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Innovation, regional development and relations between high- and low-tech
industries

Abstract

The current European policy agenda strongly accentuates the importance of research
and development (R&D) as a driver of economic growth. The basic assumption is that
high European wage levels make it unlikely that less research intensive parts of the
economy can withstand competition from low-wage countries with increasingly skilled
labour forces. Thus, the inferior growth of the EU in the 1990s compared to the US has
been explained by the latter’s higher rate of R&D investments. The paper challenges this
rather simplistic view of innovation and examines the regional consequences of such
policies. EU growth has caught up with the US during recent years and low-tech
industries continue to have considerable economic importance in Europe in terms of
jobs and value added especially outside the main growth regions, but also in the major
urban regions. Empirical evidence from Denmark and the UK provided in the paper
suggests that low- and high-tech industries are closely interconnected as low-tech firms
play important roles both as partners in the innovation processes of high-tech firms’ and
as buyers of high-tech products. Therefore, EU industrial policy is inexpedient as it
overlooks the continuing significance of low-tech industries. Furthermore, the rather
uniform focus on R&D is associated with a strong emphasis on large city-regions where
research intensive industries are concentrated, and thus, increasing regional inequality

in Europe is being produced.

Keywords: Low-tech industries; Innovation; Firm linkages; Regional inequality; EU

industrial policy



Introduction

The paper examines the importance of innovation in low-tech industries as a driver of
economic growth and contrasts this with the strong emphasis on “science-push” in
European policymaking. It is argued that the failure to recognise the interdependency of
high- and low-tech industries will restrain economic development including perspectives
for less favoured regions. Furthermore, a continuing focus by European governments
and the EU on the importance of research and development (R&D) for economic growth
will hence increase inter-regional inequality due to the inability of peripheral regions to
compete for especially high-tech industries that tend to favour city-regions. Thus, there
is a strong bias towards city-regions, where research intensive firms are concentrated, in

current industrial policymaking.

The relatively low amount of R&D investments in Europe relative to the US has
frequently been emphasised as a main explanation for the latter’s higher GDP growth
and productivity during the 1990s (e.g. Sapir et al., 2003; European Commission, 2004).
The underlying assumption is that the high European wage levels make it unlikely that
the less research intensive parts of the economy can withstand competition from low-
wage countries with increasingly skilled labour forces. Consequently, continuous
investments in R&D leading to radical innovations are prioritised to achieve long-term
economic prosperity. Associated with this is a focus on high-tech industries defined by
their R&D intensity and subsequently the regions, often large city-regions, where these
industries are concentrated. Thus, industries with lower R&D intensity are receiving
decreasing attention by policymakers and this will in the end also have significant effects

on regions focused mainly on low-tech industries.



The aim of the paper is to challenge this close relationship between, on the one, hand
R&D and high-tech industries and, on the other hand, (regional) economic growth.
Previous work has contested the background for the so-called productivity gap between
the US and EU and concludes that explanations for differences in growth are based on a
number of factors (Dunford, 2005a; 2005b). Additionally, growth rates in Europe have
been higher than in the US in recent years which further erodes the argument focusing
solely on the differences in R&D investments. Also it is hard to find evidence for the
expected superior performance of European high-tech industries during the last few
decades compared to industries with lower R&D intensity. This conclusion will be

documented below.

The reasons for the continuing competitiveness of European low-tech industries have
recently attracted attention from some scholars (Bender and Laestadius, 2005; Hirsch-
Kreinsen et al., 2006; Radauer and Streicher, 2007; Kirner et al., 2009; Hansen, 2010).
Prominence in these studies is given to innovation strategies focusing on step-by-step
developments of products, refinement and specialisation of production processes and
customisation of products (Hirsch-Kreinsen, 2008). The significance of these innovation
processes have been analysed elsewhere and the empirical focus of this paper is instead
on the interconnectedness between low- and high-tech industries. It is often forgotten
that low-tech firms fulfil important roles both as partners in high-tech firms’ innovation
processes and as buyers of high-tech products. These aspects are described on the basis
of 31 interviews with key actors from British and Danish low-tech firms and industrial

organisations.

The main argument presented on the basis of this analysis is that the development paths

of high-and low-tech industries are highly interconnected and the importance of R&D



for European economic development should not be overstated. It is a very simplistic
view to consider increasing R&D funding as the key to future economic prosperity in
Europe, when industrial development depends on multiple relations within and across
industries in various stages of the production process. Yet, there is a tendency among
policymakers to exaggerate the crucial character of R&D and high-tech industries
thereby overlooking the continuing weight of low-tech industries as well as the
interdependence of low- and high-tech industries. There are no reasons to regard
policies stimulating incremental innovation and adaptation of technologies in low-tech
industries and policies facilitating cooperation between high- and low-tech firms as less

important for economic growth than policies aiming at stimulating spending on R&D.

