Diversities of Innovation

Innovation is often understood exclusively in terms of the economy, but it
is deﬁnitely a result of human labour and ingenuity, and of the relationships
among individuals and social groups. Some societies and governmental
structures are clearly more successful than others: they act in divergent
ways, fostering innovation and employment, and they utilize varied opportunities from diﬀerent ﬁelds of research, from new products and from their
educational systems.
Thus, innovation varies fundamentally between countries, and public policies – in matters such as energy technology, environmental technologies,
facing climate change, and advancing conditions of life – can be determined
according to diﬀerent societies’ needs.
This volume brings together a range of world experts to compare countries and continents and help develop a fuller picture of innovations and
their social basis. It will be of interest to researchers in regional studies and
economics, as well as labour unions, practitioners, and policy makers.
Ulrich Hilpert is Professor and Chair of Comparative Government in the
Faculty of Social and Behavioural Sciences at Friedrich Schiller University,
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Preface

There is a rich body of research and publications concerning diﬀerent aspects
of innovation. The views are diﬀerent because the researchers’ questions are
diﬀerent and academic disciplines have divergent interests. In addition, there
has been a fundamental change because of globalisation and newly industrialised
countries. Industries require diﬀerent competences, potentials for innovation,
markets, and demands, readinesses for technology transfer, skilled labour forces,
networking, and levels of industrial development. The research on regions,
human capital, countries, or industries helps to deepen our knowledge about
innovation. Simultaneously with this growing variation, there is a search for
best practice and governments employ similar policies and often aim at similar
short lists of technologies. Nevertheless, the eﬀects and the successes of public
policies are very diﬀerent – and the contexts in which they were developed
and implemented were also highly divergent. Consequently, the processes of
innovation and situations diﬀer greatly.
This book aims at both a better understanding of the diversities of innovation
and a discussion of the diﬀerent contributions to innovation. It is important to
understand that innovation is more than just a matter of entrepreneurs and academics. The socio-economic eﬀects of innovation relate to the manufacturing of
products and labour, which means these relate to appropriately skilled labour.
This clearly characterises the kind of industrial development and opportunities
which exist in diﬀerent situations. Such diﬀerences are based on a match of
industries, skills, public policies, research structures, societal structures providing
for the labour, and access to markets. Although such situations are highly varied
and indicate the diversities of such processes and have the potential to make it
look ineﬀective, nevertheless there are opportunities for a better understanding.
There are relationships between the diﬀerent elements of innovation forming
speciﬁcities and altogether forming precise situations, thus contributing to a rich
diversity – but also referring to its origins and relationship.
There were two international workshops held at the University of Oxford
and in Berlin with participants from academia, labour unions, and enterprises.
The resultant highly constructive exchanges – of research, experiences and
ideas – have found their way into this book. They reﬂect the shared view
that individual academic disciplines, or particular views from practitioners, are
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helpful to learn more about the process. To understand innovation better
there is a need to combine such competences, which help to identify opportunities among the rich diversities of innovation. Matching the situation to
the set of opportunities is clearly important, and in order to provide for
socio-economic development, the role of the labour force of a region, country, or metropolis is critical. Consequently, the discussions paid particular
attention to the constitution of individual situations and how contexts match
the situations. This discussion is reﬂected in the structure of this book and
will be continued during the workshops to come and help to provide for
a deeper understanding of innovation and expand the comparative understanding of such processes.
This book can be read and used in the way it is laid out and may help the
reader to think freely about new understandings which reach out across diﬀerent
countries, regions, and situations. But it may also be of interest for those who
work on some of the individual subjects. The comparative view may contribute
some additional perspectives and will link up with other variables, contexts, or
processes of development. Innovation is obviously a highly complex process,
which generates a lot of diversities that can be identiﬁed empirically. Although
the full complexity may not always be within the scope of the analysis, it always
helps to relate to existing situations rather than examining pre-deﬁned indicators.
The investigation of empirical situations helps a lot to understand the innovation
process in general – and it is important to understand innovation as a process
with diﬀerent periods and contributions over time.
The creative and highly international context, of a discussion between academia, labour unions and practitioners, was generously supported by the
Hans-Böckler-Foundation, Düsseldorf, Germany. The interest of the foundation
in the comparative view of such processes made it possible to have this
exchange of ideas over several years and is to be continued during the
coming years. We all thank the foundation for their strong engagement. As
an editor, I am also grateful to the patience of the authors while discussing
and adjusting the chapters to make this edited book as coherent as an edited
book can be. I look forward to the continuation of these activities and we
happily welcome the new, additional contributors who have already joined
our deliberations and those who, no doubt, will join us in future. We have
explored a lot of open questions, which require a continued exchange of
expertise between academia, labour unions, practitioners, and policy makers.
Ulrich Hilpert
Berlin and Jena

Part I

Introduction

This page intentionally left blank

1

About socio-economic
development, technology and
government policies
Diversities of innovation
Ulrich Hilpert

