries (Machin y Van Reenan, 1998; 
Colecchia y Papaconstantinou, 1996), investment 
in computers and software (Krueger, 1993) and in-
vestment in machinery and equipment (de Laine, 
Laplagne y Stone, 2000) have been linked to indi-
cators of workforce upskilling such as increases in 
the proportion of persons with post-school qualifi-
cations and/or increase in the proportion of persons 
in skilled white or blue collar jobs.

Later studies, especially those focussing on in-
vestment in ICT link technical change to change in 
the skill and occupational composition of the wor-
kforce (Autor, Levy y Murnane, 2003; Goldin y Katz, 
2007). Autor and colleagues (2003) argue that hig-
her level manual or cognitive skills are ‘non-routine’ 
in that they are mostly non-repetitive and cannot be 
reduced to a set of unambiguous rules. This means 
that “[t]asks demanding flexibility, creativity, genera-
lized problem-solving and complex communications 
—what we call non-routine cognitive tasks— do 
not (yet) lend themselves to computerization” (Autor, 
Levy y Murnane, 2003: 5). On the other hand, Goos 
and colleagues (2010) argue the “routinization will 
result in larger falls in prices in industries that his-
torically used a lot of routine labor, and this will tend 
to benefit all labour that is used in these industries” 
(Goos, Manning y Salomons, 2010: 30).

In summary, human capital theory focuses atten-
tion on the vital role of education, training and work 
experience in raising productivity and enhancing the 
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capacity for technical change. The SBTC hypothesis 
has attempted to account for key developments in 
the demand for skills in advanced economies, inclu-
ding a rising proportion of the workforce with higher 
educational qualifications and polarization in the de-
mand for workforce skills. However Wolf (2004: 319) 
has advocated a more cautious view of the contri-
bution of rising educational qualifications per se, by 
arguing that qualifications also act as a signaling 
device to prospective employers regarding differen-
ces across people in terms of innate desirable cha-
racteristics such as persistence and IQ. “Education 
imparts new and valuable skills and knowledge… 
correlated with underlying ability, and… education 
provides credentials… [which are] important in the 
labour market in rationing and controlling access to 
jobs” Wolf (2004: 319).

Innovation Studies

The seminal contribution that continues to inspire 
much work in innovation studies (IS) is that of Nelson 
and Phelps (1966). They added to understandings of 
the relationship between human capital and technolo-
gy (and other forms of capital), by specifying the role of 
education and training in reducing the costs of intro-
ducing new technology and in adapting or customizing 
existing technology to changing needs of organizations 
(Nelson y Phelps, 1966). The importance of education 
and training is thus amplified in times when technolo-
gical change is occurring, or when a particular techno-
logy becomes mass produced and widely available to 
firms, because this is when productivity increases may 
flow directly to those organizations with sufficient wor-
kforce skills to accomplish the introduction or adapta-
tion of technology effectively and efficiently. This effect 
has an indirect benefit as well, as the embedding of 
the technology by skilled workers will also raise the 
productivity of their unskilled workmates (Nelson y 
Phelps, 1966). The importance of this proposition for 
understanding the role and contribution of VET to in-
novation and productivity is clear.

It therefore remains somewhat a mystery that 
the subsequent IS literature has paid remarkably 
little attention to the VET sector, although there is 

very recent evidence that this may be starting to 
change. From an IS perspective, it has been noted 
that there has been “little systematic knowledge 
about the ways in which the organization of edu-
cation and training influences the development, 
diffusion and use of innovations” (Edquist, 2005: 
185). In particular, the “innovation literature has 
been remarkably laggard in appreciating the need 
for detailed interrogation of the character and me-
aning of skills formation and training systems” 
(Jones y Grimshaw, 2012: 7). The focus of IS on the 
systemic interconnection of organizational actors 
would suggest a focus on the VET sector. However, 
the connections between VET institutions and firms 
through their training partnerships, the increasing 
articulation of the VET system with universities in 
some countries, and the centrality of VET organiza-
tions to supporting government industry and inno-
vation agendas, have been largely overlooked.

The importance of incremental innovation in the 
IS literature would particularly seem to promote the 
importance of understanding the role and contribu-
tion of the VET sector. Gradual improvements in go-
ods, services and organizational operations improve 
the performance and outcomes associated with the 
use of technology, with the overall accumulation of 
these changes accounting for productivity growth. 
Incremental innovation occurs in direct production 
activities and in the adapting and customizing of 
consumer goods and services, including through 
feedback from consumers (von Hippel, 2005). The 
“absorptive capacity” of the workforce (Cohen y Le-
vinthal, 1990) has been demonstrated to be a key 
to this process of continuous incremental innova-
tion. The capacity of the workforce to deploy generic 
problem-solving and communication skills and to 
use creative and team-based methods has been 
attributed largely to the quality of general educa-
tion, the availability of quality post-school vocatio-
nal training and the kinds of support and incentive 
structures available.

Tether and colleagues (2005) argue that there 
is an implicit awareness of the importance of skills 
formation systems in the innovation literature. In 
the sense that VET is a core element of the produc-
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tion of a relatively innovation ready workforce, then 
the importance of the VET trained workforce is, at 
least implicitly, woven into the innovation studies 
literature. Filippetti and Guy (2015) suggest that 
despite the stated attention of foundational inno-
vation systems literature to non-linear models of 
innovation (e.g. Freeman, 1994), IS has neverthe-
less stayed close to the science-driven and high-
tech sectors of the economy - implicitly orienting 
attention toward university education and the pro-
duction of scientists and engineers rather than the 
VET sector and the issue of workforce skills. Overall, 
it does seem that VET and the VET workforce remain 
underdeveloped topics within IS.