Regions, knowledge and innovation

A strong consequence of globalisation in the form of for instance trade liberalisation and
improved infrastructure is pressure on the competitiveness of firms in the industrialised
countries. Further, the increasing global diffusion of knowledge leads to higher
productivity in low-wage countries, and a continuous creation of knowledge is therefore
necessary if the industrialised countries are to maintain their competitive advantage
(Maskell and Malmberg, 1999). Thus, recently there has been a significant focus on the
knowledge economy and high-tech industries and especially radical innovations and the
analytical knowledge base in studies of regional development, national innovation
systems and the EU’s competitiveness. The knowledge economy has emphasized the
importance of innovation in generating competitive firms, nation states, cities and
regions. The spatial consequences of this focus is a marked concentration of interest on
the resurgence of the large city-regions (Scott, 2008; Hansen and Winther, 2010),

learning regions (Morgan, 1997) and high-tech regions (Asheim and Coenen, 2006). The



competitiveness of firms and hence cities and regions, it is argued, increasingly depends
on their ability to innovate by improving their productivity through process innovation,
including new forms of organisation, product quality or by producing new products
(David and Foray, 2002) which is very similar to the definition made by Schumpeter
(1943). However, innovation is more complex than just a focus on R&D-based
innovations and high-tech learning. According to Amin and Cohendet (2004), a critical
aspect of the innovation process is knowledge and the understanding of knowledge
production as an interactive, relational learning process because knowledge contains an
innovative potential, but knowledge does not become innovation before it is introduced
on the market (Edquist, 1997). Whether this happens, depends on the cost related to

implementing this knowledge and the likely gains on the market (Rigby, 2003).

Thus, one way to distinguish between innovations is to consider their relation to current
technology. A constant improvement of a product or a production process is considered

as an incremental innovation, as it is not fundamentally different from well-known

technologies. A radical innovation is, in contrast to incremental change, completely

different from the current products or processes available on the market, and a number
of related radical innovations can together constitute a technological revolution, which

has great impact on society as a whole (Fagerberg, 2005).

Whether firms in an industry primarily create incremental or radical innovations
depends fundamentally on the characteristics of the industry including the skills of the
workforce — this can overall be termed the industrial knowledge base (Asheim and
Gertler, 2005; Asheim and Coenen, 2006) and is related to the frameworks of national
and regional innovation systems (Lundvall, 1992; Cooke, 2001), hence including the

institutional framework of the innovation process. Asheim and Gertler (2005) distinguish



between two main industrial knowledge bases. An analytical knowledge base is

characterised by an emphasis on knowledge creation through the use of scientific
methods and modelling. The links between research institutions, universities and firms
are consequently of great importance for this kind of knowledge production. The use of
codified knowledge is extensive, and the results are most often also codified and
documented through patents and publications — but even highly codified knowledge
requires tacit knowledge to implement (Nonaka and Takeuchi, 1995; Amin and
Cohendet, 2004). Overall, these characteristics imply that most innovations based on an

analytical knowledge base are mainly radical.

The synthetic knowledge base utilises existing knowledge rather than creating

completely new knowledge and hence are in contrast to the analytical knowledge base.
The availability of workers with practical and engineering skills is regarded as essential
and tacit knowledge, learning by doing and learning by using therefore has a greater
importance than the scientific based codified knowledge. The objective of the
innovation process is often to solve specific problems for a customer, and the relations
between agents/firms in the commodity chain are thus of significant importance for
producing new innovations. A knowledge base with these attributes will therefore

primarily produce incremental innovations.

Obviously, many firms combine the two ideal types of knowledge base. In fact, Jensen et
al. (2007) find that such firms tend to be more innovative than firms relying on only one
of the two knowledge bases. Jensen et al. (2007) confirm how the Science, Technology
and Innovation (STI) mode (associated with the analytical knowledge base) and the
Doing, Using and Interacting (DUI) mode (associated with the synthetic knowledge base)

complement each other: experiences and practical knowledge are frequently essential



for scientists working in R&D departments of high-tech firms in the process of designing
research projects and interpreting results. Similarly, scientific knowledge is often part of
the solution for firms which otherwise emphasise learning-by-doing and learning-by-
using. Accordingly, the STI and DUI modes are not entirely dependent on the analytical
and synthetic knowledge base, respectively, but include elements from both (Asheim,

2009).

The radical innovations that derive from an analytical knowledge base are given
prominence over the incremental innovations in the work of Schumpeter (Fagerberg,
2005). Schumpeter (1943; p. 117) notes that “Technological progress is increasingly
becoming the business of teams of trained specialists”, while Vannevar Bush describes
innovation as a set of strict calculations, where scientific research constitutes the first
stage in the development of an innovation, followed by product development,
production and finally marketing (Bush, 1945). However, several important criticisms of
this model, which has subsequently been termed the linear model of innovation, have
been raised (Nelson and Winter, 1982; Dosi et al., 1988; Lundvall, 1992; Nonaka et al.,
1996; Edquist, 1997; Amin and Cohendet, 2004). Firstly, few innovations actually happen
in this way. Innovations are often driven by demand or result from new ways of
combining known knowledge. The importance of science based knowledge production is
hence exaggerated and the learning processes are highly complex crossing various
communities (Amin and Cohendet, 2004). Secondly, the interactions and feedbacks from
customers and suppliers are important in innovation processes, but the linear model
ignores this (Henry et al., 1995). This of course led to the development of the chain-

linked model of innovation by (Kline and Rosenberg, 1986), which describes innovation

processes as complex and disorderly. In line with this, we will show in the empirical part



of this paper that a key flaw of the linear model of innovation is the failure to consider

the inter-relations between high- and low-tech firms for innovation processes.