Changing situations and newly emerging problems create a constantly rising
demand for new technologies and innovation based on existing opportunities.
Environmental problems, increasing climate change, transportation technologies
and treatment of diseases call for advanced solutions, whilst urbanisation, social
change, communications and the exchange of information create speciﬁc
situations, which require the provision of technological products and services.
There are many examples of new demands for technologies or technological
solutions of existing and emerging problems (Hilpert 2016a). While exploring
innovation and new technologies there are many dimensions, which are
important and inﬂuence such processes. There is the relationship between
public research and new technologies, human capital and education, regional
situations and Islands of Innovation, existing opportunities and long waves of
socio-economic exploitation. Many such constellations have been researched to
provide a deeper understanding of their processes and to facilitate appropriate
policies of diﬀerent levels of government. The research is based on studies of
diﬀerent countries and regions with diﬀerent governmental systems (federal vs.
centralised) following diﬀerent political ideologies (neo-liberal vs. socialdemocratic), based on diﬀerent technologies requiring various contributions
from academic research (biotechnology vs. environmental technologies). These
concern diﬀerent industries inhibiting the potential of innovation or the
manufacture of new products (mechanical engineering vs. the application of
new materials) and the fundamental change of existing products because of
the supply with new parts (automotive industries applying electro-engines vs.
3D-printers manufacturing products). There is a rich diversity of situations
referring to a similarly rich diversity of industries, research capabilities, human
capital and industrial structures.
Thus, innovation and new technologies also converge with changes in
products, manufacturing and organisation. While the ﬁrst industrial revolution
exploited the opportunities of steam engines by organising manufacturing
accordingly, the current fourth industrial revolution exploits the opportunities
of artiﬁcial intelligence and electronics, which have a fundamental impact on
changing organisation globally. Consequently, what was innovative will not
continue to be so, because becoming mature is a permanent process associated
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with new technologies and innovation. The global dislocation of mature
manufacturing and industrialisation to less-developed countries is
a consequence of competition among industrialised countries and from newly
industrialising countries referring to diﬀerent levels of production costs and
regulations. Thus, what is not appropriately innovative in leading western
countries may match the situation in less advanced countries and may help to
build an industrial basis at diﬀerent locations in other situations. While it
lacks its innovative contribution in leading countries, it has an innovative
impact in other, less industrialised countries. The context is decisive when
evaluating a development and a technology to induce innovation. Countries
or locations based on a lower level of industrialisation can take innovative
advantage of technology from the second or third industrial revolution, while
in the most advanced situations Industry 4.0 is the challenge they have to
face and to cope with. The technology applied needs to be new and have an
innovative impact in the context where it is newly introduced.
While innovation is widely related to new technologies it is important to
keep in mind that such new opportunities cannot be applied similarly in all
situations. Diﬀerent industries demand diﬀerent technologies. As chemical and
pharmaceutical industries beneﬁt particularly from biotechnologies, robotics
contributes to mechanical engineering and plant construction or carbon ﬁbre
may contribute to advance automobile industries. Even a similar technology
referring to the same government programme may indicate divergent innovative
development because of the situation, in which they are applied (Bagchi-Sen and
Kedron 2016). In addition, new opportunities based on 3D-printers or gearless
electric engines for cars may change the design and the way they are manufactured. The diversities of industries and technologies as well as the opportunities
to introduce new products or to advance existing products indicate that speciﬁc
innovations clearly demand particular conditions. Industrial structures help to
identify such diversities easily because new technologies might be applicable in
such industries and their products. If this is not the case new technological
opportunities will emerge but have no impact on industries for which they are
not suited. Accordingly, other technologies may suit better but may not
be applicable in other industries elsewhere. While this appears to be clear and
obvious, this has far reaching eﬀects on participation in innovation and on the
strategies underpinning innovation policies: technology is not innovative per se,
its socio-economic opportunities depend on the suitability of the reference
industries in which it is used (i.e. those industries in which an innovation may be
applied to develop new products or processes) (Abel and Deitz 2009).
During diﬀerent periods of industrialisation countries, regions and locations
have developed particular industrial structures and manufacturing competences.
Such speciﬁcities are to be identiﬁed easily and are well known. Silicon Valley
and the San Francisco Bay Area are the home of outstanding microelectronics
and computing industries, Seattle is an important base of Boeing and Microsoft.
The Boston Area participates strongly in almost all new technologies. In East
Asia electronics industries manufacture products, which are developed elsewhere
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and are distributed across the world, or have become the basis for new global
players as in Japan or Korea. German mechanical engineering is well known,
French pharmaceutical industries are globally present and the Airbus Industry
clearly indicates the locations which possess the tradition and competence to
contribute to a product based on highly complex engineering. Many other
examples can be added. It shows that these situations are highly diverse and the
technologies demanded vary according to industries and locations. Traditions
are continued through new technological opportunities and competences have
constantly been enhanced to advance both the industry and the product. While
this is taking place, the diﬀerent processes draw upon diversities of technologies,
which match particular opportunities at particular locations, which are the home
of particular collections of industrial competences. The implicit selection processes taking place among technologies are a clear consequence of these divergent
contexts. Technologies can contribute to socio-economic development only
where they ﬁnd appropriate contexts, which are usually characterised by existing
reference industries.
The more complex such processes become, the more innovation is related
to competences and traditions. Earlier periods of industrialisation (e.g. based
on the steam engine) were highly innovative but they demanded fewer or
only minor preconditions to be met. A transfer of such manufacturing industries to less advanced countries or locations was, of course, more easily
achieved than would be the case for those industries, which require
a complex manufacturing base. The labour force was usually unskilled or
semiskilled, the manufacturing was widely organised along the assembly line
and enterprises were structured in a rather hierarchical way. Consequently,
countries and regions vary according to the innovative opportunities of these
industries and complexity of their products. Regions or countries are ready to
maintain their positions, when there are opportunities for socio-economic
development based on innovation providing for advanced products or the
advancement of manufacturing. There are clearly diﬀerent opportunities,
which may not be available in all situations. Future development depends on
the matching of both situations and existing technologies of innovative
opportunities.
Since diﬀerent technologies emerge simultaneously divergent paths of
innovation exist according to their applicability to reference industries. New
challenges emerge due to the complexity of products and manufacturing,
which can enjoy the advantage of new technologies only if the available
labour is appropriately skilled and educated. Consequently, the socioeconomic realisation of leading-edge innovation is related with human capital
and an appropriate labour force. In addition, the existing labour force needs
to meet the demands of the technologies to be applied. Thus, innovation
needs industrial structures and a highly skilled labour force to exploit opportunities, which emerge from research and development. Such highly
advanced processes can be created only when the appropriate situation exists.
This makes innovation a highly selective process, which privileges particular
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opportunities among the rich diversity of technologies to be applied. Given
the highly varied situations formed by industries, the labour force and
research infrastructures in diﬀerent regions and countries, as a consequence
innovation processes vary a lot and focus on diﬀerent elements – even
though the technological ﬁelds or the industries concerned are rather similar.
Within this context, skills and education provide the enabling basis for socioeconomic eﬀects to be realised.1 This necessitates more than just a discussion
of human capital. It refers to systems of skilling and education, which have
emerged over time in relationship with industrial competences. Skills
and education are related with societal dynamics and social change creating
particular situations. When it comes to innovation, industrial societies are
more than just a description of a societal context or social structure, these
might become a critical basis of constant socio-economic development.
Such processes of innovation are highly complex and they depend on
a variety of dimensions including the question – which type of industrial revolution is most appropriate. In particular the appropriateness of a certain level of
innovation indicates that there is more than just an arrangement of criteria
required. It needs to suit a situation, which has emerged during prior industrial
development. Consequently, particular contexts are prepared to take advantage
of speciﬁc innovative opportunities (Hilpert 2016a); there are windows of
opportunities, which are available for some regions or locations but not for
others. The more demanding leading-edge innovation requires outstanding
research, a highly skilled and educated labour force, modern industries and
enterprises ready to collaborate and to transform ideas into socio-economic
development, and hence the smaller is the number of locations, which can
participate in such processes. Labour markets become highly important
concerning human capital which is attracted, and the number of creative personnel, which are available. This convergence of quantity regarding the size of
the labour market and concerning the quality of knowledge workers privileges
certain arrangements, which can be met only in a small number of locations.
Only a small number of locations perform in a way that is attractive to innovative labour or creative knowledge workers, so clearly those regions which can
provide a large labour market for such personnel have a strong advantage. Size
allows for more job opportunities or careers within a region or a location for
spouses or partners of individuals in question to ﬁnding a job (Power and
Lundmark 2004). Because of the size requirement metropolises provide the
most appropriate situations for participation in such processes of leading-edge
innovation (Franco and Filson 2000; Berry and Glaeser 2005; Coulombe and
Tremblay 2009). Thus, most of the Islands of Innovation, which are in
a position to concentrate such processes in a small geographic area, are located
in metropolises (Lawton Smith and Waters 2005; Abel and Deitz 2009). There
the context is formed to participate in such processes.
The context becomes very important for the participation of a location or
region in such development and is critical for the level of innovation which
can be applied (Hilpert 2016c). While participation during earlier periods of
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industrial development did widely include unskilled or semiskilled labour (e.g.
textile industries, the manufacturing of electronics, consumer goods, mass production in general) more advanced products did demand advanced skills and
higher education. Such early industrialisation was widely separated from
research and development, and manufacturing to a far extent was based on
repetitive duties. The contribution of unskilled and semiskilled labour on such
levels of industrialisation is quite high and privileges locations and countries,
which can provide competent, cheap labour. Still today such situations exist
(e.g. textile industries in Bangladesh) and attract industries to locate plants,
which suit such situations and manufacture marketable goods although these
industries are too mature to continue at other places or where these ﬂourished
before. This process is also to be seen among former developing countries,
which became Newly Industrialised Countries (e.g. due to diﬀerences in production costs a dislocation of manufacturing from China to Vietnam has already
taken place) was to be identiﬁed and it indicates diﬀerent levels of industrial
development. What is mature in one country can have an innovative eﬀect
in situations of other countries, where the context of development, regulation
or production costs is diﬀerent or less developed. Labour costs or regulations
(e.g. concerning working conditions and environmental conditions) play an
important role. To arrange such contexts for less advanced industrialisation is
much less complex. It can be achieved comparatively easily through eﬀective
government agencies. When the demand for unskilled labour matches the situations in such countries, they can arrange the context for such manufacturing
and establish a situation, which is considered to provide them with modernisation or innovation in socio-economic development.
Improvement of skills and education helps newly industrialised countries
participate in more advanced industries and may create situations of sustainable
innovation (e.g. Korea, Singapore and metropolises in China and India; TsuiAuch, Chia and Liu 2016).2 Thus, government policies are important to form
the context for both less advanced processes of industrialisation and more
modern processes of innovation. While the proﬁts of capital invested can also
be generated on the basis of less advanced industries, governments may have
a particular interest in gaining more advanced processes of, innovation as they
provide opportunities for higher values added through modern industries and
for higher standards of living through higher incomes based on modern products. Standards of living are not merely to be measured on the basis of incomes
but also concerning the advanced services supplied. Even smaller incomes can
build large demands and markets, which are ready to allow for innovative and
improved processes if the number of customers or clients is suﬃciently large.
Thinking about innovation could also indicate that a situation is formed, which
allows for advanced supply (e.g. health service for poorer people). The context
for such innovation is arranged with regard to investment, but even more
important is a context with regard to a skilled and educated labour force and
research capabilities, which meets the requirements of new industries, advanced
technologies, modern manufacturing or innovative services.
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While aiming at such processes to achieve higher levels of innovation some
lessons from Western countries were suitable to learn from. The agglomeration
of such capabilities privileges places where creative personnel can be attracted.
In Western countries there is a high convergence of Islands of Innovation and
metropolises, because such agglomerations of research institutes, spin-oﬀ enterprises from public research, education of innovative labour and participation in
collaborative networks generate a strong dynamism towards synergies (Laudel
2005; Favell, Feldblum and Smith 2006; Hilpert 2016c). Such innovative
metropolitan situations build innovative labour markets and attract a brain drain
towards such metropolises (Power and Lundmark 2004; Berry and Glaeser
2005; Abel and Deitz 2009; Coulombe and Tremblay 2009).3 The availability
of highly divergent competences provides the potential for collaborative
networking as a basis for advanced new products. Similarly, newly industrialised
countries aim at building such agglomerations, which increasingly emerge as
knots in innovative networks formed through collaborative research (Chung
2016).4 Government policies are important both to form such contexts with
increasing levels of innovation and to realise such aims towards advanced socioeconomic development. But such policies can perform eﬀectively only when
they match the situations, which change over time. Windows of opportunities
open and close, and the regional or national context provides for development
only when a match with innovative opportunities at a particular point in time
can be realised.5 Such windows can open and close for leading-edge innovation
and technology, but they can also relate to a translocation of manufacturing
mature industries to less-developed countries where it acts as an innovation
within this particular context. In addition, such processes which do not refer to
the leading-edge processes can be combined with modern communication
technologies or modern materials and make it less a matter of dislocation but
more a relocation within a changed global context. Shared global markets still
exist, and provide a dynamically changing context.
When it comes to the current fourth industrial revolution and digitisation,
there are changes and windows of opportunities, which will aﬀect most leading countries as well as the less-developed countries. In leading Western
countries jobs with routine work will widely disappear, but only a few will
be transferred to low-wage countries. Instead these jobs may be replaced
through new equipment, robots or machines. Due to the change in production costs based on new technologies and the continuing high quality of
products some manufacturing may even return from low-wage economies to
traditional industrial centres characterised by high wages. Also some new
opportunities may emerge on the basis of internal development based on
emerging markets outside of Western countries. Consequently, innovation
and new technologies change many situations and demand particular contexts.
The increasing complexity of innovation requires a deeper understanding
of how to create a context, and to provide for participation in beneﬁcial
socio-economic changes. Diﬀerent societies, industrial structures and human
capital are decisive, when building the basis for particular innovative
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opportunities. There are rich diversities of innovation, which demand a deeper
and systematic understanding of how to participate and which processes of
innovation may be suitable.