One emerging strand of IS literature is looking 
more closely at the mix of knowledge and skills 
required for the different types of innovation that 
are associated with firm product-market strate-
gies (Freeman y Soete, 1997). In general, scientific 
knowledge is associated with radical innovation, 
while general and high level vocational skills are 
associated with incremental innovation (for the 
reasons described above). Herrmann and Peine 
(2011) find that both general and specific skills 
are required for radical and incremental product 
innovation in R&D. They argue that specific skills 
can only be used within one industry, are “taught 
through apprenticeships or similar vocational trai-
ning programmes” and are associated with leng-
thy job tenure (2011: 691). General skills in their 
study denote primarily university-trained scientists 
and exclude the vocationally trained. Interestingly, 
they find that “interaction between a firm’s scien-
tists and its non-scientific employees seems to be 
a vital source of ideas for incremental or, respec-
tively, radical product innovations… [and] that 
the combination of employee skills and scientific 
knowledge seems to facilitate different strategies 
not in an additive but in a multiplicative manner” 
(Herrmann y Peine, 2011: 698). Indeed, in industrial 
product development contexts such interaction was 
deliberately promoted by human resource practices 
(Herrmann y Peine, 2011: 697-98).

Leiponen (2000, 2005) uses a mixture of techni-
cal and science degrees in investigating knowledge 

spillovers and innovation within large firms. Piva 
and Vivarelli (2009) use the ratio between white co-
llar and blue collar employees in studying innova-
tion in the automotive industry. Whilst these studies 
do take the diversity of the workforce very seriously, 
they are limited by the lack of information available 
on the type of training employees have received and 
the proxies for skills that are used. However, these 
studies do point out another potential rich vein of 
research through which innovation studies might 
develop a clearer understanding of the contribution 
of the VET system to innovation. More work that con-
siders the combinations of the scientific knowledge 
and vocational skills that might best drive different 
forms of innovation seems desirable.

Some very recent work also suggests emer-
ging interest in connections between the scienti-
fic knowledge base, the provision and evolution of 
skills, and innovation processes may be developing 
within IS. Filippetti and Guy (2015) look at whe-
ther having a stock of skilled labour helps firms to 
maintain investments in innovation during times 
of economic downturn or crisis, such as that which 
affected Europe from around the middle of 2008. 
Their basic proposition is that employment protec-
tion and unemployment insurance will enhance the 
chances individuals will choose to undertake ris-
kier courses of study, diversifying the stock of skills 
available to firms and the economy (Filippetti and 
Guy 2015: 4), whilst also encouraging or restric-
ting firms to maintain employees during difficult 
economic times. They find that high levels of VET 
qualifications combined with either relatively secu-
re employment or access to unemployment benefits 
is most likely to enable organizations to maintain 
innovation efforts during crises.

Interestingly, it is not necessarily the general 
nature of initial training, but the availability of op-
portunities and support for re-training of even rela-
tively specific skills that also contributes to the ca-
pacity of firms to maintain medium-term innovation 
programs. The continuity of formal and informal on-
the-job training throughout the recessionary period 
can be anticipated to pay dividends in the future. 
Filippetti and Guy (2005) argue that their results 
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challenge the tendency within innovation studies to 
focus on university trained scientists and engineers 
and to assume only general vocational skills will be 
transferable and adaptable to cope with innovation 
and changing labour market demands. An impor-
tant line of future investigation does appear to be 
to understand the packaging of general and spe-
cific skills provision as complementary dimensions 
of the human capital profiles required by firms and 
societies. Thinking about this challenge implies re-
thinking the articulation between universities and 
VET institutions. It also suggests the need to consi-
der both the diversity of skills training on offer in a 
national or regional system, plus the availability of 
appropriate incentives or support policies that will 
encourage the formation of skills that may appear 
as more risky from a perspective of labour market 
opportunities, as Filippetti and Guy (2005) argue.

Vona and Consoli (2015) focus on the challenge 
of knowledge systematization in forging links bet-
ween technological change, education and innova-
tion. They develop the heuristic of ‘skills life-cycle’ 
to move beyond a simplistic conceptualization of 
education institutions trying to ‘keep up with te-
chnology’ toward an understanding of the ways in 
which different forms of institutional adjustment 
will impact not just innovation and productivity but 
also labour market inequality. The systematization 
of practical know-how associated with radical tech-
nological innovation and/or the onset of new general 
purpose technologies (GPTs) such as computerized 
information technology (ICT) will proceed differently 
to that associated with incremental innovation in 
established technologies with widely diffused and 
standardized skill requirements. In their view “skills 
mismatches and qualitative changes in the educa-
tional supply are structural features of the diachro-
nic adaptations between technology and education” 
(Vona y Consoli, 2015: 1400). However, the extent 
and nature of skill mismatches will always be con-
tingent on the stage of the “skill-technology cycle” 
(Vona y Consoli, 2015: 1400).