Measuring innovation

The linear model of innovation was very influential in the decades following the Second
World War (Cooke and Morgan, 1998). The term itself was not introduced before the
late 1960s (Edgerton, 2004), but the idea of a linear innovation process developed
through the 20" century. Statistical offices played a key role in the crystallisation of the
model into a social fact (Godin, 2006) and collection of data on basic research. Applied
research and development continues to be an important reason for the persistant
significance of the model in the eyes of policymakers (Godin, 2006), including those in

the EU as well, as we will see below.

An important way in which the science-based view of innovation influences policy-
making is through industrial classifications based on this model of innovation. The most
influential classification system is the one used by the OECD and Eurostat, which is
based on the R&D intensity of different industries. Outcomes of R&D are characterised
by significant elements of novelty and scientific or technological progress (OECD, 2002),
and the R&D intensity depends on the ratio of R&D expenditures to the output value of

the sector. Four categories are used (Smith, 2005):

1. High-tech industries: R&D intensity above 5%.
2. Medium-high-tech industries: R&D intensity between 3% and 5%.
3. Medium-low-tech industries:  R&D intensity between 1% and 3%.

4. Low-tech industries: R&D intensity below 1%.



Table 1 shows the resulting OECD classification of manufacturing industries. A newer

version following the NACE rev. 2 has been introduced (Eurostat, 2009), but the latest

available data on industries’ value added is from 2006 and thus follows NACE rev. 1.1.

Table 1. Manufacturing industries classified according to R&D intensity — NACE rev. 1.1

codes in brackets

High-tech

Medium-high-tech

Pharmaceuticals (24.4)

Chemicals - excl. pharmaceuticals (24 excl.
24.4)

Computers, office machinery (30)

Non-electrical machinery (29)

Electronics-communications (32)

Electrical machinery (31)

Scientific instruments (33)

Motor vehicles (34)

Aerospace (35.3)

Other transport equipment (35.2+35.4+35.5)

Medium-low-tech

Low-tech

Coke, refined petroleum products and nuclear
fuel (23)

Wood, pulp, paper products, printing and
publishing (20-22)

Rubber and plastic products (25)

Food, beverages and tobacco (15-16)

Non metallic mineral products (26)

Textile and clothing (17-19)

Basic metals (27)

Other manufacturing and recycling (36-37)

Fabricated metal products (28)

Shipbuilding (35.1)

Source: OECD (2004)

Lately, organisations such as the OECD have started to put more emphasis of issues such

as capital input from knowledge intensive industries and human capital (OECD, 2007)

and highlight intangible investments rather than merely R&D investments (OECD, 2009).

However, the overall focus on R&D intensity persists among public policymakers. The




simplicity of this taxonomy makes it very attractive in a policy context, as it is very
precise and easy to measure (Jacobson and Heanue, 2005; Godin, 2006) contrary to the
more detailed alternatives, which have been developed over the years. Pavitt (1984)
presents a taxonomy that overcomes this limited view of innovation, as it includes
innovation through the employment of skilled employees, learning by doing and
learning by using. Firms can therefore be considered as high-tech even though the
actual R&D intensity is relatively low. Another alternative is developed by Bar-El and
Felsenstein (1989) where the technological intensity of an industry depends on the
percentage of academic and skilled labour, the technological intensity of capital
(investments in sophisticated machinery or processes), and the technological intensity of
the product (R&D intensity). Finally, Laestadius et al. (2005) present an attempt to
combine the work of previous scholars. As well as arguing for the inclusion of similar
measures as Pavitt (1984) and Bar-El and Felsenstein (1989), they also stress the
importance of a number of other indicators. Measures reflecting the ability to design
solutions through synthesising different fields of knowledge, and indicators measuring
the organising capacity, are seen as necessary to describe the full innovativeness of
firms and sectors. Further, they state that describing the innovativeness of industries
through one innovation indicator is a reductionism. A complex issue like innovation

needs different indicators, which cannot be compiled in one.

European innovation policy

These alternative and more detailed taxonomies have, however, had limited impact, and
innovation continues to be closely related to the taxonomy based on R&D intensity
amongst policy makers (Jacobson and Heanue, 2005). Sectors with lower R&D intensity

are regarded as being less important for long term economic growth and especially
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manufacturing is given a low priority, both by the European Union (Hirsch-Kreinsen,
2005) and by national governments e.g. in the United Kingdom (Turok, 2004) and
Denmark (Hansen, 2010). Increasing investment in R&D has been a key policy priority
since the Lisbon Strategy established the EU target for R&D spending at 3 % of GDP. The
influential Sapir Report finds that EU economic growth has been inferior compared to
the US and that low levels of investment in R&D is an important reason for this. A
central recommendation of the report is that the EU should focus on reducing inter-
national economic differences and leave the responsibility for intra-national inequality
to the individual member states. Associated with this alteration of the hitherto
coherence of policy is an emphasis on growing regions and investment in R&D (Sapir et
al., 2003) which does not take the diversity of European regions into account (Birch et

al., 2010).