Emerging divergent phenomena – diﬀerent identiﬁcations of
innovation
When exploring innovative products and processes of development, it becomes
immediately obvious that countries vary in their areas of particular competence
and that any individual country may vary in its specialisms and competences
over time. The introduction of steam engines in England became the basis of
mass production and of Manchester Capitalism. A reorganisation of manufacturing was introduced and the conﬂictual relationship between capital and
labour was introduced (Marx 1962 [1890], 1963 [1893], 1964 [1894]; Smith
2008 [1776]). This initial industrialisation was characterised by simple products,
the introduction of assembly lines and the split of manual work into simple
individual production steps. Consequently, there were two levels of products
to be considered: (1) the mass products employing the new machines and
equipment and (2) the producers of capital goods such as machines and plant.
Those who developed, designed and manufactured the new machines and
plant enabled a massive increase in productivity. This period, which today can
be identiﬁed as Industry 1.0, illustrates the innovation based on a technological
competence and the capability of engineers to apply such opportunities to the
economy and to meet the demands of the customers.
The relationship between application and development continues and it
builds a particular competence among producers of capital goods. Design
improved, reﬂecting customer demand and the utilisation of new technological opportunities, materials and scientiﬁc ﬁndings. It is this relationship
between enterprises, supplying capital goods, mechanical engineering
equipment, minerals and shipping, with their customers which allowed the
building of a body of such competences. The demand for these products
allowed the improvement of capital goods and for the increasing knowledge
employed in design and manufacturing. The strength of such products
provided the basis for exports to other countries with similar situations and
demands. Dealing successfully with situations in their home countries
helped to build a leading competence and a continuing export of goods,
which were considered to be innovative for their time and situation when
these were introduced during the early stages of industrialisation. A close
relationship between markets and producers emerged as a basis for innovative
products and indicated demand for particular kinds of products and their use
by customers.
Consequently, a country or region may continue to have a leading competence in knowledge intensive capital goods as long as the markets’ demand
such products and suppliers can supply the markets (Piore and Sabel 1984;
Sabel et al. 1991).6 The attractive economic opportunities for such products
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raise the interest of other potential capital goods suppliers to meet these markets
(Chung 2016, Tsui-Auch, Chia and Liu 2016). Consequently, diﬀerent
situations of countries or regions provided the basis for divergent competences in
innovative products (Hickie 2006; Hilpert 2006). In addition, because of the
maturation of products and the dislocation of manufacturing to other countries’
competences, which formerly were appropriate to markets and customers’
demands leading industrialised countries may have lost those markets, or they
adapted to the changing demands of their customers by providing improved and
innovative products. The continuing modernisation of industrial manufacturing
towards current digitisation and Industry 4.0 consequently changed the markets
requiring particular competences to provide the products demanded. Continuing
industrial change and modernisation increases both the demand for investment in
modern equipment and the level of capital goods products alongside the increasing complexity of manufactured goods (O’Sullivan and Mitchell 2013; Dolphin
2015). A changing international division of labour based on newly industrialised
countries and increasing international trade contribute to the continuously
expanding markets for higher value added products. Consequently, industrial
development in diﬀerent countries derives from divergent opportunities
concerning the manufacturing of consumer products and capabilities in the
design of capital goods and complex products.
Such industries became highly attractive because these took particular
advantage from processes of industrialisation elsewhere. To meet such
constantly emerging and increasingly demanding opportunities, divergent
competences were required. Such products were based on divergent competences, which were contributed by diﬀerent partners or departments when
they collaborate to meet market needs. The competences developed along
with industrialisation and the increasing competition among manufacturing
industries in areas of mass production created a continuing demand for better,
more eﬃcient and precise capital goods. Thus, when new technological
opportunities were applied a relationship emerged between manufacturing in
low-cost countries and the creation of appropriate industrial plants. Exporting
such plants and equipment, traditionally by leading industrialised countries in
Europe and the US, consequently allowed them to take advantage of industrialisation elsewhere. High value-added and increasing socio-economic
growth created a strong attraction to such industries also towards these newly
industrialised countries to follow opportunities of innovative development
(Chung 2016; Liu 2016). Similar to European latecomers in industrialisation
(e.g. Germany) more recently countries such as Japan, Korea or Singapore
have changed from being importers of advanced products and capital goods,
to become countries which can also enter such markets based on their own
attractive products.
Such modern capital goods helped to keep locations in such a situation to provide for their markets although labour costs may have increased (Dhéret et al.
2014). On the other hand, countries with low-labour costs and little regulation
may continue to supply markets needing less advanced capital goods.7 The
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demand for innovative tools and equipment may be highly divergent depending
on the situation of a country. The more advanced the products are, and the
higher the levels of their precision, the higher the demands concerning both
human capital and leading-edge capital goods. Consequently the expectations
regarding capital goods vary with the opportunities of existing labour. This
strong relationship induces a competition among capital goods suppliers according to the demands and the levels of complexity required by consumers. Less
innovative products need to be manufactured by less-skilled or unskilled workers
and need diﬀerent and simpler capital goods, which can also be supplied by
newly industrialised countries. The improving competences located outside of
the traditional industrial centres provides the basis for emerging centres in newly
industrialised countries oriented in less advanced capital goods, which meet
particular market demands. Consequently, there is a horizontal competition
among technologically advanced countries and hierarchically with new centres of
expertise gaining competences, which were not available to them before, and
which help to upgrade their industrial development.
Such processes introduce new processes of accumulation of both capital and
knowledge to be invested and applied in research, education and in the modernisation of industries. Nevertheless, there is a divergence of demands to be
met by manufacturers of more simple capital goods, which help to develop
new competences in such countries. Although these may not be state of the
art, they may contribute to more mature manufacturing of less technology
intensive products. Consequently, reﬂecting opportunities in the markets such
competences are highly divergent among countries, because of divergent
supplies of capital goods to these markets and the established research structures
and traditions, which have emerged. Although in diﬀerent markets similar areas
might have been investigated, these were not identical, and because they may
foster further product development they provide a basis for collaboration on
new capital goods and high-value products (Hickie 2006). New technologies
did help to modernise existing products and to make such opportunities
available for new areas of application. The implementation of microelectronics
in the 1980s helped to improve mechanical engineering and to develop
more specialised machines (e.g. concerning parts for electronics or automobile
industries contributing to supply chains). New materials allowed for the
improvement of engines and energy plants, and more recently the improvement
of batteries has allowed for innovation in automobile industries.
Competences from diﬀerent origins were merged when new or fundamentally re-designed products entered the markets. Californian electronics
industries and the ﬁndings of Silicon Valley facilitated the improvement of
mechanical engineering in Germany and Switzerland. While it was research
intensive to develop new products, such as personal computers and smart
phones, it was less complex to manufacture them, and thus this could be
located in countries with low-labour costs and weak regulations. Thus,
highly regarded Apple products are manufactured in China. Other countries
also gained from the transfer of knowledge and manufacturing capacities.
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Korea became a major manufacturer in electronics products, and also
Taiwan has become a home of well-designed personal computers and
mechanical engineering. It is important to see how competences in research
and design on the one hand, and management and manufacturing on the
other hand, can create a particular synergy which is in the end embodied in new
or fundamentally improved products. The diversity of areas and strategies of
innovation matches opportunities in markets and manufacturing to meet
consumers’ demands (Hilpert 2016a).8 Market niches, highly specialised markets
or an optimum combination of technology with particular situations of manufacturing create both opportunities and diversities of socio-economic development
based on processes of innovation, which suit the particular situation.
Such innovative opportunities are not equally available throughout a country.
Individual regions, locations or metropolises develop their own proﬁle based on
industrial structures, available labour and research capabilities matched with
public policy programmes. While they jointly may demonstrate the economic
performance and strength of a country individually they are not identical but
often highly divergent. There were continuously changing situations when new
technologies were applied during periods of industrial development and transportation. Consequently, countries can inhibit highly divergent opportunities. The
number of individual industrial regions or conurbations, which exist within
a country, indicates divergent opportunities when new technologies are ready to
be exploited. This aﬀects a particular industrial sector that may be addressed but
also concerning the application of technologies across diﬀerent sectors based
upon the competences, which are developed during collaboration of the diﬀerent
industries, which co-exist at the same location. The mix of industries may
become fundamentally important when new technological opportunities emerge
indicating that there are cross-industry opportunities.
Consequently, opportunities of innovation vary signiﬁcantly, no matter
whether these are based on new techno-scientiﬁc ﬁndings, new technologies to
be applied or on the capability to organise and manage changing socio-economic
situations. Existing structures, established research proﬁles and socio-cultural traditions create particularly diﬀerent situations. Opportunities in microelectronics
changed mechanical engineering and measurement instruments; biotechnology
changed medical instruments and pharmaceuticals; and new materials changed
automobiles and transportation. The number of innovative opportunities could
be pursued widely and adding to the point that innovative processes are highly
speciﬁc and follow highly divergent tendencies. Such innovative processes
are particularly selective and include regions, which suit the opportunities in
question (Hilpert 2006). The extent to which they can beneﬁt from these
processes depends on how strongly they match the conditions required for
the exploitation of new techno-industrial opportunities, which meet market
opportunities or are the basis for new customers and demands.
While industrial sectors need to be ready to exploit such technological
opportunities, contrastingly, new technologies frequently can be applied in
divergent situations and in a number of industries and products. Such
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technologies link to divergent situations and allow multiple opportunities for
producers of technologies to meet the demands of a rich number of customers,
who rely on new technologies to make their products more innovative
and continue to perform strongly in their markets. Such producers of new
technologies, which are applied to a ﬁnal product, are less dependent on markets for particular products but they need to keep their technologies innovative
and applicable in many diﬀerent industries (Sabel et al. 1991).9 The situation
associated with the new producer of the electric automobile Tesla and
other brands of electric cars presents impressive examples. When designed and
manufactured, more than 60 per cent of the parts for Tesla cars, come from
German suppliers, predominantly from Bosch (private conversation with the
author). While Tesla must directly compete with the electric car market, the
suppliers can provide parts for all the brands and can take advantage of their
competence for other products and markets. Thus, developing and providing
new technological opportunities allows for a change in design and innovation
in automobiles. In combination with the existing level of innovation, which is
already achieved in the ﬁnal product, manufacturing, market supply and management processes of innovation indicate a strong diversity concerning the
quality of the ﬁnal product, the individual markets and the socio-economic
eﬀects of such processes. Consequently, there is a rich diversity of innovation
emerging, based on a situation that already exists.
When taking such situations into account it becomes obvious that industrial
structures are important, but there is no need to focus on innovative processes
per se (Breschi and Lissoni 2009). Competences and technological opportunities
at other places can be as important as a complement to the industrial structures
in regions far away from where they were generated. Thus, opportunities are
created across diﬀerent locations, technologies and sectors. The availability of
such opportunities to be combined despite geographical distances increases the
potential of innovative initiatives and processes (Hilpert 2016a). Diversity
becomes richer, as more potential industries are emerging, most opportunities
for new technologies are developed to suit such industries. Consequently, the
globally growing number of locations of particular industries and competences
allows for a constantly increase in the number of innovative situations.
The more speciﬁc such technologies became and the more these were
applied across industrial sectors, the more divergent were the situations built
upon the capabilities of clearly identiﬁable geographic areas (Bellini and Pasquinelli 2016). Such innovative situations emerge from opportunities
induced because of individual combinations of industrial competences with
new technologies, which are rarely replicated elsewhere. In addition, as the
relationship between distant contributors to innovative processes is generally
increasing, transportation becomes crucial for both collaboration on research
and design and also for shipping parts and products. Thus, processes of
innovation emerge in highly divergent situations following diﬀerent opportunities and rationalities, but they are identiﬁable as a relationship between
existing industrial competences and the opportunities of new technologies
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in particular situations which are arranged by companies and researchers, or
which relate to particular public policies.