The conceptualization of mismatches develo-
ped by Vona and Consoli (2015) requires the fine-
tuning of the supply of skills, to optimize and dee-

pen the knowledge and skill base. To this extent it 
appears to share much with that of the varieties of 
capitalism literature (Estevez-Abe et al., 2001), in 
its significant reliance on degrees of institutional 
coordination and organizational cooperation. In re-
lation to more radical mismatches associated with 
new GPTs for example, they point to the importance 
of increasingly specialized branches of engineering 
knowledge responsible for the documenting and 
systematization of the new knowledge and operati-
ve cognitive and practical task requirements. They 
reconstruct the importance of engineering specifi-
cation in the process of standardizing rules (tasks), 
leading toward an increasingly abstract formal edu-
cational curriculum, in the transition to factory pro-
duction, the adoption of ICTs and the transformation 
of aeronautical engineering through control volume 
analysis. Overall, the skills-technology life-cycle 
approach provides important nuances to the con-
ceptualization of the responsiveness of universities 
and VET to changing labour market demands, par-
ticularly by insisting that any scenario of mismatch 
between technology and skills that reduces labour 
market efficiency will involve specific contingencies 
that will most likely need to be addressed through 
a tailored approach to knowledge systematization 
and diffusion that takes the content of cognitive 
and practical skills required directly into account.

In summary, the innovation studies literature 
has somewhat neglected VET and workforce skills 
in studying innovation, despite acknowledging their 
importance. However, recent scholarship in the field 
suggests at three potentially fruitful paths for IS 
research. First, attention to the mix of university 
and VET qualifications and skills that might best 
serve particular firms, using certain technologies 
in specific markets, may open avenues to more 
fine-grained analysis of the links between types 
of innovation and firm strategy and performance. 
Second, firms’ stocks of particular types of skills, in 
combination with operative labour market settings, 
may be linked to the resilience of performance and 
speed of recovery from economic turbulence or mar-
ket downturns. Third, a deeper understanding of the 
changing skill-composition of occupations in the 
face of technological and social transformation can 
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place renewed emphasis on the modes of responsi-
veness of VET institutions to changing demand for 
skills. In the case of broad and deep social and eco-
nomic challenges such as environmental sustaina-
bility (Vona et al., 2015), for example, all of these 
lines of investigation seem to have potentially high 
significance and direct policy importance.

Varieties of Capitalism and National Differences 
in Skills Formation Regimes

Another line of scholarly research centres on 
comparative analyses of national skill formation 
systems, to provide important insights into the role 
of VET and the VET trained workforce in the genera-
tion and introduction of product and process inno-
vation in contemporary advanced economies (Brown 
et al., 2011; Crouch et al., 1999; Culpepper y Fine-
gold, 1999; Thelen, 2004). A key argument within 
this varieties of capitalism (VoC) literature is that 
different institutional arrangements underpinning 
national VET training systems lead to large diffe-
rences in the quantity and quality of VET skills. In 
turn, such differences in the supply of intermediate 
skills are a key determinate of a country’s industrial 
structure and pattern of innovation.

The VoC literature identifies three broad types 
of intermediate skills formation systems: occupa-
tional; internal; and flexible - that are linked to na-
tional intermediate training systems and the pro-
duct of a complex historical process which create 
institutional complementarities. These are a set of 
self-reinforcing institutions, which create econo-
mic incentives and legal and social obligations on 
workers and firms to invest in particular forms of 
workforce training and for firms to adjust their pro-
duction systems and products to these particular 
types and level of skill (Hall y Soskice 2001). Each 
of these systems has distinct effects on the type 
and level of VET skills, the participation of direct 
production workers in innovation and the type of 
innovation conducted within these systems.

An important empirical approach within this 
literature is matched plant studies which compare 

the productivity, export and innovation performance 
of firms in the UK against those in continental Euro-
pe, especially Germany. These studies reveal large 
productivity and quality differences between UK 
and European firms across many industries (Ander-
ton y Schultz, 1999; Clarke y Wall, 2000; King, 2001; 
Mason et al., 1996; Prais, 1995). Compared with 
continental Europe the UK workforce has a much 
higher proportion of production workers, including 
trade and technician occupations, with no qualifi-
cations or lower level vocational qualifications and, 
those with vocational qualifications are, on avera-
ge, at a lower level than in Germany (Leitch, 2006: 
39-53). “Firms’ product market choices are thus 
constrained by the availability of necessary skills” 
(Estevez-Abe et al., 2001: 38-9).

The results obtained by the matched plant stu-
dies identify specific mechanisms whereby higher 
VET skills promote productivity, quality and innova-
tion. Higher vocational workforce skills improve the 
scope for product and process innovation because 
of the enhanced capacity to deal with product cus-
tomization, to adapt to technical change at a faster 
rate and to contribute suggestions for improve-
ments to products, services and processes. Higher 
levels of initial VET education are also associated 
with higher rates of continuing employer-funded 
training; implying a self-reinforcing dynamic. Com-
plementarity between human and physical capital 
means that higher level vocational qualifications 
and skills are also associated with higher capital 
per worker (Toner, 2011: 33).