A number of other EU reports have dealt with the connection between growth and R&D
investment. The annual European Competitiveness Reports highlight the importance of
high-tech industries and R&D investment for future economic growth, but their view on
competitiveness is quite broad compared to that found in other reports published by the
European Commission where it is evident that a knowledge-based economy is
considered to be very closely linked to the significance of R&D. Examples include the
innovation scoreboards (Jensen et al., 2007; Hollanders et al., 2009), the so-called Aho
Report prepared after the revision of the Lisbon Strategy (European Commission,
2006b), and the process of producing indicators for monitoring the development of the

European Research Area (European Commission, 2008)." In some instances, it appears as

' A notable exception from this plethora of high-tech focused reports is the publication
Constructing Regional Advantage prepared by a group of 11 European scholars (European
Commission, 2006a). The report takes a balanced and inclusive view on innovation policy but it
appears as if it has had little influence on the overall innovation policy promoted by the EU.

12



if increasing R&D investment is a goal in itself rather than a means to achieve stronger

economic growth:

“Given the weight of high-tech sectors in the overall level of business R&D
intensity, a change should include the sectoral composition of the business
sector, a move towards a higher share of high-tech companies and

research-driven clusters.”

(European Commission, 2008; p. 11)

Thus, it is stated that it is a policy challenge to “change the balance of the industrial
structure in favour of these research-intensive sectors” (ibid.; p. 16), implying that
development of low-tech industries is to be given a low priority. An important argument
for this emphasis on high-tech industries and R&D policies has been the superior
economic performance of the US which has traditionally invested a higher percentage of
GDP in R&D (European Commission, 2004). The illuminative work of Boltho (2003),
Gordon (2004) and Dunford (2005a; 2005b) has, however, questioned the background

for the apparent inferior economic performance of EU compared to that of the US.

Firstly, EU productivity growth outperformed the US from 1989 to 2002, but GDP grew
slower as the average number of working hours decreased in Europe. This development
is largely voluntary — it is a trade-off in favour of leisure time which maximises the
welfare of people —and a lower GDP growth should therefore not necessarily be a

concern.

Secondly, a number of factors increase GDP in the US without improving welfare, such
as demand for heating and air conditioning due to climate conditions, the need for car

journeys owing to a lack of public transport, security measures as a result of high crime

13



rates and litigation due to a relatively low degree of inter-personal trust in the US

society.

Finally, a number factors have contributed to increase and decrease the growth in the
US and EU respectively, including the escalating indebtedness of US households and the
US economy, the restrictive EU macroeconomic measures such as the monetary policy
of the European Central Bank and the EU’s stability and growth pact, as well as the large

costs in the 1990s associated with the German reunification.

Thus, there are many issues which need to be taken into consideration when the
economic development of EU and the US is compared. Moreover, EU GDP per capita
growth rates have caught up with the US in recent years. The US achieved the largest
GDP per capita growth rates through most of the 1990s but the picture changed after
the millennium and the burst of the IT bubble. Figure 1 reveals that growth has been
almost similar, looking at the period as a whole. Taking 1989 as a baseline (index = 100),
EU per capita GDP growth reached an index value of 137.4 in 2008, slightly surpassed by
the US with a figure of 137.5. Thus, taken as a whole, there seems to be little relevance
in arguing for a greater emphasis on R&D in European policymaking on the basis of the
performance of the US economy. The subsequent section will examine whether the
underlying assumption that technology intensive industries have a superior
competitiveness compared to low- and medium-low-tech (LMT) industries can be

supported empirically.
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Figure 1. GDP per capita, year-on-year growth rates; BJ15 and USA, 1990-2008 (constant prices and PPP)
Source: Own elaboration on the basis of figures from OECD’s STAN database.

The economic importance of low- and medium-low tech

industries in Europe

The importance of LMT industries for the industrialised economies is extensive. Kaloudis
et al. (2005) show that low-tech industries remained of key importance in a sample of 11
OECD countries both in terms of employment and value added over the period 1980-
1999. A similar conclusion can be reached studying industrial development in 12
European OECD countries — Austria, Belgium, Denmark, Finland, France, Germany, Italy,

Netherlands, Portugal, Spain, Sweden and United Kingdom — from 1995 to 2006.

Figures 2 shows the development in share of gross value added according to R&D
intensity. The low-tech sector’s share falls by a little less than 4 % from 1995 to 2006,

while the two medium tech sectors experience minor increases of approximately 1 %
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Interestingly, the share of the high-tech sector has been very stable over the years: the
share initially increased from 10.2 % in 1995 to 12.3 % in 2000, but has since then only
varied between 11.8 % and 12.3 %. Furthermore, the total value added of the high-tech

sector is significantly lower than the value added of the three other sectors.

40

35

—-— e = -_—= -
R - e o e o ==

I T T ————

25 —— — =_——

% 20

15

10

0
1995 1997 1999 2001 2003 2005

—— High-tech - - Medium-high-tech — -Medium-low-tech - Low-tech

Figure 2. Shares of manufacturing value added for 12 European countries, 1995-2006 (percent)
Source: Own elaboration on the basis of figures from OECD’s STAN database.