Dynamisms of divergent opportunities – constellations of
innovation and contextualisation
Although structures indicate existing competences and opportunities of
innovation the process itself and the diversities documented clearly demand
particular activities which change situations and allow for innovative ﬁndings
and new products. The more advanced products and industries are, the more
vital is the demand for academic and technological research. Thus a constant
demand for various areas of public and private research is emerging and even
increasing. Collaboration in public research across countries and continents
builds bodies of knowledge and competence which in turn are related to
particular regions or metropolises within countries. Due to the fact
that strong competences are available only at a limited number of locations,
consequently, newly launched government programmes on new areas of
research are realised predominantly at established Islands of Innovation. Those
locations can be clearly identiﬁed geographically and provide by far most new
ﬁndings and opportunities.
Metropolitan situations have shown their strength in becoming hubs of
such processes and they converge strongly with the collaborative system of
Islands of Innovation. Innovative situations in metropolitan locations meet
large labour markets for knowledge workers, which allow for people to
change jobs and for opportunities for spouses to ﬁnd employment (Power
and Lundmark 2004; Coulombe and Tremblay 2009). In addition, the locations of leading-edge research attract academics, researchers and knowledge
workers to take jobs in such stimulating environments (Mahroum 1999;
Laudel 2005; Hilpert and Lawton Smith 2013; Trippl 2013). It is most
interesting that the attraction of such locations continues over long periods of
time and they are frequently recreated in diﬀerent technologies at diﬀerent
points in time (Hickie 2006). Islands of Innovation have continued their leading position over three decades and despite the fact that dramatically increased
funding opportunities in the leading countries allows for other locations to
participate in such research areas (Hilpert 2016d) and to attract knowledge
workers to take jobs in such newly emerging locations (Hilpert and Lawton
Smith 2013). Simultaneously, new industrial countries have been successful in
building centres of excellence in particular areas of academic research, which
became recognised globally as partners in collaborative research (Mahroum
2000b). Thus, Seoul in Korea, Shanghai, Beijing and Hong Kong in China,
Bangalore in India, and Singapore in Asia have emerged as Islands of Innovation
concerning academic research, while at Rio de Janeiro or Sao Paulo in Brazil
such opportunities are identiﬁable (Chung 2016; Hilpert 2016d).
Existing Islands of Innovation and newly emerging innovative locations outside of the traditional centres in western countries beneﬁt from complementary
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dynamism. Vital processes in outstanding Islands of Innovation help to
continue modern industries or to modernise existing industries, while simultaneously additional competences from new industrial countries contribute to the
global body of knowledge and allow for additional collaborations and more
research ﬁndings to be applied. Although leading-edge research continues to be
dominated by Europe and the US, there are newly established contributors
when the opportunities for innovation are increased.10 Consequently, hightech industries or industries based on high-tech products can also emerge at
diﬀerent places to the established innovatory processes, which have already
become well known over the last few decades. As new competitors emerge
using additional competences there are also new collaborators available to
participate in a rich diversity of innovation, and which can also contribute
based on divergent cultures of research.
Participation in innovative development is fundamentally based on the
capabilities which exist at individual locations. In science-based innovation
participation in such collaborative networks is based on the building facilities
of leading-edge research. Attractive opportunities in research and a thoughtprovoking environment help to bring innovative academics, researchers and
knowledge workers to a particular location (Mahroum 2000a; Marginson
2006; Lawton Smith and Waters 2013; Hilpert 2013a). Due to new ﬁndings
in research and well-regarded publications such locations are noticed because
of their capabilities and become highly acceptable partners in research projects
and locations for an exchange of scholars and personnel. Such vital situations
can be arranged widely through government policies, which support research
and education in particular areas. Although it may take some time to become
recognised globally, some countries manage both to contribute to and participate in such networks almost within a single decade.
Spin-oﬀ enterprises from university research and university education, which
also meet the regional demand for skills and competences, provide the basis for
the future economic exploitation of research and academic knowledge. Since
such enterprises also hold patents or are appropriate partners in R&D, simultaneously, they are active in the transfer of knowledge and technology to individual
larger ﬁrms or entire industries. While the number of highly innovative research
institutions and enterprises at a location allows for a greater number of fruitful
collaborations, in addition, this situation also helps to develop innovative
processes within a country and region (Simonen and McCann 2008; Breschi and
Lissoni 2009). Consequently, such situations are characterised by a concentration
on particular technologies and areas of research, which are favoured by the
countries in question (Abel and Deitz 2009).
While building research centres can be achieved within a foreseeable
period it is much more time consuming and diﬃcult to establish an industrial
competence to manufacture highly complex technological products based on
an industrial history. Engineering helps to continuously improve products and
the organisation of manufacturing. While the product itself might not be new
(e.g. aircraft, automobiles, mechanical engineering, transportation, telephones,
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optical and medical instruments) the application of new technologies had
a fundamental impact by changing the product (Hickie 2016). Such constant
improvements rarely demand immediate redesign of products or
a reorganisation of manufacturing. Skills of blue-collar workers continue to
be important and modernisation through the additional competences of
workers help to take advantage of existing tacit knowledge in relationship
with new technological opportunities.11 Products and economic exploitation
consequently demand such competences to allow for innovation.
New opportunities need to merge with the capabilities of existing industries
to induce technology-based innovation. The skills of blue-collar workers, thus,
become of critical importance for the economic realisation of innovation.
Workers’ tacit knowledge is important to apply such opportunities, because it
widely contributes to modernisation that has socio-economic eﬀects. Taking
these factors into account industrial competences, a skilled workforce and the
capability of particular products is a basis which turns opportunities into
techno-industrial innovation of socio-economic signiﬁcance. Such situations
relate to particular development and competences in various areas, which
cannot be built or transferred to another country or region easily. Consequently, processes of technology-based innovation, which require complex
constellations of knowledge and skills, are closely related to particular contexts
at those locations. It is clearly the relationship with the existing context which
facilitates innovative impact when meeting new or changing markets.
New technologies need to relate to industries that are ready and prepared to
apply and to take advantage of such opportunities. The improvement of ﬁnal
products will strengthen their market position and the modernisation of plants
will make manufacturing more eﬃcient and proﬁtable. Such reference industries
are characterised by highly individual circumstances forming divergent contexts
because of both the innovative development and existing industrial structure at
a location, as well as how the country is positioned in the global division of
labour. Consequently, there are situations of research and technology-based
innovation, which emerge from competences of existing industries and exploit
opportunities in particular markets (Hickie 2006). Socio-economic and political
contexts are important for innovation and they are decisive concerning participation in particular area of research. The context of a location or region needs to
suit the opportunities of new technological opportunities under the conditions of
both a global division of labour and global networks of collaboration.12
In countries and regions with highly innovative industries and enterprises
appropriate situations can be supported or even organised by government
policies which address highly skilled labour of all kinds and leading-edge
research. The continuous upgrade of the labour force and constant support in
particular areas of research helps to keep regions innovative. Thus, because of
the constantly increased application of research and technologies to manufacturing there is a growing number of blue-collar labour who are university-trained
engineers. Government policies addressed to both education and technoscientiﬁc research help to provide a basis for highly innovative products, which
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exhibit high values added. The extraordinary qualities of a product and opportunities for its application immediately create a market, which is formed by those
who expect an advantage from exploiting such leading-edge technologies. The
context of such innovation is formed by the situation of consumers creating
a demand for such technological products which can be provided in regional or
local situations ready to realise innovative developments, which are aimed at
matching such demands. Strategic policies can help to build such innovative
situations because they support the labour force required to apply technological
opportunities during the manufacturing of high value-added products.
Markets and competition can create situations of continuing innovation in
manufacturing technologies and of the more eﬀective management of globalising
industries. Digitisation and processes, which are associated with Industry 4.0 can
provide opportunities for the relocation of manufacturing.13 While low-labour
costs were a basis for the dislocation of many areas of simple mass production to
Newly Industrialising Countries, currently, there are tendencies for an even
more complex system of global division of labour. In some longer established
industrial areas a return of manufacturing is expected and, simultaneously, in less
innovative countries processes of industrialisation require a changing relationship
between low-cost manufacturing and the application of new technologies. There
might be situations where the introductions from early periods such as Industry
3.0, or even 2.0, can help to provide some innovation. Such a situation needs to
be complemented by organisation and management, which takes advantage
of new technologies, namely information and communication technologies.
Consequently, current situations do not provide early opportunities of early processes in less-developed countries to catch up with leading Western countries in
particular industries. The current situation, which allows for an introduction of
technologies from earlier periods of industrialisation, demands complementary
technological and managerial advances to cope with a continuously changing
and challenging globalisation.14
Again, contextualisation is decisive for innovation.15 While a certain technology might be out-dated in leading innovative countries they can have an innovative impact in other situations where they are matched with low production costs
and cheap labour. But, modern technologies create a new relationship between
markets and consumers in a global division of labour. In particular information
and communication technologies introduce wide-ranging changes. Digitisation
characterises such changes in globalisation and, simultaneously, allows for a new
deﬁnition of tailored contributions, when the gig-economy helps to exploit
cheap university trained labour in less-developed countries. When jobs can be
‘Taylorised’ into pieces and result of their work can be transferred via internet,
consequently, then orders will go to locations and countries where this can be
achieved at low costs. Thus, new technologies associated with digitisation and
Industry 4.0 can be found in diﬀerent situations, which refer to changes based
on diversities of innovation.16 When particular arrangements of industries,
techno-scientiﬁc research, skills, markets and costs meet new technologies there
are diﬀerent opportunities creating rich diversities of innovation.
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Such processes frequently address existing markets with new, better and
additional products but the formation of new markets creating a demand can
also help to induce innovative solutions. While existing markets widely exclude
people with small incomes from participation, in contrast, the formation of
suﬃcient markets based on large numbers of people can create economically
interesting opportunities. The diﬀerent instruments and opportunities of government policies can help to create situations ready to apply improvements to
services and make available technologies which were absent before.17 Again,
the relationship between existing socio-economic situations and innovation to
improve these situations is important. The diﬀerent situations when Western
highly industrialised countries are compared to Newly Industrialised Countries
(NICs), or even less-developed countries, provides a large area for improvement based on technologies, equipment or processes, which are outdated or
inappropriate in more technologically advanced countries but can induce an
innovative push and contribute to strengthen socio-economic development in
other countries or regions. The context is important to understand what is
considered to be an innovative process in a given context. Divergent socioeconomic contexts clearly indicate divergent processes of innovation.
While these situations and processes are very diﬀerent and often lagging far
behind when looked at from leading-edge countries with advanced technological
opportunities, nevertheless, these can be complemented by modern and current
technological opportunities. Such combinations of less advanced equipment with
appropriate new technologies make these innovative processes particularly individualised. It is not just to catch up through diﬀerent phases of industrialisation
and development, as currently leading countries did before, but it involves building their own markets and opportunities by beneﬁtting from new technologies
when applying those in situations where they match less advanced situations.
Such contexts can be arranged through organisations which aim at collaboration
and through government policies that take advantage of existing opportunities
concerning diversities of innovation.18 Organising markets, of course, is not just
about introducing new technologies. This demands an idea or policies,
which recognise the opportunities that exist in the situations they are facing.
Such contexts do emerge in vital markets, but the character of the demand can
also change to create more socio-economically advantageous markets.
Capable management and appropriate organisation play crucial roles in
inducing innovation. The more complex such processes become the more
obvious is the importance of non-technological contributions for eﬀective
implementation. The organisation of even a low-income population can
provide a context that allows for better medical services, which is a signiﬁcant
improvement, although they may not yet be as state-of-the-art as in leading
western countries. Organisation and management is clearly important for
providing a context which allows for innovation. Similarly, although it is
a very diﬀerent situation, the highly complex organisation of aircraft industries
with all their suppliers and application of new technologies and materials
provides an example that refers to the demand for particular structures in
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management and how these allow for the formation of the context required
for innovation.19 They need to take the opportunities to transform the context
and to induce new and innovative situations. Thus, almost any kind of demand
can provide opportunities for innovation and modernisation once these are
organised to form a situation that creates new markets for products and
services. New technologies help to manage this by building linkages across
countries and continents, which create divergent processes of innovation
according to the context they encounter (Hickie and Hilpert 2016).
Consequently, innovation varies due to its character in relation to both
the kind and level of technology. Innovation does not exclusively follow from
leading-edge technology and ﬁndings. It can also be generated by the application
of existing technologies in diﬀerent situations. Even such technologies, which
may be outdated in leading western locations and countries can help to advance
other situations. Nevertheless, the combination with some recent technologies
(e.g. communication and information technologies or biotechnologies) indicates
particular new processes for development. Although this may help some of
developing countries or regions to identify their potential of innovation, it clearly
indicates that such processes are highly embedded into the global processes.
While leading-edge research and technologies build networks of innovation
based on collaboration in research as well as in economic exploitation, even the
processes, which can be identiﬁed in such less-developed situations demand
complementarity in globally available technologies.20 Although there are particular opportunities for national or regional policies it is obvious that the national or
regional identiﬁcation of innovative opportunities always includes the global
environment of both available technologies and markets. Such phenomena
emerge from constellations of individual situations and how these are embedded
into a global environment.