A broad explanatory factor in these case studies 
is the divide between the English and Germanic 
conception of vocational skills (Brockmann et al., 
2008). In the former, vocational skills are understo-
od as the property of an individual and associated 
with the performance of discrete manual tasks not 
necessarily tied to a particular knowledge base or the 
possession of a qualification (Clarke y Winch, 2006: 
261). Compared to their German counterparts in si-
milar occupations, UK vocationally trained workers 
are less able to deal with technological change and 
more complex problem-solving “as people are requi-
red to perform to narrowly prescribed competencies, 
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they do not have the knowledge, skills or indeed, the 
motivation to perform tasks or deal with situations 
beyond the prescribed outcomes” (Brockmann et al., 
2008: 553). In contrast German berufsbildung recog-
nises production as an inherently social activity and 
focuses on the ability to apply theoretical knowledge 
in a practical context. Theoretical knowledge encom-
passes not just technical subjects but mathematics, 
work planning, autonomous working, problem sol-
ving and critical thinking and ties entry into vocatio-
nal occupations and wage levels to the possession of 
specific qualifications (Clarke y Winch, 2006: 265). 

VET institutions are foundations of the occupa-
tional labour markets of which the German appren-
ticeship system is regarded as the archetype. The 
German VET system is commonly interpreted as re-
dressing ‘market failure’ in the delivery of employer-
funded training in transferable skills for which there 
is demand in the external labour market. Employers 
are unwilling to invest in providing these skills to 
employees because workers who receive this trai-
ning can leave to work for another firm before the 
employer has recouped the cost of training in terms 
of higher productivity and output. Thus firms that do 
not train, but instead poach skilled workers, gain a 
cost advantage over firms that do train.

A neoclassical perspective on the apprentices-
hip system views it as a response to this dilemma, 
as the costs of training are shared by the appren-
tice accepting a lower wage during their training 
than they can obtain in the external labour market, 
in return for the employer investing in imparting 
transferable skills (Becker, 1994). However, wi-
thout a complex set of institutional supports such a 
system is likely to prove unstable, as evidenced by 
the long-run decline of apprenticeship systems in 
many other countries, such as the US and UK (Gos-
pel, 1991). This is due to the “difficulty of securing 
mutually credible commitments from both parties 
to a training contract… Unless some mechanism 
is found to force firms to train well and to prevent 
them from exploiting apprentices, at the same 
time forcing apprentices to stay long enough for a 
company to recoup its investment, apprenticeship 
training is likely to deteriorate into cheap unskilled 

labour” (Thelen, 2004: 18). Paradoxically, a system 
in which transferable skills are certified and their 
quality assured is likely to promote poaching, be-
cause certification overcomes information asym-
metries regarding the quality of skilled labour bet-
ween firms that train and those that do not (Thelen, 
2004: 19-20).

The institutional supports that underpin the 
German occupational labour market include:

1.) A high average level of educational attain-
ment in schools that facilitates apprenticeship 
training with more academically and technically 
demanding content;

2) Co-ordination between employer associa-
tions, unions and the state in order to strike the 
right balance between employers and employees in 
terms of the scope and duration of training (Thelen, 
2004: 18-19);

3) A statutory basis for apprenticeship that 
governs the contract of employment and training 
between the apprentice and employer and specifies 
the rights and duties of both parties;

4) State financial support of quality training 
infrastructure is essential, along with ‘licence to 
practice’ laws for skilled technical occupations;

5) Industry level industrial relations bargai-
ning that ensures more or less uniform wages and 
conditions for qualified trades and technicians in 
the same occupation across firms. This is important 
in overcoming ‘poaching’;

6) Industry policy to diffuse the latest pro-
duction technology and workforce organisation 
methods to sustain industries that intensively use 
higher level workforce skills;

7) Generous welfare provisions in the event of 
unemployment and constraints on redundancies 
through legislation and co-determination at a firm 
level.

VET institutions are thus central to features 1-4 
and 6, above, of the German apprenticeship and oc-
cupational labour market system.

In turn, the system of training within an oc-
cupational labour market encourages product and 
process innovation through the following mecha-
nisms:
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1) High wages for tradespersons and tech-
nicians have the effect of “forcing employers to 
maximise the productivity return on skills” and of 
encouraging labour displacing capital investment 
whilst deterring low pay-low skill firm strategies 
(Green y Sakamoto, 2001: 70).

2) A strong commitment to training minimizes 
skill shortages and reduces the incentive to poach 
workers. In addition, widely recognised and accep-
ted qualifications facilitate labour mobility;

3) The breadth and depth of practical and theo-
retical skills in apprenticeship training encourages 
multi-skilling and adaptability which facilitates 
the introduction of new products and processes;

4) Considerable effort is made to ensure cu-
rricula and pedagogy in apprenticeship training is 
kept up to date. Apprenticeship training curricula 
also operates as a form of technology diffusion as 
it alerts firms to newer technologies and work prac-
tices;

5) A skilled intermediate workforce promotes 
the transfer of knowledge within a firm from engi-
neering and scientific staff to the direct production 
workforce and vice versa.

6) Cumulative interactions between a large 
skilled workforce and publicly supported technology 
diffusion institutions (in Germany including Fraun-
hofer, Max Planck and Steinbeis Foundations).

The occupational labour market model thus 
produces vocational skills characterised by “deep 
competencies within established technologies” 
(Estevez-Abe et al., 2001: 174). Such competencies 
are particularly “suited to incremental innova-
tion and problem-solving but are inappropriate to 
a world where competition is dependent on rapid 
changes in basic innovation” (Lauder, 2001: 170). 
The VET system is thus a core institution that dri-
ves German competitiveness in middle technology 
industries that make intensive use of intermediate 
skills.