The overall picture is thus one of stability: the LMT industries continue to play a key role
for the economic development of European countries eventhough their share of value
added has decreased over the period. The same can be said in terms of the different
sectors’ shares of manufacturing employment (Figure 3). Employment in the low-tech
sector in ten European countries — the Netherlands and the United Kingdom are
excluded due to data availability — continues to be the greatest by far, even though it

has decreased by approximately 3 % between 1995 and 2006. Conversely, the shares of
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the medium-low-tech and the medium-high-tech sectors increased by respectively 1.7 %
and 1.4 %. Notably, the high-tech sector’s share of employment remained completely

stable over the period, fluctuating only between 8.1 % and 8.4 %.
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Figure 3. Shares of manufacturing employment for 10 European countries, 1995-2006 (per cent)

Source: Own elaboration on the basis of figures from OECD’s STAN database.

A further interesting analysis is to compare the development of labour productivity
(value added per employee) for the four different sectors. Unfortunately, detailed
statistics on the number of hours worked according to the industries’ R&D intensity are
not available, and the size of employment is therefore used as an input variable
eventhough there might be inter-sectoral differences. This is, however, not considered a

major problem, as the development over time is of the main interest.
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Figure 4. Vaue added per employee for 10 European countries, 1995-2006 (1995 = index 100)
Source: Own elaboration on the basis of figures from OECD’s STAN database.

All four sectors have seen increasing levels of labour productivity but taking 1995 as the
point of reference, it is seen from Figure 4 that the index value of the high-tech sector
has increased the most. It is furthermore interesting to see that the development of the
three remaining sectors have been very similar over the period. However, including only
the years since the millennium provides a different picture (see Figure 5 — the scale of
the y-axis is similar to Figure 4 to ease comparison): since 2000, few differences can be
observed between all four sectors, eventhough the growth of labour productivity in the
low-tech sector has been somewhat below those of the other three sectors in 2005 and
2006. The most important observation is nevertheless that the high-tech sector’s
superior growth rates in labour productivity from the second part of the 1990s have not

continued —the high-tech growth rate is now comparable to the remaining sectors.
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Figure 5. Vaue added per employee for 10 European countries, 2000—6 (2000 = index 100)
Source: Own elaboration on the basis of figures from OECD’s STAN database.

Overall, the data show that eventhough the growth rates of R&D intensive industries
have been high from 1995 to 2006 in terms of value added and labour productivity, no
radical change has taken place in the composition of the European manufacturing
sector: the total value added of LMT industries is significant and it continues to increase.
Furthermore, these industries maintain a crucial role in terms of employment, as they
make up more than 63 % of all manufacturing jobs. Finally, the growth of LMT labour
productivity has not developed significantly differently from high-tech industries in the
period after the millennium. In general, there seems to be little empirical evidence for
maintaining an excessive policy focus on high-tech industries and thereby neglecting

LMT industries.
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The value added of LMT industries

The puzzle of how LMT firms remain competitive in high-wage countries has in recent
years been studied on a number of occasions including a cross-European study (Bender
and Laestadius, 2005; Hirsch-Kreinsen et al., 2006), case studies in Austria (Radauer and
Streicher, 2007), Taiwan (Chen, 2009) and Denmark (Hansen, 2010) as well as analyses
of LMT sectors in Germany (Kirner et al., 2009) and Spain (Santamaria et al., 2009). The
studies show how LMT firms utilise their mainly synthetic knowledge base in a number
of ways. The most widespread innovation strategies are described by (Hirsch-Kreinsen,

2008), as follows:

e Step-by-step is based on a continuous improvement of the product produced.

e Customer orientation combines existing knowledge in new ways in order to

develop tailored products and solutions.

e Process specialisation focuses on improving the technical organisational process

structures.

In addition to the value added created directly in LMT industries it is often forgotten
that low-tech firms fulfil important roles both as partners in the innovation processes of
high-tech firms’ and as buyers of high-tech products (a notable exception being
Robertson and Patel (2005)).> Thus, the interconnectedness of low- and high-tech
industries is also of significant importance for the economic development in high-tech

industries.

? A third way in which high- and low-tech industries are connected is through the gradual
increase in research intensity of some — previously — low-tech industries, e.g. the Norwegian solar
cell industry (Hanson, 2008). Thanks to Arne Isaksen for drawing our attention to this.
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The following section explores these issues drawing on 31 interviews with key actors
from British and Danish firms (25 interviews) and industrial organisations (6 interviews)
from the fabricated metal and plastic industries. The two industries are chosen, as they
are among the most important non-research intensive industries in Europe, both in
terms of employment and value added. Interviews took place in two countries in order
to reduce the risk of capturing nation-specific trends, but no striking differences have
been found between the Danish and British firms. Firms of different sizes have been
interviewed, but we do not claim any representativity — the aim of the analysis is to gain
an insight into innovation dynamics and the interactions between high- and low-tech
firms, not to generalise about innovation characteristics in the fabricated metal and
plastic industries. Still, key characteristics of the firms and comparison to the overall
populations are given in table 2. Unfortunately, not all information is available for both
Danish and UK firms, but the interviewed firms are generally larger than the wider
populations of fabricated metal and plastic firms in the two countries in terms of
employment and turnover (UK figures only). Further, the interviewed Danish firms are
more likely to export goods as well as to serve end users rather than producing

intermediate outputs.