Societies matter for socio-economic development
Industrial structures and innovative processes require particular competences
and skills in the labour force. The better the skills and the more those match
the requirements of modern industries and advanced products, the better are
the opportunities for innovation.21 Complex products with high value added,
in general, need matching labour of high competence. It is important
to understand the relationship between such labour and opportunities for
innovation. While there are additional opportunities from applying new technologies, new materials or ﬁnding new areas of application, there are also
regional situations characterised by a particular mix of industries, enterprises
and labour force. Consequently, innovation is not just based on research,
enterprises and industrial structures but simultaneously requires social
structures, which are characterised by skilled labour. A mismatch of skills
clearly limits the opportunities for beneﬁcial economic eﬀects based on
manufacturing, whereas a rich variety of skills and competent enterprises
increases the opportunities for applications, which allow for a transfer of
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innovative competences across industries as a basis of new solutions, improvements and new products.22
It is a match of industrial structures, products and the skills of the labour
force, which helps to identify innovative opportunities. While most advanced
industries, and the continuous upgrading of skills and the rising percentage of
highly skilled personnel within the labour force, help to apply most complex
technologies and advanced manufacturing processes; it is also clear that less
advanced industries cannot take advantage of higher skills to a similar extent.
Migration of such labour can be identiﬁed. This is well known among
knowledge workers, researchers and academics. Countries such as India and
Italy are constant exporters of university-educated labour and those holding
a PhD (Khadira 2001; Murano-Foadi and Foadi 2003; Ackers 2005; Laudel
2005; Marginson 2006). There is a frequent and constant exchange of personnel following the locations of Islands of Innovation and building a network
among the regional innovative labour markets which widely converge with
networks of collaboration concerning techno-scientiﬁc research and the
economic exploitation of new technologies. (Hilpert and Lawton Smith 2013;
Trippl 2013). Consequently, particular innovative regional or metropolitan
societies are characterised by rather speciﬁc social structures, which require
highly skilled people and a signiﬁcantly higher proportion of population from
abroad.23
Societies need to match the demand for both skilled blue-collar labour and
university-educated labour in innovative industries.24 Nevertheless, new technologies can also match the needs of particular locations, which are characterised
by the needs of mass production industries. This may refer to textile and clothing
industries as well as to the manufacturing of electronics products such as laptops
or mobile phones. Low transaction costs and cheap unskilled labour continue to
the advantage of China and the countries in South East Asia. Even rather
custom-made production can be achieved despite geographic distances. Suits,
shoes, shirts or rather simple metal products can be ordered to precise measurements and in particular via the internet, transmitting the precise information.
Modern transportation systems help to reduce delivery periods and to provide
markets close to the time of order. Three-dimensional measurements, transfer of
the design and individual demands concerning material, outﬁt or variations can
be transferred electronically and fabricated according to the customers’ demands.
Costs and prices for such products are reduced and, consequently, help to
expand such markets. Similarly, costs of advanced electronic products (e.g.
personal computers or smart phones) can be kept under control and meet
the demands of markets rather spontaneously. Such transfer of information for
manufacturing products can be conducted electronically. This helps to organise
ﬂexible manufacturing, In addition, the transportation of an individual product
can be followed or steered according to changes in demand.
Similarly, in agricultural production, newly developed and highly fertile
seeds can be applied without fundamental changes in the crop or harvest.
While small farmers may not change their habits and local forms of agriculture
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may continue, they can take advantage of newly bred crops, which of course
creates a market for such seeds in future. Also in industrially organised agriculture the work practices do not change a lot, but new seeds and new farming
equipment are developed and applied. Even printing books and journals can be
separated. While printing journals and books demanded typesetters, today print
follows from computer-based work and does not require such competence
at the location of the work. The ﬁnal work and the typesetting are entirely
diﬀerent contributions and are realised in diﬀerent places. There is no need to
be capable reading or setting type when print can be realised on the basis of
electronically transferred proofs.
Thus, when these new technologies are introduced, they need not to be
complemented by social classes that have gained high-level skills and advanced
education. Basically, the work that needs to be done has not changed a lot.
Sewing high-end clothing, manufacturing expensive shoes, assembling smart
phones or growing crops continues and demands little new or additional
knowledge. Whereas management of such business and the organisation
of work and manufacturing has widely changed because of new information
systems, the electronic transmission of design or fast intercontinental transportation. Workers in factories or in the ﬁelds face rather marginal improvements of
their skills. Whereas those who run and maintain the equipment or manage the
processing of an order and contact with distant customers have to improve
their work capabilities with regard to technologies, language and appropriate
process organisation. Nevertheless, there is a rather limited social change
towards higher skills and a well-educated population. Such organisation of economy and manufacturing, or growing crops, can merge with new technologies
and contributes to a continuation of globalisation, which favours advanced industrialised countries as developers and providers of such technologies and products.
Although the transfer of manufacturing competences through plants and
assembly lines, for example the automobile, steel or chemical industries (e.g. in
Mexico, Brazil, India) did help to establish such industries. On the other hand, it
it did not help much to build a strong infrastructure in research and development
or design. Industrialisation continues to be widely oriented towards simple
products and thus has little impact on building innovative societies, which
require higher skills and education.
Nevertheless, reverse engineering helped to introduce an aircraft industry
in Brazil based on smaller airplanes. When copyright, licensing and patenting
was ignored in China or India this has helped to develop industrial competences, as have well-known processes of foreign investments, which were
made by enterprises from leading western countries. Within former Third
World countries, locations emerged based on industries and labour and ready
to develop markets on the basis of their own products and on their own
competences in research, design and manufacturing. Personnel could become
highly skilled and well educated and today form societal situations which
continuously help to provide the labour demanded by the modern manufacturing of products, which relate to modern industries and higher value added.
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Consequently, advanced industries can be established in such countries and
the supply of jobs helps to keep skilled and university educated labour at
these locations. Taking advantage of certain market opportunities was related
to social change, which is characterised by the growing share of people with
skills and the level of education required.
While this indicates that there is already development, which relates to
particular opportunities provided by the diversity of innovation, it again demonstrates the importance of an appropriate workforce and the jobs created. Thus,
India has managed to establish a particularly well-recognised development in
Bangalore which started with the electronics industry and software. It became
one of the centres of computer games in the world. In addition it is well known
for its competence in biotechnology. Similarly, metropolises like Singapore,
Shanghai, Beijing, Hong Kong, Seoul, Rio de Janeiro or Sao Paulo became
recognised centres in biotechnology attracting gifted researchers, knowledge
workers and academics to take jobs (Hilpert 2013a, 2016d). But, simultaneously,
India is an example of a country, which constantly is an exporter of talent and
university educated labour force. (Mahroum 2000b; Khadira 2001; Marginson
2006). The leading universities of the country produce graduates with a high
international reputation.
Such individuals frequently aim to take attractive job opportunities abroad
(predominantly in North America or Europe). Also well-educated engineers
or researchers of East Asian origin leave their countries and frequently start
enterprises (e.g. in Silicon Valley) or are highly recognised employees of
innovative ﬁrms (Mahroum 1999; Saxenian 2002; Ackers 2005). Thus they
contribute to innovative societal situations abroad and continue to do so
because of a lack of jobs in their countries of origin or because they enjoy
the diﬀerent social culture they now live in.25 Consequently, the match of
innovative jobs with appropriately skilled and educated personnel helps to
build a regional society, which is characterised by the agglomeration of such
individuals, while in their home countries their contribution towards an
innovative society is missed (Ackers 2005; Farwick 2009). Simultaneously, in
the regional or metropolitan contexts where they migrate to, there is a clear
tendency towards both an internationalisation of such locations and
a population from diﬀerent national and cultural backgrounds (Saxenian
2002; Ackers 2005; Regets 2007).
Within individual countries trans-regional migration of highly skilled bluecollar workers was already well known (Ackers 2005). After 1990, in Europe
such highly skilled blue-collar labour became increasingly mobile because they
were free to move to other countries such as Britain or Germany. Labour
markets attract innovative personnel and help to supply the workforce, which
is required for modern economic processes. Hiring such additional personnel is
limited to the number of jobs to be ﬁlled and so will not necessarily balance
the available jobs with the available labour force in regions and countries with
an oversupply of skilled personnel.26 Although this allows for a ﬂow of skilled
personnel a mismatch in the exporting regions or countries will continue due
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to the lack of appropriate jobs. Thus, skilled labour may exist in the exporting
regions or countries but it needs to match industrial opportunities to support
innovative processes. While innovation demands skilled labour to generate
socio-economic eﬀects, the labour needs to match opportunities of technoindustrial innovation.
Existing mismatches have serious eﬀects on societies, because, existing skills
cannot be exploited for innovation and higher value-added production. When
labour markets for such employment are not available employers demand either
additional education and further training or else jobs requiring less-skilled labour
are ﬁlled with overqualiﬁed and experienced personnel (OECD 2017).
A realisation of innovation and the generation of socio-economic eﬀects needs
a match of skills in the areas of modernisation. A labour force, which is formally
well skilled but does not meet the areas of competences, which are required by
modern and innovative industries, will not help such processes nor will
make such places and attractive to locate advanced manufacturing. Focussing on
university-trained labour, or on areas which are not currently demanded by such
enterprises, will have neither a positive impact on socio-economic development
nor on employment similar to that in leading countries or regions. The simultaneity of both innovative industries and innovative societies provides the basis for
innovative processes because there is a match of industrial competences and
a skilled labour force.
This highlights that it is not simply that skilled labour has to be available, but
also that these skilled workers need to be suited to the innovative processes in
their labour market. Given there is no match with the current opportunities
there will be neither a strong enabling of existing industries and enterprises, nor
will there be an attraction to locate particular areas of development and manufacturing to such places. While in well-matched situations, skills help to constantly
modernise industrial structures,27 this can hardly be noticed or expected where
this match is missing. Thus, one can identify processes, which are the opposite to
those based on established innovative societies. A continuing mismatch will
reduce opportunities of innovation and induce a tendency to increasing societal
polarisation. There is little innovation, less higher value added and only few can
participate in this socio-economic development. Societies, which do not exhibit
an innovative potential based on appropriate skills and education are at risk of
falling behind and to have a growing population of skilled but inappropriately
employed labour force.
While skills and education in innovative societies help individuals to
participate in socio-economic development they cannot experience such
a positive tendency in less innovative societies. Thus, the lack of attraction
towards innovative industries to locate new plants and departments of research
and development at such places introduces an attraction for particularly wellskilled and educated personnel to migrate to other places (Mahroum 2000a;
Laudel 2005; Favell, Feldblum and Smith 2006; Marginson 2006).
Consequently, locations, which are characterised by these situations, have
strong disadvantages concerning opportunities for innovation because there is