In contrast to the German system, large Japa-
nese corporations develop extensive internal labour 
markets (ILMs), recruiting school-leavers with 
better than average literacy and numeracy results 
and, hence, a presumed capacity to undertake hig-

her level vocational training. The core permanent 
workforce receives mostly on the job training desig-
ned to meet the particular needs of the firm. These 
workers are prepared to invest in this firm-specific 
training in return for employment security and a ca-
reer path within the firm (Thelen, 2004).

Training is directed at producing multi-skilled 
workers through job rotation and a capacity and wi-
llingness to engage in group problem-solving.

Rather than relying on groups of differently 
skilled workers with general knowledge of their spe-
cialty to solve problems that arise in production, the 
Japanese attempt to respond to problems that arise 
in production by creating groups appropriate to the 
task… Apprenticeship is replaced by participation 
in collective problem-solving on the shop floor (He-
rrigel y Sabel, 1999: 89).
Multi-skilling and a high level of functional 

flexibility (or low levels of occupational demar-
cations) are encouraged by the linking of pay to 
experience and time served with the firm rather 
than to current production tasks undertaken. Job 
security significantly reduces resistance to both 
the introduction of potentially job-displacing new 
technologies and concern by older, experienced 
workers at passing on valuable job knowledge 
to cheaper new recruits. Another feature of the 
Japanese VET system is the high degree of co-
operation, especially in technology transfer, in-
cluding skills training, between larger firms and 
their sub-contractors and across sub-contractors 
(Fujimoto, 2000).

The foundations of the ILM model were se-
riously undermined by rising competition in world 
markets, especially from developing nations which 
led major Japanese corporations to off-shore some 
manufacturing to lower cost alternatives. Youn-
ger workers are also less attached to traditional 
career paths. In response to these changes lar-
ge corporations have significantly increased the 
share of their workforce in non-standard forms of 
employment- or increased their peripheral wor-
kforce and reduced the core which are generally 
not to workforce participation in innovation at a 
firm level (Gaston y Kishi, 2005).
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A flexible labour market and VET training mo-
del is common to the UK and the USA. The flexible 
VET system is typified by a polarisation of skills, 
with a large proportion of university educated gra-
duates, a large proportion of the workforce with no 
or minimal post-school qualifications and a com-
paratively small share of persons with high level 
intermediate qualifications (Green y Sakamoto, 
2001: 126). Both the UK and US have been effecti-
ve at innovation based on high level elite skills in 
science and technology derived from world class 
universities. A variety of indicators, such as R&D 
intensity, trade performance and patenting activi-
ty, attest to the strength of this high level science 
base in industries such as pharmaceuticals, che-
micals, electronics, software, defence and aeros-
pace. High level skills also underpin international 
competitiveness in financial services and creative 
industries like advertising, publishing, design, 
entertainment and management consulting (Te-
ther et al., 2005: 70).

The absence of labour market regulations on 
hiring and firing and high levels of job mobility, 
including amongst the scientific, engineering and 
managerial elites, is well suited to industries such 
as software, finance and biotechnology that are re-
liant on “rapid product innovation strategies” and 
a “high responsiveness to new business opportuni-
ties” (Estevez-Abe et al., 2001: 174). A high level 
of labour mobility, especially amongst the technical 
elites, is also a critical means of technology diffu-
sion in industries in which change in technology 
and markets is particularly rapid (Finegold, 1999).

Educational inequality underpins skewed skill 
distributions, with the UK and the US having a 
higher proportion of their adult population that are 
functionally illiterate and innumerate, compared, 
for example to many countries in Europe and Ja-
pan (Tether et al., 2005: 52-3). This polarisation 
in outcomes from the general education system is 
not redressed through the VET system. The US does 
not have a national system of vocational qualifi-
cations and the weak educational attainment of a 
large proportion of the workforce leads employers to 
provide “non-graduates…[with] firm specific types 

of training” characterised by “narrow skill sets” 
(Tether et al., 2005: 58).

Individuals can acquire good vocational skills 
through community colleges, but this often requires 
them to invest in their own training for up to two 
years. The UK has, with a few exceptions, a poorly 
performing VET sector (Gospel, 1991; HM Treasury, 
2004). For example, the level of skill certified un-
der an apprenticeship in the UK is low compared 
to that in many European countries and Australia 
(King, 2001; Toner, 2008). The range of skills requi-
red for these qualifications is also narrow so that 
the qualification system militates against broad 
based multi-skilling (Clarke y Wall, 2000: 697). 
In addition, ‘competency based’ training in the UK 
is based on the demonstration of practical skills 
within a given workplace with little consideration 
given to imparting or testing theoretical underpin-
nings. A multiplicity of private and public training 
VET providers of greatly varying quality also redu-
ces the value and recognition of such qualifications 
for both workers and employers.

This flexible skill formation model has given rise 
to the notion of “low-skill equilibrium” (Finegold y 
Soskice, 1988). The notion of low-skill equilibrium 
can be viewed as an example from the economics 
literature of the widely researched and accepted 
concept of “technological lock-in” (Arthur, 1994). 
Low-skill equilibrium describes a set of self-
reinforcing financial incentives and institutions 
in which the existence of a large pool of low skill, 
low productivity workers constrains many firms to 
produce standardised, low quality goods and servi-
ces. In the UK, vocational training “provided within 
firms…has resulted in the formation of narrow, 
firm-specific skill sets…[that] are not particularly 
adaptable for engaging with innovation” (Tether et 
al., 2005: 59). Workers have a reduced incentive to 
participate in training due to the lack of demand for 
higher level skills. The low wages of this workforce 
creates a market for the output of such industries 
(Keep y Mayhew, 2001: 10). The problems created 
by the flexible labour market model in terms of a 
comparatively large proportion of the workforce in 
low productivity, low wage industries and high in-
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come inequality have been increasingly recognised 
in public policy (HM Treasury, 2004)1.