The Danish firms are located in the region around the fourth largest city in Denmark,
Aalborg, while the British firms are from the West Midlands and Yorkshire, in the area
between Birmingham and Leeds. The firms are in this way comparable, as they are
neither located in large cities nor in the most peripheral parts of the two countries. We
have selected the specific regions as we are primarily interested in the interactions of
firms located in such areas and furthermore, we want to ensure that the industries are
of considerable economic importance in the regions. The two areas fulfil both of these

conditions.
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Table 2. Characteristics of interviewed firms compared to the populations

Interviewed firms

Population (case area)

Population (Denmark)

EMPLOYMENT SIZE DISTRIBUTION (2009)

5-49 employees 69 % 79 % 85%
50-249 employees 23% 17 % 13%
+ 249 employees 8% 4% 3%
SHARE OF FIRMS EXPORTING (2009)
Exporting firms 69 % 47 % n/a
MAIN PRODUCT FOCUS (2009)
For end users 31% 28 % n/a
For further 69 % 73 % n/a
processing

Interviewed firms

Population (case area’)

Population (UK)

EMPLOYMENT SIZE DISTRIBUTION (2010)

5-49 employees 50 % 88 % 89 %

50-249 employees 33% 10% 10%

+ 249 employees 17 % 2% 1%
TURNOVER SIZE DISTRIBUTION (2010)

£50,000-£249,000 17 % 42 % 46 %

£250,000-£999,000 33% 31% 30%

+ £1.000,000 50 % 27 % 24 %

! West Midlands and Yorkshire and The Humber — thus the figures also includes the
firms located in the urban areas which were not considered for the interviews

Sources: Own data collection, figures from KOB’s database and ONS (2010)

Purchasers of radical innovations

Analyses of inter-industry technology flows were pioneered by Scherer (1982) who
showed how LMT industries are important purchasers of technologies from industries
with high R&D intensity. Sector studies in the construction industry (Arditi et al., 1997)
and the plastics industry (Patrucco, 2005) have since confirmed the dense linkages with

more research intensive industries. The technological interdependence amongst
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industries has increased over time as sourcing of technology becomes of greater
importance (Robson et al., 1988). Use of advanced machinery has recently been
identified as a central source of innovation for LMT firms (Santamaria et al., 2009;
Heidenreich, 2009), and purchasing capital goods with inbuilt R&D is also of
considerable importance to the innovation strategies of most of the firms interviewed in
this study. One Vice President of a Danish fabricated metal firm explained how recently
acquired computed numerically controlled (CNC) machines can be programmed to work
through the night without monitoring, resulting in significant productivity
improvements. A second example is given by a Department Manager who described
how new industrial robots and close cooperation with suppliers have minimised the

firm’s expenses associated with welding.

Thus, the suppliers of these technologies are essential for the diffusion of scientific and
engineering knowledge to LMT firms which they can apply in their own innovation
processes (Storper, 1997). At the same time, the rate of return to technological
innovations is positively correlated with their diffusion. Interestingly, there is a general
awareness among the LMT firms that they are in a strong negotiating position vis-a-vis
the suppliers of machinery and technological equipment. As one interview person

phrased it:

“Yes, access to their technology is important for us. But access to our funds

is just as important for them.”

Head of Production, Danish fabricated metal firm

An industry representative expressed a similar viewpoint:
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“Our firms are tired of being labelled as non-innovative because they have a
limited R&D budget. The amount of funds used on capital expenditure is

equally important to get a full picture of innovativeness.”

Operations Director, British industrial organisation

Accordingly, the emerging picture is one of interdependency where firms indirectly
benefit from R&D, but also indirectly pay for it. LMT firms constitute 64 % of total
industry expenditure in Denmark (Statistics Denmark, 2009) and it is apparent from the

interviews that they are aware of the significant economic influence that they exert.

Joint developments of radical innovations

Both Robertson and Patel (2005) and Mendonca (2009) find that LMT firms increasingly
diversify into high-tech fields and patent products within these areas. However, both
contributions focus on the patenting activity of very large LMT firms and it is
questionable whether a similar pattern is evident among SMEs — at least the importance
of patents is limited among the firms interviewed for this study. Yet, the frequency of
joint innovation projects between high- and low-tech firms is high among the firms
interviewed. Following Jensen et al. (2007), it shows how it is often necessary to
combine the STl and DUl modes of innovation, in these instances by creating inter-firm
collaborations. Thus, the following three cases exemplify how LMT firms today often are

heavily involved in high-tech firms’ innovation processes.