24 Ulrich Hilpert
a lack of appropriate industrial structures and a problem with supplying the
labour force which matches the demand for skills as a basis of innovation. This
is a diﬃcult situation, because skilled labour will not ﬁnd jobs nor frequently
stay in the region because of the existing labour markets. On the other hand,
new job opportunities are hard to provide since enterprises will not open
new plants nor will start-ups emerge in large numbers due to the lack of an
appropriate labour force. Nevertheless, suitable social structures and societal
situations can be arranged during processes of development.28 Over a period of
generations a matching can be eﬀective, when combining industrial development based on advanced industries and higher values added with government
policies, which support the constant development of a skilled labour force.
This helps to establish a societal situation, which is characterised by welleducated individuals ready to ﬁll jobs in innovative industries.
The availability of such labour is important to allow for both products
with higher value added and complex technologies. When taking into
consideration that innovative processes are clearly characterised by regionally
divergent processes of innovation this also indicates that regional societies and
innovative industrial regions need to create matches for such development. In
particular, Islands of Innovation, which are frequently based in metropolises
are also both participating in, and contributing to, continental and global
networks. Competences and products are exchanged as well as innovative
labour moving among the regionalised innovative labour markets and
integrating into both the innovative industries’ labour forces and the metropolitan societies. Among these Islands of Innovation rather similar structures
of both innovative industries and innovative societies have emerged and
mutually contribute to innovative processes, which are widely globally and
continentally embedded (Hilpert 2013a; Hickie and Hilpert 2016). A constant
process of collaborative innovation within such networks of both R&D and
economic exploitation has helped to further develop structures which are
beneﬁcial for all who participate in such exchanges. Established educational
systems and universities, which are ready to provide graduates with the competences required enjoy support from public policies from diﬀerent levels of
government (Bercovitz and Feldman 2006).
While these are existing structures to be continued according to opportunities for innovation countries, regions and metropolises which aim at innovative
processes, they will have to manage social change in a way that supplies the
existing and emerging demand for a skilled and well-educated labour force.
Societies which cannot build the skilled labour required will face problems in
innovative development and consequently during future socio-economic development, providing attractive jobs and sustainable industrial structures. Those
countries will generate an outward migration of highly skilled labour, which
does not match the labour markets formed by the demand of enterprises and
research institutions based in the sending region or country. Regional or
metropolitan societies, which are characterised by a mismatch of skills will not
have a positive impact on prosperity but may face frustration from those
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employed in jobs below their skills and competences. Thus, similar to divergent
industries, technologies and traditions in academic research and cultures the
societal situations of locations vary a lot and indicate additional diversities,
which are important at a basic level and have to be taken into consideration
when understanding or inducing processes of innovation which suit the existing
situation.

Diversiﬁed innovation
There are many diﬀerent situations and constellations, which inﬂuence the
individual processes of innovation. The relationship and driving forces for such
development diﬀer according to existing situations and emerging opportunities.
Thus, innovation can be identiﬁed both as a process and by its result. This
means, that products, services or the organisation of innovative manufacturing
play a role and indicate that industrial structures and enterprises matter. Diﬀerent
products, specialisation or divergent application of new technological opportunities indicate the diversities of such processes, which need to be understood to
have a better idea of innovation in general. Consequently, speciﬁc competences
provide a basis for innovation, which relate to the exchange of29 knowledge and
the synergy of collaborations for new products. Clusters indicate such diﬀerences
(Lawton Smith and Waters 2005; Simonen and McCann 2008), but even more
interesting than a regional concentration of particular enterprises are the innovative opportunities, which include particular technologies, competences, research
and skills for marketable products. While these inhibit particular opportunities
and address new areas of industrial development certain new technologies
they may not respond to other technologies or opportunities. Geography is an
indicator for (Bercovitz and Feldman 2006) innovative processes, which exist in
some situations or are not available in other constellations. It relates to on-going
processes and indicates which enterprises and competences are included or
related by collaboration in spite of geographic distance.30
Industrial sectors and competences, traditions in technologies and academic
research or markets, which are supplied, are important to identify how
diverse the geography of innovation is and where regions or metropolises can
participate. It helps to visualise the diversity, but the process itself requires
a workforce that is ready to manufacture innovative products or to oﬀer
innovative services. Highly skilled blue-collar labour, experienced knowledge
workers and engineers, or gifted academics are not located in a geographically
even distribution, although the general structures as indicated before may be
similar. The uneven distribution of a workforce and diﬀerences among regional
societies in the orientation towards skills and education indicate additional
diversities concerning socio-economic development based on the exploitation
of innovation and technologies. Although regions and their structures may tend
to be similar due to such societal diﬀerences and the existing labour force there
are signiﬁcant diﬀerences in coping with technological change and innovative
processes (Hilpert 1992). Regional or metropolitan societies of highly skilled
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and well-educated workers provide a fundamental basis for such modern socioeconomic processes. Shared attitudes of workers and entrepreneurs towards
new technologies, and continuing change based on innovation associated with
permanent adjustment and the modernisation of competences, allow ﬁrms and
regions to take advantage of such changes much more spontaneously than
orientations towards keeping and protecting established situations and
structures.
Such a situation, which provides for the structure required and the labour
force to realise the socio-economic development is embedded in a particular
context. The process can have its positive eﬀects only if both collaborators for
academic research and for industrial R&D are available. Leading-edge research
reaches out into new areas. While established areas of research have already
formed their centres of excellence and provide for university-educated labour,
new areas are based on a rather small scientiﬁc community, which has just
emerged and is still limited by the number of institutions and individuals
involved. Consequently, the lack of an academic labour force of a particular
region or metropolis is balanced by the most eﬃcient exploitation of those
knowledge workers, researchers or academics who are ready for collaboration.
International networks are formed to collaborate on such new research
questions (Criscuolo 2005) followed by new ﬁndings, which are generated
within such networks. Since these initiatives provide the basis for spin-oﬀ
enterprises and start-up ﬁrms there are also economic partners emerging for
collaboration on marketable products (Simonen and McCann 2008; Breschi
and Lissoni 2009; Hilpert 2013b). Thus the context is widely inﬂuenced by the
relationship with an international situation of collaboration and competence on
the one hand, and marketable products on the other hand.
Thus, even technologies, equipment or skills, which are not state of the
art, can induce innovative processes, when compared with the previous
situation. The context and situation in the light of production costs can
form constellations of resources, which are considered as an innovative
improvement when compared with a previous situation. Similarly, services
can be regarded as innovative in a particular context although they may not
be state-of-the-art.31 The arrangement of a context by forming markets
even on a national basis can help to generate innovative improvements and
can contribute to solutions of problems or standards of living. Although
innovation is frequently understood in relation to state-of-the-art technology, products or services, using less advanced technologies can also have
favourable socio-economic outcomes, provided they are addressed to the
satisfaction of current market needs. The embeddedness of such situations
and their relationship with markets helps to create innovative initiatives,
although such technologies, organisations or markets in leading-edge contexts are outdated and may refer back to quite old industrial history. The
implementation of technologies and the organisation of manufacturing,
which are not at the state of Industry 4.0, are perfect examples to understand why these may be innovative in other situations.
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Processes of development are understood in the light of these situations
and existing opportunities. Since technologies or typical periods of industrial
development can be identiﬁed along long waves they can be at diﬀerent
levels of innovation although they refer to similar technologies (e.g. cars,
machines, electronics). Innovation and change are rather closely related.
Although the context is important for what is considered to be of innovative
impact, clearly, there can also be an application which is more at the forefront of innovation or which refers to maturation of a technology. Positions
of countries, regions or metropolises diﬀer by industries, technologies and
over time during periods of socio-economic development. The relationship
between the level of innovation and both the situation and the context
characterised by a particular point in time is important to develop a deeper
understanding of processes of innovation. This helps to identify the emergence of opportunities, the continuation in a diﬀerent context and the
change of opportunities in processes of development and change.
In taking this into consideration there is a clear relationship with societal
structures characterised by increasing social classes with high-level skills
and education as a basis for innovation. This indicates the positioning of
countries and industries during such developments of long waves32 and the
relationship with the time to change social structures according to the
demand for a higher-skilled labour force for advanced jobs. Innovative societies are characterised by permanent change towards skills and university
education by gross numbers, share of the labour force, social classes and
gender. While there is discussion about the demand for human capital by
innovative industries it needs to be understood that to realise innovative
processes such a labour force needs to be developed prior to the demand for
it. Again, time and processes of development are to be understood in the
light of innovative processes, which follow to, and from, such structures
and opportunities.
Consequently, innovation is characterised by its diversity of sources,
situations, contexts and processes over time. In addition there are diﬀerences
concerning industries, research ﬁndings, available skills and social cultures,
which inﬂuence how such processes are realised and become empirically
identiﬁable. This also refers to the rich diversity of processes and opportunities for innovation allowing countries, regions or metropolises to position
themselves according to their potentials and contexts. When understanding
innovation as a process it allows for learning about the interrelationship
among its diﬀerent elements and how these contribute at a particular point
in time, while understanding the context and driving forces. Government
policies support diﬀerent activities (e.g. scientiﬁc research, industrial change,
skills and education, markets and trade) focussing on particular industries,
technologies or skills. A closer look into the diversities of innovation
will help to both understand why these cases are so highly speciﬁc and,
simultaneously, to get a better idea of the general innovation process and
how it is inhibited by the empirical diversities.