The research on comparative national skill for-
mation systems demonstrates the important role of 
workforce skills in the generation and diffusion of 
innovation in advanced economies. It also identi-
fies specific mechanisms that translate differences 
in the quality and quantity of VET skills available to 
firms into differences in innovation performance. The 
central role of incremental innovation, or the use and 
adaptation of existing knowledge and techniques 
to improve the stock of products, services and pro-
cesses, would strongly suggest that predominantly 
VET-trained occupations, especially at trade and te-
chnician level, should be key agents in incremental 
innovation processes. However, the matched plant 
studies and trade performance would suggest that 
great diversity exists between different advanced 
economies in the skill level and role of direct produc-
tion workers in national innovation systems.

Whilst the literature on the institutional foun-
dations of national skill formation systems is com-
pelling in its explanatory power, it is important to 

1  According to the UK Cabinet Office (2001: 33), “Though 
the ‘low skills equilibrium’ is not a true representation of 
all sectors of the UK economy, and is, in part, an exag-
geration of the actual situation, it provides helpful con-
ceptual insights, including recognition that innovation 
in products and processes may be discouraged by per-
ceptions of skill shortages. This model also highlights 
the issue of ‘path dependency’: once managers adopt 
a strategy based on a given skill level, it is not easy to 
adopt a different strategy. Indeed if a previous strategy 
based on low skills has been successful, management 
may be reluctant to develop new or enhanced strategies 
even if a skilled workforce is available. A survey under-
taken by the NSTF [National Skills Task Force] found 
that roughly half the employers surveyed foresaw skills-
related problems if they sought to respond to competi-
tive market pressures by developing higher value-added 
product strategies. Case studies carried out for the NSTF 
indicated that if companies attempted to move towards 
higher value-added strategies without complementary 
changes to human resource strategies, latent skills 
gaps would be revealed. Once locked into a particular 
path, it may be difficult to change even if the economy 
as a whole would benefit from doing so”. 

note it has been the subject to some criticism. First, 
individual countries are not internally uniform but 
exhibit characteristics that are consistent with the 
flexible, occupational and ILM labour market mo-
dels. Second, from a policy makers’ viewpoint the 
complex array of different inter-locking and reinfor-
cing institutions and social obligations that typify 
each model seem too complicated to change. The 
institutional literature does not provide clear gui-
dance for change because, as it does not identify 
the necessary and/or sufficient conditions for a mo-
del to operate, thus reducing the potential to for-
mulate rationales for change (Allen, 2004; Hancke, 
Rhodes yThatcher, 2007).

Work Organization Driven Demand for Skills

A final line of research linked to VET and wor-
kforce skills to be considered here emerges from 
management and organizational studies and fo-
cuses on a demand side understanding of innova-
tion dynamics. Systems of work organization have 
been associated with a higher propensity and 
intensity of innovation in firms, particularly tho-
se that require very specific workforce skills and 
high levels of VET sector responsiveness (OECD, 
2010). So-called ‘high performance work systems’ 
(HPWS) require quite specific workforce skills for 
innovation and the utilization of the skills requires 
a supportive work organization. Arundel and colle-
agues (2006: 4) describe HPWS as entailing “the 
diffusion of Japanese-style organizational prac-
tices in the US and Europe and… the diffusion 
of specific organizational practices and arrange-
ments that are seen as enhancing the firm’s capa-
city for making incremental improvements to the 
efficiency of its work processes and the quality of 
its products and services”.

There is much variation in the implementation 
of HPWS across industries, firm sizes and cultures, 
however a number of central features can be iden-
tified2:

2  The principal features of HPWS in both empirical and 
theoretical studies have remained more or less constant 
(Appelbaum et al., 2001; Ramsay et al., 2000).
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1) Rigorous selection procedures, as HPWS 
needs workers with a range of superior attributes 
such as communication, numeracy, problem sol-
ving and team working.

2) Broad job classifications requiring functio-
nal flexibility in the deployment of workers and 
requiring them to be competent across a broader 
range of tasks - which also requires broad based 
training.

3) Job rotations that move workers through a 
range of the production tasks within and between 
work teams, expanding flexibility and enabling bet-
ter understanding of the variety of tasks that con-
tribute to continuous improvement.

4) Production is organised around work teams 
composed of workers who are responsible for plan-
ning and carrying out production tasks.

5) Managerial authority is delegated to the 
shop floor, including the design of jobs, routine 
maintenance and ability to stop production if a 
fault is detected. Team members are expected to 
actively pursue continuous product and process 
improvement to ensure conformity of a product or 
service with specifications.

6) A consequence of broad job classifications 
and delegation of authority is relatively few steps 
in the job hierarchy between team members and 
senior management.

7) Aside from decentralised work teams, for-
malised mechanisms for workers collectively nego-
tiating change are an important element in HPWS, 
including unions (Black y Lynch, 2004; Michie y 
Sheehan 2003) and work councils (Zwick, 2004).