The first example is a British manufacturer of plastic products that has increasingly been
targeting the pharmaceutical industry, both in terms of construction of clean rooms and
production of drug delivery devices. The firm identified a lack of plastic-specific

knowledge among many pharmaceutical firms and has during the last decade become
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heavily involved in collaborative innovation projects in areas spanning from medical
devices to production facilities, most notably clean rooms. The firm’s Business
Development Manager emphasised that the collaborations led to results which would
be beyond the reach of the firms individually: production time had for instance been
reduced by one half on some products by combining the R&D efforts of pharmaceutical
firms with the plastic producer’s knowledge on materials. Naturally, a halved production
time is crucial for firms in the pharmaceutical industry, where a fast or slow market
entry can make the difference between a commercial success and failure. Furthermore,
this collaboration was also of great value to the plastic manufacturer, who received

access to unique knowledge and references:

“The knowledge we gained in this partnership is now providing us with a
competitive advantage. We have just negotiated a similar project where
time is also an important factor. It was very beneficial for us to be able to

prove that we have managed such a project before.”

Business Development Manager, British plastics firm

This case exemplifies the potential mutual benefits to high- and low-tech firms of such
collaborations — both in terms of execution time, knowledge build-up and market

access.

Further examples derive from several major UK manufactures of metal products which
have joined forces by acquiring a software development firm. The subsidiary specialises
in software used for the design and production of steel beams which is given away for
free in order to sell the products of the four parent firms. According to the General
Manager, innovations are here again a product of R&D carried out in the software

development firm combined with the knowledge of materials and production
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techniques in the fabricated metal firms. As the following quote demonstrates, it was
initially necessary to devote time and resources to the collaboration; however it was a

good long term investment:

“At first we had to learn to speak the same language, but this ability is now

one of our key assets.”

General Manager, British fabricated metal firm

The interactions between the parents and the subsidiary illustrate well the functioning
of the chain-linked model of innovation: the parents initiate development projects when
they detect new market needs e.g. the ability of the software to optimise the trade off
between weight, insulation and fire protection. Naturally, the software development
itself is carried out by the subsidiary, but employees from the parent companies are
constantly involved in the project to ensure that the characteristics of the steel are
adequately simulated in the software. Following this, the parent companies take the
software through a testing phase, before the final adjustments are made by the
subsidiary, and it is ready for distribution among the customers. This illustrates how
intense communication between people with very different competencies is taking place

in various stages of the production process.

The final example is a Danish firm producing stainless steel products. This firm has
signed development contracts with its closest technological suppliers, which gives
exclusive rights or at least advantageous sourcing conditions to the products developed
under these agreements. Consequently, the firm’s Project Manager describes the
suppliers as “an ad hoc pool of development staff”. In this case, the LMT firms act as a
demanding customer (following von Hippel (1988)) who directly funds research in high-

tech industries. Yet again, this underlines how LMT firms also stimulate economic
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development in research intensive industries as well as the complexity of innovation
processes: here, the starting point is the production processes of the LMT-firm, not

research in high-tech firms.

In addition to the value of common innovation projects, the interviews also pointed to
the importance of the LMT firms’ role as “translators” between end customers and
research intensive suppliers. Manufactures of machinery often have to develop new
products on the basis of perceived needs of end customers, but this can be avoided by

building a strong network among producers of intermediary products:

“We are often the connecting link between the desires of our customers

and the work of our suppliers [of machinery].”

Head of Production, Danish fabricated metal firm

LMT firms can in this way collect valuable information, which is costly or even
unattainable for high-tech firms, that allows the identification of new commercial

possibilities throughout the value chain.

Innovative collaborations between high- and low-tech firms are in this way becoming
increasingly widespread. It is therefore not surprising that it is stressed by our
interviewees that one of the greatest disadvantages of the British fabricated metal
sector is the decline in the UK of the machinery industry which is of vital importance for

the diffusion of R&D:

“The UK metal industry has lost its machine makers and therefore finds it
more difficult than previously to undertake many types of innovation

projects. Today, a lot of the R&D knowledge in those areas is gone.”
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Director, British industrial organisation

This exemplifies the value of a mixed industrial environment which enables firms to
benefit from different modes of innovation. In line with this, it was often stressed in the
interviews that geographical proximity was highly important in specific stages of the
high-/low-tech collaborations, especially the actual product design phase. A partnership
between two firms from distant parts of Denmark was described as difficult, exactly

because of the distance:

“It is difficult to work efficiently with them on constructing the parts when
we cannot just drop by each other. We try to compensate by arranging full
day meetings quite frequently where we use rapid prototyping, but the

meetings are often too short or at the wrong moment in the process.”

Technical Director, Danish fabricated metal firm

In this specific case, the LMT-firm described the high-tech firm as “the state of the art”
within their field, but they nevertheless considered finding a new partner firm within
closer distance from themselves. Other LMT-firms explicitly mentioned co-location with

partner firms as an important asset in the development projects.

“We all have to be present when we do the testing — and we do many tests

—so it only works since we are located so close to one another.”

Product Manager, Danish plastics firm

Again, these observations highlight how innovations are produced in close collaboration
between firms with very diverse knowledge bases, but they also emphasise the benefits

of a varied industrial ecology — both for high- and low-tech firms. The rationale for high-
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tech firms to enter into product development projects with low-tech firms is often the
low-tech firms’ knowledge about materials and engineering techniques — their synthetic
knowledge base. Our interviews show that physical co-presence is most often needed to
access this knowledge. Thus, the interdependency of industries indicates that there are
certain benefits associated with supporting a diverse industrial composition, including

both high- and low-tech firms.