28 Ulrich Hilpert

Notes
1 See the contribution by Michael Vassiliadis. See also the problem of lacking
skills and the diﬀerence between basic education and skills acquired through
training on the job in the contribution by Paul M.A. Baker, Matej Drev and
Mariza Almeida. Although a basic education is fundamental to develop
a skilled labour force, the system of gaining skills is important for the
innovative processes to be realised or to participate in.
2 For the relationship between industrial development, societal change and education
see also the contribution by Sunyang Chung to this book.
3 Concerning the role of metropolitan situations and the clustering or concentration
of competences and innovative industries see the contribution by Alberto
Bramanti.
4 For a better understanding of the role of metropolises and the collaboration
among such agglomerations see also the contribution by Xiangdong Chen, Ruixi
Li, Xin Niu and Valerie Hunstock to this book
5 See the contribution by Walter Scherrer on long waves of economic development,
when thinking about where a particular country or industry is positioned during processes of innovation and maturing of industry.
6 See the chapter by Alberto Bramanti on the contribution of innovation to existing
industrial structures and their future development.
7 See the contributions by Michael Vassiliadis and the one by Paul M.A. Baker,
Matej Drev and Mariza Almeida on the role of innovative and skilled labour for
modern industries.
8 See the contribution by Desmond Hickie, Neil Jones and Florian Schloderer on
the importance matching both innovative opportunities and market opportunities.
9 See the chapter by Alberto Bramanti on how such innovative opportunities can
contribute to existing industries and potential products.
10 See the contribution by Marc-Alain Rieu referring to the increasing demand for
collaboration because of the intensive competition on new technologies and new
products applying new technological opportunities. Consequently, academic
research and economic exploitation is becoming more and more transnational
continental or global.
11 Concerning the strong contribution of highly skilled labour and blue-collar workers
for socio-economic eﬀects of innovation see the chapter by Michael Vassiliadis.
12 Concerning the relevance of context for research and innovative ideas see also the
contribution by Alain-Mar Rieu.
13 See also the references of Alberto Bramanti in his chapter concerning opportunities
of Industry 4.0.
14 Regarding the demand for constant modernisation and implementation of new
technologies, materials or management techniques see the chapter by Desmond
Hickie, Neil Jones and Florian Schloderer.
15 Concerning the importance of context for innovation and the diversity of such
situations see the chapters by William O’Gorman and Willie Donnelly also by
Torsten Schunder and Sharmistha Bagchi-Sen.
16 concerning government policies on innovation and some expectations on Industry
4.0 see Alberto Bramanti’s chapter.
17 Se the chapter by Torsten Schunder and Sharmistha Bagchi-Sen concerning the
organisation for better health services and the availability of modern instruments.
18 See the contribution by Alian-Marc Rieu concerning the importance of diversity
as a requirement of creative investigation.
19 Concerning the importance of management to realise innovation see the Chapter
by Desmond Hickie, Neil Jones and Florian Schloderer with regard to the speciﬁc
challenges of aircraft industry. In addition, organising a proper context and
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managing a particular situation which may not immediately be understood as
fundamental to innovation see the chapter by Torsten Schunder and Sharmistha
Bagchi-Sen.
For the demand for collaboration see also the contribution by Alain-Marc Rieu.
See the chapter by Michael Vassiliadis for the contribution of innovative labour
for advanced socio-economic development.
See the chapter by Connie L. McNeely on the important contribution of diverse
social and professional backgrounds to ﬁnding new opportunities of innovation,
application and economic exploitation.
Concerning the relationship between industrial structures and the societal situation
which provides for the skilled labour required see the chapter by Alberto
Branmanti.
See the contribution by Francesco D. Sandulli and Elena Gimenez Fernandez on
the problems of mismatching skills and demands on the labour markets, when
there is an oversupply of skilled labour.
Concerning the role of both a culturally diverse labour force and situation in
enterprises see the contribution of Connie L. McNeely.
See the chapter by Fancesco Sandulli and … concerning the importance of skilled
labour and the problem of a mismatch between industrial structure and labour markets.
See the chapter of Michael Vassiliadis on the importance of a skilled labour force
regarding innovative processes and constant industrial modernisation.
Concerning the role of highly skilled labour for societal change and the role of
processes of innovation for industrial change see also the contribution by Sunyang
Chung to this book.
Concerning the risk of similar research strategies and standardisation of research
and development of new producers see the chapter by Alian-Marc Rieu
Concerning the decreasing need for geographic proximity and the increasing
collaboration despite geographic distance see also the chapters by Xiangdong
Chen, Ruixi Li, Xin Niu and Valerie Hunstock and by Alain-Marc Rieu.
For the innovative eﬀect of contributions which may not be state of the art see
the chapter by Torsten Schunder and Sharmistha Bagchi-Sen on the origination
of a new context to improve the situation, which will be considered as innovative
by those who can enjoy the new and better medical services.
For the development of the the long waves see the contribution by Walter Scherrer
to this book.
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Notes

Chapter 1
1 See the contribution by Michael Vassiliadis. See also the problem of lacking skills
and the difference between basic education and skills acquired through training
on the job in the contribution by Paul M.A. Baker, Matej Drev and Mariza
Almeida. Although a basic education is fundamental to develop a skilled labour
force, the system of gaining skills is important for the innovative processes to be
realised or to participate in.
2 For the relationship between industrial development, societal change and education see also the contribution by Sunyang Chung to this book.
3 Concerning the role of metropolitan situations and the clustering or concentration
of competences and innovative industries see the contribution by Alberto
Bramanti.
4 For a better understanding of the role of metropolises and the collaboration
among such agglomerations see also the contribution by Xiangdong Chen, Ruixi
Li, Xin Niu and Valerie Hunstock to this book
5 See the contribution by Walter Scherrer on long waves of economic development, when thinking about where a particular country or industry is positioned
during processes of innovation and maturing of industry.
6 See the chapter by Alberto Bramanti on the contribution of innovation to existing industrial structures and their future development.
7 See the contributions by Michael Vassiliadis and the one by Paul M.A. Baker,
Matej Drev and Mariza Almeida on the role of innovative and skilled labour for
modern industries.
8 See the contribution by Desmond Hickie, Neil Jones and Florian Schloderer on
the importance matching both innovative opportunities and market opportunities.
9 See the chapter by Alberto Bramanti on how such innovative opportunities can
contribute to existing industries and potential products.
10 See the contribution by Marc-Alain Rieu referring to the increasing demand for
collaboration because of the intensive competition on new technologies and new
products applying new technological opportunities. Consequently, academic
research and economic exploitation is becoming more and more transnational
continental or global.

11 Concerning the strong contribution of highly skilled labour and blue-collar workers for socio-economic effects of innovation see the chapter by Michael
Vassiliadis.
12 Concerning the relevance of context for research and innovative ideas see also the
contribution by Alain-Mar Rieu.
13 See also the references of Alberto Bramanti in his chapter concerning opportunities of Industry 4.0.
14 Regarding the demand for constant modernisation and implementation of new
technologies, materials or management techniques see the chapter by Desmond
Hickie, Neil Jones and Florian Schloderer.
15 Concerning the importance of context for innovation and the diversity of such
situations see the chapters by William O’Gorman and Willie Donnelly also by
Torsten Schunder and Sharmistha Bagchi-Sen.
16 concerning government policies on innovation and some expectations on Industry
4.0 see Alberto Bramanti’s chapter.
17 Se the chapter by Torsten Schunder and Sharmistha Bagchi-Sen concerning the
organisation for better health services and the availability of modern instruments.
18 See the contribution by Alian-Marc Rieu concerning the importance of diversity
as a requirement of creative investigation.
19 Concerning the importance of management to realise innovation see the Chapter
by Desmond Hickie, Neil Jones and Florian Schloderer with regard to the specific
challenges of aircraft industry. In addition, organising a proper context and
29managing a particular situation which may not immediately be understood as
fundamental to innovation see the chapter by Torsten Schunder and Sharmistha
Bagchi-Sen.
20 For the demand for collaboration see also the contribution by Alain-Marc Rieu.
21 See the chapter by Michael Vassiliadis for the contribution of innovative labour
for advanced socio-economic development.
22 See the chapter by Connie L. McNeely on the important contribution of diverse
social and professional backgrounds to finding new opportunities of innovation,
application and economic exploitation.
23 Concerning the relationship between industrial structures and the societal situation
which provides for the skilled labour required see the chapter by Alberto
Branmanti.
24 See the contribution by Francesco D. Sandulli and Elena Gimenez Fernandez on
the problems of mismatching skills and demands on the labour markets, when
there is an oversupply of skilled labour.
25 Concerning the role of both a culturally diverse labour force and situation in
enterprises see the contribution of Connie L. McNeely.
26 See the chapter by Fancesco Sandulli and … concerning the importance of skilled
labour and the problem of a mismatch between industrial structure and labour
markets.
27 See the chapter of Michael Vassiliadis on the importance of a skilled labour force
regarding innovative processes and constant industrial modernisation.
28 Concerning the role of highly skilled labour for societal change and the role of
processes of innovation for industrial change see also the contribution by Sunyang
Chung to this book.
29 Concerning the risk of similar research strategies and standardisation of research
and development of new producers see the chapter by Alian-Marc Rieu
30 Concerning the decreasing need for geographic proximity and the increasing collaboration despite geographic distance see also the chapters by Xiangdong Chen,
Ruixi Li, Xin Niu and Valerie Hunstock and by Alain-Marc Rieu.

31 For the innovative effect of contributions which may not be state of the art see
the chapter by Torsten Schunder and Sharmistha Bagchi-Sen on the origination
of a new context to improve the situation, which will be considered as innovative
by those who can enjoy the new and better medical services.
32 For the development of the the long waves see the contribution by Walter Scherrer to this book.

Chapter 3
1 The first wave was triggered by innovations in steam power and the textile industry and started in the 1790s in Britain, the second wave by the steam railway
(1840s), the third by steel and heavy engineering (1880s), the fourth by applying
the principles of mass production (late 1930s), and the fifth wave by modern
information and communication technologies (late 1980s). For an overview see
Scherrer (2016), for detailed descriptions of waves see Freeman and Louçã (2001).
2 Although the notion “surge of development” tends to be more adequate the
wording “long wave” which is commonly used in the literature will also be used
in this chapter.
3 The key factors or key inputs which drive a long wave are characterized by rapidly falling relative cost, an almost unlimited availability of supply over long
periods, and a clear potential for use or incorporation in many products and processes throughout the whole economic system. As improvement innovations are
subject to the law of diminishing returns and profits are competed-away the
innovating impulse will dissipate over time.
4 Sundbo does not refer to the first and second long waves.
5 A TEP is based on new sets of interrelated technologies and organisational principles
that allow a step change in potential productivity in practically all economic activities
(“irruption phase”). Entrepreneurs’ and investors’ search for opportunities created by
the new technology involves a huge amount of speculation which entails the build-up
of a financial bubble (“frenzy phase”). The bubble’s burst signals the “turning point” of
the long wave. As social and institutional change is lagging behind technological
change, only those societies which adapt its regulatory and institutional framework best
to the requirements of the new TEP can exploit its economic potential fully (“synergy
phase”). Finally, in the “maturity phase” markets become increasingly saturated and the
potential for improvements within this TEP get exhausted. Consequently, both realeconomy entrepreneurs and financial investors start searching for opportunities outside
the prevailing paradigm thereby giving way to a new long wave.
6 “Science” is considered not only to be an activity performed within researchoriented organizations like universities or R&D departments of firms but also –
which is particularly relevant in the early long waves – by individuals who search
for technological novelties (e.g. by experimenting).
7 Because of its importance a distinct section is devoted below to education and
skill formation policies.
8 It has to be borne in mind that the concept of “public sector innovation” is
somewhat blurred as it lacks the test of acceptance in a competitive market which
is the clear criterion of success for innovation in the private sector.

Chapter 4
1 For a recent reformulation of the National Innovation System model, see Mariana
Mazzucato (2013). The book studies how the state has made, and can still make,
a difference while being “entrepreneurial” and “creative”.