8) A key part of HPWS is a that active partici-
pation in innovation is expected of team members; 
ideas and improvements are sometimes rewar-
ded with cash bonuses or other benefits and at a 
broader workforce level profit sharing or employee 
share ownership schemes may operate. The level 
of engagement in productivity and quality impro-
vement is one criterion used to assess individual 
workers for promotion.

9) Devolution of responsibility for innovation 
is accompanied by measures to capture learning, 
by monitoring, evaluating, and diffusing improve-
ments that are devised in one team to others and 
potentially to operations around the globe in the 

case of multinationals. This has been described as 
“an internal process of variety generation, scree-
ning, retention and diffusion” (Fujimoto, 2000: 
276) and a key aspect of converting the insights of 
individuals and teams into organisational learning 
(Teece, Pisano y Shuen, 2000: 344).

10) Extensive training is driven by the broad 
based occupational classifications and participa-
tion in product and process improvement. Under-
taking root cause analysis of defects and Quality 
Assurance requires not only occupational specific 
technical skills bit also higher level problem solving 
skills. It is well-established that firms implemen-
ting a broad cluster of HPWS elements have a much 
higher rate of training across all occupational 
groups (Whitfield, 2000).

There is great variation in the extent to which 
firms implement HPWS, such that most innovating 
firms can be represented as being on a continuum 
from complete to minimal implementation. VET ins-
titutions are most likely to be required to respond to 
demands for the types of broad-based skills from 
firms that face intense competition, where ICTs 
are integral to design, production and delivery of 
products and services, where consumer demand 
is for quality and customization of these products 
and services, and where firm level bargaining gives 
individual organizations flexibility in the design of 
jobs and work processes (Gospel, 2007). VET insti-
tutions supplying skills to HPWS will be required to 
impart a variety of attributes aside from technical 
skills. These include: social communication skills; 
leadership, initiative and accepting responsibility; 
vigilance regarding quality; teamwork and coo-
peration; flexibility; analytical skills and creative 
problem solving; and the capacity to learn and ca-
pacity to teach others in a team (Lafer, 2002; Keep 
y Payne, 2004; Martin y Healy, 2008).

The critical literature on HPWS points outs that 
individual firms are free to adopt some elements 
of HPWS purely to pursue cost-cutting and other 
features of lean production. The context created 
by the particular competitive strategy adopted by 
a firm is thus vital, as is the broader labour market 
and institutional contexts which facilitate or inhibit 
the pursuit of a ‘low road’ or ‘high road’ strategy in 
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terms of training, technology diffusion, work orga-
nisation and innovation.

In summary, this section has provided an 
overview of four approaches to the role of the VET 
system and the VET trained workforce in innova-
tion. It is common to all these approaches that the 
VET system is a key driver of technology diffusion 
through the provision of a skilled workforce that 
contributes primarily to incremental technical and 
organizational change. The different interlocking 
sets of institutions that characterise national con-
texts have been shown to condition the depth of 
vocational skills in the workforce and the types of 
skills that are held. This has a direct impact on the 
types and patterns of innovation that are engaged 
in and the observable outcomes in terms of eco-
nomic performance. Individual firms also influence 
these outcomes by the choices they make in terms 
of work organization features which, in turn, shape 
the demands for particular types of skills that local 
and regional VET institutions respond to. The rise 
of whole of workforce approaches to innovation has 
meant that VET sectors are required to provide ge-
neric skills in problem solving, troubleshooting and 
a creative and team-oriented approach to work. 
Such workforce skills are part of the backbone of 
many innovative firms’ product-market strategies 
along with the knowledge base provided by science 
and engineering educated employees. VET institu-
tions and the VET trained workforce can thus be 
understood as essential to technical and organisa-
tional innovation in many contexts within both the 
goods and services sectors of developed economies. 
The next section moves on from this conclusion to 
briefly discuss some broad barriers and specific 
impediments to a fuller realization of the potential 
for VET and the VET-trained workforce to contribute 
to innovation and desirable socio-economic outco-
mes. It also points toward future challenges that 
will reply a VET sector response.

THE VET SYSTEM AND FUTURE CHALLENGES

As this article has described in some detail, the VET 
system makes an important contribution to innovation. 

VET training organisations are part of the ‘institutional 
endowment’ that supports the agglomeration of firms 
and other innovation system actors in clusters, towns, 
cities and regions (Maskell, 2001). The extent to which 
the VET sector can maximize its contribution to inno-
vation depends on many socio-political factors that 
can vary from country to country, including for example 
the extent and rate of growth of direct financial con-
tributions to the sector from government. In this last 
section we focus on three generic impediments to the 
full flowering of VET contribution to innovation that are 
more systemic in nature and therefore require long-run 
policy attention to address.

The first general impediment relates to the 
quality and rate of technology diffusion. In many 
contexts linkages between research institutions, 
VET organisations and technology adopting firms 
are often not sufficiently close or effective when it 
comes to the opportunities presented by emerging 
technologies (Whittingham, 2003; Toner, 2005). It is 
obvious that VET institutions focus their teaching 
activities on established and widely used techno-
logies, where student demand is predictable in the 
medium-term. In contrast, emergent technologies 
have uncertain futures and the responsiveness that 
VET institutes should ideally have to these techno-
logies is also therefore uncertain. A major challenge 
and restriction on VET responsiveness is “more ti-
mely skills development in new and existing tech-
nologies” (Ferrier, Trood y Whittingham, 2003: 87) 
that can support industries and firms that are wi-
lling to invest in taking advantage of new technolo-
gies. Without sufficient policy support for activities 
that build direct firm-VET linkages and sufficient 
resources to initiate training in new or modified 
techniques then technology diffusion will remain 
harnessed to risk averse processes associated with 
curriculum and trainer updating.