Discussion and conclusion

In the paper we have argued that a broader view of innovation is needed, including
further emphasis on the relations between low-tech and high-tech firms, to get a better
understanding of long term growth and regional development. Thus there should be a
greater emphasis on the interconnectedness of industries rather than exaggerating the
importance of R&D. The development since 1995 shows that the direct economic
importance of high-tech industries is limited and stable, but still policymakers and many
researchers continue to focus on research intensive industries. The current policy
priorities continue to be inspired by the linear model of innovation and they are, firstly,
likely to have sub-optimal effects in terms of growth stimulation due to a lack of
attention given to a very large part of the economy and, secondly, liable to increase
inter-regional inequality as they do not take the heterogeneity of regions in Europe into

consideration.

It has previously been suggested that the pure form of the linear model of innovation
encourages uneven development and a clear spatial division of labour —inter- as well as
intra-nationally (Henry et al., 1995). Flows of values are shaped and governed by global
inter- and intra-firm linkages of firms based in prosperous regions (Hadjimichalis and

Hudson, 2007). By focusing strongly on R&D, policy programmes are biased towards

29



large firms in core urban areas of the EU with cross-border contact networks. Thus, they
lead to a strengthening of the R&D capacity of the most advanced regions as well as to
industrial concentration in regions with a sufficient supply of skilled labour, information

and business service (Amin and Tomaney, 1995; Markusen, 1996).

The inability of peripheral regions to compete for high-tech industries is due to both the
current industrial composition of these regions as well as a lack of a suitable institutional
environment. Not all regions have the necessary entrepreneurial and social traditions
and it is difficult to create these through policy initiatives (Amin and Thrift, 1994;
Hudson, 1997). Furthermore, successful and well-endowed regions are seeking to shape
the EU policy agenda in their favour, focusing on R&D and advanced manufacturing
rather than inter-regional equality (Hudson, 1997). The analysis presented in the paper

indicates that their effort has been successful.

In a series of case studies, Markusen (1996) shows how the compatibility of regional and
industrial policies is often low, especially for industries with great agglomeration
economies and economies of scale. The experiences from Brazil, Japan, South Korea and
the US shows how policy shifts towards high-tech industries have in all instances been
associated with the concentration of economic development in a limited number of
urban centres. Regional policy has been subordinated to industrial policy leading to a
reinforcement of the advantages of prosperous regions. In terms of science policy there
is also a coincidence of the interests of prosperous regions and national governments.
Changes in governance of science policy have not led to greater regional equality — on
the contrary, resources are becoming more concentrated and “only certain regions can

succeed in the global race to become ‘science regions’” (Perry and May, 2007; p. 1047).
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What we suggest as an alternative to the current policy agenda is a greater focus on
stimulating cooperation between industries with high and low research intensity as a
way of targeting inter-regional inequality. Establishing such a policy focus would allow
the inclusion of firms and institutions from peripheral regions to a much larger extent
than the case today where regional policy increasingly has to give way to (high-tech
focused) industrial policy and science policy. The attractiveness of this approach is also
due to the endogenous character of development, which does not depend on the ability
of the peripheral regions to develop institutional structures similar to those found in
prosperous urban agglomerations, as well as the attention it pays to the importance of

different industries in different parts of growth cycles (Lundquist et al., 2008).

A final issue worth reflecting upon is the importance of spatial distance between high-
and low-tech firms engaged in collaborations. This constitutes an important direction of
further enquiry as there is a need for a greater understanding of the character of
relations between high- and low-tech firms. Questions remain about the potential for
firms to get engaged in development and learning collaborations across industries and
distance. An initial hypothesis might be that geographical proximity is of primary
importance for such collaborations as relational proximity is assumed to be low between
firms from very dissimilar industries. Gertler’s work on collective learning by users and
producers of advanced manufacturing technology and the importance of geographical
and cultural proximity in facilitating such collaborations supports this theory (Gertler,
1995; 1996; Gertler and DiGiovanna, 1997). On the other hand, some low-tech firms in
peripheral regions are capable of tapping into external knowledge flows through
collaboration with research institutions and firms with higher technological intensity
(Giuliani and Bell, 2005). Future research contributions ought to analyse the

mechanisms facilitating these partnerships. Is the relational proximity greater than
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expected? Do low-tech firms gain access to R&D through subsidiaries in urban growth
regions? Do high-tech firms access tacit and skill-intensive knowledge through branches

in peripheral areas?

Irrespective of the outcome of such analyses, strengthening relational proximity
between high- and low-tech firms is an area of great importance. This paper also shows
the necessity of challenging the foundations of policymaking to ensure that outdated
understandings of industrial linkages (the linear model of innovation) give way to newer
ones (e.g. the chain-linked model of innovation) which offer greater theoretical insights.
In the worst case, a continuing focus on R&D will result in, firstly, a decline of European
low-tech industries and the regions where these are concentrated. Secondly, in the
longer run it might also harm the development of high-tech industries if the most
innovative low-tech industries are found in other parts of the world, thus increasing the
difficulty of establishing collaborations. Consequently, there are several reasons for

implementing a more inclusive European industrial policy.
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