2 It was the title of the Triple Helix conference, Stanford, July 2011.
3 Information and Communication Technology.
4 When some explain that the crisis is over, it is necessary to indicate that the crisis
is systemic because it was first financial in the mid-2007. It became economic and
social in 2008, then global and monetary, increasing international tensions and
generating regional wars. When the crisis engulfed new industrial nations and
energy producers, it generated an increased wave of mass migrations further
deconstructing the world order.
5 In a neo-Marxist approach, Wolfgang Streeck (2014), in Buying time. The delayed
crisis of democratic capitalism, refuses any sort of prophecy, fate or destiny. He
explains the successive policies, which generated and justified at the same the fear
of a long-term recession. But innovation is not taken into account. In this paper,
I also refuse the prophecy of a long-term recession but try to find a response by
extending the concept of innovation.
6 See my comments (Rieu 2006) in the debate “Inventer une société de la connaissance. Le Japon en comparaison”. Ten years later my position is the same concerning China.
7 See Roger Hahn (1971). The book studies the mimetic rivalry between the
Royal Society (1663) and the Paris Academy of science (1666) as well the European-wide consequences of this rivalry on the development of “modern science”.
8 Concerning Japan, see Rieu (1996).
9 On the need to draw a distinction between “knowledge economy” and “knowledge society”, see Rieu (2005).
10 See for instance the reports published by the Information Technology and Innovation Foundation (www.itif.org) or the role of innovation in President Obama’s
2011 State of the Union speech. He officially converted to the innovation mantra
in order to restore or reinvent the golden circle.
11 The Washington, DC Council on competitiveness was founded in 1986. See
www.compete.org. Its reports tell the story of American anxiety of losing the
basis of its post-war economic and military hegemony.
12 It will be popular: news from Brussels have explained that this field will be very
“open”. A strong risk today is not to see “security” becoming one of the “grand
societal challenge”. The risk is to see “security” becoming a fifth helix, in competition with “society”, establishing direct relations with government, industry and
universities. Establishing a fourth helix is to assert that “society” is the regulation
between the state apparatus, industry and university, that “security” falls within
this regulation.
13 Both plans were unfortunately stalled, the 3rd one when the 2008 crisis engulfed
Japan, the 4th plan was expected to be launched in April 2011 but the 11 March
2011 catastrophe in Fukushima radically transformed the conditions of its
implementation.
14 My paper (Rieu 1996) written for the Japan’s National Institute of Research
Advancement is a typical example of this conjuncture.

Chapter 5
1 Thus, for example, technological development is critical to meet productive capacity-building objectives in developing countries (UNCTAD 2007), and evidence
indicates that one of the highest returns for a developing economy comes from
investing in education for girls and women (World Bank 2012).
2 www.un.org/millenniumgoals
3 E.W. Lempinen of TWAS, in OWSD 2013.

1 An additional consideration, although one beyond the scope of this chapter, are
the dimensions of the demand component, from students and learners on one
side, and from employers on the other. One of the key changes being observed
in policy innovation is the intentional inclusion of these stakeholders in developing workforce preparation solutions. Understanding student needs and perceptions
is important to designing approaches that speak to the needs of the primary consumers of postsecondary education (Kunz & Staub 2016). Another change is the
recognition that non-traditional (i.e. university) higher education is falling short
of meeting the increasing complex skills needed by industry (Carew 2016).
2 (Hart Research, www.aacu.org/sites/default/files/files/LEAP/2015employerstu
dentsurvey.pdf).
3 https://sites.ed.gov/oii/
4 http://portal.mec.gov.br/index.php?option=com_docman&view=download&a
lias=22071-24092015-lancamento-estudos-pronatec-setec-pdf&category_slug=ab
ril-2010-pdf&Itemid=30192)

Chapter 7
1 We defined overskilled middle-skilled workers as workers with upper and postsecondary educational levels employed in an elementary job.
2 Hausman test confirmed the convenience of fixed effects estimation in this
sample.
3 We would consider middle-skill workers as those workers with a Upper and Post
secondary (Non tertiary) Educational Level.
4 US President Donald Trump seems to embrace a similar point of view, since he
has heralded a “new industrial revolution” during his campaign and first months
of mandate in 2017. Similarly, in Europe some countries adopted similar plans to
increase the demand for middle-skill workers in the industry such as Platform
Industrie 4.0 in Germany or the Alliance Industrie du Futur in France.
5 While NNMI was supported by the US Congress, most of the programs to foster
new skill development have found strong resistance by the Republican majority
in the US Congress.
1 There are many more studies on various regions in specific industrial development, for example, which refer to Wu, Qianpo, Ning, Yuemin, “Analysis on
City Networking in China—from the perspective of electronic and information
companies”<Geographical Studies> (in Chinese), Vol 31, No. 2, (2012).
3 According to Eurostat classifications, manufacturing includes all activities in section C of the NACE (rev 2). This section encompasses industries involving the
physical or chemical transformation of materials, substances or components into
new products.
4 Multi-level governance requires a system of continuous negotiations among
nested governments at different territorial tiers as a result of the broad process of
institutional creation and decisional reallocation that had affected some previously
centralised functions of the state (Marks 1993).
5 Here, the ‘broader definition’ refers to all that exceeds technological progress.
Cultural, societal and aesthetic innovations – sometimes referred as ‘soft innovation’ (Stoneman 2010) – are key for shaping the developing paths of advanced
regions.
6 In Greek mythology, a phoenix is a long-living bird that is cyclically regenerated
or reborn. A phoenix rises to life from the ashes of its predecessor. A ‘phoenix
industry’ is a new productive activity born from the ashes of a previous producer
(frequently a large firm) that maintains some elements of its predecessor and adds
new lifeblood.

7 269The story of photonics in Rochester (NY) is particularly instructive. Photonics – the science of using light in processes from advanced manufacturing to data
transmission – has a strong footprint in Rochester. It emerged from the old
photographic equipment and supply industry (Kodak’s sector), and resulted in a
hub focused on the design, manufacturing and packaging of circuits that combine
photonic and electronic components. Integrated photonics have the potential to
revolutionise the carrying capacity of Internet networks, improve performance in
biological research, and they have applications in such areas as cyber defence,
banking, investing, video conferencing and weather modelling. This sector
accounts for an estimated 17,000 jobs in the region. In 2014, Rochester was
chosen as the headquarters of the American Institute for Manufacturing Integrated
Photonics (AIM Photonics), a first-class national institution. This is likely to boost
the visibility and the attractiveness of the region.
8 Much of this case on the automotive industry in the West Midlands is based on
Amison and Bailey (2014). Further information on the case is available in a
detailed research report by the same authors (Amison and Bailey 2013).
9 ‘In the Midlands case, rather than being a supporting factor, lack of access to capital has
been a drag on the sector (…). Domestic finance for investment in manufacturing has been
a problem for British industry, stretching as far back as to late XIX Century. Several interviews expressed the belief that “there is no finance available in the UK for manufacturing”’
(Amison and Bailey 2014: 403–404).
10 ‘In essence, Industry 4.0 will involve the technical integration of Cyber-Physical Systems
(CPS) into manufacturing and logistics, and the use of the Internet of things and services in
industrial processes. This will have implication for value creation, business models, downstream services and work organisation’ (Industrie-Science Research Alliance 2013: 14).
11 All of the information reported here is extracted from the rich and up-to-date
‘Regional Innovation Monitor’ developed by Technopolis in partnership with the
Fraunhofer Institute for Systems and Innovation Research ISI on behalf of the
European Commission (Zenker and Schnabl 2016).
12 Different labels are used in the literature to indicate the pool of idiosyncratic
regional assets enabling innovation processes and enhancing development paths.
They include ‘territorial capital’ (OECD 2001), ‘industrial commons’ (Pisano and
Shih 2012) and ‘innovative milieu’ (Ratti et al. 1997).
13 In an open-innovation model, firms use external ideas and internal ideas, as well
as internal and external paths to market. Firms utilise open innovation to address
two growth objectives: growth in the current business (incremental change) and
growth in new business areas (step change).
15 The platform should have a strong service orientation, and focus on developing
and delivering concrete services (e.g., advisory services, data and analysis services).
At the same time, it should act as a vehicle to encourage and support collaboration among firms, clusters and regions.
16 This funding scheme is designed to improve the global competition of the UK’s
advanced manufacturing supply chain, and to help create or safeguard 5,000 jobs
over the next five years (2015–2020).
17 For example, 4,750 units of the model S Tesla were sold in the US in the first
quarter of 2013, which was more than conventionally powered premium cars in
the EUR 70,000–90,000 price range produced by Audi, BMW, Lexus and Mercedes, each of which had sales of 1,500 to 3,000 cars in the same period.
18 270A ‘type 2’ arrangement is an alternative vision of multi-level governance. In
this vision, the number of jurisdictions is vast rather than limited; jurisdictions are
not aligned on just a few levels, but operate on diverse territorial scales; jurisdictions are functionally specific rather than multi-task; and jurisdictions are intended
to be flexible rather than fixed (Hooghe and Marks 2001).

Chapter 13
1 The term ‘to pay’ should not be restricted to the concept of financial payment.
Rather the concept of ‘to pay’ should be taken to mean many dimensions including acceptance, adoption, use, and propagation (to mention but a few aspects) of
an innovation.
2 The name CERN is derived from the acronym for the French ‘Conseil Européen
pour la Recherche Nucléaire’, or European Council for Nuclear Research, a provisional body founded in 1952 with the mandate of establishing a world-class fundamental physics research organisation in Europe. At that time, pure physics
research concentrated on understanding the inside of the atom, hence the word
‘nuclear’. Today, our understanding of matter goes much deeper than the
nucleus, and CERN’s main area of research is particle physics – the study of the
fundamental constituents of matter and the forces acting between them. Because
of this, the laboratory operated by CERN is often referred to as the European
Laboratory for Particle Physics. (Available at www.cern.ch).
3 The Arab Spring was a swell of revolutionary activity that began in Tunisia on 18
December 2010 and spread throughout other Arab League countries.
4 317The Deindustrial Revolution: The rise and fall of UK manufacturing, 1870–
2010 Centre for Business Research, University of Cambridge Working Paper No.
459 by Michael Kitson Centre for Business Research and Judge Business School,
University of Cambridge Email: mk24@cam.ac.uk and Jonathan Michie Kellogg
College and Department for Continuing Education, University of Oxford Email:
jonathan.michie@kellogg.ox.ac.uk June 2014.
5 www.jfklibrary.org/JFK/JFK-in-History/JFK-on-the-Economy-and-Taxes.aspx
[accessed March 2016].
6 For more details see www.povertyeducation.org/the-rise-of-asia.html [Accessed
February 2016].
7 Ibid
8 For more details about the demise of Ireland’s economy see http://ec.europa.eu/
ireland/economy/irelands_economic_crisis/index_en.htm.
9 For more insight information about education in Ireland, see www.hea.ie/node/
1557 [Accessed January 2017].
10 Ibid
11 For more in-depth information see www.cso.ie/en/media/csoie/census/docu
ments/census2011profile9/Profile_9_What_we_know_full_doc_for_web.pdf
[Accessed January 2017].
12 This was an IDA (Industry Development Authority) Ireland advertisement in
1980 to attract increased levels of FDI into Ireland.
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