A second problem that is common across many 
OECD nations is the long run decline in the acade-
mic outcomes of VET entrants. The massification of 
higher education opportunities has led to dispropor-
tionate number of school leavers opting to pursue a 
university education (Hoeckel y Schwartz, 2010). This 
has resulted in the lowering of the average education 
performance of students that enter the VET system. 
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Without good competence in mathematics and lite-
racy and, increasingly important, communication 
and social skills, VET students will struggle to obtain 
the highest level skills certificates that are vital for 
many craft-based and other technical occupations 
that are particularly important in the R&D and high-
technology production work. This can lead to skills 
shortages precisely in those occupations and sectors 
in which high level skills and generic problem-sol-
ving capabilities are most important. This preference 
for university degrees is reinforced by a lack of social 
desirability that still attaches to vocational forma-
tion in some countries.

The third problem relates to the relationship 
between government policy and VET. Historically, 
VET was linked directly to industry policy but the 
shift to innovation policy has resulted in VET being 
left to some degree out in the cold. National innova-
tion systems thinking, embodied in the innovation 
studies literature, does not integrate VET and the 
vocationally trained workforce in a systematic and 
profound way. It is little wonder then that Govern-
ment innovation policy and the advisory structures 
that shape the design and implementation of in-
centives and other forms of support do not typically 
treat the VET sector as a first order concern. Expla-
nations for this lack of integration of VET and inno-
vation policy include the predominance of the focus 
on doctoral STEM training in universities, coupled 
with the lack of interest on the part of governments 
and researchers in the general production workforce 
despite their importance to incremental innovation. 
The justifiable focus on radical innovation and S&T 
advances thus probably contributes considerably to 
a failure to maximize the contribution the VET could 
be making to innovation in advanced economies. 
This is perhaps no better illustrated in the glacial 
progress toward a better articulation between the 
VET and HEd systems. In such a world, hybrid cour-
ses that combine knowledge and skill in ways that 
satisfy market demand could be more commonly 
developed. In addition, systemic pathways could be 
promoted for the transfers of students between the 
two arms of education as their capabilities and in-
terests take shape and are revealed in the ongoing 
course of their education trajectory.

A final question concerns the role of VET and in-
novation in social and economic development more 
generally speaking, particularly via the mechanism 
of labour market participation. The focus in this 
article has been on VET in relatively high-income 
countries, but VET potentially has an important 
role to play in low- and middle-income countries as 
well. Following a thorough effort to assemble the 
best available evidence, Tripney and colleagues 
(2013) conducted a meta-analysis of the impact 
of VET on the employability and employment outco-
mes of young people in low- and middle- income 
countries (LMICs). They found that “participation in 
VET improves the labour market situation of youth 
in LMICs, on average, when compared to youth who 
do not participate with the strength of the evidence 
strongest for formal employment and monthly ear-
nings” (Tripney y Hombrados, 2013: 10). There are 
important limitations to this review, not least the 
low number of acceptable quality studies feeding 
the analysis and the de-linking of outcomes from 
any particular model of vocational education and 
training. The results are also based largely on stu-
dies of interventions focused on “short-term semi-
skilled training in specific occupations demanded 
in the private sector” (Tripney y Hombrados, 2013: 
6), and no studies of apprentice-type training are 
included. Nevertheless, it can be argued on a very 
limited basis that VET does impact positively on 
youth labour market outcomes. This would also su-
ggest that, if implemented at national level, such 
training may also incrementally improve the capa-
city of firms and other employers in LMICs to adopt 
existing technologies more easily.

While it is quite clear that further and higher 
quality studies are needed before the contours of 
links between VET, employment and innovation in 
low- and middle-income countries can be clearly 
defined, revitalizing the role of VET in youth employ-
ment outcomes in some high-income countries also 
appears critical. According to OECD data for 2014, 
unemployment among those in the 15-24 years age 
bracket is at unacceptable levels in many European 
countries, including Spain (53.2%), Greece (52.45), 
Italy (42.7%), Portugal (34.8%), Ireland (26.7%) 
and Poland (23.9%) (OECD, 2015). The role of VET 
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in equipping young people with sought after and 
adaptable skills will be crucial in reducing the le-
vels and contours of this mass labour market exclu-
sion among young people.

Despite these serious concerns, recent work on 
skills and innovation does present some potentially 
rich avenues for thinking about the roles and con-
tributions of VET in addressing future social and 
economic challenges, in which technical and or-
ganizational innovation will most certainly need to 
play a central role. The transitions associated with 
the need to develop economically and environmen-
tally sustainable societies of the future are likely to 
involve new work tasks, reconfigured skills content 
in existing occupations and an evolving division of 
labour between high-end knowledge workers and a 
skilled and flexible workforce (Consoli et al., 2016). 
The challenge of outfitting societies with the ne-
cessary green skills to address energy transitions 

(Vona et al., 2015), for example, will thus require 
a systemic and coordinated policy and institutio-
nal response. The role of VET in the technical and 
organizational innovations to come will be just as 
crucial as it has been in the industrial and techno-
logical changes of the past.
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